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HILLSIDE l'viATERIALS Al"l"D SLOPES OF THE SAN FRA.NCISCO
BAY REGION, CALIFORJ.'JIA

Bv STEPHEN D. ELLEN AND CARL M. WENTWORTH
/

ABSTRACT

Hillsides in the San Francisco Bay region differ in slope of
the ground surface and in the kinds of materials beneath the
ground surface. These differences affect engineering use of the
land in several ways, including the volume and ease of grading
needed to provide flat space for roads and foundations, the sta
bility of that grading, the success of water wells and septic
tank systems, and the susceptibility to geologic hazards such as
landsliding and earthquake shaking. This report systematically
describes the materials and slopes of hillsides in nine counties
(Alameda, Contra Costa, Marin, Napa, San Francisco, San
Mateo, Santa Clara. Solano, and Sonoma) that constitute the
bay region, so that land-use advantages or problems can be an
ticipated.

Hillside materials in the region range from soft, young
stratified rock to older and harder stratified rock, volcanic rock,
hard homogeneous rock, and chaotically mixed' assemblages of
hard and soft rock. The distribution of these materials is shown
on 1:125,000-scale maps based on geologic mapping of the re
gion. Approximately 360 units are described by bedrock compo
sition, physical properties of bedrock (rock hardness, bed
thickness, and spacing of fractures and partings), texture of
surficial mantle (soil cover), expansivity, and permeability. De
scriptions are based on thousands of systematic field observa
tions, about one thousand free-swell tests for expansivity,
examination of aerial photographs, and published reports. The
units are described in detail and also in summary form, and
they are organized and colored on the map according to domi
nant composition and physical properties, so that the general
distribution of material properties can be readily discerned.

Slope of hillsides in the region is portrayed on 1:125,000
scale maps by the distribution of three slope intervals that re
flect the level of constraint on development. These slope
intervals are superimposed on materials units, so that the vari
ous combinations of slope and materials are displayed through
out the region.

Because of limitations of map scale and the heterogeneity of
earth materials, the information is not sufficiently specific for
design of foundations or grading. Its proper use is in more gen
eral considerations, such as general planning, preliminary
evaluation of land, and review of proposals or reports. Using
inference schemes outlined elsewhere, the data can be used for
regional estimates of cut-slope stability, excavatability, and
character of material as fill. In addition, the data may prove
useful for predicting the extent and severity of hazards, such as

landsliding and earthquake shaking. For such purposes, this
report offers a consistent description of the physical character
of hillside terrain pertinent to engineering use of land.

INTRODUCTION

Hillsides in the San Francisco Bay region differ
in slope of the ground surface and in the kinds of
materials beneath the ground surface, and these dif
ferences affect engineering use of the land. This re
port systematically describes hillside terrain in nine
counties that make up the bay region, specifically
Alameda, Contra Costa, Marin, Napa, San Francisco,
San Mateo, Santa Clara, Solano, and Sonoma Coun
ties. The report complements an earlier report that
described flatlands of the region (HeIley and others,
1979). Geologic processes, such as landsliding and
faulting, are discussed here only as they modify the
materials of hillside terrain; hazards posed by these
processes are discussed in other reports (for example,
Nilsen and others, 1979).

Two aspects of hillside terrain are described: 0)
the materials that lie beneath the ground surface,
and (2) the slope (or steepness) of the ground sur
face. Of these aspects, the materials are described
more thoroughly. Distribution of materials is shown
on 1:125,000-scale maps (pIs. 1-6) that are based on
geologic mapping of the region. Unit descriptions re
port the physical nature of materials that constitute
each map unit in terms of composition and physical
properties of bedrock, texture of surficial mantle (soil
cover), and expansivity and permeability of bedrock
and surficial mantle. Descriptions of map units were
compiled from thousands of systematic field obser
vations, stereoscopic inspection of high-altitude
aerial photographs, published reports, discussions
with geologists familiar with the map units, and
about 1,000 free-swell tests of representative samples
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2 HILLSIDE MATERIALS AND SLOPES OF THE SA...""! FRA.c~CISCO BAY REGION

for expansivity. Each unit is described in detail and
also in summary form, and the units are organized
and colored on the map according to dominant com
position and physical properties, so that the distri
bution of dominant properties is clearly displayed.

Slope of the ground surface throughout the region
is portrayed at a scale of 1:125,000 in plates 4 to 6,
which show the distribution of gentle (0-15 percent),
moderate (15-50 percent), and steep (greater than
50 percent) hillslopes. The slope maps are derived
from more detailed slope maps of the region (U.s.
Geological Survey, 1972). Slope intervals are super
imposed on materials units, so that the various
combinations of slope and materials are shown
throughout the region.

USES OF THE REPORT

The maps and unit descriptions together consti
tute a guide to the physical nature of the ground
from place to place in hillside terrain of the region.
This guide can be used both directly and indirectly
to anticipate problems and advantages of the ground
at places of interest. Slope of the ground, for ex
ample, directly determines the volume of excavation
needed to provide flat space for roads or foundations
in sloping terrain; likewise, expansivity and perme
ability of materials relate directly to stability of foun
dations, success of water wells, and suitability of
the ground for septic-tank systems. Other engineer
ing characteristics of materials, such as ease of ex
cavation, are not described directly in this report
but can be inferred from the described properties of
the rock mass (see section below entitled "Purpose
and Use"). Basic data provided here may also be
useful in predictive regional mapping of susceptibil-

. ity to geologic hazards, such as earthquake shaking
and landsliding.

Different elements of the report are intended for
different uses. Plates 1 to 3 portray simply the ma
terials units, using color and pattern to distinguish
different kinds of materials; these plates are designed
for positive identification of units at sites of interest
and for map portrayal of material character. Plates
4 to 6 combine color portrayal of materials with pat
terns that designate slope; by combining slope with
materials, these plates provide a useful overview of
hillside terrain, but provide less complete identifica
tion of materials.

The two sets of unit descriptions similarly are
suited to different uses. The abbreviated descriptions
summarize composition and physical properties of
bedrock using a tabular format that facilitates quick

appraisal and comparison of units. The detailed de
scriptions provide more complete information, includ
ing expansivity and permeability of materials and
texture of surficial mantle.

LIMITATIONS OF THE REPORT

The major limitation on accuracy of this informa
tion is the fragmentary nature of the evidence. The
vast majority of materials are concealed beneath the
ground surface and are available for inspection only
locally. Thus, the descriptions provided by this re
port are based strongly on geologic inference from
the few exposures available. Geologic mapping, which
was used to extrapolate information from exposed to
covered areas, is likewise limited by paucity of ex
posure and also by the geologic complexity of the
region.

The major limitation on use of this information is
heterogeneity of materials units, which results from
the inherent complexity of earth materials in the
region. Most units include several kinds of bedrock
overlain by several surficial mantle materials, and
so the descriptions generally cannot specify the par
ticular bedrock or mantle materials present at a
given site. Rather, the descriptions specify the sev
eral materials that constitute the unit, and one or
more of these may underlie the site of interest. Be
cause the information is not site specific, it is not
sufficient for design of grading or foundations. Its
proper use is in considerations requiring less spe
cific information, such as general planning, prelimi
nary evaluation of land, review of proposals or
reports, or regional mapping of geologic hazards. For
such purposes, the information offers a consistent
description of the physical character of earth mate
rials pertinent to engineering use of land.
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L.K. Sidoric, from the 1:125,000-scale slope map of
the region (U.S. Geological Survey, 1972). Final map
preparation was done principally by N.L. Hoskin,
with assistance from Ellen, Stewart, D.8. Aitken,
M.K. Christensen, D.L. Knifong, Yvonne Leung, J.D.
Mow, B.W. Rogers, and C.G. Utter; the maps were
edited by J.8. Detterman. Preparation of the manu
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HILLSIDE MATERIALS

The materials described here are the bedrock and
overlying surficial mantle, or soil cover, that make
up almost all hilly terrain in the bay region (fig. 1).
Exceptions occur locally where hilly terrain is un
derlain by surficial deposits, such as alluvium and
terrace deposits, that are too small to show at map
scale or that remain unrecognized, but such depos
its are most abundant in flatlands of the region
(Helley and others, 1979).

WEATHERING PHASES

Very different earth materials can result from a
single original bedrock material as a result of varia
tions in degree of weathering. The weathering phases
so produced, sketched in figure 1B, are described as
follows:

Surficial mantle is the unconsolidated earth or
soil cover formed by disintegration of bedrock and
vegetation. It forms an irregular blanket as much as
10 feet or so thick between the ground surface and
underlying intact bedrock.

Weathered bedrock is intact bedrock sufficiently
weathered so that fractures, partings, and distinct
bedding planes are weak and slightly open, weath
ering fractures have formed in clayey rock, hard
ness is commonly reduced from that of fresh bedrock,

and some clay has been released from appropriate
rock types. It forms a crude layer commonly a few
tens of feet thick between the surficial mantle and
fresh bedrock below.

Fresh bedrock is intact bedrock essentially unmodi
fied by weathering. It extends downward to depth
from a gradational contact with weathered bedrock.
Most fractures and bedding planes are tight though
not necessarily strong, clay is generally bound up in
consolidated rock rather than free to soften or mi
grate upon wetting, and hardness has not been af
fected by weathering.

MATERIALS UNITS

A tY"'Pical unit on the maps of hillside materials
(pIs. 1-3) consists of several parent bedrock materi
als, each with its weathering products. Such hetero
geneity could be reduced in some units by additional
mapping, but for most units contrasts in bedrock
composition are too small to be shown at regional
map scale.

Approximately 360 units are distinguished by
color, pattern, and number label on plates 1 to 3.
Most units are delineated by contacts taken from
the geologic source maps (see pI. 1). These contacts
have been modified only by simplification required
for reduction to map scale, by use of surficial depos
its contacts from Helley and others (1979) where
possible, and locally along the Pacific coast to per
mit materials in seacliffs to be shown. Separate out
crop areas of widespread geologic units in many cases
are distinguished as different materials units be
cause of local differences in materials or proportions.

Some materials units are aggregates of geologic
units because reduction from source-map scales has
required small geologic units to be grouped. In San
Mateo County, many materials units consist of sev
eral geologic units grouped by similarity of materi
als. Over most of the region, however, geologic units
have been grouped only where required by map scale,
as map simplicity has been sacrificed in order to
retain the uniqueness of each unit.

New contacts have been added in parts of the map
where recent work has permitted subdivision of
particularly heterogeneous geologic units. Most new
contacts have been drawn within geologic units char
acterized by strong contrasts in degree of shearing,
particularly units of the Franciscan assemblage.
These contacts have been obtained by mapping
the form of hillside terrain using 1:80,000-scale ste
reo aerial photographs (Ellen and others, 1982).
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FIGURE I.-Hillside materials and their relation to topography and alluvial deposits. A, Schematic block diagram showing
both hillside terrain, with its underlying materials, and flatlands over alluvial deposits. B, Schematic cross section of a
hillside, showing weathering phases.
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Materials units in Marin County have been delin
eated largely by this technique.

In addition to units designated by color and pat
tern on plates 1 to 3, faults and large landslides
constitute units in which material character is modi
fied from that of undisturbed materials (fig. lA).
Landslides are shown only in parts of the region
(see source map on pI. 1), and even in these areas
many smaller landslides are not shown. l','lajor
mapped faults are shmvn throughout the area ex
cept where concealed by water or alluvium, but
smaller or less significant faults undoubtedly affect
rock character in many places where faults are not
shown. Thus, the materials described in this report
may have been modified in many places by unmapped
faults and landslides.

UNIT DESCRIPTIONS

Each unit is described by both an abbreviated
description and a detailed description. The abbrevi
ated descriptions systematically summarize compo
sition and physical properties of bedrock, using a
tabular format that facilitates comparison of units.
The detailed descriptions offer more complete infor
mation on bedrock composition and physical proper
ties, and also describe texture of surficial mantle,
expansivity and permeability of materials, and other
aspects of units.

PURPOSE AND USE

The descriptions are intended to provide a rea
sonably complete and consistent description of those
aspects of hillside materials that most influence en
gineering operations in land development. The physi
cal properties and aspects of composition selected
for description are those that significantly influence
engineering character of hillside materials, particu
larly through expansivity, permeability, ease of ex
cavation, suitability as fill, and cut-slope stability
(Wentworth and others, 1985). Translation schemes
developed by Wentworth and others and outlined in
Tabor and others (1983, p. 47-64) permit systematic
inference of these engineering characteristics, such
as ease of excavation, from the described physical
properties of the rock mass, such as fracture spacing
and rock hardness. Of the engineering characteris
tics listed above, only expansivity and permeability
are evaluated here; the others may be inferred from
the detailed descriptions using methods like those
outlined in Tabor and others (1983).

METHODS

Unit descriptions were compiled primarily from
systematic field observation of composition and physi
cal properties. Observations were largely along roads,

! where access is easy and materials may be exposed
in cuts. Exposures of a given unit were located by
discussion with geologists familiar with the unit, by
reference to published reports, by use of aerial pho
tographs, and by traveling roads crossing the unit.
Stereoscopic examination of aerial photographs in
the field improved estimates of proportions of com
ponents and led to recognition of poorly exposed
materials. These local observations were then ex
trapolated to the majority of the landscape accord
ing to geologic mapping of the region. These methods
were employed because the materials that underlie
the region are almost entirely concealed beneath the
ground surface.

Observations in the field and on aerial photo
graphs were complemented by information obtained
from the geologic literature and from interviews with
geologists. Information from consulting firms was
not incorporated except where reports were publicly
available. Sources of information used for each unit
are listed in the detailed descriptions.

Expansive behavior of materials was determined
by free-swell tests on about one thousand represen
tative samples collected during field observation, as
described below. Free-swell values are given in the
detailed descriptions; sample locations are shown on
plate 7.

EXPIANATION OF ENTRIES IN UNIT DESCRIPTIONS

Each unit description consists of an ordered se
ries of entries describing aspects of the unit. The
abbreviated descriptions consist of entries for map
unit; geologic unit, age, and location; composition of
bedrock; and physical properties of bedrock (rock
hardness, fracture spacing, bedding thickness). The
detailed descriptions give more complete informa
tion on each of these aspects, and in addition de
scribe expression of the unit in aerial photographs,
bedding-plane parting, permeability, weathering,
surficial mantle texture, expansivity, stratigraphic
thickness, and sources of information. In the detailed
descriptions, entries are listed only where informa
tion is available, and a few units lack some of these
entries. Information needed to understand and in
terpret the descriptions is given below under appro
priate headings.
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i\V\P UNIT

Each map unit and its corresponding description
is identified by a three-digit number. These num
bers form a discontinuous sequence related to the
groupings of units by which the maps of hillside
materials are colored and patterned, as shown in
the map explanation. Eight major groupings, repre
senting fundamental differences in nature of the rock
mass, are divided into about thirty subgroups on the
basis of composition. Within most subgroups, units are
arranged by approximate stratigraphic order; within
subgroups of volcanic rocks, units are arranged by
composition. The major groupings, as well as the
use of map color to convey fundamental material prop
erties, are further described in the section entitled
"Overview of Materials and Slopes in the Region."

GEOLOGIC UNIT, AGE, AND LOCATION

This entry gives the geologic name and approxi
mate age of the geologic unit or units that make up
the materials unit, as well as the general location of
the materials unit. Stratigraphic nomenclature used
here generally follows that of the geologic source
maps, which are identified on plate 1.

Approximate geologic age is shown for most units
by symbols in parentheses following the geologic
name: (Q) designates Quaternary; (QT) designates
Quaternary and (or) Tertiary; (T) designates Tertiary;
(TK) designates Tertiary and (or) Cretaceous; (K)
designates Cretaceous; (KJ) designates Cretaceous
and (or) Jurassic; (J) designates Jurassic; and a query,
as in (J?), designates uncertainty in age assignment.

Place names used to describe location in this en
try are shown in several places. General areas of
occurrence are shown on the map of physiographic
areas and cities (pI. 1) and on the index map show
ing location of counties (pI. 1-6). More specific place
names are shown on the base maps of plates 1 to 7,
and even more specific names are shown on U.S.
Geological Survey 7.5-minute quadrangle maps. Place
names on these different maps are not identical be
cause the features are of different scales. In cases
where more than one materials unit has been cre
ated from a single geologic unit, the location is gen
erally preceded by the word "only," as in "Orinda
Formation (T), only in the East Bay Hills."

SU~Ii\L-\RY

Each detailed description includes a brief sum
mary of the unit, including field observations about

engineering behavior that do not fit elsewhere in
the description. The abbreviated descriptions pro
vide a more systematic summary of bedrock compo
sition and physical properties.

EXPRESSION IN AERIAL PHOTOGRAPHS

This entry in many detailed descriptions reports
the appearance of the unit in small-scale (1:80,000)
black-and-white aerial photographs viewed stereo
scopically. This appearance is similar to the appear
ance from high-altitude aircraft. For many units we
have used expression in aerial photographs to esti
mate proportions and bedding thickness.

Expression in aerial photographs is described in
terms of both topographic form and photographic
tone. Description of topographic form is based on
rounding of crests and on prominence of ribbing, the
pattern of roughly parallel sidehill ridges that char
acterizes many hillslopes in the region. Topography
described as "hard" shows sharp crests and promi
nent ribbing. Topography described as "intermedi
ate" shows somewhat rounded crests, irregular or
poorly developed ribbing, or both. Topography de
scribed as "soft" shows rounded crests and lacks rib
bing (see Ellen and others, 1982). We describe
photographic tone as light or dark. Contrasts in tone
commonly occur in bands or patches that reflect con
trasting bedrock compositions.

COMPOSITION

This entry describes composition of each bedrock
component of the materials unit and gives the pro
portion of the unit occupied by that component. Most
terms describing composition are used in the stan
dard sense as defined in the American Geological
Institute Glossary of Geology (Bates and Jackson,
1987). Terms describing grain size of clastic materi
als are defined in table 1.

Some of the compositional terms used here re
quire definition. "Grit" refers to sedimentary rock
composed chiefly of granules (table 1), and "gritty"
refers to rock that contains granules. Sandstone de
scribed as "clean" lacks matrix between sand grains;
sandstone described as "dirty" or "high-matrix" con
tains appreciable matrix of unspecified character
between sand grains; sandstone described as "clayey,"
"silty," or "tuffaceous" contains the specified type of
matrix between sand grains. The terms "clay-clogged"
and "clay-saturated" describe materials in which clay
fills spaces between larger grains; the term "tapi
oca" describes material in which sand grains appear
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TABLE I.-Grain size of clastic materials

scale (mc,dified frem Comptoll,[ClaSSification basea 0;: H'18 Wentv,'orth

i ~162)J

Size class

Boulders

Cobble

ebbles---------------

G ranuies------------

and - - - - - - - --

Verv coarSE:'

Coarse- ------------

Medlum---

Fi ne --~ ~- -- ---- ----

Particle size

Mlliimeters

>256

64-256

2 - 6 4

2 - 4

0 . .5 1

o 2.5-0.5

0.125--0.25

Inch"s

2.5 -10

o 08-2 5

008-0.Hi

0.002-008

pied by its different bedrock compositions, as well
as proportions of different surficial mantle textures
and different degrees of permeability and expansiv
ity. These terms are used throughout the unit de
scriptions strictly as defined in figure 2. Wherever
the term "largely" is followed by two values, it ap
plies to both values together rather than to the first
value alone; hence "largely low to moderate" would
be read "most is in the range low to moderate." If
one term of a pair deserves emphasis, that term is
underlined.

In the abbreviated unit descriptions, proportions
are indicated by the form and capitalization of en
tries, as well as by the terms. Terms or pairs of
terms in which the first letter is capitalized describe
a proportion of the entire unit; if not capitalized,
terms describe proportions within a major component

It -

Very fine 00625-0.125

Co 0039-0.0625

100

C I a y ~ - - - - - - - <0.0039

all

80

Largely, most, predominant

to be suspended in clay matrix. "Clayey rock" is used
as a general term for compositions that include abun
dant clay, such as mudstone, claystone, and shale.
Siliceous sedimentary rocks are generally described
by the terms "subporcelaneous," "porcelaneous,"
"porcelanite," and "chert" (Bramlette, 1946, p. 12
16), except where such specific composition is not
known, in which case the general term "siliceous" is
used. Within volcanic materials, the term "flow rock"
means rocks originating from lava flow (not ash flow).
The term "tuff breccia" differs from "breccia" and
"agglomerate" by designating more than 50 percent
tuff matrix between blocks. We use the term "fine
grained" both as a sand-size term and to indicate
silty and clayey materials when used with general
terms such as "sedimentary rocks," "materials," or
"matrix." We use the term "flysch" to mean simply a
repetitively and relatively thinly interbedded se
quence of sandstone and clayey rock.

The detailed descriptions contain more informa
tion about composition than the abbreviated descrip
tions. Further details of composition may be found
in the references listed as sources in the detailed
descriptions.

Proportions
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Much, abundant

Some, substantial ccnstituent

Miner

The terms defined by percentages in figure 2 are
used to describe the proportions of each unit occu-

FIGuRE 2.-Terms used to describe propor
tions of components in materials units,
and their defining percentages.



8 HILLSIDE MATERIALS liND SLOPES OF THE SAN FRANCISCO BAY REGION

ill

> 9D

- :;

c -

5 30

1 -.5

s -2 0

30

2 - 1 2

J 5 - 2

o

liiS

Size

sm21;

TABLE 3.-Scales 0/ bedding thickness. Fracture spacing. and
fragment Sl~ze

Moder2tE'

Wide

Absent

TABLE 2.--Rock-hardness scale

Soft

-----------------~------

Some units are described more confidently than
others, just as are some aspects of a given unit. \:Ve
use several means to convey level of certainty. In
formation is presented without qualification where
field observations and other information are consis
tent and reasonable. The term "probably" is used
where information is based on reasonable inference
but without solid observation. A query at the start
of a statement expresses uncertainty about the en
tire statement that follows; a query in any other
position expresses uncertainty only about the pre
ceding term. Major uncertainty exists for all aspects
of those units that were not visited or only briefly
visited in the field, and these are denoted by state
ments like "Not seen in field."

Level of Certain ty

PHYSICAL PROPERTIES

of the unit. For example, the description of unit 350
reads:

Largely sandstone, some to much relatively clean
much clayey and dirty
minor to some cemented.

Minor to some mudstone, siltstone, and shale.
This unit is largely sandstone; minor to some of the
unit is mudstone, siltstone, and shale. Of the sand
stone, some to much is relatively clean, much is
clayey and dirty, and minor to some is cemented.

For many units, proportions can be used to sug
gest the likelihood that a given component is present
at a site of interest. In units where beds are thinner
than several tens of feet, more than one component
will probably be present at a site.

Rock hardness, bedding thickness, and spacing of
fractures and parting surfaces are described for each
composition of each map unit. These properties to
gether describe the basic physical nature of the rock
mass in each unit-hardness of pieces, sizes of pieces
between planes of weakness, and thickness of the
roughly tabular packets of each composition within
the unit. Measuring scales and terms used to de
scribe physical properties are defined in tables 2
and 3.

In the abbreviated descriptions, physical proper
ties are reported in symbolic form. Symbolic abbre
viations are defined in tables 2 and 3. The following
conventions are used in the symbolic descriptions:

(1) In cases where a physical property is different
in fresh and v.feathered rock, that property is ex-

pressed like a fraction, the description of weathered
rock above that of fresh rock. For example, fracture
spacing described as "m/w" would read "moderate in
weathered rock, wide in fresh rock." When this form
is not used, description of the physical property is
the same in fresh and weathered bedrock.

(2) A hyphen between symbols indicates a range
in properties; for example, fracture spacing of "c-m"
would read "close to moderate. If a property ranges
from an unspecified lo\'>, value up to a given value,
the vmrd "to" is used in place of the hyphen; for
example, fracture spacing described as "to m" would
read "up to moderate."

(3) Parentheses indicate the dominant character
of a material, in contrast to the extreme range dis-
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played. Thus, hardness described as "(Dh" would read
"mostly firm, ranging to hard." Likewise, fracture
spacing described as "c(m-w)8ft" would read "most
is moderate to wide, but spacing ranges from close
to 8 feet."

(4) A comma separates an entry into two parts in
cases where a material displays two properties that
are roughly equally abundant. For example, bedding
thickness described as "n, (k)" would read "thin in
about half of the unit, largely thick in about half of
the unit." Note that the comma is used in a different
sense for description of hardness in rock types hav
ing hard or firm blocks in softer matrix, as described
below in the section "Rock Hardness."

A plus sign indicates "more than." For example,
bedding thickness described as "(6-30ft)lOOft+" would
read "most is 6 to 30 feet, but thickness ranges to
more than 100 feet."

(6) Uncertainty is expressed by query, as described
above.

Rock Hardness

Rock hardness (called hardness in the descriptions)
describes the response of pieces of bedrock to the
geologic hammer swung "vith moderate force (table
2); for some closely fractured materials, hardness of
the rock mass is also described. Hardness in large
part determines excavatability and fill character of
bedrock materials. Hardness also reflects abundance
of free clay in clayey bedrock compositions, and as a
result affects cut-slope stability, permeability, and
expansivity of bedrock. Most rock softens with weath
ering, but some porous rock case hardens at sur
faces exposed to air.

The symbolic description of rock hardness in the
abbreviated descriptions is complex in cases where
a single composition consists of matrix surrounding
harder blocks, as in conglomerate, pillow lava, vol
canic breccia and tuff breccia, highly sheared rock,
and spheroidally weathered rock. Symbolic descrip
tion of such materials is in the form "s, f clasts m,"
vvhich reads "soft matrix including firm clasts of
medium size." The term "blocks" is used instead of
"clasts" in description of breccia, tuff breccia, sheared
rock, and spheroidal weathering.

Bedding

Most bedrock of the region consists of interlayered,
more or less tabular masses of different composi
tions. We describe thickness of beds using terms that

indicate ranges ofthickness (table 3). Bed thickness
and the nature of interbedding are described some
what differently in the abbreviated and detailed de
scriptions. In the abbreviated descriptions, entries
under bedding thickness describe simply thickness
of layers of each composition within the unit, not
thickness of bedding within a composition. For ex
ample, the entry for the shale portion of a sand
stone-shale unit would report the thickness of shale
between sandstone, say 5 to 10 ft, rather than thin
bedding within the shale. Similarly, the bedding
thickness entry fonowing flysch describes thickness
of intervals of flysch rather than thickness of beds
vvithin flysch. In this manner, bedding thickness re
ported in the abbreviated descriptions conveys a gen
eral sense of the arrangement of compositions within
a unit.

The detailed descriptions in addition report other
aspects of bedding that affect behavior of materials,
such as bedding within a composition and character
of bedding contacts. Entries describe the
thickness of beds and their distinct or indistinct na-
ture. Bedding is called "distinct" if beds a
strong contrast in composition and contacts
between materials; "indistinct" bedding lacks com
positional contrast or has vague or gradational con
tacts, Some entries also describe the form of beds,
their continuity along strike, and details of bedding
plane character. In nonsedimentary materials, en
tries under bedding describe thickness of layers of
material.

Fracture and Pating

Fracture and parting are planes of weakness in
bedrock; together they determine the size of natu
rally occurring pieces of bedrock. Parting surfaces
lie parallel to one another and to compositional lay
ering; fractures cross compositional layering. In the
abbreviated descriptions, entries under fracture spac
ing report spacing of either fractures or parting sur
faces, whichever is more closely spaced. In the
detailed descriptions, fracture and parting are de
scribed separately. We describe spacing of fractures
and parting surfaces using terms that indicate ranges
of spacing (table 3). Moderate spacing includes a
range (2-12 in.) that unfortunately spans the bound
ary that determines whether hard blocks are consid
ered oversize for purposes of fill compaction
(Wentworth and others, 1985).

Fractures in many bedrock materials, particu
larly those containing clay, are more closely spaced
in weathered rock than in fresh rock, the result of
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additional fractures opened by weathering. The term
"original fracture" indicates the set of fresh-rock frac
tures upon which "weathering fracture" is superim
posed. Bedrock that "scales," "flakes," or "spalls" has
very closely spaced weathering fractures roughly
parallel to exposed surfaces. Fracture spacing in
large part determines excavatability of bedrock and
affects fill character and fracture permeability.

Parting describes the presence and spacing of
planes of weakness parallel to bedding or, in
llonsedimentary materials, parallel to flow banding
or foliation. Parting is most common at distinct bed
ding planes and within shale; it is accentuated by
weathering, and many compositions where weath
ered show parting that is absent or incipient in fresh
rock. Presence of parting affects excavatability, cut
slope stability, and fill character of materials. Part
ing also contributes to fracture permeability in
shallow rock. and in some materials this effect is
pronounced (see unit 539).

PERMEABILI1Y

In this report, permeability means the capacity of
earth materials to transmit water. Water wells in
hillside terrain require permeable bedrock for ad
equate yields; septic-tank systems require perme
able near-surface materials for proper sewage
disposal. Permeability can be accurately measured
and described by the precise measuring scales shown
in figure 3, but in this report it is crudely estimated
using the four broad categories shown near the bot
tom of figure 3. Criteria used for estimating perme
ability are given in table 4.

"Vater in the ground moves through spaces, or
. pores, of two types, those between grains in the rock

or soil (intergranular pores) and those along frac
tures in the rock mass (fracture pores). Intergranu
lar permeability is moderate or high in surficial
mantle or sedimentary rock that has large open
spaces between grains. Fracture permeability is sig
nificant at those places where fractures are abun
dant, open, and not clogged with clay or silt.
Intergranular permeability typically persists to depth
(at least several hundred feet beneath the ground
surface). In contrast, fracture permeability typically
is most significant in shallow rock (within a few
tens of feet of the ground surface) where weathering
has opened fractures. Fracture permeability is gen
erally very low at depth, where pressure keeps frac
tures closed; exceptions occur in volcanic flow rock
and shallow intrusive rock, in which original cooling
fractures may remain open to depth, and along faults,

where tectonic disruption has opened fractures. In
shallow rock, clay released by weathering may re
strict both intergranular and fracture permeability
by clogging pores.

We report permeability of each map unit in the
detailed descriptions using several statements. The
statement on intergranular permeability of bedrock
applies to bedrock material both where shallow and
at depth, unless otherwise noted. Fracture perme
ability is generally reported only where it signifi
cantly increases permeability of bedrock. For
example, if a unit is reported to have much low and
much very low intergranular permeability, then an
additional report of much low fracture permeability
in shallow rock must refer to the component having
very low intergranular permeability. Thus, the reader
could expect low total permeability in almost all shal
low bedrock of the unit. If the term "permeability" is
used without the qualifiers "intergranular" or "frac
ture," read "total permeability." If no distinction is
made between shallow bedrock and bedrock at depth,
the statement applies to bedrock at all depths.

A final statement describes permeability of
surficial mantle. This estimate assumes that mantle
is saturated, so that cracks are closed and perme
ability is entirely intergranular. The permeability
reported is that of the least permeable (most clayey)
mantle material beneath a point on the ground in
the unit. One result of this convention is that high
permeability mantle materials are generally not re
ported although they are common on hillsides
throughout the region.

WEATHERING

Effects of weathering on physical properties are
reported in both the abbreviated and detailed de
scriptions, but the detailed descriptions include a
separate statement on weathering for many units.
Entries primarily describe depth of weathering,
which is commonly reflected in a contrast between
gray (fresh) and buff (weathered) colors, but also
note significant aspects of weathered rock in the unit.

SURFICIAL MANTLE TEXTURE

This entry in the detailed descriptions primarily
describes the clayey or granular texture of surficial
mantle. We call mantle "clayey" if it contains more
than about 25 percent clay-size particles. This pro
portion of clay is sufficient to effectively fill pores
between larger grains, thereby causing typical clayey
behavior. We call mantle "granular" if it contains
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less than about 25 percent clay, the remainder be
ing silt, sand, and gravel.

Surficial mantle in a map unit commonly consists
of several distinct materials; these materials may
either overlie one another or cover different parts of
the map unit. If one mantle material overlies an-

other, we report only the texture of the most clayey
layer present, which is commonly subsoil. Thus,
mantle texture is called clayey wherever some part
of the mantle thickness is clayey, even if most of the
mantle thickness is sand, a convention similar to
that used in reporting mantle permeability. Areal
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Wagner and Nelson, 1961, p. 93; In Davis and DeWiest, 1966, p. 164; (g) Davis and DeWiest, 1966, p. 351; (h) Davis and
DeWiest, 1966, p. 349; (i) Tolman, 1934, p. 39; (j) Davis and DeWiest, 1966, p. 348; (k) Stearns, 1927, p. 168; (!) Cummings
and others, 1962, p. 184; (m) Davis and DeWiest, 1966, p. 319-320; (n) L.C. Dutcher, written commun., 1972.
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TABLE 4.-Relaticn of permeability to character of material

-_._-_._----------

percent; they are surely capable of damaging light
loads. Materials called "significantly expansive" have
free swell between 45 percent and 80 percent; these
may be capable of producing damage. Significantly
and severely expansive materials are jointly called
"expansive" in cases where degree of expansivity is
uncertain. Materials called "unexpansive" have free
swen less than 45 percent; these do not swell suffi
ciently to be of concern. Many significantly' expan
sive materials may not be capable of damage under
typical conditions. A conservative appraisal would
consider both significantly and expansive

FIGURE 4.-Control data for reconnaissance estimates of ex
pansivity. Expansion index of the Uniform Building Code
(International Conference of Building Officials, 1973), mea
suring swell under confining load of 144 Ib/ft2, is plotted
against free-swell values for a suite of samples that cover
the range of free-Bwell values measured irr the bay region,
The range of free-swell valueli is divided into three catego
ries: unexpansive, corresponding to very lo\\~ to 10\\1 expan
sion index; significantly expansiv("J corresponding to
variably m.edium to very high expansion index; and se
verely expansive, corn'sponding to high to VEry high expan
sion index. Although the Gniform Building Code requires
special design for all materials with expansion index above
20, engineers in the bay region have found ff!W problems
with materials having an expansion index below 50 (D.E.
Clark, Cooper-Clark and A8sociates, oral oommun .. 1976).
For this reason;, rnaterials \vith free swell corresponding to
a low expansion index are induded in the unexpansive cat
egory. Cooper-Clark and Associates performed the loaded
swell tests on bulk samples that had been oven dried at
abeut lOO'C, using sample rings 2.38 in. in diameter rather
than the 4.01 in, speeifled for the expansion index test. The
smaller ring diameter should have little or no effect cn the
results; drying Inay have reduced expansivity slightly.

"
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" " " '".. @ "".. ..
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EXPA,\SIVITY

abundance of clayey and granular mantle is ex
pressed by the proportions in the entry, such as
"largely granular, some clayey."

Descriptions of surficial mantle texture are based
on inference from bedrock character, combined in
most cases with field observations related to free
swell sampling. See entries under "Expansivity" in
the detailed descriptions for information on particu
lar sampled materials. Information on the upper 5
ft of surficial mantle is also available in publica
tions of the Soil Conservation Service (for example,
U.S. Soil Consr3rvation Service, 1968).

Expansive materials are those capable of shrink
and swell \-vith changes in \-vater content; clay min
erals are the principal expansive component. Mate
rials called expansive in this report can expand with
force sufficient to damage light loads, such as roads,
frame houses, or concrete slabs.

We have estimated expansivity by testing repre
sentative samples for free swell (Krynine and ,Judd,
1957). Free-swell values have been correlated with
loaded swell of the Uniform Building Code's Expan
sion Index Test (International Conference of Build
ing Officials, 1973, 1976) using selected control
samples, as shown in figure 4. Materials called
"severely expansive" have free swell greater than 80
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judged from the thoroughness of the entry under
"Expression in Aerial Photographs" and from other
discussion within the description.

t-,ngic (in dpgrce~:,), 30::'

POi"ceni ("* Xi

Ratio \fv1~(:rG Vi). 1.73:1

Slope expressed as:

HILLSIDE

Slope of the ground surface (fig. 5) af-
fects ease and cost of land development. Most devel
opment in hillside terrain requires flat space for
roads, parking lots, and buildings Except for flat
hilltops and sidehill benches, this flat space must be
created by grading.

Plates 4 to 6 shov, the region and its materials
units subdivided into three slope intervals chosen to
reflect the constraint of on land use. Gentle
slopes (0-15 percent) little or no constraint
to road alignment or other land uses and "",orn,""""

materials capable of damage and hence worthy of
caution, but most damage from expansivity can be
expected from severely expansive materials.

Entries under expansivity in the detailed descrip
tions report proportions of expansive materials in
both bedrock and mantle of each unit. In some units,
the expansive material is identified in parentheses;
if not, the reader may assume that clayey materials
are the expansive components. Bedrock is expansive

only where weathered. Entries include the
free-swell test data from which we have estimated
degree of expansivity; tested materials are located
by sample number on plate 7. For many samples we
describe field evidence for expansivity, particularly
rlc,.0''f'·c", of cracking.

The free-swell test has exaggerated the cxpansiv
of some materials. If additional tests have con

firmed exaggeration, ,ve designate the free-swell
value as exaggerated, as in "free swell 80 percent

If exaggeration is suggested by tex
ture of the material but has not been confirmed by
c,,",:,> ClUE", vile query the designation, as in "free swen
80 (exaggerated?).

Units of the Franciscan assemblage are described
differently from other units in that free-swell samples
are grouped according to bedrock composition and
character rather than strictly by map unit sampled.
For example, samples of clayey sheared rock from
various map units are reported together in the de
scription for unit 801.

STRATIGRAPHIC THICKNESS

Entries under stratigraphic thickness in the de
tailed de;scriptions give stratigraphic thicknesses re
"0'",·,-1'",., in the literature for many units.

A

-; 00

SOURCES

In the detailed descriptions, we list the references
used in compiling the description and the number of
stations at which field observations were made. The
references listed are not comprehensive; with few
exceptions, are those that were readily avail
able at the time of compilation (1974) and that con
tain useful information on composition and physical
properties. The number of stations is intended to
convey a sense of the thoroughness of field study,
but this measure is crude because some stations re
vealed much more than others. Appearance in aerial
photographs, an important source of information for
m.any units, is not listed; its contribution can be I

FIGUHE 5.--Measures of slope of the ground surface. ii, Sche
matic cress 2ectian of a hillsid" for which slope nwasuH,d
in degrees from th" horizontal, as a percent, and as the
ratio of horizontal (H) to vertical (V) dimensioD.E. B~ Inter
relation of these meaSUrE's for different sJcpes.
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FIGURE 6.-Relation of slope to the excavation volume necessary
to create a level cut-and-fill pad 80 by 80 ft using standard
2:1 cut-and-fill slopes. A, Schematic cross section of hillside
showing cut-and-fill pad, weathered and fresh bedrock, and
surficial mantle. B, Graph relating grading volume to original
slope of ground surface.

from six intervals on the 1:125,000-scale slope map
of the San Francisco Bay region (D.s. Geological Sur
vey, 1972). Minimum diameter of areas or boundary
intricacies retained on plates 4 to 6 is about 1 mm,
which represents 400 ft on the ground. Accuracy of
the slope determinations is limited by the photome
chanical interpretation of contour spacings used to
prepare the original slope map and by accuracy of
the topographic maps used.

Distribution of the three slope intervals varies
throughout the region in response to different mate
rials and geomorphic histories. The 15-percent slope
boundary tends to separate erosional from deposi
tional terrain, so that major areas of gentle slope
coincide with alluvial flatlands of the valleys. Mod
erate to steep slopes characterize most hillside ter
rain, and here differences in erosional behavior of
materials have produced a close relation between
slope and material character. Some materials units,
for example, contain almost entirely steep slopes,
whereas a few contain largely gentle slopes. Like
wise, systematic differences in slope can aid in dis
tinguishing contrasting parts within heterogeneous
materials units. Slope differences on plates 4 to 6
that form bands along the strike length of a unit, or
that distinguish parts of a unit along its length, prob
ably mark differences in bedrock and mantle mate
rials. More sensitive slope distinctions can be made
by using aerial photographs or topographic maps,
and digital elevation data are increasingly being used
to map slope in detail.

Interpretation of slope is also useful for estimat
ing character and thickness of surficial mantle and
severity and depth of weathering. Material that
makes up gentle slopes is generally stable except for
very slow surface erosion, and this stability provides
time for weathering and related processes to develop
clayey subsoil in surficial mantle. In a similar man
ner, weathering of bedrock on gently sloping old up
land surfaces can be severe and can penetrate beyond
the typical weathering depths of 20-30 ft. On steep
slopes, in contrast, downslope movement of mantle
mixes it and incorporates rock fragments from un
derlying bedrock. On such slopes, bedrock is eroded
relatively rapidly, limiting the depth of bedrock
weathering, and soil erosion is generally rapid
enough so that clayey subsoil cannot form. On mod
erate slopes, movement of surficial mantle tends to
be slower and weathering effects are generally in
termediate between those on gentle and steep slopes.
Particularly thick accumulations of surficial mantle
tend to develop at toes of steep slopes and in swales,
except where erosion by streams or waves is active.
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little grading for development. Steep slopes (greater
than 50 percent) are already steeper than standard
2:1 (horizontal:vertical) cut and fill slopes, and so
they cannot support development requiring flat space
unless cuts and fills steeper than 2:1 can be toler
ated. The intervening moderate slopes (15-50 per
cent) are steep enough to require grading for flat
space but gentle enough to permit grading by stan
dard means, and so they are the principal areas
where hillside development is possible. Within the
moderate slope interval, cost of hillside development
is sensitive to slope. Grading volume increases
sharply with increasing slope (fig. 6), and deeper
cuts typically encounter materials that are more dif
ficult and costly to excavate.

Slope can be described in varying detail. The three
slope intervals shown on plates 4 to 6 are derived
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OVERVIEW OF MATERIALS AND SLOPES
IN THE REGION

Plates 1 to 6, in combination with the unit de
scriptions, provide abundant and detailed informa
tion on materials and slopes throughout the region.
So that the major characteristics of the various ma
terials are not lost in details, we here provide a
brief overview of materials and slopes in the region.
In particular, we describe how the colors on plates 1
to 6 reflect fundamental properties of hillside mate
rials in the region, so that basic material properties
can be read quickly from the maps.

Table 5 provides an overview of the eight major
groups of hillside materials in the region. Materials
include bedded sedimentary rocks of several varie
ties: soft young sedimentary rocks are designated by
yellow colors and unit labels in the 100's; firm Ter
tiary sedimentary rocks are designated by green col
ors and labels in the 300's and 400's; siliceous
sedimentary rocks, distinguished because of their
anomalous hardness, are designated by orange color
and labels in the 500's; and older Mesozoic sedimen
tary rocks are designated by blue colors and labels
in the 600's. Volcanic rocks, designated by brown
colors and labels in the 200's, differ from the sedi
mentary rocks in hardness, quality of layering, and
other fundamental properties. Deformed rocks of the
Franciscan assemblage, which underlie much of the
region, are subdivided by basic material character:
coherent masses of deformed sandstone, which are
colored gray and designated by labels in the 700's,
are distinguished from the mixed and sheared clayey
rocks of melange, which are designated by red colors
and labels in the 800's. Hard homogeneous rocks,
designated by shades of purple and labels in the
900's, are distinct from these various other materi
als in the relative homogeneity of their bedrock ma
terials. Other general characteristics of these major
groups, including topographic character and the re
lation between component materials and landforms,
are described in table 5.

Each of these primary groups is systematically
subdivided, and the scheme of subdivision is shown
in the explanations of plates 1 to 6. Different shades
of the major colors are used to designate the subdi
visions. For example, within the soft sedimentary
rock designated by yellow colors, different shades of
yellow designate different proportions of conglomer
ate, sandstone, and clayey rock.

In these ways, the map colors were chosen to re
flect material character. By examining the map ex
planation, the reader can discern the logic of unit

groupings and their map colors, and so learn to
interpret the maps at a glance. Once this organiza
tion is comprehended, the colors provide an immedi
ate overview of the materials that are described in
detail in the numbered unit descriptions.

SUMMARY

The maps and unit descriptions of this report con
stitute a systematic, regional-scale description of the
slopes and properties of materials that affect engi
neering use of land in hillside areas of nine counties
in the San Francisco Bay region. The information
can be used to anticipate problems and advantages
of engineering use of the ground at particular places,
or as basic data to create regional predictive maps
of hazardous geologic processes that are influenced
by hillside materials or slopes.
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DETAILED UNIT DESCRIPTIONS

[Refer to text, figures 2-4, and tables 1-4 for discussion and explanation
of terms. See plate 7 for location of free-swell samples]

MAP UNIT 100

Geologic unit, (age), and location: Gravel deposits (Q), in Napa Valley
and Sonoma Valley areas.

Summary: Conglomerate of hard volcanic clasts as much as I ft in diam
eter in soft matrix, and interbedded sandstone and claystone. Claystone
and some mantle is severely expansive.

Composition: Largely conglomerate of rounded volcanic clasts as large
as 1 ft in diameter, mostly about 3 in. in diameter, in poorly sorted sand,
silt, and clay matrix that is mostly clay clogged, but is porous in part.
Clay is from pumice and tuffaceous fragments in matrix, and so is vari
ably abundant. Interbedded with conglomerate is sandstone, some of
which is tuffaceous. Also present are intervals of poorly sorted sandy
and silty claystone that may constitute as much as 30 percent of unit.

Hardness: Clasts in conglomerate are largely hard, rarely firm, in matrix
that is soft and friable where weathered. Sandstone is soft and friable,
but tuffaceous sandstone is firm where weathered. Claystone is soft
where weathered.

Bedding: Distinct bedding of very thick (10- to 20-ft) intervals of con
glomerate, sandstone, and claystone; thin to thick distinct lenticular beds
and cross beds within intervals of sandstone and conglomerate.

Parting: Largely absent.
Fracture: Absent in conglomerate and sandstone; moderate to close spac

ing in tuffaceous sandstone. Weathered claystone develops shrinkage
cracks.

Permeability: Conglomerate and sandstone, where shallow, have mostly
low intergranular permeability, some moderate; probably much moder
ate below shallow rock. Tuffaceous sandstone has low intergranular per
meability, claystone very low. Thus, shallow bedrock largely low, some
moderate, some very low; probably much moderate below shallow rock.
Mantle probably largely moderate, some to much low to very low.

Weathering: To depth of more than lOft in conglomerate and sandstone.
Probably to depth of about 5 ft in claystone.

Surficial mantle: Probably largely granular, some to much clayey. Rocky.
Expansivity: Bedrock and mantle are largely unexpansive to possibly sig

nificantly expansive, some of each severely expansive (claystone and
mantle on claystone). Sample CAli, sandy silty claystone, free swell 150
percent.

Stratigraphic thickness: Probably tens of feet to more than 100 ft.
Sources: KF. Fox, oral commun., 1972-73; Fox and others, 1973; two

stations.

MAP UNIT 101

Geologic unit, (age), and location: Santa Clara Formation, undivided
(QT), in San Francisco Peninsula and Santa Clara Valley areas.

Summary: Largely conglomerate; some sandstone, siltstone, and claystone.
Some bedrock and much to most mantle is significantly expansive; mi
nor bedrock and some mantle may be severely expansive. See units 102
107 (mapped facies of Santa Clara Formation).

Composition: Largely conglomerate; some sandstone, siltstone, and clay
stone; rare lignite and limestone. Conglomerate consists of cobbles in
poorly sorted matrix of sandstone or siltstone; locally contains boulders
as large as a few feet in diameter. Sandstone is fine to coarse grained.

Hardness: Firm to soft, conglomerate clasts hard, where fresh and weath
ered.

Bedding: Distinct to indistinct lenticular beds that range from medium to
very thick (30 ft?), commonly a few feet thick.

Parting: On some bedding planes.
Fracture: Largely absent in conglomerate; close to moderate spacing in

other compositions.

Permeability: Bedrock has largely low intergranular permeability, some
moderate, some very low. Mantle largely moderate, some low to very low.

Surficial mantle: Largely granular, some clayey; generally clayey sub
soil on gentle slopes.

Expansivity: Most bedrock is unexpansive, some significantly expansive,
probably minor severely expansive (claystone). Much to most mantle is
significantly expansive, some may be severely expansive, remainder
unexpansive. See samples for units 102-107.

Stratigraphic thickness: 2,200 ft in type section at Stevens Creek
(Dibblee, 1966).

Sources: Bailey and Everhart, 1964; Branner and others, 1909; California
Department of Water Resources, 1967; California State Water Resources
Board, 1955; Cummings, 1968, 1972; Davis and Jennings, 1954; Dibblee,
1966; Ellen and others, 1972; Pampeyan, 1970; 19 stations over entire
Santa Clara Formation (units 101-107).

MAP UNITS 102·107

Geologic units, (age), and location: Santa Clara Formation (QT), facies
mapped by Cummings (1972) in San Francisco Peninsula and Santa Clara
Valley areas: Corte Madera facies (map unit 102), Arastradero facies
(map unit 103), Woodside facies (map unit 104), Stevens Creek facies
(map unit 105), Los Gatos facies (map unit 106), Searsville facies (map
unit 107).

Summary: Each of the six facies is largely conglomerate, but they vary
in composition of clasts and in proportions of finer grained compositions.
Much mantle is expansive. See also unit 101 (undivided Santa Clara For
mation).

Composition: Corte Madera facies (unit 102)-Largely conglomerate,
some fine sandstone and siltstone, minor claystone and calcite-cemented
sandstone. Cobbles in conglomerate are mainly graywacke, but include
numerous clasts of the Cretaceous conglomerate found in the Los Gatos
facies, as well as granitic and porphyritic cobbles derived from that con
glomerate. Conglomerate is poorly sorted and contains hard to firm clasts
that generally range from granules to cobbles (as large as 1 ft in diam
eter); larger clasts are subrounded, smaller clasts more angular. Clasts
are supported in silt and sand matrix, which also is poorly sorted. In
places toward the northwest extent of this unit, interbedded fine sand
stone, siltstone, and minor (but significant) claystone predominate over
conglomerate. In the southeast, this unit is coarse conglomerate that
contains boulders as large as 5 ft in diameter (Cummings, 1968). Some
sandstone is calcite cemented. Rare lignite.

Arastradero facies (unit 103)-Not seen in field. Largely conglomer
ate, some sandstone, minor(?) silty claystone. Conglomerate consists of
subangular to subrounded clasts as much as 6 in. in diameter in matrix
of moderately well sorted fine sand; clasts consist of red chert,
graywacke, arkosic sandstone, laminated brown siliceous shale, and por
phyritic silicic volcanic rock. Lenses of silty claystone and of sandstone
similar to conglomerate matrix are intercalated with conglomerate. Sand
stone probably makes up about one-third of unit and occurs in signifi
cant amounts in most exposures.

Woodside facies (unit 104)-Not seen in field. Largely conglomerate;
probably includes some interbedded sandstone, siltstone, and (or) clay
stone. Conglomerate is composed almost entirely of angular to
subangular clasts of firm arkosic sandstone; matrix is probably sandy and
silty.

Stevens Creek facies (unit 105)-Largely conglomerate, minor clayey
fine sandstone and claystone. Rather homogeneous, very thick bedded
conglomerate of angular to subangular pebbles and cobbles of hard, fresh
graywacke and greenstone supported by a poorly sorted matrix that con
sists of clay, silt, and sand (in order of abundance). Clay is the cement
ing agent throughout. Basal part of unit is very clayey, and dense
claystone commonly forms the base (Tolman, 1934). Clayey fine sand
stone and claystone occur rarely in beds and lenses that are a few inches
to 6 ft thick.
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Los Gatos facies (unit 106)~Not seen in field. Largely conglomer
ate, some fine sandstone, possibly minor claystone. Conglomerate is simi
lar to that of the Arastradero facies, but also includes clasts of granite
and porphyritic rock and large cobbles of a hard Cretaceous conglomer
ate that contains clasts of granite and porphyry. Matrix and distinct beds
of sandstone consist of fairly clean, moderately sorted fine sand contain
ing some silt, similar to Arastradero facies. Sandstone probably makes
up less than 25 percent of unit.

Searsville facies (unit I07)~Largely conglomerate, some sandstone,
some siltstone, minor claystone. Conglomerate consists of subangular
clasts as large as 8 in. in diameter in matrix of silt, clay, sand, and iron
oxide; clasts are mainly greenstone, but include graywacke and arkosic
sandstone. Includes significant amount (one-fourth?) of poorly to mod
erately sorted pebbly to clayey sandstone. Unit is deeply weathered.

Hardness: Where fresh, conglomerate clasts are largely hard, firm in
Woodside facies; many to most clasts weather soft in Searsville and
Woodside facies. Matrix and interbedded materials are firm to soft in
Stevens Creek and Searsville facies and probably in Woodside facies,
soft in other facies.

Bedding: In Stevens Creek and Corte Madera facies, conglomerate oc
curs in massive, very thick beds (as much as several hundred feet in
Stevens Creek facies); in other facies, probably most conglomerate also
occurs as massive, very thick beds. All facies, except Stevens Creek and
Woodside facies, have significant sequences of soft to firm sandstone
and siltstone as thick as 40 ft or more. Corte Madera facies contains thin
seams of claystone along which springs emerge and landslides occur.

Parting: Largely absent. In fine sandstone and siltstone of Searsville
facies, weathering produces parting parallel to bedding at very close
spacing.

Fracture: Absent in conglomerate; close to moderate spacing in sandstone
and siltstone.

Permeability: Bedrock permeability is intergranular and extends to depth.
Corte Madera facies (unit 102)~Conglomeratemoderate, locally high;
sandstone low, some moderate; siltstone very low to low. Thus, most
bedrock moderate, locally high, some low to very low. Mantle probably
largely moderate, some low to very low. Arastradero facies (unit 103)~
Probably most bedrock moderate, locally high, some low to very low.
Probably most mantle moderate, some low to very low. Woodside fa
cies (unit 104)~Probably most bedrock low, some possibly moderate,
some very low (bedrock not observed). Probably most mantle moder
ate, some low. Stevens Creek facies (unit 105)~Bedrock low to very
low. Mantle probably largely moderate, some low. Los Gatos facies (unit
I06)~Bedrock probably moderate to low. Probably most mantle mod
erate, some low. Searsville facies (unit 107)~Bedrock very low to low
where weathered, probably largely low where fresh. Probably much
mantle moderate, much low to very low.

Weathering: Arastradero and Los Gatos facies are weathered to depths
greater than 10 ft, possibly much greater; no outcrops or roadcut expo
sures observed in these units. Stevens Creek facies is weathered to depths
of a few feet to perhaps 10ft. Searsville facies is weathered to depths
of many tens of feet; weathered material is clayey, iron stained through
out, and clasts are weathered soft; some weathering in all exposures
observed.

Surficial mantle: Probably largely granular, some clayey, except in
Searsville facies probably much granular, much clayey. Generally clayey
subsoil on gentle slopes.

Expansivity: Most bedrock is unexpansive, some significantly expansive,
minor severely expansive (claystone) in Searsville facies at least. Much
to most mantle is probably significantly expansive in all facies; some to
much is severely expansive in Searsville and Arastradero facies, minor
may be severely expansive in other facies; remainder unexpansive.
Samples:

Corte Madera facies (unit 102): MHI3A, matrix of conglomerate, free
swell 60 percent; MHI4B, shaly bedrock, free swell 72 percent; MHI3B,
stony sandy silty soil, uncracked, typical, free swell 50 percent; MHI3C,

uncracked soil, free swell 61 percent; MHI4A, soil, free swell 75 per
cent; MHI4C, stony sandy clay soil, moderately cracked, free swell 60
percent.

Arastradero facies (unit 103): PAI4, black soil 3 ft thick, free swell
101 percent; PA50A, stony sandy silty soil, typical, free swell 80 per
cent; MH17, sandy silty soil, typical, free swell 44 percent; PA53, sandy
silty clay soil, cracked, free swell 90 percent.

Woodside facies (unit 104): WOI9, well-cracked dark sandy clay soil,
free swell 71 percent.

Stevens Creek facies (unit 105): CUP3, mildly cracked silty sandy
soil, typical, free swell 59 percent.

Los Gatos facies (unit 106): LOG6, sandy silty clay soil, mildly
cracked, typical, free swell 54 percent; LOG7, pebbly sandy silty soil,
free swell 55 percent; CRR I, pebbly sandy silty soil, typical, free swell
46 percent.

Sears ville facies (unit 107): PA9B, bedrock, free swell 83 percent;
PAI2, weathered bedrock, free swell 58 percent; PA36, weathered peb
bly sandstone, free swell 60 percent; PA9A, soil, free swell 146 percent;
PA37, adobe soil, free swell 154 percent; PA48, stony clayey silty soil,
cracked, probably typical, free swell 69 percent; PA49, sandy silty clay
soil, mildly to moderately cracked, typical, free swell 79 percent; PA56,
dark sandy silty clay soil, typical, free swell 82 percent.

Stratigraphic thickness: Stevens Creek facies (unit 105), 2,200 ft
(Dibblee, 1966); Corte Madera facies (unit 102), about 1,800 ft at Coal
Mine Ridge (Ellen and others, 1972).

Sources: Cummings, 1968, 1972; Dibblee, 1966; Ellen and others, 1972;
Tolman, 1934; 19 stations over entire Santa Clara Formation (units 101
107).

MAP UNITS 108, 116, 117

Geologic units, (age), and location: Ohlson Ranch Formation of Higgins
(1960) (T); undivided (map unit 116); sandstone member (map unit 117);
conglomerate member (map unit 108); in Mendocino highlands.

Summary: Largely soft, very fine grained sandstone deposited on old
ridgetop marine-terrace surfaces. Bedrock has moderate permeability and
is deeply weathered. Bedrock and mantle are unexpansive.

Composition: Unit 116 is largely very fine grained sandstone of angular
grains that contains as much as 15 percent silt matrix. Includes minor to
some conglomerate; some to much is poorly sorted and clayey, some to
much (generally near basal contact) has well-sorted sandstone matrix.
Also includes poorly sorted, clayey, coarse-grained sandstone near base;
two known occurrences of volcanic tuff; and local carbonate concretions
in fresh bedrock. Siltstone and mudstone probably rare. Unit 117 is al
most all sandstone; unit 108 is largely conglomerate.

Hardness: Soft, except for hard concretions and conglomerate clasts.
Bedding: Largely absent, but close inspection reveals indistinct, thin to

very thin beds of differing grain size accentuated by iron staining.
Parting: Absent.
Fracture: Fractures are inconsequential to strength of rock and are dis

tinguished by iron staining that varies in thickness and degree of cemen
tation; cemented fractures are soft, but harder than surrounding
sandstone. Major fractures at moderate to wide (0.5-1 ft) spacing have
relatively thick zones of staining and cementation; superimposed random
fractures at close to very close spacing have thinner zones of staining.

Permeability: Most bedrock has moderate intergranular permeability;
probably includes minor to some low permeability where content of fines
is greater, probably minor to some high where coarser sand predominates.
Mantle moderate.

Weathering: Iron-stained fractures at close to very close spacing extend
to depths of more than 50 ft; rock between fractures is white and ap
pears unweathered. Concretions absent in weathered rock.

Surficial mantle: Granular.
Expansivity: Bedrock and mantle unexpansive. Sample SP6, typical sand

soil, free swell 17 percent.
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Stratigraphic thickness: Entire unit generally less than 100 ft, locally as
much as 300 ft.

Sources: Higgins, 1960; two stations.

MAP UNIT 110

Geologic unit, (age), and location: Montezuma Formation (Q), only in
Montezuma Hills.

Summary: Largely clayey and silty sandstone and siltstone that is firm to
soft; some clean sandstone, pebble conglomerate, and claystone. Some
bedrock and probably much mantle are severely expansive.

Composition: Largely clayey sandstone, silty sandstone, and siltstone;
some clean sandstone and pea gravel at least in the general vicinity of
Rio Vista. Also includes less abundant sandy and silty claystone, tuf
faceous siltstone and fine sandstone, and conglomerate. Clayey sandstone
is medium to very fine grained and clay saturated or nearly so. Silty
sandstone is fine to very fine grained. Clean sandstone is generally coarse
grained, but varies from medium grained to grit in which clasts are as
large as 0.15 in. in diameter. Rare pieces of sandstone are calcite ce
mented. Conglomerate consists of pebbles and very coarse grained sand,
except near western margin of exposure near unit 124, where hard
cobbles are as large as 5 in. in diameter.

Hardness: Clayey sandstone and siltstone are firm to soft where weath
ered, probably firm where fresh. Silty sandstone and clean sandstone are
soft. Rare calcite-cemented sandstone is hard; sandy claystone firm. Unit
is generally firm to soft, both where fresh and weathered.

Bedding: Most exposures are unbedded. Where bedding does occur, it is
distinct, thin to very thick (more than 4 ft), and shows much thin to thick
interbedding. Clean sandstone and pebble conglomerate are commonly
indistinctly laminated and cross laminated. Calcite-cemented sandstone
probably in medium beds.

Parting: At bedding planes; also crude parting at moderate spacing in
tuffaceous siltstone. Not pronounced in this unit.

Fracture: Clayey sandstone and siltstone have close to moderate spac
ing, and particularly the fine-grained clayey compositions have close to
very close spacing of weathering fracture. Silty sandstone is largely
unfractured, but some produces close spacing of weathering fracture.
Clean sandstone is generally unfractured, but some has moderate to wide
spacing. Tuffaceous sandstone and siltstone have close, possibly mod
erate, spacing. Hard calcite-cemented sandstone has moderate to wide
spacing.

Permeability: Intergranular permeability of clayey sandstone low, rarely
moderate; clayey siltstone low to very low; silty fine sandstone low; clean
sandstone largely high, some moderate; sandy and silty claystone very
low; tuffaceous siltstone and fine sandstone low to very low; conglom
erate unknown, but some grit of high permeability is associated with
clean sandstone. Thus, most bedrock has low intergranular permeabil
ity, some very low, some moderate to high at least in vicinity of Rio
Vista. Most surficial mantle low to very low, some moderate.

Weathering: All exposures are weathered to depths greater than 8 ft.
Caliche on fractures in weathered zone in much of unit.

Surficial mantle: Most is clayey, some granular.
Expansivity: Bedrock is largely unexpansive, but minor to some (clay

stone) is severely expansive and much clayey sandstone may be signifi
cantly expansive. Probably 50-75 percent of surficial mantle is expansive,
much of this severely expansive. Bedrock samples: DN8, silty claystone,
free swell I 12 percent; BL4B, weathered sandy claystone, free swell I 10
percent. Surficial mantle samples: BL5, loam soil, free swell 120 per
cent; BL4A, subsoil, free swell 88 percent; RV5, sandy clay soil, free
swell 93 percent; DN7, dark sandy clay soil, typical, free swell 107 per
cent; RVI, clayey soil, free swell 138 percent. Many fence posts and
telephone poles are tilted by soil creep. In places, unexpansive surface
soil overlies expansive subsoil.

Sources: Sims and others, 1973; 17 stations.

MAP UNIT 111

Geologic unit, (age), and location: Sedimentary rocks (QT), only near
the Mission San Jose District of Fremont.

Summary: Largely clayey sandstone; some clean sandstone, mudstone,
and lesser conglomerate. Rock is soft where weathered. Much mantle is
severely expansive.

Expression in aerial photographs: Intermediate topography, some sub
tly ribbed; minor resistant outcropping beds.

Composition: Largely medium-grained sandstone that is saturated to nearly
saturated by clay and lesser silt. Some of unit consists of clean, fine- to
coarse-grained sandstone; mudstone; and lesser conglomerate that has
clasts as large as I in. in diameter, much of which is clean and well
sorted.

Hardness: Soft where weathered, except hard clasts in conglomerate.
Bedding: Indistinct lenticular beds, thick to very thick (10 ft); thick lenses

of clean conglomerate.
Parting: Largely absent.
Fracture: Largely absent; close to very close spacing of weathering frac

ture in mudstone.
Permeability: Bedrock has largely low intergranular permeability, some

very low, some moderate, minor high (clean conglomerate). Much to
most mantle low to very low, probably much moderate.

Weathering: To depths of more than 30 ft.
Surficial mantle: Much to most clayey (like sample NLI8), probably much

granular.
Expansivity: Most bedrock (clayey sandstone and mudstone) may be sig

nificantly expansive (see sample CR37 of unit 151 and samples CRI9A
and CRI9B of unit 152). Much mantle is severely expansive, the remain
der unexpansive to significantly expansive. Sample NL 18, moderately
cracked sandy clay soil, typical of more expansive soil, free swell 96
percent. See units 121, 122, 151, and 152 for additional information.

Sources: California State Water Resources Board, 1963; California De
partment of Water Resources, 1967; one station.

MAP UNIT 112

Geologic unit, (age), and location: Merced Formation (QT), only in Santa
Clara County near Palo Alto.

Summary: Largely clean, soft, fine-grained sandstone of moderate per
meability. Much mantle severely expansive. See more detailed descrip
tion for unit 113.

Composition: Most is sandstone, clean, well sorted, fine grained, glauco
nitic at least in part. Probably some siltstone or claystone.

Hardness: Soft, locally approaching firm, where weathered and probably
where fresh.

Bedding: None noted, probably very thick (5-30 ft) where present.
Parting: Probably absent.
Fracture: Close to moderate spacing, some iron stained; fracture has no

effect on strength of weathered rock.
Permeability: Largely moderate intergranular permeability in bedrock.

Probably much mantle moderate, much low to very low.
Weathering: To depths of more than 10 ft.
Surficial mantle: Texture uncertain, probably much granular, much clayey.

Sample PA50B, sandy silty soil, is typical, but free-swell test suggests
significant clay content.

Expansivity: Bedrock largely unexpansive, but claystone, if present, may
be severely expansive (see unit 113). Much mantle severely expansive.
Sample PA50B, typical mildly cracked soil, free swell 93 percent.

Sources: Dibblee, 1966; Pampeyan, 1970; one station.

MAP UNIT 113

Geologic unit, (age), and location: Merced Formation (QT), only in San
Mateo County and San Francisco.
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Summary: Largely sandstone, much siltstone and claystone, and minor
hard cemented rock. Materials are largely soft to firm. Some bedrock
(claystone) and some mantle are severely expansive.

Composition: Largely sandstone; much siltstone and claystone; minor
conglomerate, volcanic ash, and cemented shell breccia. Sandstone is
medium to very fine grained, in places conglomeratic; much is clean,
much silty or clayey. Volcanic ash is white and clean and consists largely
of fresh glass shards of fine sand and silt size. Proportion of sandstone
to finer grained materials is about 2: I in the Westlake area of Daly City
and generally somewhat lower in other places.

Hardness: Where fresh, sandstone is commonly firm, in places soft, but
hard at and within several inches of shell horizons; where weathered, it
is commonly soft and friable. Siltstone and claystone are firm; shell brec
cia and some conglomerate well cemented and hard; volcanic ash soft
and friable.

Bedding: Sandstone occurs in very thick (about 5- to 30-ft) beds that are
commonly indistinct, in places distinct. Beds in many places are lenticu
lar, and many show large-scale internal crossbedding. Siltstone and clay
stone occur in thin to very thick beds that are in many places internally
laminated and in places internally crosslaminated; in the Westlake area
of Daly City, siltstone and claystone occur in zones as thick as 200 ft.
Conglomerate commonly occurs in lenses as thick as 4 ft. Beds of vol
canic ash and shell breccia are as thick as 6 ft.

Parting: None observed.
Fracture: Sandstone is commonly fractured at moderate to very wide spac

ing. Siltstone and claystone have close spacing in weathered exposures.
Permeability: Most bedrock has moderate to low intergranular permeabil

ity, some very low. Probably much mantle moderate, much low to very
low.

Weathering: Sandstone is gray where fresh, yellowish gray to yellowish
orange where weathered. Siltstone and claystone are medium to dark gray
where fresh, light gray where weathered.

Surficial mantle: Clayey to granular, probably much of each. Much(?)
clayey subsoil.

Expansivity: Most bedrock is unexpansive, but some is severely expan
sive (claystone), and some is significantly expansive. Probably much
mantle unexpansive, much significantly expansive, some severely expan
sive. Bedrock samples: SFS5A, claystone from 15-ft bed, free swell 113
percent; SFS5B, claystone interbed, free swell 169 percent; MM21, sand
stone, free swell 69 percent; MM22, weathered silty claystone, free swell
70 percent. Surficial mantle samples: MMI5, slightly cracked silty clay
soil, free swell 42 percent; MM 16, very slightly cracked silty clayey soil,
free swell 55 percent; SFS6, soil, free swell 45 percent.

Stratigraphic thickness: About 5,000 ft in type section along sea cliff
north of Mussel Rock.

Source: Ellen and others, 1972.

MAP UNIT 114

Geologic unit, (age), and location: Merced Formation (QT), only near
Bolinas.

Summary: About half clean and slightly silty sandstone and half silty
sandstone and siltstone. Rock is firm where fresh and mostly soft and
friable where weathered. Moderate permeability in clean sandstone.

Composition: Largely very fine grained to fine-grained sandstone that has
variably silty matrix, ranging from clean to silt clogged; lesser interbed
ded sandy siltstone. Sand consists of angular to subrounded grains. Mi
nor scattered carbonate-cemented concretions, fossiliferous horizons, and
pebble conglomerate. Toward northern limit of exposure, some beds are
more poorly sorted and contain abundant clay. Probably half is clean and
slightly silty sandstone, half silty sandstone and siltstone.

Hardness: Firm where fresh; mostly soft and friable, in places firm, where
weathered. Concretions hard.

Bedding: Indistinctly bedded in thick to very thick (30-ft) beds; many beds
are indistinctly internally laminated and cross laminated. Concretions are
irregular, medium to thick, and as long as 10 ft parallel to bedding.

Parting: Absent.
Fracture: Mostly moderate to wide spacing, some very wide (5 ft), where

fresh. Where weathered, some sandstone fractures at close to moderate
spacing, but within 1-2 ft of the ground surface spacing becomes close
to very close in places. Spacing in weathered siltstone in places is very
close. Many fractures are iron stained and cemented.

Permeability: Intergranular permeability is moderate in clean sandstone,
becoming low in silty sandstone and siltstone and possibly very low in
clayey beds. About half of bedrock has moderate intergranular perme
ability, about half low. Mantle largely moderate.

Weathering: To depth of 40 ft in seacliffs, controlled by composition.
Surficial mantle: Largely granular. Soil consists of silt and fine sand.
Expansivity: Bedrock and surficial mantle are largely unexpansive, but

some mantle is significantly expansive. Surficial mantle samples: BO 18,
A-horizon soil, free swell 51 percent; BOI9, organic-rich soil, free swell
31 percent; B020, soil, free swell 45 percent.

Stratigraphic thickness: In this fault-bounded patch, minimum thickness
is about .550 ft.

Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974;
Galloway, 1977; Gluskoter, 1962; Martin, 1916; Wahrhaftig, 1970; five
stations.

MAP UNIT 115

Geologic unit, (age), and location: Wilson Grove Formation (T), in
Blucher Hills area, southwest of Santa Rosa.

Summary: Largely very fine grained to fine-grained sandstone that has
variably abundant silt and, to lesser degree, clay matrix; sandstone ranges
from clean to saturated by silt and clay. Much bedrock has moderate per
meability. Some bedrock and much mantle are significantly expansive.

Composition: Most is very fine grained to fine-grained sandstone that has
variably abundant silt and, to lesser degree, clay matrix; sandstone ranges
from clean, containing less than 5 percent silt, to saturated by silt and
(or) clay. Clean sandstone and silt- or clay-saturated sandstone are
present in about equal proportions, although much sandstone falls be
tween these extremes. These sandstones are interbedded with one another
and also with very fine sandy siltstone, clayey sandstone, sandy clay
stone, and rare claystone (probably weathered tuff). Much sandstone has
some tuffaceous components, especially in eastern part of area. Unit also
contains a bed of pumiceous lapilli tuff and tuff breccia. Highly fossil
iferous beds occur locally. Sandstone, especially in western part of area,
contains hard calcareous concretions.

Conglomerate occurs both at base of unit and within a gravelly facies.
Basal conglomerate generally consists of very coarse grained sandstone
and pebble conglomerate (pebbles mostly granules but rarely as large
as I in. in diameter) that have a variably clayey and silty very fine
grained sand matrix that fills all pores. Near mouth of Mark West Creek,
however, basal conglomerate about 50 ft thick contains hard pebbles and
cobbles that are commonly as large as a few inches in diameter, as well
as less common boulders as large as I ft in diameter. Basal conglomer
ate is most abundant and well exposed in western part of outcrop area,
where it generally ranges from a few feet to perhaps 20 ft in thickness,
although locally it is as thick as 100 ft. The gravelly facies occurs to
ward the eastern edge of outcrop area, in the vicinity of Sebastopol.
Gravel within this facies occurs as trains within sandstone and as con
glomerate saturated by silty and clayey sandstone matrix. Clasts are
mostly about 0.25 in. in diameter; 95 percent are less than I in. in di
ameter, and a minor proportion are as large as 2 in.

Hardness: Clean sandstone is firm to soft and friable where fresh, weath
ering to soft and friable. Silty and clayey sandstone is mostly firm where
fresh; some weathers soft, but much silty sandstone and siltstone remain
firm where weathered. Conglomerate is similar in hardness to sandstone,
except clasts are hard. Concretions are hard, and local highly fossilifer
ous beds may be hard. Tuff and tuff breccia are firm but tough, approach
ing hard in places; weathered tuff is soft.
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Bedding: Clean and dirty sandstone is indistinctly interbedded in medium
to very thick (as much as 30-ft) beds, mostly thick to as much as 10ft.
Indistinct internal lamination and cross lamination is present in much
sandstone. Local highly fossiliferous beds are thin to thick; concretions
are as much as 6 ft in length and I ft in thickness. Basal conglomerate
mostly occurs in very thick, unbedded bodies, but near mouth of Mark
West Creek much is irregularly interbedded with sandstone and clayey
rock. Conglomerate within the gravelly facies occurs in irregular, some
crossbedded, thin to thick beds between thin to very thick (5-ft) beds of
sandstone. The bed of tuff and tuff breccia is generally less than 15 ft
thick but near mouth of Mark West Creek it is as thick as 50 ft.

Parting': Mostly absent, but present on some bedding planes (where clayey
interlayers are present).

Fracture: Most fresh sandstone has wide to very wide (I O-ft) spacing to
absent or occasional fracture, but near faults fracture spacing may be
moderate or even close. Silty and clayey sandstone generally produces
additional fracture where weathered, commonly at close spacing, and
commonly scales from cut faces at very close to close spacing. Spacing
in tuff and tuff breccia ranges from moderate to very wide, largely wide,
and some weathered rock has close-spaced and very close spaced frac
tures. Concretions are fractured at moderate to wide spacing.

Permeability: Intergranular permeability of clean sandstone is mostly
moderate; some high permeability possibly occurs in medium-grained
sandstone interbedded with gravel in the gravelly facies, and high per
meability is suggested near highly fossiliferous beds. Intergranular per
meability of silt- and clay-saturated sandstone is low to very low, of tuff
and tuff breccia very low to low. Thus, much bedrock has moderate in
tergranular permeability, much low, some very low, minor high particu
larly in irregular beds near eastern margin. (Well yields in entire unit
average 100-1,500 gal/min. Problems caused by fine sand in wells.)
Much mantle moderate, much low, some very low.

Weathering: Generally extends to depths of 10-20 ft, but depth depends
strongly on grain size; finer grained beds remain fresh near ground sur
face, clean beds weather to greater depths.

Surficial mantle: Much granular; much clayey, largely as clay-saturated
to nearly clay-saturated red subsoil that is widely developed in eastern
part of outcrop area.

Expansivity: Most bedrock is unexpansive, some significantly expansive
(claystone and clayey sandstone). Much mantle is significantly expan
sive, particularly subsoil. Bedrock samples: SB2A, silty claystone, free
swell 50 percent; TR4, very fine sandy claystone in slump, free swell
70 percent; CO I D, clayey sandstone, free swell 74 percent; CO IE,
weathered ash (clayey sand), minor, free swell 72 percent. Surficial
mantle samples: SB2B, soil, free swell 46 percent; COlA, subsoil, free
swell 64 percent; CO I B, organic A-horizon soil, free swell 51 percent;
CO IC, organic soil, free swell 39 percent; VF4, subsoil on clayey sand
stone, typical at this station, free swell 70 percent; CM2, organic soil,
free swell 39 percent; CM3, red clayey subsoil on clayey sandstone, free
swell 39 percent.

Stratigraphic thickness: Exposed thickness generally less than 300 ft, but
as much as 500 ft (Weaver, 1949). Total deposited thickness not more
than 1,500 ft (Johnson, 1934); as much as 2,000 ft, including that con
cealed by younger deposits in Santa Rosa Valley (Cardwell, 1958); maxi
mum 2,100 ft locally (LA. Bartow, written commun., 1972).

Sources: J.A. Bartow, written commun., 1972; Blake and others, 1971,
1974; Cardwell, 1958; Dickerson, 1922; Fox, 1983; Gealey, 1951;
Johnson, 1934; Sarna-Wojcicki, 1971, 1976; Travis, 1952; Weaver, 1949;
13 stations.

MAP UNIT 116

Geologic unit, (age), and location: Ohlson Ranch Formation of Higgins
(1960), undivided (T), in Mendocino highlands.

Summary: See description for unit 108.

MAP UNIT 117

Geologic unit, (age), and location: Ohlson Ranch Formation of Higgins
(1960), sandstone member (T), in Mendocino highlands.

Summary: See description for unit 108.

MAP UNIT 118

Geologic unit, (age), and location: Garrity unit of Wagner (1978) (T),

near EI Sobrante at north end of the East Bay Hills.
Summary: Largely sandstone, much clean, much clayey; some conglom

erate and mudstone; minor tuff and tuff breccia. Much has moderate
permeability, some high. Most mantle severely expansive.

Composition: About 35 percent clean sandstone; 35 percent clayey fine
sandstone; 20 percent conglomerate; 10 percent mudstone and clayey
very coarse grained sandstone; minor tuff and tuff breccia as described
for unit 282. Clean sandstone is medium grained, well to moderately well
sorted, and varies from clay free to clay coated. Clayey fine sandstone
is very fine to medium grained, moderately sorted, and when scraped
shows a sheen suggestive of clay or tuffaceous components. Conglom
erate consists of pebbles and cobbles as much as 6 in. in diameter, mostly
less than 3 in., scattered to concentrated in matrix of clean medium
grained sand to pea gravel that is mostly clay coated.

Hardness: Mostly firm to soft where weathered. Pebbles and cobbles are
hard. Tuff is firm, coherent, and tough.

Bedding: Irregular. Beds range from medium to very thick (20 ft or more).
Sandstone and conglomerate sequences are probably crossbedded and
show much internal very thin to medium bedding. Clayey fine sandstone
mostly occurs in very thick beds, but some is interbedded with clayey
siltstone in medium to very thick beds. Tuff occurs in thin to very thick
(l5-ft or more) beds that are distinct to indistinct.

Parting: Present at many bedding planes, but not a common feature of
unit.

Fracture: Mostly absent, except clayey fine sandstone has close to mod
erate spacing and some very close spacing of weathering fracture. Frac
ture spacing in tuff is moderate to very wide (as much as 6 ft), depending
on bed thickness and composition.

Permeability: Intergranular permeability of clean sandstone is high where
rock is clay free, moderate where clay coated; conglomerate mostly high,
some moderate; clayey fine sandstone low; mudstone very low; clay- and
silt-saturated very coarse grained sandstone low to very low; tuff mostly
low. In all, 15-25 percent of bedrock has high intergranular permeabil
ity, 40 percent moderate, 35 percent low to very low. Most mantle very
low, some moderate.

Weathering: Not observed where fresh. Weathered to depths of more than
30 ft.

Surficial mantle: Largely clayey, some granular.
Expansivity: Most bedrock is unexpansive, some expansive (mudstone).

Most mantle severely expansive. Bedrock samples: R9B, mildly cracked
clayey mudstone, free swell 75 percent; RIOB, mildly cracked mudstone,
free swell 92 percent. See sample for unit 407. Surficial mantle samples:
RIOA, dark sandy clay soil, typical, free swell 89 percent; R9A, dark
clay soil, free swell 109 percent.

Stratigraphic thickness: About 1,100 ft (inferred from J.R. Wagner, writ
ten commun., 1973).

Sources: J.R. Wagner, written commun., 1973; Wagner, 1978; five sta
tions.

MAP UNIT 120

Geologic unit, (age), and location: Sedimentary rocks (QT), largely
equivalent to Livermore Gravels of Hall (1958), only near and south of
Livermore Valley.

Summary: Mudstone and clayey sandstone interbedded with clean sand
stone and conglomerate in variable proportions. Some moderate and
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minor high permeability in clean sandstone and conglomerate. Clayey
bedrock and most mantle are expansive.

Expression in aerial photographs: Largely hard topography, prominently
ribbed; some intermediate topography. Looks more resistant than unit
645. Some flat-topped gentle dip slopes. In places, light- and dark-toned
distinct bands 20-150 ft in width.

Composition: Includes the following, many of which have coatings and
partial cloggings of clay: (I) Mudstone and lesser claystone and silt
stone, reddish or bluish in color; (2) Clayey sandstone, including (a) well
sorted very fine grained to medium-grained sand that is saturated to
nearly saturated by clay and (b) poorly sorted sand in an abundant ma
trix of silt and clay; (3) Clean, well-sorted sandstone that ranges from
fine to very coarse grained, mostly fine to medium grained, containing
minor flfm concretions; (4) Conglomerate, ranging from well-sorted and
washed conglomerate of tightly packed clasts in clean sandstone matrix
to poorly sorted, largely clay-clogged conglomerate. Clasts are variably
rounded pebbles and cobbles, mostly less than 3 in. in diameter, but in
places including boulders more than I ft in diameter; (5) Tuffaceous
sandstone, very fine to coarse grained, well sorted; (6) Tuff (see section
by Sarna-Wojcicki, 1976).

Proportions vary greatly from place to place, from almost entirely
conglomerate to almost entirely mudstone in intervals as thick as 100 ft
or more. Near Del Valle Reservoir, 80 percent is mudstone and clay
saturated fine sandstone, 20 percent is conglomerate, tuff, and clean sand
stone. On Valecitos Road, 40 percent is mudstone and clayey fine
sandstone; 60 percent is conglomerate and clean sandstone, of which one
third of shallow rock may have moderate permeability. Expression in
aerial photographs suggests that most of unit is clean sandstone and con
glomerate.

Hardness: Mudstone and clayey sandstone are soft when wet, firm when
dry. Clean sandstone and conglomerate are soft, but contain hard to firm
(weathered) clasts. Tuffaceous sandstone is quite firm where weathered.
Concretions in sandstone are firm where weathered. Most conglomerate
is not cemented (Hall, 1958).

Bedding: Indistinct to distinct beds, medium to very thick (as much as
100 ft), in many places highly irregular or lenticular. Typical bed is thick
to very thick (as much as 15 ft). Intervals of clean sandstone and tuf
faceous sandstone, which generally are thick to very thick (as much as
15 ft), are internally bedded at very thin to medium.

Parting: Present on some bedding planes but not on most; mostly absent
within beds. Much tuffaceous sandstone has parting at moderate to wide
spacing.

Fracture: In clean sandstone, fracture is absent to irregular at moderate
to wide spacing; in clayey sandstone, close to moderate spacing; in con
glomerate fracture is absent; mudstone has close to very close spacing
of weathering fracture; tuffaceous sandstone has moderate to wide spac
ing, some very wide (as much as 4 ft), some having close to very close
spacing of weathering fracture. Concretions have spacing to moderate.

Permeability: Intergranular permeability of mudstone very low; clayey
sandstone low; clean sandstone mostly moderate, high in places; clean
conglomerate moderate; poorly sorted clayey conglomerate low; tuf
faceous sandstone mostly low to very low, some moderate. Thus, much
to most shallow bedrock has low and very low intergranular permeabil
ity, some moderate, minor high; probably much moderate below shal
low rock. Much mantle very low, much low, some or more moderate.

Weathering: Variable. Clean sandstone weathers deeply; mudstone and
clay-saturated fine sandstone have fresh color at depth of 6 ft in places.
Most is weathered to depths greater than 10ft.

Surficial mantle: Probably largely clayey, some to much granular. Two
dominant soils: brown stony and clayey sand soil, such as sample LCVI,
and brown clay soils, such as samples LV4 and MDS4A. Red clayey
subsoil, such as sample LCV2A, underlies some granular soil.

Expansivity: Clayey bedrock (much to most of unit) is expansive, much
severely expansive; clean sandstone and conglomerate (some to most of

unit) are unexpansive. Some to much mantle is severely expansive, much
significantly expansive, some to much unexpansive. Bedrock samples:
MDS4B, typical mottled mudstone, free swell 75 percent; LCV2B, well
cracked claystone, most expansive abundant constituent, free swell 81
percent; LV3, moderately cracked red sandy claystone, free swell 99
percent; LVI, moderately cracked clay-saturated fine sandstone, free
swell 88 percent; LCV4, weathered claystone in landslide, free swell 123
percent; MDS7A, mildly cracked mudstone, typical, free swell 80 per
cent. Surficial mantle samples: LCV I, sandy soil, typical of much of
unit, free swell 52 percent (exaggerated); LV4, clay soil on claystone,
free swell 77 percent; MDS4A, clay soil on mudstone, free swell 10 I
percent; MDS7B, silty clay soil, typical, free swell 75 percent; LCV2A,
clayey subsoil, mildly cracked, free swell 99 percent.

Stratigraphic thickness: 4,000 ft (Hall, 1958).
Sources: California State Water Resources Board, 1963; California De

partment of Water Resources, 1966a; Geological Society of Sacramento,
1959; Hall, 1958; Hansen, 1964; Huey, 1948; Sarna-Wojcicki, 1971,
1976; 17 stations.

MAP UNIT 121

Geologic unit, (age), and location: Sedimentary rocks (QT), only on east
side of Santa Clara Valley near Evergreen. Includes Packwood Gravels
of Crittenden (1951) and Santa Clara(?) Formation of Crittenden (1951).

Summary: Unknown proportions of mudstone, clay-clogged conglomer
ate, and sandstone. Much of both bedrock and mantle is severely expan
sive. See descriptions of nearby similar units 122 and 151.

Expression in aerial photographs: Intermediate topography that shows
much subtle ribbing that is rounded but regular.

Composition: Includes mudstone, some sandy and pebbly; and conglom
erate, largely of pebbles and local boulders, in a clay-clogged medium
grained to very coarse grained sandstone matrix. Crittenden (1951)
reported sandstone and, locally, rock cemented by dolomite. Proportions
unknown.

Hardness: Mudstone is firm where weathered, probably firm where fresh;
conglomerate is soft where fresh and weathered. Local cemented rock
is hard.

Bedding: Probably medium to very thick, distinct, irregular to lenticular.
Parting: Mostly absent.
Fracture: Mudstone has close to very close spacing of weathering frac

ture; conglomerate unfractured.
Permeability: Mudstone has very low intergranular permeability. Con

glomerate has low intergranular permeability in shallow rock, probably
some to much moderate to possibly high below shallow rock. Thus, bed
rock is largely low to very low where shallow, probably some to much
moderate or high below shallow rock. Much surficial mantle very low,
much moderate.

Weathering: Some mudstone is fresh at depth of 6 ft; most conglomerate
is weathered to depths greater than 10ft.

Surficial mantle: Much clayey, such as sample SIE8, and much granu
lar.

Expansivity: Much of both bedrock (mudstone) and mantle is severely
expansive. Samples: SIE7, weathered mudstone, typical, free swell 81
percent; SIE8, mildly cracked clay soil, free swell 99 percent.

Stratigraphic thickness: 500 ft minimum.
Sources: California State Water Resources Board, 1955; Crittenden, 1951;

three stations.

MAP UNIT 122

Geologic unit, (age), and location: Sedimentary rocks (QT), only on east
side of Santa Clara Valley south of Coyote.

Summary: Largely conglomerate and sandstone; some to much is clayey,
some to much clean. Also, some mudstone. Most rock is soft where
weathered and firm to soft where fresh. Unit is bedded in very thick
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alternating layers of clean and clayey materials. Much mantle is signifi
cantly expansive, mudstone is probably expansive.

Expression in aerial photographs: Mostly intermediate topography that
has some ribbing and some light- and dark-toned banding. In extreme
south end of outcrop area, half is equally abundant light-toned resistant
and dark-toned nonresistant bands as wide as about 30-40 ft, minor light
toned beds crop out; other half is subdued intermediate topography that
lacks banding and has lower relief. Large patch at northern end of Ander
son Reservoir shows concordant attitudes; largely intermediate topogra
phy, but has some resistant bands as wide as 50 ft that form hogbacks;
some hard topography locally, sharp crests. One clear section on photo
graphs shows light-toned resistant bands constituting as much as one
third of unit, the remainder being dark in tone.

Composition: Most of unit is conglomerate and clayey sandstone, some
is clean sandstone and mudstone. Some sandstone matrix in conglomer
ate is clean and well sorted, some is clayey and poorly sorted. Conglom
erate generally has clasts as large as 6 inches in diameter, locally as large
as 2 ft. Near Morgan Hill, unit includes marl and vitric lUff and is inter
bedded with olivine basalt flows of unit 230.

Hardness: Clean sandstone and most conglomerate is soft where weath
ered, probably soft where fresh; most clasts in conglomerate are hard.
Clayey sandstone is firm to soft where weathered, probably firm where
fresh; mudstone is firm where weathered, probably firm where fresh.

Bedding: Largely distinct, medium to very thick (as much as 15-ft or
more), irregular or lenticular beds of clean materials between similar
thicknesses of clayey materials. Both clean and clayey materials may
have internal thin to very thick bedding that is distinct to indistinct. Near
Morgan Hill, unit is described as well bedded.

Parting: Mostly absent; present only on contacts between mudstone and
clean materials. Many distinct bedding contacts lack parting.

Fracture: Much clean sandstone and conglomerate is unfractured; clayey
sandstone may have close to moderate spacing or may show expansivity
cracks; mudstone has close to very close spacing of weathering fracture.

Permeability: Much bedrock has low intergranular permeability, some
moderate and some high (clean sandstone and conglomerate), some very
low (mudstone). Much mantle moderate, much low, some very low.

Weathering: Some mudstone is fresh at depth of 6 ft; most sandstone and
conglomerate are weathered to depths greater than 10ft.

Surficial mantle: Much granular, much clayey.
Expansivity: Bedrock is largely unexpansive, some probably expansive

(mudstone). Much mantle unexpansive, much significantly expansive,
some severely expansive. Samples of clayey mantle: MGH4A, pebbly
sandy clay soil, typical of 10 percent of unit, free swell 88 percent;
MGH4B, sandy clay soil typical of 20 percent of unit, free swell 73
percent; MGH4C, moderately cracked soil, free swell 74 percent;
MGH4D, mildly cracked soil typical of 10 percent of unit, free swell 44
percent. See units 121 and 152 for additional information.

Sources: California State Water Resources Board, 1955; five stations.

MAP UNIT 123

Geologic units, (age), and location: Glen Ellen Formation, nontuffaceous
member (Q and (or) T), in northern part of region; Huichica Formation
(T), in the Napa to Santa Rosa area, excluding area southwest of Napa
distinguished as unit 153; older fluvial deposits (T), in northern
Mayacmas Mountains.

Summary: Some each of conglomerate, sandstone, and clayey rock; mi
nor tuff and tuffaceous rock. Some moderate to high permeability. Some
mantle and bedrock are expansive.

Composition: Some conglomerate, some sandstone, and some clayey rock,
interbedded with minor tuff and tuffaceous rock. Conglomerate consists
of rounded pebbles, cobbles, and boulders in matrix of silty and gener
ally clayey, poorly sorted sand. Clasts are rarely as large as 3 ft in di
ameter; some zones have plentiful boulders 1-2 ft in diameter; in most
exposures the largest clasts are 6 in. in diameter or less, and the great

majority are 3 in. in diameter or less. Clasts are mostly hard, but some
are firm and even soft, and most are derived from volcanic rock. Con
glomerate matrix is similar to the sandstone and consists of poorly sorted
sand, ranging from very coarse to very fine grained, that contains silt
and clay in varying proportions. Although some matrix is clay saturated
and some clay free, sufficient clay is generally present in the weathered
zone to substantially fill pores. Some conglomerate is partially cemented
in irregular patches.

Sandstone similar in composition to conglomerate matrix is generally
interbedded with conglomerate within conglomerate sequences. Sand
stone is mostly poorly sorted, but some is well sorted, and much sand
stone, as well as conglomerate matrix, contains ash and pumice
fragments. Clayey rock, mostly mudstone, clayey siltstone, and silty or
sandy claystone, is generally clay saturated. Tuff consists of fine and
coarse ash of vitric, pumice, and crystal content, and in many places
contains pumiceous or, less commonly, lithic lapilli. Most tuff has fine
ash matrix that appears as tight as silt, but some tuff has matrix largely
of coarse ash. Tuffaceous rock contains substantial tuffaceous compo
nents such as ash and pumice fragments, ranges in texture from silt to
very coarse sand or grit, and is variably sorted and variably clay clogged.
Some tuffaceous materials have no clay but a tight ash matrix, others
have free clay clogging pores, and others are only partly clogged by clay
or are clay free. Most tuffaceous rock has at least incipient clay devel
opment where weathered.

Hardness: Where weathered, conglomerate has hard clasts and matrix that
is mostly soft and friable, but in places about half of matrix is firm owing
to calcite cement. Sandstone is mostly soft and friable, but some beds
are firm where tuffaceous components form much of the rock. Clayey
rock varies from soft to firm. Tuff is low in density, and where fresh is
mostly firm, some nearly hard, some soft, becoming soft where weath
ered. Much tuff is brittle, being soft to a pick but firm to the hand, and
much is unusually coherent for its hardness. Tuffaceous rock is soft to
firm where fresh and weathered; most fine-grained and tight rock is firm,
whereas most medium- and coarse-grained rock is soft. Extremely weath
ered rock is soft.

Bedding: Beds of conglomerate, sandstone, and clayey rock are distinct
and generally irregular, commonly lenticular or crossbedded. Beds are
commonly thick to very thick (30 ft or more), but conglomerate se
quences may be as thick as 100 ft or more and beds may be thin to me
dium within sequences of conglomerate and sandstone. Tuff occurs in
distinct beds that are mostly thick to very thick (as much as 30 ft), but
includes some medium beds. Tuffaceous rock shows major lithologic
changes in distinct medium to very thick (30-ft) beds, commonly as thick
as 15 ft, and some beds contain distinct very thin to thin interbeds. Tuf
faceous rock is generally interbedded with tuff and other materials.

Parting: Present on some bedding planes, mostly between fine- and coarse
grained materials and between beds of tuff or tuffaceous rock. Absent
within beds.

Fracture: In conglomerate, mostly absent, but present in places at mod
erate to very wide (lO-ft) spacing and lined by a resistant mineral that
produces firm rock along fractures. In sandstone, clayey rock, tuffaceous
rock, and tuff, spacing in fresh rock is moderate to wide, some very wide
(as much as 20 ft), indistinct in places; where weathered, fracture in many
places becomes close to very close, commonly parallel to surfaces of
exposure (scaling).

Permeability: Conglomerate and interbedded sandstone are generally
clayey, producing low to very low intergranular permeability, but some
have clean sand matrix resulting in moderate to high values. Intergranular
permeability of clayey rock is very low, some siltstone possibly low; tuff
mostly low, ranging from very low to moderate; most tuffaceous rock
very low to low, but as much as 25 percent is well sorted and has mod
erate and, less commonly, high values. The permeable materials are gen
erally partly clay clogged in shallow rock, probably clay free below
shallow rock. Thus, bedrock has largely low to very low intergranular
permeability, but some shallow rock and some to much bedrock below
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shallow rock has moderate to high values. Probably much mantle mod
erate, much low to very low.

Weathering: In conglomerate and sandstone, weathering extends deeper
than 12 ft, possibly as deep as 30 ft. Clayey rock and tuff are generally
weathered to depths of only 1-5 ft. Some tuffaceous rock is imperme
able and shallowly weathered, other is permeable and weathered along
pores to considerable depth, although insides of pumice fragments re
main fresh.

Surficial mantle: Granular to clayey, probably much of each.
Expansivity: Most bedrock is unexpansive, but some of unit (much of

mudstone and claystone) is expansive, some claystone severely so, and
minor clayey sandstone near tuff is expansive. Most mantle is
unexpansive, but some to much, especially on mudstone and claystone,
is expansive, some of this severely so. Bedrock samples: KI, claystone,
free swell 91 percent; GE2A, red claystone, appears uncommonly ex
pansive, free swell 57 percent; GE2B, white-weathering sandy claystone,
free swell 58 percent; MWS6, clayey sand matrix of conglomerate, near
tuff, free swell 82 percent; MWSI2, tuffaceous sandstone, mildly cracked
where weathered, not typical, free swell 45 percent; J4, silty mudstone,
free swell 55 percent. Surficial mantle samples: K2, soil on conglom
erate, free swell 33 percent; SNI, dark clayey soil, free swell 40 per
cent; MWS3, soil over tuffaceous facies, typical, free swell 49 percent;
K3, dark clayey soil, free swell 50 percent.

Stratigraphic thickness: At least 300 ft (Weaver, 1949), possibly 3,000
ft (Cardwell, 1958).

Sources: Blake and others, 1971; Cardwell, 1958, 1965; Fox, 1983; Kunkel
and Upson, 1960; McLaughlin, 1978; Weaver, 1949; 25 stations.

MAP UNIT 124

Geologic unit, (age), and location: Tehama Formation (T), including
Putah Tuff Member, only north and west of Montezuma Hills.

Summary: Most is soft to firm conglomerate, sandstone, and sandy clay
stone; less abundant siltstone, mudstone, and water-laid tuff. In places,
conglomerate is cemented hard or firm. Unit is characterized by strong
permeability contrasts; moderate and high permeability materials make
up 25-50 percent of unit. Much mantle is severely expansive.

Composition: Most is conglomerate, sandstone, and sandy claystone grad
ing to clay-saturated sandstone; less abundant siltstone, mudstone, and
water-laid pumiceous tuff. Conglomerate consists of well-rounded, hard
pebbles and cobbles as much as 6 in. in diameter, but mostly less than
2-3 in., in matrix of poorly sorted sand that has variable clay coatings
and clogging. Matrix of clay-free conglomerate is soft to loose, of clay
saturated conglomerate soft tp firm. Where clay is absent or occurs only
as coatings, permeability of conglomerate is high; where clay largely
clogs pores, permeability is moderate, in places low. Conglomerate se
quences commonly include sandstone beds and crossbeds. Some con
glomerate is calcite cemented, at least in northern part of area, near Putah
Creek.

Sandstone is mostly well sorted and largely medium to coarse grained,
ranging from fine to very coarse grained. Some sandstone is clean and
porous and has minor clay coatings, some is saturated by clay and silt.
Stringers of pea gravel occur locally in sandstone. Sandy claystone and
clayey fine sandstone have effectively the same properties and are abun
dant constituents. Siltstone and mudstone are less abundant, in places
gradational to fine sandstone, and in places tuffaceous. Pumiceous tuff
(Putah Tuff Member of Tehama Formation) is water-laid tuff of well
sorted, well-rounded, firm pumice clasts, mostly coarse-sand size or
larger, in places as large as 1.5 in. in diameter. Pores are clay coated in
places.

Proportions vary. North of Vacaville, exposures show conglomerate
and sandy claystone about equally abundant, and minor clean sandstone
and tuff. From Vacaville south, clean sandstone is an abundant constitu
ent along with conglomerate and sandy claystone. Mudstone, siltstone,
and tuff are minor.

Hardness: Conglomerate is soft to firm with hard clasts, but hard or firm
where calcite cemented. Sandstone is soft to firm. Sandy claystone and
clayey sandstone have firm pieces, but close to very close fracture pro
duces a soft rock mass. Tuff, siltstone, and mudstone are firm.

Bedding: Major compositional changes occur in very thick beds, com
monly 15-50 ft, but as thick as 100 ft. Within conglomerate sequences,
sandstone and conglomerate are commonly bedded and crossbedded in
thin to thick beds. Most sandstone is internally laminated and cross lami
nated. Tuff occurs in a few 3- to IO-ft beds that are internally thinly to
very thinly bedded and crossbedded. Hard calcite-cemented zones in con
glomerate are irregular and generally range from thick to 5 ft, but may
be as thick as 15 ft or more. See sections by Thomasson and others
(1960).

Parting: Present at bedding contacts between major compositions (15-50
ft). Absent on bedding within conglomerate intervals and within sand
stone and tuff beds. Absent in sandy claystone.

Fracture: Conglomerate is unfractured except where calcite cemented, in
which case spacing is 5-10 ft. Sandstone where soft is generally
unfractured, where firm generally has moderate to wide spacing. Sandy
claystone, siltstone, and mudstone have close to very close spacing of
weathering fracture. Tuff is fractured mostly at wide to very wide (6-ft)
spacing, but spacing ranges from moderate to 20 ft.

Permeability: Intergranular permeability of clean conglomerate, clean
sandstone, and tuff is high, although some tuff may be moderate; clay
clogged conglomerate and sandstone moderate to low; sandy claystone,
clayey sandstone, and mudstone very low to low; siltstone low. Notable
contrast in permeability within unit: materials of moderate and high in
tergranular permeability make up 25-50 percent of bedrock, the remain
der low to very low. Much mantle moderate, much very low to low.

Weathering: All exposures appear entirely weathered, one to a depth of
more than 100 ft.

Surficial mantle: Granular to clayey, much of each. Claystone produces
an expansive clayey soil or subsoil, sandstone a granular soil. Many soils
are stony, owing to lag deposit of pebbles and cobbles.

Expansivity: Bedrock is largely unexpansive, but mudstone (minor) is
expansive and sandy claystone (some to much of unit) is probably ex
pansive. Most clayey mantle (much of unit) is severely expansive.
Samples: EI, silty mudstone, free swell 79 percent; MV23, clay soil on
sandy claystone, free swell 120 percent; DN2, sandy clay soil on sand
stone, free swell 105 percent (exaggerated ?); E4, soil on mudstone, free
swell 102 percent; DN6, sandy clay subsoil on sandy claystone, free swell
87 percent.

Sources: Anderson and Russell, 1939; Olmsted and Davis, 1961; Sarna
Wojcicki, 1971, 1976; Sims and others, 1973; Thomasson and others,
1960; Weaver, 1949; 15 stations.

MAP UNIT 125

Geologic unit, (age), and location: Tehama Formation (T), only in gen
eral vicinity of Mount Diablo (equivalent to Wolfskill Formation of
former usage as used by Brabb and others, 1971).

Summary: Most to almost all is clayey sandstone and sandy mudstone,
but includes some clean sandstone and conglomerate of moderate to high
permeability. Anomalous compositions similar to unit 352 underlie re
sistant topography in places near Antioch. Materials are largely firm to
soft, but local tuffaceous rock and cemented rock are quite firm to hard.
Much bedrock and most mantle are severely expansive.

Expression in aerial photographs: Most is soft topography that lacks ribs,
dark-toned in places. Local hard topography and resistant intermediate
topography represent either clean sandstone and conglomerate or mate
rials similar to unit 352.

Composition: Unit generally consists mostly of: (I) clayey sandstone of
low permeability, saturated to nearly saturated by clay, ranging from fine
to coarse grained, mostly medium grained; and (2) sandy mudstone and
claystone. Unit includes variable amounts of (3) clean sandstone,
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medium to coarse grained, well to moderately well sorted, some having
pebbly stringers; and (4) conglomerate of pebbles and some cobbles as
much as 6 in. in diameter, mostly 2-3 in., in matrix of moderately sorted
medium-grained to very coarse grained sand that is clean where fresh
but variably clay clogged where weathered. Local minor constituents
include (5) calcite-cemented sandstone and conglomerate and (6) quite
firm tuffaceous and pumiceous sandstone that grades to pumiceous con
glomerate (reworked lapilli tuff). Unit includes local compositions similar
to unit 352: (7) blue sandstone, mostly coarse grained, well to moder
ately well sorted, having blue grain coatings (see unit 400); and (8) all
gradations from clayey very fine sandstone to siltstone to fine sandy
claystone.

In most places, clayey sandstone and sandy mudstone constitute more
than 75 percent of unit, but in resistant topography more than half of
unit may be clean sandstone and conglomerate. Materials similar to unit
352 are abundant locally.

Hardness: Mudstone is firm; clayey sandstone firm to possibly soft when
dry, soft when wet; clean sandstone and conglomerate soft; all where
both fresh and weathered. Local materials similar to unit 352 are firm
and some quite tough; all have been ripped where fracture spacing is wide
or less. Local tuffaceous and pumiceous sandstone is quite firm. Local
calcite-cemented sandstone and conglomerate are firm to hard.

Bedding: Beds of contrasting compositions are distinct to indistinct, thick
to very thick (mostly 5-25 ft), in many places lenticular and irregular;
some clayey materials are unbedded or indistinctly bedded over hundreds
of feet of section. Beds of clean materials have thin to thick internal
bedding. Cemented beds are as thick as 4 ft.

Parting: Parting is present on some bedding planes, but absent on most
bedding planes and within beds. In local compositions similar to unit 352,
ripping has opened parting on some beds but not on others.

Fraeture: Mudstone has very close to close, some moderate, spacing of
weathering fracture; clayey sandstone has close to moderate spacing of
weathering(?) fracture; in clean sandstone and conglomerate, fracture is
absent to occasional. Calcite-cemented rock has moderate to wide, some
as much as 4-ft, spacing. Materials similar to unit 352 have moderate
and some wide spacing, but clayey interbeds have superimposed close
to very close spacing of weathering fracture. Local quite firm tuffaceous
rock has moderate to wide spacing.

Permeability: Intergranular permeability of sandy mudstone very low;
clayey sandstone low; clean sandstone moderate to high (high where
coarse grained); conglomerate high at depth, but in shallow rock clay
clogging results in mostly moderate permeability, although range is low
to high. Compositions similar to unit 352 have interbedded moderate to
high (sandstone) and low to very low (clayey rock) intergranular per
meability. Thus, intergranular permeability of most to almost all bed
rock is very low to low, but some, locally abundant, is moderate to high.
Most to almost all surficial mantle very low, some to moderate.

Weathering: Variable depth. One observation of all compositions weath
ered to depth greater than 12 ft.

Surficial mantle: Most to almost all is clayey, some granular.
Expansivity: Most to almost all bedrock is expansive, much severely ex

pansive (mudstone and claystone). Most to almost all surficial mantle is
severely expansive. Bedrock samples: HB 15A, moderately cracked clay
stone, free swell 120 percent; AS7A, weathered clay-saturated sandstone,
abundant constituent, free swell 70 percent (exaggerated); HB13, weath
ered sandy mudstone, abundant constituent, free swell 96 percent (ex
aggerated); HB 10, weathered sandy mudstone, typical, free swell 135
percent; AS7B, sandy claystone, abundant constituent, free swell 121
percent; HB4A, sandy claystone, free swell 134 percent.

Surficial mantle samples: HB4B, mildly cracked sandy clay soil, typi
cal, free swell 91 percent; PC16, mildly cracked dark sandy clay soil,
typical, free swell 120 percent; HB 14, mildly cracked dark sandy clay
soil, typical, free swell 101 percent; HB 15B, dark sandy clay soil on
claystone, free swell 120 perce.nt; AS II, well-cracked, black, popcorn
clay soil on rock similar to unit 352, free swell 131 percent; BHS19, dark

sandy clay soil, typical, free swell 101 percent; AS8, uncracked brown
clayey sand soil on ridgetop, substantial constituent, free swell 99 per
cent (exaggerated).

Stratigraphie thiekness: About 300-500 ft (Snow, 1957; Briggs, 1953a;
Reiche, 1950); 500-1,000 ft (Brabb and others, 1971).

Sources: Brabb and others, 1971; Briggs, 1953a; Reiche, 1950; Snow,
1957; J.R. Wagner, written and oral commun., 1973; Wagner, 1978; 15
stations.

MAP UNIT 126

Geologie unit, (age), and location: Oro Lorna Formation of Briggs
(1953a) (T), east of Livermore Valley.

Summary: Probably largely mudstone and clayey sandstone, some clean
sandstone and associated conglomerate. Minor hard beds to thick. Clean
sandstone and conglomerate have moderate permeability. Much bedrock
and most mantle are severely expansive.

Expression in aerial photographs: Subdued intermediate to soft topog
raphy, distinctly smoother than adjacent unit 400.

Composition: (I) Mudstone, clayey to silty and sandy; clay is montmo
rillonitic (Reiche, 1950). (2) Clayey, high-matrix sandstone, well sorted
to poorly sorted, fine to medium grained. (3) Clean, well-sorted sand
stone, fine to coarse grained, some pebbly. (4) Conglomerate of pebbles
and some cobbles (as large as 6 in. in diameter, mostly less than 3 in.);
in places includes boulders of Cretaceous sandstone concretions; gener
ally has poorly sorted but clean sandstone matrix. (5) Calcite-cemented
sandstone, conglomerate, and concretions as large as 18 in. in diameter.
(6) Quite firm to hard tuffaceous rock.

Unit is probably largely mudstone and clayey sandstone; some clean
sandstone and conglomerate; minor hard to quite firm calcite-cemented
sandstone and tuffaceous rock. Reiche (1950), from good evidence, re
ported dominant lithology of silty and clayey, very fine to medium
grained sandstone, soft and "firm-friable," that grades erratically to
sandstone or sandy and silty claystone; conglomerate and coarse sand
stone minor; sporadic cemented rock.

Hardness: Clayey rock is firm when dry, soft and sticky when wet, but
much high-matrix sandstone is firm wet or dry; clean sandstone and
conglomerate soft; calcite-cemented rock hard; tuffaceous rock quite firm
to hard; pebbles and cobbles in conglomerate hard to firm, boulders hard;
these values for both weathered and fresh rock. No blasting required for
aqueduct (Reiche, 1950).

Bedding: Distinct to indistinct, medium to very thick (as much as 100-ft)
beds; most are highly irregular and discontinuous (Reiche, 1950). Inter
vals of clean compositions are mostly distinctly bedded in medium to
15-ft beds, many of which (clean sandstone) may be internally indis
tinctly bedded and crossbedded. Intervals of clayey rock are commonly
10-100 ft thick; beds and zones of hard rock to thick. Conglomerate is
generally 3-5 ft thick, in lenticular bodies (channel fills) that are 10·20
ft in width (Reiche, 1950); to the south (probably beyond map area),
conglomerate lenses are as thick as several hundred feet (Anderson and
Pack, 1915).

Parting: Absent in most of unit. Present on distinct bedding planes in
intervals of clean sandstone at spacing of wide to 15 ft.

Fracture: Mudstone has close to very close spacing of weathering frac
ture; firm, clayey, high-matrix sandstone has close to moderate spacing;
clean sandstone and conglomerate have no fracture or indistinct fracture
at close to moderate spacing; calcite-cemented sandstone and tuffaceous
rock have largely moderate spacing, locally to very wide (5 ft).

Permeability: Intergranular permeability of mudstone very low; clayey
sandstone mostly low, some very low; clean sandstone mostly moder
ate, minor high; conglomerate mostly moderate; calcite-cemented rock
and tuffaceous rock very low to low. Thus, intergranular permeability
of bedrock is largely low and very low, but some (one-eighth to one
fourth?) is moderate to locally high. Reiche (1950) reported local aqui
fers. Surficial mantle largely very low, some to moderate.
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Weathering: No observations. Most rock weathered deeper than cuts.
Surficial mantle: Largely clayey, some granular.
Expansivity: Much bedrock severely expansive (mudstone), much prob

ably significantly expansive (clayey sandstone, compare sample AS7A
of unit 125), some unexpansive. Most mantle severely expansive. Bed
rock samples: MDW21A, popcorn-weathering mudstone, free swell 118
percent, and MDW22, popcorn-weathering mudstone, free swell 120
percent, both locally substantial constituents; MDW2IB, mildly cracked
mudstone, typical of most mudstone in unit, free swell 100 percent;
MDW5, sandy claystone, abundant constituent, free swell 145 percent.
Surficial mantle samples: MDW4, clayey soil, free swell 99 percent;
MDW6, clayey soil, free swell 120 percent; MDW20, dark sandy clay
soil, typical, free swell 107 percent; BHY3, dark clay soil, free swell
130 percent.

Stratigraphic thickness: 450-500 ft (Reiche, 1950; Snow, 1957); 300 ft
maximum in Ortigalita Peak 15' quadrangle south of map area (Briggs,
1953a).

Sources: Anderson and Pack, 1915; Briggs, 1953a; Reiche, 1950; Snow,
1957; eight stations.

MAP UNIT 127

Geologic unit, (age), and location: Purisima Formation (T), near Pajaro
River at southern end of Santa Cruz Mountains.

Summary: Consists of about equal proportions of (l) soft, clean sandstone
and conglomerate of moderate and some high permeability and (2) firm
clayey sandstone, mudstone, and shale of low to very low permeability.
Some severely expansive bedrock and surficial mantle. Depositional
environment is marine toward base, continental toward top.

Expression in aerial photographs: Largely intermediate topography, but
some hard topography and some areas of soft topography. Topographic
contrast is accompanied by tonal banding in many places: light-toned
resistant bands 5-50 ft in width, one as wide as 500 ft, among dominant,
dark-toned, less resistant bands. Some beds as thick as tens of feet form
ledges and walls or prominent outcrops.

Composition: (I) Clayey rock: clay-saturated to partially clay-saturated
fine-grained sandstone; mudstone and some shale; fine sandy mudstone;
and silty and clayey fine sandstone; all substantial constituents. Some
mudstone and shale are exceedingly fine grained (Krauskopf and oth
ers, 1939) and plastic (Allen, 1946). (2) Clean rock: clean, well-sorted
to locally moderately well sorted, fine- to coarse-grained sandstone and
clean to clay-clogged conglomerate. Sandstone and matrix of conglom
erate are largely fine and medium grained. Conglomerate consists largely
of pebbles, some cobbles that are mostly less than 3 in. in diameter, and
locally boulders at base. Unit also includes minor fossiliferous calcite
cemented rock, ash beds (Geological Society of Sacramento, 1959), lig
nite (Taliaferro, 1948), and spheroidal concretions cemented by
manganese oxide (Geological Society of Sacramento, 1959). Unit con
sists of about equally abundant clean and clayey rock.

Hardness: Clean rock .is largely soft where fresh and weathered, some
firm; clayey rock firm where fresh and weathered; calcite-cemented rock
hard; concretions probably hard to firm.

Bedding: Clean and clayey rocks are generally interbedded in very thick
intervals (most 10-50 ft), but some interbedding at thick. Very thin to
medium, distinct bedding within much clayey sandstone, but absent in
most clayey rock. Medium to lhi.I;k, distinct to indistinct bedding within
much of clean rock, and many clean sandstone beds are indistinctly lami
nated. Calcite-cemented rock medium to thick; lignite and ash probably
to medium. One reported "bed" of massive fine sandstone at base of unit
is about 1,500 ft thick. See sections by Allen (1946).

Parting: Mostly absent. Present at contacts between clean and clayey rock,
which generally have very wide (10- to 50-ft) spacing. Also present in
shale at close to very close spacing, in much of clayey sandstone at close
to moderate spacing, and in much of clean sandstone at moderate to wide
spacing.

Fracture: Clean sandstone and conglomerate have moderate to wide spac
ing, some as wide as 6 ft; clayey sandstone has original moderate to wide
spacing and much has additional weathering fracture at close to moder
ate spacing; mudstone and shale have close to very close spacing of
weathering fracture; hard cemented beds have wide spacing.

Permeability: Intergranular permeability of clean rock mostly moderate,
some high; clayey rock low to very low, some or more of each. On the
whole, intergranular permeability of bedrock is about one-third moder
ate, one-third low, one-third very low, and possibly one-tenth to one
twentieth high. Mantle probably largely moderate, some low to very low.

Weathering: Clean rock weathered to depths greater than 30 ft, clayey
rock to depths greater than 5 ft.

Surficial mantle: Probably largely granular, some clayey.
Expansivity: Some bedrock is severely expansive (mudstone and shale),

some possibly significantly expansive (clayey sandstone), much to most
unexpansive. Some mantle severely expansive, some significantly expan
sive, probably most unexpansive. Bedrock samples: CTT1I, mildly
cracked weathered shale, free swell 91 percent; CTT5, moderately
cracked sandy mudstone, free swell 119 percent. Surficial mantle
samples: CTTlO, dark sandy clay soil, free swell 67 percent; CTT2,
moderately cracked dark silty and sandy clay subsoil, free swell 101
percent.

Stratigraphic thickness: About 7,000 ft (Michelin, 1943); nearly 10,000
ft (Allen, 1946).

Sources: Allen, 1946; California State Water Resources Board, 1955;
Geological Society of Sacramento, 1959; Jones, 1911; Krauskopf and
others, 1939; Michelin, 1943; Taliaferro, 1948; 13 stations.

MAP UNIT 128

Geologic unit, (age), and location: Mulholland Formation of Ham (1952),
upper part (T), in the East Bay Hills east of Oakland.

Summary: Interbedded sandstone, conglomerate, and variably silty mud
stone; probably largely sandstone and conglomerate, but includes some
or more mudstone. Rock is mostly firm, low permeability. Some bed
rock and probably most mantle are expansive.

Expression in aerial photographs: Hard topography, regularly ribbed,
resistant with respect to unit 130 and some of unit 129. Prominently
banded by light-toned resistant zones against dark-toned nonresistant
zones. Light-toned resistant bands range from less than 10 ft to 100 ft
in width, mostly less than 50 ft; dark-toned bands are 10-200 ft in width,
mostly less than 100 ft.

Composition: Interbedded sandstone, conglomerate, and variably silty
mudstone; most of unit is probably sandstone and conglomerate, but some
or more is mudstone. Sandstone varies from fine to coarse grained, well
to moderately well sorted, and has silt and clay matrix filling to nearly
fIlling pores. Conglomerate consists of hard pebbles and cobbles that are
mostly less than 2 in. in diameter, but as much as 6 in. and many greater
than 3 in., in poorly sorted matrix of silty and clayey sand similar to the
sandstone. Mudstone varies in silt content from nearly claystone to silt
stone. Unit includes hard calcite-cemented concretions to large or greater,
and minor limestone, tuff, and bentonite.

Hardness: Most is firm both where weathered and fresh, some soft where
weathered. Some sandstone quite firm; cobbles and pebbles in conglom
erate hard; concretions and limestone hard.

Bedding: Beds are mostly distinct, some indistinct, medium to very thick
(commonly as thick as 10 ft, some as thick as 30 ft or more); some in
tervals of a given composition are as thick as 100 ft interrupted by a few
medium to thick beds of different composition. Some contacts are dis
tinct and sharp, others gradational and indistinct. Many sandstone beds
grade upward from a massive base to laminated and parted flaky sand
stone. Bentonite and tuff beds to medium, persistent. See section by
Radbruch and Weiler (1963).

Parting: Present on some distinct bedding planes; at close to moderate
spacing on intemallamination in some sandstone (in upper part of very
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thick beds); and crude to good parting in most mudstone. Radbruch and
Weiler (1963) explained lack of bedding-plane landslides by the fact that
many contacts are gradational and most distinct contacts are irregular.

Fracture: Conglomerate is unfractured to occasionally fractured; sandstone
where parted has close to moderate spacing, where massive (unparted
and unlarninated) moderate to wide, some very wide (4-ft), spacing; mud
stone has close to very close spacing. Spheroidal weathering fracture in
fine-grained silty sandstone and in mudstone. Much sandstone flakes
where weathered.

Permeability: In shallow bedrock, sandstone and conglomerate have
mostly low intergranular permeability owing to clogged pores, but some
sandstone and conglomerate moderate, and mudstone~ to low;
below shallow rock, probably much sandstone and conglomerate mod
erate, mudstone low to very low. Thus, most shallow bedrock low, some
moderate, some very low; below shallow rock, probably some to much
moderate, some low, some very low. Probably most mantle low to very
low, some moderate.

Weathering: Variable, depending on composition. Some beds fresh at
depth of 5 ft, others weathered to depth of 20 ft. Most is weathered to
depths of 10-20 ft.

Surficial mantle: Probably most is clayey, some granular.
Expansivity: Probably most bedrock is unexpansive, but some or more is

significantly expansive (mudstone), and minor is severely expansive
(bentonite). Probably most mantle is expansive, much severely expan
sive. Bedrock sample: OE23, mildly cracked mudstone, free swell 75
percent. Surficial mantle samples: OE25, moderately cracked clay soil,
free swell 128 percent, LTR7A, moderately cracked clay soil, most ex
pansive material at this station, free swell 119 percent; LTR7B, clay soil,
probably typical, free swell 79 percent.

Sources: Case, 1963; Ham, 1952; Lawson, 1914; Radbruch, 1969;
Radbruch and Case, 1967; Radbruch and Weiler, 1963; l.R. Wagner,
written commun., 1973; Wagner, 1978; six stations.

MAP UNIT 129

Geologic unit, (age), and location: Mulholland Formation of Ham (1952),
lower part (T), in the East Bay Hills east of Oakland.

Summary: Largely interbedded firm sandstone and mudstone, but locally
almost all sandstone beds are hard and as thick as 20 ft. In many places
unit is bedded in medium to 10-ft beds, about equal parts sandstone and
mudstone, but in other places swale topography suggests mudstone as
thick as hundreds of feet. Some to much bedrock and most mantle are
expansive.

Expression in aerial photographs: Distinctly banded in resistant, light
toned bands 10-20 ft in width between nonresistant dark-toned bands as
wide as 100 ft.

Composition: Interbedded sandstone and mudstone; minor persistent beds
of limestone, tuff, and bentonite. Sandstone and mudstone generally
occur in about equal proportions, but in places, especially to south near
Cull Canyon, swale topography suggests dominantly mudstone intervals
as thick as a few hundred feet, and locally sandstone dominates. Sand
stone is mostly medium grained, ranging from fine grained to very coarse
grained, and has minor pebbly beds in which pebbles are mostly less than
0.5 in., but as much as 2 in., in diameter. About one-third of sandstone
is well sorted, has interstices partly filled by clay and silt, and has mod
erate permeability; remainder consists of moderately sorted sand in silt
and clay matrix, has low permeability, and flakes where weathered. Sand
stone generally contains minor to some calcite-cemented concretions and
beds, but to south near Cull Canyon almost all beds are cemented by
calcite. Mudstone in places is fissile (shale), is variably silty and fine
sandy (grades to siltstone), and locally (near Cull Canyon) is calcare
ous. Clay beds suitable for brickmaking are as thick as 75 ft (Lawson,
1914).

Hardness: Sandstone is mostly firm where fresh and weathered, but some
is soft where weathered and minor to some is cemented by calcite and

hard. Mudstone has firm pieces where fresh and weathered, except where
calcareous (as near Cull Canyon), in which case pieces are hard. Lime
stone is hard.

Bedding: Distinct to indistinct. Includes prominently bedded sandstone and
mudstone in thin to very thick (20-ft) beds (largely medium to thick but
some very thick), but also includes very thick (as much as 25-ft or more,
probably as much as 100-ft or more) intervals of mudstone. Most of rock
(about 70 percent) is bedded at medium to 10 ft. Many sandstone beds
are laminated and cross laminated. Hard cemented sandstone generally
occurs in beds and concretions to thick, some concretions as large as 5
ft in diameter, but to south near Cull Canyon almost all sandstone is
cemented in beds as thick as 20 ft. Persistent bentonite and tuff beds to
medium.

Parting: Present at distinct bedding planes, which have moderate to very
wide (lO-ft) spacing, and within thin to medium mudstone beds at~
to very close spacing. Present within some to much very thick mudstone.
Present in some sandstone on lamination, and in some very thick sand
stone at close to wide spacing in upper part of beds. In summary, dis
tinctly bedded parts of unit have good parting, indistinctly bedded parts
have less consistent parting; we estimate that good parting is present in
about half of unit. Radbruch and Weiler (1963) explained lack of bed
ding-plane landslides by the fact that many contacts are gradational and
most distinct contacts are irregular.

Fracture: Sandstone in thin to medium beds is generally fractured at close
to moderate spacing, some wide, about perpendicular to beds; in thick
to very thick beds, spacing is mostly wide to 6 ft, often having superim
posed moderate weathering fracture. Near Cull Canyon, many hard sand
stone beds are fractured at spacing greater than bed thickness.
Concretions in sandstone as large as 5 ft are unfractured, but some are
fractured at moderate spacing. Mudstone is fractured at close to very
close spacing.

Permeability: In shallow bedrock, intergranular permeability of sandstone
is largely low, some (about one-third) moderate; below shallow rock,
probably much sandstone moderate. Mudstone has very low intergranu
lar permeability, but some has low fracture permeability in shallow rock.
Thus, much to most shallow bedrock low, some moderate, some to much
very low; below shallow rock some to possibly much moderate, some
low, much very low. Most mantle very low to low, some moderate.

Weathering: Most sandstone is weathered or partially weathered to depth
of 30 ft, some to depth of more than 50 ft, some well weathered to depth
of only 10 ft. Mudstone weathered to depths of 5-10 ft.

Surficial mantle: Largely clayey, some granular.
Expansivity: Some to much bedrock is expansive (mudstone), some se

verely expansive. Most mantle significantly expansive, some severely
expansive. Bedrock samples: LTRI8A, claystone, free swell 70 percent;
LTR5, mildly cracked mudstone, constitutes some of unit, free swell 135
percent. Surficial mantle samples: LTR3A, uncracked to mildly cracked
clayey soil, typical, free swell 65 percent; LTRI8B, mildly cracked silty
soil, typical, free swell 77 percent; LTR3B, sandy clay colluvium, most
expansive mantle seen in unit, free swell 129 percent.

Sources: Case, 1963; Ham, 1952; Lawson, 1914; Radbruch, 1969;
Radbruch and Case, 1967; Radbruch and Weiler, 1963; l.R. Wagner,
written commun., 1973; Wagner, 1978; five stations.

MAP UNIT 130

Geologic unit, (age), and location: Contra Costa Group, undivided (T),
in most of the East Bay Hills.

Summary: Mudstone, sandstone, and conglomerate, generally firm to soft;
some to much of each composition, proportions vary in different areas.
Some hard, cemented rock. Some bedrock and much to most mantle are
severely expansive. See unit 131.

Expression in aerial photographs: Variable, from intermediate approach
ing hard topography that has distinct, contrasting tonal bands, to sub-
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dued intermediate approaching soft topography that contains subdued
bands in gray tones and little ribbing. Contrasting bands consist of light
toned resistant zones that are generally less than 50 ft wide, but as wide
as 100 ft, between dark-toned nonresistant zones that are largely 10-100
ft wide, commonly as wide as 200 ft, and some as wide as 500 ft. The
subdued gray banding probably has similar thicknesses. Field observa
tions suggest that light-toned resistant bands are sandstone and conglom
erate and dark-toned bands are mudstone. Uncommonly resistant
topography in a number of places, as west of Cull Canyon Road, sug
gests that some sandstone and conglomerate is quite firm.

Composition: Mudstone, sandstone, and conglomerate in variable propor
tions, some to much of each. Mudstone, as used here, includes materi
als ranging from claystone to sandy claystone to siltstone. Sandstone
ranges from well-sorted rock to poorly sorted silty and clayey rock and
from fine to very coarse grained; some is glauconitic (Robinson, 1956).
Sand grains are mostly subangular to subrounded. Conglomerate con
sists of variably rounded pebbles and cobbles of mostly hard rock that
are generally less than 3 in. in diameter, but some as much as 1 ft in
diameter, in matrix of poorly sorted silty and clayey sand. Matrix in
conglomerate is commonly sufficiently silty and clayey to have low per
meability, but some appears clean enough to have moderate permeabil
ity (Page,1950; Kachadoorian, 1956). Some conglomerate and probably
some sandstone is calcite cemented, and calcite-cemented concretions
occur in sandstone. Unit also includes hard pods and thin beds of lime
stone, some cherty, that constitute less than I percent of unit; thin seams
of lignite; and minor tuff. Rare basaltic rock occurs both near Lafayette,
where it is highly vesicular porphyritic basalt that is well weathered near
the ground surface, and on Rocky Ridge, where it is porphyritic olivine
diabase intrusive, fresh to the ground surface.

Proportions vary; some areas are largely mudstone and dirty fine sand
stone, others largely sandstone and conglomerate. At sample locality
BV30, 40 percent is mudstone, 40 percent conglomerate, 20 percent sand
stone; at sample locality LTR16, about 50 percent mudstone (sandy clay
stone), 45 percent clayey sandstone, 5 percent conglomerate; at sample
locality LTR 17, dominant sandstone and conglomerate; near Orinda
(Kachadoorian, 1956), 55 percent mudstone, 15 percent sandstone, 30
percent conglomerate. In northeast comer of Hayward 7.5' quadrangle,
Robinson (1956) reported largely conglomerate and sandstone but oc
casional clay and limestone, although exposures are rare and ground
surface is scarred by landslides (abundant landslides suggest more than
occasional clayey rock). Thus, unit contains some to much of each ma
jor composition.

Hardness: Mudstone has mostly firm pieces. Sandstone and conglomer
ate are largely soft to firm where weathered, probably soft to firm where
fresh, but some sandstone is firm and some conglomerate and sandstone
is cemented by calcite and hard. Concretions are hard, as are great ma
jority of clasts in conglomerate. Some rock is hardened, largely to firm,
by iron oxide and clay cement. Limestone is hard, tuff probably firm to
soft.

Bedding: Major compositional changes are distinct and mostly very thick
(5-40 ft, some as much as 80 ft), but some interbedding is medium to 5
ft. Kachadoorian (1956) cited the following thicknesses: conglomerate
1-45 ft, mostly 6-8 ft; sandstone 2-15 ft, mostly 7-8 ft; mudstone mostly
30-35 ft, but as thick as 110 ft; tuff bed 6 ft. Bedding is lenticular. Con
glomerate and sandstone in places are internally bedded and crossbedded,
commonly indistinctly, and mudstone in places is laminated. Limestone
beds and nodules are thin; lignite beds thin; calcite-cemented conglom
erate to thick or more; concretions to medium. Basalt flow near Lafayette
has maximum thickness of 75 ft.

Parting: Mostly absent within mudstone, sandstone, and conglomerate.
Present at some bedding planes, but Radbruch and Weiler (1963) and
Kachadoorian (1956) reported that many beds are gradational and that,
where sharp contacts do occur, these are commonly undulatory and ir
regular, explaining the paucity of bedding-plane failures in unit of abun
dant landslides.

Fracture: In mudstone, close to very close spacing of weathering frac
ture on probably moderate to wide original spacing; in sandstone, mod
erate to wide spacing, some scaling where weathered; in conglomerate,
fracture is commonly absent or at wide or very wide spacing, some at
moderate spacing. Kachadoorian (1956) reported fairly regular jointing
at wide spacing.

Permeability: Intergranular permeability of mudstone is very low to pos
sibly low; sandstone and conglomerate largely low, some moderate. At
sample locality BV30, an estimated 10-20 percent of unit has moderate
intergranular permeability, the remainder low to very low; at sample
locality LTR 16, less than 5 percent of unit has moderate intergranular
permeability, the remainder low to very low. In many places, probably
more of unit has moderate intergranular permeability than these examples
suggest. Thus, intergranular permeability of shallow bedrock is largely
low and very low, some moderate; probably some to much moderate
below shallow bedrock. Mantle largely very low to low, some moderate.

Weathering: Sandstone and conglomerate are weathered to depths greater
than 15 ft. Some mudstone fresh at depth of 6 ft.

Surficial mantle: Largely clayey, some granular; much is stony owing to
pebbles from conglomerate.

Expansivity: Much bedrock is expansive, some severely expansive (mud
stone). Much to most mantle severely expansive, some unexpansive.
Bedrock samples: LTRI6A, gray-green waxy claystone, represents clay
in much clayey sandstone and mudstone, free swell 99 percent; BV30A,
popcorn-weathered mudstone, free swell 135 percent. Surficial mantle
samples: WCl, clayey soil, moderately to well cracked, typical, free
swell 129 percent; BV30B, moderately cracked clay soil, more expan
sive than most, free swell 119 percent; LTR16B, clayey sand soil, typi
cal, free swell 90 percent; LTR17, clay subsoil, free swell 110 percent;
BV34A, dark clay soil, more expansive than most, free swell 102 per
cent; BV34B, subsoil, severely cracked, free swell 102 percent.
Kachadoorian (1956) reported that near Orinda about half of mudstone
shows evidence of swelling, half shows none, and montmorillonite av
erages about 50 percent of clay content.

Stratigraphic thickness: As much as 6,000 ft (Lawson, 1914).
Sources: Ham, 1952; Kachadoorian, 1956; Lawson, 1914; Newton, 1948;

Page, 1950; Radbruch, 1969; Radbruch and Case, 1967; Radbruch and
Weiler, 1963; Robinson, 1956; Sheehan, 1956; J.R. Wagner, written
commun., 1973; Wagner, 1978; five stations.

MAP UNIT 131

Geologic unit, (age), and location: Contra Costa Group, undivided (T),
only in area west of San Pablo Reservoir in the East Bay Hills.

Summary: Interbedded conglomerate, sandstone, siltstone, and mudstone.
Much mantle and probably some bedrock are severely expansive. See
unit 130.

Expression in aerial photographs: Mostly intermediate, some soft, to
pography. Much of unit has weak tonal banding. Light-toned bands are
resistant and 20-30 ft wide, some as wide as 50 ft, two or three as wide
as 100 ft; dark-toned bands are 20-200 ft wide, mostly less than 100 ft.

Composition: Interbedded (I) conglomerate, (2) medium-grained to very
coarse grained sandstone, (3) clayey fine-grained to very fine grained
sandstone and siltstone, and (4) mudstone; unit contains some of each
composition. Conglomerate consists of hard rounded pebbles and cobbles
as much as 8 in. or more in diameter, mostly less than 3 in., in matrix
of poorly sorted medium-grained to very coarse grained sand that is satu
rated to nearly saturated by clay and silt. J.R. Wagner (written commun.,
1973) described lower half of unit as having pebbles as large as I in. in
diameter, in contrast to cobbles as large as 4-5 in. in diameter in upper
half. Sheehan (1956) reported cobbles in this unit and noted that clast
size and conglomerate-to-sandstone ratio decrease rapidly to east. Me
dium-grained to very coarse grained sandstone is similar to conglomer
ate matrix and is associated and interbedded with conglomerate. This
sandstone in places contains pebble trains, and consists of poorly sorted
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sand that contains silt and clay to saturation or near saturation. Clayey
fine-grained to very fine grained sandstone and siltstone grade into one
another and into mudstone. Hard calcite-cemented concretions occur in
places within medium- to coarse-grained sandstone, and some conglom
erate beds are partially cemented by calcite. Unit also includes minor
basaltic tuff or tuff breccia near middle of section and basalt flow near
base.

Hardness: Conglomerate and medium- to coarse-grained sandstone are
mostly soft to firm where weathered and fresh, but some of these mate
rials are anomalously quite firm, especially where partially cemented by
calcite. Dirty fine sandstone, siltstone, and mudstone have firm pieces
where fresh and weathered and firm to soft weathered rock mass. Con
cretions are hard; clasts in conglomerate largely hard, some firm.

Bedding: Mostly distinct. Major compositional changes are medium to
very thick (as much as 30 ft or more, generally more than 5 ft). Bed
ding within major compositions is thin to very thick (more than 4 ft),
distinct in conglomerate sequences, indistinct in dirty sandstone se
quences; some sandstone is laminated. Much of unit has irregular or len
ticular bedding and crossbedding. Firm calcite-cemented conglomerate
occurs in medium to thick zones; hard concretions to medium.

Parting: Largely at contacts between major compositions (moderate to very
wide spacing, generally more than 5 ft). About half of mudstone has
crude parting at close spacing.

Fracture: Conglomerate generally has occasional fracture, but some un
commonly firm beds have distinct fracture at moderate to 6-ft spacing.
Medium- to coarse-grained sandstone in places has occasional fracture,
in places vague moderate to wide spacing, in uncommonly firm rock is
fractured along with adjacent conglomerate at moderate to 6-ft spacing,
and in places has close to moderate spacing of weathering fracture. Dirty
fine sandstone and siltstone have close to very close spacing of weath
ering fracture and much flaking and spheroidal weathering. Mudstone
has close to very close spacing of weathering fracture.

Permeability: Intergranular permeability of conglomerate and medium
to coarse-grained sandstone is mostly low, some moderate in places,
locally moderate to high; dirty fine sandstone and siltstone low; mud
stone very low. Thus, shallow bedrock has largely low intergranular
permeability, some very low, some moderate, locally high; below shal
low rock probably much moderate, some high. Much mantle moderate,
much very low to low.

Weathering: Conglomerate and medium- to coarse-grained sandstone are
weathered to depths of 25-30 ft; dirty fine sandstone and siltstone have
partly weathered pieces at 15 ft; mudstone fresh at 15-20 ft.

Surficial mantle: Much granular, much clayey. Two principal soils, much
of each: light-colored loam soil, such as sample BV 18, over conglomer
ate and sandstone and on ridges, and dark clayey soil, such as samples
Rl7 and R22. Each type is dominant in places.

Expansivity: Much bedrock may be expansive, some probably severely
expansive (mudstone, see unit 130). Much mantle severely expansive,
much significantly expansive to unexpansive. Surficial mantle samples:
BVI8, loam soil, free swell 56 percent; R17, well-cracked silty clay soil,
free swell 88 percent; R22, moderately cracked clayey soil, free swell
98 percent.

Stratigraphic thickness: About 3,800 ft (inferred from J.R. Wagner, writ
ten commun., 1973).

Sources: Sheehan, 1956; J.R. Wagner, written commun., 1973; Wagner,
1978; six stations.

MAP UNIT 132

Geologic unit, (age), and location: Moraga Formation, clastic member
(T), in the East Bay Hills.

Summary: Most is firm sandstone, conglomerate, and mudstone; minor
tuff and concretions. Similar to unit 133.

Composition: Includes (I) sandstone, fine to very coarse grained, some
gritty, all having sufficient clay and silt to produce low permeability;

(2) conglomerate containing hard cobbles as much as 4 in. or more in
diameter in low permeability sandstone matrix; and (3) mudstone and
shale. Proportions vary; some to much of each major constituent. Includes
less abundant hard grit, consisting of grains of very coarse sand to pea
size; hard to firm tuff and tuff breccia containing abundant crystals and
clastic grains of very coarse sand to pea size; hard, elongate, medium
concretions; minor limestone and lignite; well-cemented rhyolite tuff that
is tight to porous; and, in places, basaltic flow rock (like unit 233) less
than 20 ft thick.

Hardness: Where weathered, mostly firm pieces, some soft; probably firm
where fresh. Minor hard grit, concretions, and limestone. Rhyolite tuff
largely hard.

Bedding: Major compositional changes are distinct and range from me
dium to very thick (generally as much as 30 ft, one conglomerate inter
val as thick as 200 ft), mostly very thick. Internal bedding mostly
indistinct and thin to thick. Much interbedding of sandstone with mud
stone and conglomerate. Bedding is lenticular. Rhyolitic tuff in very thick
(10- to 25-ft or more) intervals.

Parting: Present on some to most bedding planes, mostly at very wide
spacing (greater than 10 ft). Much shale and mudstone have crude part
ing at close to very close spacing.

Fracture: Sandstone has close to moderate spacing; conglomerate
unfractured; mudstone and shale close to very close spacing; hard grit
close to wide spacing; tuff close to moderate spacing of weathering frac
ture on moderate to wide original spacing.

Permeability: Intergranular permeability of sandstone, conglomerate, grit,
and tuff low; mudstone and shale very low. Thus, intergranular perme
ability of most bedrock is low to very low, probably minor moderate in
shallow rock, some moderate below shallow rock. Probably most mantle
low to very low, some moderate.

Weathering: Sandstone is weathered to depths greater than 20 ft, mud
stone to 15 ft.

Surficial mantle: Probably largely clayey, some granular, like unit 133.
Expansivity: Probably like unit 133: some bedrock severely expansive

(mudstone), much unexpansive; probably much to most mantle severely
expansive, some unexpansive. One sample, BV32, clayey soil, free swell
80 percent.

Stratigraphic thickness: About 300 ft (J.R. Wagner, written commun.,
1973).

Sources: Lawson, 1914; Lawson and Palache, 1902; Radbruch, 1969; J.R.
Wagner, written commun., 1973; Wagner, 1978; two stations.

MAP UNIT 133

Geologic unit, (age), and location: Orinda Formation (T), only in the East
Bay Hills.

Summary: Interbedded firm conglomerate, sandstone, and mudstone, some
to much of each. Radbruch (1969) reported that some beds of cemented
sandstone and conglomerate may require blasting. Some bedrock and
probably much to most mantle is severely expansive.

Expression in aerial photographs: Nonresistant, subdued topography that
has prominent to subdued tonal bands.

Composition: Interbedded conglomerate, sandstone, and mudstone that
grades to siltstone. Conglomerate has hard rounded pebbles and cobbles,
in places as large as 8 in. in diameter but mostly less than 6 in., and in
other places as large as 2 in. but mostly less than I in., in sandstone
matrix that is saturated to nearly saturated by clay and silt. Page (1950)
reported that conglomerate generally consists of pebbles, rare cobbles.
Sandstone is of two types: (1) relatively clean sandstone of medium to
coarse grains, some gritty, in many places interbedded with conglomer
ate; and (2) dirty fine- to medium-grained silty sandstone that grades to
siltstone and mudstone. Both types of sandstone generally have low per
meability. Page (1950) reported that sandstone is ill sorted and has an
gular grains. Mudstone and siltstone intergrade with one another and with
dirty fine sandstone. In places, conglomerate and relatively clean sand-
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stone are cemented by calcite; mostly they are only partly cemented and
firm, but locally they are well cemented and hard, especially sandstone.
Unit locally includes minor limestone (less than I percent of unit), some
cherty; minor lignite; minor decomposed tuff (Lawson, 1914); and in
trusive diabase.

Proportions are variable: conglomerate is reported to be more abun
dant and coarser to the north, fine-grained rock more abundant to the
south. Conglomerate constitutes from 10 to 60 percent of unit; relatively
clean sandstone 20-40 percent; mudstone, siltstone, and dirty fine sand
stone 40-60 percent or more. Thus, unit includes some to much of each
major constituent.

Hardness: Conglomerate and sandstone where fresh are mostly firm, some
soft, firm to soft where weathered. Some conglomerate and sandstone
(locally as much as half) is quite firm where partly cemented by calcite,
and minor is well cemented and hard. Mudstone and siltstone have firm
pieces where fresh and weathered. Clasts in conglomerate, rare intrusive
rock, and limestone are hard.

Bedding: Beds are irregular and lenticular. Generally, intervals of con
trasting compositions (that is, conglomerate and associated sandstone
against interbedded mudstone, siltstone, and dirty fine sandstone) are
distinct and very thick (5-100 ft or more, most greater than 10 ft); bed
ding within these intervals (such as interbedding of mudstone and silt
stone) is distinct to indistinct and medium to very thick (4 ft). Hard
calcite-cemented zones in sandstone and conglomerate are mostly to
thick. In Broadway tunnel, sandstone beds are reported to be ill defined,
some crossbedded, and mostly 1-10 ft thick but as much as 65 ft; con
glomerate beds mostly I-10ft thick, some more than 25 ft; and mud
stone massive or indistinctly bedded (Page, 1950). Limestone is reported
to occur in thin beds and lignite in thin seams. Tuff beds as thick as
6 ft.

Parting: Mostly at bedding contacts between contrasting compositions
(very wide spacing, generally more than 10 ft). Absent in mudstone, al
though Radbruch and Weiler (1963) reported much laminated shale (may
be in adjacent unit). Radbruch and Weiler (1963) also reported that many
beds are gradational and many bedding surfaces are irregular.

Fracture: Conglomerate has very wide (4 ft) spacing to occasional frac
ture; sandstone has moderate to close spacing, and much weathers sphe
roidally on moderate spacing; weathered mudstone and siltstone have
spheroidal weathering on~ to very close fracture spacing, produc
ing very small to small pieces. For fresh rock in Broadway tunnel, Page
(1950) reported that mudstone and sandstone are not closely fractured
and have blocky fracture.

Permeability: Intergranular permeability of conglomerate and relatively
clean sandstone is mostly low, minor moderate where pores are not quite
clogged; dirty sandstone and siltstone low to very low; mudstone very
low. Springs along fractures and from local intrusive rock suggest local
fracture permeability. Page (1950) reported that conglomerate conducted
moderate amounts of water into Broadway tunnel, and so probably some
or more fresh conglomerate has moderate intergranular permeability.
Thus, intergranular permeability of most bedrock is low to very low, but
minor moderate in shallow rock and some moderate below shallow rock.
Probably most mantle low to very low, some moderate.

Weathering: Conglomerate and sandstone are weathered to depths of 20
30 ft, mudstone to 10 ft.

Surficial mantle: Probably mostly clayey, some granular.
Expansivity: Some bedrock is severely expansive (mudstone), much

unexpansive. For surficial mantle, proportions are difficult; unit includes
both uncracked to mildly cracked soils and moderately cracked expan
sive soils. Probably much to most mantle severely expansive, some
unexpansive. Bedrock sample: OE26, moderately cracked mudstone, free
swell 139 percent. Surficial mantle samples: OE4, moderately cracked
clayey soil, free swell 103 percent; OEnB, moderately cracked sandy
clay soil, free swell 94 percent; OE27A, mildly cracked clayey subsoil,
free swell 85 percent. Young (1929) reported only small sections of
swelling ground in Claremont water tunnel.

Stratigraphic thickness: About 2,000 ft (l.R. Wagner, written commun.,
1973), 800-1,000 ft (Lawson and Palache, 1902).

Sources: Ham, 1952; Kachadoorian, 1956; Lawson, 1914; Lawson and
Palache, 1902; Page, 1950; Radbruch, 1969; Radbruch and Case, 1967;
Radbruch and Weiler, 1963; l.R. Wagner, written commun., 1973;
Wagner, 1978; Young, 1929; five stations.

MAP UNITS 134, 284

Geologic units, (age), and location: Orinda Formation (T) and tuff mem
ber of Orinda Formation (T), only in area north of Livermore Valley.

Summary: Most of unit 134 consists of variably clayey sandstone and
mudstone, some (locally equally abundant) clean sandstone, and lesser
conglomerate and tuff. Zones of abundant tuff are mapped as unit 284.
Much bedrock and most to almost all mantle are severely expansive in
both units.

Expression in aerial photographs: Unit 134 is largely intermediate to
pography that has some areas of light- and dark-toned banding, other
areas that lack banding, and several narrow white bands that form ridges.
Light-toned bands and zones of bands are resistant and contrast with
softer, smooth, dark-toned zones; soft dark-toned zones are probably
clayey rock, light-toned resistant zones probably clean compositions.
Narrow white bands that form ridges are tuff; principal zones of tuff con
stitute unit 284.

Composition: (I) Clean sandstone, well sorted, medium to coarse grained;
some has very coarse grains and small pebbles. (2) Clayey sandstone,
consisting of fine- to medium-grained sand that is mostly well to mod
erately sorted; this sandstone is variably clayey, but most is saturated to
nearly saturated by clay and some has tuffaceous matrix. Some sandstone
is dirty but not clayey (lacks weathering fracture). (3) Mudstone; some
has minor fissility, some is sandy. (4) Tuff; includes both fine ash tuff
and pumice lapilli tuff that has ash matrix. (5) Conglomerate, associated
with tuff. In most places, conglomerate consists of pebbles, but some
includes cobbles as large as 10 in. in diameter, mostly less than 3 in.
Matrix of conglomerate is well-sorted, medium- to coarse-grained sand
stone that has clay clogging. (6) Minor limestone. Some clean sandstone
and conglomerate, as well as nodules and concretions in mudstone, are
cemented by calcite.

Unit 134 consists largely of variably dirty and clayey sandstone and
mudstone, some (locally equally abundant) clean sandstone, minor to
some conglomerate, and minor tuff and tuffaceous sandstone. Composi
tion of soft dark-toned zones on aerial photographs is estimated to be
about 45 percent mudstone, 45 percent clayey sandstone, and 10 percent
cleaner sandstone; composition of light-toned resistant zones is about 30
percent clayey sandstone, 30 percent clean sandstone, 30 percent mud
stone, or possibly dominant clean compositions. Much to most of unit
284 consists of tuff, as described above and for unit 120; the remainder
consists of unknown proportions of other materials described above.

Hardness: Dirty and clayey sandstone is firm; clean sandstone soft to firm;
mudstone firm to soft; conglomerate soft to firm with hard clasts; tuff
beds firm to hard, many brittle; tuffaceous sandstone quite firm; calcite
cemented sandstone, conglomerate, concretions, and nodules hard. All
hardnesses are for weathered dry rock, probably same for fresh rock.

Bedding: Medium to very thick (50-ft or more) beds, many thick to 10 ft,
variably regular to lenticular and irregular. Mudstone intervals are as
thick as 50 ft or more; conglomerate in places makes up 80 percent of
150-ft sections. Distinctness of beds depends upon compositional con
trast; some contacts are distinct and provide potential parting, some are
indistinct and lack potential parting. Mudstone, in places at least, has
indistinct thin to medium bedding within very thick intervals. Beds and
zones of calcite-cemented conglomerate and sandstone are thick to 4 ft;
nodules and concretions to large; limestone beds medium. Tuff beds in
unit 284 occur in zones of dominant tuff as thick as 50 ft or more, many
10-50 ft thick (as judged from expression in aerial photographs); tuff beds
show many distinct internal very thin to thick beds that lack parting
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potential. Most tuff beds in unit 134 are thick to 5 ft (Sarna-Wojcicki,
1976).

Parting: Present on some bedding planes, mostly wide to 10-ft spacing.
Poorly developed parting in some mudstone. In tuff, little parting on
bedding within tuff, but present at unknown spacing, probably wide to
very wide (as much as 15 ft), on contacts between tuff and nontuffaceous
rock within zones of dominant tuff.

Fracture: Mudstone and clayey sandstone have close to very close spac
ing of weathering fracture; clean and silty sandstone have close to wide,
mostly moderate, fracture spacing. Tuff has moderate to 4-ft spacing, and
some has additional weathering fracture at close to very close spacing.
Conglomerate is unfractured. Tuffaceous sandstone has moderate to wide
original spacing and close to very close spacing of weathering fracture.
Calcite-cemented sandstone, conglomerate, concretions, and nodules
generally have moderate to wide spacing, some as much as 5 ft.

Permeability: Intergranular permeability of mudstone is very low; clayey
and dirty sandstone low; clean sandstone moderate; conglomerate low
to moderate, probably largely low; tuff low to very low; tuffaceous sand
stone low. Thus, intergranular permeability of bedrock in both units is
largely low to very low, minor to some moderate in shallow rock, prob
ably some moderate to high below shallow rock. Almost all mantle in
unit 134 is very low, minor to some moderate; most to almost all mantle
in unit 284 is very low, minor to some moderate.

Weathering: Mudstone is weathered to depths less than 8 ft, clean sand
stone probably to depths greater than 30 ft.

Surficial mantle: In unit 134, almost all is clayey, minor to some granu
lar; in unit 284, most to almost all is clayey, minor to some granular.

Expansivity: In unit 134, much bedrock is severely expansive (mudstone),
probably most is expansive; almost all mantle is severely expansive. In
unit 284, probably much bedrock is expansive; probably most to almost
all mantle is severely expansive. Bedrock samples: D19A, moderately
cracked mudstone, typical of much mudstone, free swell 105 percent;
LV6, well-cracked fine sandy mudstone, anomalous but abundant local
constituent in intervals thicker than 50 ft, free swell 140 percent. Surficial
mantle: 80 percent of mantle in unit 134 is similar to sample DU2, dark
sandy clay soil, free swell 113 percent, and sample D20, dark clay soil,
free swell 103 percent; 10 percent is similar to sample TI8, well-cracked
dark clay soil, free swell 112 percent, and sample D21, moderately
cracked dark clay soil, free swell 129 percent; and 10 percent of mantle
is sandy, light colored, very mildly cracked. Other samples: TIl, light
brown clayey soil on conglomerate, free swell 80 percent; D2, dark clay
soil, typical, free swell 108 percent.

Stratigraphic thickness: Unit 134 about 9,000 ft (Hall, 1958).
Sources: Hall, 1958; Sarna-Wojcicki, 1971, 1976; Taff, 1935; Vitt, 1936;

Webb and Woodbume, 1964; Welch, 1964; 12 stations.

MAP UNIT 140

Geologic unit, (age), and location: Glen Ellen Formation, tuffaceous
member (Q and (or) T), in area east of Santa Rosa Valley.

Summary: Much (probably more than 40 percent) tuff and tuffaceous rock
interbedded with some conglomerate, some sandstone, and some fine
grained clayey rock. See unit 123.

Composition, hardness, bedding, parting, fracture, and weathering:
Materials in this unit are identical to those described for unit 123, but
proportion of tuff and tuffaceous rock is different.

Permeability: Most shallow bedrock has low to very low intergranular
permeability, some moderate to high; below shallow rock, some to much
moderate to high. Probably much mantle moderate, much low to very
low.

Surficial mantle: Granular to clayey, probably much of each.
Expansivity: Most bedrock is unexpansive, but some (much of mudstone

and claystone and much clayey sandstone near tuff) is expansive, some
claystone severely so. Much to most mantle is expansive, some of this
severely expansive. See samples for unit 123.

Sources: Blake and others, 1971; LA. Bartow and M.C. Blake, Jr., oral
commun., 1973; Cardwell, 1958, 1965; Gealey, 1951; Sarna-Wojcicki,
1971; several stations.

MAP UNIT 141

Geologic unit, (age), and location: Sedimentary deposits (T), near Napa
and Sonoma Valleys.

Summary: Largely soft sedimentary materials, almost all having some
tuffaceous component; includes conglomerate, sandstone, and silty clay
stone. Most has low to very low permeability, but unit contains some
materials of moderate to high permeability. Some severely expansive
bedrock and mantle. See units 123 and 140 for more detailed descrip
tion of similar materials.

Expression in aerial photographs: Least resistant unit in Sonoma
Volcanics, generally underlies low topography.

Composition: Sedimentary materials, almost all of which have some tuf
faceous component; includes materials of different character in differ
ent areas of exposure. Major compositions are: (l) Conglomerate of hard
rounded pebbles and cobbles, mostly less than 3 in. in diameter but as
large as I ft, in matrix of clean to clay-saturated, fine-grained to very
coarse grained sandstone. (2) Tuffaceous sandstone and tuff, variably
tight or porous. (3) Silty claystone. Unit consists of some to much of
each major composition; locally includes andesitic or rhyolitic flow rock
(like units 234 and 218).

Hardness: Largely soft; some tuff and tuffaceous sandstone is firm. Clasts
in conglomerate are hard.

Bedding: Intervals of major compositions are distinct to indistinct and
mostly very thick (l0-30 ft); bedding within these intervals, including
crossbedding, is medium to very thick (5 ft). In places, sandstone, con
glomerate, and claystone are distinctly interbedded in medium to 15-ft,
generally thick, beds.

Parting: At some bedding planes, mostly at very wide (l0- to 30-ft) spac
ing.

Fracture: Highly variable spacing, ranging from close and moderate in
claystone and some sandstone, to moderate and wide in some tuff and
tuffaceous sandstone, to very wide, occasional, or absent in coarse sand
stone and conglomerate. In places, fracture is developed only within 1
2 ft of ground surface.

Permeability: Intergranular permeability of most bedrock is low to very
low, but perhaps one-fourth of shallow bedrock is moderate to locally
high; generally more moderate and high below shallow bedrock. Most
mantle low to very low, some moderate.

Weathering: Permeable materials are weathered to depths of more than
25 ft, relatively impermeable materials to depths of 4-10 ft; weathered
beds may underlie unweathered beds. Free clay is produced in many beds
by weathering, but absent in tight beds.

Surficial mantle: Largely clayey, some granular.
Expansivity: Most bedrock is unexpansive; some is severely expansive

(claystone), particularly in area of exposure near Howell Mountain Road.
Much to most mantle is unexpansive, but some or more is severely ex
pansive, particularly in area of exposure near Howell Mountain Road.
Bedrock sample: SH5, claystone typical of much of area of exposure
near Howell Mountain Road, free swell 104 percent. Surficial mantle
samples: N7, typical clayey soil, free swell 35 percent; SHI6A, clay in
landslide, free swell 99 percent; SHI6B, cracked clay, free swell 54
percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973;
Johnston, 1948; Kunkel and Upson, 1960; six stations.

MAP UNIT 150

Geologic unit, (age), and location: Montezuma Formation (Q), only south
of San Pablo Bay at north end of the East Bay Hills.
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Summary: Clayey materials interbedded with some sandstone and con
glomerate. Largely soft, but some firm materials. Much severely expan
sive bedrock and mantle.

Composition: Most consists of clayey material, including mudstone, clay
stone, siltstone, and clayey fine-grained· sandstone; some to much is
nonclayey material, including silty fine-grained sandstone, clean me
dium- to fine·grained sandstone, and conglomerate. Conglomerate con
sists of hard and firm clasts rarely as much as 6 in. in diameter in matrix
of variably silty, medium-grained sandstone. A typical exposure might
show largely clayey material, but perhaps 30 percent clean sandstone and
10 percent conglomerate. Includes oyster bed at base of unit in places.

Hardness: Largely soft; some clean sandstone approaches loose; some
clayey fine sandstone, mudstone, and claystone are firm.

Bedding: Horizontal beds of variable thickness. Major lithologic changes
are distinct and medium to very thick (30 ft). Within these intervals, bed
ding is indistinct at medium to very thick (6 ft), except clean sandstone
has internal thin to very thin crossbedding.

Parting: At some bedding planes, which mostly have wide to very wide
(30·ft) spacing, but absent on other bedding planes and within beds.

Fracture: Largely unfractured. Firmer materials are fractured; mudstone
at close spacing, clayey sandstone in places at moderate to wide spac
ing.

Permeability: Intergranular permeability of claystone, mudstone, and clay
saturated sandstone very low; siltstone and partly saturated clayey fine
sandstone low; clean sandstone mostly moderate, some high; conglom
erate mostly moderate, some low. Thus, intergranular permeability of
most bedrock is low to very low, some to much moderate to high in hori
zontal interbeds. Most mantle very low to low, some moderate.

Weathering: All exposures are weathered at least on surface of cuts to
depths greater than 10ft.

Surficial mantle: Largely clayey, some granular.
Expansivity: Some to much bedrock is severely expansive (claystone,

mudstone), some unexpansive. Much mantle severely expansive, some
unexpansive. Bedrock samples: MIlO, silty claystone, moderately
cracked, free swell 122 percent; MI7B, sandy claystone, free swell 170
percent; MIl3, silty claystone, well cracked, free swell 154 percent.
Surficial mantle sample: MI7A, sandy clay soil, well cracked, free swell
97 percent. Expansive claystone and mudstone constitute much of unit
in places, in other places as little as 10 percent of exposure.

Sources: J.R. Wagner, written commun., 1973; Wagner, 1978; four sta
tions.

MAP UNIT 151

Geologic unit, (age), and location: Sedimentary rocks (QT), only along
Santa Clara Valley margin in the San Jose-Fremont area.

Summary: Largely clayey rock, including mudstone, siltstone, and clayey
sandstone; some conglomerate. Most bedrock and mantle is expansive.

Expression in aerial photographs: Nonresistant intermediate topography.
Composition: Largely clayey rock, including mudstone, siltstone, and

clayey sandstone; some conglomerate; minor calcite-cemented rock, es
pecially near base. Some clayey sandstone is pebbly. See units 120-122
for more detailed description of similar materials.

Hardness: Clayey rock is largely firm to soft where weathered, firm where
fresh; conglomerate largely soft with hard clasts; cemented rock hard.

Bedding: Largely distinct, medium to very thick (3- to 15-ft or more),
irregular or lenticular beds of conglomerate between similar thicknesses
of clayey rock. Conglomerate and clayey rock may be internally bed
ded, distinctly to indistinctly, at thin to very thick. Hard cemented rock
in medium to very thick (5-ft) beds.

Parting: Largely absent; present only at contacts between mudstone and
conglomerate.

Fracture: Clayey rock has close to moderate spacing of weathering frac
ture; much conglomerate is unfractured; cemented rock probably mod
erate to wide.

Permeability: Most bedrock has low to very low intergranular permeabil
ity, some moderate to high (conglomerate). Mantle largely very low.

Weathering: Some mudstone is fresh at depth of 6 ft; most sandstone and
conglomerate is weathered to depths greater than 10ft.

Surficial mantle: Largely clayey.
Expansivity: Much to most bedrock is severely expansive (mudstone),

some significantly expansive (clayey sandstone). Most mantle expansive,
much severely so. Bedrock samples: CVRI, weathered sandy mudstone,
typical of about half of bedrock, free swell 108 percent; CVR37, weath
ered clayey sandstone, free swell 57 percent. Surficial mantle samples:
CVR38, mildly cracked sandy clay soil, typical, free swell 75 percent;
CVR39, black pebbly clay soil, typical, free swell 100 percent. Califor
nia Department of Water Resources (l966b) reported fat clay soil (that
is, highly plastic and probably severely expansive clay soil) that has
cracks to depth of 30 ft.

Stratigraphic thickness: At least 800 ft.
Sources: California Department of Water Resources, 1966b, 1967;

Crittenden, 1951; Templeton, 1912; five stations.

MAP UNIT 152

Geologic unit, (age), and location: Sedimentary rocks (QT), only in hills
east of the San Jose-Fremont area.

Summary: Most is mudstone, siltstone, and clayey very fine grained sand
stone; some sandstone and conglomerate; minor calcite-cemented rock,
tuff, and tuffaceous sandstone. Near Monument Peak, largely clean con
glomerate and sandstone. Most bedrock is significantly expansive, most
mantle severely expansive.

Expression in aerial photographs: Largely intermediate topography, most
lacks ribs. Near golf course has numerous, prominent, light-toned resis
tant bands as wide as 30 ft against dark-toned bands as wide as 100 ft.
On steep slope below Monument Peak, hard to intermediate topography
shows abundant resistant light-toned bands as wide as 30 ft interspersed
with dark-toned bands of about equal or greater width (generally as much
as 50 ft). Light-toned bands are probably conglomerate and sandstone(?)
as described in literature.

Composition: Over most of area, most of unit (80 percent) is mudstone,
siltstone, and clayey very fine grained sandstone; some (20 percent) is
dirty sandstone and conglomerate; minor hard calcite-cemented sandstone
and conglomerate. Near Monument Peak, most of unit is conglomerate
and sandstone, probably more than half conglomerate; in this area, con
glomerate has clean, coarse sand matrix and sandstone is coarse to me
dium grained.

Hardness: Clayey materials are firm where weathered, probably firm
where fresh. Sandstone and conglomerate are firm to quite firm where
weathered, probably hard to firm where fresh. Calcite-cemented rock is
hard.

Bedding: Largely distinct, medium to very thick (3- to 15-ft or more),
irregular or lenticular beds of sandstone and conglomerate between simi
lar thicknesses of clayey rock; these materials may be internally bed
ded, distinctly to indistinctly, at thin to very thick. Hard cemented rock
in medium to very thick (5-ft) beds.

Parting: Largely absent; present only on contacts between mudstone and
sandstone or conglomerate.

Fracture: Most clayey rock has very close to moderate spacing of weath
ering fracture. Conglomerate and sandstone (including hard cemented
rock) have spacing at close to very wide (5 ft), mostly moderate to wide,
and in places produce coherent blocks as large as 8 ft in diameter.

Permeability: Intergranular permeability of clayey rock (most of unit) is
very low to low; sandstone and conglomerate (some of unit) are largely
low, except near Monument Peak where they constitute most of unit and
are. probably moderate to high; calcite-cemented rock very low to low.
Probably some low fracture permeability in shallow bedrock. Most
mantle very low, except most is probably moderate near Monument Peak.
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Weathering: Some mudstone is fresh at depth of 6 ft; most sandstone and
conglomerate is weathered to depths greater than 10ft.

Surficial mantle: Largely clayey, except most is probably granular near
Monument Peak.

Expansivity: Near Monument Peak, most bedrock and mantle are prob
ably unexpansive. Elsewhere, most bedrock is significantly expansive,
most mantle severely expansive. Bedrock samples: CVR 19A, typical
mudstone, free swell 50 percent; CVR 19B, cracked mudstone, free swell
70 percent. Surficial mantle samples: CVR5, mildly cracked sandy clay
soil, typical, free swell 100 percent (exaggerated); CVRI9C, moderately
cracked sandy clay soil on some of unit, free swell 85 percent.

Stratigraphic thickness: As much as 2,000 ft.
Sources: California State Water Resources Board, 1955; Crittenden, 1951;

Hall, 1958; Templeton, 1912; three stations.

MAP UNIT 153

Geologic units, (age), and location: Glen Ellen Formation (Q and (or)
T) and Huichica Formation (T); clayey facies mapped by reference to
Weaver (1949) and interpretation of aerial photographs, southwest of Napa.

Summary: Almost all is unbedded claystone and siltstone; minor inter
bedded conglomerate and sandstone similar to that described for unit 123.
Most bedrock and mantle is expansive. See unit 123.

Expression in aerial photographs: Entirely nonresistant, soft topography;
distinguished from unit 123 by excluding areas of resistant topography.

Composition: Almost all is silty claystone, claystone, and siltstone; mi
nor interbedded conglomerate and sandstone similar to that in unit 123.
Largely clay saturated.

Hardness: Soft to possibly firm where fresh, soft where weathered.
Bedding: Largely absent; interbedded conglomerate and sandstone are

distinct.
Parting: Absent.
Fracture: Unknown where fresh, close to very close where weathered.
Permeability: Intergranular permeability of almost all bedrock is very low

or low, but minor low (in shallow rock) to moderate (below shallow rock)
in sandstone and conglomerate interbeds. Most mantle very low, some low.

Weathering: To depths of more than 6 ft.
Surficial mantle: Almost all clayey. Dark clay and silty clay soil, 2-3 ft

thick.
Expansivity: Most to almost all bedrock is expansive, some or more is

severely so. Most to almost all mantle is expansive, most is severely
expansive. See unit 123 for bedrock samples. Surficial mantle samples:
CW2, dark soil, typical, free swell 89 percent; N8, clay and soil over
clay, typical, free swell 91 percent. Compare sample SNI, dark clayey
soil on clayey materials in unit 123 that appear similar to unit 153, free
swell 40 percent.

Sources: Fox, 1983: Kunkel and Upson, 1960; Weaver, 1949; four sta
tions.

MAP UNIT 154

Geologic unit, (age), and location: Siesta Formation (T), in the East Bay
Hills.

Summary: Interbedded mudstone and sandstone, largely mudstone. Most
firm, low to very low permeability. Much expansive bedrock, much se
verely expansive mantle.

Expression in aerial photographs: Soft, nonresistant topography and
some areas of intermediate topography.

Composition: Interbedded mudstone (silty claystone) and sandstone; ap
proximately 60-70 percent mudstone, 30-40 percent sandstone. Sandstone
is tuffaceous, very fine to coarse grained, mostly fine to medium grained,
and moderately to moderately well sorted. Most sandstone is saturated
by clay and silt, but about 5-10 percent is clean enough to have moder
ate permeability. Unit includes minor pebble conglomerate, cherty lime
stone, lignite seams, and tuff; also a few basaltic or andesitic flows near

top of unit. Includes hard, calcite-cemented, ovoid concretions to me
dium and some partial calcite cementation that produces firm to quite
firm rock.

Hardness: Mudstone has firm pieces. Sandstone is largely firm, some firm
to soft, some partially cemented by calcite and quite firm. Conglomer
ate firm, tuff probably firm. Hard concretions to medium.

Bedding: Distinct to indistinct interbedded sandstone and mudstone mostly
in medium to very thick (lO-ft) beds, but some mudstone beds as thick
as 20 ft. Radbruch (1969) reported that beds are thin to 12 ft thick, mostly
1-5 ft. Much mudstone is massive, some laminated. Limestone beds
rarely as thick as 10-20 ft. Lignite in distinct very thin beds.

Parting: At bedding planes, mostly moderate to very wide (lO-ft) spac
ing.

Fracture: Mudstone has close to very close spacing. Dirty sandstone is
generally fractured at close to moderate spacing, and some weathers
spheroidally at very close spacing to produce onionskin shells. Clean
sandstone has moderate to wide spacing, rarely very wide (as much as
5 ft).

Permeability: Intergranular permeability of mudstone is very low; most
sandstone (saturated by clay and silt) low; clean 5-10 percent of sand
stone moderate, some possibly high; conglomerate low; tuff probably
low; limestone very low. Thus, intergranular permeability of most bed
rock very low, some to much low, minor moderate to high in shallow
rock, probably some moderate to high below shallow rock. Probably
some low fracture permeability in shallow rock. Most mantle very low
to low, probably some moderate.

Weathering: Much of unit lacks color change, gray to ground surface.
Weathering fracture extends to depths of more than 15 ft. Radbruch
(1969) reported weathering depths from a few inches to 15 ft. We esti
mate weathering to depths greater than 30 ft in permeable sandstone.

Surficial mantle: Largely clayey, probably some granular. Radbruch
(1969) reported soil as deep as 3 ft.

Expansivity: Much to most bedrock is expansive, some severely expan
sive. Much mantle is severely expansive, probably much significantly
expansive. Bedrock samples: OE5B, well-cracked weathered mudstone,
free swell 76 percent; OE6, well-cracked weathered mudstone, free swell
87 percent; much mudstone appears less expansive. Surficial mantle
sample OE5A, dark clay soil, typical of 30-40 percent of mantle, free
swell 122 percent; remainder of soils are less expansive.

Stratigraphic thickness: As much as 200 ft (Lawson, 1914); 550 ft (l.R.
Wagner, written commun., 1973).

Sources: Case, 1963; Lawson, 1914; Lawson and Palache, 1902; Radbruch,
1969; Radbruch and Case, 1967; J.R. Wagner, written commun., 1973;
Wagner, 1978; four stations.

MAP UNIT 155

Geologic unit, (age), and location: Petaluma Formation (T), in the Santa
Rosa-Sonoma Valley area.

Summary: About 70 percent claystone and fine-grained clayey rock, 25
percent sandstone, 5 percent conglomerate. Most bedrock and mantle is
severely expansive.

Expression in aerial photographs: Topography is subdued over clayey
rock, especially claystone, and more resistant over clean materials. Ex
posures are representative largely of clean materials.

Composition: Largely claystone and similar fine-grained clayey rock, such
as clayey siltstone and sandy claystone; lesser sandstone and conglom
erate. Includes minor tuff breccia, fine-grained tuff, tuffaceous rock, and
diatomite. Limestone beds and nodular masses occur rarely in claystone,
and calcite-cemented concretions and beds occur locally in sandstone.

Claystone, silty claystone, clayey siltstone, and sandy claystone all
occur, and are similar in properties. Sandstone ranges from very fine
grained to very coarse grained, mostly fine to medium grained; from
poorly sorted to well sorted, mostly moderately sorted to well sorted;
and from clean rock that lacks interstitial fines to rock that is saturated
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by silt and (or) clay. Some of both clean and clay-saturated sandstone
are present, and much sandstone is partly clogged by clay and silt. Con
glomerate is composed of hard clasts in sandstone matrix. Clasts gener
ally are less than 3 in. in diameter, but in places as large as 6 in. and
locally (near Meacham Hill) greater than I ft in diameter. Conglomer
ate matrix is similar to sandstone beds, but generally more poorly sorted;
it varies in grain size and in proportion of clay and silt from clean sand
to clay-saturated sand. Almost all conglomerate contains interstitial ma
trix, but some very coarse sandstone and grit (grains as large as 0.15
in.) lacks interstitial fines. Tuffaceous rock includes pumiceous tuff brec
cia, pumiceous lapilli tuff, and well-bedded tuffaceous rock. In places,
tuff beds are bentonized, but mostly they appear fresh. Diatomite occurs
near tuff in places.

An estimated 70 percent of unit is claystone and fine-grained clayey
rock, 25 percent sandstone, and 5 percent conglomerate (Cardwell, 1958;
Weaver, 1949).

Hardness: Fine-grained clayey rock is firm where fresh, firm to soft and
sticky where weathered. Sandstone and conglomerate are soft and fri
able where weathered, but clasts in conglomerate are hard. Where fresh,
tuff breccia and lapilli tuff are firm and tough, diatomite firm to hard
but punky, and tuffaceous rock mostly firm. Tuff beds are low in den
sity. Calcite-cemented sandstone beds and concretions are hard, as is
limestone.

Bedding: At a broad scale, zones and lenses of sandstone and conglomer
ate as thick as 200 ft are distributed within dominant fine-grained clayey
rock. At a more detailed scale, bedding, where observed, is distinct, and
thicknesses are as follows: Claystone and most fine-grained clayey rock
are internally laminated and occur in very thin to very thick beds be
tween beds of different composition. Sandstone beds range from thin to
very thick (30 ft), but are mostly medium to 10 ft. Sandstone in many
places is internally laminated and cross laminated, and beds are irregu
lar in thickness and form, especially where interbedded with conglom
erate. Conglomerate occurs in medium to very thick beds, in many places
crossbedded with sandstone interbeds. Tuff breccia and lapilli tuff oc
cur in very thick (10- to 25-ft) beds. Tuffaceous rock generally occurs
in medium to thick beds, but beds range from thin to 15 ft. Diatomite
occurs in beds as thick as 30 ft. Calcite-cemented concretions are me
dium in thickness and as much as 5 ft in length. Limestone beds and
nodules are thin to medium.

Parting: Mostly absent in fine-grained clayey rock, but present in some
claystone at close to moderate spacing. Mostly present at bedding planes
between sandstone and fine-grained clayey rock, but not between sand
stone and conglomerate. Close spacing of parting in some diatomite
becomes very close where weathered. Good parting in bedded tuffaceous
rock.

Fracture: In claystone, weathering fracture is discoidal at close to very
close spacing; some or more has original fracture at moderate spacing.
Siltstone and clayey very fine sandstone show moderate spacing where
fresh, becoming close to very close where weathered. Some or more
sandstone shows spacing at close to wide, mostly moderate, some or more
shows no fracture; thin-bedded sandstone is mostly fractured at close to
very close spacing. Clayey sandstone develops additional fractures at
moderate to very close spacing where weathered. In conglomerate, frac
tures generally are not recognizable except where cemented by iron ox
ide. Tuff breccia and lapilli tuff are fractured at moderate to wide
spacing, some close, becoming very close to close where weathered.
Diatomite has close to moderate spacing. Tuffaceous rock has mostly
moderate spacing, becoming close to very close where weathered.

Permeability: Intergranular permeability is very low in claystone and clay
saturated rock; low in silt-saturated sandstone; moderate to high in clean
sandstone and clean grit; low to very low in tuff and tuffaceous rock.
Thus, intergranular permeability of most bedrock is very low, but some
is moderate and even high. Unit is reported to have low yields as an
aquifer, generally adequate for domestic use only. Most mantle very low,
some moderate.

Weathering: Variable; to depths of 2-3 ft in claystone, more than 30 ft in
some sandstone. Sandstone and conglomerate generally are weathered
to depths greater than 15 ft.

Surficial mantle: Largely clayey, some granular.
Expansivity: Most bedrock and mantle are severely expansive, some of

each unexpansive. Bedrock samples: PRI4, weathered claystone, typi
cal under much of low topography in unit, free swell 121 percent; PR8,
sandstone, free swell 42 percent; PR6B, weathered sandstone, free swell
15 percent; PR9, claystone near base of unit, free swell 80 percent; SP2A,
claystone, free swell 84 percent; GE8, weathered very fine sandy clay
stone, free swell 129 percent; C02, weathered claystone, free swell 148
percent; TR5, claystone, free swell 83 percent. Surficial mantle samples:
SPI, deeply cracked soil, free swell 124 percent; SP2B, clay soil on clay
stone, free swell 122 percent; C05, clay soil, typical, free swell 127
percent; C09, soil on sandy claystone, free swell 54 percent; PR7, soil,
free swell 47 percent; PRI2, clay soil on sandstone and claystone, free
swell 120 percent; PR6A, typical soil on sandstone and conglomerate,
free swell 39 percent. In summary, generally high expansivity of clay
stone, soil on claystone, and soil on interbedded claystone and sandstone;
low expansivity of sandstone and soil on predominantly sandstone and
conglomerate.

Stratigraphic thickness: About 4,000 ft for entire formation (Morse and
Bailey, 1935). Where claystone member (unit 156) is distinguished, re
mainder of unit about 3,500 ft (Morse and Bailey, 1935).

Sources: I.A. Bartow, written commun., 1972; Blake and others, 1974;
Cardwell, 1958; Dickerson, 1922; Huffman, 1971; Johnson, 1934;
Kunkel and Upson, 1960; Morse and Bailey, 1935; Travis, 1952; Weaver,
1949; 25 stations.

MAP UNIT 156

Geologic unit, (age), and location: Petaluma Formation, claystone mem
ber (T), in the Santa Rosa-Sonoma Valley area.

Summary: Largely claystone and shale; some interbedded siltstone; mi
nor volcanic rock and sandstone. Materials are largely firm where fresh,
firm to soft where weathered. Most to almost all bedrock and mantle is
severely expansive.

Composition: Largely claystone and shale; some siltstone; minor scattered
sandstone interbeds, nodular masses and interbeds of limestone, lignite
beds, and volcanic rock. Lower part of unit is interbedded with volca
nic rock; upper part has increasing amount of sandstone as thin to me
dium, some thick, beds interbedded with thick, some medium, claystone.

Hardness: Shale and claystone are firm where fresh, firm to soft where
weathered; sandstone interbeds soft and friable where weathered, prob
ably firm where fresh; limestone hard.

Bedding: Shale and claystone are generally laminated; sandstone interbeds
very thin to medium, rarely thick; limestone interbeds and nodular masses
thin to very thick (4 ft), mostly thin; lignite beds thin to medium.

Parting: In shale at very close spacing, and at contacts with sandstone
and limestone interbeds. An unknown proportion of fresh rock is fissile.

Fracture: In shale and claystone, spacing is very close to close where
observed (probably weathered); in sandstone, mostly close to moderate;
in limestone, variable, from close spacing to absent.

Permeability: Intergranular permeability is very low in shale and clay
stone, low in siltstone, low to possibly moderate in sandstone. Thus,
intergranular permeability of most bedrock very low, some low, minor
low to possibly moderate in shallow rock, minor moderate below shal
low rock. Almost all mantle very low.

Weathering: Color change at depths of 2-3 ft. Weathering develops fis
sility in otherwise nonfissile rock.

Surficial mantle: Almost all clayey.
Expansivity: Most to almost all bedrock and mantle is severely expan

sive. Sample: PR I0, typical clayey soil, free swell 98 percent. Expan
sivity is probably similar to claystone and soil over claystone in unit 155.

Stratigraphic thickness: 500-600 ft (Morse and Bailey, 1935).
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Sources: J.A. Bartow, written commun., 1972; Blake and others, 1974;
Huffman, 1971; Morse and Bailey, 1935; one station.

MAP UNIT 200

Geologic unit, (age), and location: Andesite and basalt (T), near Ever
green, southeast of San Jose.

Summary: Not seen in field. Includes fresh andesite and basalt, and al
tered andesite. Mantle is probably expansive.

Composition: (I) Fresh, black, porphyritic andesite that has a pitchy lus
ter. Contains phenocrysts of plagioclase and augite in felted groundmass
that has interstitial glass (Crittenden, 1951). Composition probably in
cludes basalt. Occurs immediately east of Silver Creek. (2) Altered andes
ite, cream colored to greenish, vaguely porphyritic having pilotaxitic
groundmass. Occurs within unit 689 near Thompson Creek (not distin
guished on map).

Hardness: Probably hard where fresh, hard to firm where weathered.
Bedding: Sill-like and dikelike sheets, unbedded.
Parting: Probably absent.
Permeability: Bedrock has very low intergranular permeability, probably

low fracture permeability to depth. Mantle probably very low.
Weathering: Andesite east of Silver Creek noted for freshness. Andesite

along Thompson Creek is described as barely recognizable, and so is
probably much affected by weathering.

Surficial mantle: Probably clayey, similar to other soils on andesite, such
as sample MGH2, red-brown clay subsoil on unit 20 I.

Expansivity: Bedrock unexpansive. Mantle probably expansive, as inferred
from sample MGH2, mildly cracked clay subsoil, free swell 90 percent.

Source: Crittenden, 1951.

MAP UNIT 201

Geologic unit, (age), and location: Andesite, about 3 miles northwest of
Anderson Reservoir, southeast of San Jose.

Summary: Largely andesite, but some serpentinite included in mapped
body. Hard where fresh, hard to firm where weathered. Probably most
mantle is expansive.

Composition: Largely andesite, mildly vesicular, but some serpentinite
included in mapped body. Probably shallow intrusive by inference from
unit 200. Much is brecciated or sheared.

Hardness: Hard where fresh, hard to firm where weathered; rock mass is
firm owing to brecciation and shearing.

Bedding: Probably absent.
Parting: Largely absent.
Fracture: Close to moderate spacing; hard medium blocks on ground sur

face.
Permeability: Bedrock has very low intergranular permeability, probably

low fracture permeability to depth. Most mantle very low to low.
Weathering: Weathers from fractures inward.
Surficial mantle: Largely clayey (subsoil). Mapped unit includes some

moderately cracked dark clay soil over serpentinite.
Expansivity: Bedrock unexpansive. Probably most mantle expansive, much

severely expansive (subsoil). Sample MGH2, mildly cracked red-brown
clay subsoil, free swell 90 percent.

Source: One station.

MAP UNIT 202

Geologic unit, (age), and location: Andesitic to dacitic plugs and intru
sive complexes of the Sonoma Volcanics (T), in area between Santa Rosa
Valley and Howell Mountains.

Summary: Andesitic to dacitic intrusive rock and intrusive complexes
(areas of abundant intrusions). Intrusive rock is hard, has close to wide,
mostly moderate, fracture spacing, and some has close to very close
parting. Topographically resistant. Ripped with difficulty, some blast
ing may be necessary.

Composition: Andesitic to dacitic intrusive rock, in many places porphy
ritic and (or) vesicular. In area east of Napa, unit is predominantly breccia
of blocks of andesite as large as I ft in diameter in matrix of smaller
blocks and chips. Long, narrow mapped bodies of unit are entirely in
trusive rock, whereas wide and irregularly shaped bodies contain other
materials in addition to numerous 10- to 30-ft-wide bodies of intrusive
rock.

Hardness: Intrusive rock is uniformly hard to the ground surface, where
it generally crops out. In area east of Napa, breccia of hard blocks in
firm matrix.

Bedding: Absent.
Parting: Present in some intrusive rock at close to very close spacing,

about parallel to borders of intrusive body. Absent in much rock, incipi
ent in some. Emphasized by weathering.

Fracture: Spacing ranges from close to wide, generally either close to
moderate or moderate to wide. Orderly prismatic jointing in places. In
places, fractures are lined by white altered rock as thick as about 0.1 in.
on fracture-bounded blocks.

Permeability: Bedrock has very low intergranular permeability, probably
low fracture permeability to depth. In area east of Napa, breccia has low
to moderate intergranular permeability. Mantle probably variable, mod
erate to very low.

Weathering: Mostly crops out or nearly crops out, fresh to ground sur
face. Where incipient parting is present, parting may be developed by
weathering at ground surface or within about I ft of surface.

Surficial mantle: Absent (in outcrop) to thin (about I ft), granular to
clayey, containing many small to medium hard blocks.

Expansivity: Bedrock largely unexpansive. Probably some mantle expan
sive. See samples for unit 234.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; four
stations.

MAP UNIT 203

Geologic unit, (age), and location: Rhyodacite intrusions (T), near Marsh
Creek, east of Mount Diablo.

Summary: Rhyodacitic intrusive rock, largely as sills and dikes, some
plugs. Largely hard; moderate to wide fracture spacing, but some blocks
as large as 10ft in diameter. Largely clayey mantle, probably much to
most is significantly expansive.

Expression in aerial photographs: Somewhat resistant bumps.
Composition: Rhyodacite, containing phenocrysts of plagioclase, promi

nent biotite, and hornblende in microcrystalline to cryptocrystalline
groundmass of about 30 percent quartz, 35 percent potassium feldspar,
and 25 percent plagioclase (An 32-35) (Pampeyan, 1963). Previously
called micaceous hornblende andesite (Turner, 1891; Taff, 1935). May
include minor metamorphosed Cretaceous sedimentary rock.

Hardness: Hard where fresh; largely hard, some firm, where weathered.
Country rock is metamorphosed, probably hard, within 2-10 ft of con
tact (Turner, 1891; Pampeyan, 1963).

Bedding: Absent. Some is banded. Occurs largely as sill-like masses (Taff,
1935), lesser plug-like masses.

Parting: Absent.
Fracture: Largely moderate to wide spacing, much of each, probably

dominant moderate, but some blocks as large as lOft in diameter.
Permeability: Bedrock has very low intergranular permeability, probably

low fracture permeability to depth. Probably most mantle low to very
low, some to much moderate.

Weathering: Some rock flakes where well weathered.
Surficial mantle: Probably largely clayey, some to much granular.
Expansivity: Bedrock unexpansive. Probably most mantle significantly

expansive. Sample AS45, brown clayey soil, typical, free swell 53 per
cent.

Sources: Pampeyan, 1963; Taff, 1935; Turner, 1891; one station.
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MAP UNIT 204

Geologic unit, (age), and location: Rhyolitic plugs and dikes of the
Sonoma Volcanics (T), in area between Santa Rosa Valley and Howell
Mountains.

Summary: Intrusive rhyolite to rhyodacite variably composed of coher
ent rock, breccia, and highly vesicular to pumiceous rock. Coherent rock
is mostly hard and resistant; it could require blasting in places. Mantle
probably thin and largely unexpansive.

Expression in aerial photographs: Topographically resistant rock; gen
erally protrudes from surrounding terrain as buttes, knife-edges, or less
dramatic steep, prominent topography.

Composition: Rhyolite to rhyodacite, glassy to lithoidal, flow banded, and
locally perlitic. Composed of either coherent rock, breccia of small to
medium blocks in matrix of very close fractured rock, or highly vesicu
lar to pumiceous rock.

Hardness: Coherent rock, both rhyolite and glass, is mostly hard, but is
firm in places, both where weathered and fresh. Brecciated rock has hard
blocks, which are fresh to near the ground surface, in matrix of very
closely fractured rock that is firm to soft where weathered. Vesicular
rhyolite is firm to soft.

Bedding: Absent. Much rhyolite has flow banding.
Parting: Present at close to moderate spacing in some flow-banded rhyo

lite, parallel to bands.
Fracture: Generally close to moderate spacing in coherent rock; small to

medium blocks in breccia.
Permeability: Very low intergranular permeability, probably low fracture

permeability to depth, in coherent bedrock; moderate to high intergranu
lar permeability in breccia. Probably most mantle moderate, some low.

Weathering: Coherent rhyolite is fresh to ground surface except for some
weathering along fractures; perlitic glass probably is commonly weath
ered firm to depth of 10 ft. Matrix of breccia weathered to depth of more
than 25 ft, pieces fresh.

Surficial mantle: Probably largely granular, some clayey; thin to absent.
Expansivity: Bedrock largely unexpansive. Most mantle probably

unexpansive, some may be expansive. See units 218 and 240.
Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; one

station.

MAP UNIT 210

Geologic unit, (age), and location: Putnam Peak Basalt (T), in English
Hills, north of Vacaville.

Summary: Hard, dense, olivine-bearing basalt, having variably crude co
lumnar jointing at moderate spacing. Forms cliffs.

Composition: Olivine-bearing basalt, some porphyritic; almost entirely
dense, hard rock. Minor vesicular rock near top; no scoriaceous rock;
local interflow breccia. Durrell (1959) reported that it is almost impos
sible to find interflow contacts. Minor pillow basalt at Drakes Point
(Thomasson and others, 1960).

Hardness: Uniformly hard.
Bedding: Minor flow banding in places.
Parting: Parting parallel to flows is absent or rare (Durrell, 1959).
Fracture: Columnar jointing perpendicular to flows is irregular or poorly

developed in part, mostly at moderate, rarely wide, spacing. Other ir
regular joints produce medium blocks. Weaver (1949) characterized frac
ture as splintery to subconchoidal. Blocks 20-30 ft in diameter have
moved down hillsides.

Permeability: Bedrock has very low intergranular permeability, low to
possibly moderate fracture permeability persisting to depth. Mantle prob
ably largely low to very low, much may be moderate.

Weathering: Alters rock to red-brown color, especially along fractures,
but rock is largely hard and fresh to ground surface. Forms cliffs.

Surficial mantle: Probably largely clayey, much may be granular. Much
thin to absent.

Expansivity: Bedrock unexpansive. Mantle probably largely expansive.

Stratigraphic thickness: 25-300 ft.
Sources: Durrell, 1959; Weaver, 1949; Thomasson and others, 1960; one

station.

MAP UNIT 211

Geologic unit, (age), and location: Basalt (QT), only near Concord.
Summary: Probably Quaternary flow (Taff, 1935) on surface eroded into

unit 373, overlain by alluvial deposits. Hard rock, expansive clay soil.
Expression in aerial photographs: Resistant intermediate topography, but

no topographic style has developed owing to occurrence in small, iso
lated patches. Supports trees; light tone.

Composition: Olivine basalt, reported to be finely porous to vesicular,
much having flow structure (Taff, 1935). Minor red vesicular basalt near
south edge of exposure.

Hardness: Largely ringing hard; highly vesicular rock probably quite firm.
No weathered rock observed.

Bedding: Absent.
Parting: Absent in exposures observed; possibly present in some rock

owing to flow structure reported by Taff (1935).
Fracture: Spacing ranges from moderate to very wide (7 ft), mostly wide

to 5 ft in outcrop; strikingly widely fractured in outcrop. Much may have
moderate spacing, as this rock has been quarried for paving (Taff, 1935).

Permeability: Bedrock has very low intergranular permeability, low to
possibly moderate fracture permeability to depth. Probably most mantle
very low.

Weathering: In exposures observed, weathering effects are absent and
fresh rock crops out.

Surficial mantle: Probably largely clayey.
Expansivity: Bedrock unexpansive, most mantle expansive. Sample CL26,

moderately cracked typical clay soil, free swell 100 percent (exagger
ated).

Sources: Taff, 1935; Turner, 1891; two stations.

MAP UNIT 212

Geologic unit, (age), and location: Clear Lake Volcanics (called volca
nic rocks of Clear Lake area by Fox and others, 1973), olivine basalt
member (Q), near northern boundary of region northeast of Napa Valley.

Summary: Hard olivine basalt that has moderate to 5-ft fracture spacing.
Most can be ripped, some blasting required. Minor firm tuff at base in
places (see unit 271). Thin, stony clay mantle, where present, is largely
expansive.

Composition: Olivine basalt, mostly vesicular. Includes minor lapilli tuff
at base.

Hardness: Hard where fresh, firm where weathered. Tuff is firm.
Bedding: Includes as many as three principal flows, ranging from a few

feet to about 100 ft thick (Brice, 1953).
Parting: In places, crude parting parallel to elongate vesicles at moderate

to wide spacing.
Fracture: Moderate to very wide (5-ft) spacing, irregular except where

parallel parting exists, in which case fracture is about perpendicular to
parting. Where unit forms palisades, fracture is crudely columnar about
perpendicular to the layer at wide to 5-ft spacing. Fracture spacing in
tuff is unknown.

Permeability: Intergranular permeability of basalt (almost all of unit) very
low; fracture permeability probably low, extending to depth. Tuff has
low intergranular permeability. Mantle probably largely very low to low.

Weathering: Extends to unknown depth along fractures, leaving firm or
soft material as thick as about 0.5 in. on some fractures. Weathering of
surface rock varies from absent (outcrop of hard rock) to maximum depth
of 5 ft; where no outcrop, rock is generally weathered firm within 2 ft
of ground surface. Outcrop extends over about half of ground surface.

Surficial mantle: Thin, probably largely clayey where present. Red stony
clay soils, such as sample AES I, are typical.
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Expansivity: Bedrock unexpansive. Mantle, where present, is probably
largely expansive. Sample AES I, red stony clay soil, mildly cracked,
typical, free swell 79 percent.

Stratigraphic thickness: Variable because lava flowed onto an uneven
surface; total thickness of 550 ft in main basalt area near Clear Lake
includes flows from several feet to about 100 ft thick (Brice, 1953).

Sources: Brice, 1953; Fox and others, 1973; one station.

MAP UNIT 213

Geologic unit, (age), and location: Bald Peak Basalt (T), in the East Bay
Hills.

Summary: Basaltic flow rock, close to wide fracture spacing. Resistant
unit on the whole, but some parts are not very resistant. Mantle largely
significantly expansive.

Composition: Largely basaltic flow rock in three flows. Lower two flows
are porphyritic olivine basalt that have large plagioclase and olivine
phenocrysts in an aphanitic groundmass. Overlying these flows is a tuff
of variable thickness, which is in turn overlain by a third flow, described
as doleritic, that is coarser grained than the lower two. Flow surfaces
show oxidized (red) froth. Unit includes very minor interbeds of con
glomerate, sandstone, and siltstone, which include abundant volcanic
fragments, and a lens of freshwater limestone.

Hardness: Flow rock is hard where fresh; where weathered, consists of
hard medium to large blocks in firm to soft weathered clayey matrix.
Weathered matrix makes up 50-70 percent of rock in upper 20 ft. Tuff
is probably firm fresh, firm to soft weathered.

Bedding: Three flows and one very thick (20-ft) bed of tuff.
Parting: About half of flow rock observed has roughly parallel fracture

at close to wide spacing. Also at rare bedding planes.
Fracture: Close to wide spacing, rarely as much as ,5 ft. Hard blocks in

weathering zone are mostly medium to large owing to softening of small
pieces; Radbruch (1969) reported that blocks are as large as I ft in di
ameter. Uppermost flow has crude columnar structure and tendency to
ward spheroidal weathering.

Permeability: Flow rock has very low intergranular permeability and low
to moderate fracture permeability to depth. Permeability of minor tuff
and sedimentary rock unknown. Most mantle low to very low.

Weathering: To depths greater than 20 ft along fractures. Close-fractured
pieces weather spheroidally to firm or soft material; medium to large
pieces remain hard to surface in places, in other places most is firm to
soft in upper 10 ft.

Surficial mantle: Largely clayey, stony. Thin (2-3 in.) according to
Radbruch (1969).

Expansivity: Almost all bedrock is unexpansive, but tuff (minor) is se
verely expansive where weathered. Most mantle significantly expansive.
Samples: BV31 B, clayey weathered tuff, moderately cracked, minor con
stituent, free swell 110 percent; BV31 A, stony clayey soil, typical, free
swell 62 percent.

Stratigraphic thickness: 375 ft (Lawson and Palache, 1902); 200 ft (LR.
Wagner, written commun., 1973); 300-350 ft (Lawson, 1914).

Sources: Case, 1963; Lawson, 1914; Lawson and Palache, 1902; Radbruch,
1969; Radbruch and Case, 1967; J.R. Wagner, written commun., 1973;
Wagner, 1978; one station.

MAP UNIT 214

Geologic unit, (age), and location: Basalt flows of the Sonoma Volcanics
(T), near Santa Rosa Valley.

Summary: Largely basalt flows, minor to some tuff. Basalt is fresh and
hard to near ground surface; weathers to bouldery rubble. Blasting re
quired in some for excavation. Mantle is thin, and probably most is sig
nificantly expansive.

Expression in aerial photographs: Resistant unit, but not very thick or
extensive; very resistant where mapped as thin bands. Intermediate to
pography, much irregular.

Composition: Most is aphanitic basalt, dark gray to black, porphyritic;
some dense, some very vesicular, some amygdaloidaL Contains scattered
phenocrysts of labradorite, olivine, and augite, and in places clumps of
olivine. Unit includes minor to some pumice lapilli tuff, dacitic in com
position, that in places contains minor lithic fragments as large as 6 in.
in diameter.

Hardness: Basalt is ringing hard where fresh; most rock breaks only with
difficulty along conchoidal fracture. Where spheroidally weathered, rock
between hard cores is firm. Basalt blocks in surficial mantle are hard.
Tuff is firm where fresh and weathered.

Bedding: Basalt in distinct layers (flows), mostly 10-30 ft thick, in places
as thick as 100 ft, between tuff of lesser thickness. Basalt locally has
distinct flow banding.

Parting: Largely absent.
Fracture: Spacing in basalt is moderate to very wide (6 ft). Local colum

nar jointing; in places, pillow structure defines effective fracture spac
ing.

Permeability: Flow rock (most of unit) has very low intergranular per
meability, but low to possibly moderate fracture permeability to depth.
Very vesicular rock may have moderate intergranular permeability where
vesicles are interconnected (not observed). Intergranular permeability in
tuff (minor to some of unit) is low. Probably most mantle low.

Weathering: Fresh rock extends to very near ground surface, where weath
ering attacks joints and leaves a mass of hard bouldery rubble. Spheroi
dal weathering in places. Soil contains many blocks of hard rock.

Surficial mantle: Probably largely clayey like unit 234, but much may
be granular. Most is rocky and thin, but as thick as 5 ft.

Expansivity: Bedrock largely unexpansive. Probably most mantle signifi
cantly expansive, possibly severely expansive locally. Sample HL8,
uncracked thin silt soil, typical, free swell 60 percent. Expansivity prob
ably similar to unit 234.

Sources: Gealey, 1951; Travis, 1952; three stations.

MAP UNIT 215

Geologic unit, (age), and location: Leona Rhyolite (T?), in the East Bay
Hills near Oakland.

Summary: Hard to firm, variably fractured rhyolite. In places requires
blasting (Radbruch, 1969). Rock used for fill, subgrade, and aggregate,
inspected by State for sulfides. Runoff is very acid and corrodes con
crete pipes (Radbruch, 1969). Much mantle lacking or thin, some is ex
pansive. Minor expansive bedrock.

Composition: Soda rhyolite, largely lithoidal; includes some porphyritic
glass, rare vesicular rock, very rare pyroclastic debris. Generally con
sists of a few percent (locally as much as 15 percent) phenocrysts in
groundmass of microcrystalline albite and quartz; less commonly ground
mass is spherulitic glass (Robinson, 1953). Rock is commonly a mix
ture of quartz, argillized feldspar, clay, and wisps of chlorite, and
iron-stained pits mark former pyrite grains. Sulfides are universally
present in fresh rock and are concentrated near base of unit by second
ary sulfide enrichment; largely absent in weathered rock. Average fresh
rock contains 1-2 percent pyrite (G.D. Robinson, 1953, oral commun.,
1973). Some rock is altered. Fractures in weathered rock are iron stained.

Hardness: Largely hard where fresh. Where weathered, most pieces are
hard, some firm; rock mass is firm to soft where fracture spacing is close
to very close. Breccia zones and altered rock are firm, some soft and
clayey.

Bedding: Absent. No signs of layering in even largest quarry exposures.
Locally flow banded.

Parting: Absent.
Fracture: Variable and apparently random. Mostly very close to wide

spacing, but includes excavated blocks to very large (5 ft, some as much
as 8 ft) that have internal incipient fracture at very close to wide spac
ing. Much brecciation in places. Weathered vesicular rock has close to
very close spacing of weathering fracture in medium spheroids.
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Permeability: Bedrock has very low intergmnular permeability, low to
possibly moderate fracture permeability to depth, Most mantle probably
moderate, some to much low to very low,

Weathering: Variable, Some hard rock extends to ground surface, but
some firm weathered rock and spheroidal fracture extends to depths of
more than 35 ft.

Surficial mantle: Largely granular, some to much clayey, Most mMtle is
stony silt; some is stony clay, such as sample OE36A, Soil is generally
absent or less than 18 in, thick, but it may accumulate in ravines to more
than 12 ft thick (Radbruch, 1969),

Expansivity: Most bedrock is unexpansive, minor severely expansive
(gouge and weathered bedrock), Most mantle unexpansive, some expan
sive, Bedrock samples: OE36C, mildly cracked weathered bedrock,
minor, free swell 71 percent; HAY 12, moderately cracked clayey weath
ered bedrock, occurs locally in pockets, free swell 97 percent; OE37,
clayey gouge, free swell 88 percent. Surficial mantle sample OE36A,
mildly cracked clay soil that overlies some of unit, free swell 78 per
cent. Most mantle is uncracked,

Stratigraphic thickness: Generally less than 100 ft, maximum of 800 ft;
some dikes to depth,

Sources: Clark. 1917; Lawson, 1914; Radbruch, 1969; Radbruch and Case,
1967; Robinson, 1953; G,D, Robinson, oral commun" 1973; five stations,

MAP UNIT 216

Geologic unit, (age), and location: Rhyolite (T), includes Alum Rock
Rhyolite of Crittenden (1951), east of San Jose,

Summary: Hard rhyolite that is more or less silicified, fracture spacing
very close to 8 ft. Sulfides present at least in places. Includes minor soft
vesicular rock in places near margin, Strikingly resembles Leona Rhyo
lite (Crittenden, 1951),

Expression in aerial photographs: Bluffs and talus slopes that contain
blocks as large as 20 ft in diameter.

Composition: Rhyolite, largely dense (nonvesicular), consisting largely
of orthoclase and quartz, Rock contains phenocrysts' as large as 2 mm
in places; lacks ferro magnesian minemls except sulfides that are present
at least in places; is more or less silicified; and is stained by limonite,
At extreme northwest end and in a few places around margin, includes
soft vesicular rock that is probably more basic in composition
(Crittenden, 1951), Unit is dominantly hard dense rock; minor soft ve
sicular rock in places on margin.

Hardness: Hard pieces; some firm rock mass where fmcture spacing is
close to very close, Minor vesicular rock soft to firm,

Bedding: Absent.
Parting: Absent, except along parallel joints,
Fracture: Highly variable; spacing ranges from very close to very wide

(8 ft). Much is fractured at very close to moderate spacing, but promi
nent major fractures have wide to 8-ft spacing. Talus shows much mod
erate to wide spacing, but some blocks are as large as 20 ft in diameter.
On the whole, most has very close to wide spacing, some very wide,
Described as strongly jointed (Crittenden, 1951),

Permeability: Bedrock has very low intergranular permeability, low to
possibly moderate fracture permeability to depth, Most mantle probably
moderate, some to much low to very low.

Weathering: No observation; assume similar to unit 215,
Surficial mantle: Probably largely granular, some to much clayey, Unit

mostly underlies steep canyon walls that have little soiL
Expansivity: Bedrock largely unexpansive, possibly minor severely ex

pansive. Probably most mantle unexpansive, some expansive, Inferred
from samples of unit 215.

Sources: Crittenden, 1951; Templeton, 1912; one station.

MAP UNIT 217

Geologic unit, (age), and location: Clear Lake Volcanics (QT), in
Mayacmas Mountains at northern boundary of region.

Summary: Not seen in field. Probably like unit 218; largely hard rhyolitic
flow rock, minor to some breccia, tuff breccia, tuff, and scoriaceous rock,

Sources: Blake and others, 1971; McLaughlin, 1978.

MAP UNIT 218

Geologic unit, (age), and location: Rhyolitic flows of the Sonoma
Volcanics (T), in general area between Petaluma Valley and Howell
Mountains, excluding area near Calistoga.

Summary: Almost all is hard flow rock that has moderate to very wide
(lO-ft) fracture spacing and very close to very wide (4-ft) parallel part
ing. Includes minor breccia, scoria, tuff, tuff breccia, and hydrothermal
alteration. Some bedrock and mantle is expansive, most is unexpansive.

Composition: Almost all is rhyolitic to rhyodacitic lithoidal flow rock;
much contains tabular phenocrysts and vesicular cavities and much is
flow banded. Includes minor vitrophyre (porphyritic glass), commonly
at base of flows; volcanic breccia and tuff breccia containing blocks as
large as 3 ft in diameter, but mostly less than 1 ft; scoriaceous rock; and
lithic or pumiceous tuff. May be intrusive locally. Hydrothermally al
tered in a few places, Probably 90 percent or more of unit is flow rock,
10 percent or less fragmental rock,

Hardness: Lithoidal flow rock is generally hard to the ground surface,
but some weathers firm. Vitrophyre is firm where weathered, hard where
fresh, Breccia and tuff breccia, where fresh, have hard blocks in hard to
firm or soft matrix; where weathered, they have hard to firm blocks in
firm to soft matrix, Scoriaceous rock is firm where weathered, probably
firm to hard where fresh. Tuff is generally firm both where fresh and
weathered.

Bedding: Absent within flows, except for flow banding.
Parting: Present within flow rock, although variable in spacing, In some

exposures, most rock has very close to moderate spacing, mostly close,
parallel to flow banding, This parting commonly changes orientation (is
folded) in outcrop-scale exposures, Other exposures show thick to very
thick (4-ft) sheets bounded by parting surfaces, and some of these sheets
have moderately spaced incipient parting parallel to the sheets. Scoria
ceous rock, at least in places, has moderate spacing.

Fracture: In lithoidal flow rock, fracture spacing ranges from moderate
to 10ft; spacing is mostly moderate to 6 ft and in many places wide to
6 ft. Vitrophyre has close spacing where weathered, probably spacing
similar to flow rock where fresh, In breccia and tuff breccia, fmcture
spacing is effectively the size of blocks, which are medium to large.
Scoriaceous rock has moderate spacing. Most tuff has moderate to wide
spacing, some very wide, as described for units 270 and 272.

Permeability: Lithoidal flow rock and vitrophyre (almost all of unit) have
very low intergranular permeability, probably low fracture permeability
to depth, Most breccia has low intergranular permeability, but moderate
or high in some zones, Low intergranular permeability in scoriaceous
rock and tuff. Probably most mantle moderate, some low to very low,

Weathering: Lithoidal flow rock mostly crops out fresh or is shallowly
weathered (within 3 ft of ground surface), but it may be weathered
to clayey material along fractures to depths of more than 20 ft. Vitrophyre
and scoria are weathered to depths of more than 6 ft. Matrix of breccia
and tuff breccia may be weathered clayey to depths of more than
15 ft.

Surficial mantle: Probably largely granular, some clayey; in most places
thin (less than 3 ft) to absent.

Expansivity: Almost all bedrock is unexpansive, but minor to some is
expansive, particularly where hydrothermally altered, Most mantle
unexpansive, some expansive. Samples: SN8A, bedrock, free swell 69
percent; SN8B, soil, free swell 86 percent; SN9, soil, free swell 62 per
cent. Also sample SH17A from unit 240, clayey mantle on unaltered
rhyolite, free swell 31 percent.

Sources: K.F, Fox, oral commun" 1972-73; Fox and others, 1973; Kunkel
and Upson, 1960; 10 stations,
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MAP UNIT 219

Geologic unit, (age), and location: Perlitic rhyolite of the Sonoma
Volcanics (T), in area between Santa Rosa Valley and Howell Moun

tains.
Summary: Most is flows and plugs of perlite (perlitic glass) and typical

rhyolitic flow rock; minor tuff and tuff breccia. Flow rock in thick to
very thick beds. Rock is hard where fresh, perlite weathers firm to soft.
Some moderate and high permeability in weathered perlite. Almost all
mantle and bedrock is unexpansive.

Expression in aerial photographs: Sharp rugged topography, similar to
unit 218.

Composition: Most to almost all is perlite (volcanic glass that has per
lidc texture owing to very closely spaced cooling cracks) and nonperlitic,
lithoidal rhyolite similar to unit 218; minor interbedded tuff and tuff
breccia. Perlite constitutes probably 50 percent of unit as a whole, but
varies from 10-80 percent. Perlite, where fresh, is hard and similar in
engineering properties to typical rhyolitic flow rock, but it weathers more
rapidly and deeply.

Hardness: Perlite is hard where fresh, but weathers firm to soft and to
loose glass sand where extremely weathered; most weathered exposures
are firm, some soft. Some fractures in firm weathered rock are cemented
hard and weathered rock is case hardened in places. Nonperlitic rhyo
lite ~s described for unit 218. Tuff is firm; tuff breccia has firm matrix
and hard blocks.

Bedding: Rhyolite and perlite in most places are interlayered in thick to
very thick layers; perlite commonly is tens of feet to as much as several
hundred feet thick (Davis, 1948). Thin to very thin internal banding is
common.

Parting: Present in rhyolitic flow rock as described for unit 218, and lo
cally in perlite at wide to very wide spacing.

Fracture: In fresh perlite, spacing is moderate to 8 ft. In firm weathered
perlite, spacing typically is moderate, but locally as much as 4 ft; in soft,
well-weathered perlite, spacing is close to very close. Nonperlitic rhyo
lite as described for unit 218.

Permeability: Very low intergranular permeability in bedrock; low frac
ture permeability to depth in both perlite and nonperlitic rhyolite, some
moderate in weathered perlite. Well-weathered perlite is highly perme
able sand of glass beads. Most mantle moderate, some low to very low.

Weathering: Perlite generally is weathered firm to depth of 10 ft, but in
places contains hard blocks of perlite within predominantly firm weath
ered material, and in other places hard rock crops out. Weathers soft to
depth of 2 ft or more, in places to depth of 7 ft or more. Cut slopes
weather rapidly to loose glass sand. Free clay appears only in soft weath
ered rock and soil.

Surficial mantle: Largely granular (clayey sand).
Expansivity: Almost all bedrock and mantle are unexpansive, but minor

to some of each may be expansive. Samples: SR9, sheared and some
what weathered perlitic bedrock, mildly cracked, moldable although
largely glass, abnormally high clay content, minor constituent, free swell
43 percent; SR6, typical clayey sand soil, free swell 28 percent.

Sources: Davis, 1948; K.F. Fox, oral commun., 1972-73; Fox and others,
1973; eight stations.

MAP UNIT 220

Geologic unit, (age), and location: Soda rhyolite flows of the Sonoma
Volcanics (T), in area between Santa Rosa Valley and Howell Moun
tains.

Summary: Uniformly hard soda rhyolite flow rock and minor cemented
lithic tuff breccia. Flow rock occurs in sheets that typically are thick and
have moderate to 4-ft fracture spacing. Unit forms rugged outcrops.

Composition: Almost all is soda rhyolite as flows and possibly intrusives;
minor cemented lithic tuff breccia. Soda rhyolite is largely homogeneous,
very fine grained, and lithoidal, but locally it is platy or banded, in places

glassy and spherulitic, and locally along northeastern contact it is highly
vesicular.

Hardness: Hard except for vesicular zones, which are firm. An uncom
monly tough and hard rock.

Bedding: Occurs in parallel sheets that are mostly thick, but in places as
thick as 8 ft, more commonly as thick as 4 ft. These sheets are continu
ous, persistent features of the rock. Some sheets are lined by clay and
close-fractured rock.

Parting: Much rock has parting parallel to sheeting at close to moderate
or wide spacing, although most slabs are thick. About 10 percent of unit
has close to very close parallel parting.

Fracture: Mostly moderate to very wide (4-ft) spacing, much wide to very
wide (4 ft), but ranges from close to 8 ft. Where spacing is very wide,
most rock has incipient fracture at moderate spacing. Some (30 percent?)
has columnar jointing at wide spacing about perpendicular to sheets.

Permeability: Bedrock has very low intergranular permeability, low frac
ture permeability to depth. Probably much mantle moderate, much low.

Weathering: Mostly unweathered, fresh to ground surface; abundant out
crops.

Surficial mantle: Probably much granular, much clayey; thin and stony
where present.

Expansivity: Almost all bedrock is unexpansive, minor may be expan
sive. Some to much mantle significantly expansive, much to most
unexpansive. Sample K16, typical stony clay soil, free swell 49 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; one sta
tion.

MAP UNIT 221

Geologic unit, (age), and location: Northbrae Rhyolite (T), northwest of
Oakland near Berkeley and near San Pablo Reservoir.

Summary: Hard soda rhyolite, fracture spacing ranges from close to 15
ft or more. Crops out as blocky crags. In places requires blasting.

Composition: Hard soda rhyolite, largely flow banded. Palache (1893)
recognized three facies: (I) porphyritic facies, of cryptocrystalline
groundmass containing quartz and feldspar phenocrysts; (2) spherulitic
facies, of glassy spherulitic matrix, commonly vesicular and largely
flow banded, constituting more than two-thirds of unit; and (3) minor
glass. Also minor silica-cemented breccia. Vesicles as large as I in. in
diameter. Ferromagnesian minerals and pyrite are absent, but minor mag
netite.

Hardness: Largely hard, probably some firm (vesicular rock).
Bedding: Much of unit shows distinct flow banding, in many places folded.

Bands are very thin to medium and are defined by concentration of
spherulites.

Parting: Present in places along flow banding at wide to 4-ft spacing, in
other places absent in intervals as thick as 20 ft. Locally very close spac
ing along flow banding.

Fracture: Variable; produces coherent blocks as large as 15 ft or more in
diameter. Clear planar fracture at moderate to 4-ft spacing; much close
to moderate irregular spacing that is incipient in most places. Thus, unit
produces a variety of block sizes, from small to 15 ft or more. Palache
(1893) reported subconchoidal fracture in less than one-third of unit (por
phyritic and glass facies).

Permeability: Bedrock has very low intergranular permeability, low to
locally moderate fracture permeability to depth. Probably most mantle
moderate, some low.

Weathering: Crops out fresh in the one exposure observed.
Surficial mantle: Probably largely granular, some clayey. Soil is silty

where observed, mostly thin.
Expansivity: Almost all bedrock is unexpansive. Probably most mantle

unexpansive, some may be expansive.
Stratigraphic thickness: Less than 100 ft.
Sources: Case, 1963; Lawson, 1914; Palache, 1893; Radbruch, 1969; one

station.
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MAP UNIT 230

Geologic unit, (age), and location: Basalt (T), only along east side of
Santa Clara Valley near Morgan Hill.

Summary: Interbedded, about equally abundant basaltic flow rock and tuff
breccia; some mostly clean sedimentary rock similar to unit 122. Flow
rock is hard; tuff breccia has firm matrix and hard to firm blocks. Some
moderate fracture permeability in flow rock and some moderate inter
granular permeability in tuff breccia and sedimentary rock. Most to al
most aU mantle is severely expansive.

Expression in aerial photographs: Varied. Includes resistant, intermedi
ate to hard topography that consists of light-toned ridges as wide as 200
300 ft, probably flows (although much flow rock observed in field does
not show on photographs). Most of unit is intermediate to soft topogra
phy, showing light-toned subdued lumps in darker matrix. Much of unit
is very soft topography, probably benches underlain by tuff breccia or
sedimentary rock that are supported by basalt. Much of tuff breccia ob
served in field shows as light-toned resistant lumps on photographs.
Where clearly defined (rare), bands of soft, dark-toned material are as
wide as 400 ft. Much detail in tones is visible on photographs.

Composition: (I) Olivine basalt flow rock (Taliaferro, 1948; California
State Water Resources Board, 1955); much is vesicular, highly vesicu
lar on tops of flows. (2) Tuff breccia, composed of hard and firm blocks
that are small to 4 ft in diameter, mostly medium to large, in firm ma
trix that is powdery to granular. (3) Clean, soft sandstone and conglom
erate, similar to unit 122, but notably clean.

Unit is largely basalt and tuff breccia, each dominant in different
places; tuff breccia probably dominates slightly. Some (possibly as much
as 20 percent) interbedded sedimentary rock.

Hardness: Nonvesicular and mildly vesicular flow rock is hard and fresh
to near ground surface in places, but in other places develops spheroi
dal weathering of firm crumbly weathered material around cores of hard
rock to depths greater than 12 ft. Highly vesicular flow rock is firm where
weathered, generally to depths greater than 4 ft. Tuff breccia has matrix
that is largely firm, some soft, where weathered, but some tuff breccia
may be quite firm (craggy outcrops); most blocks are hard, some firm,
both where fresh and weathered. Interbedded sandstone and conglomer
ate are soft except for hard clasts in conglomerate.

Bedding: Probably largely distinct (flow against tuff breccia against sedi
mentary rock) and very thick (tens of feet). No bedding observed in tuff
breccia. Within sedimentary rock, much medium to very thick distinct
bedding.

Parting: Absent in tuff breccia; none observed within flow rock; absent
on distinct bedding within sedimentary rock. Thus, present only on very
widely spaced contacts between flows, tuff breccias, and sedimentary
rock.

Fracture: In flow rock, spacing ranges from close to very wide (4 ft),
mostly moderate to wide. Crumbly weathered rock around corestones has
close to very close spacing. Tuff breccia has irregularly spaced fracture
at moderate to very wide (5 ft), but locally produces coherent blocks as
large as 8 ft and more in diameter (below crags), and much has weath
ering fracture at close to very close spacing. Hard blocks in tuff breccia
mostly have moderate to wide spacing. Interbedded sandstone and con
glomerate are unfractured.

Permeability: Flow rock (much of unit) has very low intergranular per
meability, but low to moderate fracture permeability to depth, as evi
denced by abundant springs (California State Water Resources Board
1955). Tuff breccia (much of unit) has low to less abundant moderat~
intergranular permeability; low permeability occurs in powdery matrix,
moderate permeability in granular matrix, at least in places. Interbed
ded sandstone and conglomerate (some of unit) have low to moderate
intergranular permeability. Most to almost all mantle very low.

Weathering: In places, flow rock is fresh to ground surface, in other places
it is weathered spheroidally to depths greater than 12 ft; highly vesicu-

lar rock is weathered to depths of more than 4 ft. Tuff breccia weathers
to depths of more than 20 ft; interbedded sedimentary rock weathers
deeply (more than 20 ft).

Surficial mantle: Almost all clayey, minor to some granular.
Expansivity: Bedrock is largely unexpansive. Most to almost all mantle

is severely expansive. Samples: MSZ2, well-cracked dark popcorn clay
soil, typical on flow rock, free swell 120 percent; GL4, mildly to mod
erately cracked dark clay soil, typical of much soil on tuff breccia, free
swell 91 percent. Much mantle over tuff breccia appears somewhat less
expansive than sample GL4.

Sources: California State Water Resources Board, 1955; Taliaferro, 1948;
six stations.

MAP UNIT 231

Geologic unit, (age), and location: Page Mill Basalt (T), only in Santa
Clara County near Palo Alto.

Summary: Almost all is basaltic flow rock and agglomerate; minor inter
bedded tuff. Flows and agglomerate blocks are hard, agglomerate ma
trix soft to firm. Rock has been quarried at one site. Most mantle is
expansive, much or more is severely expansive.

Composition: Almost all is basaltic flow rock and agglomerate in vari
able proportions, from largely flow rock to largely agglomerate, prob
ably much of each in unit as a whole. Much flow rock is dense much
vesicular. Agglomerate consists of hard, unfractured or slightly fr~ctured
blocks in a much softer matrix of ash and lapilli; most blocks are 0.5-2
ft in diameter, but occasional blocks are as large as 3 ft in diameter.
Blocks in agglomerate remain fresh where matrix appears to be weath
ered, altered, or uncemented, which permits blocks to fall out rather
easily. Interbedded tuff (less than 5 percent of unit) is present in both
agglomerate and flow sections, and some agglomerate is interbedded with
flows.

Hardness: Flow rock is hard, some firm where highly weathered or closely
fractured. Agglomerate blocks hard, matrix soft to firm. Tuff soft.

Bedding: Flows in basalt are indistinct and 5-15 ft thick; sections of domi
nant flows are 40-60 ft or more in thickness. Agglomerate sections are
as thick as 40 ft or more. Tuff beds are as thick as 6 ft.

Parting: Absent.
Fracture: Mostly close to moderate spacing in flow rock; some very close

spacing, but this may be related to a mapped fault. Blocks in agglomer
ate have mostly moderate spacing.

Permeability: Flow rock (much of unit) has largely very low intergranu
lar permeability, possibly minor to some low in very vesicular flows;
low fracture permeability to depth. Agglomerate (much of unit) has
mostly low intergranular permeability, some moderate. Tuff (minor) has
moderate to high intergranular permeability. Most to almost all mantle
very low.

Weathering: Rock is weathered to depths of 10 ft or more; iron-stained
and opened fractures extend to depths of 40 ft or more.

Surficial mantle: Most to almost all is clayey.
Expansivity: Most bedrock is unexpansive, but some may be expansive

(weathered tuff and agglomerate). Most to almost all mantle is expan
sive, much or more is severely expansive. Samples: PA51, well-cracked
dark clay soil, thick, typical, free swell 101 percent; PAI2, soil, free
swell 82 percent; PA39, soil(7), free swell 134 percent.

Sources: California State Water Resources Board, 1955: Davis and
Jennings, 1954; Dibblee, 1966; Pampeyan, 1970; two stations.

MAP UNIT 232

Geologic units, (age), and location: Page Mill Basalt (T); Mindego Ba
salt and other volcanic rocks (T); unnamed volcanic rocks (KJ); only in
San Mateo County.
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Summary: Basaltic rock as flows, breccia, pillow lavas, agglomerate, tuff,
and intrusives; minor sandstone and mudstone. Most mantle is expan
sive.

Composition: Almost all is basaltic rock, largely fine grained; occurs as
dense to vesicular flows, flow breccia of 1-12 in. blocks in matrix of
glass or calcite, pillow lavas that have pillows 2-5 ft in diameter in ma
trix of glass or tuff, agglomerate, and less abundant tuff and medium
to coarse-grained intrusive rock. Minor sandstone and mudstone.

Hardness: Where fresh, crystalline rock is hard, glass and tuff probably
firm. Weathered rock is mostly firm to soft; glass and tuff are more easily
weathered than other compositions. Decomposed basalt is firm to soft
and commonly contains hard spheroidal weathering cores of small to
large size.

Bedding: Much is indistinct to locally distinct; much rock un bedded.
Parting: Largely absent.
Fracture: Close to moderate spacing, locally wide.
Permeability: Very low to low intergranular and fracture permeability in

bedrock at depth. Low to moderate fracture and intergranular permeabil
ity in shallow bedrock. Largely low to very low in surficial mantle and
decomposed basalt.

Weathering: In places, flow rock is weathered to clayey decomposed
basalt to depths of tens of feet.

Surficial mantle: Largely clayey.
Expansivity: Almost all bedrock is unexpansive. Most mantle expansive,

some to much severely expansive. Samples: LHIO, soil, free swell 64
percent; LHI1, soil, free swell 90 percent; MH9, black soil on pillow
basalt, free swell 169 percent.

Stratigraphic thickness: Variable, 60-4000 ft.
Source: Ellen and others, 1972.

MAP UNIT 233

Geologic unit, (age), and location: Moraga Formation, basalt and andes
ite member (T), in the East Bay Hills.

Summary: Largely hard basaltic and andesitic flow rock; some (locally
to 50 percent) scoria, tuff breccia, breccia, and interbedded firm sedi
mentary rock. No evidence of blasting, but Radbruch (1969) reported that
flow rock generally requires blasting. Flow rock used for fill, base rock,
and riprap (Radbruch, 1969). Much mantle severely expansive.

Expression in aerial photographs: Largely rugged topography, ranging
from sharp hard crests to intermediate crests.

Composition: Largely hard basaltic and andesitic flow rock, parts of which
are vesicular; some scoria and scoriaceous breccia, tuff breccia of hard
medium blocks and bombs in firm matrix, breccia of medium to large
blocks in matrix, and sedimentary rock as described for unit 132. Lo
cally scoria, tuff breccia, and breccia constitute 50 percent of unit. Also
includes minor well-cemented rhyolite tuff, tight to porous; reported
rhyolite breccia; and rare limestone and associated chert. See descrip
tion by Lawson and Palache (1902).

Hardness: Fresh flow rock, both dense and vesicular, is hard; weathered
flow rock is firm. In most exposures, probably where both fresh and
weathered, scoria is firm to hard and tough; tuff breccia has hard blocks
in firm matrix; breccia has firm to hard blocks in firm to hard matrix.
Clastic sedimentary rock is largely firm where weathered, but minor grit
(see unit 132) that occurs in beds to thick is hard. Brecciated fracture
zones are firm to soft. Rhyolite tuff is generally hard, as is limestone.

Bedding: Flows are distinct and 25-150 ft or more thick; intervals of sedi
mentary rock are thick to very thick (100 ft); and zones of scoria, brec
cia, and tuff breccia are very thick (10 ft or more). Within sedimentary
rock, distinct compositional changes are medium to very thick (as much
as 30 ft or more), mostly very thick, and indistinct bedding within very
thick distinct beds is thin to thick. Rhyolite tuff occurs in very thick (10
to 25-ft or more) intervals that are internally distinctly bedded. Rare lime
stone beds as thick as 40 ft contain chert interbeds.

Parting: Much flow rock has parallel fracture or parting at close to wide
spacing, mostly close to moderate, parallel to the flow. Parting is present
at contacts between flow rock and sedimentary rock and within sedimen
tary rock on some bedding planes at very wide spacing. Absent in brec
cia, tuff breccia, scoria, and in much flow rock. Continuous parting at
very close to moderate spacing reported in holocrystalline andesite sub
unit (Lawson and Palache, 1902).

Fracture: Most hard flow rock is fractured at close to wide spacing (mostly
less than 2 ft); in places, major fractures at spacing as wide as 5 ft, rarely
as wide as 10 ft, define blocks that have incipient internal moderate to
wide spacing. Scoria has moderate to 5-ft spacing, some probably as
much as 10 ft. Breccia has moderate to very wide (6-ft) spacing. Most
sedimentary rock has close to moderate spacing, some wide in hard grit.

Permeability: Flow rock (most of unit) has very low intergranular per
meability, low to moderate fracture permeability to depth (as judged from
springs at contact with unit 154). Breccia, tuff breccia, scoria, and sedi
mentary rock (some of unit) have mostly low to very low intergranular
permeability, but probably some moderate. Most mantle very low to low.

Weathering: Weathers along fractures. Flow rock is weathered firm to
depths of 4-35 ft or more, depending on fracture spacing; closely frac
tured rock weathers deeply. In sedimentary rock, sandstone is weathered
to depths of more than 20 ft, mudstone as deep as 15 ft. Tops of indi
vidual flows are oxidized red.

Surficial mantle: Largely clayey. Radbruch (1969) reported sparse, gen
erally clayey soils and accumulations of clayey mantle as thick as 60 ft.

Expansivity: Bedrock is largely unexpansive, but minor may be severely
expansive (particularly mudstone). Much mantle is severely expansive,
much significantly expansive to possibly unexpansive. Of mantle, much
is mildly cracked; some is moderately cracked, such as sample OE2,
stony clay soil, free swell 123 percent; and some is well cracked, such
as sample BV33, dark clay soil, free swell 109 percent.

Stratigraphic thickness: Bands mapped are 300 and 600 ft thick (inferred
from Lawson and Palache, 1902). Entire Moraga Formation has maxi
mum thickness of about 1,200-1,300 ft.

Sources: Case, 1963; Lawson, 1914; Lawson and Palache, 1902; Radbruch,
1969; Radbruch and Case, 1967; five stations.

MAP UNIT 234

Geologic unit, (age), and location: Andesitic to basaltic flows of the
Sonoma Volcanics (T), in area between Santa Rosa Valley and Howell
Mountains.

Summary: Hard and generally moderately fractured flow rock interlayered
with fragmental rock of hard blocks in firm matrix. Most mantle is sig
nificantly expansive to unexpansive, some severely expansive.

Expression in aerial photographs: Generally shows prominent layers 40
120 ft in width.

Composition: Andesitic to basaltic lava flows, variably porphyritic and
vesicular and in part scoriaceous, interlayered with or grading to flow
breccia of andesitic or basaltic blocks, and interlayered with scoriaceous
tuff breccia, agglomerate, volcanic breccia, and ash-flow tuff. Flows
typically have coherent rock at base, but vesicular to scoriaceous, com
monly brecciated rock toward their tops and distal edges. A discontinu
ous baked, hardened, red-orange zone as thick as several feet commonly
underlies the base of each flow. Flow breccia, volcanic breccia, agglom
erate, and tuff breccia consist of blocks or bombs of largely andesitic to
basaltic rock as large as 5 ft in diameter, mostly I ft or less, in matrix
of lapilli tuff, coarse and fine ash tuff, tuffaceous sedimentary rock, or
unidentified fine-grained material. Blocks and bombs make up more than
50 percent of volcanic breccia and agglomerate and 5-50 percent of tuff
breccia. lnterlayered tuff is typically ash-flow tuff, as described for unit
270.

Proportions of flow and fragmental rock are variable. Unit on the whole
is estimated to be about 75 percent flow rock and 25 percent fragmental
rock, but in places fragmental material constitutes 50 percent of unit.
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Hardness: Flow rock is hard where fresh, firm to soft where weathered.
Breccia and tuff breccia contain hard blocks in firm matrix where fresh,
hard and soft blocks in soft matrix where weathered.

Bedding: Flow rock is interlayered with interflow breccia, agglomerate,
volcanic breccia, tuff breccia, and tuff in distinct beds that are variably
very thick. Individual flows pinch and swell abruptly along strike, but
are mostly 15-25 ft thick, exceptionally as thick as 50 ft. Interflow zones
are of similar or lesser thickness. Aerial photographs show distinct bands
40·120 ft in width.

Parting: Present at flow contacts, within much flow rock at moderate to
4-ft spacing, and in perhaps 25 percent of flow rock at close to very close
spacing. In rock that has wide or moderate spacing of parting, incipient
parting at close to very close spacing is common. Parting is accentuated
by weathering.

Fracture: In flow rock, fracture spacing ranges from close to very wide
(8 ft); most spacing is moderate, but some is close and, in places, some
is wide. Columnar jointing, probably at moderate spacing, is present in
a few places, and poorly defined pillow structure of medium to large
pillows is present locally, but fracture appears randomly oriented in most
flow rock. Fracture spacing in breccia and tuff breccia generally is ef
fecti vely the size of blocks, but large blocks commonly are fractured at
close to moderate spacing. Tuff matrix in tuff breccia has moderate spac
ing where fresh, very close spacing where weathered.

Permeability: Flow rock (most of unit) has very low intergranular per
meability, low to possibly moderate fracture permeability to depth ex
cept shallow rock probably low. Fragmental rock (some of unit) has
largely low intergranular permeability, locally moderate. One observa
tion of a spring at base of flow over interflow breccia. Most mantle low
to very low.

Weathering: Flow rock weathers irregularly; some blocks remain hard to
the ground surface, other zones weather uniformly firm to depths of 15
ft or more. Weathering generally progresses along fractures and is com
monly spheroidal around fracture-isolated blocks. As a consequence, the
weathered zone, which is generally 3-15 ft deep but may be deeper than
20 ft, contains hard blocks in firm and soft clayey matrix that crumbles
to granular material.

Fragmental rock weathers to depths of more than 5 ft, and in places
to more than 20 ft, depending on the matrix. Weathered matrix is soft,
and blocks range from hard to soft. Weathered material is clayey; free
clay is produced in weathering.

Surficial mantle: Largely clayey, typically red, containing hard blocks.
Soil is thin (1-2 ft) in many places, but mostly thicker than other soils
on Sonoma Volcanics.

Expansivity: Almost all bedrock is unexpansive, minor severely expan
sive weathered bedrock. Most mantle significantly expansive to
unexpansive, some severely expansive. Bedrock samples: K15, clay
between blocks in weathered zone, minor, free swell 160 percent;
MWS IIA, blue-gray clay gouge, minor, free swell 92 percent. Surficial
mantle samples: MWS II B, clayey soil, typical at this station, free swell
87 percent; GEl lA, dark clay soil on fragmental rock, typical, free swell
116 percent; GEIIB, typical soil on flow rock, free swell 50 percent;
CA9, uncracked typical red clay soil, free swell 60 percent; MWS 16, soil,
free swell 40 percent; CA8, typical red clayey soil, very mildly cracked,
free swell 52 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; Kunkel
and Upson, 1960; 16 stations.

MAP UNIT 235

Geologic unit, (age), and location: Andesitic and basaltic flows of the
Sonoma Volcanics (T) disturbed by landsliding, near Wooden Valley
northeast of Napa.

Summary: Not seen in field. Largely andesitic flow rock, some fragmen
tal rock. Composition, physical properties, expansivity, and surficial
mantle texture are similar to unit 234, but rock mass is broken by land-

slide movement into coherent blocks 500 ft or more in width. Disrup
tion has probably created much moderate and high fracture permeabil
ity in bedrock at shallow and intermediate depths.

Source: K.F. Fox, oral commun., 1972-73.

MAP UNIT 236

Geologic unit, (age), and location: Sonoma Volcanics (T), in vicinity of
Burdell Mountain, Marin highlands.

Summary: Not seen in field. Largely andesitic to basaltic flows and frag
mental rock, similar to unit 234. Rhyolite like unit 218 is present near
base of unit at Burdell Mountain and possibly elsewhere.

Sources: I.A. Bartow, oral commun., 1973; R.L. Rose, oral commun.,
1973.

MAP UNIT 237

Geologic unit, (age), and location: Andesitic to basaltic flows of the
Sonoma Volcanics interbedded with fine-grained sedimentary rocks in
cluding diatomite (T), in the Sonoma Mountains.

Summary: Andesitic to basaltic lava flows, similar to unit 234, interlayered
with predominantly very fine grained tuffaceous and diatomaceous sedi
mentary rock and diatomite. Flows and sedimentary rock occur in about
equal proportions in layers 10-50 ft thick, mostly 15-30 ft thick. Some
to much bedrock and mantle is severely expansive.

Composition: Andesitic to basaltic lava flows, as described for unit 234,
interlayered with predominantly very fine grained tuffaceous and diato
maceous sedimentary rock, diatomite, and tuff. Tuffaceous and diatoma
ceous rock and tuff are almost all (about 90 percent) silt- and clay-size
materials that weather to sticky clay; the remaining 10 percent is fine
grained to very coarse grained, well to moderately well sorted, largely
clean, clay-free sandstone. Diatomite is white, chalky, very fine grained
rock.

Hardness: Flows are hard where fresh, firm to soft containing hard blocks
where weathered. Diatomite is firm and brittle where fresh and where
moderately weathered, but becomes soft and clayey in places where
weathering is extreme (within 3 ft of ground surface) or where much is
fractured at very close spacing. Very fine grained diatomaceous and tuf
faceous rock and tuff are generally finn where fresh; where weathered,
they range from firm to soft, sticky clay. Clean sedimentary rock is soft
and friable where weathered and probably where fresh.

Bedding: Distinct flows and sedimentary intervals are interlayered in very
thick (largely 15- to 30-ft, ranging from 10- to 50-ft) layers. Bedding
within sedimentary intervals is largely thick to very thick, medium in
places.

Parting: Present at contacts between flows and sedimentary rock and
within sedimentary intervals at some bedding planes, especially at di
atomite contacts. Present at close to very close spacing in some (10-30
percent) of flow rock. Present at very close spacing in some sedimen
tary rock where well weathered within several feet of ground surface.

Fracture: Flow rock is fractured at close to 5-ft spacing, mostly close to
wide. Diatomite is fractured at very close to moderate spacing, mostly
close to very close. Diatomaceous and tuffaceous rock and tuff are frac
tured at very close to moderate, mostly close to moderate, spacing where
weathered.

Permeability: Flow rock has very low intergranular permeability and low
fracture permeability to depth. Intergranular permeability of diatomite
low, of silt- and clay-size sedimentary material very low, of clean and
well-sorted sedimentary rock moderate to locally high. Thus, an esti
mated 50 percent of bedrock (flows) has low fracture permeability to
depth, 40-45 percent has very low total permeability, and 5-10 percent
has moderate to locally high intergranular permeability. Most mantle very
low to low.

Weathering: Flows are weathered irregularly, from depths of several feet
to more than 20 ft, leaving firm to soft clayey weathered rock contain-
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ing variable proportions and sizes of hard blocks. Diatomite is weath
ered to soft, clayey material to depth of 8 ft in places (where much very
close fracture), but in other places it is basically fresh (firm, brittle, no
clay) to within 3 ft of ground surface. Very fine grained diatomaceous
and tuffaceous rock and tuff generally are weathered to clay to depths
of more than 6 ft, but some have little clay at depth of 4 ft. Clean sedi
mentary rock is weathered to depths of more than 15 ft.

Surficial mantle: Largely clayey.
Expansivity: Much .bedrock is unexpansive (flow rock), some to much

severely expansive (weathered very fine grained sedimentary rock). Much
mantle significantly expansive to unexpansive, some to much severely
expansive. Bedrock samples: GE 12A, weathered tuffaceous and diato
maceous rock, cracked, free swell 137 percent; GEI2B, weathered fine
ash tuff or tuffaceous rock, free swell 135 percent; GEI3B, popcorn
weathered material (clay), free swell 188 percent. All of the above
samples are associated with cracking in roads. Also sample GEI4, weath
ered diatomite (clay), slightly cracked, free swell 85 percent. Surficial
mantle samples: GEI3A, black clay soil on weathered tuff(?), free swell
118 percent; GE 13C, soil on diatomite, free swell 40 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; four
stations.

MAP UNIT 238

Geologic unit, (age), and location: Ash-flow tuff of the Sonoma Volcanics
interlayered with andesitic to basaltic flows (T), in area between Santa
Rosa Valley and Howell Mountains.

Summary: Hard andesitic to basaltic lava flows and flow breccia inter
bedded with firm ash-flow tuff and minor firm to soft tuffaceous sedi
mentary rock. Hard flows are generally 5-100 ft thick, firm intervals 40
ft to a few hundred feet thick. Minor bedrock and some mantle severely
expansive.

Composition: Andesitic to basaltic flow rock identical to unit 234, includ
ing fragmental rock, interbedded with ash-flow tuff identical to unit 270
and minor tuffaceous sedimentary rock. Probably much to most 'of unit
is tuff, much is flow rock, minor sedimentary rock.

Hardness: Flow rock is similar to unit 234; that is, mostly hard, becomes
firtn where weathered. Ash-flow tuff is firm, some soft. Tuffaceous sedi
mentary rock is firm to soft.

Bedding: Very thick beds of alternating flow rock and tuff; intervals of
flow rock are 5-100 ft thick, commonly about 20 ft, whereas tuff inter
vals are mostly 40-100 ft thick, but may be as thick as a few hundred
feet. Beds are clear on aerial photographs, but most exposures are too
small to reveal bedding. Some tuffaceous sedimentary rock in tuffaceous
intervals has medium to thick beds.

Parting: Probably at bedding planes (very wide spacing) and locally within
tuffaceous intervals.

Fracture: Flow rock has mostly moderate spacing, ranging from close to
wide. Spacing in ash-flow tuff ranges from moderate to 20 ft, mostly
wide to 5 ft. Tuffaceous sedimentary rock generally has indistinct frac
ture where fresh, close to very close spacing where weathered.

Permeability: Row rock has very low intergranular permeability, prob
ably low fracture permeability to depth; ash-flow tuff has low intergranu
lar permeability; tuffaceous sedimentary rock has low to moderate and
locally high intergranular permeability. Thus, bedrock has largely low
permeability to depth, but contains minor zones of moderate and even
high pertneability parallel to bedding. Probably most mantle low to very
low, some to much moderate.

Weathering: Andesitic flows weather as described for unit 234. Tuff and
tuffaceous rock have variable weathering; much sedimentary rock and
tuff are weathered clayey to depths of more than 6 ft, but some are weath
ered to clay to depths of more than 20 ft.

Surficial mantle: Probably most clayey, some to much granular.
Expansivity: Most bedrock is unexpansive, minor severely expansive

(weathered tuffaceous sedimentary rock). Most mantle unexpansive to

significantly expansive, some severely expansive. See samples for units
234 and 270. Samples of weathered tuffaceous sedimentary rock: K9,
mildly cracked weathered clayey material, free swell 92 percent; K lOA,
mildly cracked tuff, free swell 81 percent; K IOB, weathered tuffaceous
siltstone or tuff, mildly cracked, free swell 71 percent; K12, weathered
tuffaceous sandstone, free swell 100 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; four
stations.

MAP UNIT 239

Geologic unit, (age), and location: Volcanic rocks (T), only at Lone Hill,
south of San Jose.

Summary: Not seen in field. Some tuff and tuffaceous shale, some dacite
(flinty), and some perlitic dacite, all of these extensively altered
(kaolinized and pyritized). Most is hard rock, quarried for road metal.

Expression in aerial photographs: Resistant bump in flat alluvial plane.
Largely removed and graded.

Composition: Unit includes: (1) Tuff grading to tuffaceous shale, white,
well bedded, looks like shale in Monterey Group (unit 525). (2) Perlitic
dacite. (3) Dacite that is massive and flinty, some vesicular. All of these
compositions are altered in most places, in large part kaolinized and
pyritized.

Unit contains some of each composition. Dacite (composition 3) fortns
most of Lone Hill. Tuff and tuffaceous shale (composition 1) forms some
of Lone Hill and all of isolated exposure immediately south of Lone Hill.

Hardness: Dacite and perlitic dacite are largely hard; quarried for road
metal. Tuff and tuffaceous shale firm to hard.

Bedding: In tuff and tuffaceous shale, distinct and probably thin to me
dium. Absent in remainder (most of unit). Perlitic dacite as thick as
200 ft.

Parting: Present probably at close to moderate spacing in tuff and tuf
faceous shale, absent in remainder (most of unit).

Permeability: lntergranular permeability of bedrock probably largely very
low, except much shallow rock probably low owing to alteration. Prob
ably low fracture permeability to depth in most bedrock. Probably much
to most mantle low to very low.

Surficial mantle: Probably much to most clayey where not removed by
grading.

Expansivity: Most bedrock unexpansive, some to much (tuff and tuf
faceous shale) may be expansive. Much mantle may be expansive. See
samples for unit 260.

Sources: Bailey and Everhart, 1964; Davis and Jennings, 1954.

MAP UNIT 240

Geologic unit, (age), and location: Rhyolitic flows of the Sonoma
Volcanics (T), only in Howell Mountains north and east of Calistoga.

Summary: Largely rhyolitic and rhyodacitic flows, in many places hy
drothermally altered; includes some tuff, tuff breccia, and agglomerate.
Unit is about half firm to soft rock and half hard rock. Hydrothertnally
altered bedrock may be significantly expansive, and much mantle is sig
nificantly expansive.

Composition: Largely rhyolitic to rhyodacitic flow rock similar to unit
218; may be intrusive in part. Contains much hydrothermally altered
rhyolite, both hardened silicified rock and soft and clayey bleached and
altered rock. Also includes some tuff, lithic tuff, agglomerate, and other
lithologies, particularly near Calistoga Grade, north of Calistoga, and at
Glass Mountain.

Unit is decidedly less homogeneous and generally softer than unit 218.
Softness and lack of homogeneity in most areas is due to hydrothermal
alteration, but in other areas it is due to admixture of other materials ow
ing to tectonic movement or landsliding and, also, to inclusion within
the map unit of tuff, tuff breccia, and agglomerate.

Hardness: Variable, but probably about half firm to soft rock and half
hard rock. In some areas, unit consists wholly of firm to soft rock ow-
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ing either to alteration or to admixture of firm lithologies. In contrast,
some rock types that would otherwise be firm are locally hard owing to
silicification in hydrothermally altered areas. Hydrothermally altered
rhyolite has much more firm to soft rock than is typical for rhyolitic
flows.

Bedding: Mostly absent, but present and distinct in some interlayered
pyroclastic rock at medium to very thick (10 ft or more).

Parting: Present in some flow rock at very close to very wide (4-ft) spac
ing, as described for flows of unit 218, and in some altered rock at close
to very close spacing.

Fracture: Variable, from moderate to very wide spacing, as in typical
rhyolitic flow rock, to close to very close spacing in firm to soft altered
rock.

Permeability: Most bedrock has very low intergranular permeability and
low fracture permeability to depth, but some has moderate to high in
tergranular permeability (breccia and pyroclastics) and probably some
has very low total permeability (some altered rock). Much mantle mod
erate, much low to very low.

Weathering: Variable, from no visible weathering effect to thorough al
teration that extends deeper than cuts. Thorough alteration probably re
sults from hydrothermal activity and so probably extends to depth; it
commonly produces clayey material, and so free clay is more abundant
in this unit than in unit 218.

Surficial mantle: Much granular, much clayey; typically sandy clay or
clayey sand. More clay in soil than unit 218.

Expansivity: Most bedrock is unexpansive, but much may be significantly
expansive (altered rock) and some may be severely expansive. Much
mantle unexpansive, much significantly expansive, minor to some se
verely expansive. Samples: CAI4A, typical soil on altered rock, free
swell 51 percent; CAI4B, uncommon soil on altered rock, free swell 72
percent; CA 12, red clay soil on tuff, free swell 116 percent; SH 17A,
clayey colluvium on unaltered rhyolite, free swell 31 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; seven
stations.

MAP UNIT 241

Geologic unit, (age), and location: Rhyolitic breccia of the Sonoma
Volcanics (T), near Napa.

Summary: Largely hard, tough rhyolite breccia that has mostly wide frac
ture spacing; much is blasted for excavati{)n. Forms bold outcrops. Some
weathered rock has firm matrix containing hard blocks as large as 2-3 ft
in diameter. Minor interbedded firm lithic tuff. Mantle is unexpansive.

Composition: Breccia of small to large blocks of rhyolite in tight matrix
of smaller pieces and, where discernible, banded rhyolitic flow rock.
Includes minor interbedded lithic lapilli tuff as described for unit 272.

Hardness: Typically hard, uniformly. Some rock (less than half) has firm
or, less commonly, soft matrix between hard blocks where weathered.
Lithic tuff is firm to hard.

Bedding: Absent, except where lithic tuff is interbedded.
Parting: Absent.
Fracture: Spacing is mostly wide, but ranges from moderate to very wide

(6 ft), in places as much as 10 ft. Where weathered matrix is firm to
soft, effective spacing is size of hard blocks, which are medium to large;
matrix in this rock has very close fracture spacing on surface where
weathered.

Permeability: Very low intergranular permeability in almost all bedrock.
Very low to low fracture permeability in shallow bedrock, may extend
to depth. Most mantle moderate.

Weathering: Mostly fresh to outcrop. Some matrix is weathered firm to
depths of more than 6 ft.

Surficial mantle: Largely granular; typically loam containing abundant
rock fragments.

Expansivity: Bedrock and mantle are unexpansive. Sample N5, uncracked
loam soil, typical, free swell 35 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two
stations.

MAP UNIT 250

Geologic unit, (age), and location: Volcanic rocks (K), near Loma Prieta
in Santa Cruz Mountains south of San Jose.

Summary: Briefly seen in field. Basaltic pillow lava, breccia, and tuff
breccia; some diabase. Unit is similar in composition, physical proper
ties, permeability, and surficial mantle texture to Franciscan greenstone
(unit 253), but it is probably less sheared and disrupted.

Expansivity: Like unit 253. Bedrock is largely unexpansive, but minor to
some may be expansive where sheared, altered, or weathered. Much
mantle unexpansive, much significantly expansive, probably minor to
some severely expansive. Samples: LOG11, mildly cracked red-brown
sandy silt soil, typical, free swell 53 percent; LOG 12, red sandy silty
soil, typical, free swell 50 percent.

Sources: R.I. McLaughlin, oral commun., 1979; two stations.

MAP UNIT 251

Geologic unit, (age), and location: Spilite near Black Point (K), on
Sonoma County coast.

Summary: Spilitic basalt, like Franciscan greenstone (unit 253) except
much wide and some very wide fracture spacing in fresh rock. Bedding
and parting are absent. Fresh rock is hard, weathers firm to hard.

Composition: Spilitic basalt containing widespread but minor replacement
by epidote; locally minor chloritic pillow matrix.

Hardness: Fresh rock is hard. Weathered rock is firm to hard, becoming
firm to soft where severely weathered.

Bedding: Largely absent or unrecognizable; locally defined by pillows in
sequences of unknown thickness. Dikes may be present.

Parting: Absent.
Fracture: Shattered like Franciscan assemblage except at northern end of

coastal exposure. Effective fracture spacing is probably largely moder
ate to wide, close where more shattered and weathered; some has very
wide effective spacing in fresh rock. Pillows, 1-5 ft in intermediate di
ameter, form effective fracture in some rock. Fractures are largely tight
in fresh rock and in some weathered rock.

Permeability: Very low intergranular permeability, low to locally mod
erate fracture permeability largely in shallow bedrock. Mantle probably
variable, moderate to very low.

Weathering: Depth of weathering not observed, but probably highly vari
able, as is degree of weathering. Weathered rock is oxidized along en
tire fracture system, although this does not affect physical properties
much.

Surficial mantle: Probably clayey to granular, much of each, like unit 253.
Expansivity: Probably like unit 253, in which bedrock is largely

unexpansive, but minor to some is expansive where sheared, altered, or
weathered. Probably much mantle unexpansive, much significantly ex
pansive, minor to some severely expansive.

Stratigraphic thickness: Thousands of feet.
Sources: Blake and others, 1971; Wentworth, 1966; three stations.

MAP UNIT 253 Franciscangreenstone

Geologic units, (age), and location: Greenstone of the Franciscan assem
blage (KJ), throughout most of region; quartz keratophyre of the
Franciscan assemblage, near Loma Prieta in Santa Cruz Mountains south
of San Jose.

Summary: Altered basaltic volcanic rock consisting of pillow lava, tuff
breccia, tuff, flows, and related intrusive rock; includes some sheared
rock like units 800 and 804. Most fresh rock is hard; quarried for fill
and road metal. Low to locally moderate fracture permeability in shal
low rock. Bedrock is largely unexpansive; much surficial mantle is ex
pansive.
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Composition: Altered basaltic volcanic rock consisting of pillow lava,
breccia, tuff breccia, tuff, flows, and related intrusive rock; locally mi
nor chert (like unit 51!) or limestone (like unit 909). Pillows, flows, and
breccia fragments are glassy to holocrystalline and largely aphanitic;
some rock, especially in larger masses, is diabasic (grain size as large
as I mm). Pillow lava consists of rounded pillow masses I ft to several
feet in length in a subordinate to generally minor matrix of chlorite or
tuff; tuff breccia consists of variably abundant altered basaltic fragments,
mostly very small to small, in tuff matrix; tuff is sandstone and siltstone
composed of altered mafic glass fragments. Some rock is variably
sheared; borders may be altered to clay.

Proportions are variable. Tuff and tuff breccia generally are subordi
nate but locally they dominate; in Marin County, about 60 percent pil
low lava, 30 percent tuff breccia, 10 percent tuff.

Hardness: Where fresh, flows, intrusives, pillows, breccia fragments, and
some pillow and breccia matrix are hard; tuff and most pillow and brec
cia matrix are firm. Weathered rock is largely firm to soft, larger pieces
hard; clay is soft.

Bedding: Mostly indistinctly bedded in very thick (commonly tens of feet),
irregular beds; oriented pillows define crude bedding in some.

Parting: Absent except in chert (like unit 511) and along shear surfaces
in sheared rock.

Fracture: Largely close to moderate spacing; some wide, especially in
diabasic rock. Common close to very close spacing of incipient fracture
that becomes effective in weathered rock. Pillows I ft to several feet in
length create effective wide fracture spacing in pillow lava. Variable very
close to very wide shear surfaces in some rock.

Permeability: Bedrock has very low intergranular permeability, low to
locally moderate fracture permeability largely in shallow rock. Mantle
variable, moderate to very low.

Surficial mantle: Clayey to granular, probably much of each. Much soil
is on borderline between granular and clayey.

Expansivity: Bedrock is largely unexpansive, minor to some expansive
(where sheared, altered, or weathered). Much surficial mantle is
unexpansive, much significantly expansive, minor to some severely ex
pansive. Bedrock samples: SM6, altered greenstone, free swell 50 per
cent; SFNI, altered greenstone, free swell 61 percent; B09, deeply
weathered greenstone, free swell 50 percent; BO 12, weathered green
stone, free swell 70 percent; SFS 16, sheared greenstone in BART tun
nel, free swell 98 percent. Surficial mantle samples: SG24, typical
grassland soil on greenstone, free swell 60 percent; B024A, typical
woodland surficial soil on greenstone, free swell 19 percent; B024B,
typical woodland subsoil on greenstone, free swell 30 percent; MHI6A,
surficial soil on greenstone (Loney topsoil), free swell 120 percent;
MHI6B, subsoil on greenstone (Loney subsoil), free swell 138 percent;
MM4, soil on greenstone, free swell 43 percent; WOI5, moderately
cracked soil on greenstone, free swell 10 I percent; MM5, soil on collu
vium from greenstone, free swell 105 percent.

Stratigraphic thickness: Hundreds to thousands of feet.
Sources: Blake and others, 1971, 1974; Bailey and others, 1964; Ellen and

others, 1972; Robinson, 1956; many stations.

MAP UNIT 254 Unsheared Franciscan metagreenstone

Geologic unit, (age), and location: Parts of metagreenstone of the
Franciscan assemblage (KJ) that have hard topography, as determined
by interpretation of aerial photographs, in Marin highlands.

Summary: Slightly metamorphosed greenstone; most is unsheared, but
minor to some severely sheared and some variably sheared and shattered
rock. Largely hard where fresh and firm to hard where weathered;
sheared or shattered rock is firm to soft where weathered. Low to lo
cally moderate fracture permeability. Much surficial mantle is signifi
cantly expansive, minor severely expansive.

Composition: Largely nonfoliate, slightly metamorphosed greenstone that
shows some development of blue amphiboles; similar in composition to

unit 253 except for metamorphism. Unit is largely unsheared, but in
cludes minor to some severely sheared rock (like unit 800) and some
variably sheared and shattered rock (like unit 804).

Hardness: Largely hard where fresh; firm to hard pieces in soft to firm
matrix where weathered. Sheared or shattered rock is firm to soft where
weathered. May be altered to soft material along contacts with other rock
types.

Bedding: Mostly unbedded to indistinctly bedded in thick to very thick
(tens of feet) irregular beds; oriented pillows define crude bedding in
some.

Parting: Largely absent.
Fracture: Where unsheared, spacing is largely close to moderate, some

very close; where sheared or shattered, spacing is very close to close.
Pillows I ft to several feet in length create effective wide fracture in
weathered pillow lava. Very close to very wide shear surfaces in some
rock.

Permeability: Bedrock has very low intergranular permeability, low to
locally moderate fracture permeability largely in shallow rock. Mantle
variable, moderate to very low.

Surficial mantle: Clayey to granular, probably much of each.
Expansivity: Bedrock is largely unexpansive, minor to some expansive

(sheared rock). Much surficial mantle is unexpansive, much significantly
expansive, minor severely expansive. See samples for units 253 and 801.

Stratigraphic thickness: Hundreds to thousands of feet.
Sources: Blake and others, 1974; several stations.

MAP UNIT 255

Geologic units, (age), and location: Basaltic pillow lava and breccia (1),
only in Mendocino highlands; diabase and diabase-basalt breccia (1), in
northern Mayacmas Mountains.

Summary: Basaltic pillow lava and breccia. Rock is deeply weathered;
most is firm, but includes some hard cores tones and soft zones of sheared
or altered rock. Much to most mantle is significantly expansive.

Composition: Shattered and somewhat sheared basaltic to diabasic pil
low lava and breccia; some tuff; rare chert. Rock is composed of green
ish-gray basalt altered by albitization and silicification so that original
textures are destroyed. In Bradford Mountain area, highly altered dacite
porphyry is indistinguishable in the field from basalt (Gealey, 1951).

Hardness: Fresh rock is probably largely hard having hard to firm ma
trix, but no fresh rock observed. Weathered rock is mostly firm, but some
consists of soft zones of more weathered, sheared, or altered rock, and
an unknown proportion contains residual corestones of hard rock, which
may constitute most of weathered rock in places.

Bedding: Most intervals of pillow lava and breccia are probably tens of
feet thick.

Fracture: Effective spacing in fresh rock is probably moderate to wide,
ranging from very close to very wide. Effective spacing in weathered
rock is very close to moderate, some wide. Most rock is shattered at very
close spacing, but in places, particularly in hard corestones, these frac
tures are tight and do not represent effective fracture spacing. Iron stain
ing is prominent on all fractures.

Permeability: Intergranular permeability of bedrock very low; probably
low fracture permeability in shallow rock. Probably much mantle mod
erate, much low to possibly very low.

Weathering: Weathered deeper than cuts (which are as deep as 30 ft)
wherever observed; probably weathered deeply in most places. Corestone
(spheroidal) weathering noted in places, absent in others.

Surficial mantle: Clayey to granular, probably much of each. Soil is stony,
reddish brown, and thin on ridge crests and slopes.

Expansivity: Bedrock is largely unexpansive, but some may be expan
sive (where sheared, altered, or weathered). Probably much mantle is
unexpansive, much to most is significantly expansive, probably minor
to some severely expansive. Samples: GY8, mildly cracked sandy clay
soil, free swell 61 percent; GRNI, mildly cracked clayey silt soil, free
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swell 50 percent; Jl, typical soil on unit Jdb of source map, free swell
60 percent (exaggerated).

Sources: Blake and others, 1971; Gealey, 1951; McLaughlin, 1978; four
stations.

MAP UNIT 256

Geologic unit, (age), and location: Basaltic pillow lava and breccia (1),

only in Howell Mountains.
Summary: Boldly outcropping, resistant basaltic rock occurring as brec

cia and pillow lava. Hard blocks in firm matrix, varied fracture spacing.
Thin soil, largely unexpansive.

Composition: Basaltic rock, both as breccia of mostly small to medium
blocks, but containing blocks as large as 3 ft or more in diameter, and
as pillow basalt of elongate pillows mostly 3-6 ft in length. In both brec
cia and pillow basalt, a fine-grained matrix fills interstices.

Hardness: Breccia has hard blocks in hard matrix where fresh, otherwise
hard blocks in firm matrix. Pillow basalt has hard blocks in firm ma
trix.

Bedding: Breccia has indistinct very thick (as much as 25-ft) beds. Pil
low basalt unbedded.

Parting: Absent, but possibly some weakness at very wide spacing (as
much as 25 ft) in breccia.

Fracture: Present at different scales, any of which may dominate a given
exposure. In breccia, much fracture has close to moderate spacing (size
of blocks and closer), but throughgoing fractures are moderate to very
wide (5 ft) and major throughgoing fractures 20-30 ft. Pillow basalt has
close to very close spacing that is incipient in many places, another set
of fractures at moderate spacing, and major throughgoing fractures at
wide to 8 ft.

Permeability: Intergranular permeability of bedrock very low; probably
low fracture permeability in shallow rock. Mantle variable, moderate to
very low.

Weathering: Rock forms bold, craggy outcrops and is hard to the surface
of these outcrops. Weathering has little effect except to soften matrix
and open incipient fractures.

Surficial mantle: Granular to clayey, probably much of each. Thin, stony
soil over boldly outcropping rock.

Expansivity: Bedrock is largely unexpansive, but minor may be expan
sive. Much to most mantle is unexpansive, probably much significantly
expansive. Sample WS7, typical stony clayey soil, free swell 40 percent.
See samples for unit 255.

Sources: Sims and others, 1973; two stations.

MAP UNIT 260

Geologic unit, (age), and location: Volcanic rocks (T), only near Blos
som Hill (exclusive of Lone Hill), south of San Jose.

Summary: Largely hard welded tuff, rhyolitic to dacitic in composition,
forms outcropping blocks and minor bluffs; some to much firm altered
tuff or tuffaceous mudstone. Some to much bedrock and most mantle
are expansive.

Expression in aerial photographs: Resistant bump.
Composition: (I) Altered welded tuff of lapilli and feldspar crystals in

dominant ash matrix; rhyolitic to dacitic in composition (E.E. Brabb,
written commun., 1972), dacitic (Bailey and Everhart, 1964). Includes
minor tuff breccia that contains blocks as large as I ft in diameter. (2)
Altered fine ash tuff or tuffaceous mudstone, firm, green; includes mi
nor nodules(?) of hard chert(?). Welded tuff is the prominent and prob
ably dominant constituent, some to much composition 2.

Hardness: Welded tuff is hard to the ground surface where it crops out,
but minor weathers firm within 2 ft of ground surface. Green tuff or
tuffaceous mudstone is firm where fresh and weathered, but weathered
rock mass is soft containing hard nodules.

Bedding: Welded tuff occurs as a very thick (as much as 40-ft) layer that
is inrernally unbedded to indistinctly bedded, but has planar fabric. Very
thick (tens of feet) green tuff or tuffaceous mudstone is unbedded inter
nally. Chert nodules are medium and 1-3 ft in length.

Parting: Largely absent, some probably to wide.
Fracture: Welded tuff is fractured both at moderate to wide and at very

wide spacing (as much as 10 ft or more) in outcropping blocks, much
of each; all has variably prominent close irregular fracture that is insig
nificant except for durability. Green tuff or tuffaceous mudstone has
close to very close spacing of weathering fracture on moderate original
spacing.

Permeability: Welded tuff (most of unit) has low to very low intergranu
lar permeability, probably low fracture permeability to depth. Green tuff
or tuffaceous mudstone (some to much of unit) has very low intergranular
permeability, possibly some low fracture permeability in shallow rock.
Most mantle very low to low.

Weathering: Most welded tuff crops out, minor weathers firm within 2 ft
of ground surface.

Surficial mantle: Largely clayey, stony.
Expansivity: Most bedrock is unexpansive, but some to much (green tuff

or tuffaceous mudstone) is significantly expansive where fresh and prob
ably severely expansive where weathered. Most mantle expansive, much
to most severely expansive. Samples: STH 12C, fresh green altered tuff,
typical of some to much bedrock of unit, free swell 54 percent; STH 12A,
very mildly cracked stony clay soil, typical on welded tuff, free swell
80 percent; STH 12B moderately cracked stony clay mantle, local con
stituent, free swell 155 percent.

Sources: Bailey and Everhart, 1964; E.E. Brabb, written commun., 1972;
one station.

MAP UNIT 261

Geologic unit, (age), and location: \Velded tuff of the Sonoma Volcanics
(T), in area between Santa Rosa Valley and Howell Mountains.

Summary: Hard welded ash-flow tuff interlayered with firm partially
welded or unwelded ash-flow tuff and with minor firm bedded tuff. Most
bedrock and mantle is unexpansive.

Composition: Hard welded lithic and pumice lapilli ash-flow tuff
interlayered with some to much firm partially welded and unwelded ash
flow tuff similar to unit 270 and with minor firm bedded tuff composed
of fine ash, crystals, pumice lapilli, and lithic lapilli. Hard welded tuff
probably predominates, but as much as half of unit may consist of
unwelded or partially welded tuff. Baked and hardened zones about 3-5
ft thick lie immediately below welded rock.

Hardness: Welded tuff is hard (ringing) both where fresh and weathered.
Unwelded tuff, where fresh, is firm; where weathered, it is largely firm,
but soft in places within 3 ft of the ground surface.

Bedding: Hard welded tuff occurs in layers generally less than 200 ft thick,
between layers of firm tuff. The firm tuff is mostly unbedded or indis
tinctly bedded, but locally where sorted it is distinctly bedded in thin to
thick beds.

Parting: Hard welded rock generally has parting parallel to layering at
moderate to very wide (6-ft) spacing; in places, parting is present at close
to very close spacing, but this parting is commonly incipient. Firm tuff
lacks parting.

Fracture: Much hard welded rock shows columnar jointing perpendicu
lar to layering at moderate to wide spacing; where columnar jointing is
absent, the rock is fractured mostly at moderate to wide spacing, but
ranges from close to very wide (5 ft), in places as wide as 8 ft. Firm
tuff shows variable fracture spacing, mostly moderate to wide.

Permeability: Hard welded tuff (most of unit) has very low intergranular
permeability, probably low fracture permeability to depth. Firm tuff
(some to much of unit) has low intergranular permeability. Most mantle
low to very low, some to much moderate.
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Weathering: On hard welded rock, weathering has little effect except
production of new fractures and opening of incipient fractures within 2
ft of ground surface; hard rock generally crops out. Effects of weather
ing on firm tuff are described for unit 270.

Surficial mantle: Largely clayey, some to much granular.
Expansivity: Most bedrock is unexpansive, but minor is severely expan

sive (weathered bedded tuff) and some is significantly expansive (weath
ered welded tuff). Most mantle unexpansive, probably some expansive.
Samples: DRI2, stony clayey soil, typical, free swell 30 percent; DR13,
cracked clayey weathered tuff, rare, free swell 84 percent. Also samples
reported for unit 270: SH2, typical red clay soil on welded tuff, free
swell 41 percent; SH4, clay weathering product of welded tuff, free swell
62 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; II sta
tions.

MAP UNIT 262

Geologic unit, (age), and location: Xenolithic welded tuff(?) of the
Sonoma Volcanics (T), northeast of Napa.

Summary: Hard welded tuff that has moderate to very wide fracture spac
ing. Forms rugged outcrops and required blasting at both exposures ex
amined.

Composition: Welded lapilli tuff and tuff breccia that contain pebble-size
xenoliths (fragmenrs of nonvolcanic rock derived from depth).

Hardness: Uniformly hard.
Bedding: Absent.
Parting: Absent.
Fracture: Moderate to very wide (4-ft) spacing.
Permeability: Bedrock has very low intergranular permeability, low frac

ture permeability probably to depth. Probably much mantle moderate,
much low to very low.

Weathering: Crops out, fresh to ground surface.
Surficial mantle: Granular to clayey, probably much of each; much thin

to absent.
Expansivity: Bedrock is largely unexpansive; mantle probably is largely

unexpansive.
Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two

stations.

MAP UNIT 270

Geologic unit, (age), and location: Ash-flow tuff of the Sonoma Volcanics
(T), in area between Santa Rosa Valley and Howell Mountains.

Summary: Largely firm, coherent, low density ash-flow tuff that is widely
fractured and has low permeability, but contains scattered to locally
abundant hard welded layers. Also contains less abundant tuff breccia,
which consists of hard blocks and bombs in firm tuff matrix, and minor
soft to firm tuffaceous sedimentary rock and nontuffaceous clastic sedi
mentary rock. Minor bedrock and some mantle are severely expansive.

Expression in aerial photographs: Prominent layers of greater and lesser
resistance 20-150 ft in width.

Composition: Ash-flow tuff is typically composed of pumice lapilli and
minor lithic lapilli embedded in coarse to fine ash matrix. Unit locally
includes welded tuff, tuff breccia, lithic tuff, tuffaceous sedimentary rock,
fine ash tuff, and nontuffaceous clastic sedimentary rock similar to that
mapped as unit 141. Hard welded tuff and firm partially welded tuff
occur within unwelded ash-flow sequences. Tuff breccia is composed of
5-50 percent volcanic blocks and bombs or. less commonly, pumice
blocks, in tuff matrix; blocks and bombs generally are less than 1 ft in
diameter, but may be as large as 3 ft and rarely even 5-10 ft in diam
eter. Tuffaceous sedimentary rock consists of water-laid sand- to silt
size material, mostly medium- to fine-grained sandstone and siltstone,
that is composed of reworked pumice, lithic clasts, and ash admixed with
other terrigenous materials in variable proportions; locally it grades to,

or interfingers with, nontuffaceous sedimentary rock as described for
unit 141.

Unit consists largely of ash-flow tuff; some welded tuff; minor tuff
breccia and sedimentary rock. In places, hard welded tuff makes up as
much as 50 percent of unit, but generally much less.

Hardness: Ash-flow tuff is firm, coherent rock that contains some soft
zones, especially where weathered along fractures; in many places, ex
posed surfaces are case hardened to firm or hard. Welded tuff is hard;
partially welded tuff is firm, but firmer than typical ash-flow tuff. Tuff
breccia has hard to firm blocks and bombs in firm matrix. Fine-grained
tuffaceous sedimentary rock is mostly firm; medium-grained and coarser
sedimentary rock is mostly soft and friable. Nontuffaceous clastic sedi
mentary rock is soft to firm.

Bedding: Ash-flow tuff occurs in indistinct beds that are 5-150 ft or more
thick. Partially welded and welded tuff occurs within beds in medium
to 40-ft zones, typically grading both upward and downward to unwelded
ash-flow tuff. Tuff breccia is unbedded or indistinctly bedded and oc
curs in intervals as thick as 50 ft or more. Tuffaceous sedimentary rock
is distinctly to indistinctly bedded in medium to very thick beds. Clas
tic sedimentary rock is distinctly bedded in generally thick beds, rang
ing from medium to 15 ft. On aerial photographs, this unit commonly
shows prominent layers of greater and lesser resistance 20-150 ft in
width.

Parting: Mostly absent except in welded or partially welded zones, where
it occurs at moderate to wide or very wide (4-ft) spacing. Also present
in some fine ash tuff at close spacing, and in sedimentary rock along
some bedding planes. Probably present at spacing of 20-150 ft, as judged
by scale of folding observed on aerial photographs.

Fracture: In ash-flow tuff, fracture spacing ranges from moderate to about
20 ft; most exposures show predominantly moderate or wide to about 4
ft, and some show largely 5-20 ft. Some fractures are open and accentu
ated by weathering, others are lined by hard minerals. In ash-flow tuff,
weathering typically produces scaling roughly parallel to the weathered
surface at close to very close spacing and, in places, produces close
weathering fracture within a few feet of the ground surface. Most welded
tuff is fractured at moderate to wide spacing, much at wide to 5-ft spac
ing, but in places spacing is close to moderate and in other places as
wide as 8 ft. Tuff breccia generally has only occasional fracture, but
moderate to wide spacing is present in places; some larger blocks within
tuff breccia are internally fractured at close to moderate spacing. Tuf
faceous sedimentary rock generally shows indistinct fracture, but fine
grained and very fine grained tuffaceous sedimentary rock is fractured
at close spacing. Partly nontuffaceous sedimentary rock generally shows
fracture at close to moderate or wide spacing in rock of medium and finer
sand size, but fracture is absent in coarser grained rock.

Permeability: Ash-flow tuff has largely low intergranular permeability;
moderate to high permeability generally is restricted to medium to thick
zones within low permeability rock. Welded tuff has very low intergranu
lar permeability and probably low fracture permeability to depth. Inter
granular permeability of tuff breccia ranges from very low to moderate
and locally high, depending on tightness of matrix, but is mostly low;
fine-grained tuffaceous sedimentary rock is mostly low to very low, but
coarse sandstone and pebble conglomerate may be moderate or high,
depending on clay clogging. Intergranular permeability of nontuffaceous
sedimentary rock ranges from very low to moderate and high. In sum
mary, most bedrock has low total permeability; minor to some moder
ate and high permeability occur both as restricted zones within tuff and
more commonly as permeable horizons within sedimentary rock. Much
mantle moderate, much low to very low.

Weathering: Ash-flow tuff in many places is fresh to within a foot or so
of the ground surface, but at most places it is weathered soft to depth of
4 ft; in places, weathering has produced soft clayey material along frac
tures to depths of more than 15 ft. Welded tuff is commonly unweath
ered to outcrop of hard, fresh rock, but locally weathers spheroidally to
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more than 8 ft deep, producing firm or soft weathered material surround
ing hard blocks that persist to the ground surface. Tuff breccia that is
somewhat permeable (much of tuff breccia) weathers deeply (more than
15 ft) producing free clay, but tuff breccia that has tight matrix weath
ers to only about 3 ft deep. Tuffaceous sedimentary rock generally weath
ers more deeply than ash-flow tuff, commonly to depths of more than 6
ft, some to 10ft or more, but tight tuffaceous sedimentary rock weath
ers shallowly similar to ash-flow tuff. Nontuffaceous sedimentary rock
weathers deeply (more than 25 ft) where permeable, but impermeable
fine-grained beds may weather to depth of only 3 ft.

Surficial mantle: . Much granular, much clayey.
Expansivity: Most bedrock is unexpansive, but minor is severely

expansive (weathered tuffaceous sedimentary rock). Much mantle is
unexpansive, much significantly expansive, some severely expansive.
Bedrock samples: SH4, mildly cracked clay weathering product of
welded tuff, free swell 62 percent: MWSI4, well-cracked clayey weath
ered tuff. free swell 128 percent. Surficial mantle samples: GE6,
uncracked clayey soil, typical, free swell 91 percent; SH2, uncracked red
clay soil on welded tuff, typical, free swell 41 percent; K14, uncracked
clayey soil, typical, free swell 49 percent; MG9, clayey glass sand soil,
typical, free swell 38 percent; MWS 13, clayey dark cracked soil on tuf
faceous sandstone, free swell 89 percent.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; Kunkel
and Upson, 1960; Sarna-Wojcicki, 1971, 1976; 33 stations.

MAP UNIT 271

Geologic unit, (age), and location: Clear Lake Volcanics (equivalent to
the volcanic rocks of Clear Lake area of Fox and others, 1973), tuff
member (Q), near northern boundary of region northeast of Howell
Mountains.

Summary: Briefly seen in field. Firm lapilli tuff, mainly at base of oliv
ine basalt flows (unit 212). Bedrock has low intergranular permeability,
probably moderate to wide fracture spacing. Other properties of bedrock
and mantle are probably similar to ash-flow tuff of unit 270.

Sources: Fox and others, 1973; one station.

MAP UNIT 272

Geologic unit, (age), and location: Lithic tuff of the Sonoma Volcanics
(T), in area between Santa Rosa Valley and Howell Mountains.

Summary: Largely firm, tough, lithic and pumice lapilli tuff that contains
scattered hard lithic bombs and blocks, grading to tuff breccia; minor
zones of agglomerate and volcanic breccia that contain abundant hard
blocks. Includes beds and zones of hard tuff and tuff breccia that con
stitute as much as half of unit locally. Most rock is difficult or impos
sible to rip, some is easily ripped. Most bedrock and mantle are
unexpansive.

Composition: Largely poorly sorted lithic and pumice lapilli tuff contain
ing lithic blocks and bombs that are mostly less than 6 in. in diameter,
but as large as 4 ft. Blocks and bombs are commonly absent or scattered
and constitute less than 5 percent of the rock, but some of unit is tuff
breccia that contains 5-50 percent blocks and bombs, and perhaps 10
percent is agglomerate and volcanic breccia that consist predominantly
of bombs and blocks in subordinate tuff matrix. Tuff, as well as tuff
matrix of the tuff breccia, agglomerate, and volcanic breccia, is com
posed of lapilli of rock, pumice, and crystals in matrix of coarse and fine
ash. Unit also includes minor beds of fine ash tuff, coarse ash tuff, and
sorted tuffaceous sedimentary rock; also local welded tuff (like unit 261)
and andesitic intrusive rock (like unit 202). Some areas are hydrother
mally altered.

Hardness: Includes firm and hard rock, all tough; rock is dominantly firm,
but much firm rock approaches hard, both where fresh and weathered.
Lithic blocks and bombs are generally hard, but as much as half are firm

where weathered. Thus, the rock is firm to hard and contains some hard
blocks. Hydrothermally altered areas in which rock hardness is anoma
lous and irregularly distributed occur east of Napa and on the southeast
side of Mount St. Helena. East of Napa, irregularly distributed firm ap
proaching hard rock may exist to near the ground surface beside altered
rock that is firm approaching soft to depths of more than 10ft, and hard
rock is absent. On southeast side of Mount St. Helena, planar silicified
zones that are hard where fresh and weathered, generally as wide as 20
ft and locally as wide as 50 ft(?), are interspersed with altered rock that
weathers firm to soft.

Bedding: Mostly absent to indistinct at medium to very thick. Locally,
distinct thin to very thick beds are revealed by differential weathering
of beds of contrasting hardness or where tuffaceous sedimentary rock is
sorted.

Parting: Absent.
Fracture: Variable. Many exposures show random moderate to wide frac

ture spacing, but spacing in crags and cliffs is wide to very wide (as much
as 10-20 ft) and uniformly perpendicular to bedding. In many places there
is a less well developed fracture at moderate spacing. In all exposures,
weathering produces irregular close to very close spalling of exposed
rock. Many hard blocks have moderate fracture spacing. Welded layers
show moderate to wide columnar jointing and very wide noncolumnar
fracture.

Permeability: Bedrock has uniformly low intergranular permeability. No
pores are visible using lens, but deep weathering (alteration 7 ) suggests
some permeability. Most mantle moderate to high, some low to very low.

Weathering: Variable. Much rock on southeastern slopes of Mount St.
Helena and east of Napa is hydrothermally altered to depths greater than
cuts (deeper than 12 ft). Southeast of State Highway 29 and east of The
Palisades, unit is not hydrothermally altered in outcrop. In some places
within 2-3 ft of the ground surface, rock is soft and free clay is present,
but nearby firm rock may persist to the ground surface. On exposed faces,
rock weathers by spalling on close to very close irregular fractures, pro
ducing a granular, highly permeable colluvium.

Surficial mantle: Largely granular, some clayey. Most is permeable silty
soil containing free clay and rock fragments as large as 4 ft in diameter.
Local sticky clay. Highly permeable colluvium on steep slopes.

Expansivity: Most bedrock is unexpansive, some may be expansive (par
ticularly altered rock). Most mantle is unexpansive, some to much prob
ably significantly expansive, minor severely expansive. Samples: DR7,
clayey sand soil, typical for Mount St. Helena, free swell 31 percent;
N3, minor cracked clayey soil, free swell 100 percent. Most soil is not
cracked but granular and silty, containing rock fragments.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; 18 sta
tions.

MAP UNIT 273

Geologic unit, (age), and location: Agglomerate of the Sonoma Volcanics
(T), in area between Santa Rosa Valley and Howell Mountains.

Summary: Largely firm, some hard, tough rock, similar to unit 272 ex
cept for prominent bedding and markedly greater abundance of blocks
and bombs. Blocks and bombs are hard and range from scattered to lo
cally abundant (as much as 50-60 percent of rock). Unit is mostly dis
tinctly bedded in thin to medium beds, some thick, but lacks parallel
parting; has wide to very wide (as much as 20-ft) fracture spacing; has
low to possibly moderate intergranular permeability; and is shallowly
weathered, producing little free clay. Much craggy outcrop; forms The
Palisades east of Calistoga. Almost all bedrock and most mantle are
unexpansive.

Composition: Interlayered and intergrading tuff breccia, tuff, agglomer
ate, and volcanic breccia, all of which consist of lithic and pumice lapilli
tuff containing blocks and bombs. Blocks and bombs generally are less
than I ft in diameter, but are as large as 2 ft, and rarely as large as 6 ft,
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in diameter. Agglomerate and volcanic breccia, which consist of domi
nant bombs and blocks in subordinate matrix, make up about 10-30 per
cent of unit; tuff breccia, which consists of 5-50 percent blocks and
bombs in tuff matrix, makes up 30-50 percent of unit: and tuff, which
contains scattered blocks and bombs, makes up most of the remainder
of unit. Unit also includes minor pumiceous ash-flow tuff similar to
unit 270, andesitic to dacitic flow rock, and rare (less than 2 percent)
well-sorted tuffaceous sedimentary rock of coarse sand to fine gravel
size.

Hardness: Firm, approaching hard; perhaps 20-30 percent is truly hard
rock. Firm rock is commonly case hardened. Rock is tough. Blocks and
bombs are hard.

Bedding: Distinct beds, largely thin to medium. some thick, and some very
thick un bedded intervals (as much as 20 ft or more). Thin- to thick-bed
ded intervals are crudely sorted into fine-grained, resistant beds and
coarser grained, less resistant beds that weather to prominently strati
fied exposures. Beds are warped under blocks and bombs.

Parting: Absent.
Fracture: Mostly wide to lO-ft spacing of major fractures, but spacing

ranges from moderate to 20 ft. These fractures are generally parallel and
perpendicular to bedding where exposed in The Palisades. Many of these
fractures are cemented by a hard material, but in many places rock within
about 3 in. on both sides of fractures is weathered soft or firm. Where
spacing of major fractures is wide to very wide, a moderate to close
incipient fracture is developed in many places. Some blocks are inter
nally fractured, but some blocks as large as 2 ft in diameter remain
unfractured.

Permeability: Most bedrock has low intergranular permeability, but as
much as half of the thinly interbedded majority of unit possibly has
moderate intergranular permeability along bedding. Well-sorted tuf
faceous sedimentary rock (minor) has low to moderate intergranular
permeability. Most mantle moderate to high, probably minor to some low
to very low.

Weathering: Unit generally crops out or is covered by thin (less than 1
ft) soil. Weathering of bare rock produces close to very close irregular
fractures that result in gravel-sized granular weathering debris, which ac
cumulates to form highly permeable colluvium. Where soil cover is
present, weathering softens rock to about 3 in. deep, both down from
the ground surface and in from fractures and, where original fractures
are at moderate spacing, produces spheroidal weathering. Little free clay
produced.

Surficial mantle: Largely granular, probably minor to some clayey. Much
lacks soil. Soil is thin (mostly less than 1ft).

Expansivity: Almost all bedrock is unexpansive. Most mantle is
unexpansive, probably some to much significantly expansive. Sample
DR27, typical clayey silt soil, free swell 45 percent. No evidence of
expansivity in bedrock or mantle; little free clay.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; five
stations.

MAP UNIT 274

Geologic unit, (age), and location: Andesite(?) (T), immediately east of !

Sunol Valley, southwest of Livermore Valley. .
Summary: Not seen in field. Only information is from Hall (1958), who

described unit as "reddish-brown basaltic agglomerate 300 ft·, thick."
Expression in aerial photographs: Smooth, soft topography that has

rounded intermediate crests and resistam knobs. Small area of expo
Sllre.

Composition and physical properties: Probably similar to fragmental
rock of units 230 and 234.

Permeability: Bedrock probably has low intergranular permeability. Prob
ably most mantle low to very low.

Surficial mantle: Probably largely clayey, like units 230 and 234.

Expansivity: Bedrock probably is largely unexpansive. Probably most
mantle expansive, some to much severely expansive. Inferred from units
230 and 234.

Source: Hall, 1958.

MAP UNIT 275

Geologic unit, (age), and location: Tuff and volcanic gravel (Q), derived
largely from rhyolitic intrusive rocks of the Sonoma Volcanics, in area
between Santa Rosa and Petaluma Valleys and Napa Range.

Summary: About 70 percent is breccia of hard, angular rhyolitic blocks
in firm to soft matrix of tuff or indistinctly bedded tuffaceous sedimen
tary rock. Remainder of unit is firm to soft tuff, tuffaceous sedimentary
rock, sandstone, and conglomerate. Unit is characterized by scattered
large blocks of rhyolite on ground surface. Most mantle is unexpansive;
minor to some bedrock (weathered tuff) is severely expansive.

Composition: About 70 percent is breccia or rubble of hard, angular blocks
of rhyolite in variably abundant matrix of tuff or tuffaceous material that
is variably tight to granular and permeable. Most blocks of rhyolite are
small to medium in size, but many are as large as 4 ft in diameter, some
as large as 10 ft, and fractured masses of rhyolite are as large as 25 ft in
diameter. Many blocks remain on the ground surface as a lag deposit.
The remaining 30 percent of unit includes: (1) Tuff and tuff breccia. (2)
Tuffaceous sedimentary rock that is sand-sized and poorly to moderately
well sorted. (3) Interbedded partly tuffaceous sandstone and conglom
erate, poorly to moderately sorted, clayey but not entirely clay saturated;
conglomerate contains cobbles as large as 6 in. in diameter.

Hardness: Where weathered, breccia has hard blocks in firm to soft ma
trix and a few beds are resistant enough to crop out. Tuff and tuff brec
cia are firm where fresh, weathering firm or soft, and contain hard blocks.
Tuffaceous sedimentary rock is firm to soft where weathered. Sandstone
and conglomerate are soft and friable, but conglomerate contains hard
clasts.

Bedding: Distinct 10- to 50-ft intervals of the principal compositions, such
as breccia, tuff, or conglomerate. In places, breccia deposits are indis
tinctly bedded in thick to very thick beds of breccia between thin to
medium beds of sorted tuffaceous sedimentary rock. Some very thick (6
ft) beds within breccia are firm enough to crop out and form hogbacks.
Sandstone and conglomerate are interbedded in thick to very thick (more
than 6-ft) distinct beds.

Parting: Absent.
Fracture: Present in firm breccia at close to wide spacing, mostly moder

ate: absent in breccia that has soft matrix. Tuff and tuff breccia are frac
tured at moderate spacing. Tuffaceous sedimentary rock and sandstone
are unfractured to fractured at moderate to wide spacing. Conglomerate
unfractured.

Permeability: Breccia (most of unit) has generally low intergranular per
meability, locally moderate or high, depending on matrix. Intergranular
permeability of tuff and tuff breccia low; of tuffaceous sedimentary rock,
sandstone, and conglomerate mostly low, moderate in places. Probably
much moderate intergranular permeability in sedimentary rock below
weathering zone. Thus, permeability of most bedrock low, some mod
erate to locally high. Probably much mantle moderate, much low to very
low.

Weathering: Breccia has fresh blocks in matrix that is weathered to depths
of more than 12 ft. Tuff and tuff breccia are weathered to depths of more
than 6 ft; tuffaceous sedimentary rock probably to depth of 10ft; sand
stone and conglomerate to depths of more than 12 ft.

Surficial mantle: Granular to clayey, probably much of each. Porous in
places, clayey and tight in other places.

Expansivity: Most bedrock is unexpansive, but minor to some severely
expansive (weathered tuff). Most mantle unexpansive, probably some
severely expansive. Samples: SP4, typical soil, free swell 39 percent:
SR4A stony clay soil, typical, free swell 28 percent; SR4B, weathered
tuff, cracked, free swell 89 percent.
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Sources: K.F. Fox, oral commun., 1972-73; Fox and others, 1973; two
stations.

MAP UNIT 280

Geologic unit, (age), and location: Cache Formation (QT), near Lake
Berryessa, west of Yolo Range.

Summary: Largely tuff and pumicite, tight and clay clogged to highly
permeable, largely firm where weathered. May contain interbedded silt
stone and claystone. Severely expansive clay soil.

Composition: Largely pumice lapilli tuff and coarse-grained tuffaceous
sedimentary rock (pumicite). Tuff is tight to highly porous (pores as large
as 0.1 in. in diameter); scattered blocks of basalt or andesite as much as
6 in. in diameter on ground surface of unit suggest minor scattered blocks
in tuff. Pumicite consists largely of pumice clasts of coarse sand to fine
gravel size, coated by clay that saturates much of the rock where weath
ered. Unit may include some to much interbedded siltstone and claystone;
we did not observe siltstone and claystone, but infer the possibility of
their presence from description of upper Cache Formation by Brice
(1953 )

Hardness: Firm to soft, largely firm, where weathered.
Bedding: No bedding observed, but material must be bedded because dif

ferent materials are present. Indistinct crossbedding in some exposures.
Parting: Largely absent; possibly present at bedding planes.
Fracture: Where observed, wide to 4-ft original spacing and superimposed

moderate spacing (weathering fracture?).
Permeability: Variable intergranular permeability in bedrock: tuff very

low to moderate; pumicite very low to high; siltstone and claystone, if
present, low to very low. Thus, intergranular permeability of shallow
bedrock is probably largely low to very low, but some shallOW rock and
much bedrock below shallow rock has large pores and moderate to high
intergranular permeability. Probably most mantle very low.

Weathering: Where observed, all of exposure is weathered. Much clay
clogging of pores in weathered zone.

Surficial mantIe: Largely clayey. Typically sandy clay soil, well cracked;
contains glass and crystal fragments.

Expansivity: Most bedrock is unexpansive, but much may be expansive
where weathered. Probably most mantle severely expansive. Sample
WS8, typical sandy clay soil, well cracked, free swell 102 percent.

Sources: Anderson, 1936; Brice, 1953; Fox and others, 1973; Rymer, 1981;
one station.

MAP UNIT 281

Geologic unit, (age), and location: Lawlor Tuff IT), in the monocline
north of Mount Diablo.

Summary: About one-fourth to one-third of unit is firm tuff in very thick
beds that form cavernous outcrops; remainder is firm tuffaceous sedi
mentary rock that is poorly exposed, including some clayey rock and
some sandstone and lenses of conglomerate. Minor basalt locally. Most
mantle is severely expansive.

Expression in aerial photographs: Includes one or two light-toned, vari
ably resistant bands 30-100 ft in width and dark-toned intervals between
bands as wide as 70 ft. Not clearly expressed in much of area.

Composition: (I) Pumice lapilli tuff, andesitic in composition (Vitt, 1936),
composed almost entirely of pumice lapilli that range from less than 0.25
in. to 1.5 in. in diameter, mostly pea-sized; contains occasional lithic
fragments as large as 0.25 in. in diameter. Between these grains are voids
filled to partly filled by clay in weathered zone. (2) Pumiceous lithic
vitric tuff consisting of 10-30 percent pumice lapilli and 2-10 percent
lithic lapilli in matrix of 95 percent glass fragments; large clasts are not
sorted. (3) Pumice-bearing clayey sand sedimentary rock, in which pum
ice constitutes minor to as much as half of the rock. (4) Pumice-bearing
sandy clay sedimentary rock. (5) Conglomerate lenses in tuffaceous sedi
mentary rock; clasts are as large as 2 in. in diameter. (6) Medium- to

coarse-Grained clean sandstone, similar to sandstone of unit 352, and
minor ~Itstone, conglomerate, and tuffaceous components. (7) Basalt,
some vesicular (Clark, 1912). (8) Local basal conglomerate of subangular
basaltic boulders 2-3 ft in diameter.

One-fourth to one-third of unit is tuff, of which much is composition
I, much composition 2. Remaining two-thirds to three-fourths of unit is
tuffaceous sedimentary rock, of which much is sandy (compositions 3,
6) and much clayey (composition 4). Minor local basalt and basal con
glomerate. Minor to locally some conglomerate lenses (composition 5)
within tuffaceous sedimentary rock.

Hardness: Tuff is firm, cohesive, and brittle; sedimentary rock largely
firm, some weathers soft; minor basalt hard to firm; clasts in conglom
erate hard.

Bedding: Tuff occurs largely in very thick (10- to 60-fl) beds, within some
of which indistinct bedding at medium to 4 ft and some parting at wide
to 4 ft is present. Sedimentary rock varies from distinct thick to 4-ft beds
to very thick (as much as 50-ft or more) beds. Basalt flow thick to 4 ft.
See sections by Vitt (1936) and Sarna-Wojcicki (J 976).

Parting: Difficult to evaluate. Mostly absent within tuff beds, but some
wide to 4-ft spacing. Present on tuff contacts. Variable within sedimen
tary rock, from largely absent to largely present at wide to 4-ft spacing.

Fracture: Tuff is fractured at wide to 15-ft spacing, most wide to 5 ft;
some close to moderate scaling where weathered. Sedimentary rock vari
able, moderate to 5-ft spacing; clayey rock has very close to moderate
spacing of weathering fracture superimposed.

Permeability: Pumice lapilli tuff (composition 1) has probably moderate,
some low, intergranular permeability where weathered (clay clogged);
probably high where fresh. Vitric tuff (composition 2) has low inter
granular permeability where fresh and weathered. Sandy sedimentary
rock has some of both low and moderate intergranular permeability;
clayey sedimentary rock low. Thus, bedrock has much of both moder
ate and low intergranular permeability; minor to some high, especially
below shallow rock. Most mantle very low, some to much moderate.

Weathuing: All is weathered to depths greater than 20 ft.
Surficial mantle: Largely clayey, some to much granular. Observations

of clay soil and loam soil.
Expansivity: Probably most bedrock is unexpansive, but much may be

expansive where weathered. Most mantle severely expansive. Samples:
AS I, typical dark clay soil, moderately cracked, free swell 130 percent;
CL23, dark sandy clay soil, probably typical, free swell 130 percent.

Stratigraphic thickness: 50-100 ft (Brabb and others, 1971); 50-100 ft
(Society of Economic Paleontologists and Mineralogists, Pacific Section,
1950); 130-195 ft (Vilt, 1936); 170 ft (Sarna-Wojcicki, 1976); 150 ft
(Clark, 1912).

Sources: Brabb and others, 1971; Clark, 1912; Davis and Vernon, 1951;
Davis and Goldman, 1958 ; Sarna-Wojcicki, 1971, 1976; Society of Eco
nomic Paleontologists and Mineralogists, Pacific Section, 1950; Vitt,
1936; J.R. Wagner, written commun., 1973; Wagner, 1978; five stations.

MAP UNIT 282

Geologic unit, (age), and location: Pinole Tuff (T), near San Pablo Bay
at north end of the East Bay Hills.

Summary: Much is firm, tough, coherent rock, variably bedded in thin to
very thick (more than 15-ft) beds; much is firm to softe?) tuffaceous
sedimentary rock. Much very wide fracture spacing. Probably most
mantle is severely expansive.

Composition: Includes pumiceous tuff and tuffaceous sedimentary rock
in varying proportions, from mostly tuff to mostly tuffaceous rock; mi
nor tuff breccia. See sections by Vitt (1936) and Sarna-Wojcicki (1976)
for proportions in different areas. The tuff is classified as an augite,
hypersthene. andesitic vitric tuff (Vilt, 1936); it is composed almost
entirely of pumice, as ash and as fragments as large as 8 in. in diam
eter, although most consists of pumice lapilli in ash matrix. Crystal frag
ments nowhere exceed 5 percent of the rock, and lithic fragments are
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rare also. Tuffaceous sandstone (fine to coarse grained), shale, and con
glomerate constitute some to most of unit and are poorly exposed. They
consist of various proportions of tuffaceous and nontuffaceous materi
als; most are dominantly tuffaceous. Unit includes one 16-ft bed of tuff
breccia that consists of blocks and bombs of pumice, andesite, basalt,
and rhyolite in matrix of pumiceous ash; blocks and bombs are gener
ally less than 3 in. in diameter but as large as 3 ft in diameter.

Hardness: Mostly firm; fine ash tuff is brittle. All exposed rock is coher
ent and tough, but tuffaceous sedimentary rock is probably firm to soft
(inferred from Vitt, 1936). Pebbles in conglomerate are hard to firm.

Bedding: Distinct to indistinct thin to very thick (more than 15-ft) beds,
mostly thick to 10 ft. Many beds are internally bedded, but most very
thick beds show no internal structure. Lawson (1914) reported that most
of unit is distinctly bedded and water sorted.

Parting: Present on some bedding planes, absent on others. In many places,
spacing is very wide (about 20 ft).

Fracture: Spacing ranges from moderate to very wide (15 ft), depending
on composition and bed thickness (wider in thicker beds). Much has
moderate to 6-ft spacing, but spacing greater than 6 ft is common. Rare
beds produce closely spaced weathering fracture.

Permeability: Bedrock has largely low intergranular permeability; minor
to possibly some moderate intergranular permeability in shallow rock,
probably some moderate below shallow rock. Probably most mantle very
low.

Weathering: Exposed rock is firm to ground surface and shows no ap
parent weathering effect.

Surficial mantle: Probably largely clayey.
Expansivity: Probably most bedrock is unexpansive, but much may be

expansive where weathered. Probably most mantle severely expansive.
Sample R2, dark clay soil, well cracked, typical, free swell 102 percent.

Stratigraphic thickness: 900 ft at type locality near Rodeo (Vitt, 1936),
varying to less than 50 ft near Pinole.

Sources: Lawson, 1914; Sarna-Wojcicki, 1971, 1976; Vitt 1936; five sta
tions.

MAP UNIT 283

Geologic unit, (age), and location: Contra Costa Group, basal tuff (T),
near Lafayette in the East Bay Hills.

Summary: Briefly seen in field. Unit is 60-350 ft thick of which 60 ft is
andesitic vitric tuff, the remainder largely sandy tuffaceous sedimentary
rock. Much to most mantle is severely expansive. Unit is reported to be
resistant and underlie ridges.

Composition: Tuff proper (about 60 ft thick) is andesitic vitric tuff simi
lar to the Pinole Tuff (unit 282) and consists of pumice lapilli as much
as 0.75 in. in diameter in matrix of pumiceous ash. Pumiceous glass
constitutes 95-98 percent of the rock; lithic fragments as large as 0.5 in.
in diameter constitute as much as 5 percent. Upper parts of tuff are ce
mented by calcite and grade upward to pure white limestone. Included
in unit are sandy tuff beds below the tuff proper, local porphyritic ba
salt and sandstone interbedded with the tuff proper, and probably tuf
faceous sandstone above the tuff proper, grading into unit 130.

Hardness: Tuff is firm, tough, and coherent; limestone and basalt hard;
tuffaceous sandstone and sandy tuff probably firm.

Bedding: Tuff is distinctly bedded in beds that average 4-5 ft thick. Lime
stone bed is 3-5 ft thick. Unknown in materials above and below tuff.

Parting: Unknown. Probably not present on all bedding planes in tuff, but
at least on some. Unknown in materials above and below tuff.

Fracture: Probably wide to very wide (6 ft) in tuff.
Permeability: Bedrock probably has largely low intergranular permeabil

ity, possibly some moderate. Probably most mantle low to very low.
Surficial mantle: Probably largely clayey.
Expansivity: Probably most bedrock is unexpansive, but much may be

expansive where weathered. Much to most mantle severely expansive.

Sample WC62, typical gray silty clay soil, well cracked, free swell 90
percent.

Sources: Ham, 1952; Vitt, 1936; one station.

MAP UNIT 284

Geologic unit, (age), and location: Orinda Formation, tuff member (T),
in area north of Livermore Valley.

Summary: See description for unit 134.

MAP UNIT 285

Geologic unit, (age), and location: Kirker Formation of Primmer (1964),
tuff member (T), in the monocline north of Mount Diablo.

Summary: Consists of tuff, tuffaceous sandstone, and tuffaceous mudstone
in variable proportions. Possibly some moderate permeability in sand
stone. Most mantle is severely expansive.

Expression in aerial photographs: In many places, nonresistant to inter
mediate in resistance; in other places forms knobs. In a few places, forms
knobs along white band 75-100 ft in width.

Composition: (I) Tuff of fine-grained, some medium-grained, clasts
wholly or largely of glass; well sorted in sense of no anomalously large
clasts, but enough silt-size material to have low permeability. Tuffaceous
material is largely reworked (Primmer, 1964). (2) Tuffaceous sandstone,
fine to medium grained, some coarse grained (Primmer, 1964), composed
of lesser arkosic terrigenous clasts mixed with dominant tuffaceous com
ponents; most has sufficient fines to produce low permeability, but Prim
mer (1964) reported arenite as well as wacke. (3) Tuffaceous fine and
very fine sandy mudstone grading to muddy fine-grained to very fine
grained sandstone, probably Primmer's (1964) argillaceous fine tuff;
weathers spheroidally. (4) Fissile fine tuff or tuffaceous shale.

In section exposed on Kirker Pass Road, 20 percent is tuff (composi
tion I), 30 percent tuffaceous sandstone (composition 2), 50 percent tuf
faceous mudstone (composition 3), minor composition 4. Primmer's
(1964) sections show great variability along strike, as well as a similar
combination of lithologies, including fine to medium tuff, fine argilla
ceous tuff (probably our mudstone), and tuffaceous sandstone. His
columns suggest substantial variation in proportions; for example, a sec
tion about 1 mile from Kirker Pass Road shows about two-thirds tuff,
one-tenth tuffaceous sandstone, and less than one-third tuffaceous mud
stone.

Hardness: Tuff is firm and brittle; tuffaceous sandstone and mudstone are
firm where fresh and weathered.

Bedding: Beds or intervals of the three major compositions are distinct
and very thick, generally ranging from 10ft to tens of feet. Intemallami
nation within tuff beds results in wide to 4-ft parting. In places, thick to
4-ft beds of tuffaceous sandstone occur within tuff (Primmer, 1964).
Probably indistinct bedding and crossbedding within tuffaceous sand
stone (Clark, 1918).

Parting: Present at very wide spacing on distinct bedding planes and at
wide to 4-ft spacing within tuff on laminations. Probably largely absent
in mudstone.

Fracture: Tuff and tuffaceous sandstone have moderate to wide, some
close, original spacing and close to very close spacing of weathering
fracture in form of scaling, parting on lamination, or checking (that is,
normal weathering fracture). Tuffaceous sandy mudstone has close, some
moderate, spacing on which very closely spaced spheroidal weathering
fracture is superimposed.

Permeability: Tuff and tuffaceous sandstone have largely low intergranular
permeability, but possibly some moderate, especially below shallow rock;
tuffaceous mudstone largely very low, but some low, especially where
fresh. Thus, bedrock has some to much of both low and very low inter
granular permeability, but probably minor to some moderate, especially
below shallow rock. Most mantle very low.
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Weathering: Tuff and mudstone are dark (fresh) within 10 ft of ground
surface. Spheroidal weathering in mudstone; much flaking and weath
ering fracture in tuff and tuffaceous sandstone.

Surficial mantle: Largely clayey, uniform.
Expansivity: Bedrock probably is largely unexpansive, but much may be

expansive where weathered. Most mantle severely expansive. Sample
CL20, mildly to moderately cracked dark sandy clay soil, typical, free
swell 112 percent.

Stratigraphic thickness: As much as 150 ft (Primmer, 1964); 100 ft
(Brabb and others, 1971).

Sources: Brabb and others, 1971; Clark, 1918; Primmer, 1964; Society of
Economic Paleontologists and Mineralogists, 1950; two stations.

MAP UNIT 290

Geologic unit, (age), and location: Sonoma Volcanics, undivided (T), in
area from Sonoma Mountains to east of Vallejo.

Summary: Briefly seen in field. Volcanic rock, most of which is prob
ably andesitic flows, rhyolitic flows, and ash-flow tuff like units 234,
218, and 270, respectively, but may include other compositions of the
Sonoma Volcanics (like units 219, 220,235, 237, 241, 261, 262, 272,
and 273). Along State Highway 21 between Cordelia and Benicia, unit
includes much of both ash-flow tuff (like unit 270) and andesitic flows
(like unit 234). Surficial mantle variable.

Expansivity: Almost all bedrock unexpansive, but some may be severely
expansive. Probably much mantle unexpansive, much significantly ex
pansive, some severely expansive.

Permeability: Variable.

MAP UNIT 291

Geologic unit, (age), and location: Volcanic rocks (T) (equivalent to
Quien Sabe Volcanics of Leith, 1949), near Pacheco Peak in Diablo
Range, near southern boundary of region.

Summary: Not seen in field. Consists of intrusive volcanic rock and of
extrusive volcanic rock interbedded with agglomerate and water-depos
ited sedimentary rock. Volcanic rock is probably hard except for matrix
of agglomerate, which is firm or soft. Gentler slopes are covered by
adobe soil that is probably severely expansive.

Composition: All information from Leith (1949). Unit consists of intru
sive rock and of extrusive rock interbedded with agglomerate and wa
ter-deposited sedimentary rock. Intrusive rock consists of andesite and
rhyolite; extrusive rock consists of andesite, basalt (much olivine basalt),
and dacite. Agglomerate is composed of rock fragments in glassy, hon
eycombed matrix; the coarser rock fragments are largely 1-3 in. in di
ameter, but some are as large. as 3 ft in diameter. Sedimentary rock has
crude stratification.

Hardness: Where fresh, intrusive and extrusive volcanic rock is probably
hard; agglomerate contains hard to firm rock fragments in firm or soft
matrix.

Bedding: Extrusive rock is interbedded with agglomerate and sedimen
tary rock. Bedding is indistinct in sedimentary rock.

Fracture: Jointing occurs parallel to contacts in intrusive rock.
Permeability: Most bedrock probably has very low intergranular perme

ability and largely low, some moderate, fracture permeability to depth.
Mantle probably largely very low to low, much(?) moderate on steeper
slopes.

Weathering: Glassy matrix of agglomerate weathers more deeply than its
rock fragments or other volcanic rock.

Surficial mantle: Probably largely clayey, much granular on steeper
slopes. Dense adobe soil underlies gentle slopes; steeper slopes have little
soil development.

Expansivity: Bedrock is probably largely unexpansive. Much mantle is
probably severely expansive.

Stratigraphic thickness: As much as 4,000 ft (Leith, 1949).
Source: Leith, 1949.

MAP UNIT 300

Geologic unit, (age), and location: Fluvial and lacustrine deposits of Little
Sulphur Creek (T), in Mayacmas Mountains near Cloverdale.

Summary: Not seen in field. Largely conglomerate, but contains inter
bedded sandstone lenses in lower half and sequences of siltstone and silty
mudstone rhythmically interbedded with silty sandstone that constitute
50 percent of upper half of unit. Hard calcite-cemented beds make
up some of the sandstone and conglomerate. Some mantle probably ex
pansive.

Expression in aerial photographs: Very bold resistant bluffs as high as
200 ft or more, unique to the area. Very widely jointed.

Composition: Lower half-Well-rounded to subangular, well-worked
pebble to cobble conglomerate, moderately sorted, including a very
coarse breccia (blocks as large as 15 ft or more in diameter) locally at
base. Clasts are mostly Franciscan detritus; matrix is fairly clean wacke
sandstone. Interbedded lenses of coarse wacke sandstone make up 10
50 percent of this part of unit. Calcite-cemented beds (hard) constitute
as much· as 20 percent of sandstone and conglomerate.

Upper half-Conglomerate similar to lower part, but as much as 50
percent of section is thinner interbeds of siltstone and silty mudstone that
are rhythmically interbedded with silty sandstone. Mudstone and siltstone
have graded beds and crossbedding, nonmarine fossils, and carbonized
plant remains.

Hardness: Sandstone and conglomerate matrix are firm to hard, clasts
largely hard; calcite-cemented beds ringing hard; mudstone and siltstone
firm.

Bedding: Conglomerate in very thick (6- to 25-ft) beds that have vague
internal bedding including lineation of pebbles. Minor medium-bedded
lenses of coarse wacke are interbedded with conglomerate in sequences
as thick as 100 ft. Very thin internal beds and crossbeds in mudstone
and siltstone. Rhythmic interbedding in much of upper half.

Parting: Absent in conglomerate. Probably present in much of upper half
at spacing to wide (in rhythmically bedded rock and in much mudstone).

Fracture: Very wide spacing (more than 6 ft) in conglomerate and possi
bly in sandstone. Mudstone and siltstone probably moderate to close
spacing. Blocks in breccia as large as 15 ft or more in diameter.

Permeability: Intergranular permeability of sandstone and conglomerate
probably largely low, some to possibly much moderate; very low to low
in siltstone, mudstone, and calcite-cemented sandstone and conglomer
ate. Probably low fracture permeability in shallow rock. Thus, intergranu
lar permeability in bedrock is largely low, some to possibly much
moderate, some very low. Most mantle moderate, some very low to low.

Weathering: Much mudstone probably develops good weathering part
ing, as rock fragments are elongate. Weathers in more resistant fashion
than Novato Conglomerate (unit 603) but matrix is softer.

Surficial mantle: Largely granular, some clayey. Thin granular soils on
conglomerate and sandstone; thicker, landslide-prone, clayey soils on
mudstone.

Expansivity: Most bedrock unexpansive, but some (mudstone) may be
expansive where weathered. Some mantle probably expansive.

Stratigraphic thickness: 500-2,000 ft.
Sources: RJ. McLaughlin and M.C. Blake, Jr., oral commun., 1974;

McLaughlin, 1978; McNitt, 1968.

MAP UNIT 301

Geologic unit, (age), and location: Briones Sandstone, conglomerate in
G member of Wagner (1978) (T), in the East Bay Hills.

Summary: Not seen in field. Largely hard cemented conglomerate. Stony
sandy soils.

Composition: Conglomerate of hard, well-rounded pebbles and cobbles
as much as 3 in. in diameter of chert, quartz, and volcanic rock in un
known matrix that is largely cemented by carbonate.

Hardness: Clasts hard, matrix hard to possibly firm.
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Parting: Unknown, probably absent.
Permeability: Intergranular permeability of bedrock probably variable,

very low to moderate; low fracture permeability in shallow rock. Most
mantle moderate.

Surficial mantle: Largely granular, stony.
Expansivity: Bedrock and almost all mantle unexpansive.
Source: Ham, 1952.

MAP UNIT 302

Geologic unit, (age), and location: Monterey Group, basal conglomerate
(T), in the East Bay Hills near Alamo,

Summary: Not seen in field' Probably equally abundant conglomerate and
coarse-grained sandstone, minor siliceous shale toward top. Bedrock and
mantle largely unexpansive. According to Ham (1952), forms narrow
strike ridge, thus resistant unit.

Composition: Probably equally abundant conglomerate and sandstone,
minor siliceous shale near top. Conglomerate consists of largely hard,
some firm, clasts, probably pebbles and cobbles, in matrix of probably
coarse-grained, poorly sorted sand. Sandstone is coarse grained, poorly
sorted, and moderately cemented, probably by calcite.

Hardness: Clasts in conglomerate largely hard, some firm. Matrix of con
glomerate probably firm, possibly some hard. Sandstone largely firm,
possibly some hard. Siliceous shale consists of firm to hard pieces.

Bedding: Conglomerate in distinct lenticular beds as thick as 15ft; sand
stone crossbedded; siliceous shale in very thin to medium beds.

Parting: Largely absent. Present near top of unit on siliceous shale-sand
stone contacts.

Fracture: Unknown, probably moderate to wide spacing in sandstone.
Permeability: Probably low to moderate, some possibly high, intergranu-

lar permeability in bedrock. Mantle largely moderate.
Surficial mantle: Probably largely granular, stony.
Expansivity: Bedrock and mantle largely unexpansive.
Stratigraphic thickness: 100-140 ft (Ham, 1952); appears to be 250 ft

on our map.
Source: Ham, 1952.

MAP UNIT 303

Geologic unit, (age), and location: Conglomerate at Point Reyes (T).
Summary: Largely conglomerate having matrix of poorly sorted silty sand

stone. Conglomerate is hard where fresh, firm where weathered. Largely
very thick beds and moderate to wide, but as much as very wide, frac
ture spacing. Almost all bedrock and mantle is unexpansive.

Composition: Largely conglomerate of rounded pebbles, cobbles, and
boulders of quartzite, granitic rock, and porphyritic volcanic rock, in a
matrix of finer conglomerate and poorly sorted silty sandstone. Most
clasts are less than 6 in. in diameter, but conglomerate includes angular
blocks of granitic rock as large as 7 ft or more in diameter. Unit includes
some (about 20 percent) sandstone and shale interbeds. Near base in most
of area of exposure is 50-60 ft of dark sandy shale (not seen in field),
which includes several layers of calcareous concretionary material. Unit
overlies granitic rock of unit 906.

Hardness: In fresh exposure, conglomerate is hard and sandstone is hard
to firm; in weathered exposure, conglomerate is firm, sandstone is firm
to soft and friable, and shale is soft. Most clasts in conglomerate are hard,
but blocks of granitic rock are firm.

Bedding: Very thick (generally more than 10-ft) beds of conglomerate
distinctly and irregularly interbedded with sandstone and with intervals
of sandstone and shale as thick as 20 ft. Sandstone beds within these
intervals are medium to thick; shale beds are thin to medium.

Parting: Present in shale at very close spacing and at shale contacts. Pos
sibly present on some sandstone contacts with conglomerate or adjacent
sandstone, but most of these contacts are gradational and lack potential
for parting.

Fracture: In conglomerate and sandstone, spacing ranges from moderate
to very wide (about lOft), mostly moderate to wide, and in at least some
places is about perpendicular to bedding. Most clasts are fractured. Rock
breaks around clasts in places, through clasts in other places.

Permeability: Intergranular permeability in bedrock largely low owing to
silt and very fine sand matrix that fills interstices, possibly some mod
erate. Mantle moderate.

Weathering: Weathered to depth of about IS ft. Little or no free clay.
Surficial mantle: Granular. Dark sand-silt soil, no cohesion, thin (1-2 ft).
Expansivity: Almost all bedrock and mantle unexpansive.
Stratigraphic thickness: At least 300 ft at its thickest, thinning away from

lighthouse.
Sources: I.A. Bartow, written commun., 1972; Blake and others, 1974;

Galloway, 1977; two stations.

MAP UNIT 310

Geologic units, (age), and location: Purisima Formation, San Gregorio
Sandstone Member (T); Santa Margarita Sandstone (T); in Santa Cruz
Mountains.

Summary: Sandstone, variably sorted, containing concretions as large as
I ft in diameter. Almost all bedrock and most surficial mantle is
unexpansive, some mantle is significantly expansive (clayey subsoil).

Composition: Very fine grained to coarse-grained sandstone, variably
sorted; Santa Margarita Sandstone, in particular, is clean. Carbonate
concretions as large as I ft in diameter.

Hardness: Firm to soft and friable where weathered, probably firm where
fresh; concretions hard.

Bedding: Absent to indistinct very thick beds.
Parting: Absent.
Fracture: Spacing uncertain, most is probably very wide.
Permeability: Very low to high intergranular permeability in bedrock,

depending on presence of cement and on grain size and sorting; prob
ably much moderate, especially in Santa Margarita Sandstone. Low frac
ture permeability in shallow bedrock. Surficial mantle largely moderate,
some low to very low where clayey subsoil present.

Surficial mantle: Largely granular, some clayey subsoil.
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive,

some significantly expansive (clayey subsoil). Bedrock samples: FP2A,
sandstone, free swell 45 percent; SGG8A, sandstone, free swell 49 per
cent. Surficial mantle samples: FP2B, soil, free swell 51 percent;
SGG8B, moderately cracked clayey soil, free swell 62 percent.

Stratigraphic thickness: 150-450 ft.
Source: Ellen and others, 1972.

MAP UNIT 311

Geologic unit, (age), and location: Sandstone (T), on Point Reyes penin
sula.

Summary: Massive clean to silty sandstone, soft to firm where weath
ered. Probably consists of sand from Laird Sandstone (unit 313) intruded
into overlying rock, and so composition, many physical properties, per
meability, expansivity, and surficial mantle texture are probably similar
to those of unit 313. See description for unit 313.

Composition: Sandstone, probably largely fine to medium grained, clean
to silty. Petroliferous in many places; shows hydrocarbons on joint sur
faces.

Hardness: Where weathered, soft to firm and friable.
Bedding: Absent.
Parting: Probably none.
Sources: I.A. Bartow, written commun., 1972; Blake and others, 1974;

one station.



DETAILED UNIT DESCRIPTIONS 105

MAP UNIT 312

Geologic unit, (age), and location: Sandstone (T), only near Gilroy in
Santa Clara Valley area.

Summary: Almost entirely sandstone, moderate to high permeability,
largely firm, but minor hard calcite-cemented rock and some quite firm
partially cemented rock. Wide fracture spacing. Unexpansive sandy soil.

Expression in aerial photographs: Less resistant than unit 525. Interme
diate topography, somewhat rounded, having smooth ribs and slopes. No
tonal banding, homogeneous.

Composition: (I) Sandstone, coarse to medium grained, well to moder
ately sorted (McLaughlin and others, 1971), containing minor calcite
cemented rock and some partially cemented (quite firm) rock. (2)
Siliceous shale, minor (E.E. Brabb, written commun., 1972). Unit is al
most all sandstone, minor cemented and hard, some partially cemented
and quite firm (tough ripping).

Hardness: Largely firm to soft where weathered, some quite firm where
weathered. Fresh rock is largely firm, hard where cemented.

Bedding: Where observed, sandstone is unbedded in exposures 40 ft and
more in width, except for thick to 5-ft zone of calcite cementation. Some
indistinctly bedded (McLaughlin and others, 1971).

Parting: Absent.
Fracture: Moderate to very wide (4-ft) spacing, largely wide, in firm sand

stone; spacing wide to 4 ft in hard cemented sandstone.
Permeability: Intergranular permeability in sandstone moderate to high

(at least some high), except low to very low where cemented; thus,
largely moderate to high in bedrock. Almost all mantle moderate.

Weathering: Sandstone weathered to buff color to depths of 20 ft or more.
Upper 5-10 ft is weathered soft, at least in places.

Surficial mantle: Granular.
Expansivity: Almost all bedrock and surficial mantle is unexpansive.
Sources: E.E. Brabb, written commun., 1972; McLaughlin and others,

1971; two stations.

MAP UNIT 313

Geologic unit, (age), and location: Laird Sandstone (T), on Point Reyes
peninsula.

Summary: Largely clean to silty clayless sandstone, some conglomerate
at base, minor calcite-cemented beds, and minor shale interbeds near
contact with unit 522. Largely moderate intergranular penneability, varies
from high to low. Firm to hard where fresh, firm to soft where weath
ered except for hard calcite-cemented beds. Almost all bedrock and most
mantle are unexpansive.

Composition: Largely clean to silty clayless sandstone, poorly to moder
ately well sorted; ranges from fine to very coarse grained, probably av
erages medium grained. Includes conglomerate of hard rounded boulders
and firm to hard medium granitic blocks in sandstone matrix at base.
Locally calcite-cemented, medium to very thick (20-ft) beds. Much sand
stone is micaceous, and all appears derived from granitic rock of unit
906. Minor shale interbeds locally near contact with unit 522.

Hardness: Firm to hard where fresh, firm to soft and friable where weath
ered, except for hard calcite-cemented sandstone present locally. Inter
bedded shale is soft.

Bedding: Mostly absent. In places, very thick (20-ft) beds of sandstone
between thick shale interbeds; in other places, some sandstone is in very
thin to medium beds.

Parting: Mostly absent. Present only where shale interbeds or where sand
stone is distinctly bedded.

Fracture: In fresh and most weathered rock, fracture spacing is mostly
moderate to wide, ranging from close to 20 ft. Within several feet of the
ground surface, new fractures develop in most places at close to moder
ate spacing. Fractures are generally closed, filled by crushed sand or iron
stain, and are open only within several feet of the ground surface. Much
fracture is indistinct.

Permeability: Intergranular permeability in bedrock ranges from high to
low, mostly moderate. depending on silt content and grain size. Defi
nitely a permeable unit that has some high permeability. Mantle largely
moderate.

Weathering: To depth of 40-50 ft.
Surficial mantle: Largely granular.
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive

but some is significantly expansive. Samples DB31, soil, free swell 52
percent; DB32, organic soil, free swell 47 percent.

Stratigraphic thickness: Variable, generally 100-150 ft. Conglomerate at
base varies from 1-2 ft to as much as 20 ft.

Sources: Anderson, 1899; l.A. Bartow, writte\}commun., 1972; Blake and
others, 1974; Galloway, 1977; Weaver, 1949; seven stations.

MAP UNITS 314, 439, 466, 467

Geologic units, (age), and location: Nortonville Shale (T): undivided
(unit 439), only in area between Vallejo and Yolo Range, excluding
Potrero Hills; upper shale unit (unit 466); middle sandstone unit (unit
314); lower shale unit (unit 467). Units 314, 466, and 467 occur at south
ern end of Yolo Range near Vacaville.

Summary: Units 466 and 467 are fissile shale, firm pieces, soft rock mass;
almost all bedrock and mantle is severely expansive. Unit 314 is largely
sandstone of moderate intergranular permeability, mostly soft to firm and
fiiable where weathered, but contains hard concretions as much as 7 ft
in length; this unit is a prominent ridge former to the south. Unit 439 is
generally largely shale similar to units 466 and 467, but between
Vacaville and Travis Air Force Base exposures are sandstone similar to
unit 314.

Composition: Units 466 and 467 are fissile shale but contain minor silt
stone, minor thin sandstone beds, and rare thin to medium bentonite beds.
Unit 314 is largely sandstone, but contains minor interbedded shale simi
lar to unit 466. Sandstone is mostly fine grained, some medium to coarse
grained, well to moderately well sorted, clean to silty (in places more
than 15 percent silt); calcite cemented at least in part where fresh, con
cretions where weathered.

Hardness: Shale of units 466 and 467 has firm pieces, soft rock mass,
both where fresh and weathered. Sandstone of unit 314 is soft to firm
where weathered, but contains hard calcite-cemented concretions: where
fresh, sandstone is hard, at least in part, owing to calcite cement, remain
der probably firm.

Bedding: Units 466 and 467 are laminated and contain minor distinct thin
beds of sandstone and thin to medium beds of bentonite (rare). Unit 314
is distinctly bedded in places, having sandstone in medium to 4-ft beds
between very thin to medium beds of shale; in other places, sandstone
occurs in very thick (20- to 40-ft and more) beds that have indistinct
internal medium to 10-ft beds.

Parting: In units 466 and 467, at very close spacing, some close spacing
in siltstone. In unit 314, at bedding planes where distinctly bedded, mod
erate to 4-ft spacing, and within shale interlayers at very close spacing;
absent in very thick beds.

Fracture: In shale of units 466 and 467, close to very close spacing across
fissility where weathered. In sandstone of unit 314, fracture at moder
ate to 10-ft spacing, mostly moderate to 4 ft; unfractured concretions
range from large to 7 ft in length by 4 ft thick.

Permeability: Units 466 and 467 have very low total penneability in both
bedrock and mantle. Bedrock of unit 314 has largely moderate inter
granular permeability, some possibly high, but very low in calcite-ce
mented zones and beds (abundant at depth'!): mantle largely moderate,
some very low. Unit 439 has largely very low intergranular permeabil
ity, some to much moderate and possibly high, in bedrock: largely very
low, some to much moderate, in mantle.

Weathering: Both shale and sandstone weathered to depth of 20 ft (buff
to gray color change).
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Surficial mantle: Almost all clayey in units 466 and 467. Largely granu
lar, some clayey, in unit 314. Largely clayey, some to much granular,
in unit 439.

Expansivity: In units 466 and 467, almost all bedrock and mantle is se
verely expansive. In unit 314, most bedrock and mantle are unexpansive,
but minor bedrock and some mantle is severely expansive, and much
mantle may be significantly expansive. In unit 439, most bedrock and
mantle is severely expansive but some to much of each is unexpansive.
Bedrock samples: MV 17A, weathered claystone of unit 466, free swell
172 percent; MVI7C, weathered shale of unit 467, free swell 127 per
cent; AlA, bentonite bed 3-4 in. thick in unit 466, free swell 120 per
cent; A I C, clayey shale from unit 466, moderately cracked, free swell
87 percent. Surficial mantle samples: MVI7B, soil on unit 466, free
swell 150 percent; AlB, sandy clay soil on unit 466, free swell 70 per
cent.

Sources: Bailey, 1930; Bartow, 1985; Sims and others, 1973; Tolman,
1943: two stations.

MAP UNIT 315

Geologic unit, (age), and location: Unnamed formation, upper sandstone
member (T), near southern end of Yolo Range.

Summary: Nearly uniformly firm, medium- to fine-grained clean quartz
sandstone, unbedded; minor mudstone. Contains scattered hard concre
tions as much as 12 ft in length. Moderate, approaching high, perme
ability. Thin sand soil.

Composition: Medium- to fine-grained quartz sandstone, well sorted, con
taining minor silt; minor fine-grained silty sandstone. Scattered calcite
cemented concretions as much as 12 ft in length. Near contact with unit
473, minor interbedded fissile mudstone.

Hardness: Largely firm, approaching soft. Concretions are hard.
Bedding: Mostly absent, locally indistinctly crossbedded. Minor thin-bed

ded silty sandstone (observed in one place). Near upper contact with unit
473, very thin to thin beds of fissile mudstone are interbedded with very
thin to medium beds of sandstone.

Parting: Largely absent.
Fracture: Largely very wide spacing (5 ft to tens of feet). Some highly

weathered rock has moderate spacing, and some highly weathered rock
has moderate to wide sheeting parallel to the ground surface. Concre
tions are unfractured.

Permeability: Moderate, approaching high, intergranular permeability in
bedrock. Moderate in mantle.

Weathering: To depths greater than 30 ft.
Surficial mantle: Granular. Thin sand soil.

. Expansivity: Almost all bedrock and mantle is unexpansive.
Sources: Sims and others, 1973; two stations.

MAP UNIT 320

Geologic unit, (age), and location: Cierbo Sandstone (T), only in the East
Bay Hills.

Summary: Almost entirely sandstone; some contains clay coatings ap
proaching saturation, some is clean. Much to most mantle is severely
expansive. Moderately resistant unit.

Composition: Almost all is sandstone, well to moderately well sorted,
mostly medium grained, but some fine grained and minor coarse grained.
Sandstone contains less than 10 percent silt; some is clay free, but most
medium-grained sandstone contains clay coatings and grades toward clay
saturation. Clay content suggests tuffaceous components. Includes mi
nor fossiliferous shell horizons, clay-saturated sandstone, thin-bedded
sandstone, and medium to thick elongate (as long as 10ft) calcite-ce
mented concretions.

Hardness: Weathered sandstone is firm to soft. Fine-grained sandstone is
quite firm. Fossiliferous horizons are largely hard, some firm. Clay-satu
rated sandstone is firm.

Bedding: Absent to indistinct in very thick (40-ft and thicker) beds. Al
most entirely sandstone, containing only occasional fossiliferous sand
stone medium to 4 ft in thickness, clay-saturated sandstone very thick
(as much as 15 ft), and thick sequences of thin to very thin beds of sand
stone separated by very thin partings.

Parting: Almost entirely absent. Present only in rare very thin bedded to
thin-bedded sandstone interbeds.

Fracture: Indistinct and variable, largely because rock is soft. Probably
mostly moderate to wide spacing, ranging from close to 10 ft. Much of
unit develops sheeting parallel to ground surface; spacing is mostly
moderate, ranging from close to wide, in upper 15 ft and very wide (about
6 ft) to depth of 30 ft. In hard fossiliferous rock, wide to 4- ft fracture
spacing.

Permeability: Sandstone (almost all of unit) has low to moderate inter
granular permeability, depending on extent of clay coatings; in shallow
rock largely low but some moderate, below shallow rock probably largely
moderate. Clay-saturated sandstone very low; thin-bedded sandstone low.
Most mantle very low to low.

Weathering: To depths greater than 35 ft.
Surficial mantle: Largely clayey, typically dark sandy clay soil.
Expansivity: Bedrock largely unexpansive, but some may be expansive

where weathered. Much to most mantle severely expansive. Samples:
MI9, moderately cracked sandy clay soil, free swell 90 percent; MI20,
well-cracked sandy clay soil, typical, free swell 114 percent.

Stratigraphic thickness: 775 ft (Sheehan, 1956), 800 ft (J.R. Wagner,
written commun., 1973).

Sources: Sheehan, 1956; J.R. Wagner, written commun., 1973; Wagner,
1978; four stations.

MAP UNIT 321

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only in
Diablo Range southeast of San Jose.

Summary: Sandstone, much calcite cemented and hard, bedded thin to
very thick, some spheroidal weathering leaving corestones. Clayey sand
mantle is unexpansive to significantly expansive.

Expression in aerial photographs: Mostly hard topography having
slightly rounded crests. Tonal bands 10-30 ft in width in a few places
(may be in unit 524). Topographic resistance similar to unit 641.

Composition: Sandstone, mostly medium grained and moderately well
sorted; minor is coarse and very coarse grained and contains scattered
pebbles. Much sandstone is calcite cemented, the remainder is clay satu
rated. About equal amounts of clayey sandstone and calcite-cemented
sandstone.

Hardness: Calcite-cemented sandstone hard where fresh, firm where
weathered; clayey sandstone firm to quite firm where fresh, firm where
weathered.

Bedding: About one-third of unit has distinct interbedding of calcite-ce
mented and clayey sandstones, consisting of thin to thick beds of cal
cite-cemented rock between medium to thick beds of clayey rock.
Another one-third is probably very thick beds of calcite-cemented rock,
and the remaining one-third is probably clayey sandstone of at best in
distinct bedding.

Parting: Present on distinct bedding at close to wide in about one-third
of unit, but this parting occurs along irregular, lumpy surfaces, and so
is effective for ripping but not for cut-slope failure. Remainder of unit
essentially unparted.

Fracture: In distinctly bedded one-third of unit, hard beds fractured at
close to wide spacing, mostly moderate. In very thick bedded calcite
cemented one-third of unit, wide to 4-ft original fracture spacing pro
duces irregular close pieces by spheroidal weathering. No fracture
observed in firm clayey rock.

Permeability: Low to very low intergranular permeability in fresh cal
cite-cemented sandstone; low in fresh and weathered clayey sandstone;
low to moderate in weathered calcite-cemented sandstone. Thus, low to
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very low intergranular permeability in fresh bedrock at depth, low to
possibly moderate fracture permeability in shallow fresh rock, and low
to moderate intergranular permeability in shallow weathered bedrock.
Most mantle moderate.

Weathering: Very thick bedded calcite-cemented sandstone weathers sphe
roidally to hard fresh cores surrounded by firm weathered rock to depths
greater than 15 ft. Similar weathering depth for distinctly bedded sand
stone.

Surficial mantle: Largely granular. Uniform clayey sand soil.
Expansivity: Bedrock unexpansive. Mantle unexpansive to significantly

expansive. Sample MSZI3, typical uncracked clayey sand soil, free swell
52 percent.

Stratigraphic thickness: Variable thickness, from 0 to less than 1,000 ft
(Gilbert, 1943).

Sources: Gilbert, 1943; one station.

MAP UNIT 322

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only in
Santa Cruz Mountains near Mount Umunhum.

Summary: Largely firm clayey sandstone, some hard calcite-cemented
sandstone, rare limestone and conglomerate. Bedrock and almost all
mantle are unexpansive.

Expression in aerial photographs: Fairly resistant, forms Jacques Ridge.
Intermediate to hard topography, sharp to flat crest, regularly ribbed.

Composition: Sandstone, but contains rare clayey and organic (shelly)
limestone, as well as conglomerate at and near base. Sandstone makes
up almost all of unit and is of two types: (I) clean, well-sorted, coarse
to medium-grained, calcite-cemented sandstone that crops out; and (2)
clay-saturated to nearly clay-saturated, tuffaceous, medium- to coarse
grained, well-sorted sandstone in which milky to amber-colored mobi
lized tuffaceous clayey material fills to nearly fills pores. Conglomerate
typically consists of pebbles, but rarely boulders as large as 3 ft in di
ameter. Where observed, 20-40 percent of unit is hard calcite-cemented
sandstone, 60-80 percent is firm clayey sandstone, and 2 percent is lime
stone and conglomerate.

Hardness: Calcite-cemented sandstone is hard; clayey sandstone firm,
friable; limestone hard; clasts in conglomerate hard. Thus, 20-40 per
cent hard rock, 60-80 percent firm.

Bedding: Distinct calcite-cemented beds are interbedded with clayey sand
stone in upper part of section where observed. Calcite-cemented beds,
medium to very thick (8 ft) in sequences as thick as 20 ft, occur between
medium to very thick (as much as 15-ft, generally as much as 10-ft) beds
of clayey sandstone. Limestone to very thick (6 ft or more). Conglom
erate in sandstone to very thick (8 ft). In much of lower part of section,
bedding may be largely indistinct and similar in thickness to distinct
beds.

Parting: In parts of section, at distinct bedding planes, mostly wide to
very wide spacing (as much as lOft), but some at moderate spacing.
Mostly absent in other parts.

Fracture: In hard calcite-cemented rock at spacing about equal to bed
thickness, as wide as 5 ft in beds as thick as 6-8 ft. Fracture in finn clayey
sandstone not observed, probably close to wide spacing, mostly moder
ate. Fracture in limestone similar to bed thickness.

Permeability: Intergranular permeability in tuffaceous sandstone is low
where weathered, low to possibly moderate where fresh; in calcite-ce
mented sandstone, very low where fresh, moderate to high where weath
ered (essentially a loose sand), shallow cemented rock has low fracture
permeability. Thus, most bedrock at depth has low intergranular perme
ability, possibly some moderate, some very low; shallow bedrock largely
low, possibly some moderate to high. Almost all mantle moderate to high.

Weathering: Variable. Hard sandstone crops out essentially fresh, firm
sandstone probably weathered to depths greater than 15 ft.

Surficial mantle: Almost all granular, typically slightly clayey sand. Lo
cally, over hard sandstone, mantle may lack clay.

Expansivlty: Bedrock unexpansive. Almost all mantle unexpansive, some
possibly significantly expansive. Sample STH3, clayey sa.T1d mantle, typi
cal, free swell 51 percent (probably exaggerated).

Stratigraphic thickness: About 700 ft exposed where observed at sample
locality STH3; 2,150 ft (Bailey and Everhart, 1964).

Sources: Bailey and Everhart, 1964; McLaughlin and others, 197 1; one
station.

MAP UNIT 323

Geologic units, (age), and location: Lompico Sandstone (T); and Butano
Sandstone (T), only near Butano Ridge: in Santa Cruz Mountains.

Summary: Sandstone and minor mudstone and shale, but intervals of
clayey rock as thick as 200 ft. Minor significantly expansive bedrock
and surficial mantle.

Composition: Sandstone and less than 10 percent mudstone and shale.
Sandstone is very fine to very coarse grained, some thicker beds are
carbonate cemented; local conglomerate of pebbles, cobbles, and boul
ders as much as a few feet in diameter.

Hardness: Sandstone is firm to hard where fresh, hard where cemented,
firm to soft and friable where weathered; conglomerate clasts hard;
clayey rock firm to soft.

Bedding: Medium to very thick (30 ft), distinct to locally indistinct. Clayey
rock occurs in sequences locally as thick as 200 ft.

Parting: Moderate to very wide (30-ft) spacing in most.
Fracture: Moderate to very wide spacing, locally close; in weathered

clayey rock close to very close spacing.
Permeability: Intergranular permeability of sandstone (most of unit) is

low to locally moderate(?), of cemented sandstone and clayey rock very
low. Low fracture permeability in shallow clayey bedrock and cemented
rock. Almost all surficial mantle moderate, minor low.

Surficial mantle: Almost all granular, minor clayey subsoil.
Expansivity: Almost all bedrock and most mantle unexpansive, minor

bedrock and some mantle significantly expansive. Samples: FP3A, sand
stone(?), free swell 49 percent; LH4, mudstone, free swell 54 percent;
FP3B, organic soil, free swell 58 percent (probably exaggerated).

Stratigraphic thickness: 500 ft near Half Moon Bay (Lompico Sandstone);
9,000 ft at Butano Ridge (Butano Sandstone).

Source: Ellen and others, 1972.

MAP UNIT 330

Geologic unit, (age), and location: Briones Sandstone, E member of
Wagner (1978) (T), only in the East Bay Hills, excluding area near Sunol
Valley and Pleasanton.

Summary: Most resistant unit in area, forms crests of Rocky Ridge and
Las Trampas Ridge. Largely firm sandstone but contains minor to some
hard calcite-cemented shell-breccia sandstone in very thick (as much as
10-ft) beds. Almost all bedrock and most to almost all mantle is
unexpansive.

Composition: Largely sandstone, medium to coarse grained, poorly to well
sorted, interstices filled to nearly filled by silt and clay; minor to some
hard calcite-cemented pebbly shell-breccia sandstone composed of abun
dant shells and shell debris in poorly to well-sorted, medium- to coarse
grained pebbly sandstone. May contain some clean, "well washed"
sandstone (Newton, 1948).

Hardness: Shell-breccia sandstone is hard where fresh and weathered;
sandstone between shell-breccia beds firm where weathered, probably
firm where fresh.

Bedding: Shell-breccia sandstone occurs in very thick (as much as 10-ft),
distinct, outcropping beds; on Rocky Ridge, as many as three of these
beds. Within shell-breccia beds, indistinct medium to thick beds revealed
by weathering. Firm sandstone in very thick (30- to 40-ft) unbedded in
tervals between shell-breccia beds.
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Parting: Probably present at contacts of shell-breccia sandstone at very
wide (l0-40 ft).

Fracture: In shell-breccia sandstone, spacing is mostly wide, ranging from
moderate to very wide (4 ft). Firm sandstone has close to moderate spac
ing of weathering fracture: some flakes where weathered.

Permeability: Most bedrock has low intergranular permeability owing to
clay and silt and to calcite cement; some very low, probably some mod
erate. Reports of springs from this unit by Newton (1948) suggest some
moderate permeability, possibly along fractures in shallow rock. Most
to almost all mantle moderate.

Weathering: Shell-breccia sandstone crops out, fresh to surface. Firm
sandstone unknown.

Surficial mantle: Most to almost all is granular. Uncracked clayey sand
soil.

Expansivity: Almost all bedrock and most to almost all mantle is
unexpansive, the remainder significantly expansive. See sample for
unit 382.

Stratigraphic thickness: 600-800 ft (J.R. Wagner, written commun., 1973).
Sources: Ham, 1952; Newton, 1948; l.R. Wagner, written commun., 1973; i

Wagner, 1978; two stations.

MAP UNIT 331

Geologic unit, (age), and location: Briones Sandstone, D member of
Wagner (1978) IT), in the East Bay Hills.

Summary: Resistant sandstone, largely firm, some hard, mostly in thick
to very thick beds. Low intergranular permeability. Almost all bedrock
and most to almost all mantle is unexpansive.

Composition: Fine- to medium-grained sandstone, containing sufficient
silt and clay to produce low permeability and weathering fracture. Mi
nor conglomerate reported. Minor to some sandstone is calcite cemented
and hard, some hard without calcite cement.

Hardness: Largely firm. Some sandstone is hard, some of which is cal
cite cemented.

Bedding: Indistinct medium to very thick (as much as 20-ft or more) beds,
mostly thick to 10ft, of hard sandstone between firm sandstone or of
different compositions revealed by differences in weathering fracture.
One hard sandstone bed as thick as 20 ft; calcite-cemented hard sand
stone beds to thick or more.

Parting: Absent.
Fracture: Close to moderate spacing of weathering fracture in firm sand

stone. Moderate to wide spacing in very thick hard bed.
Permeability: Bedrock has largely low intergranular permeability, minor

moderate. Reports of springs from "basal Briones" suggest some mod
erate permeability, possibly as fracture permeability in shallow rock.
Most to almost all mantle moderate.

Weathering: To depths greater than 15 ft.
Surficial mantle: Most to almost all is granular. Uncracked clayey sand

soil.
Expansivity: Almost all bedrock is unexpansive. Most to almost all mantle

is unexpansive, the remainder probably significantly expansive. See
sample for unit 382.

Stratigraphic thickness: 800 ft iJ.R. Wagner, written commun., 1973).
Sources: Ham, 1952; Neviton, 1948; Trask, 1922; l.R. Wagner, written

commun., 1973; Wagner, 1978; two stations.

MAP UNIT 332

Geologic unit, (age), and location: Monterey Group, sandstone unit iT),
only at north end of the East Bay Hills near Pinole.

Summary: Almost all is finn dirty sandstone, partly tuffaceous, but con
tains minor shale and clayey very fine sandstone and siltstone. Under- I

lies subdued topography. Much to most mantle is significantly expansive. '
Composition: Almost all is sandstone, fine grained, well to moderately

well sorted; tuffaceous at least in part, interstices filled by ashen. Mi-

nor diatomaceous shale, hard porcelaneous shale, and clayey very fine
grained sandstone and siltstone probably represent gradation upward to
unit 535.

Hardness: Sandstone is firm, diatomaceous shale finn, siliceous shale hard,
clayey sandstone and siltstone firm.

Bedding: In sandstone, indistinct at thick to very thick (10 ft). Diatoma
ceous shale interbeds medium to thick. Interbedded siliceous shale and
clayey very fine sandstone and siltstone in medium to thick distinct beds.

Parting: Abscnt in sandstone and at contacts between sandstone and di
atomaceous shale. Present in minor interbedded siliceous shale and
clayey very fine sandstone and siltstone at bedding planes (moderate to
wide) and within clayey sandstone and siltstone at very close spacing.

Fracture: Spacing in sandstone is close to wide, mostly moderate to wide,
but weathering fracture at very close to moderate spacing, mostly close,
occurs in places at depths of less than 5-10 ft. Where weathered, much
sandstone scales at very close spacing. Spacing close to moderate across
bedding in hard siliceous shale.

Permeability: Sandstone, clayey fine sandstone, and siltstone have low
intergranular permeability. Shale has very low intergranular permeabil
ity but low fracture permeability in shallow rock. Thus, almost all bed
rock has low permeability. Probably much to most mantle low to very
low, much moderate.

Weathering: Sandstone weathered to depths greater than 20 ft.
Surficial mantle: Probably much to most clayey, much granular.
Expansivity: Probably most to almost all bedrock unexpansive, but some

may be significantly expansive where well weathered. Much to most
mantle significantly expansive, probably much unexpansive. Sample
MIn, uncracked sandy and silty clay soil, typical, free swell 68 percent.

Sources: Three stations.

MAP UNIT 333

Geologic unit, (age), and location: Oursan Sandstone iT) of the Monterey
Group, only in the East Bay Hills, excluding areas east of Fremont and
northeast of Castro Valley.

Summary: Almost all is firm, low permeability sandstone, largely dirty
to clayey, but contains some clean sandstone; indistinctly bedded. Prob
ably much mantle is severely expansive.

Expression in aerial photographs: At Oursan Ridge, unit is clearly
banded in Iight- and dark-toned zones 50 ft in width, intermediate to hard
crests. To north and south the banding disappears, leaving homogeneous
intermediate topography.

Composition: Almost all is sandstone, largely fine grained to very fine
grained, some medium grained. Some sandstone (10-30 percent) is clean
and well sorted, but most (30-90 percent) is silty and clayey enough to
produce weathering fracture, and some contains enough clay to give the
rock a waxy lustre. Includes hard, ovoid, calcite-cemented concretions
mostly medium but as large as 4 ft in diameter, and rare calcite-cemented
beds as thick as 5 ft. Minor siltstone to silty mudstone, and minor lime
stone lenses.

Hardness: Largely firm where weathered. probably firm where fresh.
Concretions and calcite-cemented sandstone are hard. Sheehan (1956)
reported hard arenite to north.

Bedding: Mostly indistinct, medium to very thick (as much as 20-ft or
more) beds of clean and dirty sandsto:1e distinguished by differences in
weathering fracture reflecting silt and clay content. Less common dis
tinct beds. On photographs, bands on Oursan Ridge are 50 ft in width.
Radbruch and Case (1967) reported that the more resistant beds are gen
erally thick.

Parting: On some bedding planes, but many bedding planes reflect only
subtle compositional differences and do not provide parting. Present in
minor rock at moderate to wide spacing. Parting is not a prominent fea
ture of this unit.

Fracture: Firm clean sandstone has close to moderate spacing, largely
moderate, some approaching wide. Dirty sandstone and siltstone have
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close to very close spacing of weathering fracture, largely spheroidal,
on moderate to wide iron-stained original fracture. Large and very large
concretions have wide fracture spacing.

Permeability: Intergranular permcability of bedrock largcly low, some
very low, minor moderate in shallow rock, probably some moderate be
low shallow rock. Probably much mantle very low to low, much moder
ate.

Weathering: Weathers along fractures. Some fresh cores of spheroids
occur at depth of 10ft, most rock is weathered to depths greater than 20
ft, in places to depths greater than 30 ft.

Surficial mantle: Probably much clayey, much granular. Near sample
localities BV4 and BV5, pronounced accumulation of dark cracked soils
like sample BV4 in swales, un cracked or mildly cracked light-colored
soils like sample BV5 on ridges.

Expansivity: Probably most bedrock unexpansive, some expansive. Prob
ably much mantle severely expansive, much significantly expansive to
possibly unexpansive. Samples: BV4, well-cracked sandy clay soil, free
swell 100 perccnt; BV5, mildly cracked loam soil, free swell 79 percent.
On Hampton Grave Road, largely mildly cracked soil, minor expansivc
soil.

Stratigraphic thickness: Near San Pablo Bay, as much as 525 ft although
generally less than 200 ft (Sheehan, 1956). Averages about 800 ft (Pease,
1954, quoted by Radbruch and Case, 1967).

Sources: Arnold, 1908; Case, 1963; Lawson, 1914; Lutz, 1951; Newton,
1948; Pease, 1954: Radbruch, 1969; Radbruch and Case, 1967; Sheehan,
1956; six stations.

MAP UNIT 334

Geologic unit, (age), and location: Sobrante Sandstone (T) of the
Monterey Group, only in Dublin-Castro Valley area of the East Bay Hills.

Summary: Almost all is dirty fine- to medium-grained sandstone; minor
grit and conglomcrate, and minor hard to firm concretions. Most bed
rock and mantle is unexpansive, some subsoil is significantly expansive.

Expression in aerial photographs: Largely underlies swales.
Composition: (I) Sandstone, arkosic, locally micaceous, fine to medium

grained, subrounded, consisting of well to moderately sorted sand that
has silt and clay matrix sufficient for low permeability, scaling, and
weathering fracture. (2) Grit and conglomerate. (3) Concretions, largely
calcite cemented, some cemented by iron oxide.

Hardness: Firm, much approaching soft, where both fresh and weathered;
some rock mass is soft owing to weathering fracture. Concretions hard
to firm.

Bedding: Unbedded by our observations; Robinson (1956) reported bed
ding 2-4 ft in thickness. Probably some of both, but bedding probably
largely indistinct, obscure (Hall, 1958). Concretions mostly medium,
some large. Grit to thick.

Parting: Largely absent.
Fracture: Nearly all has moderate to wide spacing of stained original frac

ture, as well as close to moderate spacing of weathering fracture, some
spheroidal weathering on original fracture, and very close scaling. Con
cretions have largely moderate fracture spacing.

Permeability: Sandstone (almost all of unit) has low intergranular per
meability, grit (minor) moderate. Probably most mantle moderate, some
low to very low.

Weathering: Sandstone weathered to depths of 15-20 ft, staining on frac
tures extends deeper. Some spheroidal weathering on original fracture.

Surficial mantle: Probably largely granular, some clayey subsoil.
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive,

some significantly expansive (subsoil). Samples: HAYI5A, typical dark
clayey silt soil, free swell 41 percent; HAY 15B, clayey subsoil, covers
minor to some of unit, free swell 66 percent.

Stratigraphic thickness: 500 ft (E.E. Brabb, written commun., 1972); 300
400 ft (Robinson, 1956); 134 ft or more (Newton, 1948).

Sources: E.E. Brabb, written commun., 1972; Hall, 1958; Lutz, 1951;
Newton, 1948: Robinson, 1956; two stations.

MAP UNIT 335

Geologic unit, (age), and location: Kirker Formation of Primmer (1964),
tuffaceous sandstone member IT), in the monocline north of Mount
Diablo.

Summary: Variable proportions along strike. More than half of unit con
sists of laminated to thick-bedded dirty sandstone: some (as much as one
third) is clean, soft sandstone of moderate to high permeability; and some
is clayey sandstone. Minor to some bedrock is expansive, probably much
mantle is severely expansive.

Expression in aerial photographs: Generally appears to be nonresistant,
swale-forming unit except for light-toned resistant spur in Markley Can
yon (possibly part of landslide block). Where location is fairly clear, unit
has light to intermediate tone and lacks tonal bands and ribs.

Composition: (1) Clean sandstone, well sorted, fine (Primmer, 1964) to
medium and coarse grained, some pebbly in places, containing jarosite
in some places. (2) Dirty sandstone, weathers to white or buff color, fine
to medium grained, probably much tuffaceous, largely very thin to me
dium bedded between partings, scales or shows weathering fracture. (3)
Clayey sandstone, fine to medium grained, may be tuffaceous, grades
to sandy mudstone, much behaves as clay, appears expansive. (4) Shale
(black) and claystone (Primmer, 1964). (5) Calcite-cemented sandstone,
in concretions as large as 6-ft ovoids and in beds to thick; also limonite
nodules (Primmer, 1964). (6) Conglomerate, pebble to cobble (Primmer,
1964). (7) Tuff like unit 285, in places.

Unit has variable proportions. Major constituents are the clean sand
stone, dirty sandstone, and clayey sandstone; shale, claystone, and con
glomerate are minor, the conglomerate, where present, occurring near
base of unit. Proportions are difficult to translate from Primmer's (1964)
sections, but best overall approximation is more than half dirty sandstone.
some (as much as one-third) clean sandstone, and some clayey sandstone
in some of unit. Other compositions minor.

Hardness: Clean sandstone is soft, some to firm, where weathered and
probably where fresh. Dirty sandstone and clayey sandstone are firm
where fresh and weathered; shale good and firm; cemented rock hard.

Bedding: Clean sandstone occurs typically in very thick (commonly greater
than 10-ft) distinct beds, but occurs also in medium to 10-ft beds inter
bedded with other compositions. Dirty sandstone ranges from very thin
to thick bedded between partings and occurs in intervals as thick as 30
ft or more. Clayey sandstone is indistinctly interbedded with more or less
clayey sandstone in thick to 5-ft beds. Cemented beds to thick; concre
tions to 6-ft ovoids.

Parting: Present within dirty sandstone largely at very close to wide spac
ing. Absent in clean sandstone and in clayey sandstone. Present on dis
tinct bedding contacts. Thus, present in half to two-thirds of unit at
spacings to wide.

Fracture: In clean sandstone, largely moderate but some wide spacing,
moderate to 4 ft where observed in a 3o-ft bed, mostly very wide to wide
in very thick beds. Fracture is not mechanically significant in most clean
sandstone owing to softness. Spacing in dirty sandstone and probably
clayey sandstone is largely close to moderate but includes close to very
close spacing of weathering fracture. Cemented beds have wide spac
ing; concretions unfractured or fractured at wide to 4-ft spacing.

Permeability: Clean sandstone has moderate to high intergranular perme
ability, much of each; dirty sandstone low; clayey sandstone low to very
low; shale and claystone very low, conglomerate unknown. Thus, bed
rock has largely low intergranular permeability, but some (as much as
one-third) moderate and high, and some very low. Probably much mantle
very low, much moderate.

Weathering: Clean sandstone weathered to depth of about 15 ft, some
light-gray color at 15 ft. Clayey sandstone shows expansivity cracking.
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Dirty sandstone shows scaling and parting on lamination where weath
ered.

Surficial mantle: Probably much granular, much clayey. Some or more
is clayey like sample CLl9B, dark plastic sandy clay soil, typical and
uniform, more than 4 ft thick; some or more is granular like sample ASS,
uncracked slightly clayey sand, a typical weathering product.

Expansivity: Probably most bedrock unexpansive, but minor to some ex
pansive (clayey sandstone). Probably much mantle severely expansive,
much unexpansive. Bedrock sample CL 19A, weathered clayey fine sand
stone, moderately cracked, free swell 100 percent (exaggerated), the most
expansive abundant bedrock composition. Surficial mantle samples:
CLl9B, moderately cracked dark sandy clay soil, free swell 120 percent;
ASS, uncracked slightly clayey sand, free swell 50 percent (exaggerated).

Stratigraphic thickness: 80-130 ft (Primmer, 1964); 200 ft (Brabb and
others, 1971).

Sources: Brabb and others, 1971; Clark, 1918; Primmer, 1964; Society of
Economic Paleontologists and Mineralogists, 1950; two stations.

MAP UNIT 340

Geologic unit, (age), and location: Sedimentary rocks near Drakes Bay,
glauconitic sandstone unit (T), on Point Reyes peninsula.

Summary: Largely clean sandstone; some dirty sandstone, clayey sand
stone, and mudstone. Clean sandstone is highly erodible and has mod
erate to high intergranular permeability. Some of both bedrock and
surficial mantle is expansive.

Composition: Largely medium- to fine-grained sandstone containing mi
nor silt, well to moderately well sorted (clean sandstone); some fine
grained to very fine grained sandstone containing abundant fines (dirty
sandstone), sandy and silty mudstone, and sandstone that has abundant
clay matrix (clayey sandstone). Thick bed of glauconitic sandstone at
base. Local concretions.

Hardness: Clean sandstone is soft and friable where weathered and prob
ably where fresh; dirty sandstone is largely firm both where fresh and
weathered, but some dirty sandstone is hard; mudstone where fresh var
ies from hard beds, commonly interbedded with soft fissile interbeds, to
more uniform firm rock; and clayey sandstone is soft both where fresh
and weathered. Locally contains hard calcite-cemented concretions as
large as 3 ft in diameter. Glauconitic sandstone is hard to firm, becom
ing soft where well weathered.

Bedding: Varies with rock type, but mostly absent to indistinct, in places
distinct in very thick beds. In some exposures (near coast at Bear Val
ley), medium to very rhick (as much as 20-ft or more), mostly thick,
distinct beds of clean sandstone are interbedded with thin to medium beds
of dark clayey sandstone and with less common hard medium beds of
sandy siltstone. In places, mostly medium beds of silty mudstone are dis
tinctly interlayered with thin to medium beds of shaly mudstone. Glau
conitic bed at base of unit is thick.

Parting: Absent except in bedded silty mudstone, where shaly interbeds
have very close fissility and parting is present on bedding planes at
mostly moderate spacing.

Fracture: Varies with composition. Spacing in clean sandstone ranges
from close to very wide, mostly moderate to wide; no weathering frac
ture. Dirty sandstone has original spacing at moderate to very wide,
mostly moderate to wide, but weathering produces secondary fractures
at very close to moderate spacing. Mudstone shows variable fracture
spacing, from close to wide, mostly close to moderate, and where weath
ered much produces very close fracture. Clayey sandstone is fractured I

at moderate to wide spacing, but weathering produces additional close
spaced fractures. Fractures are in many places iron stained or iron ce
mented, in places bleached, and in places show simply diminution of
grain size. Glauconitic sandstone has close to moderate spacing.

Permeability: Clean sandstone has moderate to high intergranular perme
ability; dirty sandstone low; mudstone low to very low; clayey sandstone
mostly very low, some low where clay matrix does not completely fill

interstices. Thus, bedrock has largely moderate to high intergranular
permeability, some low to very low. Most mantle moderate, some low
to very low.

Weathering: Clean sandstone weathered to depths greater than 25 ft; dirty
sandstone completely weathered to depth of 10ft, weathered along frac
tures to 20 ft; weathering depth in mudstone unknown, but surface weath
ering rapidly produces very close chips; clayey sandstone weathered to
depth of about 5 ft.

Surficial mantle: Largely granular, some clayey.
Expansivity: Most bedrock is unexpansive, some is significantly expan

sive, minor to some severely expansive. Most mantle unexpansive, some
expansive, minor to some severely expansive. Bedrock samples: DB 12,
well-cracked clayey sandstone, typical of less than 20 percent of unit,
free swell 105 percent; DB 19, black sandy claystone, minor constituent,
free swell 62 percent; DB20, well-cracked weathered clayey sandstone,
fairly abundant, free swell 74 percent; DB22A, mildly cracked clayey
sandstone, abundant constituent (more than half of exposure in places),
free swell 58 percent. Surficial mantle sample DB 14, typical soil, free
swell 48 percent.

Stratigraphic thickness: About 500 ft (estimated from map).
Sources: I.A. Bartow, written commun., 1972; Blake and others, 1974;

Galloway, 1977; 10 stations.

MAP UNIT 342

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only along
west side of Santa Clara Valley near Los Gatos.

Summary: Largely soft clean sandstone, some to much siltstone and clayey
sandstone. Clean sandstone has moderate permeability. Most bedrock and
mantle is unexpansive.

Expression in aerial photographs: Intermediate topography that is less
resistant than unit 50 1. Banded by light-toned zones 5-10 ft in width
between dark-toned zones as wide as 20 ft, which suggests some to domi
nant clayey sandstone and siltstone (dark).

Composition: (1) Sandstone, medium to coarse grained, well to moder
ately well sorted, little matrix in most but some is slightly silty, inter
bedded with minor clay-saturated sandstone to siltstone. Contains minor
firm concretions. Somewhat tuffaceous near contact with unit 260 (Bailey
and Everhart, 1964). (2) Foraminiferal siltstone, some slightly siliceous
(sub-porcelaneous), that has very thin shale interbeds; and clayey sand
stone. (3) Porcelaneous shale and siltstone similar to unit 50 1. (4) Con
glomerate of pebbles to boulders common at or near base (E.E. Brabb,
written commun., 1972). (5) Locally includes volcanic rock like unit 260.

Probably half to two-thirds of unit is sandstone (composition I), one
third to half is siltstone and clayey sandstone (composition 2). Minor
conglomerate, porcelaneous rock, and volcanic rock.

Hardness: Sandstone is soft where weathered and probably where fresh
and contains minor firm concretions. Siltstone firm, porcelaneous rock
hard, and conglomerate probably soft to firm with hard clasts.

Bedding: Sandstone occurs in barely distinct medium to 5-ft beds between
thin, some to medium, clay-saturated sandstone and siltstone, but sand
stone looks massive in very thick (tens of feet) bed. Banding on photo
graphs suggests very thick intervals of both sandstone and clayey rock.
Siltstone is all very thin bedded or has parallel fabric, and some has very
thin shale interbeds. Porcelaneous rock variably bedded.

Parting: Present on bedding planes in sandstone at moderate to 5-ft spac
ing; much siltstone is largely unparted to variably parted, but some to
most has regular close to moderate parting similar to unit 50 I.
Porcelaneous rock in many places is regularly parted at close to moder
ate spacing.

Fracture: Indistinct to absent in sandstone, moderate where apparent.
Close to moderate in siltstone and porcelaneous rock. Probably absent,
effectively clast size (close to moderate), in conglomerate. Firm concre
tions in sandstone to medium.
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Permeability: Sandstone has moderate intergranular permeability; siltstone
and clayey sandstone low to very low; porcelaneous rock very low. Low
fracture permeability in shallow siltstone and clayey sandstone, low to
moderate in shallow porcelaneous rock. Thus, most bedrock has moder
ate intergranular permeability; some to much is low to very low, but this
has fracture permeability in shallow rock. Most mantle moderate.

Weathering: Sandstone weathered to depths greater than 15 ft.
Surficial mantle: Largely granular. One observation of uncracked silty

soil over siltstone. Largely sandy and silty soils.
Expansivity: Bedrock and mantle largely unexpansive, some to much

mantle significantly expansive. Sample LOG3, very mildly cracked sand
silt soil, typical, free swell 63 percent (probably exaggerated).

Sources: Bailey and Everhart, 1964; E.E. Brabb, written commun., 1972;
two stations.

MAP UNIT 343

Geologic unit, (age), and location: Domengine Sandstone, upper sand
stone member (T), only on southwest flank of Mount Diablo.

Summary: Largely very thick bedded (tens of feet) sandstone of moder
ate permeability, much crops out, and some interbedded clayey rock.
Sandstone varies from soft to hard where weathered, most firm, some
marginal hard rock ripped with difficulty. More than half of unit is very
thick bedded sandstone, as much as two-fifths is clayey rock plus sand
stone in beds to thick. Unit is largely unexpansive, but some clayey bed
rock and mantle is severely expansive. See unit 344.

Expression in aerial photographs: Strikingly banded by zones of dra
matic outcropping sandstone against dark-toned tree and brush cover.
About equally abundant light-toned bands (outcrop) ranging from 5 to
150 ft in width, many as wide as 100 ft, between dark-toned bands (veg
etation) 5-100 ft in width. Toward unit 442 and especially to south near
Riggs Canyon, includes some area lacking outcrop, ribbed, grass cov
ered, similar in expression to unit 442. Spacing of major joints in out
cropping sandstone is 5 to more than 100 ft, showing some relation to
bed thickness. Unique intermediate topography having some sharp crests
along outcrops.

Composition: (I) Sandstone, largely medium to coarse grained, ranging
from fine to very coarse grained, poorly to moderately sorted, silty but
little or no clay. May contain tuffaceous clasts. (2) Calcite-cemented con
cretions and beds in sandstone. (3) Interbedded fine-grained clayey rock,
including mudstone to siltstone to clayey very fine sandstone and shale.
Some shale is carbonaceous and includes minor lignite (Dickerson, 1916).

Unit is largely sandstone, but contains some (as much as one-third)
fine-grained clayey rock. Most fine-grained clayey rock is mudstone to
clayey very fine sandstone, but some is shale. Of entire unit, over half
is very thick bedded sandstone, as much as two-fifths is clayey rock
containing sandstone beds to thick (measured from Dickerson, 1916).

Hardness: Sandstone occurs both as firm to hard (weathered) outcropping
rock and firm to soft (weathered) rock, both about equally abundant. The
firm to hard rock (not calcite cemented) includes much firm rock and
much marginal hard rock that dents slightly when struck by hammer; in
part case hardened. Calcite-cemented sandstone hard. Clayey rock weath
ers firm, probably firm where fresh.

Bedding: Intervals tens to hundreds of feet thick of: (a) Massive sand
stone in beds tens of feet thick; (b) largely distinct medium to thick beds
of sandstone between medium to 4-ft beds of fine-grained clayey rock,
many of which are distinctly interbedded at thin to medium; (c) thinly
to thickly interbedded clayey rock, largely distinct. Mudstone intervals
and bedded sandstone intervals are thicker and more abundant near base.
Massive sandstone beds in many places are separated by partings or by
mudstone intervals to thick. Concretions as large as 10ft in diameter.
See sections by Dickerson (1916) and Colburn (1961).

Parting: Absent within sandstone, except in some soft-weathering sand
stone at very close spacing parallel to and near ground surface. Present
at distinct bedding planes, both at very wide (tens of feet) bounding very

thick sandstone beds and at close to wide spacing in interbedded rocks.
Very close spacing in shale. Over half at very wide spacing (tens of feet);
as much as two-fifths at close to wide spacing.

Fracture: Very thick sandstone beds have irregular fracture, the spacing
of which ranges from moderate to 15 ft, largely wide to 4 ft, but out
cropping sandstone commonly has 6- to 15-ft spacing. Sandstone beds
to thick have spacing similar to bed thickness. Fine-grained clayey rock
has close to very close spacing of weathering fracture superimposed on
moderate to wide, stained, original spacing.

Permeability: Most sandstone has moderate intergranular permeability,
the remainder low. Clayey fine-grained rock very low to low. Thus, bed
rock has largely moderate intergranular permeability, but includes some
to half low and very low (some of each). Most mantle moderate, some
very low to low.

Weathering: Sandstone not seen fresh.
Surficial mantle: Largely granular, some clayey. Largely uncracked clayey

sand soil, such as sample DI2B, and some sandy clay soil, dominant
locally, such as sample D12C. Observations suggest that granular soil
has moved downslope over clayey soil, and so expansive clayey soils
are concealed in places.

Expansivity: Bedrock largely unexpansive, but some severely expansive
(mudstone). Most mantle unexpansive, some severely expansive. Bed
rock sample D 12A, mudstone, moderately cracked, typical of interbeds
throughout unit, free swell 93 percent. Surficial mantle samples: D12B,
uncracked clayey sand soil, free swell 37 percent; DI2C, moderately
cracked sandy clay soil, free swell 79 percent.

Stratigraphic thickness: 1,500-3,500 ft (Brabb and others, 1971); about
2,400 ft near Cave Point (Dickerson, 1916); 1,400-1,650 ft in Pine Can
yon area, 1,200 ft near Mount Diablo State Park, 2,750 ft near Cave Point
(Colburn, 1961).

Sources: Brabb and others, 1971; Colburn, 1961; Dickerson, 1916; three
stations.

MAP UNIT 344

Geologic unit, (age), and location: Domengine Sandstone, upper part (T)
(equivalent to Escobar Sandstone of Weaver, 1953), only in Pacheco
syncline, west of Concord.

Summary: Largely firm sandstone of moderate permeability, some clayey
interbeds, minor to some cemented sandstone. Sandstone erodes rapidly,
is difficult to trench owing to lack of brittleness, is ripped at least in
places with one tooth, and contains abundant hard blocks as large as 20
ft in diameter. Most bedrock and mantle is unexpansive, some clayey
rock and probably overlying mantle are expansive. See unit 343.

Expression in aerial photographs: Most-resistant Tertiary unit in Pacheco
syncline. Much hard topography of sharp crests and steep ribs between
broad draws, producing an almost glaciated appearance that is charac
teristic but not everywhere present. Some intermediate topography on
strike with hard topography. Underlies a number of topographic highs
in Martinez, where it forms intermediate to hard topography. Many pits
(borrow pits"). Forms crest of ridge.

Composition: Sandstone, interbedded with shale, silty and sandy shale,
mudstone, and clayey sandstone. Clayey interbeds have sufficient clay
for dominantly clayey behavior, and most are dominantly shale or mud
stone. Sandstone is largely clean and moderately to moderately well
sorted, mostly medium grained but ranges from fine to coarse grained,
and typically contains scattered granules of white quartz and black chert
that in places are concentrated as beds and stringers within sandstone
beds. Sandstone grains are angular to subangular and are probably tuf
faceous in part. Sandstone generally contains minor silt-sized angular
grains.

Unit is largely sandstone, some clayey rock as interbeds (see section
by Weaver, 1953). Basal 400 ftO) is poorly exposed, composed of un
known proportions of sandstone, silty sandstone, sandy shale, and shale
(Weaver, 1953), probably thin to thick bedded.
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Hardness: Sandstone is mostly firm. some approaching soft. where weath
ered. probably the same where fresh, but some is quite firm. Concre
tions hard. Shale, mudstone, and clayey sandstone are firm.

Bedding: Distinct, occurring in two generai characters: (1) very thick (as
much as 50-ft or more) sandstone beds (some internally bedded by con
centrations of different grain sizes) between thin to very thick (12 ft)
shaly sequences that in many places are very thin to thin bedded and
contain thin sandstone beds: and (2) semirhythmic medium to very thick
(4-ft) sandstone interbedded with medium shaly beds. Minor to some car
bonate-cemented beds, more commonly horizons of concretions, which
range from medium to very thick (as much as 20 ft), mostly very thick.
See Weaver's (1953) section for details.

Parting: At bedding planes, some of which are spaced moderate to 4 ft,
some very wide (10 ft and more), and within shaly interbedded sequences
at very close to moderate spacing.

Fracture: In very thick bedded sandstone, fractures are irregular in spac
ing and orientation, ranging from close to very wide spacing (as much
as 4 ft, rarely as much as 8 ft), much of which is moderate to wide.
Medium to very thick \4-ft) bedded sandstone has regular fractures per
pendicular to bedding at moderate spacing, some to wide. Shaly inter
bedded sequences have close to very close spacing, some moderate in
thin sandstone. Spacing in sandstone is close to moderate where highly
weathered within about 8 ft of the ground surface. Concretions have
moderate to wide spacing, but fractures are tight; effective spacing is
size of concretions (mostly very large, as much as 20 ft).

Permeability: Most sandstone has moderate intergranular permeability,
some low; clayey interbeds very low, some low. Low fracture perme
ability in some shallow clayey rock. Thus, most bedrock has moderate
intergranular permeability, some low to very low. Most mantle moder
ate, probably some low to very low.

Weathering: Sandstone weathered to depths greater than 35 ft; shaly
interbeds fresh at 8 ft. Close to moderate spacing of extreme weather
ing fracture to depth of about 8 ft in sandstone.

Surficial mantle: Largely granular, probably some clayey.
Expansivity: Most bedrock unexpansive, but minor to some severely ex

pansive (clayey rock). Most mantle unexpansive, probably some expan
sive. Samples: WC2, typical shale interbed, free swell 80 percent; WC9,
sandy soil on sandstone, typical of most of unit, free swell 30 percent.

Stratigraphic thickness: 1,690 ft (Weaver, 1953).
Sources: Weaver, 1953; seven stations.

MAP UNIT 345

Geologic units, (age), and location: Meganos Formation, Divisions A and
B of Clark and Woodford (1927) (T), near Mount Diablo.

Summary: To west, unit is largely coarse clean sandstone, soft to firm,
in very thick beds, and includes basal conglomerate. To east, as much
as half or more of unit is clayey rock, conglomerate is absent, and the
remainder ranges from coarse clean sandstone to dirty sandstone. Minor
cemented rock. Minor to some bedrock and some to much mantle are
severely expansive, largely toward east end of unit.

Expression in aerial photographs: Resistant unit. At west end of expo
sure, where separated from resistant unit 628, largely forms hard, ribbed
dip slope of sharp-crested hogback, but includes some resistant areas of
intermediate topography. Along main part of Deer Valley, where unit is
adjacent to unit 628 on the downslope side, either looks identical to unit
628 or forms horizontal-crested spurs that are largely sharp crested and
lack ribs. Suggestion here of discontinuous nonresistant zone 200 ft or
more in thickness at base of this unit or top of unit 628. Near sample
locality AS30, unit becomes subdued intermediate topography that con
tains discontinuous light-toned bands as wide as 100 ft or more; here
most looks identical to unit 628, which likewise has become more sub
dued. Farther southeast, unit becomes nondescript intermediate topog- I

raphy, much of which contains tonal bands; light-toned bands are mostly

as wide as 10ft, some as wide as 50 ft, dark-toned bands are 10-100 ft
wide.

Composition: (1) Clean sandstone, coarse to medium grained, moderately
well to well sorted, some slightly silty, quartzose, including some grit
and zones and beds of pebbles. Quarried for glass sand. (2) Calcite-ce
mented beds and concretions of fine- to coarse-grained sandstone. (3)
Sandstone, variably tuffaceous to dirty, of well-sorted fine grains, rang
ing from very fine to medium. Scaly. (4) Clayey rock, including some
mudstone, some of which is tuffaceous; some shale, some of which is
carbonaceous; and some clay-saturated sandstone. (5) Conglomerate,
largely of rounded pebbles and cobbles, boulders in places (Johnson,
1964); rarely, near Stewartville, includes angular slabs of fossiliferous
Cretaceous sandstone more than 6 ft in width (Clark, 1921). Clasts are
largely quartz, quartzite, chert, limestone, and sandstone (Clark and
Woodford, 1927); 75 percent metamorphic, minor igneous, 25 percent
sandstone and limestone (Johnson, 1964).

Unit has variable proportions along strike. Toward west, conglomer
ate is present at base, the remainder probably largely composition I but
containing some of compositions 3 and 4. Toward east, conglomerate is
absent to minor, some to half is composition I, one-third to more than
half is composition 4, some to one-third is composition 3. Cemented rock
is minor, but blocks are common.

Hardness: Coarse sandstone (composition 1) varies soft to firm where
weathered and probably fresh, some case hardens. Scaly sandstone (com
position 3) and clayey rock are firm where fresh and weathered. Ce
mented rock hard. Conglomerate has largely hard clasts in probably firm
matrix; grit firm.

Bedding: Coarse sandstone (composition 1) occurs largely in very thick
beds, most greater than 6 ft and in many places 25- I50 ft thick, which
in many places are internally crossbedded at very thin to medium, largely
indistinctly (little parting). This sandstone occurs in very thick (I OO-ft)
intervals that either lack internal interbeds or contain medium to 4-ft
clayey interbeds. Grit as thick as 5 ft or more. Conglomerate beds un
known. Intervals of clayey rock are as thick as 150 ft or more; these are
internally distinctly to indistinctly interbedded at medium to 10 ft and
contain minor interbeds to thick of clean sandstone. Scaly sandstone
(composition 3) probably occurs in very thick (30- to 70-ft) intervals in
which beds are more than 6 ft thick. Cemented rock to thick.

Parting: Within sandstone intervals, on distinct bedding (largely 6-50 ft)
and within some crossbedded rock irregularly at moderate to 6-ft spac
ing. Within clayey rock, ranges from very close spacing in shale, to
largely close spacing in mudstone. to lOft at beds of clayey sandstone;
overall largely at very close to moderate spacing in clayey rock. In much
cemented rock at close to moderate spacing.

Fracture: Coarse sandstone (composition I) has indistinct fracture at
moderate to wide to 10-ft spacing, most at moderate spacing within 10
ft of the ground surface. Scaly sandstone has very close to moderate
spacing of weathering fracture, much scales at very close. Clayey rock
has very close to moderate spacing of weathering fracture. Cemented
rock largely wide to 4 ft, some close to moderate spacing.

Permeability: IntergranuIar permeability in sandstone of composition I
moderate to high, some of each, lesser low; in sandstone of composi
tion 3 low; clayey rock very low to low; conglomerate probably moder
ate. Thus, permeability of bedrock ranges from largely moderate to high
toward west end of unit to largely very low to low, but including some
to half moderate to high, toward east end. Much to most mantle moder
ate, some to much very low.

Weathering: Coarse sandstone weathered to depths greater than 40 ft.
Surficial mantle: Much to most granular, some to much clayey. Half to

most is uncracked to very mildly cracked sandy soil, some to half is
clayey soil such as sample AS30.

Expansivity: Most bedrock unexpansive, some to much expansive, minor
to some severely expansive. Some to much mantle severely expansive,
much to most unexpansive to possibly significantly expansive. Samples:
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BW3, weathered shale, mildly cracked, most expansive abundant bed
rock constituent, free swell 90 percent~ li~S30, typical clayey soil, free
swell 118 percent. Most of the expansive materials are toward eastern
end of outcrop area.

Stratigraphic thickness: 600-800 ft, basal conglomerate as much as 90
ft (Brabb and others, 1971); about 470 ft, of which about 20 ft is basal
conglomerate (Johnson, 1964); 0-750 ft, of which I-50 ft is conglomer
ate (Clark and Woodford, 1927).

Sources: Brabb and others, 1971; Clark, 1921; Clark and Woodford, 1927;
Colburn, 1961; Johnson, 1964; Taff, 1935; four stations.

MAP UNIT 350

Geologic unit, (age), and location: San Pablo Group, undivided (T), only
on southwest flank of Mount Diablo.

Summary: About half sandstone, firm to hard; and half clayey rock hav
ing weathering fracture, largely clayey and dirty sandstone. As much as
one-sixth of unit is hard rock, much sandstone quite firm. All apparently
ripped, some with difficulty (deep grooves). Bedding mostly very thick;
permeability mostly low, some (as much as one-third) moderate. Some
rock used for crushed rock <Davis and Goldman, 1958). Some to much
severely expansive surficial mantle.

Expression in aerial photographs: Unit includes two shell-breccia ridges
on Ygnacio Valley Road and Shell Ridge. Near Shell Ridge. includes
prominent sharp-crested Shell Ridge hogback and less resistant valley;
here unit is largely light toned but includes lesser dark-toned zones in
swales and on aprons. Near Mount Diablo State Park, lower 1,000 ft
forms characteristic resistant intermediate topography, brush covered, and
has outcropping light-toned bands largely 5-20 ft in width, some as wide
as 50 ft; upper 500 ft is subdued intermediate topography, much dark in
tone, similar in resistance to adjacent unit 401. Minor patches are non
resistant intermediate topography. Packets of both light-toned resistant
bands and dark-toned nonresistant bands mostly 50-100 ft thick, some
of each to several hundred feet thick.

Composition: (I) Sandstone, resistant, some crops out, largely medium
to coarse grained but in places fine grained, some contains tuffaceous
clasts; moderately to well sorted, much clean enough for moderate per
meability, but much contains sufficient clay pore fillings, flakey clay
coatings, or silt to have low permeability. The low permeability sand
stone is more resistant, crops out. Sandstone in places includes grit and
pebbly beds. This sandstone used as building stone for buildings at sum
mit of Mount Diablo (Pampeyan, 1963). Grades to: (2) Calcite-cemented
shell beds in gritty and pebbly, firm, coarse- to medium-grained sand
stone, some of which has blue grain coatings (see unit 400). These beds
occur in groups to form "reefs." Shell Ridge is held up by these beds.
Also calcite-cemented beds without shells. (3) Clayey to dirty sandstone,
largely fine to medium grained, low permeability, probably some tuf
faceous; ranges from sandstone that is well sorted but clay clogged to
that which is muddy and fine to very fine grained; nonresistant and
weathers spheroidally, scales, or otherwise develops weathering fracture.
(4) Mudstone, siltstone, and less commonly shale.

Unit is about half sandstone (compositions I, 2), half nonresistant
clayey rock (compositions 3, 4). Of sandstone, some (as much as one
third) is hard (some calcite-cemented, some not), and some to more than
half has moderate permeability, the rest low. Shell beds are minor over
all but prominent. Of clayey rock, most is clayey to dirty sandstone (com
position 3), minor to locally some mudstone (composition 4).

Hardness: Sandstone is largely firm. much quite firm approaching hard,
but minor to as much as half is hard (this includes calcite-cemented beds
and shell beds, but much hard sandstone is not apparently calcite ce
mented). Clayey rock firm. Thus, unit has minor to one-fourth, probably
to one-sixth, hard rock, which is minor toward the north end of outcrop
band near Walnut Creek and becomes more abundant toward the south.

Unit generally contains some hard rock, estimated about one-sixth near
Mount Diablo Road.

Bedding: Sandstone occurs in distinct very thick beds, 6-200 ft thick, some
of unit in 100-ft and thicker beds, some in 20- to 100-ft beds, most beds
probably 6-30 ft. Some of these beds are parted internally, largely at
moderate to 6-ft spacing, and many are internally laminated. Some sand
stone medium to thick. Shell beds are mostly medium, but as thick as 4
ft, and occur in groups within very thick (tens of feet) firm pebbly sand
stone. Other calcite-cemented rock probably as thick as 6-30 ft. Clayey
rock occurs in intervals as thick as 150 ft, generally as thick as 60 ft;
these intervals are largely internally bedded at thin to medium, most
distinct and accompanied by parting, but some are thick to very thick
bedded (as much as tens of feet).

Parting: Present on bedding contacts between sandstone and clayey rock,
largely at very wide spacing (6 ft or more); within most clayey inter
vals on distinct bedding at close to moderate spacing, but some zones
as wide as 6 ft or more lack parting. Within sandstone, some to most
parted at moderate to 6-ft spacing, some unparted.

Fracture: Spacing in sandstone largely moderate to 4 ft, some as much
as 6 ft. Cemented shelly beds largely wide to 4 ft, some as much as 8 ft.
Clayey rock has moderate to 4-ft original spacing and superimposed very
close to moderate spacing of weathering fracture. much as scaling and
spheroidal weathering.

Permeability: Some to more than half of sandstone has moderate inter
granular permeability, the remainder low; clayey sandstone low; mud
stone very low to low; cemented rock very low to low. Thus, bedrock
contains some (as much as one-fourth or one-third) moderate intergranu
lar permeability, the remainder largely low, minor very low. Much to
most mantle moderate to high, some to much very low.

Weathering: No color change in sandstone to depths greater than 25 ft.
Clayey sandstone fresh at 5 ft in places, but weathering fracture occurs
to base of cuts at depths greater than 25 ft (possibly on surface of cut
only). Possible case hardening of some sandstone.

Surficial mantle: Much to most granular, some to much clayey. Unit in
cludes some or more of both granular soil (samples D9, WC47) and sandy
clay soil (samples WC50, WC51), the granular soil dominant to the south.

Expansivity: Most bedrock unexpansive, probably minor to some expan
sive (clayey rock). Much to most mantle unexpansive to possibly sig
nificantly expansive, some to much severely expansive. Samples: D9,
slightly clayey sand soil, very mildly cracked, free swell 62 percent;
WC47, dark clayey sand subsoil, typical, free swell 65 percent; WC50,
well-cracked black sandy clay soil, free swell 98 percent; WC51, mod
erately cracked brown sandy clay soil, free swell 100 percent. Sand soils
appeared unexpansive in the field, free swell probably exaggerated.

Stratigraphic thickness: About 1,200-2,000 ft.
Sources: Davis and Goldman, 1958; Pampeyan, 1963; Weaver, 1909; seven

stations.

MAP UNIT 351

Geologic unit, (age), and location: San Pablo Group, undivided (T), only
in the East Bay Hills.

Summary: Not seen in field. Probably largely sandstone, dirty to clean,
some mudstone and shale, like units 381, 320, 405, and 432; see descrip
tions of these units for likely character of materials. Sandstone probably
occurs in very thick beds, obscurely bedded (Lawson, 1914).

Permeability: Bedrock probably has largely low intergranular permeabil
ity, some moderate, some very low. Probably most mantle moderate,
some to much low to very low.

Surficial mantle: Probably much to most is granular, some to much clayey.
Expansh'ity: Probably most bedrock unexpansive, some expansive (clayey

rock). Probably most mantle unexpansive to significantly expansive,
some to much severely expansive.

Sources: Ham, 1952; Lawson, 1914.
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MAP UNIT 352

Geologic unit, (age), and location: Neroly Sandstone (T), only in area
north and east of Mount Diablo.

Summary: More than half of unit consists of very thick bedded, firm, blue
sandstone, the remainder largely of thick to 4-ft sandstone beds inter
bedded with tuffaceous siltstone and dirty sandstone. Some moderate per
meability. Probably some to much mantle severely expansive.

Expression in aerial photographs: To east, subdued intermediate topog
raphy (similar to unit 353, more subdued than unit 125); major resistant
and nonresistant bands 200-500 ft in width. Toward west, mostly resis
tant intermediate to minor hard topography. Where good exposure, light
gray and dark-gray bands are visible, 5-30 ft in width, mostly 10-20 ft,
some zones as wide as 100 ft; dominant light tone to unit. Some minor
white bands, 5-10 ft in width, possibly cemented sandstone. Some non
resistant intervals as wide as 200 ft. Most of unit lacks ribs.

Composition: (I) Clean andesitic sandstone, well sorted; ranges from fine
to coarse grained, but most is medium to coarse grained; characteristic
blue coatings on grains (see unit 400); includes stringers and lenses of
pebble conglomerate and grit. Grades to more poorly sorted, probably
tuffaceous, low permeability blue sandstone of similar grain size. Some
of both. (2) Dirty to muddy to clay-saturated ~- to medium-grained
sandstone, probably much tuffaceous. (3) Siltstone, much sandy, most
probably tuffaceous, approaches mudstone in character; contains fossil
plant debris. (4) Sandy tuff, white (Condit, 1938), may be equivalent to
composition 3. (5) Calcite-cemented sandstone. (6) Pebble conglomer
ate having clean sandstone matrix.

Sandstone (composition I) is characteristic of unit and in places ap
pears to make up nearly the entire unit. More commonly, unit consists
of more than two-thirds sandstone interbedded with some dirty sandstone
and (or) siltstone or tuff. Minor conglomerate as lenses and stringers in
clean sandstone, and minor cemented sandstone. Very thick bedded sand
stone occupies more than half of unit, in places apparently nearly all of
unit. Of sandstone, some or more of both clean, moderate permeability
rock and more poorly sorted, low permeability rock.

Hardness: All compositions firm where weathered and probably where
fresh, except cemented sandstone, which is hard to quite firm. Pebbles
in conglomerate hard. Much sandstone is friable with difficulty.

Bedding: Two habits: sandstone in very thick (5- to 30-ft or more) dis
tinct beds; and sandstone in thick to 5-ft beds, largely gradationally in
terbedded with medium to 4-ft dirty sandstone or siltstone. The very thick
bedded sandstone can form nearly uninterrupted stacks of sandstone as
thick as 75 ft or more, but these include minor interbeds between the 5
to 30-ft beds. The thick to 5-ft interbedded habit has largely (70 percent
or more) gradational contacts between beds, and most of these bedding
planes are irregular. Sandstone is commonly internally very thin to thin
bedded and crossbedded by pebble trains and concentrations of differ
ent grain sizes. Cemented sandstone occurs in beds as thick as 6 ft that
grade to concretionary zones (Clark, 1912). Very thick bedded sandstone
appears to occupy more than half of unit, but thick to 5-ft bedded sand
stone generally occupies more than 30 percent of unit and occurs in in
tervals as thick as 200 ft. Tuff beds as thick as 30 ft (Condit, 1938). See
section by Condit (1938).

Parting: Absent within very thick sandstone except possibly where well
weathered; present as sharp discontinuity on at most 30 percent of bed
ding planes in thick to 5-ft bedded rock; present only locally within
siltstone. Thus, largely very widely spaced (lO-ft or more) partings in
sense of slope failure planes; for ripping, the very thick bedded half of
unit has very wide (more than 5-ft) spacing, the thick to 5-ft bedded part
probably has ripping parting at wide to 5-ft spacing. In some well weath
ered rock, spacing at close to wide in all compositions.

Fracture: In sandstone, spacing ranges from close to more than 8 ft; most
falls within the range of moderate to 5 ft, some greater than 4 ft. Most
spacing in very thick beds is wide to 4 ft. Much fracture is about per
pendicular to bedding. Dirty sandstone and siltstone have close to mod-

erate spacing of original fracture and close to very close spacing of
weathering fracture, some of which is spheroidal. Cemented sandstone
has spacing to wide, some probably to 5 ft.

Permeability: Clean sandstone has moderate intergranular permeability;
more poorly sorted sandstone low; dirty to clayey sandstone low; silt
stone and tuff low, some to very low; conglomerate moderate to low;
cemented sandstone low to very low. Thus, some to half of bedrock has
moderate intergranular permeability, the remainder largely low. Probably
much to most mantle very low to low, much moderate to high.

Weathering: No apparent effect on clean sandstone except suggestion of
development of parting on internal lamination where well weathered
(within 5 ft of surface at sample locality BHS20), Weathering fracture
in dirty sandstone and siltstone. Weathering frees clay bound up in tuf
faceous component, so that, while rock does not appear clayey, soils are
clayey.

Surficial mantle: Probably much to most clayey, much granular.
Expansivity: Most bedrock unexpansive but probably minor to some ex

pansive (clayey rock). Much to most mantle expansive, probably much
of this severely expansive. Samples: AS3, mildly cracked dark sandy
clay soil, typical, free swell 120 percent; BHS20, mildly cracked dark
clay soil, typical, free swell 90 percent; HB 11, brown sandy clay sub
soil, typical, free swell 140 percent; HB7, moderately cracked sandy clay
subsoil, free swell 101 percent. Free-swell values may be exaggerated.

Stratigraphic thickness: 250 ft I mile west of Kirker Creek (Clark, 1912).
Sources: Clark, 1912; Condit, 1938; Vilt, 1936; J.R. Wagner, written

commun., 1973; seven stations.

MAP UNIT 353

Geologic unit, (age), and location: Cierbo Sandstone (T), only in the
monocline north of Mount Diablo.

Summary: Largely (about two-thirds) firm and soft sandstone in very thick
(most greater than 10-ft, as much as 90-ft) beds; some mudstone, silt
stone, and interbedded sandstone.

Expression in aerial photographs: In places, unit is equally resistant to
unit 352 and is banded by largely light-toned bands 20 to more than 100
ft in width and lesser dark-toned bands as wide as 20 ft, no apparent
difference in resistance. In other places, unit is relatively nonresistant
(subdued intermediate topography) and forms swales. To east, forms
variably resistant subdued intermediate topography, from fairly resistant
bold rounded hills to very subdued intermediate topography.

Composition: (I) Clean sandstone, well to moderately well sorted, ranges
from fine to coarse grained, much medium to coarse grained; includes
stringers of pebbles and tuffaceous clasts. (2) Conglomerate beds and
conglomeratic zones in clean sandstone, largely pebbles, lesser cobbles
as much as 4 in. in diameter, in clean sandstone matrix. (3) Grit, clean,
thin beds in clean sandstone, high permeability, (4) Dirty sandstone,
much tuffaceous, fine to medium grained. (5) Clayey rock. including
mudstone, siltstone. and clayey sandstone to sandy mudstone.

Unit contains some each of clean sandstone, dirty sandstone, and
clayey rock. These materials occur in a consistent paltern: an upper one
fourth to one-third sandstone body; a middle one-fourth to as much as
one-half interbedded mudstone, siltstone, and sandstone; and a lower one
fourth to one-half sandstone that in places is conglomeratic. Clean sand
stone and dirty sandstone occur both separately and intermixed in both
top and boltom sandstone bodies. Conglomerate near boltom of section
is minor constituent overall. Minor grit.

Hardness: Clean sandstone and dirty sandstone weather both soft and firm;
fresh clean sandstone is probably soft, fresh dirty sandstone probably
firm. Unit includes some or more of both soft and firm sandstone. Clayey
rock firm where fresh and weathered. Clasts in conglomerate hard, ma
trix soft to firm.

Bedding: Unit consists of three zones that are tens of feet thick. Bedding
in the two sandstone parts is variable: from very thick (30- to 90-ft)
bedded sandstone; to thick to very thick sandstone distinctly interbed-
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ded with thin to 10-ft conglomerate, fossil layers to medium('1), or thin
shale partings~ to indistinctly interbedded sandstones of cleaner and
dirtier compositions. The middle mudstone zone is generally distinctly
to indistinctly bedded in medium to 6-ft beds of all compositions. Clean
sandstone is commonly internally crossbedded by stringers of pebbles
or tuffaceous clasts.

Parting: At very wide (greater than 5-ft, much greater than 10-ft) spac
ing in both sandstone zones; at moderate to 6-ft spacing in mudstone
zone.

Fracture: Clean sandstone has largely moderate to wide spacing, some
very wide (as much as 6 ft); some has weathering fracture at moderate
spacing. Dirty sandstone probably has largely close to moderate spac
ing of original fracture and weathering fracture, some wide original spac
ing. Clayey rock has very close to moderate spacing.

Permeability: Intergranular permeability of clean sandstone moderate,
dirty sandstone low, clayey rock very low to low, grit high, conglomer
ate largely moderate (owing to clean sand matrix). Thus, some to much
bedrock moderate, much low, some very low, minor high. Probably much
mantle moderate, much very low to low.

Weathering: Some spheroidal weathering in muddy sandstone.
Surficial mantle: Probably much granular, much clayey.
Expansivity: Most bedrock is unexpansive, some probably expansive

(mudstone). Probably much mantle severely expansive, much unexpan
sive to significantly expansive. Sample CL22, uncracked clayey sand soil
on knob, free swell 60 percent (possibly exaggerated). See units 320 and
354.

Stratigraphic thickness: 200-2,000 ft reported for Cierbo Sandstone
(Brabb and others, 1971), but 2,000 ft is misleading for this area in the
monocline north of Mount Diablo. Thins to east.

Sources: Brabb and others, 1971; Clark, 1912; Primmer, 1964; Weaver,
1909; four stations.

MAP UNIT 354

Geologic unit, (age), and location: Cierbo Sandstone (T), only in
Livermore Valley area.

Summary: About equally abundant clean soft to firm sandstone, includ
ing some conglomerate, and clay-saturated sandstone to sandy mudstone;
the clean materials underlie high ground, the clayey materials low
ground. Minor to locally some calcite-cemented rock. Some bedrock and
much mantle is severely expansive.

Expression in aerial photographs: Over most of area, unit consists of
fairly subdued, lumpy, intermediate topography that shows very subdued
banding on dark tone. Distinctly less resistant than adjacent unit 400.
Near Morgan Territory Road, unit is resistant with respect to unit 400
and consists of intermediate to hard topography that has broadly spaced
ribs and light- and dark-toned bands 5-200 ft in width, most 5-50 ft. Area
near Del Valle Reservoir has intermediate topography that contains abun
dant light-toned bands 5-50 ft in width that are dominant in resistant
intervals as wide as 500 ft, but light tone does not clearly constitute more
than half of unit.

Composition: (1) Sandstone, medium to coarse grained, ranging from fine
to very coarse, moderately to moderately well sorted; largely clean, some
silty, much tuffaceous, clay absent or minor coatings; largely moderate,
some high, some low permeability; some has gritty and pebbly zones,
and some beds contain large oyster shells. Grades to: (2) Conglomerate
of rounded to angular pebbles and cobbles, some as much as 6 in. in
diameter, most less than 3 in., most hard, some firm, in matrix of clean
sandstone similar to composition I. (3) Calcite-cemented beds, zones,
and concretions in sandstone and conglomerate, some containing abun
dant oyster shells. Also limestone nodules. (4) Clay-saturated to nearly
saturated sandstone, fine to coarse grained, mostly fine to medium
grained, much tuffaceous, grading to sandy claystone, low to very low
permeability. Some has moderately to wel1 sorted sand, some poorly

sorted. Grades to: (5) Mudstone (much sandy), siltstone, and shale (some
carbonaceous). (6) Porcelaneous mudstone and shale. (7) One bed of
compact, fine-grained white tuff of 97 percent clear glass shards (Huey,
1948). Also, many sandstone beds contain tuffaceous clasts and matrix
material. (8) Lignite seams (Huey, 1948). (9) Punky, tuffaceous and di
atomaceous shale (Huey, 1948).

Unit contains much of both sandstone, including conglomerate (com
positions 1,2, 3), and clayey rock (compositions 4, 5); probably about
equally abundant. Of sandy rock, most is sandstone, some to much of
which is pebbly; conglomerate is minor overall, locally some; cemented
rock minor overall but commonly present. Of clayey rock, half or more
is clayey sandstone, some is sandy mudstone to sandy claystone and silt
stone, minor shale. Compositions 6-9 are minor. Sandstone dominant
(two-thirds) in some sections to several hundred feet thick; clayey rock
dominant in other sections.

Hardness: Sandstone is soft to firm where weathered, but commonly has
case hardened firm to quite firm crust on outcrops; probably soft to firm
where fresh. Conglomerate has soft to firm matrix and clasts that are
mostly hard, some firm. Cemented sandstone and conglomerate hard to
firm. Clayey rock firm where weathered and probably where fresh, ex
cept some soft when wet. Tuff firm; porcelaneous mudstone hard; com
positions 8 and 9 firm; concretions and limestone nodules hard.

Bedding: Largely very thick distinct beds, ranging from 5 to more than
100 ft thick, most sandstone beds thicker than 10 ft. Some medium to 5
ft interbedding, largely distinct. Packets of less resistant rock to tens of
feet thick. Much sandstone is internal1y bedded and crossbedded by
changes in grain size or pebbly layers; shale is laminated. Outcropping
sandstone beds as thick as 10 ft. Cemented beds as thick as 5 ft or more,
probably as thick as 10 ft; concretions as large as thick by 8 ft. Lime
stone nodules to thick. Near Del Val1e Reservoir, repetitively interbed
ded thick to 10-ft sandstone between medium interbeds of dark rock.
Lignite seams to thick (2 ft).

Parting: Present on distinct bedding planes, largely at very wide (more
than 5-ft) spacing, some at moderate to 5-ft spacing. Present within some
sandstone at moderate to 4-ft spacing. Present in shale at very close spac
ing where weathered. Thus, largely very widely spaced.

Fracture: Spacing in sandstone ranges from close to 6 ft, largely moder
ate to 4 ft, most commonly wide, this fracture in many places perpen
dicular to bedding. Scaling at very close spacing in some tuffaceous or
more clayey beds. Conglomerate at wide to 6-ft spacing. Clayey rock
has moderate to 4-ft spacing of stained original fracture and very close
to moderate spacing of weathering fracture. some of which is spheroi
dal on original fracture. Cemented beds have largely moderate to wide
spacing, probably as wide as 5 ft. Some concretions as large as 3 ft by 8
ft are unfractured. Porcelaneous mudstone has very close spacing. Frac
ture in sandstone is distinct as in unit 400, contrasting with indistinct
fracture in units 414 and 422.

Permeability: Intergranular permeability of sandstone and conglomerate
(compositions I, 2) mostly moderate, some low and high; clayey rock
(compositions 4, 5) low to very low, much of each; calcite-cemented rock
and porcelaneous rock very low; tuff and lignite low. Thus, much (nearly
half) of bedrock has moderate intergranular penneability, most low to
very low. Much mantle very low, much moderate.

Weathering: Clayey sandstone is fresh (blue-gray) at depths of 8-10 ft,
whereas sandstone is weathered to more than 20-30 ft. Mudstone and
shale host gypsum crystals to depth of 30 ft, although rock is fresh to
within 10ft of ground surface. Some mudstone or shale is fissile only
at the very surface, remains blocky below ground surface. Plentiful free
clay in weathered clayey rock.

Surficial mantle: Much clayey, much granular. On several traverses, two
equal1y abundant soils. At sample localities AAI-AA4 and BHS25
BHS27, equally abundant uncracked sandy soil and dark sandy clay soil,
such as sample AA2B. At sample localities AAII-AAI4, equally abun
dant sand-clay soil, such as sample AAI1A, and fluffy sandy clay soil,
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such as sample AA 12, as well as local more clayey soils. At sample lo
calities \1DW8 and MDW9, equally abundant light granular soil and dark
clay soil, such as sample MDW8. Types of surficial mantle correspond
with bedrock types and topography, granular mantle overlying clean
materials and topographic highs.

Expansivity: Most bedrock is unexpansive, but some is severely expan
sive (sandy claystone, shale, and probably mudstone), and some may be
significantly expansive (clayey sandstone). Much mantle severely expan
sive. much unexpansive to possibly significantly expansive. Bedrock
samples: AA2A, moderately cracked sandy claystone, substantial con
stituent, free swell 100 percent; AAIIB, mildly cracked shale, typical,
free swell 92 percent. Surficial mantle samples: AA2B, mildly cracked
sandy clay soil, typical, free swell 95 percent; AAIIA, mildly cracked
sand-clay soil, free swell 90 percent (exaggerated''); AAI2, mildly
cracked sandy clay soil, free swell 99 percent; MDW8, moderately
cracked sandy clay soil, typical, free swell 119 percent; 115, mildly
cracked dark-brown sandy clay soil, typical, free swell 100 percent (ex
aggerated). Expansivity appears more pronounced in some areas than in
others.

Stratigraphic thickness: 200-2,000 ft (Brabb and others, 1971); 500 ft
estimated maximum in Tesla 15' quadrangle, on eastern edge of map area
(Huey, 1948); 2,000 ft near Del Valle Reservoir (Hall, 1958); 100-500
ft in Tesla 15' quadrangle, 1,900 ft in Pleasanton 15' quadrangle (Geo
logical Society of Sacramento, 1959).

Sources: Brabb and others, 1971; Geological Society of Sacramento, 1959;
Hall, 1958; Huey, 1948; 18 stations.

MAP UNIT 355

Geologic unit, (age), and location: Briones Sandstone (T), only in hills
along east side of Santa Clara Valley from Fremont south past San Jose.

Summary: Largely sandstone: some is hard and calcite cemented, and
crops out as reefs associated with shell breccia; some is dirty and clayey,
weathers spheroidally, and grades to fine sandy mudstone; and most is
uncemented, firm weathered sandstone. Minor conglomerate. Probably
most mantle is significantly expansive, some severely expansive, some
to much unexpansive.

Expression in aerial photographs: Largely bumpy resistant intermedi
ate topography, locally hard topography. Most of unit underlies bumpy
upland surface lacking ribs. Unit is largely unbanded or subtly banded;
where banded. consists largely of light-toned bands between minor dark
toned bands, the light-toned bands mostly 20-100 ft in width, the dark
toned bands as wide as 20 ft. In places, cemented beds as wide as about
20 ft crop out in bands; in other places, largely light-toned bands but no
outcrop, the bands as wide as 30 ft, some resistant zones as wide as 200
ft. In Mission Pass area, forms resistant ribbed intermediate topography.
Much more resistant than adjacent units of Monterey Group.

Composition: Largely sandstone, ranging from cemented to clayey, lesser
mudstone and conglomerate, as differentiated below. Sandstone is
arkosic, generally well to moderately well sorted, largely medium
grained, some coarse grained, but clayey sandstone is fine to medium
grained. A typical sandstone consists of 25 percent quartz, 28 percent
feldspar, 10 percent carbonate, and 37 percent lithics (Crittenden, 1951).
The compositions distinguished are: (I) Sandstone, cemented by cal
cite, some conglomeratic containing shells and shell fragments (shell
breccia), generally crops out. (2) Sandstone, fairly clean but enough fines
(largely silt?) to produce low permeability and weathering fracture. Much
of this may be partially calcite cemented where fresh, but weathers to
firm rock. 13) Clay-saturated to nearly saturated dirty sandstone. weath
ers spheroidally. Grades to: (4) Fine sandy mudstone. (5) Conglomerate
of pebbles and lesser cobbles in sandstone matrix, some or more of which
is cemented; present at base in many places in Hayward 7.5' quadrangle
(Robinson, 1956). (6) Porcelaneous shale. (7) Concretions, calcite
cemented, within dirty sandstone. Unit is largely composition 2, but some

(less than one-third at surface and near surface) cemented rock (compo
sition I) and some clayey rock (compositions 3,4). Minor amounts lo
cally of compositions 5-7.

Hardness: Cemented rock hard, generally to outcrop, but some rock that
is cemented where fresh weathers firm to hard. Most sandstone is firm
to quite firm where weathered; most is probably quite firm where fresh.
but we don't know how much fresh sandstone is cemented. Clayey sand
stone is firm to soft where weathered, mudstone firm where fresh and
weathered. Conglomerate where observed is hard; porcelaneous shale
hard; concretions hard. Thus, sandstone of unit is hard where it crops
out, largely firm to quite firm, some hard, where no outcrop.

Bedding: Cemented sandstone crops out in prominent thick to very thick
(as much as 15-ft) beds on hillsides. The cemented sandstone occurs in
thin to very thick, largely very thick (3- to 15-ft), distinct beds between
very thin to very thick intervals of other compositions and occurs both
as isolated beds and in intervals of dominant to nearly entirely cemented
sandstone as thick as 60 ft or more. Dirty and clayey sandstones are dis
tinctly to indistinctly bedded at thin to thick and occur in intervals as
thick as 40 ft or more. Conglomerate in beds to very thick (4 ft); mud
stone in intervals to 25 ft thick. Shell breccia as thick as 8 ft. In some
good exposures of sandstone, little bedding was seen, and so most sand
stone (composition 2) probably is very thick bedded (tens of feet) or
indistinctly bedded. Concretions to medium.

Parting: Present at boundaries of cemented beds and on other distinct
bedding, but not a common feature of this unit. Cemented beds are
largely unparted, but some cemented rock shows parting at close to
moderate spacing.

Fracture: Cemented sandstone generally has moderate to wide spacing,
some to 8 ft, in places having abundant spacing greater than 4 ft.
Uncemented sandstone has moderate to 5-ft original spacing, but much
has close to moderate spacing of weathering fracture, typically produc
ing medium blocks. Clayey sandstone has very close to moderate spac
ing of weathering fracture on moderate to wide original spacing.
Mudstone has close to very close spacing of weathering fracture. Con
glomerate has moderate to 4-ft spacing where cemented.

Permeability: Sandstone (most of unit) has mostly low intergranular per
meability, very low where calcite cemented, but weathered cemented
sandstone may have moderate intergranular permeability. Much of the
low permeability sandstone must approach moderate permeability, prob
ably with significant help from fractures in shallow rock, because unit
is most important bedrock aquifer in region, contributing to many large
springs, especially at contact with unit 523 (Crittenden, 1951). Mudstone
has very low to low intergranular permeability, conglomerate and clayey
sandstone low, porcelaneous shale very low. Most mantle moderate, some
very low to low.

\Veathering: Much cemented sandstone fresh to outcrop, but in a number
of places this rock is weathered, from fractures inward, to depths greater
than 10ft. Dirty and clayey sandstones show spheroidal weathering to
depths greater than 15 ft.

Surficial mantle: Largely granular, some clayey. Unit has a consistent
uncracked to mildly cracked sandy soil, sampled at locality CVR4. At
sample localities CVR20-21, 80 percent of soil is similar to sample
CVR4, 20 percent is a mildly to locally moderately cracked sandy clay
soil, such as sample CVR21.

Expansivity: Most bedrock unexpansive, probably some significantly ex
pansive (clayey rock). Probably most mantle significantly expansive,
some severely expansive, some to much unexpansive. Samples: CVR4,
typical light-brown uncracked to mildly cracked sandy clayey silt soil,
free swell 87 percent lprobably exaggerated); CYR21, mildly cracked
sandy clay soil, free swell 80 percent.

Stratigraphic thickness: 1,650-5,000 ft (Crittenden. 1951); 500-1,500 ft
in Hayward 7.5' quadrangle (Robinson, 1956).

Sources: Crittenden, 1951; Gilbert, 1943; Robinson, 1956; Templeton,
1912; II stations.
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MAP UNIT 356

Geologic units, (age), and location: Briones Sandstone, undivided (T);
Briones Sandstone, upper part (T): only in the East Bay Hills between
Dublin and Upper San Leandro Reservoir.

Summary: Not seen in field. Probably like unit 355 but includes more
clayey rock. Largely sandstone: some is hard and calcite cemented, and
crops out as reefs associated with shell breccia; some to much is dirty
and clayey, weathers spheroidally, and grades to fine sandy mudstone;
and much is uncemented firm \\eathered sandstone. Much bedrock and
mantle may be expansive.

Expression in aerial photographs: Prominently banded, resistant unit with
respect to Monterey Group, showing strong topographic contrast across
tonal bands. Unit forms resistant intermediate to hard topography, much
of each; hard topography occurs where abundant light-toned bands pro
vide sharp crests. Unit occupies only really resistant terrain and lacks
soft zones near boundaries. Distinctly banded by light- and dark-toned
bands 5-100 ft in width, resistant bands as wide as 100 ft. Most of unit
shows 60 percent light-toned bands and 40 percent dark-toned bands, but
these become equally abundant to north.

Composition: Largely sandstone, ranging from cemented to clayey, lesser
mudstone and conglomerate. Compositions are as described for unit 355.
Probably much of unit is somewhat dirty sandstone (composition 2),
some (less than one-third at surface and near surface) is cemented rock
(composition I), and some to much is clayey rock (compositions 3, 4).
Minor amounts locally of conglomerate and concretions (compositions
5, 7).

Hardness: As described for unit 355.
Bedding: As described for unit 355. Many sandstone beds are thick to 4

ft (Robinson, 1956). See "Expression in aerial photographs."
Parting: As described for unit 355.
Fracture: As described for unit 355.
Permeability: Much bedrock (sandstone) probably has low approaching

moderate intergranular permeability, some to much (clayey rock and
cemented rock) very low to low. Some shallow rock has moderate total
permeability, probably most of remainder has low fracture permeabil
ity. See unit 355. Probably much to most mantle moderate, much low to
very low.

Weathering: As described for unit 355.
Surficial mantle: Probably much to most granular, much clayey, as judged

from expression in aerial photographs.
Expansivity: Most bedrock unexpansive, probably some to much expan

sive (clayey rock). Probably most mantle significantly expansive to
unexpansive, but much may be severely expansive. See samples for unit
355.

Stratigraphic thickness: 500-1,500 ft (Robinson, 1956).
Source: Robinson, 1956.

MAP UNIT 357

Geologic unit, (age), and location: Briones Sandstone (T), only in
Pacheco syncline, west of Concord.

Summary: Clean sandstone, scaly sandstone, and mudstone interbedded
in very thick beds (tens of feet). Hard shell beds to thick in places. Much
to most mantle is significantly expansive.

Expression in aerial photographs: Low-lying, soft topography contain
ing some hills of intermediate topography. Includes some elongate hills
parallel to strike, and tonal bands in nose of syncline. Bands, where
present, are subdued; light-toned bands generally are 20-50 ft wide, dark
tones bands as wide as 200 ft. To south, some isolated light-toned hills
of resistant intermediate topography. Generally looks similar to unit 368,
but slightly more resistant.

Composition: Sandstone interbedded with mudstone, shale, siltstone, and
clayey or tuffaceous fine-grained to very fine grained sandstone. Along

Santa Fe railroad, sandstone is medium-grained, some to coarse-grained,
well-sorted lithic sandstone of moderate permeability that contains tuf
faceous grains, some tuffaceous matrix and stringers of dominantly tuf
faceous grains, and several shell beds and pebble stringers. This
sandstone is interbedded with tuffaceous and clayey fine-grained to very
fine grained sandstone. Along Industrial Highway and presumably far
ther south, sandstone is fine to medium grained, well to moderately well
sorted, some scaly, low permeability. This is interbedded with fine sandy
and silty shale, mudstone, and clayey siltstone, and also with fine-grained
to very fine grained tuffaceous sandstone and siltstone. Minor conglom
erate and pebbly zones. Unit is largely sandstone, some mudstone and
clayey fine sandstone.

Hardness: Largely firm where fresh and weathered. Some fine-grained
tuffaceous sandstone is brittle and quite firm. Concretions and some shell
beds cemented hard, but some shell beds firm.

Bedding: Sandstone in distinct very thick beds, generally tens of feet thick,
between mostly very thick (5- to 25-ft) mudstone or clayey sandstone
interbeds. Some intervals of thin to very thick (4-ft) interbedding. In
much of sandstone the only evidence of bedding is tuffaceous stringers
or shell beds. Shell beds are medium to thick; concretions to medium.
See section by Weaver (1953).

Parting: At bedding contacts, mostly at very wide spacing (tens of feet),
in places at close to wide. In places at close to very close spacing in
shale.

Fracture: Sandstone has close to moderate spacing, but in some places
much of close fracture is induced by weathering. Interbedded mudstone
and matrix-saturated sandstone have close to very close spacing, some
to moderate. Much sandstone scales where weathered, and much fine
grained matrix-saturated sandstone weathers spheroidally, as does some
mudstone. Shell beds have spacing as wide as 4 ft.

Permeability: Intergranular permeability largely low, minor moderate, in
sandstone, but to north (along Santa Fe tracks) sandstone has mostly
moderate intergranular permeability, about 30 percent low and about 10
percent high. Some very low intergranular permeability (in mudstone and
matrix-saturated fine sandstone). Thus, much to most bedrock has low
intergranular permeability, some very low, minor to some moderate to
locally high. Probably most mantle low to very low, some moderate.

Weathering: Sandstone generally weathered to depths of more than 15
ft, clayey rock to depth of about 10ft.

Surficial mantle: Probably largely clayey, some granular. Most is sandy
clay.

Expansivity: Most bedrock is unexpansive, probably some expansive
(clayey rock). Much to most mantle significantly expansive, some to
much unexpansive. Samples: PC4, typical sandy clay soil, free swell
56 percent (exaggerated); WC23, typical sandy clay soil, free swel! 64
percent.

Stratigraphic thickness: About 700 ft.
Sources; Weaver, 1953; three stations.

MAP UNIT 358

Geologic unit, (age), and location: Briones(?) Sandstone (T), near Vallejo.
Summary: Not seen in field. Probably like unit 357, interbedded clean

sandstone, dirty sandstone, and mudstone.
Sources: Sims and others, 1973; Weaver, 1949.

MAP UNIT 359

Geologic unit, (age), and location: Briones Sandstone iT), only in the
East Bay Hills ncar San Ramon.

Summary: Briefly seen in field. Largely sandstone, probably some clayey
rock. Described differently by Ham (1952) and Newton (1948); not ac
tually mapped by Ham (1952), but his upper, middle, and lower mem
bers appear continuous with those of source map.
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Expression in aerial photographs: Includes both resistant high topogra
phy and lower more subdued topography; much of the latter looks like
apron of landslides. Mostly intermediate topography. Upper member is
resistant and has uniform light tone; much is fmely ribbed. Middle mem
ber is largely intermediate in tone, shows intermediate crests, and con
tains one light-toned resistant band 200 ft in width. Lower member is
largely subdued soft to intermediate topography, but includes some steep,
irregularly ribbed hillslopes.

Composition: Newton (1948) described unit as largely coarse- to fine
grained arkosic sandstone, "well washed," including grit and pebble beds,
"massive or heavily bedded." Ham (! 952) described components as
follows: Lower member-massive tuffaceous graywacke, beds as thick
as 75 ft. Graywacke consists of angular, poorly sorted, medium- to
coarse-grained feldspar and lithics. Thin shale partings and concretions
in some beds. Also platy graywacke beds, medium in thickness. Middle
member-coarse-grained. poorly sorted graywacke, much cemented by
calcite. Consists of zones of pebbly shell breccia as thick as 10 ft be
tween 30- to 40-ft massive interbeds. Upper member-incompetent unit,
moderately fossiliferous, including 5- to 7-ft beds of micaceous fine
grained sandstone rhythmically interbedded with 2-ft beds of arenaceous
shale. Concretions at base, slightly pebbly near upper contact.

Permeability: Prohably like unit 355.
Surficial mantle: Probably largely granular, some clayey. Sample D22

suggests clayey bedrock.
Expansivity: Probably most bedrock unexpansive, some expansive (clayey

rock). Probably most mantle unexpansive to significantly expansive,
some probably severely expansive. Sample D22, well-cracked dark sandy
silty clay soil, free swell 70 percent.

Sources: Ham, 1952: Newton, 1948; one station.

MAP UNIT 360

Geologic unit, (age), and location: Briones Sandstone, E member of
Wagner (1978) (T), only south of Livermore Valley near Sunol Valley
and Pleasanton.

Summary: Largely firm, low permeability sandstone interbedded in thin
to very thick beds with lesser clay-saturated sandstone, mudstone, and
shale, but typically includes 30-40 percent hard calcite-cemented shell
breccia sandstone in 10- to 30-ft beds that crop out prominently as tow
ering crags, fractured largely at wide to 5 ft. Some to much conglomerate
near Pleasanton. Some severely expansive clayey mantle.

Expression in aerial photographs: Forms sharp ridges, hogbacks, and
peaks. Cemented beds stand out in bold relief. Hard to intermediate to
pography; much has sharp crests or hogbacks, most shows ribbing. In
cludes prominent light-toned resistant bands as wide as 30 ft and less
resistant dark-toned bands 10-100 ft in width.

Composition: Includes: (1) Shell-breccia sandstone, largely gritty sand
stone, cemented by calcite, much containing shell fragments and pebbles,
some conglomerate interbedded. Some beds are largely fossils. (2) Fine
to medium-grained sandstone of well-sorted to moderately well sorted
sand, low permeability, not cemented, some to most having weathering
fracture. (3) Clay-saturated fine- to medium-grained sandstone. (4) Mud
stone, somewhat siliceous(?), some has parting sufficient for shale. (5)
Conglomerate and lesser clay-saturated sandstone interbeds. Conglom
erate is poorly sorted and consists largely of pebbles, but contains some
cobbles as much as 6 in. in diameter, in poorly sorted matrix of clayey
and silty sandstone.

Unit is largely composition 2, but includes some interbedded compo
sitions 3 and 4; composition I generally forms 30-40 percent of unit,
largely within a single 250-ft interval. Each of compositions 1-5 is domi
nant locally. Conglomerate (composition 5) is abundant near Pleasanton
where it constitutes as much as 70 percent of large exposures.

Hardness: Shell-breccia sandstone is hard to outcrop or ground surface;
sandstone of composition 2 firm where fresh, firm to soft where weath
ered; clayey sandstone firm where fresh and weathered; mudstone pieces

quite firm where weathered. Conglomerate matrix and interbedded clayey
sandstone are firm to soft where weathered.

Bedding: Shell-breccia sandstone occurs in distinct thick to very thick (as
much as 30-ft) beds, many 10-30 ft, the very thick beds largely within a
250-ft interval; thick to 4-ft beds present in other parts of section. From
a distance, some outcropping beds appear lenticular and as thick as 100
ft. Sandstone of composition 2 occurs in distinct thin to medium and very
thick (10- to 20-fl) beds and also in intervals as thick as 50 ft or more.
Clayey sandstone and mudstone (compositions 3 and 4) have unknown
bedding character and occur in intervals as thick as 50 ft or more. Con
glomerate occurs in distinct beds as thick as 15 ft between thinner(1)
beds of clayey sandstone.

Parting: Present at shell-breccia bedding planes (wide to 30 ft); in firm
sandstone (composition 2) on distinct bedding planes (some close to
moderate spacing, some very wide) and within some very thick beds at
moderate to wide spacing; within most (70 percent) of mudstone at close
to moderate spacing, in some (30 percent) at very close (shale). Absent
in conglomerate and interbedded sandstone.

Fracture: In shell-breccia sandstone, spacing ranges from moderate to 10
ft, mostly wide to 5 ft, locally as much as 20 ft. Firm sandstone has
moderate to wide original spacing and some superimposed close to mod
erate spacing of weathering fracture; mudstone has close to moderate
original spacing and close to very close spacing of weathering fracture.
In conglomerate at wide to very wide spacing.

Permeability: Shell-breccia sandstone has largely very low intergranular
permeability, but may have low fracture permeability in shallow rock:
compositions 2, 3, and 5 have low intergranular permeability, composi
tion 4 very low. Thus, most bedrock has low intergranular permeabil
ity; some to much has very low intergranular permeability, but may have
low fracture permeability in shallow rock. Most mantle moderate, some
low to very low.

Weathering: Shell-breccia sandstone unweathered to outcrop. Firm sand
stone and mudstone weathered to depths greater than 10-15 ft, some
mudstone developing spheroidal weathering on original fractures. Con
glomerate weathered to depths greater than 30 ft.

Surficial mantle: Largely granular, some clayey.
Expansivity: Most bedrock unexpansive, possibly some expansive (weath

ered clayey rock). Most mantle unexpansive to significantly expansive,
some severely expansive. Surficial mantle samples: LCV8, black loam
soil, typical, free swell 57 percent; LCVI3, mildly cracked silty and
sandy clay soil, free swell 88 percent; DU3, mildly cracked sandy silty
soil, free swell 46 percent.

Stratigraphic thickness: About 2,500 ft (Hall, 1958).
Sources: Hall, 1958; five stations.

MAP UNIT 361

Geologic unit, (age), and location: Briones Sandstone. lower part (T),
only south of Livermore Valley near Sunol Valley.

Summary: Largely sandstone of low approaching moderate permeability;
lesser interbedded clay-saturated sandstone, mudstone, and shale; and
minor hard shell-breccia sandstone beds to more than 5 ft thick. Some
to much mantle and at least minor bedrock are severely expansive.

Expression in aerial photographs: Unbanded to very subtly banded
smooth-textured slopes that have broad rounded ribs. Some swale-form
ing soft areas.

Composition: (1) Sandstone, fine- to coarse-grained lithic arkosic wacke
(Hall, 1958), mostly medium grained, locally carbonaceous (Hall, 1958),
well sorted having minor clay content (less than 5 percent), some clean
(no clay). (2) Clay-saturated to nearly saturated sandstone, behaves as
mudstone. (3) Mudstone and minor shale, some subporcelaneous. (4)
Shell-breccia sandstone, calcite cemented, medium to very coarse
grained. Unit is largely sandstone (composition 1), but has some to much
clay-saturated sandstone and mudstone, and minor shell-breccia sand
stone and shale.
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Hardness: Sandstone (composition I), clayey sandstone, mudstone, and
shale are firm to soft where weathered, commonly friable (HaiL 1958).
Shell-breccia sandstone is firm to hard where weathered. Subporcela
neous rock quite firm.

Bedding: Sandstone (composition I), clay-saturated sandstone (composi
tion 2), and mudstone occur both in distinct very thick (10- to 50-ft) beds
and intervals and in distinct medium to 4-ft sandstone beds between thin
to thick intervals of mudstone to clayey or laminated sandstone. Some
clayey sandstone has thin to medium distinct interbeds of cleaner sand
stone. Shell-breccia sandstone in beds to very thick (5 ft or more). Some
crossbedding in sandstone (Hall, 1958).

Parting: At distinct bedding planes, both at close to wide and at very wide
(lOft or more); some clayey sandstone has close to moderate spacing
along interbedded cleaner sandstone, other is unparted; most mudstone
has spacing at very close to moderate; shale parts at very close spacing.

Fracture: Sandstone (composition I) has moderate to close spacing. some
of which is weathering fracture; clayey sandstone, mudstone, and shale
have close to very close spacing of weathering fracture on moderate to
wide original spacing; shell-breccia sandstone has wide and less abun
dant very wide spacing.

Permeability: Sandstone (composition I) has low to moderate intergranu
lar permeability in weathered rock, where minor clay content appears
sufficient to reduce inherent moderate permeability of some sandstone
to low. Because the clay is probably related to weathering, most fresh
sandstone probably has moderate intergranular permeability. Clay-satu
rated sandstone and shell-breccia sandstone have low to very low inter
granular permeability, mudstone and shale very low. Thus, most shallow
bedrock has low to moderate intergranular permeability; some has very
low intergranular permeability, but some of this has low fracture per
meability. Most bedrock below shallow rock probably has moderate in
tergranular permeability, some low, some very low. Probably most
mantle moderate, some to much very low.

Weathering: Sandstone (composition I) weathered to depths greater than
15 ft; shell-breccia sandstone to depths greater than 5 ft. Spheroidal
weathering in clayey sandstone to depths greater than 10ft.

Surficial mantle: Probably largely granular, some to much clayey. Little
observation owing to nature of exposure.

Expansivity: Most bedrock unexpansive but some to much expansive,
at least minor severely expansive (shale). Probably most mantle unex
pansive, some to much severely expansive. Samples: LCV9A, typical
shale, minor constituent, free swell 160 percent; LCV 10, moderately
cracked dark clay soil, substantial constituent, free swell 102 percent;
LCV9B, clayey soil, free swell 110 percent.

Stratigraphic thickness: About 1,500 ft (Hall, 1958).
Sources: Hall, 1958; four stations.

MAP UNIT 362

Geologic unit, (age), and location: Briones Sandstone, lower part (T),
only in area south of Livermore Valley near San Antonio Reservoir.

Summary: Briefly seen in field. Largely sandstone, probably some clayey
rock and minor conglomerate. Largely firm, but conglomerate and ce
mented sandstone beds are hard. Some severely expansive mantle.

Expression in aerial photographs: Ribbed intermediate to hard topogra
phy; some to much is hard.

Composition: Unit was mapped by Hall (1958) as "anomalous" Briones
Sandstone, Cierbo Sandstone, and Neroly Sandstone. Includes: (I)

Medium-grained to very coarse grained sandstone, including calcite-ce
mented shell-breccia sandstone. (2) Sandstone of coarse shell and ser
pentine fragments, called serpentine arenite by Hall (1958). (3)

Conglomerate of chert and basalt pebbles, well indurated (Hall, 1958).
(4) Sandstone, very friable. to coarse grained, some having blue clay
coatings (Hall, 1958; see unit 400). (5) Probably mudstone and clay~y

sandstone as in unit 361. Proportions are unknown, probably some each
of compositions I, 2, 4, and 5, and minor composition 3.

Hardness: Largely firm (similar to units 354 and 361), but conglomerate
and cemented sandstone beds hard to outcrop.

Bedding: Largely unknown. Assume largely similar to units 354 and 361.
Conglomerate bed 3-10 ft thick; cemented sandstone beds as thick as
4 ft.

Parting: Assume similar to units 354 and 361.
Fracture: Largely unknown. Assume similar to units 354 and 361, ex

cept spacing in cemented sandstone wide to 4 ft, uncemented sandstone
moderate to 4 ft, conglomerate probably very wide.

Permeability: Bedrock unknown, probably some very low intergranular
permeability, much low, much moderate, minor to some high. Probably
most mantle moderate, some low to very low.

Weathering: Unknown, assume similar to units 354 and 361.
Surficial mantle: Probably largely granular, some clayey. Dark sandy clay

soil like sample LCV II covers some of unit.
Expansivity: Most bedrock unexpansive, probably some expansive (clayey

rock). Probably most mantle unexpansive, some severely expansive.
Sample LCV II, dark sandy clay soil, free swell 85 percent.

Sources: HalL 1958; one station.

MAP UNIT 363

Geologic unit, (age), and location: Unnamed sandstone (T), only in Santa
Clara County near Palo Alto.

Summary: Fine-grained silty sandstone, including minor hard calcite-ce
mented shell beds and some clayey rock.

Composition: Fine-grained, well-sorted sandstone, including minor me
dium-grained fossiliferous sandstone and shell breccia near base. Ma
trix material is silt. These compositions were the only ones at the two
roadcuts examined, but siltstone encountered in boring at sample local
ity PA38. Calcite cementation is associated with shell beds. Unit is
largely sandstone, minor cemented; probably some siltstone and clayey
fine-grained sandstone.

Hardness: Soft to firm, locally hard where calcite cemented.
Bedding: Where observed, sandstone lacks bedding except for shell beds,

which are 1-4 ft thick. Bedding may be visible in fresh rock, as in San
Mateo County (unit 380).

Parting: In some of unit at moderate to wide spacing.
Fracture: Spacing ranges from close to very wide, largely moderate to

wide in weathered rock. Some of unit has weathering fracture at very
close to close spacing.

Permeability: Intergranular permeability of bedrock largely low, probably
some moderate, probably some very low. Probably most mantle moder
ate, some low to very low.

Weathering: Weathered to buff color to depths greater than 15 ft.
Surficial mantle: Probably largely granular, some clayey.
Expansivity: Most bedrock unexpansive, minor to some severely expan

sive (siltstone). Probably most mantle unexpansive to significantly ex
pansive, some severely expansive. Samples: PA38, siltstone, free swell
153 percent; PA55, sandy clay soil, free swell 66 percent.

Sources: Dibblee, 1966; Pampeyan, 1970; two stations.

MAP UNIT 364

Geologic unit, (age), and location: Hambre Sandstone (T) of the Monterey
Group, only in the East Bay Hills, excluding areas east of Fremont and
northeast of Castro Valley.

Summary: Largely fine-grained to very fine grained sandstone, clean to
dirty, and much siltstone, silty mudstone, silty shale, and very fine sandy
siltstone. Also includes as much as 10 percent hard, brittle, calcite-ce
mented fine sandstone and siltstone and hard calcite-cemented concre
tions. Possibly some blasting necessary in unusually resistant beds
(Radbruch and Case, 1967). Most mantle is severely expansive.

Expression in aerial photographs: Mostly intermediate topography, some
hard. Mostly shows only hints of tonal bands, but in places, especially
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north of Pinole Valley Road and Alhambra Valley Road, shows distinct
banding of light-toned resistant intervals 100-200 ft in width between
dark-toned nonresistant intervals 100-300 ft in width; also some light
and dark-toned intervals of several tens of feet. Unit is disrupted to north
near Interstate 80.

Composition: Largely fine-grained to very fine grained, some medium
grained, sandstone. probably tuffaceous. Varies from resistant sandstone
;hat is clean and well-sorted to moderately well sorted, to dirty and clayey
sandstone that scales where weathered. Some pebbly. Also includes much
siltstone, silty mudstone, silty shale, and very fine sandy siltstone, grad
ing to dirty fine sandstone. Shale and locally some siltstone to dirty very
fine grained sandstone are fissile, but generally the rock is not fissile.
In the good exposures studied, resistant sandstone occupies the upper
one-third to one-half of section, whereas the lower two-thirds to one
half is largely siltstone, silty mudstone, and dirty fine sandstone. Unit
also includes 10 percent hard, brittle, calcite-cemented fine sandstone
and siltstone and hard calcite-cemented concretions as large as 5-ft
spheres. Also minor (and possibly mismapped) firm diatomite and di
atomaceous siltstone. Radbruch and Case (1967) emphasized the clayey
nature of this unit and distinguished the body east of El Sobrante as being
less clayey than the remainder of unit.

Hardness: All compositions are firm where weathered, probably firm
where fresh, except calcite-cemented sandstone, siltstone, and concre
tions are hard. Some clean sandstone is quite firm, approaching hard.

Bedding: In outcrop generally appears unbedded, but in places distinct to
indistinct, thick to more than 20-ft beds of sandstone are interbedded with
siltstone and silty mudstone. Distinct medium to 4-ft beds of hard cal
cite-cemented sandstone. Radbruch and Case (1967) reported 2- to lO
ft firm resistant sandstone beds.

Parting: Mostly absent. Present in some sandstone at wide to 4 ft, on some
contacts between sandstone and siltstone at wide to more than 20 ft, and
within shale, fissile siltstone, and fissile very fine grained sandstone at
close to very close. In places this fissile rock constitutes as much as one
fourth of section.

Fracture: Sandstone has close to wide, mostly moderate to wide, spacing
of original iron-stained fracture. Generally a weathering fracture at very
close to moderate spacing, largely close to moderate, is superimposed
on the original fracture, but some clean sandstone does not develop
weathering fracture. Much dirty sandstone develops spheroidal weath
ering on the original fracture. Siltstone and dirty very fine sandstone
generally have moderate spacing of original fracture and superimposed
close to very close spacing of weathering fracture. Mudstone and shale
have close to very close spacing of weathering fracture. Hard sandstone
and siltstone have mostly close to moderate spacing, some wide; con
cretions are fractured at moderate to wide.

Permeability: Intergranular permeability of sandstone low, mudstone and
siltstone low to very low, except possibly some sandstone moderate be
low shallow rock. Thus, most bedrock low, some very low, possibly some
moderate below shallow rock. Most mantle very low.

Weathering: In all exposures to greater than depth of cut (more than 15
ft), but some problematical brown-gray coloration at depth of 4 ft in
places.

Surficial mantle: Largely clayey. Radbruch and Case (1967) reported a
generally expansive clayey soil, 2-5 ft thick.

Expansivity: Probably much bedrock expansive. Most mantle severely
expansive. Samples: MIl, moderately cracked fine sandy clay soil, free
swell 105 percent; M13, well-cracked sandy clay soil, free swell 101 per
cent; BV8, well-cracked dark clay soil, free swell 118 percent; BV9,
mild Iv cracked dark silty clay soil, free swell 81 percent; at BVI6, mildly
crack~d clayey soil, free swell 87 percent, occurs with uncracked sandy
soil. All samples typical. Cracking noted also in weathered bedrock.

Stratigraphic thickness: Maximum thickness of 3,000 ft (Pease, 1954,
quoted by Radbruch and Case, 1967). Thins to 500 ft on Crow Canyon
Road (Newton, 1948).

Sources: Lawson, 1914; Newton, 1948; Pease, 1954; Radbruch, 1969;
Radbruch and Case, 1967; Sheehan, 1956; eight stations.

MAP UNIT 365

Geologic unit, (age), and location: Sandstone and mudstone near Fort
Ross (T), near Sonoma County coast.

Summary: Like unit 378, except (I) lacks conglomerate, and (2) some
mudstone is somewhat fissile, hence parting in some at close to very
close spacing.

Sources: Blake and others, 1971; Wentworth, 1966; two stations.

MAP UNIT 366

Geologic unit, (age), and location: Temblor Sandstone (T), only north
east of San Jose near north end of Calaveras Reservoir.

Summary: Largely sandstone in beds as thick as 10ft; some pebble con
glomerate in beds as thick as 2 ft, and probably some clayey rock. Bed
rock is firm, in places approaching hard; largely close to moderate
fracture spacing; low intergranular permeability. Most bedrock and
mantle is unexpansive.

Expression in aerial photographs: Includes both intermediate and hard
topography; some is banded at 10-30 ft, light and dark tones about
equally abundant. Includes both resistant and prominently nonresistant
areas that suggest some clayey rock.

Composition: (I) Sandstone, fine to coarse grained, probably largely fine
to medium grained, fairly well sorted, clean but low intergranular per
meability; very fossiliferous, containing abundant leaves and stems
largely in finer grained beds. (2) Conglomerate of rounded pebbles as
much as 2 in. in diameter, largely chert, in coarse-grained fossiliferous
sandstone matrix. (3) Siliceous shale. Unit is largely sandstone, some
conglomerate and probably some clayey rock, minor siliceous shale.

Hardness: Sandstone and conglomerate are firm where fresh and weath
ered, locally approaching hard. Templeton (1912) described rock as
moderately hard. Siliceous shale hard.

Bedding: Distinct interbedding of sandstone and conglomerate, sandstone
in beds to very thick (10ft), conglomerate in lenticular beds to thick.
Siliceous shale to thick, distinct. Geological Society of Sacramento
(1959) described sandstone as massive, so much must be very thick bed
ded.

Parting: Most lacks parting on bedding planes, but some to nearly half
has parting along bedding planes, much at moderate to wide.

Fracture: Close to moderate spacing in sandstone and conglomerate, and
close weathering fracture in some beds; in places close to very close
spacing (near faults~).

Permeability: Low intergranular permeability in sandstone and conglom
erate, very low in siliceous shale and probably in most clayey rock; low
fracture permeability in shallow siliceous shale and probably in much
shallow clayey rock. Thus, largely low intergranular permeability in
bedrock; minor to some very low, but this probably has low fracture
permeability in shallow rock. Most mantle moderate, some low to very low.

Weathering: Most of exposure is weathered to buff color.
Surficial mantle: Largely granular, some clayey.
Expansivity: Bedrock and mantle largely unexpansive, some mantle sig

nificantly expansive. Sample CVR40, sandy silty clay soil, free swell 53
percent.

Sources: Crittenden, 1951; Geological Society of Sacramento, 1959;
Templeton, 1912: one station.

MAP UNIT 367

Geologic unit, (age), and location: San Ramon Sandstone (T), only in
southern Napa Range near Cameros Creek.

Summary: Not seen in field. Medium- to fine-grained sandstone, prob
ably firm, massive; probably some clayey rock. See units 368 and 409.
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Composition: According to Weaver (1949) and Clark (1918), rock is uni
formly medium- to fine-grained sandstone, in places pebbly or slightly
shaly, blue gray to light brown. Thus, unit is probably largely sandstone,
some clayey rock.

Hardness: Probably firm.
Bedding: Unknown. Not mentioned in literature, probably very thick in

distinct beds.
Parting: Cnknown. Probably rare.
Permeability: Probabiy largely low intergranular permeability in bedrock, !

some very low, possibly some moderate. Probably most mantle low to
very low.

Weathering: Unknown depth, weathers light brown.
Surficial mantle: Probably largely clayey.
Expansivily: Probably most bedrock unexpansive, some may be expan

sive. Probably most mantle expansive, some severely expansive. See
samples for units 368 and 409.

Stratigraphic thickness: Exposed part of unit about 300 ft (Weaver, 1949).
Sources: Clark, 1918; Fox and others, 1973; Weaver, 1949.

MAP UNIT 368

Geologic units, (age), and location: Sobrante Sandstone (T) of the
Monterey Group, and San Ramon Sandstone (T); in Pacheco syncline,
west of Concord.

Summary: Largely Sobrante Sandstone, but includes a band of San Ramon
Sandstone 130-200 ft in stratigraphic thickness along contact with unit
436. These geologic units are described separately below. For the com
bined map unit, most bedrock is unexpansive, some expansive (mud
stone); most mantle is expansive (some to much of this severely
expansive), some unexpansive. Bedrock has some moderate to high in
tergranular permeability, much low, some very low; most mantle very
low to low, some moderate. Mantle is largely clayey, some granular.

Sobrante Sandstone

Summary: Two main lithologic sequences, much of each. One is a fine
grained to very coarse grained sandstone that contains pebble stringers
and some tuffaceous matrix, much clean, much dirty. The other sequence
consists of clayey and tuffaceous fine-grained sandstone interbedded with
mudstone and clean fine sandstone. All rock can be ripped, some diffi
cult trenching. Some bedrock and most mantle is expansive.

Expression in aerial photographs: Low-lying, nonresistant topography.
Occupies the most pronounced lows and drainages in area, but largely
consists of low rolling topography that has some elongate light-toned
hills and some low ridges in neutral low topography. Where section is
revealing, a 200-ft dark-toned nonresistant band is followed by a 100-ft
light-toned resistant band and a 200-ft dark-toned resistant band. Gen
erally similar to unit 357; most soft, some intermediate topography.

Composition: Composition I occurs near base of unit and less consistently
near top of unit. It is dominantly lithic sandstone, ranging from fine to
very coarse grained, well to moderately sorted, containing tuffaceous
clasts (pumice); some contains tuffaceous matrix that is locally suffi
ciently abundant to call the rock a tuff. Some parts are clean and mod
erately to highly permeable; some parts less clean, low permeability.
Includes beds and stringers of pebbles, as well as conglomerate that
contains hard clasts as much as 6 in., but mostly less than 2 in., in di
ameter. Interbedded are very thick beds of clayey or tuffaceous sand
stone. Also includes shell beds and concretions.

Composition 2 consists of clayey and tuffaceous fine-grained sandstone
interbedded with mudstone and with relatively clean fine sandstone. This
composition underlies most areas of gentle. low-lying topography.

Hardness: Composition I largely firm, including some quite firm and
tough material and some clean sandstone that weathers firm to soft.
Concretions, some shell beds, and some conglomerate hard. Composi
tion 2 largely firm, some hard tuffaceous sandstone. Crushed rock, quar-

ried from some very thick beds, is substantially less wear resistant than
Franciscan sandstone (unit 700) or unit 233 (Davis and Vernon, 1951;
Davis and Goldman, 1958).

Bedding: Composition I has very thick (several tens of feet or more) beds
of sandstone between less abundant very thick interbeds. Sandstone is
largely internally un bedded except for pebble trains, beds of conglom
erate to thick, stringers of highly tuffaceous sandstone. and medium to
thick shell beds, all of which do not produce parting. Hard shell beds,
conglomerate, and concretions are medium to thick. Minor thin to very
thick (4-ft) distinctly bedded sandstone. Composition 2 is distinctly to
indistinctly bedded in medium to very thick (as much as 50-ft) beds. See
section by Lutz (1951).

Parting: Absent in composition I except at bedding planes that are very
widely spaced (tens of feet). In composition 2, parting largely on bed
ding planes at very wide spacing (5-50 ft), but some material has part
ing at close to moderate spacing.

Fracture: In composition I, moderate to wide spacing, some to very wide
(5 ft), in sandstone: close to moderate spacing of weathering fracture on
moderate to wide original spacing in clayey and tuffaceous interbeds.
In composition 2, coarser grained sandstone has close to moderate spac
ing of weathering fracture that is commonly superimposed on moderate
to wide original spacing; finer grained materials have close to very close
spacing of weathering fracture that is commonly superimposed on close
to moderate original spacing.

Permeability: Much sandstone of composition I has low intergranular
permeability, much moderate to high; interbeds low to very low. Com
position 2 has largely low to very low intergranular permeability, much
of each, and some moderate intergranular permeability. Most mantle very
low to low, some moderate.

Weathering: In composition I, sandstone is weathered from depths of 15
20 ft to much deeper in clean sandstone. Composition 2 generally weath
ered to depths greater than 10-15 ft.

Surficial mantle: Largely clayey, some granular. Two main types: a sandy
clay soil that is dominant except on hilltops and slopes down from hill
tops, such as samples WC21, WCl2, and WC29; and a granular soil, such
as sample WC30.

Expansivity: Most bedrock is unexpansive, some expansive (mudstone).
Most mantle expansive, some to much of this severely expansive, some
unexpansive. Samples: WC26, mudstone, mildly cracked surface, free
swell 80 percent; WC21, typical black sandy clay soil, free swell 81
percent; WC 12, black sandy clay subsoil on sandstone, mildly cracked,
typical, free swell 100 percent (exaggerated); WC29, mildly cracked
sandy clay soil, free swell 83 percent; WC30, sandy silty soil, free swell
50 percent.

Stratigraphic thickness: About 670 ft.
Sources: Davis and Vernon, 1951; Davis and Goldman, 1958; Lutz, 1951;

Weaver, 1953; 12 stations.

San Ramon Sandstone

Summary: Firm sandstone, dirty to clean. All can be ripped, some over
size blocks. Most mantle significantly expansive.

Expression in aerial photographs: Generally forms light-toned resistant
ridge, but on west limb of Pacheco syncline forms intermediate ridge
that is not all light in tone.

Composition: Tuffaceous sandstone. Includes some to much high-matrix,
scaly sandstone that is fine to medium grained, and some clean sand
stone that is fine to coarse grained; high-matrix sandstone is probably
dominant. Includes hard fossiliferous beds to thick and concretions to
large. Minor pebble conglomerate. Clay coatings in some sandstone and
free clay in some clayey sandstone.

Hardness: Firm where fresh and weathered. Concretions and some fos
siliferous beds hard.

Bedding: Beds largely very thick (tens of feet) and distinct, but unit in
cludes less abundant medium to thick sandstone interbedded with clayey
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very fine sandstone in medium to very thick (6-ft) beds. Some indistinct
thin to medium beds. Hard fossiliferous beds and concretions to thick.
See sections by Weaver (1953).

Parting: On bedding planes, largely at very wide spacing (tens of feet).
Minor parting at close to moderate spacing in some laminated sandstone.

Fracture: High-matrix sandstone has moderate to wide original spacing
and close, some moderate, spacing of weathering fracture. Clean sand
stone has mostly moderate to wide spacing, some to very wide (6 ft),
producing very large blocks of firm, coherent rock (oversize blocks).
Hard beds and concretions have moderate to wide fracture spacing. Much
of rock scales where weathered.

Permeability: Mostly low intergranular permeability in bedrock, minor
moderate. Most mantle low to very low.

Weathering: To greater than depth of exposures, about 20 ft or more.
Surficial mantle: Largely clayey. Dark sandy clay soils like samples

WCll, WC20, and PC6A are typical.
Expansivity: Most bedrock unexpansive. Most mantle significantly ex

pansive, some unexpansive. Samples: WCll, dark sandy clay soil, free
swell 90 percent (exaggerated); WC20, mildly cracked black sandy clay
soil, free swell 72 percent; PC6A, sandy clay soil, free swell 51 percent
(exaggerated).

Stratigraphic thickness: About 130-200 ft.
Sources: Weaver, 1953; six stations.

MAP UNIT 369

Geologic units, (age), and location: Vaqueros Sandstone (T), in Santa
Cruz Mountains; Butano Sandstone (T), in Santa Clara County and only
near Kings Mountain in San Mateo County.

Summary: Largely sandstone, some mudstone and shale. Some signifi
cantly expansive bedrock and surficial mantle.

Composition: Largely sandstone, some mudstone and shale. Sandstone is
fine to medium grained and moderately to well sorted, carbonate cement
common in thicker beds.

Hardness: Hard to firm where fresh, firm to soft where weathered.
Bedding: Distinct sandstone beds medium to very thick (tens of feet),

commonly 1-10 ft; sequences of clayey rock thin to very thick (10 ft).
Some sandstone is laminated.

Parting: Moderate to very wide spacing, commonly 1-10 ft, along dis
tinct bedding. Some at close to very close spacing in clayey rock.

Fracture: Spacing in sandstone ranges from close to very wide (6 ft),
commonly moderate to wide; close to very close spacing in weathered
clayey rock.

Permeability: Low intergranular permeability in sandstone, very low
where cemented and in clayey rock. In shallow clayey bedrock and ce
mented sandstone, opening of fractures gives low permeability. Thus,
bedrock at depth has largely low permeability, some to much very low;
shallow rock has low permeability. Moderate in most surficial mantle,
minor to some low to very low.

Surficial mantle: Largely granular, minor to some clayey subsoil.
Expansivity: Bedrock and surficial mantle are largely unexpansive, some

of each significantly expansive. Samples: W05, mudstone, free swell
54 percent; W07, shale, free swell 62 percent; W04, soil, free swell 59
percent; Wall, soil, free swell 43 percent.

Stratigraphic thickness: Variable, from a few feet to 3,000 ft or more.
Source: Ellen and others, 1972.

MAP UNIT 370

Geologic unit, (age), and location: Butano Sandstone (T), only near Sky
Londa in Santa Cruz Mountains.

Summary: Largely sandstone, which is thinly interbedded with some
mudstone and minor shale. Some significantly expansive bedrock and
surficial mantle.

Composition: Sandstone interbedded with mudstone and minor amounts
of shale. Sandstone is commonly very fme to fine grained, but medium

to very thick beds are coarser. Unit is largely sandstone, some to much
(30-40 percent) mudstone and shale.

Hardness: Largely firm where fresh, some sandstone (thicker beds) ce
mented hard; flfm to soft where weathered.

Bedding: Distinct, largely very thin to thin, some medium; medium to very
thick sandstone beds, including minor interbedded clayey rock, form a
few sequences 25-100 ft in thickness.

Parting: Largely very close to close spacing, some moderate to very wide.
Fracture: Largely close spacing in thin to medium sandstone beds, mod

erate to wide in thicker beds; in mudstone close to moderate spacing
where fresh, very close where weathered.

Permeability: Low intergranular permeability in sandstone, very low
where cemented and in clayey rock. In shallow clayey rock and cemented
sandstone, opening of fractures gives Jow permeability. Thus, bedrock
at depth largely low, some to much very low; shallow bedrock low.
Surficial mantle largely low, some moderate.

Surficial mantle: Largely clayey, some granular.
Expansivity: Most bedrock and mantle is unexpansive, some of each sig

nificantly expansive. Samples: WO 12, interbedded fine sandstone and
mudstone, free swell 58 percent; W02, shale, free swell 75 percent;
MH3A, shale, free swell 72 percent; MH3B, shale, free swell 73 per
cent; LH7, soil, free swell 50 percent.

Stratigraphic thickness: More than 2,500 ft.
Source: Ellen and others, 1972.

MAP UNIT 371

Geologic unit, (age), and location: Markley(?) Formation (T), only in the
East Bay Hills near Oakland.

Summary: Not seen in field. Probably largely sandstone, some siltstone
and shale. Difficult to distinguish from adjacent units 630 and 408 be
cause it contains similar compositions. Radbruch (1969) reported that
some sandstone may require blasting. According to Radbruch (1969),
forms moderately steep-sided ridges and valleys.

Composition: Includes: (I) sandstone, probably fairly well sorted, mostly
fine grained, ranging from very fine to medium grained, consisting of
mostly angular and less commonly subrounded grains of abundant quartz,
lesser feldspar and lithics, in matrix of clay, iron oxide, or both; (2) glau
conitic sandstone; (3) silty fine-grained to very fine grained sandstone;
(4) siltstone, mudstone, and clay shale. Unit is probably largely sand
stone, some clayey rock. Some of unit resembles underlying unit 630,
some resembles overlying unit 408.

Hardness: Some sandstone hard approaching firm both where fresh and
weathered; shale, siltstone, silty sandstone, and mudstone firm where
fresh, largely firm, some soft, where weathered.

Bedding: Unknown. Judging from units 630 and 408, some of unit con
sists of distinctly bedded thick to very thick sandstone between thin to
very thick shale, silty sandstone, and siltstone. The remainder of unit is
probably unbedded to indistinctly bedded.

Parting: Probably present in some of unit on distinct bedding planes,
mostly at wide to very wide spacing, and in interbedded shale at close
to very close spacing. Probably absent in remainder of unit.

Fracture: In hard sandstone at close to very wide (6-ft) spacing, prob
ably largely moderate to wide. In firm dirty sandstone and mudstone at
moderate to wide spacing in fresh rock, weathering close to very close.

Permeability: Sandstone (most of unit) probably has low intergranular
permeability; clayey rock (some of unit) very low. Probably most mantle
moderate, some low to very low.

Weathering: Hard sandstone weathered to depth of about 30 ft, other
materials to depths of 10-30 ft.

Surficial mantle: Unknown, probably largely granular, some clayey.
Expansivity: Unknown, probably most bedrock unexpansive, some expan

sive. Probably most mantle unexpansive to significantly expansive, some
severely expansive.
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Stratigraphic thickness: 500-1,000 ft maximum thickness (Case, 1963).
Sources: Bartow. 1985: Case, 1963; Radbruch, 1969: Radbruch and Case,

1967.

MAP UNIT 372

Geologic unit, (age), and location: Markley Formation tTl, only in Potrero
Hills, northwest of Montezuma Hills.

Summary: Not seen in field. Similar to units 373 and 412 which occur
near Mount Diablo (Weaver, 1949), but here contains a large lens of
conglomerate consisting of hard rounded clasts, most 3 in. in diameter
and less, some as much as I ft, in sand and silt matrix that constitutes
40 percent of deposit (Cooper-Clark and Associates, 1973). Sandstone
is locally hard, called largely "moderately hard," in beds as thick as sev
eral feet, should be rippable in most cases (Cooper-Clark and Associ
ates, 1973). See section by Tolman (1943).

Expression in aerial photographs: Largely resistant intermediate topog
raphy that has regular ribbing, but local hard topography has abundant
resistant light-toned bands. Prominent to subdued bands. both light and
dark in tone, are largely 5-30 ft wide but as wide as 50 ft; dark-toned
bands are locally as wide as 100 ft. Dominantly light-toned, about one
third dark-toned. Minor outcrop within light-toned bands.

Permeability: Probably some to much bedrock has moderate intergranu
lar permeability, much low, some very low. Probably most mantle mod
erate, some very low to low.

Surficial mantle: Probably largely granular, some clayey.
Expansivity: Probably most bedrock unexpansive, some expansive (clayey

rock). Probably most mantle unexpansive to significantly expansive,
some severely expansive.

Stratigraphic thickness: 1,300 ft (Bailey, 1930); 1,400 ft (Tolman, 1943);
nearly 1,500 ft (Weaver, 1949).

Sources: Bailey, 1930: Bartow, 1985; Clark, 1938; Cooper-Clark and
Associates, 1973: Sims and others. 1973; Tolman, 1943; Weaver, 1949.

MAP UNIT 373

Geologic units, (age), and location: Markley Formation, lower sandstone
member (T), north of Mount Diablo: Markley Formation, undivided (T),
only near Concord.

Summary: Regularly interbedded sandstone and shale, largely in beds less
than 6 ft in thickness, some more than 10ft. Mostly sandstone but shale
is almost equally abundant in parts of section. Probably one-third of sand
stone has moderate intergranl!lar permeability. Some bedrock and some
to much mantle is severely expansive.

Expression in aerial photographs: Largely intermediate topography, es
pecially to east where unit underlies ridge and valley topography that
includes about one-third or more valley bottom, the rest consisting of
fairly subdued hogbacks that are broadly ribbed to ribless and have
rounded crests. Near old coal mines, some hard topography containing
sharp ribs on back side of hogbacks, but most of this area shows hard to

intermediate crests and no ribs, just resistant bands between soft, smooth,
landsliding zones. Almost entire area shows subdued banding, largely
light-toned, some dark-toned: zones of dominant dark tone are as wide
as 500 ft or more. Both light- and dark-toned bands are typically 5-20 ft
wide, but some dark-toned bands are as wide as 50 ft: light-toned bands
as wide as 100 ft or more form caps of hogbacks. Along east side of
Nortonville Road, nearly entire section is banded in this manner. Unit
appears very regularly bedded.

Composition: (I) Sandstone, arkosic. characteristically rich in muscovite,
poorly to moderately sorted (Fulmer (1964) called it well sorted), silty
to varying degrees. Angular to subangular grains vary from fine to coarse,
called anything from most commonly fine grained (Johnson, 1964) to
medium to coarse grained (Clark, 1912); by our observations largely
medium to coarse grained. Includes calcite-cemented and limonite con-

cretions as large as 6 ft or more in diameter, many larger than 3 ft. (2)
Interbeds of shale, mudstone, and siltstone, the shale often interlaminated
with sandstone and siltstone. These materials are commonly carbon
aceous and micaceous. Literature describes these materials as largely
mudstone and siltstone, but our observations are of largely fissile shale
and some mudstone. Interbeds include abundant limonite concretions to
medium, abundant gypsum, and less abundant limestone nodules as much
as several inches in length.

Unit is largely sandstone. but some to much is clayey rock that in
places constitutes as much as half of unit: sections of dominant clayey
rock as thick as several hundred feet (mapped by Brabb and others,
1971). Sandstone varies from relatively clean, outcropping to nearly
outcropping rock, to silty, poorly exposed rock: proportions of these
sandstones (I :2, clean:dirty) are suggested in column by Fulmer (1964).
Some concretions.

Hardness: Sandstone firm to soft, most barely firm, where weathered;
probably similar where fresh. Shale, mudstone, and siltstone are firm
where fresh and weathered. Calcite concretions hard; limonite concre
tions firm to hard; limestone nodules hard.

Bedding: Distinct sandstone beds between shale and mudstone intervals;
some intervals of shale and mudstone are distinctly interbedded at very
thin to medium with sandstone and siltstone. Sandstone beds are crudely
rhythmic, largely thick to 6 ft between similar to lesser thickness of shale,
but include some beds thicker than 10ft (as much as 100 ft or more,
generally as much as 30 ft). Shale intervals as thick as 20 ft or more;
intervals of dominant clayey rock as thick as several hundred feet. Sand
stone beds are massive and have an irregular, bleb-like form. Very regu
lar banding throughout unit on photographs suggests regular interbedding
throughout. Many sandstone beds grade upward to more clayey sand
stone that has parting and weathering fracture.

Parting: At distinct bedding contacts and within shale intervals. Within
shale intervals, largely at very close spacing, moderate at the widest.
Within some dirty sandstone near tops of beds where weathered, and at
close to moderate spacing in some sandstone on micaceous partings.
Parting is plentiful.

Fracture: In sandstone beds less than 6 ft in thickness, largely moderate
to wide spacing, much regular, perpendicular to bedding; in beds more
than 6 ft in thickness, variable spacing, some moderate, much moderate
to wide, some as much as 6 ft and possibly lOft, largely irregular and
indistinct. Overall, largely moderate to 4-ft spacing in sandstone. Close
to moderate spacing of weathering fracture in dirty sandstone near ground
surface. Shale intervals have close to very close spacing of weathering
fracture and fissility on moderate to wide original spacing. Concretions
in sandstone are as large as 6 ft or more in diameter, many greater than
3 ft, unfractured.

Permeability: Sandstone has largely moderate intergranular permeability
where exposed, some low, probably overall two-thirds low, one-third
moderate; shale interbeds very low to low. Thus, most bedrock low, some
moderate, some very low. Probably most mantle moderate, some to much
very low to low.

Weathering: Sandstone weathered to depths greater than 70 ft. Dirty sand
stone develops weathering fracture and parting near ground surface.
Cavernous weathering in some sandstone. Accumulations of surficial
mantle as thick as IS ft or more.

Surficial mantle: Probably most granular, some to much clayey. Clayey
soils such as samples CL 13A and CLl5 are typical. Over very thick sand
stone, subsoil, such as sample CLI3B, is typical.

Expansivity: Most bedrock is unexpansive, but some is severely expan
sive (shale) throughout unit. Probably most mantle unexpansive to sig
nificantly expansive, some to much severely expansive. Bedrock samples:
CLIIA, typical shale, moderately cracked on surface of cut, free swell
89 percent: CLl2, well-weathered shale, moderately cracked, typical, free
swell 99 percent. Surficial mantle samples: CL 13A, moderately cracked
dark sandy clay soil, free swell 90 percent: CLl5, typical mildly cracked
clay soil, free swell 82 percent (exaggerated); CLI3B, mildly cracked,
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slightly clayey sand subsoil on sandstone, free swell 65 percent; AS22,
light-brown sandy clay soil, typical, free swell 87 percent (exaggerated);
CL II B, typical mildly cracked sandy clay subsoil, free swell 90 percent;
CLl8, moderately cracked clay subsoil, possibly substantial constituent,
free swell 100 percent.

Stratigraphic thickness: About 2,000 ft (Brabb and others, 1971); 3,100
ft (Johnson, 1964); 1,975 ft (Fulmer, 1964); 2,300 ft (Clark, 1918).

Sources: Bartow, 1985; Brabb and others, 1971; Clark, 1918; Colburn,
1961; Fulmer, 1964; Johnson. 1964; Taff, 1935: 11 stations.

MAP UNIT 374

Geologic unit, (age), and location: Shale and sandstone (T), in Santa
Teresa Hills south of San Jose.

Summary: Upper two-thirds to three-fourths of unit is sandstone, largely
in very thick (10-ft or more) beds, covered by uncracked sand soil; lower
one-fourth to one-third of unit is dominantly mudstone, covered by se
verely expansive silty clay soil. Sandstone is firm, has moderate to wide
fracture spacing, low to moderate permeability, and many largely firm
oversize blocks as large as 5 ft in diameter.

Expression in aerial photographs: Irregular, smooth intermediate topog
raphy that lacks ribbing and banding. Very minor outcrop evident.

Composition: (1) Upper two-thirds to three-fourths of unit is sandstone
of fine to coarse angular grains, mostly medium to coarse grained, poorly
to moderately well sorted. Some to most rock is calcite cemented where
fresh (Bailey and Everhart, 1964), minor cemented where weathered. (2)
Lower one-fourth to one-third of unit is mudstone, fissile and exception
ally powdery (Bailey and Everhart, 1964); includes shale (Bailey and
Everhart, 1964). (3) Minor limestone in pods and beds as thick as 25 ft,
most 3-5 ft (Bailey and Everhart, 1964). (4) Minor volcanic rock (like
unit 260) near Blossom Hill.

Hardness: Weathered sandstone is largely firm, minor hard, case hardens
by iron oxide (Bailey and Everhart, 1964); fresh sandstone hard (ce
mented) to firm, some to most hard (Bailey and Everhart, 1964). ~Iud

stone firm where weathered and probably where fresh. Limestone hard.
Bedding: In lower (mudstone) part of unit, sandstone occurs in distinct

beds as thick as 10 ft between very thick mudstone. In upper part of unit,
sandstone beds largely very thick (more than 10 ft?).

Parting: Present on distinct bedding planes, largely at very wide spacing
(more than 10 ft). Probably present at close to wide spacing in most
mudstone. Thus, spacing largely very wide, but close to wide in one
fourth to one-third of unit.

Fracture: Sandstone has largely moderate to wide spacing, ranging from
very close to 4 ft, but produces many oversize blocks (3-5 ft in diam
eter), most internally fractured. Mudstone has very close to moderate
spacing of weathering fracture. Limestone largely moderate, some wide.

Permeability: Intergranular permeability of sandstone low to moderate
where weathered, much of each; very low to moderate where fresh;
mudstone very low. Thus, in weathered rock about three-eighths of unit
moderate, three-eighths low, one-fourth very low; in fresh rock probably
some moderate, some low, much very low. Most mantle moderate, some
very low.

Surficial mantle: Largely granular, some clayey. Sample STH9, dark silty
clay soil on mudstone, is typical of about one-fourth to one-third of
soils (those on mudstone); remaining two-thirds to three-fourths is sand
soil.

Expansivity: Most bedrock unexpansive, minor to some significantly
expansive. Most mantle unexpansive, some severely expansive.
Samples: STHII, weathered clayey bedrock, moderately cracked, lo
cal constituent, free swell 60 percent; STH9, mildly cracked silty clay
soil, free swell 100 percent, typical of soil on mudstone. Soil on sand
stone is uncracked.

Stratigraphic thickness: At least 900 ft (Bailey and Everhart, 1964).
Sources: Bailey and Everhart, 1964; three stations.

MAP UNIT 375

Geologic unit, (age), and location: Tolman Formation of Hall (1958) (T),
at mouth of Niles Canyon near Fremont.

Summary: Not seen in field. Probably largely firm sandstone of low and
probably some moderate permeability, but includes some calcite-ce
memed bioclastic sandstone especially near Tolman Peak, some conglom
erate near Niles, and probably some clayey rock. No infcrmation on
bedding thickness, fracture, and surficial mantle, but mantle probably
ranges from sandy to clayey.

Expression in aerial photographs: Intermediate topography that has de
veloped some ribbing parallel to bedding. Includes light-toned bands and
dark-toned nonresistant bands 20-200 ft in width, fairly subtle. Minor
outcrop within light-toned bands.

Composition: (1) Bioclastic sandstone consisting of fragments of calcar
eous algae and other organic material in a finer grained quartz sand
matrix, the matrix being as coarse as very coarse grained to gritty (mea
sured from thin-section photograph). This sandstone consists of approxi
mately 35 percent organic debris, 40 percent quartz, 5 percent potassium
feldspar, 10 percent calcite, 2 percent glauconite, and 3 percent mica,
hornblende, pyroxene, and dark lithics, all subangular to angular. (2)
Grades to medium-grained lithic quartz sandstone, locally containing
abundant barnacle remains, grains subangular to angular. (3) Conglom
erate, predominantly of chert pebbles, well sorted, average 0.75 in. in
diameter. (4) Probably some clayey rock, judging from expression in
aerial photographs.

Proportions unknown, probably largely sandstone, some of which is
cemented, some conglomerate, some clayey rock. Bioclastic sandstone
underlies Tolman Peak and grades laterally from sandstone to conglom
erate near Niles.

Hardness: Largely firm where fresh, firm to soft where weathered; prob
ably some hard calcite-cemented rock, especially near Tolman Peak
where bioclastic sandstone has 10 percent calcite, and in remainder of
unit where barnacle-rich beds occur.

Bedding: Unknown. No mention other than conglomerate interbeds.
Parting: Unknown, but probably largely absent to very widely spaced. No

mention of clayey interbeds.
Permeability: Bedrock probably has largely low intergranular permeabil

ity, probably some moderate and some very low. Cemented rock and
much clayey rock probably have low fracture permeability in shallow
rock. Probably most mantle moderate, some low to very low.

Weathering: Hall (1958) noted much weathering of feldspars to clay.
Surficial mantle: Probably largely granular, some clayey.
Expansivity: Most bedrock and mantle unexpansive, probably some of

each expansive.
Stratigraphic thickness: From 470 ft to more than 900 ft (Hall, 1958).
Source: Hall, 1958.

MAP UNIT 376

Geologic unit, (age), and location: Domengine Sandstone (T) (equiva
lent to the combined Muir and Escobar Sandstones of Weaver, 1953),
only on east limb of Pacheco syncline. west of Concord.

Summary: Largely sandstone, some clayey interbeds. Includes many hard
concretions, some as large as 15-20 ft in diameter. Difficult trenching
in massive sandstone of upper part (not brittle). Much moderate perme
ability. Some bedrock and mantle is expansive. See units 344, 441, and
414.

Expression in aerial photographs: Variable. Forms prominent interme
diate to hard ridge, but also underlies very subdued soft topography.
Banded, not homogeneous. Light-toned resistant bands are 30-100 ft
wide, some quite prominent topographically. Much has subtle banding
that shows little topographic expression. Some good sections on photo
graphs.
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Composition: Equivalent to combination of Weaver's (1953) Muir and
Escobar Sandstones, hence basically a combination of units 441 and 344.
Here, however, Weaver's Muir Sandstone consists of interbedded sand
stone and mudstone, sandstone dominant over mudstone and matrix-satu
rated sandstone. Sandstone is fine to medium grained, tuffaceous, and
ranges from moderately to well sorted. Includes minor calcite-cemented
fossiliferous beds and concretions. Thus, we conceive upper half of unit
as very thick bedded, moderately permeable, medium-grained sandstone,
and lower half as fine-grained, tuffaceous and somewhat silty sandstone
of mostly low permeability, interbedded with matrix-saturated sandstone.
mudstone, and some shale.

Hardness: Sandstone firm, some brittle (tuffaceous?), some weathers soft.
Cemented beds and concretions hard. Interbedded clayey rock firm, some
weathers soft. Massive sandstone in upper part is not brittle.

Bedding: Distinct. Most is bedded at medium to very thick (6 ft), much
of which is medium to thick bedded. Some very thick (greater than lO
ft) beds in upper part of unit. Hard eemented beds are medium to thick
(several in section, broadly lenticular), and concrctionary beds as thick
as 4 ft. Some beds of matrix-saturated sandstone as thick as 50ft. See
sections by Weaver (1953).

Parting: At bedding planes, largely moderate to very wide (6ft). Some
parting in clayey interbeds at very close to moderate spacing, but much
lacks parting.

Fracture: Irregular in sandstone, moderate to very wide, probably largely
moderate to wide spacing. Much scaling in sandstone. Hard cemented
beds fractured at wide to moderate spacing, Concretions as large as 15

20ft in diameter, most large to 6 ft.
Permeability: Much bedrock has moderate intergranular permeability,

much low, minor to some very low. Most mantle moderate, some low
to very low.

Weathering: Sandstone weathered to depths greater than 30 ft, much to
depths greater than 40ft. Mudstone and matrix-saturated sandstone fresh
at 20 ft, probably weathered to depths of 10-15 ft. Some sandstone scales
where weathered.

Surflcial mantle: Largely granular, some clayey.
Expansivity: Most bedrock unexpansive, some expansive, probably mi

nor severely expansive (clayey rock). Most mantle unexpansive, some
to possibly much significantly expansive. See samples for units 344 and
441.

Sources: Weaver, 1953; five stations.

MAP UNIT 377

Geologic unit, (age), and location: Meganos Formation, Division D of
Clark and Woodford (1927) (T), near Mount Diablo.

Summary: Largely sandstone, some clayey rock. Sandstone is variable,
from dirty and fine grained to clean and coarse grained. Minor cemented
rock. Some to half of unit has moderate intergranular permeability, some
high. Some to much mantle and probably some bedrock is significantly
expansive.

Expression in aerial photographs: Resistant ridge former. includes one
prominent resistant ridgetop bed, about 100ft in width, in which sharp
white band is 10ft wide, little apparent outcrop. Dip slope of much of
hogback is hard topography. but toward Deer Valley Road this becomes
more subdued intermediate topography that has ribbing and subtle light
gray and dark-gray bands 30-100 ft in width. Except for prominent re
sistant bed, unit is moderately resistant, not strongly so.

Composition: (1) Sandstone, coarse to medium grained, clean, well to

moderately well sorted. Some is somewhat silty, some has minor pebbles,
and some contains tuffaceous clasts. (2) Sandstone, very fine to medium
grained, largely fine grained, varying from moderately or poorly sorted
dirty sandstone of low permeabilty to well-sorted and moderately well
sorted clean sandstone of moderate permeability; largely dirty sandstone,
some clean. (3) Calcite-cemented beds and concretions, including shell
bed that is an excellent outcropping marker bed and ridge former. Ce-

men ted beds occur in both compositions I and 2. (4) Clayey and silty
interbeds of sandy and tuffaceous mudstone, shale, siltstone, laminated
silty fine sandstone, and clayey fine sandstone; some clayey sandstone
is gritty. (5) Conglomerate reported at base (Brabb and others, 1971).
(6) Sandstone, quite firm, resistant bed, fine to medium grained, scaly.

Proportions vary along strike. To west, unit is largely composition 2
but contains some clayey interbeds. minor cemented beds, and quite firm
scaly sandstone (composition 6). To east, unit lllcludes as much as hail'
coarse clean sandstone (composition I); the remainder is either largely
sandstone of composition 2 Dr largely clayey sandstone of compositIOn
4. Minor cemented rock, minor conglomerate.

Hardness: Coarse sandstone is largely soft (although some of this is firm
at the surface because case hardened), some firm. both where fresh and
weathered. Sandstone of composition 2 is largely firm where weathered,
some quite firm, some soft. Clayey interbeds firm where fresh and weath
ered. Cemented rock hard. Scaly sandstone quite firm.

Bedding: Coarse sandstone in very thick (10- to 150-ft) distinct beds, some
internally bedded and crossbedded (Clark and Woodford, 1927), between
medium to very thick interbeds of clayey rock. Sandstone of composi
tion 2 is distinctly to indistinctly bedded in beds that range [rom very
thin to very thick (8ft), largely thick; bedding is defined by clean against

dirty sandstone and by medium to thick clayey interbeds. Cemented beds
largely to thick, some as much as 4 ft. Quite firm sandstone of compo
sition 6 is 25ft thick.

Parting: Largely absent in coarse sandstone, present in some at close to
moderate spacing. In some of composition 2, parting occurs on lamina
tion largely at moderate spacing, ranging from close to wide; in some,
parting (for ripping) largely at wide but slope-failure parting at 6 ft. Many
cemented beds parted at moderate spacing.

Fracture: Indistinct and variable in coarse sandstone, moderate to very
wide spacing (10 ft). Some sandstone of composition 2 is fractured at
moderate to wide spacing (clearly defined within 10ft of ground sur
face), some shows close- to moderate-spaced weathering fracture and
scaling. Clayey interbeds have very close to moderate spacing of weath
ering fracture. Scaly sandstone has moderate to wide spacing, clearly

defined near ground surface. Cemented rock largely moderate to wide
spacing, some as much as 4 ft.

Permeability: Coarse sandstone has moderate to high intergranular pa
meability, much of each; composition 2 largely low but some moderate;

clayey interbeds low to very low, largely low; scaly sandstone low. Thus,
to west intergranular permeability of bedrock is largely low but some
moderate, varying along strike toward the east to about half moderate
and some of both high and low; minor to some very low throughout, but
this probably is accompanied by low fracture permeability in shallow
rock. Most mantle moderate, probably some low.

Weathering: Much fracture is distinct only near ground surface, appar
ently absent or incipient at depth. Coarse sandstone weathered deeply
(greater than 40ft).

Surficial mantle: Largely granular, probably some clayey. Largely
uncracked silty sand soil to the east, grading toward the west to about
equally abundant uncracked silty sand soil and mildly cracked brown silty
soil, such as sample AS27.

Expansivity: Bedrock largely unexpansive, probably some significantly
expansive (clayey rock). Most mantle unexpansive, some to much sig
nificantly expansive. Sample AS27, mildly cracked silty soil typical of
low-lying terrain, free swell 60 percent.

Stratigraphic thickness: 100-900 ft (Brabb and others, 1971); 0-700 ft
(Johnson, 1964); 0-300 ft (Clark and Woodford, 1927).

Sources: Brabb and others, 1971; Clark, 1921; Clark and Woodford. J927:
Johnson, 1964; five stations.

MAP l'NIT 378

Geologic unit, (age), and location: Strata of German Rancho (T), near
Sonoma County coast.
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Summary: Largely sandstone, lesser mudstone and conglomerate. Prob
ably most bedrock and mantle is unexpansive.

Composition: Largely sandstone, lesser mudstone and conglomerate. Most
of unit is moderately sorted, medium-grained sandstone accompanied by
minor interbedded mudstone, but includes sequences a few feet to hun
dreds of feet thick of either mudstone and fine-grained to very fine
grained sandstone or conglomerate having sandstone matrix. Conglom
erate clasts (cobbles and locally boulders) are composed largely of gra
nitic rock and some metamorphic rock, but locally they are composed
of siliceous porphyritic volcanic rock. Minor to some sandstone is cal
cite cemented.

Hardness: Fresh rock is !llllii to firm, moderately weathered rock is fum
to hard. Calcite-cemented beds are hard.

Bedding: Distinct, medium to very thick (30 ft or more); thick to very
thick beds abundant, beds locally thin to very thin.

Parting: At distinct bedding planes. Mudstone is not fissile.
Fracture: In rift valley, sandstone is shattered at close to moderate spac

ing; elsew here largely wide to very wide (15 ft), some moderate.
Permeability: Intergranular permeability of bedrock largely low, some

very low, some coarser sandstone may be moderate, especially where
weathered; probably some low fracture permeability in shallow rock.
Most mantle moderate.

Weathering: Some weathered rock so soft as to gully in ditches along
roads.

Surficial mantle: Largely granular.
Expansivity: Bedrock and mantle probably largely unexpansive. No

sample.
Stratigraphic Thickness: 10,000-20,000 ft or more.
Sources: Blake and others, 1971; Wentworth, 1966; two stations.

MAP UNIT 379

Geologic unit, (age), and location: Undifferentiated sandstone, mudstone,
and conglomerate (TK), near Sonoma County coast.

Summary: Largely sandstone, probably some mudstone and some con
glomerate. Almost all rock is soft to a depth of 30 ft, shattered at close
to moderate spacing.

Composition: Largely sandstone, lesser mudstone and conglomerate. Simi-
lar to units 378 and 613, minor amount similar to unit 666.

Hardness: Almost all rock is soft to depth of 30 ft or more.
Bedding: Probably most sandstone in medium to very thick distinct beds.
Parting: Absent.
Fracture: All shattered at close to moderate spacing, largely less than 3

4 in.
Permeability: Moderate intergranular permeability in weathered medium

grained sandstone, very low in mudstone, fresh rock like units 378 and
613. Thus, bedrock has largely low and very low intergranular perme
ability at depth, low to moderate intergranular and fracture permeabil
ity in shallow weathered rock. Probably much to most mantle moderate,
much Jow to very low.

Weathering: Highly weathered to depths greater than 30 ft; almost all rock
is soft in weathered zone.

Surficial mantle: Probably much to most granular, much clayey.
Expansivity: Probably most bedrock and mantle unexpansive. Sample

SP 13, sandy soil on sandstone, typical(?), free swell 38 percent.
Sources: Blake and others, 1971; Wentworth, 1966; one station.

MAP UNIT 380

Geologic units, (age), and location: Purisima Formation, undivided (T),
Tunitas Sandstone Member (T), and Tahana Member iT); unnamed sand
stone (T); in San Mateo County part of Santa Cruz Mountains.

Summary: Largely fine-grained sandstone and siltstone; most of this has
clay or ash matrix. Rock firm where fresh, firm to soft where weath
ered. Some bedrock and most surficial mantle is expansi ve.

Composition: Fine-grained sandstone, siltstone, locally much silty mud
stone, minor amounts of medium- to coarse-grained sandstone and
porcelaneous shale and mudstone. Most fine-grained sandstone and silt
stone has clay or ash matrix; medium- to coarse-grained sandstone com
monly lacks matrix.

Hardness: Firm where fresh, firm to soft where weathered; porcelaneous
rock firm to hard.

Bedding: In fine-grained sandstone commonly absent to indistinct, local
distinct beds medium to very thick; in other compositions thin to medium.

Parting: In sandstone commonly absent, local parting at moderate to very
wide spacing. In other compositions much parting at close to moderate
spacing.

Fracture: Spacing moderate to very wide in fine-grained sandstone where
fresh, very close to moderate where weathered; close in porcelaneous
rock.

Permeability: Bedrock has largely very low intergranular permeability,
some low, probably minor moderate (in clay-poor sandstone). In surficial
mantle largely very low, some low, some moderate (where mantle is
sandy).

Surficial mantle: Largely clayey, some granular.
Expansivity: Most bedrock unexpansive, some significantly expansive,

minor severely expansive. Most mantle significantly expansive, some
severely expansive, some unexpansive. Bedrock samples: PAI8, coarse
sandstone, free swell 26 percent; SGG5B, bedrock, free swell 34 per
cent; SGG3B, bedrock, free swell 40 percent; SGG3A, weathered bed
rock, free swell 92 percent; PA8, very fine sandstone, free swell 45
percent; W03C, bedrock, free swell 52 percent; LHI4A, bedrock, free
swell 57 percent; PA6B, bedrock(7), free swell 60 percent; LHI2B, bed
rock, free swell 64 percent; HMB6, bedrock(7), free swell 80 percent;
HMB7 A, bedrock(7), free swell 90 percent; PA7, siltstone, free swell
100 percent. Surficial mantle samples: PAil, uncracked granular soil,
free swell 32 percent; SGG5A, soil, free swell 43 percent; PA I0, slightly
cracked soil, free swell 48 percent; W03A, soil on landslide, free swell
51 percent; LHI4B, soil, free swelJ 54 percent; HMB9, uncracked or
ganic soil, free swell 57 percent; SGG2A, soil, free swell 60 percent;
MH 12, gray soil, free swell 62 percent; LHI5, soil, free swell 64 per
cent; PA3, clayey soil, free swell 68 percent; SGG2D, soil( 7), free swell
69 percent; SGG7, soil, free swell 75 percent; PA6A, soil, free swell 88
percent; LHI2A, soil, free swell 103 percent; SGG2B, upper popcorn
subsoil, free swell 110 percent; SGG2C, lower popcorn subsoil, free
swell 120 percent; LHI3, soil, free swell 115 percent; HMB7B, soil, free
swell 128 percent; W03B, soil on landslide, free swelJ 158 percent.

Stratigraphic thickness: 250-2,150 ft (Tunitas Sandstone Member 250
400 ft, other units much thicker),

Source: Ellen and others, 1972.

MAP UNIT 381

Geologic unit, (age), and location: Neroly Sandstone (T), only in the East
Bay Hills (excluding area north of Alamo) and in southern Napa Range
near Cameros Creek.

Summary: Medium- to coarse-grained sandstone that has clay coatings
generally approaching saturation interbedded with fine clayey sandstone
and intervals of mudstone, siltstone, and shale. Mostly firm and of low
permeability, but some moderate permeability. Toward the south in the
East Bay Hills, proportion of dirty and fine-grained rock increases and
the coarser sandstone becomes harder. Area of exposure near Cameros
Creek not seen in field. Much mantle is severely expansive.

Composition: Interbedded (I) medium- to coarse-grained andesitic sand
stone, well sorted, rounded to subrounded, most having characteristic
blue-gray clay coatings (see unit 400), locally including beds of shell
debris and pebbly sandstone containing pebbles as much as I in. in di
ameter; (2) fine-grained sandstone, some tuffaceous, well to moderately
well sorted, having clay coatings; and (3) mudstone, siltstone, and shale,
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Some medium- to coarse-grained sandstone contains calcite-cemented
beds to medium and calcite concretions as large as thick by 3 ft in length.
Beds of ash in places. To the south in the East Bay Hills. well-sorted
sandstone becomes less abundant and is replaced by fine- to medium
grained dirty and tuffaceous sandstone, mudstone, and shale. Near Rocky
Ridge, laminated shale containing thin bentonite beds is common in
upper half of unit.

Most of unit is sandstone and dirty sandstone, some mudstone and
shale. In the East Bay Hills near San Pablo Bay, about half of unit is
the resistant, coarser sandstone; to the south, near Las Trampas Ridge,
this material constitutes only some of unit. Proportions unknown near
Carneros Creek.

Hardncss: Mostly firm pieces where fresh and weathered, but sandstone
weathers firm to soft. Beds of shell debris firm to quite firm. Calcite
cemented beds and concretions hard where fresh, weather firm to soft.
To the south in the East Bay Hills, well-sorted sandstone, here less abun
dant, is firm to hard, and some is calcite cemented and hard.

Bcdding: Large-scale bedding is clear in places on aerial photographs. In
outcrop, bedding is indistinct to distinct. Unit includes both very thick
(10- to 100-ft or more) beds and thin to very thick (4-ft) interbedded
rock in intervals as thick as many tens of feet. Very thick beds in places
comain medium to very thick (4-ft) beds of shell debris and pebbly sand
stone. Hard calcite-cemented beds and concretions thin to thick. Many
sandstone beds are internally bedded and crossbedded. Ash beds thin to
medium. To the south in the East Bay Hills, most very thick beds are
dirty sandstone or mudstone; well-sorted sandstone mostly occurs in beds
that are thick or less, but some are as thick as 20 ft.

Parting: Mostly absent in very thick beds, but a few partings occur within
these beds in places. Present on some bedding planes, absent on many;
good parting, for example, on contacts between sandstone and mudstone.
Parting in siltstone and mudstone in places at ciose spacing, in places
as wide as 4 ft. In shale, at very close spacing.

Fracturc: In medium- to coarse-grained sandstone, mostly moderate to
wide spacing, some close to 4 ft, except within several feet of ground
surface where close to moderate spaced fracture is parallel to ground
surface in places. In fine sandstone, moderate to wide original spacing
and close to moderate spacing of weathering fracture; much spalls at very
close. Mudstone and siltstone have close to moderate original spacing,
close to very close spacing of weathering fracture. Hard calcite-cemented
beds have wide spacing.

Pcrmcability: Sandstone has mostly low intergranular permeability ow
ing to clay coatings, but as much as 25 percent of medium- to coarse
grained sandstone may have moderate intergranular permeability in
shallow rock, probably more.at depth. Minor high intergranular perme
ability locally. Intergranular permeability of siltstone low, mudstone and
shale very low. Thus, most bedrock low, minor to some moderate, some
very low. To south, permeability of unit decreases. Probably much mantle
very low to low, much moderate.

Weathcring: Sandstone weathered to depths greater than 20 ft. Mudstone
fresh in places at depth of 5 ft.

Surficial mantle: On the whole probably much clayey, much granular,
but varies from largely clayey to largely granular. Radbruch and Case
(1967) reported sparse sandy loam soil less than I ft thick. Sample
BV28A represents the most expansive end of typical soil near Briones
Reservoir, but here unit includes some soil like sample BV28B, popcorn
clay soil, most expansive soil seen here. At southern extreme (Rocky
Ridge), three-fourths or two-thirds of soil is mildly cracked at most; the
remaining one-fourth to one-third has a moderately cracked subsoil, of
which sample LTR 13 is typical.

Expansivity: Probably most bedrock unexpansive, but much may be sig
nificantly expansive and some may be severely expansive. Probably
much mantle unexpansive to significantly expansive, much severely ex
pansive, but near Las Trampas Ridge only some is severely expansive.
Samples: BV28A, dark clayey soil, most expansive typical soil, free

swell 92 percent; BV28B, popcorn clay soil, most expansive soil at this
station, free swell 120 percent; LTR 13, subsoil, typical of some soil in
somhern extreme, free swell 98 percent; 11.1119, dark sandy clay soil, free
swell 94 percent.

Stratigraphic thickness: 1,250 ft near San Pablo Bay (Weaver, 1944);
1,100-1,400 ft near Rocky Ridge (Ham, 1952); more than 1,500 ft north
of Sacramento River (Weaver, 1909).

Sources: Condit, 1938; Ham, 1952; Os mont, 1905; Radbruch and Case,
1967; Yilt, 1936; l.R. Wagner, written commun., 1973; Wagner, 1978;
Weaver, 1909, 1944, 1949: seven stations.

MAP UNIT 382

Geologic units, (age), and location: Briones Sandstone, G and I mem
bers of Wagner (1978) (T), in the East Bay Hills.

Summary: Dramatically bedded unit consisting of boldly outcropping firm
to hard sandstone in thick to very thick (30-ft) beds between nonresis
tant, very thick (5- to 100-ft) intervals of silty and clayey sandstone and
shale. Minor to some mantle is significantly expansive. Mapped as Cierbo
Sandstone by Ham (1952).

Composition: Largely sandstone. Outcropping beds of sandstone are
mostly medium grained, tuffaceous at least in part, and have clay coat
ings that fill or nearly fill interstices. Some beds of sandstone are coarse
grained and conglomeratic. Minor conglomerate contains pebbles as
much as 3 in. in diameter. Minor calcite-cemented concretions to large.
Non-outcropping interbeds include: (1) firm, thin-bedded, medium- to
coarse-grained sandstone that contains sufficient clay and silt to scale
where weathered (some of unit) and (2) very thin to medium interbed
ded sandstone and shale (some of unit). Glauconite reported to be com
mon. Occasional shell-breccia beds; rare limestone, some containing
chert, some argillaceous.

Hardness: Outcropping sandstone firm to hard (much firm, much hard);
nonoutcropping interbeds of sandstone and shale where weathered are
firm and friable with difficulty, some soft. Concretions hard; pebbles in
conglomerate hard. Limestone hard where fresh and weathered.

Bedding: Outcropping sandstone in thick to very thick (30-ft) distinct beds
between very thick (5- to 100-ft) non-outcropping intervals composed
of either thin-bedded dirty sandstone or very thin to medium interbed
ded sandstone and shale. Conglomerate in medium to thick beds. Lime
stone in very thick (30- to 70-ft) lens on Divide Ridge. Unit is
dramatically bedded.

Parting: Present at contacts of outcropping sandstone beds; within some
outcropping beds at very wide (6 ft or more), but some beds as thick as
20 ft remain unparted; within interbedded sandstone and shale at close
to very close spacing.

Fracture: In outcropping sandstone, fracture spacing is moderate to very
wide (20 ft), mostly wide to very wide (10ft). Sandstone and shale that
make up nonresistant interbeds are fractured at very close to moderate
spacing.

Permeability: Shallow sandstone has largely low intergranular permeabil
ity, some moderate; probably much of both moderate and low intergranu
lar permeability in sandstone below shallow rock; shale very low. Thus,
permeability of shallow bedrock is largely low, some moderate, some
very low; below shallow rock probably much of both moderate and low,
some very low. Most to almost all mantle moderate.

Weathering: Sandstone weathers from fractures inward, partially weath
ered at depth of 8 ft. Some outcropping sandstone scales somewhat where
weathered. All interbed sandstone scales where weathered.

Surficial mantle: Most to almost all is granular (clayey sand soil).
Expansivity: Almost all bedrock is unexpansive. Most to almost all mantle

is unexpansive, but minor to some is significantly expansive. Where
observed, almost all mantle is uncracked; 10 percent at most is mildly
cracked like sample LTRI2. clayey sand soil, free swell 69 percent (pos
sibly exaggerated). This sample represents the most expansive material
seen in this unit and in units 330, 331, and 383.
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Stratigraphic thickness: 800-900 ft (J.R. Wagner, written commun.,
1973)

Sources: Ham, 1952; Newton, 1948; Trask, 1922; J.R. Wagner, written
corumun., 1973; Wagner, 1978; two stations.

MAP UNIT 383

Geologic unit, (age), and location: Briones Sandstone. F member of
Wagner (1978) (T), in the East Bay Hills.

Summary: Nonresistant unit. forms swales and upland valleys between
highly resistant units 330 and 382. Firm and hard sandstone, probably
interbedded with less abundant mudstone. Bedrock and mantle probably
largely unexpansive.

Composition: Probably largely sandstone, interbedded with some to much
sandy mudstone or shale. Sandstone IS fine to medium grained, variably
silty and clayey (some scaly), but all contains sufficient fines for low
permeability. Sandstone contains hard calcite-cemented concretions as
large as medium, especially near base, and minor medium to thick hard
calcite-cemented beds. Sandstone is pebbly in places near upper contact
with unit 382. l.R. Wagner (written commun., 1973) suggested that shale
and mudstone are dominant over sandstone; Ham (1952) suggested the
opposite.

Hardness: Where weathered, some sandstone is hard, some firm. Mud
stone has firm pieces. Concretions and calcite-cemented sandstone hard.

Bedding: Probably distinct, very thick (5- to 7-ft) beds of sandstone be
tween thick beds of sandy mudstone, rhythmically interbedded. Hard
calcite-cemented beds medium to thick; hard sandstone beds as thick as
5 ft or more. Unit has distinct beds on photographs and from distance
on ground, but bedding contacts could well be gradational or otherwise
indistinct.

Parting: Probably present at contacts between sandstone and mudstone at
wide to very wide (7-ft) spacing.

Fracture: In sandstone close to moderate spacing, possibly some wide.
Mudstone probably has close spacing. Some sandstone scales where
weathered.

Permeability: Sandstone (probably most of unit) has low intergranular
permeability; mudstone (some to much of unit) very low, but much prob
ably has low fracture permeability in shallow rock. Probably most mantle
moderate, some low to very low.

Weathering: Unknown. Some sandstone scales.
Surficial mantle: Probably largely granular, some clayey.
Expansivity: Most bedrock unexpansive, but some to much may be sig

nificantly expansive where weathered (clayey rock). Probably most
mantle unexpansive, some significantly expansive. Uncracked soil. See
sample for unit 382.

Stratigraphic thickness: 0-400 ft (l.R. Wagner, written commun., 1973).
Sources: Ham, 1952; Newton, 1948; Trask, 1922; l.R. Wagner, written

commun., 1973; Wagner, 1978; two stations.

MAP lJNIT 384

Geologic unit, (age), and location: Sandstone, siltstone. and shale (T),
in southern Napa Range near Cameros Creek. Mapped as Monterey Shale r

by Weaver (1949).
Summary: Not seen in field. Reported to be medium- to fine-grained sand

stone, shall' sandstone. and sandy shale. Probably like units 385, 332,
and 406.

Composition: Medium- to fine-grained, light-gray to white sandstone,
shall' sandstone, and sandy shale. Probably largely sandstone, some shale.

Hardness: Probably fjrm.
Bedding: Probably largely unbedded, some indistinct bedding in places.
Parting: Probably absent in most of unit, present in shale at close to very

close spacing.
Permeability: Bedrock probably has largely low intergranular permeabil

ity, some very low. Probably much mantle moderate, much low to very
low.

Surficial mantle: Unknown. Probably much granular, much clayey.
Expansivity: Probably most bedrock unexpansive, probably some expan

sive (clayey rock). Probably much mantle expansive. See samples for
units 332 and 406.

Stratigraphic thickness: Averages about 500 ft (Weaver, 1949).
Sources: Fox and others, 1973; Weaver, 1949.

MAP UNIT 385

Geologic unit, (age), and location: Monterey Group, sandstone unit (T),

only in the East Bay Hills between Dublin and Upper San Leandro Res
ervoir.

Summary: Not seen in field. Probably mostly like other sandstone units
of the Monterey Group, consisting of firm to quite firm sandstone inter
bedded with less abundant clayey rock. Near Upper San Leandro Reser
voir, however, much sandstone may be cemented and probably hard.
Probably most bedrock and mantle is unexpansive.

Expression in aerial photographs: Between Dublin and Cull Canyon,
forms intermediate topography, distinctly banded by light- and dark
toned zones as wide as 70 ft.

Composition: (1) Sandstone, fine to medium grained; most has silt and
clay matrix that produces weathering fracture, but some lacks weather
ing fracture. (2) Clayey interbeds, probably largely clayey sandstone. (3)
Fossiliferous, well-cemented pebbly lithic feldspathic graywacke inter
bedded with sandy shale; graywacke is poorly sorted and consists of
angular grains in matrix that appears to be clay or chlorite (Ham, ]952).
Unit is probably largely sandstone (composition 1), minor to some clayey
interbeds (composition 2). Cemented sandstone (composition 3) reported
only near Upper San Leandro Reservoir, where much sandstone may be
cemented.

Hardness: Sandstone probably firm to quite firm where fresh, firm and
lesser quite firm where weathered; probably hard where cemented.
Clayey rock probably firm where fresh and weathered.

Bedding: Probably most sandstone beds very thick, some medium to thick.
Parting: Spacing probably largely very wide.
Fracture: Uncemented sandstone probably has original moderate to wide

spacing, and probably most has close to moderate spacing of weather
ing fracture, much spheroidal. Cemented sandstone unknown.

Permeability: Sandstone (most of unit) probably has low intergranular
permeability, clayey rock (minor to some of unit) low to very low, ex
cept near Upper San Leandro Reservoir where much to most bedrock
probably has very low intergranular permeability and low fracture per
meability in shallow rock. Probably most mantle moderate, some to much
low to very low.

Surficial mantle: Probably largely granular. some to much clayey. Granu
lar soils probably similar to sample DU6A in unit 528.

Expansivity: Most bedrock unexpansive, probably some expansive (weath
ered clayey rock). Probably most mantle unexpansive, some to much
significantly expansive. See samples DU6A and DU6B in unit 528.

Source: Ham, 1952.

MAP lJNIT 386

Geologic unit, (age), and location: Hambre Sandstone (T) of the Monterey
Group, only between Niles Canyon and Calaveras Reservoir, east of
Fremont.

Summary: Sandstone, hard to firm where weathered, interbedded with firm
clayey sandstone to siltstone. North of Mission Pass, relatively clean
sandstone and clayey rock are about equally abundant; south of Mission
Pass, largely clayey rock. Much to most mantle is severely expansive.

Expression in aerial photographs: Intermediate topography that varies
from swale-forming, nearly soft topography to ribless but fairly reSlS
tant intermediate topography that contains small aligned bumps or peaks,
which are possibly cemented rock. Tone is uniform, smooth, unbanded,
in contrast to adjacent units. More resistant north of Mission Pass, forms
swales south of Mission Pass.
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Composition: (1) Sandstone. medium to fine grained. well to moderately
well sorted. some calcite cemented, some cemented but lack of reaction
to acid suggests clay cementation. (2) Clayey fine- to medium-grained
sandstone and lesser siltstone and silty mudstone. (3) Limestone. (4)
Sheil-breccia sandstone, calcite cemented. North of Mission Pass, unit
consists of sandstone (composition 1) interbedded with about equal
amounts of clayey sandstone (composition 2), although composition 1
is probably dominant; minor limestone (one bed) and shell-breccia sand
stone (two beds). South of Mission Pass, unit is probably dominantly
clayey rock (composition 2).

Hardness: Sandstone (composition 1) is hard where fresh, hard to firm
where weathered, some durable (calcite cemented), some probably not
durable (clay cemented~). Clayey sandstone, siltstone. and mudstone firm
where weathered, probably firm where fresh. Limestone and shell brec
cia hard to outcrop.

Bedding: North of Mission Pass, two styles of bedding are about equally
abundant: (1) thin to thick, some as much as 6-ft, interbedded sandstone
and clayey sandstone, both compositions about equally abundant, in fairly
distinct beds; and (2) very thickly interbedded sandstone and clayey sand
stone, largely sandstone, in intervals 10-50 ft and more in thickness, dis
tinct beds. Limestone in thick bed; shell breccia in 6-ft beds.

Parting: North of Mission Pass, present on most distinct bedding planes,
which are close to wide in about half of unit, very wide (10 ft or more)
in other half of unit. Very thick bedded sandstone shows some internal
parting, but mostly at spacing of 10ft or more. Little parting within
clayey interbeds.

Fracture: Most sandstone has close to moderate spacing of weathering
fracture on moderate to 4-ft spacing of original fracture, but in thin- to
thick-bedded part of unit original spacing is probably close to moder
ate. Some very thick beds of sandstone show no weathering fracture and
produce large to 4-ft blocks, but half or more of very thick sandstone
beds have real or incipient weathering fracture at close to moderate spac
ing. Clayey sandstone, siltstone, and mudstone show much spheroidal
weathering and produce close to very close, some moderate, spacing of
weathering fracture. Limestone fractured at moderate to wide; shell brec
cia at wide to 5 ft.

Permeability: North of Mission Pass, shallow bedrock has largely low
intergranular permeability, some to much very low (in mudstone and
cemented sandstone); possibly some moderate intergranular permeabil
ity below shallow rock. South of Mission Pass, bedrock probably has
low to very low intergranular permeability. Probably most mantle very
low to low; some to much moderate, especially north of Mission Pass.

Weathering: Much sandstone has weathering fracture as described. Clayey
sandstone shows much spheroidal weathering and abundant weathering
fracture. Some sandstone fresh at depths of 5-10 ft, minor crops out.
Limestone and shell-breccia sandstone fresh to outcrop.

Surficial mantle: Probably largely clayey; some to much granular, espe
cially north of Mission Pass.

Expansivity: Much bedrock may be significantly expansive, some may
be severely expansive. Much to most mantle severely expansive, some
to much significantly expansive to unexpansive. Samples: NL5A,
slightly cracked sandy silt soil, typical on sandstone, free swell 59 per
cent; NL5B, slightly cracked sandy clay soil on interbedded rock, typi
cal, free swell 85 percent; NL19, well-cracked dark sandy clay soil,
typical, free swell 89 percent. No cracked bedrock noted.

Stratigraphic thickness: About 500 ft (Hall, 1958).
Sources: Hall, 1958; two stations.

MAP UNIT 387

Geologic unit, (age), and location: Hambre Sandstone IT) of the Monterey
Group, only northeast of Castro Valley in the East Bay Hills.

Summary: Not seen in field. Probably largely firm, dirty, fine-grained
sandstone that has weathering fracture and much spheroidal weathering;

very thick beds. Minor to some shale interbeds. Probably much to most
mantle severely expansive. See unit 364.

Expression in aerial photographs: Intermediate topography.
Composition: Probably largely arkosic sandstone that is mostly fine

grained, some medium grained; largely dirty to clayey, resulting in
weathering fracture, scaling, and low permeability. Minor to some silty
shale to shale.

Hardness: Sandstone and shale probably firm where fresh and weathered.
Bedding: Sandstone is probably largely very thick bedded, called mas

sive (Newton, 1948); occasional distinct shale interbeds or indistinct
contrasting sandstone.

Parting: Probably largely absent; present in shale.
Fracture: Probably close to moderate spacing of weathering fracture, much

spheroidal, on moderate to wide original spacing. Much may scale at very
close spacing. Very close to moderate spacing of weathering fracture in
shale.

Permeability: Intergranular permeability of sandstone (most of unit) prob
ably low, some possibly moderate below shallow rock; shale (minor to
some of unit) very low. Probably most mantle very low to low, some to
much moderate.

Surficial mantle: Probably largely clayey, some to much granular.
Expansivity: Probably some bedrock expansive. Probably much to most

mantle severely expansive, some to much significantly expansive to
unexpansive. See samples for units 386 and 364.

Sources: Hall, 1958; Newton, 1948; Robinson, 1956.

MAP UNIT 388

Geologic unit, (age), and location: Oursan Sandstone (T) of the Monterey
Group, only northeast of Castro Valley in the East Bay Hills.

Summary: Largely dirty to clayey fine- to medium-grained sandstone,
most weathers spheroidally, but some calcite-cemented sandstone in very
thick beds and minor to some clayey interbeds. Probably much mantle
is severely expansive.

Expression in aerial photographs: Too narrow to locate confidently,
probably light-toned resistant band of intermediate topography.

Composition: (1) Sandstone, arkosic, fine to medium grained, sand grains
well sorted (Robinson, 1956), containing matrix of silt and clay (some
quite clayey) sufficient for low permeability and weathering fracture. (2)
Calcite-cemented sandstone, as beds and concretions. (3) Interbeds of
clay shale, siliceous shale, and silty fine sandstone; lignite present in
some shale beds. (4) Limestone lentils. Unit is largely dirty to clayey
sandstone (composition 1), but has some cemented sandstone, minor to
some clayey interbeds, and minor limestone.

Hardness: Sandstone is largely firm where weathered, largely firm to quite
firm where fresh. Calcite-cemented sandstone is hard where fresh, most
weathers firm. Clayey interbeds largely firm where fresh and weathered.
Limestone hard.

Bedding: Sandstone largely very thick (10-50 ft), called massive (New
ton, 1948; Hall, 1958). Some sandstone beds thick to 4 ft (Robinson,
1956), distinct to indistinct, between beds of clayey rock that are thin
to medium (Hall, 1958), possibly to very thick. Cemented sandstone in
distinct and prominent beds as thick as 30 ft; zones of dominant hard
rock as thick as 50 ft or more. Limestone and concretions thin to me
diumCJ).

Parting: Largely absent, some probably at wide to 4-ft spacing.
Fracture: Sandstone has moderate to wide original spacing and typically

has close to very close spacing of spheroidal weathering fracture. Ce
mented sandstone moderate to wide spacing, but some has moderate spac
ing of weathering fracture. Most clayey interbeds have close to very close
spacing of weathering fracture. Limestone probably has close to moder
ate spacing.

Permeability: In shallow bedrock. intergranular permeability of sandstone
low, cemented sandstone and clayey interbeds very low to low; thus,
largely low, some very low. Probably some moderate intergranular
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permeability below shallow rock. Probably much mantle low to very low,
much moderate.

Weathering: Most of unit has spheroidal weathering. Most sandstone is
weathered to depths greater than 20 ft, some fresh cores of spheroids at
depth of 10ft.

Surficial mantle: Probably much granular, much clayey.
Expansivity: Probably most bedrock unexpansive, some expansive. Prob

ably much mantle severely expansive, much significantly expansive to
possibly unexpansive. Sample HAY3, uncracked clayey sand soil, prob
ably typical, free swell 84 percent.

Stratigraphic thickness: About 250 ft (Hall, 1958); 410 ft (Newton, 1948).
Sources: Hall, 1958; Newton, 1948; Robinson, 1956; two stations.

MAP UNIT 389

Geologic unit, (age), and location: Oursan Sandstone (T) of the Monterey
Group, only between Niles Canyon and Calaveras Reservoir, east of
Fremont.

Summary: Largely clay-saturated, fine-grained sandstone grading to sandy
mudstone, much showing spheroidal weathering, unbedded to indis
tinctly bedded, largely unparted. Minor to some hard calcite-cemented
sandstone. Minor to some bedrock and some mantle is severely expan
sive.

Expression in aerial photographs: Intermediate topography, largely non
resistant swale-former between more resistant units 508 and 532. Smooth
texture, in places very subtly banded by largely light-toned zones about
50 ft in width. Near Morrison Canyon forms uniform, relatively resis
tant band 200 ft in width.

Composition: (I) Sandstone, fine to medium grained, clay saturated,
weathers spheroidally; sand is moderately to moderately well sorted. (2)
Mudstone to sandy mudstone. (3) Sandstone undersaturated by clay. (4)
Calcite-cemented fine- to medium-grained sandstone. (5) To east of
Calaveras fault, abundant calcite-cemented fossiliferous beds, medium
to thick, as well as conglomerate of well-sorted and well-rounded chert
pebbles, interbedded with sandstone (Hall, 1958). Unit is largely (as
much as 80 percent or more) clayey fine sandstone, composition I; some
(as much as 20 percent) is less clayey sandstone, composition 3; in places
some mudstone, composition 2, and as much as 5 percent or more ce
mented sandstone, composition 4. Composition 5, which occurs only east
of Calaveras fault, constitutes minor to some of unit there.

Hardness: Clayey sandstone (composition I) ranges from firm to quite
firm and hard where weathered, probably largely firm, but variably abun
dant quite firm to hard beds in places make up most of unit. Material
that is firm where weathered is probably firm to hard where fresh; harder
weathered material is probably hard where fresh, judging from cores of
spheroids. Mudstone is firm, probably both where fresh and weathered,
but some weathers soft. The less clayey sandstone (composition 3) is firm
where weathered, probably firm where fresh. Calcite-cemented sandstone
and some clayey sandstone is hard where fresh and weathered.

Bedding: Unbedded to indistinctly bedded at thin to very thick (as much
as 20 ft or more), much at medium to thick (Hall, 1958). Indistinct bed
ding is revealed by variations in grain size, spacing of weathering frac
ture, and expansivity cracks.

Parting: Little present.
Fracture: Most clayey sandstone is spheroidally weathered along close

to 5-ft, mostly moderate to wide, original spacing; weathered parts are
reduced to close to very close spacing. Some more resistant, harder beds
of clayey sandstone and less clayey sandstone have close to moderate
spacing and do not weather spheroidally. Calcite-cemented rock has
moderate to wide spacing.

Permeability: In shallow bedrock, low to very low intergranular perme
ability, much of each, but most shallow rock has low fracture perme
ability. Probably some moderate intergranular permeability below
shallow rock. Probably most mantle low, some very low, some moderate.

Weathering: Spheroidal weathering characterizes most of unit and gen
erally extends to depths greater than 15ft; fresh hard to quite firm
corestones remain in this interval. Much mudstone appears to be weath
ered to soft clayey material to depth of 30 ft, but this may be restricted
to rapidly weathering surfaces of cuts. Some calcite-cemented sandstone
is fresh and hard at depth of 6 ft.

Surficial mantle: Probably largely clayey, scme granular. Over clayey
sandstone, much of soil is similar to sample NLl2, but includes some
black clay, such as sample NLIO.

Expansivity: Most bedrock may be significantly expansive. minor to some
severely expansive (mudstone). Most mantle significantly expansive,
some severely expansive. Bedrock samples: NLIIA, moderately cracked
weathered mudstone, free swell 100 percent; NL 1IB, mildly cracked
weathered mudstone, free swell 101 percent. About half of weathered
mudstone is uncracked and about half mildly cracked, such as sample
NLI IB; locall)" moderately cracked, such as sample NLI IA. Surficial
mantle samples: NLI2, typical uncracked to mildly cracked soil en
clayey sandstone, free swell 80 percent (exaggerated); NLI 0, black clay
soil, free swell 131 percent.

Stratigraphic thickness: Averages 250 ft, maximum of 500 ft (Hall, 1958).
Sources: Hall, 1958; five stations.

MAP UNIT 390

Geologic unit, (age), and location: Claremont Shale of the Monterey
Group, sandstone member (T), in the East Bay Hills.

Summary: Largely sandstone; most firm, some hard and calcite cemented.
Hard blocks as large as 4 ft in diameter. Not blasted. Probably much
surficial mantle is expansive.

Composition: Largely sandstone, medium to coarse grained, poorly sorted,
nearly saturated by interstitial fines (silt, clay; ash?), some calcite ce
mented. Includes some siliceous shale and firm shale. In Broadway tun
nel, Page (1950) reported fine- to medium-grained sandstone that consists
of mostly angular grains of quartz and abundant feldspar. Includes mi
nor diabase dikes that are altered and clayey.

Hardness: Some sandstone is firm to soft where weathered, some is hard
and calcite cemented where weathered and fresh; probably most is firm,
some hard. Radbruch (1969) reported "generally firm," Page (1950) re
ported "mainly fairly well consolidated"; hence, probably largely firm
fresh and weathered. Siliceous shale hard. Shale has firm pieces and firm
to soft rock mass where weathered.

Bedding: Firm sandstone probably in very thick (lO-ft or more) beds.
Distinct beds of hard sandstone, siliceous shale, and shale are medium
to very thick (6 ft). Page (1950) reported that unit is uniform rock,
"largely devoid of stratification."

Parting: Largely absent to very wide (10 ft or more). At distinct bedding
planes and within shale at close to very close spacing.

Fracture: Spacing in hard sandstone is close to very wide (4 ft) Firm
sandstone has close to moderate spacing of weathering fracture on close
to wide original fracture spacing apparent in some exposures. Siliceous
shale close to moderate spacing; firm shale close to very close. Firm
sandstone has close spacing where fresh in many places at Broadway
tunnel (Page, 1950). Rock would have been satisfactory for tunneling
except for close fracture and diabase dikes (Page, 1950).

Permeability: Sandstone has low intergranular permeability, probably
moderate fracture permeability in some shallow rock. Shale has very low
intergranul&r permeability, some has low to mederate fracture per
meability in shallow rock. Thus, most bedrock has low intergranuJar per
meability, some very low; probably moderate fracture permeability in
some shallow rock. Probably much mantle moderate, much low to very
low.

Weathering: To depths greater than 15 ft. Hard sandstone remains hard
to near surface.

Surficial mantle: Probably much granular, much clayey.
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Expansivity: Most bedrock unexpansive, minor may be expansive (shale).
Probably much mantle expansive. See samples for other sandstones of
the Monterey Group, such as unit 364. No mention of swelling clays by
Page (1950).

Stratigraphic thickness: 130-400 It (Page, 1950).
Sources: Page, 1950; Radbruch, 1969; Radbruch and Case, 1967; one sta

tion.

MAP UNIT 391

Geologic unit, (age), and location: Sobrante Sandstone (T) (restricted in
sense of Lutz, 1951) of the Monterey Group, only near southwest flank
of Mount Diablo.

Summary: Contains sandstone, conglomerate, clayey and tuffaceous fine
sandstone, mudstone, and minor prominent shell reef, all in variable pro
portions from dominant sandstone to some of all compositions. Largely
low permeability, some moderate. Minor to some bedrock and much
mantle severely expansive.

Expression in aerial photographs: Mostly occupies valley or nonresis
tant swale between resistant ridges formed by adjacent units 350 and 343.
Near Mount Diablo State Park, includes a sharp resistant crest about 100
It in width, probably shell breccia; in other areas, nearly half of section
forms resistant knobs in places along strike. Along flank of Mount
Diablo, forms prominent smooth, rounded, grassy zone between rough,
craggy, brush- and tree-covered adjacent units. Unit shows light-toned
resistant bands 20-100 ft in width between dark-toned nonresistant bands
commonly 20-50 ft, but as much as 200 ft, in width.

Composition: (1) Sandstone, fine to coarse grained, largely medium
grained, some coarse, some grit and pebble stringers, much contains tuf
faceous clasts. Rock has well-sorted to moderately sorted sand, but most
contains tuffaceous fines and clay clogging sufficient to reduce a rock
of inherent moderate and lesser high permeability to one of low and lesser
moderate permeability. Some coarse-grained sandstone has blue coatings
on grains (see unit 400). (2) Fossiliferous sandstone containing abun
dant oyster shells, pebbly and gritty, coarse grained, much calcite ce
mented. Limonite stained and cemented in part. In places contains huge
blocks (as large as 10 ft in diameter) of foreign material, in particular
muddy fine sandstone. (3) Conglomerate of pebbles and some cobbles
as much as 4 in. in diameter, most less than 2 in., in low permeability
sandstone matrix. (4) Clayey rock, consisting of fine-grained, dirty,
clayey, or tuffaceous sandstone, mudstone, and sandy shale. These clayey
compositions are gradational and all have weathering fracture; all occur
interbedded in typical interbeds, but clayey and tuffaceous sandstone and
mudstone also occur as very thick monolithologic intervals.

Proportions are variable. At traverse near Walnut Creek (sample lo
calities WC48, WC49), unit is largely sandstone and clayey sandstone,
sandstone dominant to equally abundant; minor conglomerate and mud
stone, no shell reef (here included in unit 350). At traverse near Mount
Diablo State Park (sample localities DIO, Dll), unit includes some each
of mudstone, clayey sandstone, sandstone, and conglomerate, as well as
a shell reef 30 ft thick; thus, unit here contains significantly less sand
stone and more mudstone and conglomerate than near Walnut Creek.

Hardness: Sandstone soft to firm where weathered, probably firm where
fresh. Shell reefs are firm but contain hard cemented layers. Clayey sand
stone largely firm where weathered, some tuffaceous sandstone firm and
brittle. Mudstone firm. Concretions hard to firm. Conglomerate is firm
and contains largely hard, some firm, pebbles and cobbles.

Bedding: Most sandstone beds, conglomerate beds, and shell reefs are
distinct and very thick (l0-100 ft). Most mudstone and clayey sandstone
occur in distinct very thick (lO-ft to more than 60-ft) intervals. Much
clayey sandstone is indistinctly internally bedded in medium to 4-ft beds;
mudstone is commonly internally distinctly thin bedded, and some con
tains thin hard sandstone interbeds. Concretions and hard cemented lay
ers in reefs are medium to 4 ft thick.

Parting: On distinct bedding planes (most at spacing greater than 10 ft);
within some sandstone beds at moderate to 4-ft spacing; mostly absent
in clayey sandstone, conglomerate, and shell reefs; present largely at
close spacing in mudstone.

Fracture: In sandstone, spacing ranges from close to 6 ft, mostly moder
ate to 4 ft; fracture is commonly poorly defined and variable. Finn blocks
as large as 6 ft in diameter have been excavated. Clayey sandstone and
mudstone have close to wide original spacing and very close to moder
ate spacing of weathering fracture. Conglomerate spacing wide to 4 ft;
shell reef mostly moderate to 4 ft, some blocks as large as 8 ft. All is
ripped, some with difficulty.

Permeability: Of shallow sandstone, about one-third or less has moder
ate intergranular permeability, two-thirds or more low, the result of clay
and tuffaceous clogging of otherwise moderate to high permeability rock;
most sandstone below shallow rock may be moderate, some high. Shell
beds have very low to low intergranular permeability, conglomerate low,
clayey sandstone to mudstone low to very low. Thus, shallow bedrock
has largely low intergranular permeability, minor to some (possibly as
much as one-fourth) moderate, minor to some very low; below shallow
rock probably some to much moderate, minor to some high, remainder
low to very low. Much mantle very low, much moderate.

Weathering: To depths greater than 25 ft in sandstone; to depths of about
5-10 ft in mudstone; to depth of 15 ft in clayey sandstone that shows
weathering fracture.

Surficial mantle: Much clayey, much granular. About half of unit is cov
ered by clayey soil, such as sample DIOB. Soils similar to sample DIOB
are sample WC48, dark sandy clay soil, local constituent, and sample
WC55, dark brown sandy clay soil, typical of area of much road dam
age. The other half of unit is covered by granular soil similar to sample
WC52, a clayey sand to sandy clay soil. Lutz (1951) reported that most
of unit is covered by adobe.

Expansivity: Most bedrock unexpansive, much may be significantly ex
pansive, minor to some severely expansive (mudstone). Much mantle
severely expansive, much unexpansive to significantly expansive.
Samples: DIOA, well-cracked fine sandy mudstone, free swell 128 per
cent; DIOB, moderately cracked dark clay soil, typical of half of unit,
free swell 118 percent; WC48, moderately cracked sandy clay soil, free
swell 105 percent; WC55, moderately cracked sandy clay soil, free swell
70 percent; WC52, mildly cracked clayey sand to sandy clay soil, free
swell 69 percent.

Stratigraphic thickness: 500 ft (Brabb and others, 1971); 500-1,100 ft
(based on measured map width).

Sources: Brabb and others, 1971; Lutz, 1951; seven stations.

MAP UNIT 392

Geologic unit, (age), and location: Sobrante Sandstone (T) of the
Monterey Group, only in the East Bay Hills near Pinole Ridge and
Oursan Ridge.

Summary: Largely firm, clayey to silty sandstone; some sandy mudstone.
In places includes hard sandstone beds as thick as 4 ft, On aerial photo
graphs, nonresistant soft topography. Much to most mantle is severely
expansive.

Composition: Largely clayey to silty, fine- to medium-grained sandstone,
some sandy mudstone and shale. In Pinole Valley anticline, character
ized by iron-stained zones as wide as 1 ft on joints and bedding. Near
Briones Reservoir includes: anomalous hard, fine- to medium-grained,
tuffaceous sandstone; some clay-free, variably silty medium-grained
sandstone; and hard calcite-cemented medium to thick beds and concre
tions.

Hardness: Clayey sandstone, mudstone, shale, and clay-free sandstone are
largely firm, some soft, where weathered and probably firm where fresh;
anomalous tuffaceous sandstone near Briones Reservoir is hard and
brittle; calcite-cemented beds and concretions are hard. Iron-stained
zones in Pinole Valley anticline are probably firm to hard.
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]3c:dding: Variable. In Pinole Valley anticline. Sheehan (1956) reported
thick distinct sandstone beds between thin sha]y partings; Radbruch and
Case (1967) reported largely very thick beds. Near Briones Reservoir.
Lutz 11951) measured largely very thick (10- to 50-ft) sequences of
massive to indistinctly bedded sandstone (see section). Also near Briones
Reservoir. distinct to indistinct medium to very thick (4-ft) beds of tuf
faceous sandstone are interbedded with similar thicknesses of clayey
sandstone and shale.

Parting: Mostly very wide spacing (10 ft and more), except minor wide
sp;:;cing where distinct thick beds. Present also in shale at very close
spacing and at contacts between sandstone and shale in anomalous dis
tinctly bedded rock near Briones Reservoir.

Fracture: Clayey sandstone has close-spaced weathering fracture on mod
erate to v,ide original iron-stained fracture; mudstone and shale have
close to very close fracture spacing; firm to hard iron-stained zones in
sandstone are moderate to wide; hard tuffaceous sandstone has close to
moderate fracture spacing.

Permeability: Clayey sandstone and tuffaceous sandstone have low to very
low intergranular permeability, largely low fracture permeability in shal
low bedrock. Intergranular permeability of mudstone and shale very low,
of rare clay-free medium-grained sandstone as much as moderate. Thus,
almost all bedrock has low and very low permeability. Probably much
mantle moderate, much low to very low.

Weathering: Silty medium-grained sandstone partly fresh at depths of lO
15 ft.

Surficial mantle: Probably much granular, much clayey.
Expansivity: Probably most bedrock unexpansive, some expansive (mud

stone). Much to most mantle severely expansive. Samples: R23, mod
erately cracked clayey sand soil, free swell 101 percent (exaggerated~);

R24, moderately to severely cracked clayey sand subsoil, free swell 81
percent; BV22, mildly cracked clayey sand soil, free swell 100 percent
(exaggerated 'i).

Stratigraphic thickness: About 120 ft (Lutz, 1951).
Sources: Lutz, 1951; Radbruch, 1969; Radbruch and Case, 1967; Sheehan,

1956: three stations.

MAP UNIT 393

Geologic unit, (age), and location: Temblor(?) Sandstone (T), only in
Santa Cruz Mountains between Gilroy and Lorna Prieta.

Summary: Largely sandstone that is firm, low permeability, and in very
thick beds between lesser mudstone interbeds. Minor calcite-cemented
rock, but much sandstone crops out as case-hardened very large (6- to
10-ft or more) blocks. Most bedrock and mantle unexpansive, but prob
ably some of each severely expansive.

Expression in aerial photographs: Largely intermediate topography, re
sistant to subdued, that includes nonresistant saddles; broadly ribbed in
many places. Near Sveadal, some hard topography and much resistant
intermediate topography includes abundant prominently outcropping rock
ribs, 30-100 ft in width, and subdued zones between ribs as wide as 200
ft, all in 1,000 ft of section.

Composition: (1) Sandstone, largely medium to coarse grained, some has
very coarse grains, small pebbles, and mud chips; largely moderately to
poorly sorted; ranges from somewhat dirty, scaly, low permeability rock
to clean moderate permeability rock, largely low permeability but not
scaly. (2) Calcite-cemented and lesser silica-cemented zones and con
cretions in sandstone. (3) Mudstone, some contains limestone nodules. I

(4) Conglomerate of pebbles to boulders in sandstone matrix. (5)
Porcelaneous shale (mismapped). Sandstone is dominant, minor to some
mudstone. Minor conglomerate at base of unit, minor cemented rock, and
minor porcelaneous shale.

Hardness: Sandstone largely firm where weathered and probably where
fresh, much case hardens in outcrop; some sandstone quite firm where
weathered, probably difficult ripping. Much sandstone is soft where well I

weathered (within several feet of ground surface). Cemented rock and
limestone nodules are hard, mudstone firm, conglomerate probably firm
with hard clasts.

Bedding: Sandstone largely in very thick beds, many thicker than 10 ft.
Mudstone interbeds thin to very thick.

Parting: In some sandstone at wide to moderate spacing, in most at very
wide spacing on distinct bedding planes. Probably largely wide spacing
within mudstone.

Fracture: Sandstone has original major fracture at moderate to 5-ft spac
ing, largely wide, but outcropping blocks are 6-10 ft or more in diam
eter. tvluch sandstone has fracture at close to moderate spacing that
develops where weathered. Thus, fresh rock and some weathered rock
have largely wide spacing, but much weathered rock has close to mod
erate spacing, especially where well weathered (within 5-10 ft of ground
surface). Cemented rock wide to 4 ft, limestone nodules close to mod
erate. Mudstone has close to very close spacing of weathering fracture,
probably moderate to wide original spacing.

Permeability: Intergranu]ar permeability in sandstone largely low, some
moderate; mudstone very low; cemented sandstone low to very low;
conglomerate probably low. Thus, bedrock has largely low intergranu
lar permeability, some moderate, some very low. Most mantle moder
ate, some very low to low.

Weathering: Sandstone commonly weathers to depths of more than 10 ft.
Most sandstone case hardens in outcrop.

Surficial mantle: Largely granular, some clayey. Largely uncracked sand
and clayey sand soils, in places much clayey subsoil.

Expansivity: Bedrock largely unexpansive, but minor to some severely
expansive (mudstone). Most mantle unexpansive, some probably severely
expansive (subsoil). Samples: MMDIl, weathered mudstone, may be
typical of mudstone and clayey subsoil but may be anomalous, free swell
92 percent; MMDI3, dark clayey subsoil, probably on unmapped
Monterey Group, free swell 70 percent.

Sources: McLaughlin and others, 1971; nine stations.

MAP UNIT 394

Geologic units, (age), and location: San Ramon Sandstone (T); Kirker
Formation of Primmer (1964), sandstone member (T); only in the East
Bay Hills near Briones Reservoir.

Summary: Consists of two adjacent geologic units, described separately
below; both occur in bands of about equal width, the San Ramon Sand
stone adjacent to unit 435. For the combined map unit, most bedrock is
unexpansive, some is probably expansive; most mantle is significantly
expansive, some severely expansive. Intergranular permeability in bed
rock is largely low, minor to some very low; much mantle moderate,
much low to very low. Much mantle is granular, much clayey.

San Ramon Sandstone

Summary: Firm sandstone, some in concretionary resistant beds. most is
nonresistant dirty sandstone; minor tuffaceous siltstone. Forms resistant
ridge, but little outcrop. On aerial photogrJ.phs, largely light-toned bands,
some dark. No blasting necessary (Radbruch and Case. 1967). Typical
soil is significantly expansive.

Composition: Largely fine- to medium-grained sandstone, some tuf
faceous; includes both relatively clean, concretionary beds that crop out
in places and dirty sandstone that produces weathering fracture. Largely
the dirty sandstone. Concretions are calcite cemented, elongate, mosIly
medium but some large. Includes one bed of white tuffaceous sillstone
or tuff.

Hardness: Sandstone largely firm; resistant beds are firm to quite firm,
some possibly hard (Radbruch and Case, 1967) weathering firm. Silt
stone firm. Concretions hard.

Bedding: Concretionary sandstone and dirty sandstone indistinctly inter
bedded in beds of unknown thickness. Tuffaceous siltstone as one dis-
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tinct very thick (5- to 25-ft) bed. Radbruch and Case (1967) reported
beds thin to 5 ft.

Parting: Absent to rare.
Fracture: Resistant sandstone generally has moderate to close spacing;

dirtv sandstone has close to moderate spacing of weathering fracture on
moderate to wide spacing of iron-stained original fracture. Siltstone has
very clese to moderate spacing of weathering fracture. Some or mere
sandstone weathers spheroidally.

Permeability: Low intergranular permeability in bedrock. Most mantle
moderate.

Weathering: To depths greater than 10ft.
Surficial mantic: Largely granular. Mildly cracked clayey sand soil, such

as sample BV25, is typical. Radbruch and Case (1967) reported rocky
loam soil less than 1 ft in thickness.

Expansivity: Most bedrock unexpansive. Most mantle significantly ex
pansive. Sample BV25, mildly cracked clayey sand soil, free swell 74
percent.

Stratigraphic thickness: Maximum thickness of 250 ft reported by Pease
(1954), quoted by Radbruch and Case (1967).

Sources: Radbruch, 1969; Radbruch and Case, 1967; one station.

Sandstone member of Kirker Formation of Primmer (1964)

Summary: In large part resistant tuffaceous sandstone, crops out, forms
ridge, most hard. Includes some firm mudstone. On aerial photographs,
forms resistant white band. No blasting necessary (Radbruch and Case,
1967). Most mantle and probably some bedrock is expansive.

Composition: Lower part of unit is largely fine- to medium-grained tuf
faceous sandstone that weathers to a distinctive light gray, but contains
some tuff and minor siltstone and conglomerate (not seen); minor sand
stone has enough silt and clay to weather spheroidally. As one moves
upward through unit, shale partings are reported to interrupt the sand
stone, grading upward to massive mudstone interbedded with tuffaceous
sandstone. Most of unit is tuffaceous sandstone, some mudstone, minor
siltstone and conglomerate.

Hardness: Sandstone firm to hard, most hard; siltstone firm pieces. Con
glomerate has hard clasts. Mudstone probably has firm pieces, weather
ing firm to soft; tuff firm.

Bedding: Prominent tuffaceous sandstone in distinct thick to very thick
(as much as 10-fr or more) beds. Other beds thin to very thick, some
laminated.

Parting: About half of sandstone has parting at close to wide spacing;
remainder has parting on bedding planes mostly at very wide spacing
(as much as 10 ft or more).

Fracture: In sandstone, mostly moderate spacing, ranging from close to
wide. Radbruch and Case (1967) reported prominent moderate to wide
fracture spacing perpendicular to bedding in sandstone. Minor sandstone
weathers spheroidally by close to very close spacing of weathering frac
ture on close to moderate original spacing. Siltstone has close to very
close spacing. Mudstone and tuff probably have close to very close spac
ing of wearhering fracture.

Permeability: Bedrock has largely low intergranular permeability (sand
stone), some very low Imudstone). Most mantle low to very low.

Weathering: To depths greater than 10 fr, but may not have much effect
on rock properties.

Surficial mantle: Largely clayey. Soil on ridge over tuffaceous sandstone
is generally thin (less than 1 ft) and like sample BV24. Soil on mud
stone is 1-3 ft thick, clayey, no sample.

Expansivity: Most bedrock unexpansive but some is probably expansive
(mudstone). Most mantle expansive, some to most of this severely ex
pansive. Sample BV24, mildly cracked sandy clay soil, free swell 83
percent. No expansivity mentioned by Radbruch and Case (1967).

Stratigraphic thickness: Pease (J 954), quoted by Radbruch and Case
(1967), showed maximum of 250 ft.

Sources: Lutz, 1951; Radbruch, 1969; Radbruch and Case, 1967; one sta
tion.

MAP UNIT 399

Geologic unit, (age), and location: Sandstone tTl, near San Antonio Creek
and on Burdell Mountain in Marin highlands.

Summary: Sandstone interbedded with mudstone, proportions uncertain.
Minor hard calcite-cemented sandstone. Probably mllch bedrock and most
mantle is significantly cxpan,;ive.

Expression in aerial photographs: At Burdell Mountain. steep interme
diate topography. Near San Antonio Creek, largely intermediate topog
raphy, some soft, some crude light-toned resi,tant bands; much appears
similar to the exposure studied in field.

Composition: Sandstone interbedded with mudstone. Sandstone is largely
fine to very fine grained, moderarely to poorly sorted, and contains some
interstitial silt. Much sandstone is tuffaceous and some is calcite ce
mented. Minor coarse-grained to very coarse grained sandstone that con
tains silt-saturated matrix and fossil debris occurs at base and as intrusive
dikes; much of this sandstone is calcite cemented and some is conglom
eratic. Mudstone ranges from silty claystone to siltstone. Proportions
uncertain. In area near San Antonio Creek, probably much sandstone,
much mudstone. Exposure on Burdell Mountain not seen in field, re
ported to be largely sandstone (l.A. Bartow, written commun., J972).

Hardness: Fine sandstone is firm whe.re weathered except hard where
calcite cemented. Coarse-grained calcite-cemented sandstone is hard
where weathered; mudstone is firm where fresh and where weathered.
but rock mass is firm to soft owing to very close fracture.

Bedding: Distinct where sandstone beds present. Sandstone beds range
from thin, where within very thick mudstone, to as thick as 15 ft. Much
fine sandstone is laminated.

Parting: Very close spacing in laminated fine sandstone and in some
mudstone, but most mudstone weathers spheroidally. Present at distinct
bedding planes. Absent in very thick sandstone and in coarse-grained
sandstone.

Fracture: In sandstone. wide to moderate spacing, except in laminated
sandstone that produces parallel parting, where spacing is close. In mud
stone, spacing i, very close in both fresh and weathered rock; most
weathered mudstone shows spheroidal weathering.

!'ermeability: Intergranular permeability of sandstone probably low, mud
stone very low. Probably low fracture permeability in shallow mudstone.
Probably most mantle low near San Antonio Creek, probably much to
most moderate on Burdell Mountain.

Weathering: To depths of 20-25 ft.
Surficial mantle: Probably largely clayey near San Antonio Creek, prob

ably much to most granular on Burdell Mountain. Typical soil on hill
near San Antonio Creek is silry clay containing sand.

Expansivity: Probably some to much bedrock and much to most mantle
is significantly expansive. Samples PIB, mudstone, probably more ex
pansive than most, free swell 55 percenr; PIA, typical silty and sandy
clay soil, free swell 53 percent.

Sources: l.A. Bartow, written commun., 1972; Blake and others. 1974;
one station.

MAP UNIT 400

Geologic unit, (age), and location: Neroly Sandstone (T), only in the
Livermore Valley area.

Summary: About equally abundant sandstone and clayey rock (including
clayey sandstone). Most rock firm. Minor, locally some. calcite-cemented
rock. Some or more bedrock and much mantle is severely expansive.

Expression in aerial photographs: Stands out prominently above unit 354.
Hard to intermediate topography, some sharp crests and regular ribbing.
Banded by light-gray and dark-gray zones 20-100 ft in width, mostly 20
50 ft. Character of hogbacks is distinctive; light photographic tone, in
places shows prominent coarse ribbing.
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Composition: (1) Sandstone, mostly medium grained, ranging from fine
to coarse grained, well to moderately well sorted; tuffaceous clasts and
matrix in some. Sandstone is andesitic and has blue grain coatings of
montmorillonitic clay (Snow, 1957, p. 38) and (or) opaline material
(Huey, 1948, p. 43; Reiche, 1950, p. 5) that are characteristic of Neroly
Sandstone; montmorillonite in blue coatings is not free clay. Sand grains
subangular to angular (Huey, 1948: Reiche, 1950; Snow, 1957). (2) Sand
stone, clay coated (free clay), brown (rather than blue), fine to coarse
grained, much medium to coarse grained, well to moderately well sorted.
Varies from clean (no clay) to nearly clay clogged. (3) Calcite-cemented
sandstone and concretions that commonly occur in zones. (4) Clay- or
tuff-saturated sandstone, fine to coarse grained, well to moderately well
sorted. (5) Clayey fine-grained sedimentary rock, including mudstone,
siltstone, clayey fine sandstone, sandy mudstone, and sandy claystone;
most is silty to fine sandy, much tuffaceous. (6) Porcelaneous te
subporcelaneeus mudstone, some shale. (7) Conglomerate of well
rounded andesitic pebbles to cobbles, some boulders, scattered to tightly
packed in matrix of clean to clay-coated, fine- to coarse-grained sand
stone similar to compositions 1 and 2. Grades to pebbly sandstone. Some
is calcite cemented. (8) Limestone in beds and nodules (Reiche, 1950).
(9) Tuff (Condit, 1938), probably highly tuffaceous siltstone or mudstone,
and beds of swelling bentonitic clay (Snow, 1957; Hansen, 1964).

Unit includes much of both sandstone (compositions 1, 2, 3, 7) and
clayey rock (compositions 4, 5, 6). Estimates for entire unit vary from
about three-fourths sandstone (Snow, 1957) to three-fourths clayey rock
at sample locality AA7; a reasonable estimate of total composition is
about equally abundant sandstone and clayey rock, sandstone dominant
(two-thirds or more) near base, clayey rock dominant toward top. Cal
cite-cemented rock and porcelaneous mudstone are generally minor, as
much as 12 percent in places. Limestone and tuff minor. Conglomerate
minor overall, locally makes up most of section in intervals as thick as
several hundred feet (Anderson and Pack, 1915).

Hardness: Blue sandstone (composition 1) firm where weathered and prob
ably where fresh, friable to some degree; brown clay-coated sandstone
(composition 2) soft, some finn, where weathered, probably soft to firm
where fresh. Conglomerate firm to soft, contains hard clasts. Clayey
materials (compositions 4, 5) firm where weathered and probably where
fresh. Porcelaneous mudstone hard to firm where fresh and weathered.
Calcite-cemented sandstone and conglomerate, concretions, and lime
stone are hard.

Bedding: Ranges from thick to very thick (as much as 60 ft or more), of
which some or more is 6-30 ft, some or more thick to 6 ft. Both sand
stone and clayey fine-grained rock occur in part in 30- to 60-ft beds,
some persistent along strike (Reiche, 1950). Sandstone beds are com
monly internally indistinctly bedded or crossbedded; some mudstone in
tervals are indistinctly internally bedded at medium to thick. Much
bedding is lenticular and irregular, especially conglomerate bodies.
Bedding planes between sandstone and siltstone vary from distinct to
indistinct; an estimated half of contacts are gradational, half sharp,
and all contacts are commonly very irregular. Thus, less than half of bed
ding planes serve as potential slip surfaces for cut-slope failure, but
half or more are probably effective for ripping. Calcite-cemented beds
as thick as 8 ft, concretions to large; limestone beds and nodules to me
dium.

Parting: Absent within beds. Present on less than half of wide-spaced to
very wide spaced bedding planes in sense of planes for cut-slope fail
ure; present on more than half of bedding planes for ripping. Thus,
mostly very widely spaced. Calcite-cemented sandstone parted internally
at moderate to wide.

Fracture: Distinct fracture in sandstone, in contrast to indistinct and ir
regular fracture in Domengine Sandstone (for example, units 343 and
344). Moderate to wide spacing, some as much as 4 ft, in sandstone and
calcite-cemented sandstone (compositions 1, 2, 3), much about perpen
dicular to bedding. Wide to 4-ft spacing in conglomerate. Clayey rock
(compositions 4, 5) has very close to moderate, most close to very close,

spacing of weathering fracture on probably moderate to wide original
spacing. Porcelaneous mudstone has very close to moderate spacing.

Permeability: Sandstone and conglomerate (compositions 1, 2, 7) have
much of both moderate and low intergranular permeability, probably
about equally abundant in shallow rock, and minor high; clayey rock
(compositions 4, '5, 6) low to very low, much of each; cemented rock
very low to low. Thus, shallow bedrock has about one-fourth or less
moderate, one-half low, one-fourth very low; possibly much moderate
below shallow rock. Much mantle very low, much moderate.

Weathering: Blue sandstone unchanged by weathering to near ground
surface; brown clayey sandstone weathered to depths greater than 20 ft.
Clayey rock shows weathering fracture. In sandstone, weathering frees
clay of tuffaceous component, but apparently does not significantly af
fect blue clay coatings.

Surficial mantle: Much clayey, much granular. Some of both fluffy dark
clay soil, such as sample MOW 10, and clayey sand soil, such as sample
BHYI. Also some brown, very sandy clay soil, such as sample
MDW19B. Granular soil occurs largely over topographic highs, clayey
soil in lower areas. Snow (1957) reported blue-black soils.

Expansivity: Much bedrock is unexpansive; much is expansive, includ
ing some or more that is severely expansive. Much mantle severely ex
pansive, much unexpansive to significantly expansive. Bedrock samples:
AA7, well-cracked plastic sandy claystone from 25-ft bed, free swell 120
percent; MDWll, moderately cracked sandy claystone from 6-ft bed, free
swell 98 percent; MOW 16, moderately cracked sandy mudstone, typi
cal of much of unit, free swell 100 percent (exaggerated); MDWI8,
moderately cracked sandy mudstone, typical of most expansive 10 per
cent of unit, free swell 104 percent; MDWI9A, mildly cracked mudstone,
probably typical of mudstone, free swell 95 percent. Reiche (1950) re
ported 50 percent montmorillonite in clays of this unit. Surficial mantle
samples: MDWIO, clay soil, free swell 157 percent (exaggerated?);
BHYl, clayey sand soil, free swell 90 percent (exaggerated); MDWI9B,
sandy clay soil, free swell 95 percent.

Stratigraphic thickness: Maximum of 2,500 ft (Brabb and others, 1971);
931 ft at pumping plant near Tracy (Hansen, 1964); 750 ft near Moun
tain House (Snow, 1957); 2,000 ft or more (Geological Society of Sac
ramento, 1959).

Sources: Anderson and Pack, 1915; Brabb and others, 1971; Condit, 1938;
Geological Society of Sacramento, 1959; Hansen, 1964; Huey, 1948;
Reiche, 1950; Snow, 1957; 14 stations.

MAP UNIT 401

Geologic unit, (age), and location: Neroly Sandstone (T), only along
southwest flank of Mount Diablo.

Summary: Largely clayey and tuffaceous sandstone and mudstone, mi
nor to locally some relatively clean sandstone and cemented pebbly shell
breccia. Blasting necessary in very thick shell breccia. Some bedrock and
most mantle severely expansive.

Expression in aerial photographs: Largely intermediate crests; indis
tinctly banded in light and dark tones. Where clear, both light- and dark
toned bands are about 10-50 ft wide. Unit is lower and less resistant than
units 350 and 354, very similar in appearance to unit 134. Toward north
(Shell Ridge), develops strong hogback topography in which shell beds
form knife-edge crests.

Composition: (1) Relatively clean sandstone, fine to cearse grained, mostly
medium grained, well to moderately well sorted; most has blue clay
coatings Isee unit 400); low to moderate permeability depending on de
gree of clay filling. Grades to (2) clayey and (or) tuffaceous sandstone,
largely fine to medium grained but SCIDe coarse grained, ranges from
well-sorted but clay-clogged rock to moderately or poorly sorted rock
approaching sandy claystone, mostly of low permeability but commonly
includes very low permeability material. Tuffaceous components occur
both as clasts and in matrix. (3) Clayey fine-grained rock, variably
tuffaceous, including mudstone, siltstone, high-matrix very fine grained
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sandstone, and sandy mudstone. Grades to (4) porcelaneous to
subporcelaneous mudstone. (5) Conglomerate to pebbly sandstone, in
coarse-grained sandstone matrix of low to moderate permeability. Boul
der conglomerate at base of unit, otherwise largely pebble and some
cobble conglomerate, largely of well-rounded porphyritic andesitic clasts.
(6) Shell breccia and pebble conglomerate in sandstone matrix, cemented
to partially cemented by calcite. (7) CCilcite-cemented ckan sandstone
Clnd siltstone. (8) Brown lithic tuff (Webb and Woodburne, 1964). (9)
Tuffaceous fine sandstone, hard. (10) Concretions in clean and clayey
sandstone, calcite cemented.

Unit is largely clayey sandstone (composition 2) and clayey fine
grained rock (composition 3), but includes minor to locally some rebtively
clean sandstone (composition I) and minor to locally some conglomerate
and porcelaneous mudstone. Shell breccia is generally minor, but near
Shell Ridge constitutes some of unit, associated with sharp crest. Other
compositions are minor. Unit probably averages more than half clayey
sandstone (composition 2), one-third clayey fine-grained rock (compo
sition 3), the remainder clean sandstone and conglomerate.

Hardness: Clean sandstone is firm to soft where weathered; clayey and
(or) tuffaceous sandstone ranges from soft to quite firm, some brittle,
but is mostly firm, some soft, where weathered and probably firm to quite
firm where fresh; clayey fine-grained rock (composition 3) is firm where
weathered, probably firm where fresh; porcelaneous to subporcelaneous
mudstone is hard to firm where frcsh and weathered. Where weathered,
conglomerate is largely firm, some probably soft, containing hard to firm
clasts. Shell breccia is hard to firm, much quite firm, in tcugh, coherent
blocks. Calcite-cemented sandstone and siltstone are hard fresh, sand
stone weathers firm. Lithic tuff probably firm. Concretions hard.

Bedding: Interbedding largely at two different scales: (I) major compo
sitional changes at very thick (commonly 6 ft to a few tens of feet, less
commonly as much as 100 ft or more); and (2) somewhat repetitive
interbedding Cit thin to very thick (6 ft), in packets similar in thickness
to the major compositional changes. One band of conglomerate as thick
as 120 ft or more. Brown lithic tuff 4-20 ft thick, possibly other tuff to
thick. Pebbly shell breccia near Shell Ridge as thick as 150 ft or more,
within which sandstone grades in and out of shells and conglomerate.
Hard calcite-cemented sandstone and shell breccia medium to 40 ft in
thickness. Lenticular form of conglomerate beds, as well as crossbedding
(without parting) within sandstone and pebbly sandstone, are character
istic. Concretions medium to large.

Parting: Present at distinct bedding contacts, absent within beds. Thus,
present largely at wry wide spacing (more than 6 ft), but at close to 4
ft spacing in 10-25 percent of unit. Near shell breccia, may lack pClrting
over 250-ft interval.

Fracture: Clean sandstone has moderate to wide original spacing, some
close to moderate spacing of weathering fracture; clayey and (or) tuf
faceous sandstone has moderate to 5-ft, mostly moderate to wide, origi
nal spacing, and most has very clcse to moderate spacing of weathering
fracture, some spheroidal. Clayey fine-grained rock has close to very
close spacing of weathering fracture, as does porcelaneous mudstone. Un
known, possibly absent, in conglomerate. Shell breccia ranges from mod
erate to 8-ft spacing, mostly wide to 4 ft, some showing firm spheroidal
weathering rind on moderate to wide hard cores. Other hard sandstone
has spacing to moderate, concretions to wide.

Permeability: lntergranular permeability in clean sandstone is low to
moderate; clayey and (or) tuffaceous sandstone largely low, some very
low, and some may be moderate below weathering zone; clayey fine
gmined rock largely very low, some Jow; porcelaneous mudstone has
very low intergranular permeability, probably low fracture permeability
in shallow rock; conglomerate and pebbly sandstone low to lesser mod
erate; shell breccia low to very low, depending on degree of cementa
tion; other compositions low to very low, except probably moderate in
weathered calcite-cemented sandstone. Thus, most bedrock has low and
very low permeability; minor to locally some moderate, especially be
low weathering zone. Most mantle very low, some moderate.

\Veathering: Relatively clean sandstone, including sandstone of low per
meability, weathered to depths greater than 25 ft. Clayey and (or) tuf
faceous sandstone weathered to depths of 6-15 ft or more; some shows
spheroidal weathering and much has weClthering fracture. Shell brecciCi
fresh to near surface in places, elsewhere develops spheroidal weather
ing. Some calcite-cemented beds weather firm, some are fresh to out
crop or near outcrop. Thus, much weathering fracture in unit; possibility
of clay clogging of clean sandstone in weathered zone.

Surficial mantle: Largely clayey, some granular, different soils at differ
ent localities. On traverse at sample localities D4-D6, much dark sandy
clay, such as sample D4. and much light sandy clay, such as sample D6.
On traverse at sample locality TJ2, most is dark sandy clay soil, such as
sample TJ2C, but some is dark clayey sand soil on sandstone, such as
sample TJ2B. Also, sticky clay subsoil on tuffaceous fine sandstone, such
as sample WC46, and sandy clay soil that is typical near shell breccia,
such as sample WC60.

Expansivity: Much to most bedrock significantly IOxpansive, some severdy
expansive, some unexpansive. Most mantle severely expansive. Bedrock
samples: D5A, mildly to moderately cracked weathered mudstone, typi
cal of mudstone, free swell 83 percent; D5B, mildly cracked weathered
clayey sandstone, typical, free swell 71 percent; TJ2A, mildly cracked
weathered clayey sandstone or sandy claystone, typical, free swell 91
percent. Surficial mantle samples: D4, mildly cracked dark sandy clay
soil, free swell 88 percent; D6, uncracked light sandy clay soil, free swell
84 percent; WC60, sandy clay soil, typical near shell breccia, free swell
69 percent: TJ2C, moderately cracked dark sandy clay soil, free swell
121 percent; TJ2B, mildly cracked dark clayey sand soil on sandstone,
free swell 90 percent (exaggerated); WC46, sticky clay subsoil on tuf
faceous fine sandstone, free swell 100 percent.

Stratigraphic thickness: Maximum thickness 2,500 ft (Brabb and others,
1971); about 3,000 ft (Weaver, 1944); 1,000-2,500 ft estimated from
map.

Sources: Brabb and others, 1971; Weaver, 1944; Webb and Woodbume,
1964; seven stations.

MAP UNIT 402

Geologic unit, (age), and location: Neroly Sandstone (T), only near San
Ramon Creek, west of Mount Diablo.

Summary: About half firm sandstone of low to moderate permeability and
moderate to wide fracture spacing, about half interbedded firm high
matrix fine-grained sandstone to mudstone. Both compositions occur in
both very thick (6- to 60-ft) beds and in medium to thick interbedded
sequences. Minor conglomerate. In places, cemented shell beds thick to
4 ft, mostly wide fracture, rip with difficulty. Probably minor to some
bedrock and some mantle are severely expansive.

Expression in aerial photographs: Includes much of both prominent.
resistant intermediate topography and valley bottom.

Composition: (I) Sandstone, largely medium grained, some coarse grained,
rare very coarse grained, well to moderately well sorted, largely clean,
some tuffaceous producing low permeability, much has typical blue coat
ings on grains (see unit 400). In places contains calcite-cemented shell
beds that form resistant ridges. Includes minor concretions to large. (2)
High-matrix fine-grained sandstone, tuffaceous, some grading to sandy
mudstone. (3) Mudstone to siltstone. (4) Shale. (5) Conglomerate, prob
ably largely of pebbles, well rounded, in probably variably clayey sand
stone matrix: and conglomeratic sandstone.

Sandstone (composition 1) is equally abundant to somewhat more
abundant than the combination of high-matrix sandstone (composition
2) and mudstone (composition 3). Shale is rare. Conglomerate and con
glomeratic sandstone are minor overall, locally some. Some cemented
beds in places, absent in others.

Hardness: Firm where weathered and probably where fresh, except hard
in cemented shell beds. Clasts in conglomerate are hard.
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Bedding: Sandstone occurs largely in distinct very thick (6- to 60-ft) beds,
but also some distinct medium to thick beds, ranging from thin to 4 ft.
between similar thicknesses of high-matrix sandstone, in intervals as
thick as 50 ft or more. High-matrix sandstone and mudstone occur in
mostly very thick (10- to 40-fr, some as much as 200-ft) intervals, some
or more of which are indistinctly interbedded at medium to thick. Ce
mented shell beds thick 10 4 ft. Conglomerate beds mostly medium to
thick, locally to very thicL indistinct (no parting).

Parting: Present in about half of sandstone at moderate to 4-ft spacing,
much crude but creating slabs. Present at many bedding contacts of sand
stone against high-matrix sandstone or mudstone, but largely absent
within mudslOne and high-matrix sandstone intervals. Absent on con
glomerate-sandstone contacts. Thus, parting at moderate to 4-ft spacing
in about one-third of unit. very wide in two-thirds of unit.

Fracture: Clean fracture in sandstone at moderate to wide spacing, some
to 4 ft. In mudstone and high-matrix sandstone, very close to moderate,
mcstly close, spacing of weathering fracture on moderate to wide origi
nal spacing. Hard cemented shell beds have mostly wide fracture, but
some oversize blocks as large as 8 ft by 4 ft. Hard cemented beds are
ripped, probably with difficulty (numerous ripper marks).

Permeability: Sandstone has largely low intergranular permeability, about
one-third moderate, rare high in coarse-grained and very coarse grained
beds; high-matrix sandstone and mudstone low to very low. Thus, most
bedrock low, some very low, some moderate, minor high. Probably much
mantle very low to low, much moderate.

Weathering: Weathering fracture extends to depths greater than 15 ft:
sandstone uniform to depths greater than 30 ft.

Surficial mantle: Probably much clayey, much granular.
Expansivity: Much to most bedrock unexpansive, probably some to much

significantly expansive, probably minor to some severely expansive.
Probably some mantle severely expansive, some significantly expansive,
some unexpansive. Sample: LTR25, clayey sand soil on sandstone, free
swell 41 percent. See samples for unit 40 I.

Stratigraphic thickness: See unit 40 I.
Sources: Three stations. See sources for unit 40 I.

MAP UNIT 403

Geologic unit, (age), and location: Neroly Sandstone (T), only near south
ern end of Yolo Range.

Summary: Interbedded sandstone and tuffaceous siltstone, mostly firm but
contain some hard beds. Severely expansive soil over tuffaceous siltstone.

Composition: Sandstone interbedded with tuffaceous siltstone or fine ash
tuff. Sandstone is well sorted, clean, well rounded, and contains as much
as 10 percent silt; it varies in grain size from fine to very coarse, com
monly medium grained, but contains rare fine gravel. Minor sandstone
is calcite cemented. Interbeds are of silt-size material, largely tuffaceous,
some containing fine sand. Proportions unknown; sections suggest that
most is clayey rock, some sandstone.

Hardness: Mostly firm sandstone and tuffaceous siltstone. Some sandstone
is calcite cemented and hard, and some sandstone beds are in part hard
without detectable calcite cement. Some hard zones and concretions
occur within tuffaceous siltstone.

Bedding: Many contacts are gradational and indistinct; some are sharp and
distinct, especially from a distance where bedded character is clear. Sand
stone beds are thick to very thick (15 ft), in intervals as thick as 40 ft;
tuffaceous siltstone beds are thin to more than 20 ft. in intervals as thick
as 60 ft or more. See sections by Olmsted and Davis (1961) and
Thomasson and others (1960).

Parting: Not common, because many bedding contacts are gradational.
Some parting in sandstone at moderate to wide(?) spacing.

Fracture: Sandstone has moderate to wide spacing of original fracture and
close to moderate spacing of weathering fracture. Tuffaceous siltstone
has moderate original spacing and close to very close spacing of weath
ering fracwre.

Permeability; Sandstone has mostly moderate intergranular permeability,
some high; tuffaceous siltstone low to very low intergranular permeabil
ity, but probably low fracture permeability in shallow rock. Thus, prob
ably much to most bedrock has low to very low intergranular
permeability, some moderate, minor high; much low fracture permeabil
ity in shallow rock. Much to most mantle very low, some to much mod
erate.

Weathering: To depths greater than 6 ft.
Surficial mantle: Much to most clayey, some to much granular. Clay soil,

such as sample AS, over tuffaceous siltstone. Soil is relatively deep (2
ft or more).

Expansivity: Much to most bedrock may be significantly expansive where
weathered. Much to most mantle severely expansive, some unexpansive.
Sample AS, clay soil, free swell 123 percent.

Stratigraphic thickness: 300 ft near Vacaville (Weaver, 1949).
Sources: Olmsted and Davis, 1961: Sims and others, 1973: Thomasson

and others, 1960: Weaver, 1949; three stations.

MAP UNIT 404

Geologic unit, (age), and location: Briones Sandstone (T). only in the
East Bay Hills between Pleasant Hill and Las Trampas Ridge.

Summary: Not seen in field. Occurs in two areas: (l) Strip on west side
of Franklin fault, west of Walnut Creek. Here stratigraphic relations make
this unit of uncertain character-from one direction seems to coincide
with unit 432, from other direction with unit 405. In this vicinity sili
ceous shales are mapped out, so this unit is probably best approximated
as a mixture of units 405 and 432 in about equal proportions; thus, much
sandstone, much clayey rock. (2) Body on and around Las Trampas Ridge
includes extensions of units 330, 331, and 502 (Monterey Group as
mapped by Ham, 1952). Thus, this body is probably largely sandstone.

Expression in aerial photographs: Body west of Walnut Creek includes
much of both hard resistant topography and intermediate topography.
Body on Las Trampas Ridge has rounded intermediate crests and broad
irregular ribs.

Composition and physical properties: Infer from units mentioned above.
Permeability: Probably like unit 405.
Surficial mantle: Probably much granular, much clayey.
Expansivity: Probably much bedrock and mantle unexpansive, much ex

pansive including some severely expansive.
Sources: Ham, 1952; Trask, 1922.

MAP UNIT 405

Geologic unit, (age), and location: Briones Sandstone, upper part (T), in
the East Bay Hills.

Summary: Consists of resistant intervals of very fine grained to medium
grained sandstone and some finer grained rock between nonresistant in
tervals of interbedded siltstone, mudstone, very fine grained clayey
sandstone, shale, and minor clean or silty sandstone beds. Some moder
ate permeability. Blasting required for trenching( 7) in very thick, firm,
wide-fractured sandstone. Some to much bedrock and much mantle is
significantly expansive, some mantle is severely expansive.

Expression in aerial photographs: Where structure is simple and reveal
ing, unit is distinctly banded, showing light-toned resistant bands 20-250
ft in width between dark-toned nonresistant bands as wide as a few hun
dred feet.

Composition: Unit consists of resistant and nonresistant intervals, much
of each. ReSIStant intervals are of two types: II) well sorted and clean
to variably silty very fine grained to medium-grained quartzose sand
stone, mostly fine grained to very fine grained, interbedded with clayey
and silty sandstone having a similar range of grain size: (2) fine-grained
to very fine grained sandstone that varies from well sorted and clean to
silty and clayey. interbedded with siltstone and silty mudstone. Nonre
sistant intervals consist of interbedded siltstone, mudstone, very fine
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grained clayey sandstone, and shale, some of each, and occasional clean
or silty sandstcne beds. Unit includes hard calcite-cemented beds and
concretions mostly to thick, rarely as thick as 8 ft, and minor lenses of

grit and fine congiomerate. Near San Pablo Dam, contams a 20-ft bed

of ChOTt and two beds of cobble conglomerate.
Hardness: Mostly firm pieces where fresh and weathered, but some rock

is soft \vhere weathered, SOfTIe sandstone is quite firm 2nd is blasted in
pbces, prcbably to facilitate trenching; rock cuts have been shaped by

blades. Includes scattered hard calcite-cemented beds and concretions,

Bedding: Resistant intervals of composition 1 are indistinctly bedded in
very thick (10-ft to more than 50-ft) beds. Resistant intervals of com

pmition 2 are distinctly to indistinctly bedded in medium to very thick

(10-ft) beds, II1Uch in mediun1 4-ft beds. Nonresistant intervals are
generally indistinctiy bedded in either thin tc thick beds or in ,:ery thick

ITluch as 30-ft c,r 1110re) beds, but dean sandstene interbeds are dis

tinct. Both resistant and nonresistant intervals are tens to hundreds of
fec-t thick. Hard calcite-cernented beds and concretions are mostly me
diu!11 to thick, SOllie a~, ITIuch as ft.

Parting~ In cmYlposirion 1, absent to c(:ca31on:.l on bedding planes. In
COITlposition 2, on many bedding planes at D10derate to 1O-ft ~~p3.clng and
locally within percent or more of beds at very clese te moderate spac

ing. In nenresistant intervals parting occurs on bedding planes (much
at close to \vide spJcing), \vithin scnne beds, ~nd within shale at very

close spacing.
Fracture: Clean and silty sandstone has mostly moderate to wide spac

ing. ranging from close to very wide l,5 ft). CL\yey sandstone has mostly

close spacing of weathering fracture on moderate to \\'ide iron-stained
'Jriginal spacing. Much spheroidal weathering and scaling in dirty sedi
mentary rock. Hard calcite-cemented beds and concretions mostly have I

wide spacing, some moderate.

Permeability: Sandstone has mostly low imergranuJar permeability, but
some moderate where clean; siltstone Jow; mudstone and shale very low,

but possibly low fracture permeability in shallDw rock. Thus, most bed

rock has low intergranular permeability, scme moderate, and some very
low. Springs present. Much mantle low to very low, much moderate.

Wf,athcring: Clean and silty sandstone weathered to df;pth of 30 ft. Dirty

sandstone, siltstone, mudstone, and shale are weathered to depths greater
than 8 ft, prcbably 10-20 ft. Much weathering fracture and scaling in

these materials.

Surficial mantic: Much granular, much clayey sailor subsoil.
Expansivity: Probably most bedrock unexpansive, some to much signifi

cantly expansive. Much mantle significantly expamive, some unexpan

sive, some severely expansive. Bedrcck samples: MI2IB, mildly cracked
clayey fine sandstone, free swell 70 percent; BNl9, shale, free swell 73

percent. Surficial mantle san::ples: BN24, moderately cmcked sandy clay
soil, free swell 90 percent; 11,1130, soil, free swell 78 percent; MIl].
mildly cracked fine sandy clay subsoil, free swell 82 percent; Ml12,

111oderatel:i cracked silty clay subsoil, free sv,,'ell 109 percent.

Stratigraphic thickness: 900 ft n.R. Wagner, written commun., 1973).
Sources; Ham, 1952; Radbruch, 1969; Radbruch and Case, 1967; Sheehan,

1956; Trask, 1922; l.R. Wagner, written commun, ]973: WGgner, 1978;
Weaver, 1944: 11 stations.

MAP UNIT 406

Geologic unit, (age), and location: Monterey Group, sandstone unit iT),

only in the East Bay Hills north of Alamo.

Summary: Equally abundant tuffaceous sandstone and sandy rnudstcne.

Minor hard oemented shell beds, minor sandstone of moderate perme
ability. Probably much bedrock and most mantle is sigmficantly expan
[;iv·e.

Expression in aerial photographs: Intermediate and hard topcgraphy,
sn1all area.

Composition: Sandstone and sandy mudstone, both tuffaceous. Sandstone

is medium to fine grained :md has various proportions of matrix, prob-

ably tuffaceous mud, producing largely a dirty sandstone of low perme
ability; also contains less abundant clean well-sOlied sandstone, some

of which reaches moderate permeabillty. Minor calcite-cemented shell

beds. Sandy mudstone V3.ries from mudstone to high-matrix fine-grained
sandstone and includes minor shale, ali of very lew permeability. About

equally abundant sandstone and sandy ITIudstone. Clean sandstone (no

weathering fracture) constituks as much 30 percent of unit.
Hardness: Largely firm where weathered and probably where fresh; mi

ncr hard cemented shell beds.

Bedding: Largely indistinct and gradational. S0111e distinct Interbedded
very thick (10- to lOO-ftYbeds of sandstone and ITIudstone~ san1e or InGre
interbedded sandstcn,.::. Dlt:dstone. and stwJe in distinct D1ediuH1 to thick

beds. Cemented shell beds thick.
Parting: Largely absent: spacing at n10derme to \vide distinct bedding

planes in some or more of unit.

Fracture: In dirty ~\andstGnt:, close nlcderate spacing of vv'eathering frac-
ture on moderate to wide original spacing; clean sandstrJne (as much £',5

30 percent of unit) retains rriO~;tiy moderate to wide s;pac'ing. Sandy rDad

stone has close to very clcse spacing.
f'ermfabiHty: Sandstone has largely low intergranular pennenbilny, rnj

nor moderate: sandy mudstone very !,}W, some possibly low, much prob

ably h:\s low fracture permeability in shallow rock. Thus, much bedrock
has lev.; intergranular penneability. minor lTIoderate; much very low, but

much ef this probably has low fracture permeability in shallow rock.

1\.1ost mantle low to very low., SO IiH:' rrwdcrate.

Weathering: Sandstone weathered to depths greater than 8 fl.
Surficial IDsntle: Largely cla.:yey, senne granular. :\lcst is sandy and siltj

clay soil, such as sample LTR20; some clay soil and wf.'athered bedrock,
such DS sample LTRI9.

Expansivity: Much bedrock unexpansive. probably much significantly
expansive where weathered. Most mantle significantly expansive, prob
ably some severely expansive, some unexpansive, Samples: LTR 19, clay

soil and weathered bedrock, free swell 75 percent; LTR20, typical dark
sandy and silty clay sci], free swell 78 percent.

Sources: Clark, 1918; three statiens.

IviAP UNIT 407

G€ologic unit, (age), lind loc~tio!1: Unnamed unit (1'), in the' East Bei}
Hills near Pinole.

Summary: Sandstone interbedded with shale, ,:iltstone, and clayey very

fine sandstone. Some bedrock <ind probably some mantle IS severely
expansive.

Composition: Sandstone .. well scrted, fine grained, about 10 pereent silt,

interbedded with clay shale, silty clay shaie, siltstone, and clayey fine

grained sandstone. Approximately 60 percent s3.nd~~tone, 40 p,;:rcent
clayey rock of which shale i:; predominant. Contains hard calcite-ce
mented sandstorle.

Hardness: Sandstone soft to firm where weathered, prebabiy firm where
fresh. Shale has finn pieces, firm tc soft rock JTi(l:;S.

Bedding: DiSTinct. Sandstone 1n thick to very thick (l 0- ft or more) beds

between medium to very thick (4-ft) beds of clayey rock; cemented sand
stone beds and concretions(?> mediuITi to thick.

Parting: At bedding planes (wide to 10 ft or more), and within shale at
very close spacing.

Fracture: Sandstone has moderate spacing, clayey rock close spacing.

Hard ca1cite-cernented sandstone fractured at very wide. (4-ft) spacing.
Permeability: Sandstone has rnoderate to lov~/ intergranular perrrleability,

shale very 10\v, clayey fine-grained sandstone and siltstone low. Thus,

much bedrock low, some to much moderate, some very low. Probably
much H1antle maderJ..te, much very lew to lo\v.

Weathering: Sandstone weathered to depths great.er than 30 ft. Shale gray
at about 10ft.

Surficiai mantle: Probably much granular, much clayey. No soil observed.
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Expausivity: Most bedrock is unexpansive; mw:h may be expansive, some
or more is severely expansive (shale). Probably much mantle unexpan- ,
sive, much expansive, some severely expansive. Sample Ri, well-cracked
shale, free swell 131 percent, is most expansive material seen in unit,
possibly from unit 118

Sources: Two stations.

MAP UNIT 408

Geologic unit, (age), and location: Sobrante(?) Sandstone (T) of the
Monterey Group, only in the East Bay Hills near Oakland.

Summary: Largely firm, dirty, fine-grained sandstone, siltstone, and silty
mudstone. Nonresistant unit. Some bedrock and mantle is severely ex
pansive.

Composition: Largely dirty fine-grained to very fine grained sandstone,
siltstone, and silty mudstone, probably some to much of each. Also in
cludes minor medium-gr3ined hard glauconitic sandstone; medium
grained sandstone, moderately well sorted, in part cemented; brittle
siliceous shale; concretionary limestone; and alt,ered diabase dikes. Lo
cally includes hard sandstone similar to unit 643 in blocks as large as
10 It in diameter (probably faulted in).

Hardness: Largely firm pieces where fresh and weathered, firm to soft
weathered rock mass. Minor sandstone is hard where weathered and
fresh. Sandstone similar to unit 643 is present locally and is hard. Sili
ceous shale has hard to firm pieces. Limestone hard.

Bedding: Mostly absent to indistinct. Glauconitic sandstone has distinct
medium to thick beds. Page's (1950) portal sandstone (moderately well
sorted, locally cemented) forms a distinct bed 50-400 ft in thickness.

Parting: Largely 3bsent, possibly rarely present at distinct contacts. Present
at very close spacing in siliceous shale (minor constituent).

Fracture: Close to very close spacing of weathering fracture on moder
ate to wide original iron-stained fracture; some rock flakes where weath
ered. Hard glauconitic sandstone fractured at close to moderate spacing.
Hard sandstone similar to unit 643 occurs in blocks as large as 10 ft in
diameter that have internal incipient fracture at very close to very wide
(4-ft) spacing, mostly moderate to wide.

Permeability: Largely low intergranular perme3bility in bedrock; mud
stone (some of unit) very low, but some mudstone probably has low frac
ture permeability in shallow rock. Some bedrock is very wet underground
in Caldecott tunnel (Radbruch, 1964), which suggests moderate fracture
permeability. Possible minor moderate intergranular permeability in bed
rock. Most mantle low to very low.

Weathering: Color change at depths of 20-30 ft, some rock fresh at depth
of 20 ft. Weathers from fractures inward.

Surficial mantle: Largely clayey.
Expansivity: Probably much bedrock unexpansive, some may be signifi

cantly expansive, some is severely expansive. Some mantle severely
expansive, probably most is significantly expansive. Soils range from
uncracked to generally mildly cracked to moderately or well cracked;
moderately cracked and well-cracked soils occupy about 20 percent of
unit. Three samples from the most expansive soils: OE20A, moderately
cracked clayey soil, free swell 110 percent; OE20B, clayey weathered
bedrock or subsoil, moderately cracked, free swell 100 percent; OE18,
clay soil and weathered bedrock, well cracked, free swell 120 percent.

Stratigraphic thickness: As much as about 1,200 It (f.R. Wagner, writ
ten commun., 1973).

Sources: Case, 1963; Page, 1950; Radbruch, 1964, 1969; Radbruch and
Case, 1967; f.R. Wagner, written commun., 1973; Wagner, 1978; five
stations.

MAP UNIT 409

Geologic unit, (age), and location: San Ramon Sandstone cn, oniy be
tween Alamo and Walnut Creek, southwest of Concord.

Summary: Widely varying reports of composltion; we estimate about half
sandstone, half clayey rock. Minor to some sandstone is cemented, prot ~

ably including much of the prominent ridge noted below. Much mantle
is severely expansive.

Expression in aerial photographs: Largely not very resistant, but includes
one prominent, hard to intermediate ridge that lacks ribbing. This ridge"
is underlain by clean sandstone, probably much oemented.

Composition: (j) Sandstone, tuffaceous in part, fine to coarse grained,
largely fine to medium grained (Clark (1918) described sandstone as fin·.:
grained, Ham (J 952) as medium grained); largely moderately sorted ,well
sorted according to Ham, 1952), but some rock is clean and well sorted
and makes up resistant ridge. (2) Calcite-cemented zones and concre
tions in sandstone. (3) Clayey rock consisting of shale, mudstone, and
claystone. (4) Siliceous shale, gray.

Various impressions of proportions. Clark (! 91 in m'~asured section,
showed. sandstone making up all but 20 ft of 523-ft section. Observa
tions at sample locality WC42 suggest one-third sandstone, two-thirds
claystone 3nd covered zones. At sample locality WC44, half of unit con
sists cf 80 percent shale and mudstone. Thus, unit is probably about half
sandstone (compositions I, 2) and half clayey rock and siliceous shale
(compositions 3, 4). Minor to some sandstone is cemented~ Siliceous
shale constitutes about 10 percent of clayey half of unit.

Hardness: Sandstone firm to soft where weathered, probably firm where
fresh, some possibly quite firm where fresh. Cemented sandstone hard.
Clayey rock firm where fresh and weathered. Siliceous shale quite firm
to hard.

Bedding: Sandstone occurs as very thick (as much as 30-ft or more) dis
tinct beds between thin to 5-ft shale beds in about half of unit; as dis
tinct thick to 6-ft beds between very thick clayey rock in about half of
unit; and some is thinly parted or thinly interbedded with shale. Cemented
zones and concretions thin to thick. Siliceous shale occurs in a 20-ft
interval, in which lamination is not distinct (Clark, 1918).

Parting: At very wide spacing (as much as 30 ft or more) in most of one
half of unit; at very close spacing (shale) to moderate or wide spacing
(mudstone, claystone) in most of other half.

Fracture: Much sandstone has moderate to wide spacing of original ce
mented fracture, close to moderate spacing of superimposed weathering
fracture, and very close scaling on exposed surfaces. Much sandstone
in beds less than 6 ft in thickness has wide to 4-ft spacing, which sug
gests spacing similar to bed thickness. Cemented zones probably have
spacing as great as wide. Siliceous shale probably has very close to
moderate spacing.

Permeability: Sandstone has largely low intergranular permeability, mi
nor to some moderate; clayey rock, including siliceous shale, has very
lew intergranular permeability, but siliceous shale has low te moderate
fracture permeability in shallow rock. Thus, about half ef bedrock has
low permeability, half very low, minor to some moderate. Most mantle
very low to low.

Weathering: Sandstone weathered to depths greater than 15 ft.
Surficial mantle: Largely clayey. Two samples of soils on clayey rock

(about half of unit): WC4l, a dark sticky clay soil, and WC42, a dark
sticky soil on claystone. Sandy clay soil overlies s3ndstone in about half
of umt.

Expansivity: Much bedrock unexpansive, much expansive of which some
may be severely expansive. Much mantle severely expansive, much sig
nificantly expansive. Samples: WC41, dark clay soil, free swell 79 per
cent; WC42, dark clay soil on claystone, typical of half of unit. free swell
102 percent; soil expansivity suggests similar expansivity for claystone
bedrock. Sample LTR26, dark clay soil, free swell 68 percent, is typical
for the station, which is on strike with the resistant ridge; sandy clay
soil on sandstone is probably less expansive.

Stratigraphic thickness: 523 ft nC3r Castle Hill (Clark, 1918); 400 ft at
Castle Hill (Ham, 1952).

Sources: Clark, 1918; Ham, 1952; five stations.
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l\lAP UNIT 410

Geologic unit, (age), and location: Markley Formation (T), only 10 area
between Vallejo, Montezuma Hills, and Yolo Range, excluding Potrero
Hills.

Summary: Sandstone interbedded with thinly interbedded very fine sand
stone, siltstone, mudstone, and shale. Materials are firm to soft. but in
clude enormous hard concretions in sandstone. Near Vacaville, unit is
'}bout half massive sandstone and half thinly interbedded materials; here
unit has mostly sandy, unexpansive or only mildly expansive mantle and
bedrock, but 10-20 percent of mantle is expansive and some shaly bed
rock intervals are expansive. Farther south near Jameson Canyon, prob
ably more than half of unit consists of clayey rock, well over half of
mantle is significantly expansive, and one-fourth or more of mantle is
severely expansive.

Composition: Sandstone interbedded with thinly interbedded very fine
grained clayey sandstone, siltstone, mudstone, and shale. Sandstone is
medium to coarse grained, poody sorted, and poorly rounded; most is
quite silty (more than 10 percent silt), but some has less than 10 percent
silt. Sandstone contains scattered enonnous calcite-cemented concretions.
Thinly interbedded clayey rock varies from very fine grained sandstone
and siltstone to clay shale and mudstone, but all of these materials con
tain some clay; some chalky siliceous shale reported in middle part of
section near Jameson Canyon (Jeuneson Shale Member of Markley Sand
stone of Weaver, 1949, plate 12). Near Vacaville, unit is about half
massive sandstone and half thinly interbedded materials. Near Jameson
Canyon, probably more than half of unit is thinly interbedded materials.

Hardness: Sandstone is firm to soft where weathered, probably firm where
fresh. Fine-gramed rock has firm pieces and firm to soft rock mass, both
where fresh and weathered; chalky siliceous shale near Jameson Can
yon probably quite firm. Concretions in sandstone are hard.

Bedding: Distinctly bedded. Sandstone occurs in massive very thick (IO

to 40-ft or more) beds that crop out (rimrock), but also occurs commonly
in medium to 10-ft beds between medium to 4-ft thinly bedded inter
vals. Some very thick sandstone beds have silty partings at very wide
spacing and some are indistinctly internally bedded, but typically the very
thick sandstone beds are massive and structureless. Concretions are elon
gate parallel to bedding and as much as 30 ft in length; they are gener
ally thick and as much as 6 ft in width, but some are spherical and as
large as 6 ft in diameter. Fine-grained materials between sandstone beds
are interbedded in very thin to thin, some medium, beds.

Parting: Present at bedding planes. Mostly absent within very thick sand
stone, but some has silty partings at very wide spacing. At very close to
close spacing in thinly interbedded intervals of clayey rock.

F'racture: Sandstone shows very wide spacing in most places, moderate
to 4-ft spacing in some places, and within 10ft of the ground surface it
may develop fractures at moderate to wide spacing where only very wide
spacing exists at depth. Some sandstone develops close spacing of weath
ering fracture within a foot or two of the ground surface. Interbedded
sequences of clayey rock have very close to moderate fracture spacing
across bedding. Concretions are mostly unfractured, but some have cross
fracture at about 4-ft spacing.

Permeability: Sandstone has low to moderate intergranular permeability,
clayey rock low to very low. Thus, intergranular permeability of bed
rock is largely low, some moderate, some very low. Most mantle mod
erate, some very low to low.

'Weathering: Sandstone is weathered even in freshly cut stream exposures
at depth of about 50 ft. Shale and mudstone may remain gray within 10
ft of ground surface.

Surficial mantle: Largely granular, some clayey. In area near Vacaville,
soil is largely silty sand, some (10-20 percent) clayey. Near Jameson
Canyon, largely granular but 25 percent or more is clayey.

Expansivity: Probably most bedrock is unexpansive, but much may be
expansive and some is severely expansive. Some mantle is severely ex-

pansive, the remainder varies from largely unexpansive to largely sig
nificantly expansive. in area near Vacaville, 1Il0st soil is unexpansive,
but some shale and 10-20 percent of soil is expansive. These expansive
materials are represented by the following samples: E5, mildly cracked
shale, free swell 88 percent; A3, mildly cracked sandy clay soil on silt
stone, free swell 72 percent; MV22, well-cracked clayey soil, free swell
131 percent. Near Jameson Canyon, well over half of soil appears sig
nificantly expansive 'expansivity similar to or greater than sample CLIB,
clayey sand soil, mildly cracked, free swell 68 percent) and one-fourth
or more of soil is severely expansive like samples CL2, clay soil, well
cracked, free swell 95 percent, and CL IA, popcorn sandy clay soil, free
swell I l2 percent.

Stratigraphic thickness: 850 ft or more at Pleasant Creek (Clark, 1938).
Sources: Bailey, 1930; Bartow .. 1985; Clark, 1938; Olmsted and Davis,

1961; Sims and others. 1973; Weaver, 1949; 10 stations.

MAP UNIT 411

Geologic unit, (age), and location: Markley(?) Formation IT). only on
east side of the East Bay Hills near Walnut Creek.

Summary: Not seen in field, most information from Ham (1952). Largely
fine sandstone, shaly sandstone, and shale; minor harel sandstone. Unit
is sheared, adjacent to Franklin fault, poor exposure.

Composition: Described as "badly sheared, thlllly laminated fine sands
with calcite stringers" and Eocene fossils (Ham, 1952). Clark (1918),
quoted by Ham, reported fine-grained yellow-brown sandstone over hard,
massive, calcareous, gray sandstone, over shaly sandstone and soft
argillaceous shale. Proportions unknown; assume unit is largely fine
grained sandstone, shaly sandstone, and argillaceous shale, and that hard
sandstone is minor.

Hardness: Probably largely firm, weathering firm to soft. Includes hard
calcite-cemented sandstone.

Bedding: Unknown. Much thin-bedded to very thin bedded fine-grained
sandstone. Calcite-cemented sandstone probably occurs both as thin to
very thin beds and as a very thick bed.

Fracture: Sheared. Most of unit probably has very close to moderate spac
ing, but hard sandstone probably moderate to wide.

Permeability: Bedrock probably has largely low intergranular permeabil
ity, some very low, minor moderate. Probably much mantle moderate,
much low to very low.

Weathering: Unknown. Hard sandstone probably fresh to surface or near
surface.

Surficial mantle: Unknown, probably much granular, much clayey.
Expansivity: Unknown, probably much to most bedrock unexpansive,

some to much expansive. Probably much mantle unexpansive to signifi
cantly expansive, some to much severely expansive.

Stratigraphic thickness: About 400 ft (Ham, 1952).
Sources: Bartow, 1985; Clark, 1918; Ham, 1952.

MAP UNIT 412

Geologic unit, (age), and location: Markley Formation, upper sandstone
member (T), in the monocline north of Mount Diablo.

Summary: Not much confidently known about this unit. probably includes
much sandstone and much clayey rock. Some to much bedrock and prob
ably much mantle are severely expansive.

Expression in aerial photographs: Largely light photographic tOile. On
scarp slopes of hogbacks, which much of this unit occupies, much is
ribbed, much smooth. Near Nortonville Road, includes a swale, then a
nose having several light-toned bands as wide as 50 ft between dark
toned bands approximately 70 ft in width, then uniform texture of finely
and subtly banded intermediate topography that has coarse ribbing. West
of Nortonville Road, shows intermediate topography, much landsIiding;
here much is banded distinctly, largely showing light-toned bands 5-20
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ft in \vidth, some as \vide as 100 ft or luore, bet\\Jeen dark-toned bands
as wide as 50 ft; most is d8.fk in tone, some to "qually abundant light.

Composition: (1) Sandstone, medium to coarse gramed, fairly clean, mi
C!lCeOUS, containing calcitt-,eerne:nted concretions. (2) Clayey rock, con

sisting of shale, !Tludstone, and sihstone. (3) Dirty sandstone that has silty
and clayey Inatrix, fine to mediuIIl grained: SCD1e has ,shale Imninae. SOIne
calcite cemented. Tuff beds (Primmer, )%4).

Proponicns uncertain. FrOfil expre,ssion in aerial photographs, our
observations. and the literature, best estimate is thst unit ccnsists of sorTIe

to rnuch of beth clean sandsi:one (conlpcsiticn 1) with les;;:er clayey
interbeds, and (b) clayey reck (con1pcsition 2) with lesser dirty sand
stone interbeds (compositiGil 3). \Ve infer light-t,,~med bands on photo
graphs to be sandstone containing lesser clayey rock, dark-·tcned bands
to bc ,:laye)' rock ccnta~ning lesser sandsTone. \1inof tuff and celnented

rock.
Hardn'ssG: Cle2,n sandsIone \\leathers soft, prcbabi}' some firrl1. Ciayey rock

dirty sandstone are finn where \Neathered and probably vv'here fre~;h.

CCITiented .\:andstone hard.

B~~drling: Uncertain. Includf:s scnle or Inorc v,::~ry thick :;;D.ndstone contain
distinct cla:;/ey interbeds to thick('?), and so:me or m()re very thir.:::k
rnuch as 15 ft or DJOre) shale containing Inedium to 5·-ft distinct beds

clayey Jandstone, Cemented sandstone to thick, concretions as; much
as 4 ft in diameter.

Parting: On distinct bedding planes and within clayey rock at very close
to I110derate spacing, Thus, scme or more of unit hCi,S very close to mod
erate spacing. sorne (ir Inere very \-\.ride.

Fracture: Close to moderate spacing in clean sandstone, moderate in dirty
san.dstone. Close to very close spacing of v.'eathering fracture in clayey
rock. Hard cemented sandstone ha,: wide spacing lin thick beds).

Permeabmty: lmergranuiar permeability of clean sandstone moderate to

low, siltstone and dirty sandstone Jaw, shale and mudstone very low.
Thus, bedrock includes seme moderate intergranular permeability, som8
low, and some very lew. Probably much mantle moderate, much very low.

Surficial mantle: Probably much granular, much clayey.
Expllnsivily: Much bedrock unexpansive, some to much severely expan

sive ,clayey rock). Probably much rnant!e $everely expansive, ITluch i

unexpansive tc significantly expansive. 5mnples: AS12A. typical wemh
ered shale and clayey rock, free swell 100 percellt; CL3Lf!3, typicd weath
ered shale, moderately cracked, free sweli 240 percent; AS 12B, Gark
sandy day lTIoderately crack,,::'.d, t)"pical for area, free 110 per
cenl; HB8, s<:1ndy d~lY soil, rnoderatfly cracked, rnay be contaminated
frorn another unit~ free. sv\'eH 101 percent; CL34A~ clayey free swell
130 percent.

Stratigraphk thiclmes§; About 400 ft (Brabb and others, 1971): 440 ft
(Fulmer, 1(64); about 7CO ft !Jr)hnscn, 196,J); 700 It (Colburn, 1961):
500 ft (Clark, 1918).

Sources: Erabb and others, 1971; Bartow, 1985; Clark, 1918; Colburn.
1961' Fulmer, 1964; Johnson, 1964: Primmer, 1964; Taft', 1935; three
stJ.tions.

MAP CNI'f 413

Geologic unit, (age), and location: Nortonville Shale. sandstone mem
ber (T), in Pacheco syncline, west Gf Concord.

Summary: Interbedded sandstone and shale, beth in 10- to 20-ft beds,
equally ab,mdant. Some moderate perm',oability in sa!1dston~. Much bed
rock and rrluch to r.nost mantle are probably se'vereiy expansive.

Expression in aerial photographs: Forms promment bumps and ridges;
shows bands. light and dark in tene, 10-20 ft in width.

Composition: Sandstone interbedded with shale, about equally abundant.
Snndstcne is mediuJT~ to coarse grained, moderately to poorly sorted,
ITmch dean except for Elinor silt, some dirty and scalY. Prob2bly con
cretions in sandstone.

Hardness: Where fresh and weathered, shale has firm pieces and firm to
soft rock mass oV/1ng to fissility, sandstone soft to firm. ConcreUons(?)
bard.

BeddIng: Very thick ilO- to 20-ft) distinct beds of sandstone :md shale.
repetitive.

Parting: At very close to close spacing in shale where both \\reathered and
fresh (to depth of 35 ft): at ver)' wide spa,;ing (10-20 ft) along contacts
between sandstone and shale.

Fracture: Shale fractured at close spacin.g, possibly to m~y:1erate. Sand
stone has mostly Incd~rate. to "vide spacing~ ranging frorn clDse to very
wide lA ft).

Permef~biHty: Intergranular penneability very low in shale. knv t:) rncd
er2.t(: (rnuch of cae,b) in sandstone. Thus, soxne bedrock ITlCderatc, seIne
10\\/. Hluch very Iew. I'vluch to must rnantte very lcv!~ S0111e !TIuch
moderate.

"fi<\Teathering;, Some sandstone fre~.;h at depth of 25 ft. Shale is fissile to
depths of 35 ft or more.

Surficial :allanth;; Tvluch t\': fDes! clayey ~ SOllie to rnuch granular.

Expansivity: Much bedrock (shale) and much most mantIc ,HT prob-
ably severely expansive~ lliuch bedrock (::andstonc) and some luanTle are

Ui1'.::xpansive, probably SOIne ~manTle is significa;:ltl:1 expansive. Inferred
from unit 465.

Sources: Bartow, 1985;

,VIAP (iNIT 414

Geologic unit, ("ge), and location: Domenginc Sandstone iT), only in
area narth and east of Mount Diablo, excluding Pacheco syncline.

Summary: One-hc\lf to two-thirds Is very thick bedded quartzo,;o sand
stone, firm to soft, moderate permeability; remainder is interbedded
mudstone, shale, and clayey sandstone, much thinly bedded. Sand used
widely a~ g:lass s;~lnd, foundry sand, blend sand~ masonry, and subbase,

Coal mined from several seams north of Mount Diablo. Locally traver
tine over calcareous sandstone is used for cement. Abollt one-half of
bedrock has moderate intergranular permeability, one-eighth high. Some
severely expansive bedrock and mantle.

Expression ill aerial photographs: Int~rmediatetopography, some or mere
of both resistant and subdu'cd inte.nnediate topography, much very sub
dued. Little drainage development in most of unit, In pIaces subtly

banded by zones 10- i 00 ft in width, both light and dark in tone, equally
abundant. Some distinct resistant ridges i1S \1/ide 100 ft and sorne val
Jeys along 8uike, but rnost lacks i.lrarnati,: topographic contrasts. ~eJ.r

I\oI'tonviHe, nr:it develops hard topograpby that lacks jTIu,::;h ribbing;
favorable places. ~)hGws. re'gular bands 1G-:SC n in width, mostly \vhite,
no nonresistant intervals. }\rea near Lirne Ridge is n1~ldly resista.nt in
termedir.He topography, serne ripproaching hard, appears homogeneous.
Distinctive vegetation and light photographic tene over this unit in all
areas.

Composition: (lj Sandstene. quartz rich, medium to coarse grained,
very coarse grained, IYloderately to 'hell sorted, somevvhat silty (quartz
flakes), rninof glauconitic: ITwch is \\'hite. In places cen1enled by calcite
in concretions and tieds, in other places cemented by' lirncnite in con
cretions and along fractures. Also, lesser flLe-grained buff-colored sand
stone that loc.:'tlly includes hard cemented layers ccntdining rnarine

fossils. (2) L~ss rtsistant i.nterbeds ,;.>Jr1sisting of interbedded: {J.) silt
stone, some tuffaceous. scm(~ fissile, vJ!)'ing fr01i1 punky to bud; fb)
clayey and silty S;:-.didstcne, largeiy fine grained: (c) mudstone: and d)
shaie. clay to sllty. ConglcTilerate, of tv.'c types and occurrences:
ba:;~al conglomeratic sandstone and conglomerate that range~; froll1 pebbIe
congiomerate to boulder conglomerate of large to 4 ft cakarecus c\')n

cretions in clayey sandstone maaix: (b) conglomerate of pebbles and
subangular cobble,~, cf diabase, ne3f lOp of sectJon jn Lime Rjdge area
and near Nonol1yille (Taff, J 935), (4) Local breccia. of blocks of hareL
cernented, v/ell~,scrted, n:edium-gnjned s2ndstone percent) in ma
trix of seft fine-grained sandstc'ne (90 percent), probably tectc-!lically

crushed. (5:: Sub-bituniinous coal or lIgnite. in a few ::ear;J~. near

Norton\'ille UIea. (6) Travenine ~)verIying calcJ.reoiJ~; S8Ddstone on Linle
Ridge.
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Prominent lithology is sandstone (composition I), and in most sections
this constitutes about half to tv/o-thirds cf unit, the remainder being
large.!y clayt'y interbeds (cOlnposition 2). Interbeds include thin to thickly
ir,terbedded materials as well as homogeneous sequences, such as vay
thick shale. and include some of each of the materials listed under com
position 2. Conglomemte is a minor constituent overall and is not ev
erywhere present, but occurs in some areas o.nd is continuous for more
:han 4 miles in one placc. Lignite is a minor ,:onstituem (two or three
beds): concretions and cemented reck are miner.

The Lime Ridge area is distinguished from the rest of the unit by the I

fcilewing: (1) It lacks the upper cbyey, nonresistant part of the typical
section iTaff, 1935) and, thue;, has a higher proportion of sandstone; (2)
includes diabase conglomerate near top of section; (3) includes some
travertine, c3.lcareous sandstone, and generally n-lore cakite-celnented
material than in most of unit: and (4) includes some breccia, probabiy

tectonic. 011 west side of Lime Ridge.
Hardness: Sandstone is firm to soft where fresh and weathered, pfGbably

sdcer where fresh than where weathered, mostly friable or nearly so; in
places, rock i:..; firm owing to case hardening or partial cernentation by
iron oxide along fractures. Cencretions, cemented sandstone, and trav
ertine are hard. Most interbed materials are firm where fresh anci weath
ered, but miner tuffaceous :,:iltstone is hard. and some siltstone and shale
may be soft or punky (Johnson, 1964). Clasts in conglomerate hard to

firm, matrix probably firm to soft. Lignite firm.
Bedding: Sandstone occurs in very thiok :4-ft to more than IOO-ft) beds,

although few beds are thicker than 30 ft; intervals of almost entirely
sandstone as thick as 500 ft. Intervals of mudstone. shale, siltstone, and
clayey sandstone are interbedded largely at thin to 4 ft but as much as
20 ft or more; dominantly nonresistant interbedded sequences are as thick
as 150 ft or more. Conglomerate beds are largely less than 20 ft, bm as
thick as 50 ft. Lignite beds are lenticular and as thick as 4.5 ft; zones of
lignite 6-18 ft in thickness are interbedded with clay and shale. Traver
tine on Lime Ridge forms crust of unknown thickness near ground sur
bce. Concretions are as ffiuch as 10ft or more in diameter. See sections
by Colburn (1961) and Clark and Woodford (1927).

Parting: Absem within sandstone; present on distinct bedding planes
(sandstone against clayey interbeds); and present within clayey interbeds
largely at close to very close spacing, some of these materials fissile.

Fracture: In sandstone. spacing is 'variable and ranges frOl11 close to 7 ftl
mest moderate to 4 ft; variable to extent that in places spacing is largely
dese to moderate, in other places largely 3-6 ft. In places orientation of i

fractures in sandstone is regular, in other places irregular. Within] 0 ft
of ground surface. some sandstone develops sheeting at close to moder
;lte spacing parallel to ground surface. Fractures in sandstone generally
do not constitute significant planes of weakness, and generally are
not effective for excavation:. in one place, recent trenching in apparently
wide tc 4-ft spacing produced medIUm to large blocks. Many fractures
in s;:indstone are stained and ,:;lightly cenlented so that they no longer
form planes of weakness; vihere stained, fructures form thin to medium
finT' zones through firm to soft rock. In interbedded clayey rock, spuc
ing is l~rgely very close to Hloderate, much as weathering fracture. In
ccnglomerate probably absent to very vnde. In breccia on Lime Ridge,
hard blocks as la.rge as 6 ft in diameter are fractured at moderate to wide
sp!:cing.

P,'rmeability: Sandstone has largely moderate intergranuiar permeability,
some high (where coarse grained), some low where sufficient silt and
clay content. Interbedded clayey rock \,~cmposition2) low to very low,
n:uch of each. Conglo:Ilerate where observed has matnx of low inter
granular permeability, probably overall low to moderate. Thus, about half
of bedrock has moderate permeability, one-founh to three-eighths low,
on~-eighth or less very low, less than one-eighth high. Most mantle
moderate, scme low to very low.

'''fathering: Sandstone weathered to depth of 30 ft or more; iron stain
ing extends to greater depth. Someiandstone scales from cut slopes,
some develops sheeting near ground surface. Permeability in sandstone

is reduced near ground surface by clay coatings. Much clayey rock de
velops parting and 1110St develops weathering fracture where ,,:veathered.

Surficial mantle: Largely granular, SOlne clay.;ey. Largely uncracked sand
to clayey sand soil, such samples CL7B and WC54. Most is barely
coherent and of ll1Gderate perrrieability; S0i11e haE; sandy clay subsoil, such
as sample BHS22.

Expansivity: Most bedrock and m;lnt]c is unexp;:;nslve, but much of each
may be expansive. and SOfDt' of each is severely expansive (shale. Inlld

stene, and over1~ying rnantle), Bedrock sample WC57, shale or ITludstone.

nloderateJy cracked. typical, free swell 82 percent. Surficial rnantle

samples: CL7B, typical brown sand soll, free sweil 88 percent I g:'eatly
exaggerated): WC54, typical ci:lyey sand scil, free swell percent;

BHS22, typical mildly cracked sandy clay subsoil. free sweli 85 percent
(exaggerated).

Stratigraphic thickness: 525-850 ft (Clark and Woodford, 700-
1,200 ft (J ohnson, 19M); 1,500 ft north of Mount Diable, including 500
ft of Nortonville Shaie (Taff, 1935): about 1,450 ft ncar Nortcnville
(Colburn, 1961, from stratigraphic section).

Sources: Clark, 1921: C1urk and Woodford, 1927: Colburn, 1961; DaVIS

and Goldman, ! 958; Dickerson, 191 I, Johnson, 1964; Pampeyan, 1963.
1'aff, 1935; 13 stations.

MAP UNIT 415

Geologic unit, (age), and location: Domengine Sandstone (1'), only in
area north and east of Vallejo, excluding Potrero Hills and area of ex
posure near Napa.

Summary: Sandstone interbedded with much shale and mudstone; sand
stone and clayey rock probably about equally abundant in most places.
Probably some severely expansive bedrock and mantle. See unit 414 for

detail.
Expression in aerial photographs: Distinctive resistant intermediate to

pography, having light tone and trees in an otherwise treeless area; quar
ries, white in photographs, are common. Resistant light-toned bands :ire
10- 100 ft wide, dark-toned bands as Wide as 100 ft including light bands
as wide as lOft; in most, half or more of light-toned bands iJre about
100 ft wide. Varies from large Iy IighHoned to one-third light and two
thirds dark. about equally abundant in most places.

Composition: Sandstone interbedded with shale and mudstone. Sandstone
is medium to coarse grained and generaliy clean to silty but clay free.
Some sandstone is cemented by silica, iron oxide, and calcite. \AIhere
calcite cemented, sandstone contains shell fragments. Exposures show
largely sandstone, but expression in aerial photcgraphs suggests that
some to most, generally about half, is shale and mudstone.

Hardness: Sandstone is friable and firm to soft where weathered, but hard
where cemented. Interbedded clayey rock probably firm.

Bedding: Inferred from unit 414. Mostly very thick distinct sandstone beds
(as much as 50-100 ft) between thin to very thick tProbably as much as
100 ft including some sandston,,' less than 10 ft) mudstone and ,;hale.
Some sandstone has very thin to very thick (IO-ft! indistinct internaI bed
ding. Hard cemented rock in thick to very thIck (10-ft) zones.

Parting: Mostly absent within sandstone, except possibly present in some
near ground surface, as in unit 4! 4. Present at distinct bedding planes
and possibly within much interbedded clayey rock.

Fracture: In sandstone, close to wide spacing, but minor sandstone has
close to rnoderatc spacing of v/eathering fracture. Hard. cernented sJ.nd
stene has moderate to very wide (more than 5-ft) spacing.

Permeability: Sandstone has low and mcderate intergranu]ar permeabil
ity; in best exposure, hait or more of sandstone moderate. Mudstone and
shale have very low intergranular permeability, probably some low frac
ture permeability in shallow rock. Thus, some bedrock has moderate
intergranular permeability, some low: probably much very low, but some
of this probably has low fracture permeability in shallow ro<;k. Probably
n10st rnantle n1oderate, some to much low to very low'.

Weathering: Sandstone weathered to deptbs greater than 30 ft.
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Surficial mantle: Probably largely granular, some to much clayey.
ExpHnsivHy: l\.1uch to most of both bedrock and mantle is unexpansive,

probably much expansive, and probably some or more is severely ex
pansive. See samples for unit 414.

Sources: Sims and others, 1973; Weaver, 1949; two stations.

MAP UNIT 416

Geologic unit, (age), and location: Domengine Sandstone (T), only in
Porrero Hills, northwest of Montezuma Hills.

Summary: ","ot seen in field. Different impressions of proportions. from
largely sandstone but some clayey rock (Tolman, 1943) to largely silty
shale but some sandstone (Bailey, 1930). Varies from lower silty very
fine grained sandstone to upper fine- to coarse-grained sandstone hav
ing abundant pebbly layers and silty sand (Cooper-Clark and Associates,
1973). Much sandstone is case hardened: all is rippable (Cooper· Clark
"nd Associates, 1973). Like unit 415; see descriptions of units 414 and
41.5 for composition and physical properties.

Expression in aerial photographs: Light tone, semiresistant, containing
numerous pits and some outcrop. Largely light gray tone, some white.
One outcropping bed is 20 ft wide.

Permeability: Probably like unit 41.5. Measured permeability is lxto-3 to
Ix to-X em/sec, locally quite permeable (Cooper-Clark and Associates,
19(3).

Surficial mantle: Probably like unit 415. Soils dominantly granular and
permeable, but some clayey horizons that are expansive.

ExpansivUy: Probably like unit 415.
Sources: Bailey, 1930; Cooper-Clark and Associates, 1973: Sims and oth

ers, 1973; Tolman, 1943; Weaver, 1949.

MAP UNIT 417

Geologic unit, (age), and location: Domengine Sandstone (T), only near
Napa.

Summary: Approximately equally abundant sandstone interbedded with
mudstone. Much bedrock and mantle is significantly expansive. See unit
414 for detail.

Composition: Sandstone interbedded with mudstone. Estimated to be 50
60 percent sandstone, 40-50 percent mudstone. Sandstone is fine grained
and well to moderately well sorted. Some sandstone is cemented by cal
cite, and concretions are present.

Hardness: Sandstone Is hard where fresh; ranges from hard to soft, mostly
hard to firm, where weathered; possibly case hardened. Mudstone is firm.
Concretions hard.

Bedding: Includes some very thick beds (as much as 10 ft and more), oth
erwise unknown and unobservable. Infer bedding character from unit 414.

Parting: Present at contacts between sandstone and mudstone; largely
absent within sandstone and mudstone.

Fracture: Sandstone fractured mostly at moderate spacing, ranging from
close to wide, more commonly moderate to wide, but in places domi
nantly wide to very wide (as much as 8 ft). Mudstone has close to very
close spacing of spheroidal weathering fracture superimposed on mod
erate original spacing.

Permeability: lntergranular permeability in sandstone largely low, prob
ably minor to some moderate; in mudstone very low, but much shallow
mudstone may have low fracture permeability. Thus, much bedrock has
low intergranular permeability, much very low, probably minor to some
moderate; somer?) low fracture permeability in shallow rock. Probably
much mantle moderate, much low to very low.

Weathering: Sandstone and mudstone weathered to depths of more than
15 ft.

Surficial mantle: Probably much granular, much clayey.
Expansivity: Much bedrock and mantle are unexpansive, much signifi

cantly expansive, possibly some severely expansive. Samples: N9,
mildly cracked weathered mudstone, most expansive material seen in

unit, free swell 74 percent; NIO, typical clayey sand soil, free swell 55
percent. Clayey soil of expansivity greater than N10 but less than N9 Is
probably developed on mudstone.

Sources: Fox and others, 1973; Osmont, 1905; Weaver, 1949; three sta
tions.

MAP UNIT 418

Geologic units, (age), and location: Meganos Formation, Divisions D and
E of Clark and Woodford (1927) (T), east of Mount Diablo.

Summary: Not seen in field. Combination of units 377 and 444; see de
scriptions of these units for composition and physical properties. Prob
ably includes much of both sandstone and clayey rock.

Permeability: Probably much bedrock has very low intergranular perme
ability, some low, some moderate, minor to some high. Probably much
mantle moderate, much very low to low

Surficial mantle: Probably much granular, much clayey.
Expansivity: Probably much bedrock unexpansive, much expansive, some

severely expansive. Probably some mantle unexpansive, some signifi
cantly expansive, some severely expansive

MAP UNIT 419

Geologic unit, (age), and location: Meganos Formation, sandstone unit
in Division C of Clark and Woodford (1927) (T), only in and near
Pacheco syncline, west of Concord.

Summary: Unit includes unbedded high-matrix sandstone, flysch, very
thick bedded clean sandstone, and silty shale interbedded with silty sand
stone. All can be ripped. Probably much bedrock and most mantle are
significantly expansive, some of each severely expansive.

Expression In aerial photographs: Includes resistant rib of intermediate
to hard topography, flanked on either side by nonresistant swale topog
raphy.

Composition: (l) Fine-grained to very fine grained high-matrix sandstone,
probably tuffaceous; some flakes where weathered. Grades to fine sandy
mudstone. Generally weathers spheroidally. (2) Flysch of clean, well
sorted to moderately well sorted, fine-grained to very fine grained sand
stone repetitively interbedded with silty mudstone and shale that grade
to clay- and silt-saturated fine-grained to very fine grained sandstone.
(3) Very thick bedded. well-soned. medium-grained tuffaceous sandstone
(white sandstone of Weaver, 1953), most clean, some silty; many to most
grains are glass and break down when rubbed. Contains numerous con
cretions. Minor interbedded sandy mudstone shows a parting but no fis
sility; some approaches porcelaneous shale. (4) Silty shale or mudstone
interbedded with silty sandstone (from Weaver, 1953). Unit consists of
about one-third composition I, one-third composition 3, one-third com
position 4, and one-eighth composition 2.

Hardness: Largely firm where fresh and weathered. Clean, very thick
bedded sandstone is firm to soft where weathered. Concretions are hard.

Bedding: Absent to indistinct in composition I. In composition 2, distinct
and repetitive thin to medium sandstone beds between mostly thin to
medium, but as much as 10-ft, beds of clayey rock. Composition 3 has
distinct very thick (40- to 80-ft) sandstone beds between very thick (lO

ft) sandy mudstone interbeds; occurs near middle of unit as resistant
ridge. Composition 4 described as thinly bedded silty shale that contains
medium to thick interbeds of sandstone; beds are probably distinct.

Parting: Absent in composition 1; in composition 2, present at close to
moderate spacing on bedding planes and some at very close spacing in
shaly interbeds; in composition 3, present at very wide spacing (40-80
ft) on bedding planes and at close to very close spacing in paned but
not fissile mudstone interbeds; and in composition 4, probably at mod
erate to very wide spacing.

Fracture: Composition I has close to moderate spacing on which sphe
roids are generally developed where weathered. Composition 2 has sand
stone beds fractured at spacing similar to bed thickness (close to
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moderate) between clayey interbeds that have close, some moderate,
spacing. in composition 3, sandstone has moderate to wide spacing;
sandy mudstone interbeds have close to very close spacing and parting
on close TO moderate original spacing. Composition 4 unknown, prob
ably close to very close spacing in silty shale and moderate to wide in
sandstone. Concretiom in composition 3 are as large as 4 ft in diam
eter.

Permeability: Intergranular permeability of high-matrix sandstone low;
mudstone vcry low; and clean, well-sorted, tuffaceous sandstone mod
erate to low. Thus, much to most bedrock has low intergranular perme
ability, some moderate, some very low. Probably most mantle low to very
low. scme moderate.

Weathering: Sandstone in compositions 2 and 3 is weathered to depth of
30 ft. Mudstone and high-matrix sandstone are weathered more shal
lowly, probably to depths of 5-20 ft.

Surficial mantle: Probably largely clayey, some granular.
Expansivity: Probably much bedrock SIgnificantly expansive, some se

verely expansive, much unexpansive. Probably most mantle significantly
expansive, some severely expansive, some unexpansive. Samples:
PCIIA, sandy clay soil, A-horizon, free swell 62 percent; PCIIB,
slightly sandy clay soil, B-horizon, free swell 70 percent. See samples
for unit 468.

Sources: Clark and Woodford, 1927' Weaver, 1953; one station.

MAP UNIT 420

Geologic units, (age), and location: Meganos Formation, Divisions A,
B, and C of Clark and Woodford (1927) (T), east of Mount Diablo.

Summary: Not seen in field. Combination of units 345 and 445; see de
scriptions of these units for composition and physical properties. Prob
ably much sandstone, much clayey rock.

Permeability: Probably most bedrock has low to very low intergranular
permeability, some moderate to high. Probably much mantle moderate,
much very low.

Surficial mantle: Probably much granular, much clayey.
Expansivity: Much bedrock expansive. probably severely expansive; much

unexpansive. Probably much mantle severely expansive, much
unexpansive.

MAP UNIT 421

Geologic unit, (age), and location: Butano(?) Sandstone (T), in San Mateo
County foothills of Santa Cruz Mountains.

Summary: Sandstone and variably abundant interbeds of mudstone, silt
stone, and shale. Much clayey bedrock and most clayey mantle is se
verely expansive.

Composition: Sandstone and variably abundant interbeds of mudstone,
siltstone, and shale; sandstone is commonly medium to very coarse
grained and poorly sorted, but lacks clay matrix; in places. carbonate
cement in thicker sandstone beds; clayey rock locally abundant. Much
to most of unit is sandstone, some to much clayey rock.

Hardness: Sandstone firm where fresh, hard where cemented, firm to soft
and friable where weathered; clayey interbeds finn to soft.

Bedding: Distinct; sandstone beds thin to very thick (30 ft), commonly
more than 10ft thick, clayey interbeds thin to very thick.

Parting: Close to very wide spacing, on distinct bedding planes and within
clayey interbeds.

Fracture: Commonly moderate to wide spacing in sandstone. close to very
close spacing in weathered clayey interbeds.

Permeability: Intergranular permeability in sandstone (much to most of
unit) low, very low where cemented; very low in clayey rock (some to
much of unit). Some shallow clayey rock has low fracture permeability.
Much to most mantle moderate, some to much very low to low.

Surficial mantle: Much to most granular, some to much clayey. Clayey
subsoil in places.

Expansivity: Much to most bedrock unexpansive (sandstone), some se
verely expansive (n1uch of clayey rock). Some to possibly rnuch mantle
severely expansive, much unexpansive. Bedrock samples: PAIA, shale,
free swell 89 percent; PA20, gypsiferous claystone, free swell 47 per
cent; PA 16, sandstone, free swell 52 percent; PA 17, sandstone, free swell
59 percent; PA22, siltstone, free swell 61 percent; PA5, claystone, free
swell 65 percent; PA24, weathered claystone, free swell 80 percent;
PA2A, claystone, free swell 91 percent; PA4A, claystone, free swell 96
percent; PA 19, gypsiferous claystone, free swell 100 percent; PA23,
clayey siltstone, free swell 110 percent; PA21, gypsiferous claystone, free
swell 140 percent; PA27, claystone, free swell 113 percent; PA32, clay
stone, free swell 116 percent; PA43, silty sandstone, free swell 43 per
cent. Surficial mantle samples: PA2B, soil on claystone, free swell 118
percent; PA4B, seil, free swell 90 percent; PAIB, soil on shale, free swell
82 percent; PA28, adobe soil, free swell 122 percent; PA42, dark clayey
soil, free swell 158 percent; PA41, soil, free swell 53 percent. Expan
sive materials (clayey rock and mantle) are abundant in about half of
unit.

Stratigraphic thickness: 2,500 ft.
Source: Ellen and others, 1972.

MAP UNIT 422

Geologic unit, (age), and location: Tesla Formation (T), east of Livermore
Valley.

Summary: About 40 percent shale and mudstone, 40 percent clean sand
stone, 10 percent clayey sandstone, and 10 percent thinly bedded rock.
Clean sandstone has moderate permeability. Some to much mantle and
some or more bedrock is severely expansive.

Expression in aerial photographs: Intermediate topography; white spots
in areas of mining.

Composition: (l) Sandstone, clean, some silty, fine to coarse grained,
mostly medium grained; much contains abundant mica; mostly moder
ately well sorted to well sorted, some moderately sorted; moderate to
low permeability. Huey (1948) distinguished white sand (75-95 percent
angular quartz) from buff-colored sand (35 percent quartz, 60 percent
feldspar). (2) Shale and mudstone, some silty to very fine sandy; simi
lar except for fissility and bitumen content of some shale. (3) Thinly
interbedded sandstone, clayey sandstone, and shale; sandstone is fine to
medium grained. (4) Clayey sandstone, low permeability, clay saturated
to nearly saturated, otherwise similar to clean sandstone. (5) Coal, low
grade (lignite), firm, some fissile, minor constituent. (6) Concretions,
both calcite cemented and iron oxide cemented.

Unit contains much clean sandstone, much shale and mudstone, mi
nor to some clayey sandstone, and minor to some thinly bedded rock.
Crude estimate is about 40 percent shale and mudstone, 40 percent clean
sandstone, 10 percent clayey sandstone, and 10 percent thinly bedded
rock. See section by Huey (1948).

Hardness: Clean sandstone is firm to soft (borderline) where weathered;
clayey sandstone firm where weathered; fresh and weathered mudstone
and shale have firm pieces when dry, soft when wet, but bituminous shale
firm. Calcite-cemented concretions hard; iron oxide concretions and
stained zones (Anderson and Pack, 1915) firm to hard.

Bedding: Distinctly interbedded intervals of the four major compositions,
each ranging from thick to very thick (as much as about 100 ft), most
6-50 ft, much 10-40 ft. Within these intervals: clean sandstone is
unbedded but indistinctly laminated and cross laminated by iron oxide
staining and minor variations in grain size; clayey sandstone is unbedded;
mudstone and shale are unbedded but parted and commonly contain car
bonaceous flakes parallel to bedding; thinly interbedded sandstone and
shale shows distinct beds that are very thin to thick. Calcite-cemented
beds and concretions to thick, locally as thick as 10ft. Iron oxide con
cretions small to medium. Lignite beds are lenticular and as much as 66
in. thick (Huey, 1948).
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Parting: Present on contacts between sandstone and mudstone or shale
(\-'ery wide spacing). \vithin shale and mudstone at very close to IT10der

ate spacing, in thinly bedded rock at very close to moderate spacing,
absent within clayey sandstone. Thus, present at very close to moderate
spacing in about half of unit. Shale and thinly bedded rock have excel

lent fissility and parting.
Fracture: In clean sandstone, generally indistinct and irregular fracture

at moderate to wide spacing, some to very wide (6 ft), irregularly dis
tributed. Shale and mudstone have mostly close, ranging from very close
to moderate, spacing of weathering fracture on moderate to wide origi
nal spacing; clayey sandstone has close, some to moderate, spacing of

weathering fracture; thinly bedded rock close to moderate. Spacing in
concretions is mostly moderate to wide, some as much as 4 ft.

Permeability: Intergranular permeability of clean sandstone largely mod
erate, clayey sandstone low, thinly bedded rock low, mudstone and shale
very low. Thus, about 40 percent moderate, 20 percent low, and 40 per
cent very low intergranular permeability in bedrock. Much mantle mod
erate, much very low.

Weathering: Clean sandstone is weathered to depths greater than 25 ft.
Other compositions have weathering fracture to depths greater than 25
ft on surface of cuts, but pieces probably fresh at shallower depth. Some
shale fresh (blue color) at depth of 3 ft.

Surficial mantle: Much granular, much clayey. About half of unit or less
has uncracked to very mildly cracked clayey sand soil, no sample. Half
or more of unit has mildly to moderately cracked sandy clay soil and
subsoil, such as samples MDW7B, MDW13B, AA9A, and AA9C. Pop
corn clay soil, such as samples MDW13A and AAIO, covers less than
20 percent of unit.

Expansivity: Much bedrock is unexpansive, some to much is expansive,
some or more is severely expansive. Much mantle unexpansive, most
expansive, some to much severely expansive. Samples: MDW7A, typi
cal weathered clayey rock, mildly cracked on surface of cut, free swell
82 percent; MDW7B, moderately cracked brown sandy clay soil, free
swell 99 percent; MDW l3B, mildly to moderately cracked sandy clay
subsoil, typical of much of unit, free swell 71 percent; AA9A, mildly
cracked sandy clay subsoil, free swell 81 percent; AA9C, moderately
cracked sandy clay soil, free swell 82 percent; MDW 13A, dark popcorn
clay soil, free swell 119 percent; AAlO, well-cracked plastic sandy clay
subsoil, free swell ] 30 percent.

Stratigraphic thickness: 2,000 ft maximum (Huey, 1948); 1,400 ft near
Tesla (Anderson and Pack, 1915).

Sources: Anderson and Pack, 1915; Huey, 1948; seven stations.

MAP UNIT 423

Geologic unit, (age), and location: Sandstone iT), only in Santa Cruz
Mountains between Lexington Reservoir and Pajaro River.

Summary: Sandstone and interbedded clayey rock, about equally abun
dant to clayey rock being somewhat dominant. Sandstone is largely firm
to quite firm, some hard, where weathered. Some zones of wide to lO-ft
fracture spacing in sandstone produce huge blocks. Much mantle is sig
nificantly expansive, minor severely expansive subsoil.

Expression in aerial photographs: Intermediate topography that mostly
lacks ribbing; broadly rounded crests strongly suggest old upland sur
face.

Composition: (1) Sandstone, fine to coarse grained, moderately to mod
erately well sorted, no calcite cement detected. (2) Mudstone grading to
siltstone and very fine grained clayey sandstone. Unit has about equally

abundant sandstone and clayey rock to somewhat dominant clayey rock.
Includes some zones of dominant very thick sandstone, some zones of
dominant clayey rock, and some zones of thin to thick interbedding
(flysch).

Hardness: Much weathered sandstone is firm, much quite fim1, some hard,
some soft where well weathered. Quite firm sandstone is difficult to rip
or break. Clayey rock is firm where fresh and weathered.

Bedding: Sandstone distinctly interbedded with clayey rock. Sandstone
occurs in both very thick beds (as much as 15 ft or more) and in me
dium to thick beds interbedded with clayey rock. Unit includes some
zones of dominantly very thick sandstone, some dominant flysch (thin
to thick repetitively interbedded rocks), and some zones of dominant
clayey rock. Much of clayey rock is probably distinctly to indistinctly
interbedded.

Parting: On distinct bedding planes and within most clayey rock at very
close to moderate spacing. Thus, spacing is very wide in some of unit,
very close to moderate or wide in most of unit.

}'raeture: Sandstone has largely moderate to wide fracture spacing, but
some very wide spacing (as much as 10ft, many blocks greater than 4
ft) occurs in zones of wide to very wide spacing, probably in zones of
very thick bedding. Clayey rock has moderate, probably to wide, origi
nal fracture spacing and close to very close spacing cf weathering frac
ture.

Permeability: Sandstone has largely lcw intergranular pemleability, some
moderate; clayey rock very low to low. Thus, about one-third of bed
rock has very low intergranular permeability, one-half low, one-sixth
moderate. Most shallow clayey rock probably has low fracture perme
ability. Probably much mantle mcderate, much low to very low, but most
of upland area very low to low,

Weathering: Sandstone weathered to greater Than depth of cuts.
Surficial mantle: Probably much granular, much clayey. Surficial soil on

upland surface is clayey sand to loam; sample MMD8, soil on mudstone
and siltstone, is more clayey than most. Most of the gently sloping
ridgecrest in unit has a clayey subsoil, of which sample MMD9 repre
sents the most expansive typical variety.

Expansivity: Much bedrock unexpansive, much may be significantly ex
pansive. Much mantle unexpansive, much significantly expansive, mi
nor severely expansive. Most of surficial soil is uncracked like sample
MMD8, uncracked loam, free swell 64 percent. Sample MMD9, mildly
cracked subsoil, free swell 83 percent, underlies some or more of the
upland surface and is probably more expansive than most subsoil in this
unit.

Sources: Allen, 1946; McLaughlin and others, 1971; six stations.

MAP UNIT 424

Geologic unit, (age), and location: Martinez Formation ny, only in area
east of Clayton, north of Mount Diablo.

Summary: Unit consists of both an upper siltstone and shale member and
a lower glauconitic sandstone member. These members are described
separately below. For unit as a whole, probably much bedrock is expan
sive, much unexpansive; probably most mantle is severely expansive,
some to much unexpansive to significantly expansive. Intergranular per..
meability of much bedrock low, much very low: probably most mantle
very low, some to much moderate. Probably most mantle is clayey, some
to much granular. Thickness of entire unit: O-LOOO ft (Johnson, 1964);
700 ft (Taff, 1935); 0-1,150 ft (Colburn 1961).

Upper siltstone and shale member

Expression in aerial photographs: Nonresistant, soft area that Jacks tonal
banding Much landsliding where held up by adjacent resistant unit 345.

Composition: (1) Silty and very fine sandy mudstone and siltstone. ,2)

Clayey mudstone and shale. (3) Sandstone, largely fine grained and lami
nated, some calcite cemented. (4) Medium-grained sandstone and pebble
conglomerate, probably anomalous and faulted in. (5) Minor limestone
lenses in shale. This member is largely silty mudstone and siltstone, some
clayey mudstone and shale, and some sandstone.

Hardness: Firm except cemented sandstone is hard. Anomalous sandstone
soft to firm where weathered.

Bedding: All is interbedded, distinctly to indistinctly, in medium to 6.. ft
beds, largely medium sandstone between thick to 4-ft intervals of silt-
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stone, mudstone, and shale. Most sandstone laminated. Calcite-cemented
sandstone mostly to medium, some thick.

Parting: On most bedding planes, mostly at moderate to wide spacing,
but intervals as thick as 4 ft lack parting. Within most sandstone on lami
nation at very close to close spacing.

Fracture: Original fracture in mudstone, siltstone, and shale at moderate
spacing, about parailel to bedding; spacing of weathering fracture very
close to moderate. Firm sandstone fractured at close to moderate spac
ing, cemented sandstone at moderate to wide.

Permeability: Intergranular permeability of silty mudstone and siltstone
very low, some low; sandstone low; clayey mudstone and shale very low.
Thus, intergranular permeability of bedrock largely very low, some low,
minor moderate in anomalous sandstone. Most to almost all mantle very
low.

Surficial mantle: Most to almost all clayey.
Expansivity: Probably most bedrock expansive, some probably severely

expansive. Most mantle severely expansive. Sample CL32, typical brown
sandy clay soil, mildly cracked, free swell 100 percent.

Stratigraphic thickness: 700 ft (Brabb and others, 1971); 300 ft (Clark,
1921); about 500 ft (Johnson, 1964).

Sources: Brabb and others, 1971; Clark, 1921; Colburn, 1961: Dickerson,
1911; Johnson. 1964; Taff, 1935; one station.

Lower glauconitic sandstone member

Expression in aerial photographs: Resistant, forms series of knobs along
strike, largely intermediate topography but some sharp crests. Tone is
light but not prominently so. In places, unit includes one outcropping or
nearly outcropping, light-toned, resistant band 20-50 ft in width that
forms knob or ridge, the remainder of unit being soft; in other places,
most of unit is light-toned, somewhat resistant, probably sandstone.

Composition: (1) Sandstone, fine grained but rare coarser intervals
(Johnson, 1964), moderately well sorted; glauconitic in part, silty in part;
most scaly and has weathering fracture. Some glauconitic sandstone ce
mented by limonite. Some beds of abundant fossils (coquina). (2) Basal
pebble conglomerate (Johnson, 1964) that contains shells, absent in
places, and conglomeratic sandstone. (3) Calcite-cemented concretions
in sandstone, and lenses and concretions of blue limestone in shale. (4)
Fine sandy mudstone.

By our observations, this member is about two-thirds sandstone and
one-third mudstone. Colburn's (1961) sections suggest dominant silty
mudstone in places. Clark's 11921) section shows less than one-fourth
clayey rock, remainder sandstone, some conglomeratic.

Hardness: Firm except for hard concretions, limestone nodules, and hard
clasts in conglomerate.

Bedding: Largely very thick (more than 10ft). Our observations mention
gradational contact between sandstone and sandy mudstone and no in
ternal bedding. Basal conglomerate is 2-5 ft thick (Johnson, 1964); one
sandstone bed is 50 ft thick (Clark, 1921). Concretions are mostly large,
some as much as 4 It in diameter.

Parting: Largely absent; probably present in mudstone but at unknown
spacing, probably wide or greater.

Fracture: Sandstone has wide original spacing and moderate to close spac
ing of weathering fracture; much scales at very close spacing where
weathered. Mudstone has close to very close spacing of weathering frac
ture.

Permeability: Intergramdar permeability of sandstone low, mudstone very
low; thus, about two-thirds of bedrock low, one-third very low. Prob
ably much to most mantle moderate, some to much very low.

Surficial mantle: Probably much to most granular, some to much clayey.
Expansivity: Probably most bedrock unexpansive, some expansive (clayey ,

rock). Probably some to much mantle severely expansive, much to most
unexpansive to significantly expansive. Samples: CL31 A, typical sandy
clay soil, free swell 52 percent (exaggerated); CL31B, typical dark sandy
clay soiL moderately cracked, free swell 126 percent.

Stratigraphic thickness: 400 ft (Clark, 1921); 300 ft (Brabb and others,
1971).

Sources: Brabb and others, 1971; Clark, ]921; Colburn, 1961; Dickerson,
1911; Johnson, 1964; Taff, 1935; one station.

~IAP UNIT 425

Geologic unit, (age), and location: Martinez Formation, lower glauco
nitic sandstone member (T). only near Carquinez Strait, southeast of
Vallejo.

Summary: Includes prominent, rugged outcrop of hard to firm (where
weathered) sandstone that produces large to very large blocks. Upper part
of section grades toward unit 474 and consists of siltstone, mudstone,
and clayey fine sandstone interbedded with the sandstone. Probably much
bedrock and mantle significantly expansive.

Composition: Lower 100-150 ft of section is sandstone, mostly medium
grained. but includes fine- to coarse-grained and very coarse grained
sandstone, some glauconitic; crops out prominently south of Carquinez
Strait. Upper 100 ft and more of section is largely siltstone. mudstone,
and clayey very fine grained sandstone, and contains lesser amounts of
sandstone similar to that in lower part of section. Calcite-cemented con
cretions as large as 3 ft in diameter.

Hardness: Sandstone is hard to firm where weathered, probably hard where
fresh. Siltstone, mudstone, and clayey fine sandstone firm where weath
ered, probably firm where fresh. Concretions hard.

Bedding: Prominent sandstone lacks internal bedding. In upper part of
section, siltstone, mudstone, and clayey fine sandstone occur in distinct
very thick (10- to 50-ft) intervals between sandstone in very thick (6- to
30-ft) beds, although in places these sandstone beds are absent. Some
indistinct bedding in places at medium to very thick (4 ft). Some silt
stone and very fine sandstone is laminated.

Parting: Present only on contacts between sandstone and clayey rock at
very wide (6- to 50-ft) spacing in upper part of section.

Fracture: Sandstone has moderate to 10-ft spacing, mostly moderate to 5
ft. Clayey rock has close spacing of weathering fracture, probably on
moderate original spacing.

Permeability: Intergranular permeability of sandstone low to moderate
(straddles boundary); siltstone and clayey sandstone low; mudstone very
low, but possibly has low fracture permeability in shallow rock. Thus,
some bedrock has moderate imergranular permeability, much low; some
very low, but this possibly has low fracture permeability in shallow rock.
Probably much mantle moderate, much low to very low.

Weathering: To depths greater than 50 ft in sandstone, probably to depths
greater than 20 ft in clayey rock.

Surficial mantle: Probably much granular, much clayey. No observations.
Expansivity: Much bedrock unexpansive, much probably significantly

expansive (clayey rock). Much mantle unexpansive, probably much sig
nificantly expansive, probably some severely expansive (subsoil). Sample
BN 14, clayey fine sandstone, mildly cracked, free swell 60 percent. See
samples for unit 474.

Stratigraphic thickness: 300 ft.
Sources: Davis and Vernon, 1951; Lawson, 1914; Merriam, 1897; three

stations.

MAP UNIT 426

Geologic unit, (age), and location: Martinez Formation, lower giauco
nitic sandstone member (T), only in area west of Concord.

Summary: About half sandstone and conglomerate, half clayey rock. Some
sandstone and conglomerate is calcite cemented and hard. Much bedrock
and mantle is severely expansive.

Expression in aerial photographs: Mostly ribbed and resistant, interme
diate to locally hard crests. In places see light-dark splotchy banding at
about 50-ft intervals, very subdued. Some clear evidence for contrast in
resistance of beds.
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Composition: (1) Sandstone, medium grained, most moderately to poorly
sorted (of low permeability), some well sorted and clean (of moderate
permeability) About one-fifth of sandstone is calcite cemented. Minor
glauconitic medium-grained sandstone of 50 percent glauconite. (2)
Conglomerate of pebbles and cobbles in low permeability sandstone
matrix, about one-fifth calcite cemented. (3) Mudstone, grading to silt
stone, sandy claystone (some probably tuffaceous), and fine-grained silt
and clay-saturated sandstone. (4) Shale, clay to silty.

No complete section observed, so proportions are uncertain. Unit ap
pears to consist of about equally abundant sandy rock (compositions 1,
2) and clayey rock (compositions 3, 4). Of sandy rock, sandstone is more
abundant than conglomerate. Some (one-fifth) of sandstone and conglom
erate is calcite cemented. Of clayey rock, mudstone (composition 3) is
dominant, some shale.

Hardness: Sandstone is largely firm where weathered and probably where
fresh, some (clean sandstone) is soft where weathered; hard where cal
cite cemented, some case hardens. Conglomerate is largely finn with hard
clasts, hard where cemented. Clayey rock (compositions 3, 4) is firm
where fresh, finn to soft where weathered (soft when damp).

Bedding: Sandstone occurs in very thick (6- to 100-ft, largely 6- to 30-ft)
distinct beds, in thin to thick beds interbedded with similar thicknesses
of clayey rock, and less commonly in very thick (tens of feet) intervals
of laminated sandstone. Conglomerate occurs in very thick (5- to 20-ft)
beds. Cemented zones in sandstone and conglomerate are thick to 5 ft.
Clayey rock is largely indistinctly bedded in very thin to very thick beds,
but some is di:;tinctly laminated to thin bedded; intervals of clayey rock,
or of clayey rock interbedded with sandstone, as thick as 50 ft or more.

Parting: Present at distinct bedding contacts, largely at very wide (10 ft
or more), but some at close to wide; within some mudstone (composi
tion 3) at close to very close, although largely absent; and in shale at
very close. Thus, very wide spacing in most of unit, some at very close,
some at close to wide.

Frlicturc: Very thick bedded sandstone has moderate to wide spacing,
some as much as 6 ft; in beds to thick, fracture is probably similar to
bed thickness. Conglomerate is very widely fractured. Cemented rock
fractured at wide to 5-ft spacing. Clayey rock of composition 3 has
moderate to 5-ft spacing of stained original fracture and very close to

moderate spacing of weathering fracture; some weathering fracture is on
close to moderate spheroids. Shale probably similar to clayey rock of
composition 3.

Permeability: lntergranular permeability of sandstone is largely low, mi
nor to some moderate; conglomerate low; mudstone and shale largely
very low, some low. Thus, much bedrock has low intergranular perme
ability, much very low, minor to some moderate. Much mantle moder
ate, much very low.

Weathering: Some clayey rock is fresh at depths of 10-15 ft. Some sand
stone weathered to depths greater than 70 ft. Some spheroidal weather
ing in composition 3.

Surficial mantle: Much granular, much clayey.
Expansivity: Much bedrock is severely expansive, much unexpansive.

Much mantle severely expansive, much unexpansive to possibly signifi
cantly expansive. Two samples of bedrock: WC33, mildly cracked gray
mudstone, typical, free swell 90 percent; WC39, clay shale, constitutes
some of unit, free swell 100 percent. Surficial mantle sample WC40,
clayey sand soil on sandstone, free swell 49 percent. For entire unit, we
estimate much of both clayey sand soil, such as sample WC40, and sandy
clay soil of expansivity similar to samples WC33 and WC39.

Stratigraphic thickness: 300 ft.
Sources: Davis and Vernon, 1951; Lawson, 1914; Merriam, 1897; six sta- ,

tions.

MAP UNIT 430

Geologic unit, (age), and location: Sedimentary rocks near Drakes Bay,
siltstone and mudstone unit (T), on Point Reyes peninsula.

Summary: Most is siltstone and mudstone, some sandstone :md claystone.
Some severely expansive bedrock and surfiCIal mantle.

Composition: Largely siltstone and mudstone, both containing minor fine
sand; some silty and sandy claystone; and some fine-grained to very fine
grained sandstone that has a silt-clay matrix, especially near contact with
unit 340. Minor carbonate-cemented concretions.

Hardness: Mudstone and siltstone are generally firm both where fresh a.ild
weathered, but are soft in places; SIltstone is hard where it occurs as
medium beds. Sandstone and claystone are mostly soft where weathered.
Concretions are hard.

Bedding: Distinct in seacliffs at very thick (about 20 ft), Indistinct at
medium to very thick (about 6 ft), in many places absent. Concretions
are medium to thick and as much as 7 ft in length.

Parting: Mostly absent. Present in some siltstone and mudstone at very
close to close spacing. Also present at scattered very thin beds of silty
claystone.

Fracture: In fresh rock, random fractures mostly at moderate spacing, in
places at wide spacing, but in places the rock closely fractured and
nearly brecciated. These original fractures are commonly iron stained and
cemented and in places partially filled by gypsum. Weathering produces
additional very close to close spacing in mudstone and siltstone.

Permeability: Mos[ to almost all bedrock has low to very lew mtergranu
lar permeability; little permeability contrast. Low fracture permeability
in most shallow siltstone and mudstone. Probably most mantle low to
very low, some to much moderate.

Weathering: To depths greater than 5 ft. On cut slopes, clayey rock weath
ers rapidly producing close to very close fracture spacing, which results
in rock chips that cover and obscure the true depth of weathering.

Surficial mantle: Probably largely clayey, some to much granular.
Expansivity: Probably most bedrock and mantle is unexpansive or sig

nificantly expansive, but some of each is severely expansive. Samples:
DB 18A, weathered and cracked silty claystone, free swell 92 percent;
DB34A, bedrock, free swell 9] percent; DB34B, soil, free swell 50 per
cent. Mantle that appears expansive covers un estimated] 5 perc,'nt
of unit.

Stratigraphic thickness: More than 400 ft and probably more than 1,100
ft.

Sources: I.A. Bartow, written commun., 1972; Blake and others, 1974;
Galloway, 1977; six stations.

MAP UNIT 431

Geologic unit, (age), and location: Neroly Sandstone, siltstone member
(T), in the monocline north of Mount Diablo.

Summary: Probably largely tuffaceous siltstone, some dirty to clayey
sandstone, and some sandy tuff. Bedding character unknown. Most
mantle probably severely expansive.

Expression in aerial photographs: Nonresistant swale-former, but many
swales are not very pronounced. Moderate photographic tone.

Composition: (I) Siltstone, as described for unit 352; most is probably
tuffaceous, much sandy, approaches mudstone in character. (2) Dirty to
clayey fine-grained sandstone. (3) Sandy tuff. (4) Clean sandstone. Unit
is probably largely siltstone, and probably includes some of composi
tions 2 and 3 and minor composition 4.

Hardness: Firm where fresh and weathered.
Parting: Probably largely absent, judging from similar materials in unit 352.
Fracture: Probably close to moderate original spacing and superimposed

close to very close spacing of weathering fracture, some spheroidal.
Permeability: Bedrock probably has largely low irrtergranular perme~bil-

ity, some very low, minor moderate. Most mantle very low.
Weathering: Weathering frees clay of tuffaceous component.
Surficial mantle: Largely clayey.
Expansivity: Bedrock may be expansive where weathered. Most mantle

probably severely expansive. No samples; assume soil similar to most
expansive soils in unit 352 (severely expansive).
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Stratigraphic thickness: 200 ft (Brabb and others, 1971).
Sources: Brabb and others, 1971: Clark, 1912; Condit, 1938; Vitt, 1935;

Weaver, 1909; one station.

MAP U:\'IT 432

Geologic unit, (age), and location: Briones Sandstone, lower part tTl.
onIv in the East Bav Hills.

Sum~ary: Sandy cl~ystone, mudstone, and siltstone, interbedded with
fine-grained to very fine grained sandstone. Some hard calcite-cemented
beds in sandstone. Much to most bedrock and most mantle are severely
expansive.

Expression in aerial photographs: In places prominently banded by light
toned resistant zones 50-100 ft in width and dark-toned nonresistant
zones and swales 200-500 ft in width. Light-toned bands are sandstone,
dark-toned bands are clayey rock.

Composition: Fine-grained to very fine grained, moderately well sorted,
quartzose sandstone interbedded with very fine sandy claystone, mud
stone, and siltstone. Sandstone includes some highly fossiliferous beds.
some hard calcite-cemented beds, and minor grit and fine conglomer
ate. Expression in aerial photographs suggests that most of unit is clayey
rock. some sandstone.

Hardness: Some sandstone is firm; some quite firm; some hard and cal
cite cemented in fossiliferous horizons, In thick zones adjacent to fos
siliferous horizons, and in isolated very thick beds within mudstone.
Clayey rock is firm where weathered, probably firm where fresh.

Bedding: Distinct in aerial photographs and probably in outcrop where
sandstone beds are present; indistinct to absent in clayey interbeds. Sand
stone occurs in very thick (20- to 100-ft) continuous beds and as irregu
lar and discontinuous very thick (as much as 5-ft) beds within mudstone.
Banding on aerial photographs suggests 50- to 100-ft intervals of sand
stone between 200- to 500-ft intervals of dominantly clayey rock.

Parting: Largely absent (entirely absent or covered in exposures exam
ined). Present at contacts between sandstone and clayey interbeds.

Fracture: Sandstone has mostly moderate to wide spacing, but close to
very close spacing of weathering fracture at least in places where well
weathered. Mudstone has iron-stained moderate original spacing and
close to very close spacing of weathering fracture. Sandy claystone and
siltstone have close to very close spacing of weathering fracture.

Permeability: Sandstone has low intergranular permeability, mudstone and
sandy claystone very low, siltstone low. Thus, much to most bedrock has
very low intergranular permeability and some low fracture permeability
in shallow rock, some to much bedrock has low intergranular permeabil
ity. Springs issue from base of unit at contact with unit 529 (Ham, 1952).
Most mantle very low, some moderate.

Weathering: Mudstone is weathered completely to a depth of 5 ft; weath
ering fracture extends to depths greater than 15 ft. Sandstone more deeply
weathered, probably to depths greater than 20 ft.

Surficial mantle: Largely clayey, some granular. Light granular soil on
sandstone and ridges, dark clay soil on low-lying zones and in swales.

Expansivity: Much to most bedrock and most mantle are severely expan
sive, some of each unexpansive. Samples: MI6B, sandy claystone bed
rock, free swell 93 percent; MI6A, well-cracked dark clay soil on sandy
claystone, free swell 112 percent; BVIO, moderately cracked dark silty
clay soil, free swell 95 percent; BN22, moderately cracked silty clay soil,
free swell 130 percent, appears similar in expansivity to weathered mud
stone beneath.

Stratigraphic thickness: 1,200 ft (l.R. Wagner, written commun., 1973).
Sources: Ham, 1952; Radbruch, 1969; Radbruch and Case, 1967; Sheehan,

1956; Trask, 1922; J.R. Wagner, written commun., 1973; Wagner, 1978;
Weaver, 1944: six stations.

MAP UNIT 433

Geologic unit, (age), and location: IIIonterey Group, clay shale unit (T),
in Diablo Range east of San Jose.

Summary: Largely firm clayey rock. some hard rock. Most mantle is sig
nificantly expansive. Poor exposures.

Expression in aerial photographs: Nonresistant; exposure too narrow to
develop a topographic expression.

Composition: Largely compositions gradational between mudstone, silt
stone, and very fine grained to fine-grained clay-saturated sandstone.
Lesser well-sorted medium-grained sandstone, silica cemented at least
in places, clayey in other places; porcelaneous shale and mudstone: and
concretions.

Hardness: Mudstone, siltstone, and clayey fine sandstone firm where fresh
and weathered; cemented medium-grained sandstone hard, clayey me
dium-grained sandstone quite firm where weathered; porcelaneous shale
and mudstone hard to firm in weathered zone; concretions hard.

Bedding: None observed owing to poor exposures. Probably largely in
distinct between gradational compositions.

Parting: None observed, probably little present.
Fracture: Mudstone to clayey fine sandstone has close to very close spac

ing of weathering fracture on probably moderate to wide original spac
ing; hard cemented sandstone has close to moderate spacing; quite firm
sandstone has moderate spacing of weathering fracture; porceIaneous
shale and mudstone have close spacing; concretions to moderate spac
ing.

Permeability: Bedrock has very low to low intergranular permeability,
probably some low fracture permeability in shallow rock. Almost all
mantle very low to low.

Weathering: All weathered to depths greater than 6 ft; weathered zone
includes hard cemented rock.

Surficial mantle: Almost all clayey.
Expansivity: Most bedrock may be significantly expansive, some may be

severely expansive. Most mantle is significantly expansive, some may
be severely expansive. Sample LOI, very mildly cracked silty clay soil,
typical, free swell 75 percent. Unit locally includes more clayey soil.

Source: One station.

MAP UNIT 435

Geologic unit, (age), and location: Markley Formation (T), only between
Briones Reservoir and Pinole Creek in the East Bay Hills.

Summary: Largely mudstone, some shale; some interbedded sandstone,
especially near top of unit (Radbruch and Case, 1967). Near Pinole Val
ley, largely mudstone; near Briones Reservoir, largely sandstone. Most
mantle and some or more bedrock is severely expansive.

Expression in aerial photographs: Mostly smooth soft topography, some
intermediate topography; looks like Franciscan sheared rock (unit 801)
and contains many small landslides. A few light-toned resistant bands
10-20 ft in width.

Composition: Largely mudstone, some shale, but especially near top of
unit includes some sandstone interbedded with shale and mudstone. Sand
stone is mostly medium to fine grained, micaceous, poorly to moderately
sorted; most has some silt and clay matrix, much is glauconitic. Includes
some beds of coarse-grained to very coarse grained glauconitic silty sand
stone that commonly grade to medium-grained sandstone. Interbedded
with sandstone are shale and silty to clayey mudstone, largely shale in
distinctly bedded rock. Sandstone contains scattered elongate calcite
cemented concretions as large as medium, as well as bands and nodules
cemented by iron oxide.

Hardness: Shale and mudstone have firm pieces. Sandstone mostly firm
where weathered, some quite firm, minor hard. Concretions are hard.

Bedding: Probably largely indistinctly interbedded thin to medium beds
of mudstone, dirty sandstone, and shale, but contains beds of mudstone
and shale as thick as 5 ft or more. On aerial photographs, a few resis
tant beds on the order of 10-20 ft thick. Bedding is distinct and strik
ingly regular and repetitive in places near top of section (near Briones
Reservoir), where thin to medium sandstone beds separate very thin to
thin, some medium, beds of shale and mudstone; some sandstone beds
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MAP UNIT 438

Geologic unit, (age), and location: Nortonville Shale (T), only in and near
the monocline north of Mount Diablo.

Summary: Largely shale and mudstone, some or more of each; some in
terbedded sandstone both in medium to thick and in very thick beds,
much of moderate permeability: minor hard cemented rock. Most bed
rock expansive, most mantle severely expansive.

Expression in aerial photographs: Subdued intermediate to soft topog
raphy that is nonresistant and ferms valleys: probably much landsliding.
In many places forms dark-toned, smooth swale. Uniform except for two
white bands 10 ft in width, which are probably cemented sandstone, and
one local light-gray band 50 ft in width. Some very irregular, dark-toned
landslide topography.

Composition: (I) Shale to mudstone, depending on fissility, much silty
or sandy (Taff, 1935), includes concretionary layers (cemented both by
iron oxide and calcite). (2) Siltstone. (3) Clean sandstone, moderately
to well sorted, varying from fine to coarse grained: some or more is tuf
faceous and consists of glass clasts, some beds consist entirely of glass
clasts: some is calcite cemented in concretions and beds: much is of
moderate intergranular permeability and produces gas at Los Medanos
and Willow Pass fields. (4) Clayey sandstone, fine to medium grained,
some grading to sandy claystone. (5) Laminated sandstone, fine grained,
low permeability. (6) Limestone, fine grained, as beds and nodules. (7)
Limestone breccia of hard limestone blocks in variably abundant, po
rous, crunchy calcite matrix of caliche or similar deposit; occurs locally
on Lime Ridge. (8) Glauconitic sandstone, hard, included at base by
Fulmer (1964). (9) Siliceous shale. hard (Fulmer, 1964).

Unit is largely shale and mudstone, some interbedded sandstone, mi
nor to some siliceous shale, minor to locally I.at Lime Ridge) some lime
stone, but estimates vary. Most sources imply largely mudstone and shale
with lesser but significant sandstone. Details are: four shale and five
sandstone members (Weaver, 1944): IWO shales and one sandstone len
til (Fulmer, 1964): shale and two lenticular sandstones (Taft. 1935): near
Horse Valley, siltstone (Colburn. 1961): near Byron, 25 ft of clay shale
and 8 ft of sandstone (Clark and Campbell, 1942). Of clayey rock, much
of both shale (fissile) and mudstone. Of sandstone, some of each clean,
clayey, cemented, and laminated.

Hardness: Mudstone and shale are flrlTi where fresh and weathered: clean
sandstone soft to firm where weathered: clayey and dirty sandstone firm

MAP UNIT 436

as thick as 4 ft: most thin to medium sandstone beds are internally lami- : Parting: In weathered shale at very close spacing: in partially weathered
nated and many are graded', coarse and very coarse sandstone mostly in I shale at very close to moderate spacing, slabby; absent in fresh shale.
thick to very thick beds. which behaves as mudstone. Present also at sandstone contacts.

Parting: Largely absent. Near top of section, generally present at bedding Fracture: In shale and mudstone, weathering fracture has very close to
planes (much at close to moderate spacing): in shale at very close spac- moderate spacing, original fresh-rock fracture moderate to wide. Sand-
ing: in much sandstone at close to moderate spacing, producmg slabs; stone has close to moderate spacing of weathering fracture, moderate
much mudstone has crude parting at very close spacing. spacing of original fracture. Moderate to wide spacing in hard cemented

F'racture: Shale and mudstone have close to very close spacing of weath- sandstone and ccncretions.
ering fracture, as does some dirty sandstone. In thin to medium beds of Permeability: Intergranular permeability of almost all bedrock very low.
sandstcne, moderate to wide spacing produces slabs: in thick and very minor low (in sandstone). Almost all mantle very low.
thick beds of sandstone, moderate to 4-ft spacing. Weathering: Some shale is fresh at depth of 5 ft, all is fresh at 20 ft:

Permeability: lntergranular permeability of shale and mudstone (most of between these depths, development cf parting and fracture is gradational.
unit) very low. Intergranular permeability cf sandstone (some of unit) Surficial mantle: Almost all clayey. Clay soiis are typical, some sandy
low, but possibly minor moderate in ccarse-grained to very coarse clay soil.
grained sandstone. Possibly low fracture permeability in some shallow Expansivity: Most to almost all bedrock is severely expansive. Most
clayey rock. Most mantle very low, some mcderate. mantle severely expansive, minor to some significantly expansive. Bed-

Weathering: To depths greater than ]5 ft in sandstone (not seen fresh). rock samples: WCIO, mudstone showing secondary fissility, free swell
Probably to depth of about 10ft in mudstone and shale. 91 percent; PC6E, weathered clay-saturated sandstone, moderately

Surficial mantle: Largely clayey, some granular. Near Pinole Valley, cracked, free swell 88 percent (exaggerated); WCl7B, typical shale, free
mostly dark clay soil: sample BV3 represents the most severely cracked swell 93 percent. Surficial mantle samples: WCl7 A, typical clay soil,
typical soil. Near Briones Reservoir, about 75 percent of soils are free swell 97 percent: PC6C, sandy clay soil, free swell 73 percent (ex-
uncracked to very mildly cracked, like sample BY26A, and 25 percent aggerated).
are clayey, similar to sample BV26B. Soils near Pinole Valley are prob- Sources: Bartow, ]985; Fulmer, 1964: four stations.
ably typical of most of unit. Much soil is thick, as much as 6 ft or more
in the valley area.

Expansivity: Most bedrock is probably expansive, some or more is se
verely expansive. Most mantle severely expansive, some significantly
expansive. Samples: BY1, moderately cracked weathered silty mudstone,
free swell ]00 percent; BY3, well-cracked dark clay soil, free swell 94
percent; BV26A, uncracked to very mildly cracked sandy and clayey soil,
free swell 63 percent; BV26B, moderately cracked sandy clay soil in
landslide, free swell 115 percent.

Stratigraphic thickness: More than 2.000 ft (bottom not exposed), as
reported by Pease (1954), quoted by Radbruch and Case (1967).

Sources: Banow, 1985; Radbruch, 1969: Radbruch and Case, 1967;
Sheehan, 1956: five stations.

Geologic unit, (age), and location: Sidney siltstone unit (T), probably
Sidney Flat Shale Member of Fulmer (1964) of the Markley Formation:
only in Pacheco syncline, west of Concord.

Summary: Most to almost all is shale and mudstone; minor to some clay
saturated sandstone interbeds. Some very difficult trenching; rock has
te be carved out. Most bedrock and mantle is severely expansive.

Expression in aerial photographs: Smooth, rounded, homogeneous dark
toned band. Mostly forms swales or nonresistant part of hogbacks.

Composition: Most to almost all is shale and mudstone: minor to some
largely clay-saturated, fine- tc medium-grained, moderately to poorly
sorted, tuffaceous (pumiceous) sandstone that includes minor rounded,
hard pebbles as much as 3 in. in diameter, mostly less than I in., scat
tered in clayey sandstone matrix. Shale and mudstone sequences include
minor medium-grained sandstone, most clay saturated, some dirty, of low
permeability. Abundant clay-saturated sandstone at sample locality PC6
is anomalous, probably mismapped. Rare hard cemented sandstone and
concretions.

Hardness: Where weathered and fissility is developed, shale and mud
stone have firm pieces and firm to soft rock mass. Sandstone is firm to
scft where weathered, probably firm where fresh. \1inor hard cemented
sandstone and concretions.

Bedding: Largely absent, except as suggested by parting in shale. Dis
tinct sandstone interbeds or bedded intervals are medium to very thick
(as much as 8 ft). Hard sandstone beds and concretions medium to very
thick (4 ft). Entire unit is shale and mudstone that have occasional sand
stone interbeds.
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MAP UNIT 441

as f[lirly hard, calcareous cemented, medium to fine grained (Bailey,
1930), and as moderately hard to looally hard and ripp;lble in most cases
(Cooper-Clark and Associates, 1973), in beds as thick as several feet.
Shale bedrock rippable (Cooper-Clark and Associates, 1973). See de
scription of unit 439 and sections by Tolman I,! 943) and Bailey (1930).

Expression in aerial photographs: Includes resistant ridges and nonre-
sistant bands, both 200-400 ft in width.

Permeability, surficiai mantle, expansivity: Like unit 439.
Stratigraphic thickness: 690 ft (Tolman, 1943); 750 ft (Bailey, 1930).
Sources: Bailey, 1930; Bartow, 1985; Cooper-Clark and Associates, 1973;

Sims and others, 1973; Tolman, 194 3; Weaver, 1949.

Geologic unit, (age), and location: Domengine Sandstone, lower part (T)
(equivalent to Muir Sandstone of Weaver, 1953). only in Pacheco syn
cline, west of Concord.

Summary: Largely mudstone, containing mlllor thin to very thick (6-ft)
clean to silty sandstone beds except in upper one-third of section where
sandstone dominates. Some sandstone is calcite cemented, as beds and
concretions. Most bedrock and mantle is expansive.

Expression in aeriai photographs: Largely intermediate topography, some
approaches hard topography. Underlies some ridges, but much is inter
mediate in resistance.

Composition: Mudstone (including some sandy claystone and shale) in
terbedded with sandstone. Upper one-third is largely sandstone; remain
der is largely mudstone, minor sandstone. Sandstone is very fine to
medium grained, mostly fine grained, includes tuffaceous grains, and
ranges from clean, well-sorted, moderately permeable sandstone to silty
and somewhat clayey sandstone of low permeability. Some sandstone
beds are calcite cemented (about 25 percent at sample locality WC4).

Hardness: Sandstone is firm to soft and friable where weathered, prob
ably firm where fresh; Weaver (1953) reported a tough silty sandstone
33 ft thick. Mudstone is firm where fresh, soft to firm where weathered.
Calcite-cemented sandstone hard.

Bedding: Distinct. Largely thin to thick, some very thick, interbedded
materials; mudstone is as thick as 20 ft or more, sandstone as thick as
33 ft but dominantly thin to 6-ft beds. Some sandstone is laminated. Hard
sandstone beds medium to thick. Concretions as large as 5 ft in diam
eter. See section by Weaver (1953).

Parting: Present at bedding planes, and within most mudstone at close to
very close spacing. Some fissile shale.

Fracture: Sandstone has close to wide spacing, in places moderate to wide,
in other places close to moderate. Cemented sandstone fractured at spac
ing similar to bed thickness, Mudstone has close to very close spacing
where weathered.

Permeability: Intergranular permeability of mudstone very low, silty sand
stone low, dean sandstone low to moderate. Thus, lower two-thirds of
bedrock section has almost all very low intergranular permeability, but
upper one-third has largely low, some moderate, and some very low;
intergranular permeability of unit as a whole largely very low, some low,
minor to some moderate. Some low fracture permeability in shallow rock.
Most mantle low to very low, probably some moderate.

Weathering: Sandstone weathered in places to depths greater than 40 ft,
some to depths greater than 30 ft. Mudstone fresh at depth of 5 ft in
places.

Surficial mantle: Largely clayey, probably some granular toward top of
unit.

I Expansivity: Most bedrock expansive, some severely expansive. Most
mantle significantly expansive, probably some severely expansive, prob
ably some unexpansive. Samples: WC3A, fresh (blue-gray) sandy clay
stone, mildly cracked, free swell 82 percent; WC3B, typical dark clay
soil, free swell 70 percem (exaggerated). Most mudstone at locality WC3
is mildly cracked like sample WC3A. See samples fer unit 442.

MAP UNIT 439

MAP UNIT 440

where fresh and weathered; cemented sandstone, concretions, and lime
stone hard to outcrop or near outcrop; ,iliceous shale hard.

Bedding: Most of composition I (mudstone and shale) is indistinctly to
distinctly bedded in medium to 'f-ft beds by thin to medium concretioll
ary layers and sandstone beds or by differences in weathering fracture
of shale. Sandstone occurs in thin to thick interbeds and as very thick
(as much as 15-ft or more) beds; in places it occurs in intervals as thick !

as 50 ft or more of 6- to 15-ft beds separated by laminated to thinly
bedded sandstone. SandslDne beds are reported to be as thick as 35 ft
(Clark. 1964) and 85 It (Fulmer, 1964). Hard cemented sandstone. lime
stone, and concretions largely in beds to thick, some as much as ~. ft
Limestone breccia is more than 30 ft in thickness. Siliceous shale de
scribed as "thinly bedded" (Fulmer, 1964 ). See section by Fulmer (1964).

Parting: In shale and mudstone at very close to close spacing, probably
some moderate spacing; much is fissile. Also present at contacts with
sandstone and at very wide (6- to 15-ft) spacing within some very thick
sandstone intervals.

Fracture: In shale and mudstone, close to very close spacing of weather
ing fracture, superimposed on unknown original spaoing, produces blan
ket of very small chips; moderate to wide spacing in very thick sandstone
and in most hard cemented sandstone and limestone, but some hard ce
mented rock occurs in blocks as large as 6 ft in diameter.

Permeability: Intergranular permeability of mudstone and shale very low;
siltstone low; clean sandstone moderate to low; clayey sandstone low to
very low; limestone breccia moderate; limestone and siliceous shale very
low, but have low to moderate fracture permeability in shallow rock.
Thus, bedrock has largely very low intergranular permeability, some
moderate to low. Most mantle very low, some moderate.

Weathering: Color change in shale and mudstone at depth of about 20 ft,
but pieces are fresh at lesser depth.

Surficial mantle: Largely clayey, some granular. Typically clay soils.
Exp!!nsivity: Most bedrock expansive, most mantle scverely expansive,

some of each unexpansive. Bedrock samples: CL4B, well-cracked
weathered shale, more expansive than most, free swell 170 percent;
CL3B, typical weathered mudstone, free swell 100 percent (exaggerated).
See samples for unit 465. Surficial mantle samples, all typical: AS 14,
dark well-cracked clay soil, free swell 148 percent; BHS21A, moderately
cracked clay soil, free swell 137 percent; CL33, moderately cracked black
sandy clay soil, free swell 180 percent; CL3D, brown popcorn clay soil,
free swell 102 percent; CL4A, well-cracked clay soil, free swell 119
percent. In places clay soils are largely mildly cracked, probably signifi
cantly expansive,

Stratigraphic thickness: 725 ft near Nortonville (Fulmer, 1964); about
400 ft (Brabb and others, 1971); 500 ft (Clark and Woodford, 1927;
Colburn 1961; Taff, 1935); 300-500 ft near Nortonville (Johnson, 1964);
500 ft (Clark, Inl); thins toward the east to about 100 ft near Horse
Valley (Colburn, 1961); 33 ft near Byron (Clark and Campbell, 1942);
200 ft at Brentwood field (Clark, 1964).

Sources: Bartow, 1985; Brabb and others, 1971; Clark, 1921; Clark and
Campbell, 1942; Clark and Woodford, 1927; Clark, 1964; Colburn, 1961;
Fulmer, 1964; Johnson, 1964; Taff, 1935; Weaver, 1944; six stations.

Geologic unit, (age), and location: Nortonville Shale (T), only in area
between Vallejo and Yolo Range, excluding Potrero Hills.

Summary: See description for unit 314.

Geologic unit, (age), and location: Nortonville Shale (T), only in Potrero
Hills, northwest of Montezuma Hills.

Summary: Not seen in field. Largely silty shale and siltstone as described
for unit 439, but includes some to nearly equally abundam sandstone as
described for unit 314, largely in middle of unit. Sandstone is described
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Stratigraphic thickness: 679 ft ,Weaver, 1953).
Sources: Weaver. 1953; two stations.

MAP UNIT 442

Geologic unit, (age), and location: Domengine Sandstone, lower siltstone
and claystone member (T), only along southwest flank of Mount Diablo.

Summary: Largely clayey rock, minor to some (as much as one-third)
sandstone and cemented sandstone. Minor conglomerate at base. Much
to most bedrock and most mantle are significantly expansive.

Expression in aerial photographs: Most is grass covered, regularly
ribbed, on ridge held up by sandstone in unit 443. No tonal bands or
outcrops. Generally more subdued than unit 343.

Composition: (I) Interbedded fine-grained clayey rock, largely ranging
from mudstone through sandy mudstone to muddy very fine grained
sandstone, but includes some shale and siltstone. (2) Sandstone, tim;, to
medium grained, well sorted, moderate permeability. (3) Calcite-ce
mented sandstone, similar to uncemented sandstone in grain size and
sorting, occurs as beds. (4) Limonite concretions, minor. (5) Conglom
erate, probably of pebbles and cobbles in sandstone matrix.

Unit is largely clayey rock (composition I); minor (less than 5 per
cent) tc one-third (Dickerson, 1916) sandstone and cemented sandstone,
each about equally abundant. Minor limonite concretions, minor con
glomerate at base.

Hardness: Clayey rock is firm to quite firm where fresh and weathered.
Sandstone firm where uncemented, hard where cemented. Conglomer
ate probably firm containing hard to lesser firm clasts. Limonite con
cretions firm to hard.

Bedding: About two-thirds of the clayey rock occurs in very thick beds,
one-third in distinct thin to medium beds. Sandstone, both cemented and
uncemented, occurs largely in distinct medium to thick beds between very
thick (as much as tens of feet) intervals of clayey rock, but Dickerson
(1916) showed one 20-ft sandstone bed. Conglomerate at base is 5 ft
thick near Cave Point (Dickerson, 1916). Limonite concretions to me
dium. See sections by Dickerson (1916) and Colburn (1961).

Parting: Present in two-thirds of clayey rock largely at very widely spaced
bedding contacts and to some extent at moderate to wide spacing within
beds. In one-third of clayey rock, close to moderate spacing on bedding
planes. Absent within sandstone and conglomerate.

Fracture: Clayey rock has close to very close spacing of weathering frac
ture on moderate to wide original spacing. Sandstone is fractured at spac
ing similar to bed thickness, largely moderate to wide, but contains rare
hard blocks as large as 4 ft by 8 ft.

Permeability: Almost all bedrock has very low to low intergranular per
meability, much of each; much has low fracture permeability in shallow
rock. Minor to some (as much as one-sixth) moderate intergranular per
meability (in uncemented sandstone). Most mantle low to very low.

Weathering: Clayey rock fresh at depths of 2-8 ft.
Surficial mantle: Largely clayey.
Expansivity: Much to most bedrock is significantly expansive, probably

some severely expansive. Most mantle significantly expansive, probably
some severely expansive. Samples: D15A, typical weathered mudstone,
mildly cracked, free swell 66 percent; D15B, typical light brown silty
and sandy clay soil, mildly cracked, free swell 72 percent. See samples '
for units 343 and 441.

Stratigraphic thickness: 300-600 ft (Brabb and others, 1971); 185 ft (in
ferred from Dickerson, 1916); 970 ft near Mount Diablo State Park and
about 2,000 ft near Pine Canyon (inferred from Colburn, 1961).

Sources: Brabb and others, 1971; Colburn, 1961; Dickerson, 1916; two
stations.

MAP UNIT 443

Geologic units, (age), and location: Domengine Sandstone, lower silt
stone and claystone member and white sandstone unit (T), along south
west flank of Mount Diablo.

Summary: Largely clayey rock like unit 442, but near contact with unit
675 includes an interval of white sandstone 50-200 ft in thickness. Pro
portions of materials are similar to proportions in unit 442. Most to al
most all bedrock has low to very low intergranular permeability, much
has low fracture permeability in shallow rock; minor to some moderate
intergranular permeability. Permeability of most mantle low to very low,
minor to some moderate. Surficial mantle is largely clayey, minor to
some granular. Expansivity is as described for unit 442.

Only the interval of white sandstone is described below; see descrip
tion of unit 442 for composition and physical properties of most materi
als of this unit. Interval of white sandstone is almost entirely sandstone
that apparently varies from largely uncemented to largely or entirely
cemented. We did not observe the sandstone where largely cemented.

Expression in aerial photographs: Sandstone in places forms a sharp
ridge, in other places a nonresistant light-toned band that is similar in
resistance to remainder of unit 443.

Composition: (1) Sandstone, largely fine grained but contains some coarse
and very coarse grained zones, well sorted, quartz rich, white weather
ing. (2) Calcite-cemented zones and concretions. (3) Clayey rock, con
sisting of mudstone to muddy fine sandstone.

Interval of sandstone consists largely of uncemented sandstone on
Mount Diablo Road, but near Cave Point described as hard gray sand
stone by Dickerson (1916); thus, probably variably cemented, from
largely uncemented rock to largely cemented in places. Minor clayey
rock within interval of sandstone.

Hardness: Uncemented sandstone is firm, some soft, where weathered,
probably firm where fresh. Cemented rock hard. Interbedded clayey rock
firm to quite firm.

Bedding: Sandstone in very thick (tens of feet) bed or beds. Near Mount
Diablo State Park, cemented sandstone occurs in zones to thick, and
concretions are as much as 4 ft in diameter. See sections by Dickerson
(1916) and Colburn (1961).

Parting: Largely absent in sandstone.
Fracture: In sandstone, largely moderate to wide spacing, some as much

as 4 ft, but could be very wide in very thick cemented sandstone. Ivluch
sandstone scales at very close spacing. Spacing in thick cemented sand
stone is moderate. Interbedded clayey rock has close to very close spac
ing of weathering fracture on moderate to wide original spacing.

Permeability: Intergranular permeability of uncemented sandstone mod
erate to low, probably much of each, local high; cemented sandstone very
low to low. Thus, intergranular permeability of sandstone varies from
about half moderate, half low, to largely very low where cemented, but
shallow cemented rock probably has low fracture permeability. Almost
all mantle on sandstone moderate.

Weathering: Sandstone weathers white.
Surficial mantle: On sandstone, granular mantle similar to sample Dl2B

of unit 343.
Expansivity: Almost all bedrock and mantle of sandstone interval is

unexpansive.
Stratigraphic thickness: Sandstone interval 50-200 ft (Brabb and others,

1971); 40 ft (Dickerson, 1916); 60-140 ft (Colburn, 1961).
Sources: Brabb and others, 1971; Colburn, 1961; Dickerson, 1916; one

station.

MAP UNIT 444

Geologic unit, (age), and location: Meganos Formation, Division E of
Clark and Woodford (1927) (T), near Mount Diablo.

Summary: Probably largely mudstone and shale, some to equally abun
dant siltstone, some high-matrix sandstone, minor clean sandstone. Poor
exposures make proportions uncertain. Most mantle and much or more
bedrock is severely expansive.

Expression in aerial photographs: Largely nonresistant, underlies val
leys or swales as in Horse Valley. Includes some areas of ribless inter-
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mediate semiresistant topography that show some white shoulders and
ridgetops. Largely lacks banding, but some very subdued banding of
light-toned zones as wide as 100 ft. In places includes smooth, rounded
hills that lack incised drainages. Largely dark-gray photographic tone.
In Horse Valley, includes some barely resistant beds that show no tonal
contrast but form lines of subdued bumps.

Composition: Different impressions from different workers. Includes: (1)
Mudstone and shale, probably silty (Brabb and others. 1971). some fis
sile where weathered. (2) Siltstone, much fissile where wcathered, some
fine sandy. (3) Sandstone, fine grained, well sorted, largely clean, some
grains look tuffaceous. (4) High-matrix sandstone, largely fine grained,
ranging from very fine to medium grained. (5) Calcite-cemented con
cretions and beds.

Very different impressions of proportions from different workers:
Brabb and others (1971) reported silty mudstone; Clark and Woodford
(1927) and Clark (1921) reported clay shale and sandstone at top, grad
ing downward to fine, massive, poorly indurated sandstone, poor expo
sures; Johnson (1964) reported chiefly siltstone, very minor sandstone.
Our observations (from one traverse, sample locality BW5, and expres
sion in aerial photographs) suggest largely mudstone and shale (much
mudstone weathers fissile near surface), some siltstone and high-matrix
sandstone, minor clean fine sandstone, rare cemented rock. Siltstone
could be as abundant as mudstone in some sections, particularly toward
east.

Hardness: Mudstone, shale, and siltstone are firm where fresh and weath
ered; dean sandstone weathers soft; dirty sandstone firm where fresh and
weathered. Concretions and cemented beds hard.

Bedding: Probably largely absent or indistinct (in mudstone), but unit
includes zones as thick as 100ft that consist of thin to thick, some very
thick (10ft or more), distinctly bedded siltstone and high-matrix
sandstone. Clean sandstone to thick; concretions and cemented beds me
dium.

Parting: Probably present in most weathered rock at very close to moder
ate spacing; much of mudstone, shale, and siltstone is fissile where
weathered. Observed to be present at very close to moderate spacing in
interbedded siltstone and sandstone.

Fracture: Probably close to very close spacing of weathering fracture on
moderate to wide original spacing in mudstone and shale; observed close
spacing, ranging from very close to moderate, of weathering fracture in
siltstone on moderate original spacing. No fracture noted in clean sand
stone (soft), probably close to moderate or wide spacing where present.
High-matrix sandstone has very close to moderate spacing of weather
ing fracture, most scales where weathered. Concretions and cemented
beds moderate to wide.

Permeability: Intergranular permeability of bedrock largely very low,
some to equally abundant low, minor moderate (in sandstone). Most
mantle very low, minor to some moderate.

Weathering: Weathering fracture in almost all of unit; fissility where
weathered in much. Clean sandstone weathers soft.

Surficial mantle: Largely clayey, minor to some granular. Silty to sandy
clay soils, like samples AS23 and AS25, are typical of unit. Silty clay
soil, like sample AS24, and loam soil, like sample BW5B, are typical
over resistant hills in unit.

Expansivity: Most bedrock is expansive, much or more is severely ex··
pansive. Most mantle severely expansive, minor to some unexpansive
to significantly expansive. Samples: BW5A, weathered mudstone. typi
cal of much of unit, free swell 110 percent; AS23, mildly to moderately
cracked silty clay soil, plastic, free swell 120 percent; AS25. typical silty
clay soil, free slNell 140 percent; AS24, silty clay soil on sandstone and
siltstone on hill, free swell 113 percent: BW5B, loam soil, substantial
constituent, free swell 47 percent; BW5C, dark sandy clay soil, typical
of low areas, free swell 90 percent.

Stratigraphie thickness: 50-1,300 ft (Brabb and others, 1971); 0-1,500
ft (Clark, 1921; Clark and Woodford, 1927); 0-700 ft (Johnson, 1964).

Sources: Brabb and others, 1971; Clark, 1921; Clark and Woodford, 1927;
Johnson, 1964; four stations.

MAP UNIT 445

Geologic unit, (age), and location: Meganos Formation, Division C of
Clark and Woodford (1927) (T), only north and east of Mount Diablo.

Summary: Largely shale. some sandstone interbeds. Most mantle and
probably much bedrock are severely expansive.

Expression in aerial photographs: Nonresistant. valley· forming unit. In
Deer Valley, about one-third is smooth-textured scarp slope of hogback.
lacks libbing; one-third is valley bottom; and cne-third is very subdued,
soft to intermediate topography held up by a few sandstone beds. In upper
Deer Valley, unit forms very subdued, grass-covered, low-lying topog
raphy that has smooth texture and uniform photographic tone. Unit in
cludes minor light-toned, resistant (sandstone) bands, some sharp crested,
most 10-30 ft in width, some as wide as 100 ft; two or three bands at
most in a given section. Some evidence of outcrop on some of these
bands suggests cementation. Much landsIiding evident in unit.

Composition: (1) Sandy and silty shale, some carbonaceous, some bitu
minous, some cherty, some containing limestone nodules and lenses
(Davis and Vernon, 1951). Closely resembles Knoxville Formation
(Clark and Woodford. 1927). Johnson (1964) called this siltstone. (2)
Sandstone, fine to coarse grained and gritty, much clayey; some or more
is hard and calcite cemented. Cemented beds are clean, well washed
(Clark and Woodford, 1927). In places, includes minute lignite lenses
(Clark and Woodford, 1927). Rusty concretions to medium. Locally fos
siliferous.

Unit is largely shale, some sandstone interbeds. Of shale, probably
minor to some is siliceous. Of sandstone, much is clayey, some or more
is hard and cemented. Brabb and other~i (1971) described this unit as
predominantly shale, many sandstone interbeds.

Hardness: Shale is firm where fresh and weathered; siliceous shale prob
ably firm to hard; uncemented sandstone firm to soft where weathered.
cemented sandstone hard where weathered.

Bedding: Sandstone in distinct medium to 5-ft and thicker beds between
dominant shale. Cemented beds to medium or more. Shale is largely
indistinctly bedded, some distinct (Clark, 1921). See column by Clark
and Woodford (1927).

Parting: Present in shale at very close to close spacing; present on dis
tinct bedding contacts.

Fracture: In shale, probably close to very close spacing of weathering
fracture on probably moderate to wide original spacing. Fracture spacing
in sandstone uncertain; where cemented, spacing is similar to bed thick
ness; where uncemented, probably indistinct fracture at wide to 10ft.

Permeability: Intergranular permeability of shale very low; of sandstone
low, to very low where cemented, probably moderate in weathered ce··
mented sandstone. Thus, intergranular permeability of bedrock largely
very low, some low. probably minor moderate in shallow rock. Prob
ably some low to moderate fracture permeability in shallow rock. Most
mantle very low, minor to some moderate.

Surficial mantle: Largely clayey, mlllor to some granubr.
Expansivity: Most bedrock expansive, probably much severely expansive,

some unexpansive. Most mantle severely expansive. Samples: BW4,
mildly cracked silty clay soil. typical, free swell 90 percent; AS29A,
well-cracked clay soil, free swell 100 percent (exaggerated); AS29B,
moderately cracked sandy clay soil, probably typical of most of unit, free
swell 120 percent. Weathered shale at sample locality BW4 has apparent
expansivity similar to sample BW3 of unit 345, free swell 90 percent.

Stratigraphie thickness: 50-1,300 ft (Brabb and others, 1971); 325-555
ft (Clark and Woodford. 1927); 900ft near Oil Creek to 1,800 ft near
Deer Valley (.Johnson, 1964).

Sourees: Brabb and others, 1971; Clark 1921; Clark and Woodford, 1927;
Davis and Vernon, 1951; Johnson, 1964; two stations.
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MAP UNIT 446

Geologic unit, (age), and location: Meganos Formation, sandstone unit in
Division C of Clark and Woodford (1927) (T), only north of Mount
Diablo.

Summary: Not seen in field. Occurs in one area only, where unit clearly
(tram photographs) consists of about one-third ridge-forming sandstone,
two-thirds swale-forming material similar to unit 445. Assume that sand
stone is similar to units 345 and 377, remmnder of unit identical to unit
445.

Expression in aerial photographs: Intermediate topography, more resis
tant than unit 445, but much less resistant than resistant units such as
345 and 377. Unit appears to define area of abundant sandstone within
this division of Meganos Formation. Where pattern is clear, unit is
banded as follows: sandstone ridge about 100 ft in width, 200-ft dark
toned swale, 100-ft zone of sandstone, 200-ft dark-toned band, 100-ft
zone of sandstone: these zones of sandstone include bands 30-100 ft in
width. Some sandstone crops out or nearly crops out.

Permeability; Intergranular permeability of bedrock probably largely very
low, some to much low, minor to some moderate. Probably low to mod
erate fracture permeability in some shallow rock. Probably most mantle
very low to low, some to much moderate.

Surficial mantle: Probably largely clayey, some to much granular.
Expansivity: Probably most bedrock is expansive like unit 445, much

unexpansive. Most mantle expansive, probably much severely expansive,
some to much unexpansive.

MAP UNIT 448

Geologic unit, (age), and location: Unnamed formation (T), only in
Potrero Hills, northwest of Montezuma Hills.

Summary: Not seen in field. Largely silty and sandy shale, called mica
ceous carbonate shale by Tolman (1943): some arkosic sandstone, fine
to medium grained, largely friable, locally concretionary, in beds prob
ably to thick. See unit 473 and section of "Lower Meganos" by Tolman
(1943).

Expression in aerial photographs: Subdued soft topography, some shows
subtle banding.

Permeability: Intergranular permeability of bedrock is largely very low,
some low to possibly moderate: measured permeability is lxlO-6 to
lxlO-9 em/sec (Cooper-Clark and Associates, 1973). Mantle very low.

Surficial mantle: Clayey.
Expansivity: Probably most bedrock is expansive and much is severely

expansive. Almost all mantle severely expansive. Highly expansive silty
to fat clay soil reported by Cooper-Clark and Associates (1973).

Sources: Cooper-Clark and Associates, 1973; Sims and others, 1973;
Tolman, 1943.

MAP UNIT 449

Geologic unit, (age), and location: Martinez Formation, undivided (T),
only in area west of Concord.

Summary: ~ot seen in field. Sedimentary rocks like those of units 451
and 474 (upper member) and units 425 and 426 (lower member). Prob
ably largely mudstone and siltstone, some sandstone.

Permeability: Intergranular permeability of most bedrock probably very
low to low, probably minor moderate. Probably most mantle very low
to low, some moderate.

Surficial mantle: Probably largely clayey, some granular.
Expansivity: Probably most bedrock is expansive, some unexpansive.

Probably most mantle is expansive, some or more is severely expansive,
some unexpansive.

MAP UNIT 450

Geologic unit, (age), and location: 'l,1artinez Formation (T), only near
Potrero Hills. northwest of Montezuma Hills.

I Summary: Probably largely clayey rock, some sandstone. Probably most
bedrock is expansive, most mantle severely expansive.

Expression in aerial photographs: Largely intermediate topography that
lacks ribs, some soft topography in upper part.

Composition: Sandstone and clayey rock in uncertain proportions. Field
observations show sandstone, fine grained and some medium grained,
variably silty, and interbeds of sandy claystone, clay-saturated sandstone,
and minor mudstone and siltstone: some silty mudstone weathers white.
Also contains fossil-reef sandstone and minor pebble conglomerate that
are argillaceous to well cemented.

Sandstone and claystone are about equally abundant in exposures we
examined, and so unit probably consists largely of clayey rock. Vari
able impressions from literature: largely sandstone, medium to coarse
grained (Tolman, 1943); lower part sandstone, upper part largely silty
mudstone and shale (Cooper-Clark and associates, 1973); 75 percent or
more silty to sandy clay shale, the remainder hard, fine- to medium
grained calcareous sandstone and concretionary sandstone in 1- to 20-ft
beds lBailey, 1930); largely shale containing 10 percent sandstone in 2
to 6-ft beds (Weaver, 1949). Thus, unit is probably largely clayey rock;
some sandstone, largely in lower part of unit, some to much of which is
cemented; minor conglomerate.

Hardness: Most sandstone firm where weathered, probably firm where
fresh; calcite-cemented rock hard. Claystone and mudstone have firm
pieces; mudstone has soft rock mass.

Bedding: Largely very thick (as much as 100 ft). Much of rock in very
thick sandstone intervals has indistinct medium bedding, probably ow
ing to variation in clay or silt content. Mudstone (minor) thick to 4 ft.
Cemented rock to thick or more.

Parting: Present in mudstone (minor constituent) at very close spacing
and at contacts between sandstone and claystone. Absent within sandy
claystone. If unit consists largely of shale, may be present in much to
most of unit at close to very close spacing.

Fracture: Where weathered, spacing is close to moderate in fine-grained
sandstone, moderate to wide in medium-grained sandstone, close to very
close in claystone and probably in shale, very close in mudstone. Frac
tures are open near ground surface.

Permeability: Intergranular permeability of sandstone mostly low, mod
erate where clean (20 percent of sandstone); sandy claystone, clayey
sandstone, and mudstone very low. Thus, bedrock largely very low, some
low, minor moderate. Measured permeability is Ix 10-7 to Ix 10'9 em/sec,
this probably in upper mudstone and shale (Cooper-Clark and Associ
ates, 1973). Probably most mantle very low.

Weathering: To depths of more than 6 ft (height of cuts). Some mudstone
remains gray where weathered.

Surficial mantle: Probably largely clayey. At one location, granular sur
face soil overlies expansive clayey subsoil, sample FS lB. Expansive fine
sandy and silty clay soil reported, at least on upper mudstone and shale
part of unit.

Expansivity: Probably most bedrock expansive, some unexpansive. Prob
ably most mantle severely expansive. Bedrock sample FS Ill., moderately
cracked clay-saturated fine sandstone, free swell 74 percent. Bedrock has
expansive zones (claystone) and unexpansive zones (sandstone). Surficial
mantle samples: FS 1B, sandy clay subsoil, well cracked, free swell 90
percent; FS2, dark clay soil, free swell 103 percent.

Stratigraphic thickness: 2,000 ft (Weaver, 1949); 1,000 ft (Tolman, 1943)
Sources: Bailey, 1930; Cooper-Clark and Associates, 1973; Sims and oth

ers, 1973; Tolman, 1943: Weaver, 1949: two stations.

MAP UNIT 451

Geologic unit, (age), and location: Martinez Formation, upper siltstone
and shale member (T), only in area west of Concord.

Summary: Largely mudstone grading to clay-saturated sandstone, some
interbedded low permeability firm sandstone. Prominent, resistant, 75-
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ft sandstone bed at top of unit includes calcite-cemented zones as thick
as 4 ft. Most mantle and probably most bedrock are expansive.

Expression in aerial photographs: Unit is largely nonresistant; much
consists of soft hillslopes below some light-toned resistant bands that
hold up ridges, some of which have sharp crests. Some to half of unit is
moderately resistant intermediate topography. Good sections in aerial
photographs show 70-ft light-toned resistant band at top of unit, 300- to
500-ft nonresistant band in middle part of unit, and semiresistant zone
JOO-300 ft in width near base of unit.

Composition: (1) Mudstone, sandy mudstone, and sandy claystone grad
ing to clay- or mud-saturated fine- to medium-grained sandstone, includ
ing some siltstone. Minor concretions. (2) Shale. (3) Sandstone,
undersaturated by clay, low permeability, probably fine to medium
grained. (4) Sandstone, fine grained, moderately to well sorted, some
~lauconitic, some possibly tuffaceous (brittle). (5) Calcite-cemented
zones in composition 4.

Unit is largely clayey rock (composition I) of which mudstone is domi
nant, shale less abundant (probably minor). Some sandstone overall, but
much of unit has minor sandstone. Resistant bed at top of unit is sand
stone (composition 4) that contains cemented wnes; semiresistant lower
part of unit is sandstone (composition 3) interbedded with clayey sand
stone of composition 1; nonresistant part is composition I containing
minor sandstone beds.

Hardness: Clayey rock is largely firm where weathered, some soft, prob
ably firm where fresh; many original fractures are cemented and dis
tinctly firmer than adjacent rock. Sandstone largely finn, some brittle,
minor hard except in resistant bed at top of unit where some is calcite
cemented and hard. Concretions hard.

Bedding: Largely unbedded to indistinctly bedded clayey rock (composi
tion 1). Minor to some distinct to indistinct (gradational) sandstone beds,
most medium to 5 ft but ranging from thin to IS ft, some isolated in
clayey rock, seme interbedded with about equally abundant clayey rock.
Resistant sandstone bed at top of unit is internally laminated, about 75
ft thick containing thick to 4-ft calcite-cemented zone.s, and toward top
and bottom grades to distinct medium to thick sandstone interbedded with
thin to medium shale. Minor coneretions to medium.

Parting: Probabiy widely spaced (not apparent) in most of clayey rock,
present in some at very close to moderate spacing. Minor to some part
ing on distinct sandstone bedding contacts. Most of resistant bed at top
of unit has wide spacing.

Fracture: Clayey rock has largely close to very close, some moderate,
spacing of weathering fracture on moderate to 4- ft stained original spac
ing: some spheroidal weathering. Sandstone is fractured largely at close
to moderate spacing, some wide; calcite-cemented sandstone has mod
erate to wide spacing, some as much as 4 ft.

Permeability: Clayey rock of composition I {most of unit) has very low
to low intergranular permeability; sandstone (some of unit) largely low.
minor possibly moderate. Most mantle very low to low, some moderate.

Weathering: Weathering fracture in mest of umt; some spheroidal weath
ering. Some sandstone (composition 4) is weathered to depths greater
than 25 ft.

Surficial mantle: Largely elayey, some granular.
Expansivity: Most bedrock probably expansive. Most mantle expansive,

much severely expansive, probably some unexpansive. Two samples of
typical soil on mudstone: WC3l, brown clay soil, free sweil 83 per
cent; WC36, light-brown sandy and silty clay soil, free swell 75 percent.
See samples for unit 426.

Stratigraphic thickness: 700 ft.
Sourees: Lawson, 1914; Merriam, 1897: four stations.

~1AP UNIT 452

Geologic unit, (age), and location: Martinez Formation, lower glauco
nitic sandstone member iJ), only at north end of the East Bay Hills near
Crockett.

Summary: Like unit 425, but lacks most of lower sandstone part of sec
tion. Largely siltstone, Dludstone, and clayey very fine grained sandstone,

as described for units 425 and 474.
Permeability: Most bedrock has low to very low intergranular permeabil

ity; possibly much shallow bedrock has low fracture permeability. Prob
ably most mantle low to very low.

Surficial mantle: Probably largely clayey.
Expansivity: Probably most bedrock signifieantly expansive. Probably

most mantle significantly expansive, probably some severely expansive.
Sources: Four stations.

MAP UNIT 453

Geologic unit, (age), and location: Unnamed unit (TK), in Santa Cruz
Mountains near Mount Madonna and Sierra Azul.

Summary: Briefly seen in field. Probably largely mudstone and shale,
minor to some sandstone and conglomerate. Probably much to most
mantle is severely expansi ve.

Expression in aerial photographs: Where expression is clear, interme
diate topography t.hat has rounded crests, most lacks ribs.

Composition: Deseribed by McLaughlin and others (1971) as including:
0) silty shale that contains scattered carbor,ate concretions, (2) mudstone,
(3) minor interbedded wacke sandstone. Field observation is of abun
dant blocks of sandstone and some conglomerate in largely clayey sand
mantle. Thus, probably largely mudstone and shale, minor to some sand
stone and conglomerate.

Hardness: Largely firm, some sandstone hard.
Bedding: Unknown. Distinct where interbedded sandstone.
Parting: Probably present in much of unit (shale and some mudstone) at

very close to moderate spacing. Present at distinct bedding contacts.
Fracture: Probably most has close to very close spacing of weathering

fracture on close to wide original spacing. Sandstone has close to 4-ft
spacing.

Permeability: Intergranu!ar permeability of bedrock largely very low,
minor to some low (sandstone). Probably same to much low fracture
permeability in shallow bedrock. Probably most mantle very low to law,
minor to some moderate.

Surficial mantle: Probably most clayey, minor to some granular. Where
observed, mantle is clayey sand to sandy clay.

Expansivity: Probably most bedrock expansive. Probably much to most
mantle severely expansive. Sample LMP3, clayey colluvium, free swel!
93 percent, more expansive than most soils at this station.

Sources: McLaughlin and others (1971); one station.

MAP UNIT 460

Geologic units, (age), and location: Purisima Formation, Lobitos Mud
stone Member (T); Lambert Shale and San Lorenzo Formation, undivided
(T); in San Mateo County. San Lorenzo Formation, undivided (T) and
Rices Mudstone Member (T), in San Mateo and Santa Clara Counties.

Summary: Largely mudstone and siltstone, some shale, minor sandstone;
rock is firm to soft. Some expansive bedrock and surficial mantle.

Composition: Largely mudstone and siltstone, some shale, minor sand-
stone.

Hardness: Firm to soft.
Bedding: Mostly absent, locally very thin.
Parting: Close to very close spacing in some or more.
Fracture: Moderate to wide spacing where fresh: very close to close spac

ing, locally moderate, where weathered.
Permeability: Intergranular permeability of bedrock largely very low,

some low (in some interbedded sandstone and siltstone). Low fracture
permeability in most shallow rock. Mantle largely low, minor moder
ateCn.

Surficial mantle: Largely clayey.
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Expansivity: Bedrock and surficial mantle are largely unexpansive, some
significantly expansive, rninor severely expansive. Bedrock samples:
SGG4B, mudstone, free swell 64 percent; MH4B, siltstone, free swell
80 percent; MH4A, clay shale, free swell 88 percent Surficial mantle
samples: HMBJ, loam soil, free swell 52 percent; SGG4A, soil, free
swell 68 percent; LH8, moderately cracked soii, free swell 70 percent;
LH9, organic soil, free swell 102 percent.

Stratigraphic thickness: 500-] ,800 ft
Source: Ellen and otters, 1972,

MAP UNIT 461

Geologic units, (age), and location: San Lorenzo Formation, Twobar
Shale Member (T); Butano Sandstone, shale member (T); shale near Palo
Alto (K); in San Mateo County,

Summary: Shale and some mudstone, minor interbedded sandstone. Some
signiflcantly expansive bedrock and mantle,

Composition: Shale and some mudstone, minor interbedded sandstone,
Hardness: Soft to firm.
Bedding: Shale is laminated,
Parting: Close to very close spacing in most.
Fracture: Close spacing in weathered rock,
Permeability: Largely very low intergranular permeability in bedrock, low

in interbedded sandstone (minor), Low fracture permeability in most
shallow bedrock, Mantle low.

Surficial mantle: Largely clayey,
Expansivity: Bedrock and surficial mantle are largely unexpansive, some

significantly expansive, Samples: MH l5A, bedrock, free swell 67 per
cent; MHI5B, stony soil, moderately to well cracked, free swell 56 per
cent Compare samples MH3A and MH3B in unit 370,

Stratigraphic thickness: 600(0)-800 ft
Source: Ellen and others, 1972,

MAP UNIT 465

Geologic unit, (age), and location: Nortonville Shale (T), only in Pacheco
syncline, west of Concord,

Summary: Shale and mudstone, minor interbedded sandstone. Some dif
ficult trenching in fresh, nonfissile rock, Almost all bedrock and mantle
is expansive, See unit 438,

Expression in aerial photographs: Mostly nonresistant, forms swales,
Composition: Almost all is silty shale and mudstone; minor interbedded

sandstone and rare porcelaneous shale, Rock shows good fissility in large
part where weathered, but fresh rock has mudstone structure, Sandstone
interbeds range from fine to coarse grained and from clean to silty to
clay saturated; they are mostly moderately sorted, and some are calcite
cemented and hard,

Hardness: Shale and mudstone are firm where fresh and weathered. Sand
stone is soft to firm where weathered, firm where fresh, Cemented sand
stone is hard,

Bedding: Much of shale and mudstone is laminated, Sandstone interbeds
are distinct, from thin to very thick (8 ft), mostly thin to 4 ft, between
very thick shale, Weaver (1953) described sandstone beds as thick as
25 ft

Parting: Present in most weathered rock at close to very close spacing,
absent in some; absent in fresh rock except at distinct bedding planes,
which are uncommon and very widely spaced, Parting develops upon
brief weathering of fresh rock,

Fracture: Very close to close spacing of weathering fracture in shale and
mudstone, developed on moderate to wide original spacing, Sandstone
has mostly moderate to wide spacing, some close; cemented sandstone
wide.

Permeability: Shale and mudstone have very low total penneability, Most
sandstone has low intergranular permeability, rarely moderate, Thus,
almost all bedrock has very low total permeability, minor low to locally
moderate intergranular permeability, Almost all mantle very low,

Weathering: Shale and mudstone are fresh at depth of 50 ft, probably
weathered to depth of about 10ft. Some sandstone is fresh at depth of 8
ft, other sandstone is weathered to depths greater than 30 ft. Fissility de
velops rapidly (a few weeks) on exposed surfaces of fresh shale and
mudstone,

Surficial mantle: Almost all clayey. Typically dark clay soils,
Expansivity: Almost all bedrock and mantle is expansive, probably most

is severely expansive. Bedrock samples: WC6A, typical mudstone, free
swell I 10 percent; WCi A, typical weathered mudstone, free swell 99
percent (exaggerated), Surficial mantle samples: WC6B, mildly cracked
soil on mudstone, typical, free swell 100 percent; WC7B, moderately
cracked dark clay soil on mudstone, typical, free swell II] percent; PC7,
typical clay soil, free swell 80 percent (exaggerated),

Sources: Bartow, 1985; Weaver, 1953; five stations,

MAP UNIT 466

Geologic unit, (age), and location: Nortonville Shale, upper shale unit
(T), in area at southern end of Yolo Range near Vacaville,

Summary: See description for unit 314,

MAP UNIT 467

Geologic unit, (age), and location: Nortonville Shale, lower shale unit
(T), in area at southern end of Yolo Range near Vacaville,

Summary: See. description for unit 3 ]4.,

MAP UNIT 468

Geologic unit, (age), and location: Meganos Formation, Division C of
Clark and Woodford (i927) (T), only in and near Pacheco syncline, west
of Concord,

Summary: Almost all is mudstone and shale, shale slightly dominant;
minor interbedded sandstone. Almost all bedrock and mantle is expan-
sive, much to most of each severely expansive,

Expression in aerial photographs: Nonresistant, smooth, forms swales
and low-lying areas, Many landslides where held up by more resistant
units,

Composition: Almost all is shale and mudstone; minor interbedded sand
stone; rare limestone. Mudstone and shale have gradational proportions
of silt, clay, and sand, but nearly all of these materials are clay satu
rated; much is silty, some sandy, Interbedded sandstone includes very
fine grained sandstone, some tuffaceous, some silty; fine-grained well
sorted clean sandstone; and clay-saturate.d fine- to medium-grained sand
stone, One bed of aphanitic limestone, More than 95 percent of unit is
mudstone and shale, shale slightly dominant. Shale is not very fissile and
much of unit could be called either mudstone or shale,

Hardness: Mudstone and shale are firm where fresh and where moder
ately weathered; rock mass is soft where weathering fracture is weI!
developed or when wet. Sandstone is firm except where extremely weath
ered, and some tuffaceous sandstone is firm and brittle, Limestone hard,

Bedding: Largely absent except for local distinct thin to very thick (as
much as 6-ft or more) beds of sandstone, mostly medium to thick, be
tween medium to very thick (tens of feet) mudstone and shale, Some very
thick (about 30-ft) intervals of uncommonly expansive clayey rock,
Limestone bed medium, Thin to medium indistinct interbedding in some
sandstone,

Parting: Present in shale (about half of unit) at very close to close spac
ing, absent in mudstone (about half of unit), Also present at sandstone
contacts,

Fracture: In mudstone and shale, moderate to wide spacing of original
fracture; spacing cf weathering fracture varies with grain size of rock
and ranges from very close to close and some moderate, Mudstone weath
ers spheroidally on weathering fracture, Sandstone is fractured at close
to moderate spacing, and some has moderate to wide original spacing,
Limestone has moderate spacing.
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Permeability: Almost all bedrock has very low intergranular permeabil
ity, minor low (in some sandstone); probably some low fracture perme
ability in shallow rock, Most mantle very low, possibly some low,

Weathering: Abundant free clay. Mudstone and shale are weathered to
depths of 5-7 ft; pieces fresh at 8 ft, weathered along fractures. Depth
of weathering in sandstone variable, depending on permeability.

Surficial mantle: Clayey. Uniform dark clay soil.
Expansivity: Almost all bedrock and mantle is expansive, much to most

of each severely expansive. Bedrock samples: WC l3B, typical shale,
mildly cracked surface, free swell 81 percent; PC9, typical weathered
shale, free swell 89 percent (exaggerated); PC 15, unweathered clayey
siltstone, free swell 80 percent; WC5, sperhoidally weathered mudstone,
free swell 65 percent; WCI3A, 30-ft bed of clayey rock, more expan
sive than most, free swell 95 percent; WC37, weathered shale, free swell
98 percent. Surficial mantle sample PC I0, typical clay soil, free swell
77 percent.

Stratigraphic thickness: About 1,000 ft.
Sources: Clark and Woodford, 1927; Weaver, 1953; eight stations.

MAP UNIT 469

Geologic unit, (age), and location: Meganos Formation, Division C of
Clark and Woodford (1927) (T), only at north end of the East Bay Hills
near Crockett.

Summary: Largely mudstone, some shale, and occasional thin to rarely
thick very fine grained sandstone and siltstone, much of which is ce
mented. Almost all bedrock and mantle is severely expansive.

Composition: Uniform mudstone and some (about 20 percent) shale. Con
tains scattered thin to medium beds and concretions of very fine grained
sandstone and siltstone cemented by calcite and iron oxide; also rare me
dium to thick beds of clayey fine-grained sandstone. Minor fine-grained
to very fine grained silty and clayey sandstone along State Route 4.

Hardness: Firm pieces where fresh, firm to soft where weathered. Scat
tered beds of calcite-cemented sandstone and siltstone hard. Rare beds
of clayey fine sandstone quite firm.

Bedding: Absent except for scattered distinct sandstone and siltstone beds,
many of which are discontinuous.

Parting: Good parting at very close spacing in about 20 percent of rock.
About 60 percent of rock is anisotropic but lacks continuous planes of
parting; this rock weathers spheroidally, then spheroids part parallel to
bedding.

Fracture: Largely spheroidal weathering on very close to moderate, mostly
close, spacing in mudstone and shale. Sandstone and siltstone beds have
close to moderate spacing.

Permeability: Almost all bedrock has very low intergranular permeabil
ity. minor low. Almost all mantle very low.

Weathering: Weathers to depths less than 30 ft; we estimate about 10 ft.
Fresh (bluish-gray) at 50 ft.

Surficial mantle: Almost all clayey. No soil observed.
Expansivity: Almost all bedrock and mantle is severely expansive. One

sample, BN20, mildly cracked mudstone, typical, free swell 100 percent.
Sources: Two stations.

MAP UNIT 470

Geologic unit, (age), and location: Vacaville Shale of Merriam and Turner
(1937) (T), west of Napa.

Summary: Not seen in field. Reported to be largely shale, some sandy
mudstone. Probably most to almost all bedrock and mantle is severely
expansive.

Expression in aerial photographs: Low-lying, forms valley.
Composition: Reported to be largely shale, some sandy mudstone.
Hardness: Firm, some soft where weathered.
Bedding: Weaver (1949) described unit as thick bedded.
Parting: Probably present in most of unit at close to very close spacing.

Fracture: Probably close to very close spacing of weathering fracture
superimposed on close to moderate original spacing.

Permeability: Probably very low intergranular permeability in bedrock.
Mantle probably very low.

Weathering: Unknown, probably to depths of 5-10 ft.
Surficial mantle: Probably clayey, similar to mantle on units 471 and 472.

, Expansivity: Probably most to almost all bedrock and mantle is severcly
expansive. See samples for unit 471.

Stratigraphic thickness: 500-1,000 ft (Weaver, 1949).
Sources: Fox and others, 1973; Weaver, 1949.

MAP UNIT 471

Geologic unit, (age), and location: Capay Formation (T), only north of
Vacaville along east side of Yolo Range.

Summary: Almost all firm clayey mudstone. Much to almost all bedrock
and mantle is severely expansive.

Composition: Almost all is clayey mudstone, poorly fissile if at all. At
top of section, about 3 ft of sandy and glauconitic mudstone is under
lain by more than 3 ft of very fine grained sandstone. Possibly some
siliceous rock (compare unit 472).

Hardness: Firm where weathered, probably firm where fresh.
Bedding: Glauconitic mudstone is a distinct bed; remainder of unit is in

distinctly bedded to unbedded.
Parting: Largely absent; may be developed locally in clayey mudstone.
Fracture: Very close spacing of weathering fracture in clayey mudstone

(almost all of unit); close to moderate spacing in weathered glauconitic
mudstone and very fine sandstone.

Permeability: Clayey mudstone (almost all of unit) has very low inter
granular permeability; glauconitic mudstone and very fine sandstone low.
Very low in mantle.

Weathering: Clayey mudstone weathered to depths greater than 3 ft. Glau
conitic mudstone and very fine sandstone weathered to depths greater
than 8 ft.

Surficial mantle: Clayey.
Expansivity: Most to almost all bedrock and mantle is severely expan

sive. Samples: MV21A, weathered clayey mudstone. free swell 128
percent; MV21B, well-cracked clayey soil, free swell 129 percent.

Sources: Sims and others, 1973; Weaver, 1949; two stations.

MAP UNIT 472

Geologic unit, (age), and location: Capay Formation (T), only in Potrero
Hills, northwest of Montezuma Hills.

Summary: Not seen in field. Shale, interbedded with lesser sandy mud
stone and cherty shale (Cooper-Clark and Associates, 1973); contains
numerous concretions (Weaver, 1949). Minor cemented fossil reef sand
stone, bentonite, and abundant limonitic phosphaticO) interbeds (see
section by Tolman, 1943). Fresh bedrock is rippable to marginally
rippable (Cooper-Clark and Associates, 1973). See unit 471.

Expression in aerial photographs: Largely nonresistant soft topography,
valley bottom; some subdued intermediate topography.

Permeability: Probably almost all bedrock has very low intergranular
permeability; measured permeability is lxlO-8 to lxlO- iiJ cmJsec (Coo
per-Clark and Associates, 1973). Probably low to moderate fracture per
meability in minor to some shallow bedrock. Mantle probably very low.

Surficial mantle: Clayey.
Expansivity: Probably most to almost all bedrock is severely expansive.

Almost all mantle is severely expansive. Highly expansive silty to fat
clay soils reported by Cooper-Clark and Associates (1973). See samples
for unit 471.

Stratigraphic thickness: 300 ft (Weaver, 1949); 400 ft (Tolman, 1943).
Sources: Cooper-Clark and Associates, 1973; Sims and others, 1973;

Tolman, 1943; Weaver, 1949.
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MAP UNIT 473

Geologic unit, (age), and location: ennamed formation IT), only along
east side of Yolo Range north of Vacaville.

Summary: Probably almost all firm sandy mudstone, fissile in part. Peorly
exposed. Severely expansive mantle on half or more of unit.

Composition: Sandy mudstone, fissile in part; minor to possibly scme
well-sorted, friable sandstone near contact with unit 315.

Hardness: Firm where weathered, probably finn where fresh.
Bedding: Probably largely absent; not observed in poor exposure. Some

distinct interbedding with sandstone near contact with unit 315. where
medium to very thin beds of sandstone occur between very thin to thin
beds of fissile mudstone.

Parting: PreseEt in part at very close to close spacing (fissile), absent in
part.

Fracture: Clo,;e to very close spacing of weathering fmcture.
Permeability: Largely very low intergranu!ar permeability in bedrock,

miner to possibly some low to moderate. Most mantle very low, possi
bly much moderate.

Weathering: Smal! pieces partially we~thered at depth of 6 ft; coler change'
at depths gre~ter than 6 ft.

Surficial mantle: Most to almost all is clayey; much surficial soil is granu
lar. Clayey soil, like sample MV20, is representative of surficial soil in
about half of unit. Other half has uncracked granular surficial soil, which
is probably transported from upslope but may be derived from sandstone
within unit.

Expansivity: Probably most to almost ail bedrock is expansive. :-Iost to
almost all mantle severely expansive. Sample MV20, typical moder
ately cracked clayey soil or weathered bedrock, free swell 120 percent.

Sources: Sims and others, 1973; Tolman, 1943; two stations.

MAP UNIT 474

Geologic unit, (age), and location: Martinez Formation, upper siltstone
and shale member (T), only near Carquinez Strait, southeast of Vallejo.

Summary: Uniform composition of fine-grained clayey rock. Almost all
bedrock is significantly expansive, much mantle includes severely ex
pansive subsoil. Poor cut-slope stability.

Composition: Almost all is clayey rock consisting of siltstone, very fine
sandy siltstone, silty and clayey very fine grained sandstone, and silty
mudstone: these materials are similar in properties. Includes rare fine
to medium-grained sandstone [hat is cemented, and calcite-cemented
concretions to large.

Hardness: Firm pieces, some approaching hard, in siltstone and other
clayey rock. Concretions and rare sandstone bed are hard.

Bedding: Mostly absent, some indistinct at medium to thick. Rare sand
stone as a distinct medium bed.

Parting: Absent.
Fracture: Mostly close spacing of weathering fracture; some moderate in

very fine grained sandstone.
Permeahility: Low to very low intergranular permeability in bedrock.

Possibly low fracture permeability in much shallow bedrock. Most to
almost all mantle very low to low.

Weathering: To depths greater than 20ft except in medium blocks of very
fine grained sandstone. Weathers from fractures inward. Much slump
ing of cuts.

Surficial mantle: Most to almost all is clayey. About half of unit has silty
clay subsoil similar to sample BN 15.

Expansivity: Almost all bedrock is significantly expansive. Much mantle
severely expansive (subsoil), much significantly expansive. Samples:
BN 15, moderately cracked silty clay subsoil, free swell 90 percent;
BN16, typical silty mudstone, mildly cracked, free swell 63 percent. All
bedrock exposed in cuts shows mild cracking thar suggests expansivity
similar to sample BNI6.

Sources: Lawson, 1914; Merriam, 1897; two stations.

MAP UNIT 500

Geologic units, (age), and location: Purisima Formation, Pomponio f..'1ud
stone Member (T); Monterey Group iT) (called Monterey Shale on
source map); Santa Cruz Mudstone (T); Lambert Shale (T); in San Mateo
County part of Santa Cruz Mountains.

Summary: Largely porcelaneous rock. Bedrock and surficial mantle are
largely unexpansive, some of each significantly expansiyc (where bed
rock is not siliceou.s).

Composition: Largely porcelane,)us shale and mudstone; some chert, smne
nonsiliceous mudstone, minor ,;andstone.

Hardness: Typically hard to firm and brittle: chert hard, nonsiliceous
mudstone firm to soft, sandstone finn to hard.

Bedding: Ranges from absent to distinct medium to very thick beds: chert
and some porcelaneous rock are laminated.

Parting: Some has very close to locally moderate spacing.
Fracture: Very close to close spacing, locally moderate.
Permeability: Bedrock has largely very low imergranular permeability,

minor low (in interbedded sandstone). Low to locally moderate fraoture
permeability in shallow rock. Mantle modemte to low, some possibly
very low.

Surficial mantle: Granular to clayey.
Expansivity: Bedrock and surficial mantle are largely unexpansive, some

of each significantly expansive (where bedrock is not siliceous). Bed
rock samples: FPlB, bedrock, free swell 56 percent; LH5, mudstone,
free swell 78 percent; HMB4, bedrock!?), free swell 72 percent; MH5,
black claystone, free swell 59 percent. Surficial mantle samples: MHll,
dark gray soil, free swell 37 percent; MH8, soil, free swell 48 percent;
LH6, soil, free swell 74 percent; FPlA, uncracked soil, free swell 82.
percent.

Stratigraphic thickness: 400-5,000 ft.
Source: Ellen and others, 1972

MAP UNIT 501

Geologic unit, (age), and location: Monterey Group (T), only in foot
hills of Santa Cruz Mountains near Los Gatos.

Summary: Largely closely parted f:rm porcelaneolls shale and siltstone,
minor to some soft clean sandstone interbeds of moderate permeability.
Minor clay and ash beds, shale partings, hard porcelanite, pebble con
glomerate, and limey beds. and minor to SOITIe nonsihceous firm siltstone.
Minor expansive bedrock, some severely expansive mantle.

Expression in aerial photographs: Resistant intermediate topography,
much approaching hard topography. Some banding in places, not obvi
ou.s generally.

Composition: (1) Porcelaneous shale and siltstone, white weathering,
abundant microfossils, containing occasional sand grains and very small
pebbles, (2) Shale partings between porcelaneous beds. (3) Sandstone,
medium grained, some to coarse grained, well to moderately well sorted,
clean, minor calcite oemented. (4) Porcelanite. 15) Clay or ash beds, ben ..
tonitic (Bailey and Everhart, 1964). (6) Limy beds. (7) Nonsiliceous
foraminiferal siltstone. (8) Conglomerate (Bailey and Everhart, 1964) of
pebbles and some cobbles as much as 4 in. in diameter. (9) Dolomite
concretions (McLaughlin and others, 19(1).

enit is largely porcelaneous rock (compositicn 1 much contains shale
partings. :Vlinor to some interbedded sandstone of which minor is cal
cite cemented; minor porcelanite, clay or ash beds, limy beds, and con
glomerate. Minor to some nonsilioeous siltstone.

Hardness: Porcelaneous rock is firm where fresh and weathered:
porcelanite hard; sandstone soft where weathered and probably where
fresh, hard where cemented; clay and ash beds soft to firm; nonsiliceous
siltstone firm.

Bedding: Porcelaneous rock is laminated, and much has distinct very thin
to thin shale partmgs between thin to medium beds of porcelaneous rock,
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MAP UNIT 506

MAP UNIT 504

Geologic unit, (age), and location: Monterey Group, shale unit cr;, only
near eastern margin of the East Bay Hills north of Alamo.

Summary: Largely firm. brittle. subporcelaneous to porcelaneous mud
stone: some sandstone. Probably most mantle severely expansive.

Expression in aerial photographs: Intermediate topography, ,mali area.
Composition: Largely firm. brittle, subporcelaneolls to poreelaneous mud

stone; probably some mudstone is nonsiliceous. Some fine- to mediurn
grained sandstone that contains matrix suffiCIent for low permeabIlity,

Hardness: Where weathered and probably where fresh, mudstone is largely
firm and brittle. mostly quite firm. and contains about 30 percent hard
pieces. Sandstone largely firm where weathered. some soft.

Bedding: Siliceous mudstone occurs largely in very thick beds that are
internally indistinctly bedded. Oecasional thin to very thick (as much as
6-ft or more) sandstone interbeds. :'iear interbedded sDndstone. siliceolls
mudstone becomes more thinly bedded, down to thin.

Parting: Largely absent. Present at contacts between sandstene and mud
stone, and rarely on indistinct bedding within mudstone.

Fracture: Mudstone h2s close to moderate original spacing and very close
to close spacing of weathering fracture, some to moderate in sandier beds.
Weathers to spheroidal pieces,

Permeability: Intergranular permeability of most bedrock very low, some
low (sandstone). Most shallow bedrock has low to possibly moderate
fracture permeability. Probably most mantle very low to low.

Weathering: Weathering fracture to depths greater than 15ft.
Surficial mantle: Probably largely clayey. Dark sticky clay soil appeared

typical at the one station observed,
Expansivity: Probably most bedrock unexpansive. some probably expan

sive. Probably much to most mantle severely expansive.
Sources: Ham. 1952: one station.

MAP UNIT 503

Sandstone occurs in medium to very thick (lO-ft) distinct beds, in con
centrations ranging from one medium bed in 10-30 ft of porcelaneous
rock to as much as some of section. Clay and ash occur in medium. some
thick. beds about every 15 ft of section in places. Nonsiliceous siltstone
in very thin to medium beds between shale partings. Calcite-cemented
sandstone as thick as 4 ft.

Parting: In porcelaneous rock, largely close spacing, ranging from very
close to moderate; absent within sandstone. Present at very close to
moderate spacing in some to most nonsiliceous siltstone. Thus. present
at close. spacing in most of unit.

Fracture: Close, to moderate spacing of cross-fracture in porcelaneous rock
and porcelanite; close to moderate or absent in sandstonc; close to mod
erate in nonsiliccous siltstone. Thus, largely close to moderate spacmg.

Permeability: Percelaneous rock and porcelanite have~ to low
intergranular permeability, and lew to possibly moderate fracture per
meability in shallow reck; not an aquifer (California State Water Re
source;; Board. 1955). Intergranular permeability of sandstone moderate,
of shale and clay beds (compositions 2, 5) very low. of nonsiliceous silt
stone Jaw to very low, Thus. intergranular permeability of most bedrock

low to low, minor to some moderate: most shallow rock has low to
possibly DloderJ.te fracture penneability. ~vluch rnantle moderate, rnuch
low to very low.

Weathering: Sandstone weathered to depths greater than 20 ft.
Porcelaneous rock shows little effect of weathering except white cclor
and opening of fractures.

Surficial mantle: Much granular. much clayey, Largely uncracked silty
to chiyey :;oil. some stony, but includes some dark, cracked silty clay
soil. such as sample LOGIA,

Expansivity: Most bedrock unexpansive, minor expansive (bentonitic clay
or ash interbeds). Most mantle unexpansive to significantly expansive,
some severely expansive. Bedrock sample LOG IB, white waxy clay
interbed. free swell 61 percent. Bailey and Everhart (1964) reported
bentonillc interbeds, Surficial mantle samples: LOG lA, typical mildly
cracked black silty clay soil, free swell 110 percent; LOG9. moderately
cmcked silty clay soil, typical, free swell 52 percent; LOG 1O. sandy silty
clay soil. free swell 51 percent.

Stratigraphic thickness: 1.300 ft (Bailey and Everhart, 1964).
Sources: Bailey and Everhart. 1964; California State \Vater Resources

Board. 1955; McLaughlin and others. 1971; six stations.

G(:ologic unit, (age), and location: ,v!onterey Group. Claremont Shale (T),
only near OakLmd in the East Bay Hills.

Summary: Largely hard siliceous shale repetitively interbedded with firm
shale. Hard sandstone beds. thick to very thick (4 ft). especially near base
of unit. may require blasting (Radbruch, 1969). Most mantle significantly
expansive.

Expression in aerial photographs: Resistant unit. forms hard crest of
Berkeley Hills above Caldecott tunnel. To south. intermediate to hard
crests and very regular ribbing; some zones of soft topography. about
300 ft in width. near top of ridge,

Geologic unit, (age), and location: Monterey Group. shale unit (T), only Composition: Largely hard. bituminous siliceous shale. mostly porcelanite
in area north of Castro VaJley in the East Bay Hills. and some chert, repetitively interbedded with firm. silty, slightly siliceous

Summary: Not seen in field, composition and proportions uncertain. shale. In places. unit consists largely of fissile poreelaneous shale that
Expression in aerial photographs: Intermediate topography that shows includes some firm shale but laoks repetitive interbedding, Includes very

some sharp ribs of resistant rock crossing crests. About half is fairly thick beds of shale that lack interbedded chert and porcelanite, mudstone
resistant and forms knobs; about half is darker in tone and underlies (Page. 1950). and fjne- to medium- to less commonly coarse-grained
bread trough in crest. sandstone. much of which contains abundant tuffaceous matrix (to satu-

Composition: Cnit includes both resistant siliceous roek and less resis- ration) and some of which (10 percent) is silicified or carbonate cemented
tant, less siliceous rock. Probably consists of some porcelaneous shale and hard. In places. as much as 40 percent of unit may be firm shale or
or mudstone. much subporcelaneous shale or mudstone. some to much sandstone. Includes dikes of altered diabase that contain! 0-35 percent
nonsiliceous shale or mudstone. and minor to some sandstone, clay. as well as scattered concretions and beds of siliceous, ferruginous

Physicai properties: Probably like similar materials in units 504 and 507. limestone and dolomite. Lawson (1914) distinguished cherty bituminous
Permeability: :vlost to almost all bedrook has very low intergranular per- shale of this unit from soft chalky bituminous shale resembling diato-

meability, Much to mest shallow bedrock has low to possibly moderate maceo us earth that is present along with cherty rock in Sobrante anti-
fracture permeability. Muehl!) mantle moderate, muehO) low to very ~ cline area (unit 534). Some gas (methane) and oil encountered in
lGW, tunnelling fresh rock. Radbruch and Case (1967) reported chert domi-

Surficial mantle: Granubr to clayey, much(~) of each, nant in Berkeley Hills, siliceous shale and tuffaceous sandstone domi-
Expansivity: Probably most bedrock is unexpansive, much may be expan- nant elsewhere, Sheehan (1956) noted that thinning of unit is at expense

sive, Probably some to much mantle unexpansive. much to most expan-, of sandstone; that is. where unit is thin it is largely siliceous shale,
sive, I Hardness: Porcelanite. ehert, and poreelaneous shale have hard pieces,

Sources: Newton. 1948; Robinson, 1956, both where fresh and weathered, Weathering opens very close fractures.
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producing firm rock mass in places. Shale interbeds and very thick in
tervals are firm, possibly hard where fresh (Page, 1950). Some sandstone
is hard where fresh and weathered; most is firm where fresh, soft to firm
where weathered. Limestone and dolomite beds and concretions are hard;
diabase dikes soft to hard; mudstone encountered in Broadway tunnel
quite firm.

Bedding: Consists largely of distinctive, repetitive, thin to medium dis
tinct beds of siliceous shale between thin, some medium, beds of firm
shale: bedding in this rock is folded in places. Less common thick to
very thick (4-1'1) beds of siliceous shale. Much siliceous shale is lami
nated. In places consists of laminated porcelaneous shale without repeti
tive firm shale interbeds. Some intervals of firm shale or mudstone as
thick as 15 ft, and aerial photographs suggest shale or firm sandstone in
zones as thick as 300 ft in one place. Hard sandstone occurs as medium
to very thick (4-ft) distinct beds, firm sandstone as dikes and beds as
thick as 80 ft or more without internal bedding. Limestone and dolomite
occur as isolated lenticular beds and elongate spheroidal masses to thick.
Diabase dikes are mostly 1-10 ft, but as thick as 20 ft, and irregular in
form.

Parting: On bedding planes, largely at close to moderate spacing, and
within very thick shale intervals at very close. Within porcelaneous shale
at very close to close spacing. Absent within sandstone. Unit is promi
nently anisotropic owing to plentiful parting.

Fracture: Siliceous shale has very close to close fracture spacing perpen
dicular to beds, but breaks in pieces as large as medium. Thick to very
thick beds of siliceous shale are fractured at moderate to 4-ft spacing,
shattered internally. In places, parallel cross fractures penetrate both sili
ceous shale and repetitive interbeds. Mudstone and shale have close to
very close spacing of weathering fracture on close to wide major crass
fractures. Hard sandstone has mostly moderate to wide spacing, some
as much as 4 ft; firm sandstone has close to moderate spacing where fresh
and close spacing of weathering fracture. Some concretions are internally
fractured at close to wide spacing.

Permeability: Siliceous shale (most of unit) has very low intergranular
permeability and low to moderate fracture permeability parallel to bed
ding in shallow bedrock; where highly fractured, provides moderate to
possibly high fracture permeability (Page, 1950). Intergranular
permeabililty of firm shale very low, of sandstone (minor to some of unit)
low to very low. Most mantle moderate.

Weathering: In prominently bedded rock, weathering softens firm shale
and opens fractures in siliceous shale, in places producing firm rock mass
to depths of 15-30 ft or more; Radbruch (1969) reported weathering depth
greater than 20 ft. Firm sandstone is weathered soft to firm to depth of
about 25ft. Weathering opens parting in porcelaneous shale.

Surficial mantle: Largely granular (silty). Noncohesive dark silty soil,
containing abundant small and very small fragments of hard, siliceous
rock, is typical. Radbruch (1969) reported that soil ranges from 2 in. to
3 ft in thickness.

Expansivity: Almost all bedrock is unexpansive, minor to some possibly
expansive (shale, mudstone, and altered diabase dikes). Most to almost
all mantle significantly expansive to unexpansive. Samples: OEI4, typi
cal uncracked noncohesive dark silty soil, free swell 61 percent; OE28,
typical very mildly cracked dark silty soil, free swell 69 percent.

Stratigraphic thickness: West of Moraga fault, 1,160 ft or more (Page,
1950) to 2,000 ft (l.R. Wagner, written commun., 1973); thinner else
where.

Sources: Case, 1963; Lawson, 1914; Lawson and Palache, 1902; Page,
1950; Radbruch, 1969; Radbruch and Case, 1967; Sheehan, 1956; l.R.
Wagner, written commun., 1973; Wagner, 1978; five stations.

MAP UNIT 507

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T),
only in area northeast of Castro Valley in the East Bay Hills.

Summary: Largely porcelaneous shale, thinly interbedded with shale or
parted, hard to firm pieces. Lesser chert, diatomaceous shale, and sand
stone, but in places largely firm sandstone. Most to almost all bedrock
unexpansive, most mantle unexpansive to significantly expansive.

Expression in aerial photographs: Where discernible, unit consists of
light-toned band of resistant intermediate topography 100-200 ft in width,
accompanied by dark-toned band as wide as 100 ft. Underlies knobs.

Composition: (1) Porcelaneous shale. (2) Chert. (3) Shale, nonsiliceous
to subporcelaneous. (4) Sandstone, fine to medium grained, moderately
to poorly sorted, largely dirty, low permeability. (5) Diatomaceous shale
(Robinson, 1956).

Unit is largely porcelaneous shale, but contains minor to some chert
beds, some shale interbeds, and at least in places some to most is sand
stone (where mapped thickness is much greater than siliceous rock).
Minor diatomaceous shale (Robinson, 1956).

Hardness: Where fresh and weathered, porcelaneous shale is hard to firm,
chert is hard, and shale, sandstone, and diatomaceous shale are firm.

Bedding: Much of both ta) thin to medium beds of porcelaneous shale
and chert distinctly interbedded with shale, and (b) laminated and parted
porcelaneous shale that lacks abundant shale interbeds, but contains some
chert beds. Chert is laminated internally. Sandstone mostly in very thick
(as much as l5-ft or more) beds. Diatomaceous shale probably to thick.

Parting: Present in porcelaneous rock at very close to moderate spacing,
largely very close to close, but may be more widely spaced in much
where fresh. Largely absent in sandstone. Thus, largely present at very
close to moderate spacing, but largely absent in some areas.

Fracture: Porcelaneous shale and chert have very close to moderate spac
ing, largely close, of fracture that crosses bedding; shale has close to
very close spacing; sandstone varies from rock that has very close to
moderate spacing of weathering fracture to moderate, some wide, origi
nal spacing that lacks weathering fracture.

Permeability: Intergranular permeability of porcelaneous shale very low
to low, chert and shale very low, sandstone low; thus bedrock has en
tirely very low to low intergranular permeability. Most shallow bedrock
has low to moderate fracture permeability. Most mantle moderate.

Weathering: Parting, which may develop only where weathered, is present
in porcelaneous rock to depths greater than 15 ft.

Surficial mantle: Largely granular.
Expansivity: Probably most to almost all bedrock is unexpansive. Most

mantle unexpansive to significantly expansive. See samples for unit 506.
Stratigraphic thickness: 350 ft (Hall, 1958); 225 ft, including fine sand

stone (Newton, 1948); 150-300 ft (Robinson, 1956).
Sources: Hall, 1958; Newton, 1948; Robinson, 1956; four stations.

MAP UNIT 508

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T),
only between Niles Canyon and Calaveras Reservoir, east of Fremont.

Summary: Largely hard chert and porcelaneous shale repetitively inter
bedded with firm shale and mudstone; includes some firm and hard sand
stone, shale, and mudstone. Some bedrock and most mantle is severely
expansive.

Expression in aerial photographs: Largely intermediate topography,
ribbed in places, banded by resistant light-toned zones (siliceous shale),
some of which form sharp crests, most of which form rounded crests on
prominent hogbacks. These light-toned bands range from 100 to 400 ft
in width and constitute as much as two-thirds of unit; bands 10 ft or more
in width are distinguishable in places. In places, includes swale-form
ing nonresistant zones as wide as 200 ft or more. Minor outcrop.

Composition: (1) Thinly interbedded rock, largely chert and porcelaneous
shale interbedded with shale and mudstone; most interbedded shale and
mudstone is subporcelaneous, pink, and quite firm. Some thinly inter
bedded rock is hard cemented sandstone interbedded with firm shale and
mudstone. (2) Silty carbonate (dolomite?), hard, in irregular beds and
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nodules. (3) Mudstone, subporcelaneous, pink. \4) Fissile shale. (5) Sand
stone, largely fine to medium grained; some is cemented, some
unccmented, some contains concretions.

Unit is largely the typical thinly interbedded siliceous rock of compo
sition I, but includes some each of compositions 3, 4, and 5. Composi
tion 2 is minor and is common near base of unit (Hall, 1958).
Composition 4 is more common in southern parts of outcrop area.
Cnmappable thickness of friable sandstone (composition 5) is present
at base of unit.

Hardness: Chert and porcelaneous shale have hard pieces, both where fresh
and weathered: interbedded mudstone and shale firm to quite firm. Mud
stone is quite firm where fresh and weathered: shale firm where fresh,
finn to soft where weathered: dolomite ringing hard, crops out: sand
stone variable from hard cemented rock and concretions to firm
uncemented rock, probably mostly firm.

Bedding: Most of unit (composition I) is distinctly and repetitively bed
ded by thin to medium beds of chert, porcelaneous shale, and some sand
stone between very thin to medium beds of firm mudstone and shale.
Dolomite beds and nodules to thick, some as much as 4 ft. Mudstone,
unbedded, occurs in very thick (as much as 20-ft) intervals and as
interbeds to thick. Shale laminated. Sandstone in thin to 4-ft beds.

Parting: Present in most of unit (composition I) at very close to moder
ate spacing; in shale at very close (paper thin); absent in mudstone;
mostly absent within sandstone, but present on contacts between sand
stone and shale at close to very wide. Thus, good parting at close spac
ing in great majority of unit.

Fracture: Chert and porcelaneous shale have very close to moderate spac
ing, mostly close; interbedded mudstone and shale close to very close;
dolomite largely wide to 4 ft; mudstone has close to wide spacing of
original fracture and close to very close spacing of weathering fracture;
shale probably close to very close spacing of weathering fracture; sand
stone has close to moderate spacing, but concretions are medium to large,
and some sandstone weathers spheroidally.

Permeability; All compositions have very low intergranular permeability
except firm sandstone (some of unit), which has low intergranular per
meability. Chert and porcelaneous shale, which make up most of unit,
have low to moderate fracture permeability in shallow bedrock. Some
to most mantle low, much to most very low.

Weathering: Thinly bedded rock is little affected by weathering except
for opening of fractures, probably to depth of 20 ft (see unit 506). Do
lomite crops out. Mudstone has weathering fracture to depths greater than
15 ft.

Surficial mantle: Largely clayey. Most exposures have a mildly cracked
silty clay soil, such as sample NL8, over chert and porcelanite. Moder
ately cracked weathered clayey rock, such as sample NL13A, occurs in
about half of clayey rock (compositions 3, 4), but most surficial mantle
over clayey rock is less expansive. Minor well-cracked weathered clayey
rock, such as sample NL13B.

Expansivity: Most bedrock unexpansive, some severely expansive (clayey
rock). Much to most mantle severely expansive. Samples: NL8, mildly
cracked silty clay soil, typical, free swell 111 percent; NL13A, weath
ered clayey rock, free swell 140 percent; NLI3B, well-cracked weath
ered clayey rock, minor, free swell 100 percent (exaggerated).

Stratigraphic thickness: About 700 ft (Hall, 1958).
Sources: Hall, 1958: two stations.

MAP UNIT 509

Geologic unit, (age), and location: Shale and sandstone (Tl, in Santa Cruz
Mountains between Chittenden and Mount Madonna.

Summary: Largely subporcelaneous to porcelaneous shale and mudstone;
lesser interbedded sandstone, most of which is silica cemented, and sili
ceous siltstone. Some zones of rhythmically bedded chert and porcelanite,
and rhythmic sandstone flysch. Good parting in entire unit. Some sig
nificantly expansive clayey subsoil.

I Expression in aerial photographs: Largely intermediate topography, some
very regularly ribbed~ some irregular. Minor hard topography includes
gravel pits and steep white lIpper slopes near Atherton Peak. Tonal band
ing in some places.

Composition: (I) Subporcelaneous to porcelaneous shale and mudstone,
largely effectively a shale although much is not truly fissile. Includes
gradations between hard rock and firm, carbonaceous (McLaughlin and
others, 1971), barely siliceolls rock. Some is prominently foraminiferal.
(2) Porcelaneous siltstone (hard). (3) Chert and porcelanite, rhythmically
interbedded with somewhat siliceous firm shale. (4) Sandstone, medium
grained, some coarse grained, moderately well to moderately poorly
sorted, much silica cemented, some uncemented. (5) Flysch of firm sand
stone, as in composition 4, thinly interbedded with firm shale. (6) Cal
careous beds, minor, form prominent outcrops (Jones, 1911).

Unit is largely composition I, of which most is hard to quite firm where
fresh; some interbeds of siltstone (composition 2). Includes some zones
of rhythmically bedded chert and porcelanite (composition 3) that are
tens oUeet to as thick as 100 ft or more. Sandstone (composition 4) is a
widespread constituent in minor to some amounts; much is silica ce
mented and hard, some firm, and firm in flysch (composition 5) that con
stitutes some of unit. Minor calcareous beds.

Hardness: Composition I is largely hard to quite firm where fresh, some
firm where fresh, IIluch hard to quite firm where weathered, the remain
der firm where weathered. Siltstone is hard and brittle; chert and
porcelanite hard where fresh and weathered; sandstone hard where ce
mented, firm where not cemented; calcareous beds hard.

Bedding: Composition I occurs largely as thick and very thick beds, pos
sibly laminated, between lesser distinct thin to medium beds of laminated
siltstone (composition 2) and distinct beds and blebs of sandstone that
are largely medium to thick or 4 ft, but as thick as 15 ft. Chert and
porcelanite, much laminated, occur as distinct thin to medium beds be
tween very thin to medium shale; this rhythmically interbedded rock
occurs in intervals tens of feet to more than 100 ft in thickness. Flysch
consists of sandstone in thin to medium beds repetitively interbedded
with thin to medium firm shale. Outcropping calcareous beds are thick
(Jones, 1911).

Parting: Present in composition I at very close to moderate spacing, the
shale fissile, mudstone not fissile. Present on distinct bedding contacts
and in rhythmically bedded chert and porcelanite at close to moderate
spacing. Thus, present in almost entire unit at very close to moderate
spacing, exceptions being thick to very thick sandstone and minor chert
blebs.

Fracture: Composition I has close to very close spacing of weathering
fracture on moderate to wide original spacing. Chert and porcelanite have
very close to moderate spacing; siltstone close to moderate; cemented
sandstone close to 4 ft, most moderate to wide; firm sandstone moder
ate, some wide; calcareous beds probably wide to 5 ft.

Permeability: Intergranular permeability~ to low in compositions
I and 2, very low in chert and porcelanite, low in firm sandstone, very
low in cemented sandstone; thus, entirely very low to low intergranular
permeability in bedrock. Most shallow bedrock has low fracture
permeability, some moderate. Most mantle moderate, some low to very
low.

Weathering: Hard to quite firm rock of composition I retains hardness to
within 5 ft of ground surface.

Surficial mantle: Largely granular (silty), some clayey subsoil. Surficial
soil is uncracked and silty, some stony, over entire unit. Some clayey
subsoil accompanies cut-slope failures.

Expansivity: Almost all bedrock unexpansive. Mantle largely unexpansive,
some significantly expansive (clayey subsoil). Sample WEIO, moderately
cracked clay subsoil, free swell 79 percent, is local constituent that may
be anomalously expansive (near San Andreas fault).

Sources: Allen, 1946; Jones, 1911; McLaughlin and others, 1971; 10 sta
tions.



160 HILLSIDE MATERIALS At'TD SLOPES OF THE SAN FRANCISCO BAY REGION

MAP UNIT 510

Geologic unit, (age), and location: Pinehurst Shale (T), in the East Bay
Hills west of Upper San Leandro Reservoir.

Summary: Not seen in field. Reported to be interbedded siliceous shale
and hard sandstone, pieces hard where fresh and weathered. Locally
moderate fracture permeability. Bedrock and mantle probably largely
unexpansive.

Composition: Reported to be largely siliceolls shale, regularly interbed- I

ded with some hard. fine-grained sandstone. Some sandstone dikes.
Hardness: Pieces hard where fresh and weathered.
Bedding: Distinct and regular. Each composition is reported to occur in

sequences that are mostly medium to thick, but as much as 10 ft: beds
in each are largely thin to medium. Sandstone dikes to thick.

Parting: Present on bedding planes at close to moderate spacing, and
within siliceous shale at very close spc.oing. Abundant, prominent (as
judged from photograph in Case, 1968).

Fracture: Probably close to moderate spaoing in sandstone, close to very
close spacing in siliceous shale. Possibly local wide spacing in sandstone
dikes.

Permeability: Bedrock probably has very low intergranular permeability,
low to moderate fracture permeability in shallow rock. Mantle probably
moderate to low.

Weathering: To depths of more than 20 ft (Radbruch, 1969). Little effect
other than opening of fractures and parting.

Surficial mantle: Probably granular to clayey. Sparse, stony, according
to Radbruch (1969).

Expansivity: Bedrock probably largely unexpansive. Mantle probably
unexpansive to significantly expansive. No mention of expansivity by
Radbruch (1969).

Stratigraphic thickness: 500-700 ft maximum (Radbruch, 1969).
Sources: Case, 1968; Radbruch, 1969.

MAP UNIT 511 Franciscan chert

Geologic units, (age), and location: Chert of the Franciscan assemblage
(KI), throughout regIOn; metachert of the Franciscan assemblage (KI),

in Marin highlands.
Summary: Rhythmically interbedded chelt and lesser shale, locally hy

drothermally altered to clay. Chert is hard and brittle, shale largely firm.
Very low intergranular permeability, low to moderate fracture perme
ability in shallow rock. Bedrock and surficial mantle largely unexpansive.

Composition: Chert and subordinate ferruginous shale, in places contain
ing blueschist minerals. Locally hydrothermally altered to clay.

Hardness: Chert is hard and brittle, shale largely firm, where fresh and
weathered; clay is soft.

Bedding: Chert beds are distinct and commonly thin to medium (less than
4 in.), but range from very thin to very thick, especially near contacts
with other rocks. Shale beds are very thin to thin, locally medium, and
are rhythmically interbedded with chert.

Parting: Prominent along bedding planes, commonly close to 4-in. spac
ing; within shale at very close spacing.

Fracture: Largely close spacing, ranging from very close to moderate;
spacing as wide as 6 ft in thick to very thick beds.

Permeability: Bedrock has very low intergranu]ar permeability, low to
moderate fracture permeability in shallow rock. Almost all mantle mod
erate, rarely low to very low.

Surficial mantle: Almost all granular, much stony; rarely clayey.
Expansivity: Bedrock largely unexpansive, rare hydrothermal clay expan

sive. Surficial mantle largely unexpansive. some significantly expansive.
rare clayey mantle expansive. Bedrock samples: PB2B, altered chert,
free swell 49 percent; SM II, altered chert, free swell 108 percent.
Surficial mantle samples: PB 1, colluvium from chert, free swell 71 per-

cent; SMI2, red soil on chert, free swell 70 percent: SG 14, soil on chert
block in melange, free swell 59 percent.

Stratigraphic thickness: Lenticular bodies as much as 250 ft thick.
Sources: Bailey and others, 1964; Ellen and others, 1972; many stations.

MAP UNIT 519

Geologic unit, (age), and location: Diatomite with interbedded sand,
gravel, and tuff (T), near Napa.

Summary: Clastic sedimemary materials in unknown proportions, includ
ing tuffaceous sandstone, diatomite, and diatomacecus fine-grained ma
terials. Descriptions of composition and physical properties below apply
largely to the several materials present in the exposures observed; de
scriptions of permeability, surficial mantle, and expansivity incorporate
estimates for other materials, described elsewhere, that probably consti
tute part of unit.

Composition: Proportions uncertain. Contains water-laid tuffaceous ,;and
stone: tuff and tuff breccia; diatomite and diatomaceous materials; and
probably sandstone, conglomerate, and clayey rock, derived largely from
volcanic terrain. that are similar to materials described for unit I·n. Sec
units 141 and 237 for description of composition and physical proper
ties of probable components that we did not observe in this unit.

In the major exposure examined, rock is largely tuffaceous sandstone,
about 10-20 percent diatomite and diatomaceous materials, and minor
tuff breccia; composition and physical properties of these materials an,
described below. Tuffaceous sandstone occurs both as poorly sortcd,
predominatly fine-grained sandstone containing pumice pebbles and as
well-sorted, fine- to coarse-grained sandstone, much of which has mi
nor clay coatings on grains. Tuff breccia consists of hard and firm vol
canic blocks as much as 2 ft in diameter in fine-grained matrix.
Diatomite, diatomaceous siltstone, and diatomaceous ash are silt size or
finer.

Hardness: Tuffaceous sandstone is firm approaching soft; tuff breccia
consists of hard and firm blocks in firm approaching soft matrix; diato
mite and diatomaceous materials are firm and brittle.

Bedding: Tuffaceous sandstone occurs in very thick (20-ft and more)
unbedded intervals between thin to medium beds of coarse-grained pum
ice-rich material or fine-grained diatomaceous material. Tuff breccia is
unbedded. Diatomite and diatomaceous materials occur in distinct and
strikingly regular thin to medium beds, some laminated, between me
dium to thick beds of tuffaceous sandstone. Diatomite beds thicken (to
very thick'» in areas where quarried. Layering is distinct on aerial pho
tographs.

Parting: At bedding planes in diatomite and diatomaceous materials (at
close to wide spacing), and at some bedding planes between very thick
beds of tuffaceous sandstone.

Fracture: Indistinct in tuffaceous sandstone. probably moderate spacing;
close spacing in diatomite and diatomaceous materials.

Permeability: Intergranular permeability lew to moderate, some high. in
tuffaceous sandstone; low to very low in tuff breccia; low to very low
in diatomaceous materials. Probably most bedrock of unit as a whole has
low to very low intergranular permeability, but some moderate and high
horizons; probably some low fwcture permeability in shallow bedrock.
Probably most mantle low to very low.

Weathering: Similar to unit 141.
Surficial mantle: Probably largely clayey.
Expansivity: Probably much to most bedrock and mantle of unit as a whole

Clre significantly expansive. probably some bedrock and mantle are se
verely expansIve. Bedrock samples: MG 14A, bedrock. free swell 54
percent; MG I 5B, bedrock, free sweli 61 percent. Surficial mantle
samples: !vIG 13, organic soil, slightly cracked, free swell 57 percent:
MGI4B, soil, free swell 60 percent; MGI5A, soil. free swell 63 percent.
See also samples for unit 237.

Sources: K.F. Fox, oral commun., 1972-73; Fox and others. 1973. two
statIons.
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MAP UNIT 520

Geologic unit, (age), and location: Briones Sandstone, limestone in E
member of Wagner (197S) (T), near Sunol Valley, east of Fremont.

Summary: Not seen in field. Only information is brief description by Hall
(1958) of "calcite" deposits, "white caliche commonly containing sili
ceous inclusions." About 200 ft thick (Hall, 1958). Unknown perme
ability, surficial mantle texture, and expansivity.

Expression in aerial photographs: Very soft, swalo-forming topography:
dark-toned surficial mantle appears thick, gullied in places. Topography
contains numerous bowls that are smooth and apparently filled with
surficial mantle. Probably little bedrock exposure.

Source: Hall, 1958.

MAP UNIT 521

Geologic unit, (age), and location: Briones Sandstone, Hercules Shale
Member iT), in northern part of the East Bay Hills.

Summary: Mostly mudstone and firm subporcelaneous mudstone, some
siltstone and very fine grained clayey sandstone in places, but
porceianeous shale reported in other places. Some or more bedrock and
much to most mantle are severely expansive.

Expression in aerial photographs: Nonresistant unit, intermediate to
generally soft topography. Contains a few distinct resistant light-toned
bands in places, mostly as wide as 20 ft, but one band, probably clayey
sandstone or porcelaneous rock, is as wide as 100 ft.

Composition: In exposures observcd, unit is largely mudstone and firm
subporcelaneous mudstone of pinkish cast, some sandy, and some silt
stone and very fine grained clayey sandstone. In other places, reported
to be porcelaneous shale (Sheehan, 1956) or bituminous shale (Trask,
1922; Lawson, 1914). Radbruch and Case (1967) reported that unit is
dominantly siliceous, as did Weaver and others (1944) and l.R. Wagner
(written commun., 1973).

Hardness: Mudstone and subporcelaneous mudstone have firm pieces
where weathered, probably firm where fresh. Porcelaneous shale prob
ably has hard pieces.

Bedding: Absent to indistinct in outcrop. Light-toned resistant bands on
photographs are probably very thick beds of clayey very fine grained
sandstone or porcelaneous rock within dominant mudstone. Some indis
tinct thick bedding in mudstone (Sheehan, 1956). l.R. Wagner (written
commun., 1973) reported many sandy interbeds.

Parting: Crude parallel parting at close spacing in mudstone, probably
ranging from very close to moderate. Some pieces break along parting,
some as small spheroids. Absent in siltstone and very fine grained clayey
sandstone. Probably close to very close spacing in siliceous shale.

Fracture: Close to moderate original spacing, iron stained; close to very
close spacing of weathering fracture produces chips. Unknown in sili
ceous shale, probably very close to moderate.

Permeability: Intergranular permeability of bedrock largely very low,
minor to some low (in sandstone). Much shallow bedrock has low frac
ture permeability. Probably most mantle very low, some to much low to
moderate.

Weathering: To depths greater than 10 ft. Weathering fracture produces
small to very small chips. Much of unit has abundant free clay and poor
cut-slope stability.

Surficial mantIe: Probably most clayey, some to much granular (silty).
Includes both cracked silty clay soil, such as sample MI21 A, and
noncohesive uncracked soil, such as sample N1IS.

Expansivity: Much bedrock unexpansive; much is expansive, including
some or more that is severely expansive. Much to most mantle severely
expansive, some to much significantly expansive. Samples: MI21A,
moderately cracked silty clay soil, free swell 120 percent; MI8, uncracked
to very mildly cracked silty(~) soil, free swell 70 percent.

Stratigraphic thickness: 550 ft (Weaver, 1944).

Sources: Lawson, 1914; Radbruch, 1969: Radbruch and Case, 1967:
Sheehan, 1956: Trask, 1922; l.R. Wagner, written commun., 1973;
Wagner, 1978: Weaver, 1944: four stations.

I\lAP UNIT 522

Geologic unit, (age), and location: Monterey Group (T) (called Monterey
Shale on source map), only on Point Reyes peninsula.

Summary: Almost all is variably siliceous fine-grained rock, ranging from
rock that lacks noticeable hardening to hard chert. Most bedrock and
mantle are unexpansive.

Composition: Almost all is variably siliceous fine-grained rock. largely
mudstone. silty mudstone, and diatomaceous rock. Variable siliceousness
of these materials has resulted in a range of properties, from rock that
lacks noticeable hardening through porcelaneous rock to chert. Near
Bolinas, consists of nonsiliceous mudstone, largely unbedded, that in
cludes hard calcareous concretions as much as 3 ft in length. Between
Bear Valley and Sir Francis Drake Highway, exposures show hard
porcelanite and chert layers regularly and distinctly interbedded with
firm to soft nonsiliceous interlayers. North of Sir Francis Drake High
way, exposures show some of the typical interbedded siliceous and
nonsiliceous rock, but also firm mudstone in very thick beds between
hard, medium to thick siltstone interbeds. Unit includes minor to some
low-density diatomaceous rock.

Hardness: Variable, from mostly firm containing less abundant hard lay·
ers to, more commonly, predominantly hard, brittle siliceous layers be
tween firm to soft interlayers. Calcareous concretions in un bedded firm
mudstone are hard.

Bedding: Variable, from absent to distinct, regular, and prominent. Near
Bolinas, bedding is absent in intervals hundreds of feet thick, except
where very thick (3- to 20-ft) beds of harder rock form reefs on the wave
cut bench; here fracture is generally the only observable structural fea
ture. From Bear Valley to Sir Francis Drake Highway, bedding is distinct
and prominent, consisting of mostly thin to medium, some thick, beds
of hard siliceous rock between thin to very thin interbeds of soft to finn
silty shale. Siliceous beds are in many places laminated. North of Sir
Francis Drake Highway, the prominently bedded siliceous rock occurs,
but also present are thick to very thick (5-ft or more) beds of firm mud
stone interbedded with distinct medium to thick (as much as 2-ft) beds
of hard siltstone.

Parting: Absent in unbedded rock near Bolinas, present in bedded rock
as follows: At very close spacing within silty shale interbeds: at con
tacts of siliceous beds with interbeds (close to moderate spacing); in
places at close spacing within siliceous beds; and at close to very close
spacing within very thick mudstone beds north of Sir Francis Drake
Highway. In summary, good parting at moderate or closer spacing ex
cept near Bolinas.

Fracture: In rock that is unbedded or very thickly bedded, original spac
ing is mostly moderate, in places wide, becoming close to very close
where weathered. In prominently bedded rock, hard siliceous layers have
mostly close spacing, ranging from very close to moderate, about per
pendicular to bedding; interbeds have very close to moderate spacing.
Fractures across hard beds generally do not penetrate adjacent interbeds.
In many places, siliceous rock is brecciated.

Permeability: Almost all bedrock has very low to possibly low intergranu
lar permeability. Most shallow bedrock has low fracture permeability,
probably some moderate. Much to most mantle moderate, some to much
low.

Weathering: Hard siliceous rock remains hard to the ground surface. Most
firm rock weathers from fractures inward.

Surficial mantIe: Much to most granular, some to much clayey. Over sili
ceous rock, soil is silty and contains rock fragments, thin on hilltops,
such as sample DB lB.

Expansivity: Most bedrock unexpansive, possibly some significantly ex
pansive, rarely severely expansive. Most mantle unexpansive, probably
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some significantly expansive. Samples: DBIA, claystone, rare constitu
ent, free swelt 116 percent; DB IB, typical silty soil, free swell 46 per
cent; DB30, soil, free swell 70 percent: DB33, soil, free swell 42 percent.

Stratigraphic thickness: About 5,200 ft.
Sources: Anderson, 1899; J.A. Bartow. written commun., 1972: Blake and

others, 1974: Galloway, 1977; Gluskoter, 1962: Os mont, 1905:
Wahrhaftig, 1970; Weaver. 1949; seven stations.

MAP UNIT 523

Geologic unit, (age), and location: Monterey Group (T), only in Diablo
Range between Calaveras Reservoir and Anderson Reservoir.

Summary: From 30 to 80 percent rhythmically bedded chert and shale;
remainder consists largely of firm sandstone and mudstone, but in places
consists largely of hard calcite-cemented sandstone that produces very
large blocks. Much mantle is severely expansive.

Expression in aerial photographs: Largely intermediate topography.
About half of mapped extent of unit includes an intermediate to hard,
prominent, narrow, light-toned ridgecrest. Some to most of unit in other
places is subdued intermediate to locally soft topography that includes
occasional resistant knobs. Thus, resistant siliceous rock seems to corne
and go, but is present as a resistant crest in about half of mapped unit.

Composition: (1) Chert grading to porcelanite, largely chert, rhythmically
interbedded with firm shale; includes minor hard nodules and irregular
beds of limestone and (or) dolomite. (2) Sandstone, very fine to medium
grained, lesser coarse grained, undersaturated to saturated by clay; con
tains calcite-cemented concretions and minor mudstone and shale. (3)

Silty and sandy mudstone, some porcelaneous, grading to siltstone and
to clay-saturated very fine grained sandstone; includes occasional beds
of punky weathered limestone(?). (4) Sandstone, medium grained, much
calcite cemented, and sheared sandstone and lesser shale.

Proportions are variable, from 30 to 80 percent composition 1, the
remainder largely compositions 2 and 3; unit probably averages about
half composition I. Composition 4 locally constitutes two-thirds of unit
(one-third cemented sandstone, one-third sheared rock). Composition 2
is generally present at base in minor amount (a few feet according to
Crittenden, 1951).

Hardness: Chert and porcelanite are hard where fresh and weathered; in
terbedded shale firm where fresh and weathered. Limestone nodules re
main very hard into weathered zone and many crop out. Clayey sandstone
firm where weathered, firm to possibly quite firm where fresh. Mudstone
firm where fresh and weathered, but porcelaneous mudstone quite firm
where weathered. Cemented sandstone hard, as are concretions.

Bedding: Chert and interbedded shale are distinctly and repetitively bed
ded, the chert laminated within very thin to medium, mostly thin, beds
between firm shale in thin to mostly very thin beds. In places (Alum Rock
Park), zones of chert as thick as 100 ft are laminated but unparted in
thick to 5-ft beds. Limestone nodules and beds to thick (3 ft). Sandstone
and mudstone are very thick bedded, some probably internally indis
tinctly bedded, but sandstone called massive (Crittenden, 1951). Ce
mented sandstone in very thick (as much as 10-ft or more) beds.

Parting: Present in bedded chert at very close to moderate spacing along
bedding contacts and within interbedded firm shale. Local zones of chert
have spacing at wide to very wide (5 ft). Parting absent in sandstone and
mudstone.

Fracture: Chert and interbedded shale are fractured at very close to mod
erate spacing, mostly close, but very thick chert is fractured at wide to
10ft or more. Clayey sandstone has close to very close spacing of weath
ering fracture. Mudstone, siltstone, and clayey fine sandstone (compo
sition 3) have very close to moderate spacing of weathering fracture on
moderate to wide original spacing. Cemented sandstone has moderate to
very wide (5-ft) fracture spacing, but produces blocks as large as 10ft
in diameter; much has moderate spacing of weathering fracture super
imposed. Limestone nodules have wide to 6-ft spacing.

Permeability: Chert and interbedded shale have very low intergranular
permeability, low to moderate fracture permeability in shallow rock;
called "permeable middle member of Monterey Formation," but of little
importance as aquifer, although hosts thermal and mineral springs in
Alum Rock Park (Crittenden, 1951). Intergranular permeability of sand
stone mostly low, very low where cemented; mudstone, siltstone. and
clay-saturated fine sandstone very low to low. Thus, much to most bed
rock has very low intergranular permeability and low to moderate frac
ture permeability in shallow bedrock. Some to much bedrock has low
intergranular permeability. Most mantle very low, some to much mod
erate.

Weathering: Some clayey sandstone fresh at depth of 6 ft. Chert hard to
ground surface.

Surficial mantle: Largely clayey, some to much granular. Stony sand, silt,
and clay soils, such as samples CVR7, CVR24A, and CVR24B (local
subsoil), overlie bedded chert and shale. Granular soil, such as sample
CVR22, overlies sandstone. Sandy and silty clay soils, such as samples
CVR23 and L04B, and local clay subsoil. such as sample L04A, over
lie mudstone. Two traverses of good soil observations. At sample localt
ties L02-L04, three-eighths is un cracked to very mildly cracked granular
soil; one-half mildly cracked, fluffy clay soil, such as sample L04B; and
one-eighth moderately cracked clay subsoil, such as sample L04A. At
sample localities CVR22-CVR24, one-third is similar to sample CVR22,
one-third similar to sample CVR23, and one-third similar to sample
CVR24A; also local subsoil like sample CVR24B.

Expansivity: Probably most bedrock unexpansive, probably some expan
sive (mudstone). Much mantle severely expansive, much significantly
expansive, possibly some unexpansive. All samples are of surficial
mantle. Samples over bedded chert and shale: CVR7, light-brown sandy
silty soil, typical, free swell 54 percent; CVR24A, un cracked stony clay
soil, typical, free swell 93 percent (exaggerated); CVR24B, mildly
cracked stony clay subsoil, free swell 120 percent. Over sandstone,
sample CVR22, sandy silty soil, free swell 65 percent. Samples over
mudstone: CVR23, typical sandy and silty clay soil, free swell 125 per
cent; L04B, mildly cracked clay soil, free swell 91 percent; L04A, mod
erately cracked clay subsoil, free swell 110 percent. Also sample CVRI5,
mildly cracked clayey soil, free swell 120 percent.

Stratigraphic thickness: From a thin skin to more than 900 ft (Crittenden,
1951).

Sources: Crittenden, 1951; Davis and Jennings, 1954; Templeton, 1912;
12 stations.

MAP UNIT 524

Geologic unit, (age), and location: Monterey Group (T), only in Diablo
Range east of Anderson Reservoir.

Summary: About one-third clay-saturated firm sandstone, one-third hard
rhythmically bedded porcelaneous shale, and one-third firm to quite firm
mudstone and porcelaneous mudstone. Largely uncracked stony silty
mantle, unexpansive to significantly expansive.

Expression in aerial photographs: Mostly hard ribbed topography that
has slightly rounded crests. Banded by 10- to 30-ft zones in a few places.
Resistance similar to units 641 and 321.

Composition: (I) Sandstone, medium to fine grained, clay saturated, hav
ing weathering fracture. (2) Porcelaneous shale, iaminated, repetitively
bedded between firm fissile shale. (3) Firm mudstone and lesser quite
firm porcelaneous mudstone, much sandy. Also present in lesser amounts
are grit, clay saturated to cemented; firm shale that shows mild expan
sivity cracks where weathered; hard calcite-cemented sandstone and con
cretions; and calcareous shale and abundant lenses of impure limestone
reported by Gilbert (1943). Going up section from base, unit is about
one-third clayey sandstone, one-third porcelaneous shale, and one-third
mudstone and porcelaneous mudstone. Other compositions minor.

Hardness: Sandstone is firm where fresh, firm and some soft where weath
ered; calcite-cemented sandstone, concretions. and some grit hard where
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fresh and in weathered zone; porcelaneous shale hard where fresh and
weathered, interbedded fissile shale firm; most mudstone firm where
fresh and weathered, but some to much is porcelaneous mudstone that
is quite firm to hard where fresh and weathered. Shale firm where fresh,
firm to soft where weathered.

Bedding: Sandstone is unbedded except for calcite-cemented beds as thick
as 4 ft: porcelaneous shale is distinctly and repetitively bedded in thin
to thick beds of laminated hard porcelaneous shale between very thin to
thin firm fissile shale; mudstone is unbedded to possibly indistinctly
bedded, but includes some distinct interbedding of sandstone in very
thick (tens of feet) beds. Hard grit in thick bed; concretions to large: firm
shale thick.

Parting: Absent in sandstone. Present in porcelaneous shale at very close
to wide spacing along bedding contacts, in some medium and thick beds
at very close spacing, and within firm interbeds at very close spacing.
Absent in mudstone.

Fracture: Sandstone has close to very close spacing of weathering frac
ture on close to wide original spacing; calcite-cemented sandstone has
moderate to wide spacing; porcelaneous shale has close to moderate
spacing: mudstone has close to very close spacing of weathering frac
ture on moderate(?) original spacing. Hard grit has wide spacing; con
cretions to wide.

Permeability: Intergranular permeability of sandstone low, mudstone very
low, porcelaneous shale very low; thus, most bedrock very low, some
low. Low to possibly moderate fracture permeability in most shallow
bedrock. Most mantle moderate, probably some to much low to very low.

Weathering: All weathered to depths greater than 10 ft.
Surficial mantle: Largely granular, probably some to much clayey. Largely

uncracked stony silty soils.
Expansivity: Probably most bedrock unexpansive, probably some signifi

cantly expansive (mudstone). Most mantle unexpansive to significantly
expansive. See samples for unit 523.

Stratigraphic thickness: Less than 1,000 ft; this unit plus unit 321 total
about 1,000 ft (Gilbert, 1943).

Sources: Gilbert, 1943; one station.

MAP UNIT 525

Geologic unit, (age), and location: Monterey Group (T), only in Gilroy
Sveadal area of Santa Clara Valley and Santa Cruz Mountains.

Summary: Probably about half mudstone, some firm sandstone, some hard
to quite firm tuffaceous sandstone and siltstone, some porcelaneous shale,
and minor dolomite and conglomerate. Some subsoil is severely expan
sive, some to possibly half ().f mantle is significantly expansive.

Expression in aerial photographs: Largely resistant intermediate topog
raphy, coarsely ribbed, local hard crests, fairly light tone overall. Much
is banded; bands are mostly 10-50 ft in width, but some dark-toned zones
approach 100 ft in width and one white crest is about 100 ft in width.
Near Sveadal, forms prominent hard ridge.

Composition: (1) Mudstone, some subporcelaneous, possibly much diato
maceous (EE Brabb, written commun., 1972). (2) Tuffaceous sandstone,
fine grained, grading to siltstone. (3) Porcelaneous shale and siltstone
containing minor sand grains. (4) Sandstone, fine to medium grained,
moderately to moderately well sorted, low permeabililty; some has
weathering fracture, minor is calcite cemented. (5) Dolomite. (6) Ben
tonitic shale and pebble conglomerate (E.E. Brabb, written commun.,
1972).

Unit is probably about half mudstone (composition I), some to much
of which is subporcelaneous. Remainder of unit consists of some tuf
faceous sandstone and siltstone (composition 2), some sandstone (com
position 4), and some porcelaneous rock (composition 3). Compositions
5 and 6 are minor, not observed.

Hardness: Mudstone is firm where fresh and weathered. Tuffaceous sand
stone and siltstone are hard to quite firm where fresh, firm to hard where

weathered. Sandstone (composition 4) is firm, some soft, where weath
ered. Porcelaneous shale quite firm, as is subporcelaneous mudstone.
Dolomite and cemented rock hard.

Bedding: Not observed but certainly present, probably largely as distinct
thick to very thick (tens of feet) beds of compositions 2, 3. and 4 in
mudstone. Some mudstone and tuffaceous siltstone is laminated; dolo
mite in beds to thick, internally laminated; calcite-cemented sandstone
to thick.

Parting: Spacing in mudstone is largely very close to moderate, some wide.
Much to most tuffaceous sandstone has spacing at close to moderate, but
some is poor and irregular. Tuffaceous siltstone has prominent platy
parting at close to very close spacing. Sandstone unparted. Porcelaneous
shale has close to moderate spacing. dolomite moderate. Thus, spacing
largely at very close to moderate, some to very wide, and most of the
resistant materials are pm1ed.

Fracture: Mudstone has very close to moderate spacing of weathering
fracture. Tuffaceous sandstone has original moderate to wide spacing,
and some to most develops very close to moderate spacing of weather
ing fracture; tuffaceous siltstone close to moderate. Porcelaneous shale
has moderate fracture across bedding. Sandstone (composition 4) has
close to moderate spacing and some has additional weathering fracture.
Dolomite and cemented rock moderate to wide.

Permeability: Intergranular permeability of mudstone very low, tuffaceous
sandstone and siltstone low, sandstone low, porcelaneous shale low to
very low, dolomite very low. Thus, about half of bedrock has very low
intergranular permeability, the remainder largely low. Much shallow
bedrock has low to possibly moderate fracture permeability. Much mantle
moderate, much low to very low.

Surficial mantle: Much granular, much clayey. Surficial soil is largely
sandy or silty and uncracked to very mildly cracked. Includes some sandy
clay subsoil, such as sample GL5, and some to possibly half silty clay
surficial soil over mudstone, such as sample CTTI6.

Expansivity: Most bedrock probably unexpansive, but much may be sig
nificantly expansive and minor (reported bentonitic shale) is probably
severely expansive. Much mantle unexpansive to possibly significantly
expansive, some to much significantly expansive, some severely expan
sive (subsoil). Samples: GL5, moderately cracked sandy clay subsoil,
free swell 101 percent; CTT16, brown silty clay soil, free swell 69 per
cent.

Stratigraphic thickness: 1.300 ft (Bailey and Everhart, 1964).
Sources: Bailey and Everhart, 1964; EE Brabb, written commun., 1972;

McLaughlin and others, 1971; five stations.

MAP UNIT 526

Geologic unit, (age), and location: Monterey Group (T), only in Santa
Clara County near Los Altos.

Summary: Includes compositions like those in units 501 and 523-525; see
descriptions of these units for likely composition and physical proper
ties. Proportions uncertain, but some to most is porcelaneous shale and
mudstone that is firm to hard and brittle. Some or more mantle is se
verelyexpansive.

Permeability: Probably most bedrock has very low to low intergranular
permeability and much to most shallow bedrock has low to possibly
moderate fracture permeability. Probably much mantle moderate, much
low to very low.

Surficial mantle: Probably much granular (silty), much clayey.
Expansivity: Probably most bedrock unexpansive, minor to much expan

sive. Probably much mantle is unexpansive to significantly expansive,
some or more is severely expansive. Samples: PA13, clay bedrock, free
swell 61 percent: PA52, very mildly cracked silty clay soil, typical, free
swell 68 percent; PA54, well-cracked dark clay soil on hilltop, free swell
88 percent; MHI8, black silty clay soil, free swell 85 percent.

Sources: Dibblee, 1966; three stations.
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MAP UNIT 527

Geologic unit, (age), and location: ~1onterey Group, undivided {T), only
in areas near Las Trampas Ridge and San Pablo Reservoir in the East
Bay Hills.

Summary: Briefly seen in field. Probably much to most is dirty sandstone.
some to much of both siliceolls shale and nonsiliceous shale. Probably
much mantle severely expansive.

Composition: Includes sandstone, siliceous shale, and nonsiliceous :;hale,
as described for Monterey Group units 333. 334, 364. 392, 506, 529. 530,
and 534. Proportions are uncertain: probably much to most is dirty sand
stone. some ta much of both siliceous shale and nonsiliceous shale and
mudstone. Possibly includes same diatomaceous rock as described for
unit 535. especially near San Pablo Reservoir. Near Las Trampas Ridge,
Ham (1952) reported largely siliceous shale and interbedded massive
fine-grained graywacke. much of the siliceous shale brecciated, and lesser
thinly bedded. friable, slightly tuffaceous and slightly glauconitic sand
stone that contains lentils of sandy limestone.

Hardness: Sandstone mostly firm, some probably approaching soft, some
hard and cemented. Siliceous shale pieces are hard to firm, nonsiliceous
shale pieces firm to soft. Most limestone hard.

Bedding: Variable, from reported massive sandstone to siliceous shale that
has thin to medium distinct beds.

Parting: Variable spacing; very close to moderate in shale. very wide or
occasional in most sandstone. Ham's (1952) description suggests that
much of siliceous shale near Las Trampas Ridge is brecciated, in which
case much may lack parting.

Fracture: In sandstone, weathering fracture probably mostly present at
very close to moderate spacing; probably original spacing close to wide.
Shale fractured at very close to moderate spacing.

Permeability: Intergranular permeability probably low in sandstone, very
low in shale; thus, probably much bedrock low, much very low. Low to
moderate fracture permeability in some to much shallow rock (siliceous
shale). Probably much mantle very low, some low, much moderate.

Weathering: Unknown. Probably most sandstone weathered to depths of
more than 20 ft, siliceous shale to depths greater than 25 ft.

Surficial mantle: Probably much to most clayey, much granular.
Expansivity: Probably most bedrock unexpansive, much may be expan

sive. Probably much mantle severely expansive, much significantly ex
pansive, some unexpansive. Some moderately cracked mantle noted near
San Pablo Reservoir.

Stratigraphic thickness: About 1,600 ft near Las Trampas Ridge (Ham,
1952).

Sources: Ham, 1952; one station.

MAP UNIT 528

Geologic unit, (age), and location: Monterey Group, undivided (T), only
in the East Bay Hills between Dublin and Upper San Leandro Reservoir.

Summary: Includes about equally abundant firm sandstone and
nonsiliceous to subporcelaneous shale; some chert and porcelaneous
shale. Much to most mantle significantly expansive.

Expression in aerial photographs: Intermediate topography that lacks
ribs. Distinct to subtle light-toned resistant bands 5-50 ft in width occur
in zones 100-300 ft in width between dark-toned zones as wide as about
200 ft. Light and dark tones are about equally abundant.

Composition: (1) Shale, nonsiliceous to subporcelaneous. (2) Sandstone,
fine to medium grained; most contains silt and clay matrix sufficient for
weathering fracture and low permeability, but some moderately sorted
sandstone lacks weathering fracture. (3) Siltstone (4) Porcelaneous shale
and chert. (5) Cemented sandstone. Unit includes much of both shale and
sandstone, about equally abundant: some chert and porcelaneous shale.
miner siltstone and cemented sandstone.

Hardness: Shale and siltstone are firm where fresh and weathered. Sand
stone firm to quite firm where fresh and weathered (some soft where well

weathered). Porcelaneous shale hard to firm, much brittle. Cemented
sandstone hard.

Bedding: Sandstone both in distinct to indistinct thin to thick beds be
tween siltstone and shale, and in very thick beds (as much as 15 ft or
more). Shale largely very thick. Porcelaneous shale has much of both
distinct thin to medium beds and very thick beds that are internally
parted. Cemented sandstone to thick. some possibly very thick.

Parting: Present in shale and porcelaneous shale at very close to moder
ate spacing; in much sandstone at close to moderate. much very wide.
Thus. spacing largely very close to moderate, some very wide.

Fracture: Shale, porcelaneous shale, and siltstone have very close to
moderate spacing of weathering fracture. Sandstone has moderate. seme
wide. original spacing, and most has very close to moderate spacing of
weathering fracture superimposed. some spheroidal. Cemented sandstone
has moderatc to wide spacing.

Permeability: Intergranular permeability of shale, porcelaneous shale. and
cemented sandstone very low, siltstone and most sandstone low, possi
bly some sandstone moderate. Thus, much bedrock has very low inter
granular permeability, much low, possibly some moderate. Low to
moderate fracture permeability in some to much shallow bedrock. Much
to most mantle low to very low, some to much moderate.

Surficial mantle: Much to most clayey, some to much granular. Some or
more of both dark granular soil, such as sample DU6A, and dark clayey
soil, such as sample DU6B.

Expansivity: Most bedrock unexpansive. much may be expansive (shale).
Much to most mantle significantly expansive, some unexpansive, prob
ably some severely expansive. Samples: DU6A, dark clayey silt soiL
free swell 39 percent: DU6B, dark clay soil, free swell 60 percent.

Sources: Newton. 1948; Robinson, 1956; three stations.

MAP UNIT 529

Geologic unit, (age), and location: Monterey Group. Rodeo Shale (T),
in the East Bay Hills.

Summary: Much of both siliceous rock and nonsiliceous shale and mud
stone, lesser fine-grained sandstone. Probably much bedrock expansive,
much mantle severely expansi ve.

Expression in aerial photographs: Largely soft topography that is uni
form and smooth, but in places includes some more resistant material
of light tone.

Composition: Much is siliceous rock, mainly porcelaneous shale and
subporcclaneous mudstone, and much is nonsiliceous, argillaceous, silty,
sandy, and tuffaceous shale and mudstone; less abundant fine-grained
sandstone, both tuffaceous and clayey, and siltstone. Ham (1952) called
shale ferruginous; shale includes scattered concretions. Exposures are
largely siliceous rock. At Las Trampas Ridge, middle part of unit is sili
ceous shale (Ham, 1952). Unit includes rare limestone that is impure,
ferruginous. in places chalky; on Las Trampas Ridge, unit includes three
persistent horizons of lenticular chalky limestone (Ham, 1952). See sec
tion on Sobrante Ridge by Sheehan (956). Minor hard outcropping rock,
including silicified diatomite and porcelanite (Robinson. 1956).

Hardness: Pieces of siliceous rock are brittle and range from firm to hard,
much quite firm, both where fresh and weathered. Nonsiliceous shale
pieces are firm to soft where weathered. Sandstone firm to soft. Con
cretions mostly hard, some firm. Limestone hard where fresh, some firm
and chalky where weathered.

Bedding: Largely absent to indistinct in thin to very thick (20-ft or more)
beds: called massive by Ham (1952). Most exposures are apparently
unbedded. obscured by blanket of rock chips. Much thin to medium bed
ding reported by Sheehan (1956) near Sobrante Ridge; somc medium
beds (Ham. 1952). Limestone is mostly thin to medium. but near Las
Trampas Ridge occurs in persistent horizons of lenticular bodies as thick
as 7 ft. Concretions are mostly thick and elongate parallel to bedding.

Parting: Present at close to very close spacing in most of unit (porcela
neous shale and nonsiliceous shale); crude parting at close to moderate
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spacing in mudstone and porcelaneous mudstone. Parting is less pro
nounced than in unit 53 L Radbruch and Case (1967) described unit as
fissile. Ham (1952) described some beds at Las Trampas Ridge as partly
fissile. In places, parting occurs only to depth of several feet in weath
ered clayey rock: below that, mudstone fracture.

Fracture: In this unit, fracture is more prominent than bedding. Abun
dant pieces on cut slDpes result from weathering fracture at close to very
close, some moderate (as much as 3-4 in.), spacing. Also present are two
or more sets of parallel original fractures that are mostly at moderate to
close spacing, some as much as 5 ft in places: these produce slabs that
f[ill from cuts. Concretions have mostly moderate spacing, some wide.
Sandstone probably has close to moderate spacing of both original and
weathering fracture.

Permeability: Intergranular permeability of bedrock mostly very low, some
low (siltstone and sandstone). Much shallow bedrock has low to moder
ate fracture permeability. Probably much mantle very low, some low,
some to much moderate.

Weathering: In siliceous rock, some is fresh (dark) at depth of 20ft, most
appears weathered to depths greater than 25-30 ft (depth of cut); weath
ering fracture definitely extends to depths greater than 30 ft, freshness
of pieces is more difficult to judge. Sandstone unknown, probably weath
ered to depths more than 15ft. In places, parting only to depth of sev
eral feet, iron staining on fractures to depths greater than 30 1'1.

Surficial mantle: Probably largely clayey, some to much granular. Two
types, mildly cracked light-colored silt-clay soil, like sample MI2A, and
dark cracked clay soiL Radbruch and Case (1967) reported that soil gen
erally is less than 1 ft thick and bare slopes are common,

Expansivity: Much bedrock unexpansive, probably much expansive, Much
mantle severcly expansive, much significantly expansive, Samples:
MI2A, very mildly cracked silt-clay soil, typical, free swell 72 percent;
MI2B, weH-cracked dark clay soil, free swell 132 percent: BV 14, mod
erately cracked clay soil, free swell 113 percent; BN21, typical silty clay
soil, free swell 133 percent.

Stratigraphic thickness: l\laximum thickness is 700 ft (Radbruch and
Case, 1967), Thickness is highly variable: 350ft on Las Trampas Ridge
(Ham, 1952); in places, too thin to map.

Sources: Ham, 1952: Lawson, 1914; Newton, 1948; Radbruch, 1969:
Radbruch and Case, 1967; Robinson, 1956; Sheehan, 1956; Eve stations.

MAP UNIT 530

Geologic unit, (age), and location: Monterey Group, Tice Shale (T), only
in the East Bay Hills.

Summary: Poorly exposed; probably much siliceous rock, much
nonsiliceous clayey rock, minor to some siltstone and sandstone, Much
to most mantle is severely expansive.

Expression in aerial photographs: At Oursan Ridge, forms swale but
includes several light-toned resistant bands 30-75 ft in width between
nonresistant zones 100-200 ft in width, In Dublin-Cull Canyon area, unit
is largely swale-former, very subtly and finely banded, but includes some
resistant intermediate topography of light tone.

Composition: Includes siliceous shale, largely porcelaneous shale, some
chert in places (as on Pinole Ridge); and nonsiliceous argillaceous and
sandy shale grading to subporcelaneous shale and mudstone. Some
weathers white, some has pinkish cast. Lesser siltstone and fine- to me
dium-grained sandstone, some cemented, most clayey or tuffaceous,
Minor chalky limestone or diatomaceous rock, sandy limestone, and hard
siliceous carbonate rock (Sheehan, 1956). Similar to Rodeo Shale (unit
529)

Proportions uncertain, probably variable. Sheehan (1956) suggested
that at San Pablo Dam unit consists of much siliceous shale and much
nonsiliceous shale, whereas on Pinole Ridge it consists largely of poorly
exposed siliceous rock, Much of both porcelaneous shale and
nonsiliceous shale reported in Dublin-Cull Canyon area, Swale-forming

expression in aerial photographs suggests that most of unit is nonsiliceous
or only slightly siliceous.

Hardness: Porcelaneous shale and chert have largely hard pieces ""here
fresh and weathered, subporcelaneous rock firm to quite firm.
0<onsiliceous shale has finn pieces and firm to soft rock mass, Some
sandstone hard, most firm to soft where weathered, Siliceous ·:arbonate
m:k hard. Limestone probelbly firm where chalky, otherwise helrd where
fresh and weathered,

Bedding: Siliceous shale generally is distinctly laminated, and occurs in
thin to very thick distinct beds between nonsiliceous shale or sandstone.
Radbruch and Case (] 967) reported that beds are mostly less than I in,
thick. Sheehan (1956) reported largely "thin-bedded" siliceous rock on
Oursan Ridge. For Dublin-Cull Canyon area, Hall (1958) reported much
thin to medium siliceous shale interbedded with nonsiliceous shale, but
also much very thick or indistinct bedding, Occasional sandstone forms
distinct interbeds or dikes. Nonsiliceous shale is present as thin to me
dium interbeds and as thick to very thiek(?) beds, no good exposures,
Limestone in medium to thick distinct beds and lenses: siliceous carbon
ate thick,

Parting: Where weathered, present throughout siliceous shale and prob
ably most nonsiliceous clayey rock at very close to moderate spacing:
much is very fissile, At depth, parting along internal lamination may not
be an effective planar weakness,

Fracture: In porcelaneous shale, very close to moderate spacing, largely
close, across fissility. In nonsiliceous shale, close to very close spacing
where weathered. In sandstone, probably close to wide spacing, In lime
stone, probably moderate to wide spacing, siliceous carbonate wide,

Permeability: Most bedrock has very low intergranular permeability,
minor to some low (in sandstone and siltstone), Low to moderate frac
ture permeability in much shallow bedrock (siliceous rock), Most mantle
very low to low,

Weathering: Porcelaneous shale is fissile (parting opened) to depths
greater than 7 fL

Surficial mantle: Largely clayey. Radbruch and Case (1967) reported
generally clayey soil I-3ft thick. In some areas soil is sparse and stony,
little vegetation.

Expansivlly: Much bedrock unexpansive, much may be expansive. Much
to most mantle severely expansive, much may be significantly expan
sive. Samples: BV7, mildly cracked stony silty clay soil, free swell 85
percent: BV35, moderately cracked clay soil, free swell 85 percent

Stratigraphic thickness: Lawson (1914) reported 460 ft in Tice Valley,
Maximum thickness of 1,100 ft (Sheehan, 1956), may include Oursan
Sandstone and Claremont Shale, About 200 ft on Pinole Ridge (Sheehan,
1956); 400 ft in Crow Canyon (Newton, 1948); 250ft in Dublin-Cull
Canyon area (Hall, 1958),

Sources: Case, 1963; Hall, 1958; Lawson, 1914: Newton, 1948; Radbruch,
1969; Radbruch and Case, 1967: Robinson, 1956; Sheehan, 1956; three
stations,

MAP UNIT 532

Geologic unit, (age), and location: Monterey Group, Tice Shale (T), only
between Niles Canyon and Calaveras Reservoir, east of Fremont

Summary: Consists of both hard siliceous shale, largely porcelanite and
porcelaneous shale, and firm mudstone grading to clayey very fine
grained sandstone; proportions vary from 90 percent siliceous shale to
more than two-thlfds firm mudstone and clayey sandstone. Minor hard
beds to thick have fracture spacing to wide, Differs from Claremont Shale
(unit 508) in that less chert, brown rather than white weathered surfaces,
and less is thin bedded (Hall, 1958), Some to much mantle is severely
expansive,

Expression in aerial photographs: Intermediate topography, variable from
resistant to nonresistant Includes light-toned, resistant bands (largely
siliceous shale) 20-100 ft in width, variably abundant: most sections show
some or more, generally less than one-third of unit In some places, as
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near Morrison Canyon, unit is uniformly banded in 20- to 40-ft, predomi
nantly light-toned, bands. In most places, unit is largely dark in tone and
nonresistant but contains prominent light-toned bands that are very re
sistant and form hogbacks. Dark-toned bands are as wide as 400 ft.

Composition: (l) Porcelaneous shale, porcelanite, and lesser chert. These
rocks are laminated; some or more are thinly interbedded with mudstone
and shale, some or more simply parted. Includes lesser hard clay-satu
rated sandstone thinly interbedded with mudstone. (2) LimestoneO), sili
ceous, as beds, lenses, and nodules, largely within siliceous rock. (3)

Diatomite, firm. brittle, jow density; accompanies some porcelaneous
shale. (4) Mudstone grading through sandy mudstone to very fine grained
clayey sandstone, ali similar in properties; and lesser shale, siltstone,
fine-grained sandstone of low permeability, and slightly siliceous
(subporcelaneous) pink foraminiferal mudstone. (5) Clay-saturated fine
grained sandstone, weathers spheroidally.

Proportions vary from 90 percent siliceous shale (composition I) and
10 percent clayey rock (composition 4), to less than one-thIrd siliceous
shale, one-third clayey rock (composition 4), and more than one-third
clayey sandstone (composition 5). Limestone and diatomite (composi
tions 2 and 3) are minor constituents that accompany siliceous shale.

Hardness: Siliceous shale is hard and brittle where fresh and weathered;
interbedded mudstone and shale firm. Diatomite firm, brittle, and low
density; limestone hard. Clayey rock (composition 4) firm where weath
ered, probably firm where fresh. Clayey sandstone hard where fresh
(cores of spherOIds), firm where weathered.

Bedding: In siliceous shale, varies from (a) very thin to medium beds of
laminated siliceous rock interbedded with non siliceous mudstone and
shale, to (b) unbedded but laminated porcelaneous shale. Clayey rock
and clayey sandstone (compositions 4 and 5) are unbedded to indistinctly
bedded in medium to very thick beds, the beds distinguished by differ
ences in grain size and spacing of weathering fracture. Hard siliceous
limestone bodies medium to thick.

Parting: In siliceous shale (composition I), good parting at very close to
moderate spacing, mostly close. In clayey rock (composition 4), much
at close to moderate spacing, some unparted. Compositions 2, 3, and 5
lack parting.

Fracture: Un bedded siliceous shale has mostly close, ranging from very
close to moderate, spacing of weathering fracture on moderate to wide
original fracture spacing. Spacing in bedded siliceous shale largely close
to very close, rarely moderate. Spacing in diatomite close to moderate,
in limestone moderate to wide. Clayey rock (composition 4) has close
to very close spacing of weathering fracture on moderate to wide origi
nal spacing. Clayey sandstone (composition 5) has moderate to wide
original fracture that defines spheroids, and close to very close spacing
of weathering fracture.

Permeability: Very low intergranular permeability in all of unit except
some clayey sandstone, which has very low to low permeability. Sili
ceous shale has low to moderate fracture permeability in shallow bed
rock. Thus, most to almost all bedrock has very low intergranular
permeability, minor to some low. Some to almost all shallow bedrock
has low to moderate fracture permeability. Probably most mantle very
low to low, some to much moderate.

Weathering: Siliceous rock is largely unaffected by weathering except for
opening of fractures and partings. Clayey rock weathered to depths
greater than 6 ft. Much limestone fresh to surface (crops out).

Surficial mantle: Probably largely clayey, some to much granular (silty).
Soils vary with rock type and follow proportions described above. Both
dark silty soil, such as sample NL3A, and sandy clay soil, such as sample
NL6, overlie siliceous rock. Weathered mudstone, such as sample NL3B,
is typical of weathered clayey rock, but clay soils overlying clayey rock
are locally more expansive.

Expansivity: Bedrock ranges from largely unexpansive to probably largely
significantly expansive. Most mantle significantly expansive, some to
much severely expansive. Samples: NL3B, typical weathered mudstone,

mildly cracked, free swell 74 percent; NL3A, uncracked dark silty soil,
typical on siliceous shale, free swell 60 percent; NL6, mildly cracked
sandy clay soil on siliceous shale that has many nonsiliceous clayey
interbeds, free swell 90 percent.

Stratigraphic thickness: Generally 200-900 ft (Hall, 1958).
Sources: Hall. 1958: six stations.

MAP UNIT 533

Geologic units, (age), and location: Oursan Sandstone, Claremont Shale,
and Sobrante Sandstone, undivided IT), of the Monterey Group; near
Briones Reservoir in the East Bay Hills.

Summary: Unit is combination of units 333, 534, and 392, which are dis
tinguished in the source maps, where these are too thin to distinguish
on the maps of this report. Largely dirty to tuffaceous sandstone, minor
to some clean sandstone, minor to some siliceous shale and siltstone.
minor to some clayey mudstone and shale, minor cemented rock. Mate
rials like unit 534, about 130 ft in stratigraphic thickness, occupy a band
parallel to strike near middle of unit, separating sandstone like unit 333
(adjacent to unit 530) from sandstone like unit 392.

Permeability: Intergranular permeability of bedrock largely low, some
very low, minor to some moderate. Some shallow bedrock has low frac
ture permeability. Probably much mantle moderate, much very low to
low.

Surficial mantle: Probably much granular, much clayey.
Expansivit)': Probably most bedrock unexpansive, some expansive (clayey

rock). Much mantle severely expansive, much significantly expansive to
possibly unexpansive.

MAP UNIT 534

Geologic unit, (age), and location: Monterey Group, Claremont Shale (T),
only in area near Pinole Creek at northern end of the East Bay Hills.

Summary: Materials are similar to those described for unit 506, but pro
portions are different; see unit 506 for description of physical proper
ties.

Composition: Section by Lutz (1951) shows much sandstone, which is
probably tuffaceous (Radbruch and Case, 1967), some hard to quite firm
siliceous shale and siltstone, and probably some clayey shale (covered
zone). Lawson (1914) reported that soft, chalky bituminous shale resem
bling diatomaceous earth accompanies cherty rock in Sobrante anticline
area. Sheehan (956) gave section representative of Pinole Creek anti
cline that shows much un bedded tuffaceous sandstone; he noted that thin
ning of unit is commonly at expense of sandstone; that is, where unit is
thin it is largely siliceous rock.

Permeability: Much bedrock probably has low intergranular permeabil
ity (sandstone); some very low (shale); and some very low that has low
to possibly moderate fracture permeability in shallow bedrock (siliceous
rock). Much to most mantle very low.

Surficial mantle: Much to most clayey.
Expansivity: Most bedrock unexpansive, probably some expansive (shale).

Much to most mantle severely expansive. Sample BV21, moderately
cracked dark stony clay soil, typical, free swell 90 percent, is clearly
derived from this unit.

Stratigraphic thickness: 133 ft (Lutz, 1951).
Sources: Lawson, 1914; Lutz, 1951; Radbruch, 1969; Radbruch and Case,

1967; Sheehan, 1956; one station.

MAP UNIT 535

Geologic unit, (age), and location: Monterey Group, diatomite unit (T),
at northern end of the East Bay Hills near Pinole.

Summary: Much is diatomite and diatomaceous shale that have ash con
tent, much is sandstone similar to unit 332. Less abundant tuffaceous
fine-grained sedimentary rock. Underlies area known as "White Hills"



DETAILED UNIT DESCRIPTIONS 167

near El Sobrante. More resistant than unit 332. Some or more mantle is
severely expansive,

Composition: (1) Diatomite and diatomaceous shale that have ash con
tent. some of whieh is silieified as chert in places. (2) Fine-grained, well
sorted, variably tuffaceous and clayey sandstone similar to that described
for unit 332. (3) Tuffaceous rock, some silicified, including siltstone.
mudstone, and very fine grained sandstone. (4) Hard, thick concretions
as much as 4 ft in length. Unit includes much diatomaceous rock and
much sandstone similar to unit 332, each dominant in different expo
sures: lesser tuffaceous rock.

Hardness: Diatomite and diatomaceous shale have firm to hard pieces,
brittle, much of low density; sandstone firm, some soft, friable (Sheehan,
1956); tuffaceous roek firm to hard, much brittle. Silicified beds Ichert)
hard. brittle Concretions hard.

Bedding: Must be distinctly bedded in part, indistinctly bedded in part.
but exposures poor. Diatomite occurs in beds as thick as 20 ft or more
that contain medium internal silicified beds. Sheehan (1956) reported unit
to be unbedded to very indistinctly bedded and lacking rhythmic band
ing, and showed major compositions as intervals more than 100 ft in
thickness. Bailey (1930) reponed diatomite more than lOO ft in thick
ness overlying alternating medium to thick beds of diatomite and sand
stone. Some sandstone beds laminated internally.

Parting: In some places, diatomite and diatomaceous shale show good
parting at close to very close spacing; in other places, diatomite shows
crude parting at clo~e to wide. Some parting in diatomaceous shale is
pronounced where weathered, less pronounced where fresher. Absent in
sandstone. Probably present at some bedding planes, absent at others.
Sheehan (1956) reported that unit is very indistinctly bedded and nor fis
sile.

Fracture: Poorly parted diatomite and diatomaceous shale have moderate
to wide spacing of major fractures, on which is superimposed very close
to moderate spacing of weathering fracture; some to most of this rock
weathers spheroidally on weatheIing fracture, producing small to very
small pieces that are typical. Fissile diatomaceous shale has close to
moderate spacing of cross fracture. Spacing in sandstone is close to wide,
mostly moderate to wide. Tuffaceous rock has close to moderate spac
ing.

Permeability: lntergranular permeability of diatomite and diatomaceous
shale low to very low. sandstone low, tuffaceous rock low to very low,
silicified beds very iow; thus, entirely low to very low intergranular per
meability in bedrock. Much shallow bedrock has low to possibly mod
erate fracture permeability. Probably most mantle low to very low. some
moderate.

Weathering: Uniform to depths greater than 10 ft, but parallel parting in
diatomaceous shale is decidedly less pronounced at depth of 8 ft than
near the ground surface.

Surficial mantle: Probably largely clayey, some granular.
Expansivity: Most bedrock unexpansive, probably some expansive (tuf

faceous mudstone). Most mantle is expansive, some or more is severely
expansive. Sample R3, mildly cracked dark silty clay soil, typical, free
swell 92 percent. See sample for unit 332.

Stratigraphic thickness: See section of Tice Shale on Sobrante Ridge by
Sheehan (J. 956).

Sources; Bailey, 1930; Sheehan, 1956: six stations.

MAP UMT 536

Geologic unit, (age), and location: Lambert Shale (T), only in Santa Clara
County part of Sant2. Cruz Mountains.

Summary: Largely partly siliceous clayey rock, some sandstone, minor
chert and dolomite. Bedrock and mantle are probably largely unexpan
sive, seme of each significantly expansive.

Composition: Largely mudstone, siltstone, and claystone, in mGst expo
sures partially cemented by silica or carbonate minerals; induration var
ies, and chert occurs in places. According to Dibblee (1966), siliceous

rock is more abundant in upper part of section. Unit also includes mi
nor to some sandstone, mostly medium grained, in bodies as thick as 100
ft, and minor glauconitic sandstone and fine-grained dolomite in places.

Hardness: Clayey rock is firm to hard and brittle. chert hard. Sandstone
is commonly firm, hard in places: dolomite hard.

Bedding: Clayey rock is unbedded or indistinctly bedded; chert is distinctly
laminated. Glauconitic sandstone and dolomite occur in medium to thick
distinct beds. Sandstone bodies as thick as 100 ft lack internal bedding.

Parting: Present in some at very close spacing, absent in much. Present
in chert at very close to moderate spacing.

Fracture: Largely close spacing. some mQderate, where weathered. Sand
stone has moderate to wide spacing, dolomite probably close to wide.

Permeability: Bedrock has largely very low intergranular permeability,
minor to some low (in sandstone). Most shallow bedrock has low frac
ture permeability, probably some moderate. Mantle probably largely low.
some moderate, possibly some very low.

Weathering: Spheroidal weathering in some.
Surficial mantle: Probably largely clayey, some granular.
Expansivity: Bedrock and mantle probably largely uncxpansive. some of

each significantly expansive. See samples in unit 500.
Stratigraphic thickness: 4,800 ft.
Sources: Dibblee, 1966; Ellen and others, 1972.

MAP UNIT 537

Geologic unit, (age), and location: Markley Formation, upper pall of
Sidney Flat Shale Member of Fulmer (1964) (T). in the monocline north
of Mount Diablo.

Summary: Largely fissile shale to siltstone; some partially siliceous or
ganic shale; minor sandstone, calcite-cemented concretions, and lime
stone nodules. Most bedrock and mantle is severely expansive.

Expression in aerial photographs: Occupies morc resistant intermediate
topography than does unit 538; includes largely ridges and hills lopes
rather than swales, but most of unit is fairly nonresistant. Subdued hog
back pattern. Consistently subtly banded, especially in more resistant
areas; most bands are 5-30 ft wide, generally largely dark in tone, and
thinner light-toned bands are largely 5-10 ft wide, but as much as 30 ft.

Composition: (1) Interbedded shale, mudstone, siltstone, and lesser very
fine grained sandstone, differing chiefly by silt content, fissility, and
expansivity. (2) Organic shale grading to siltstone, diatomaceous, par
tially siliceous, weathers light gray. (3) Sandstone, fine to medium
grained, some tuffaceous. (4) Calcite-cemented concretions and limestone
nodules.

Proportions uncertain. Our field observations suggest almost all (about
90 percent) composition 1, some (10 percent) composition 2, and minor
sandstone (composition 3). Clark and Campbell (1942) and column by
Fulmer (J. 964) showed almost entirely siliceous shale. Expression in
aerial photographs suggests more than 50 percent compmition 1, but
probably more than 20 percent composition 2. Concretions and nodules
minor, but reported to be considerable in some places (Clark, 1912).

Hardness: Largely firm where fresh and weathered; some siliceous Of

ganic shale is probably quite firm to hard (Fulmer, 1964), and some or
ganic shale and siltstone is brittle. Calcite-cemented concretions and
nodules are hard.

Bedding: Fulmer (1964) called unit thin bedded. OUf observations show
largely distinct very thin to thin beds or parting, as well as distinct to
indistinct compositional changes at thin to very thick (8 ft or more).
Expression in aerial photographs suggests zones of clayey rock about
5-30 ft thick between light-toned zones, which are probably organic shale
and siltstone, 5-10 ft thick, some as thick as 30 ft. Concretions or nod
ules as large as medium by 3 ft in length.

Parting: Present throughout weathered rock at close to very close spac
ing, some moderate. Nearly all mateIial observed is fissile where weath
ered, much highly fissile or platy. Probably much has parting at close
to wide spacing where fresh, but many compositional changes are subtle
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(indistinct), and so parting in fresh rock probably ranges from close to
very wide (more than 8 ft).

Fracture: Close to moderate spacing of weathering fracture on original
close to wide, mostly moderate. spacing. Hard concretions and nodules
have moderate spacing. Where observed, blocky fracture at depth be
comes overshadowed by fissility where weathered. Weathered rock pro
duces blanket of chips and small plates.

PermeabHity: !ntergranular permeability of shale and mudstone very low,
of siltstone and sandstone 10\\. Thus, bedrock has largely very low in
tergranular permeability. some low. Probably some moderate to high
fracture permeability in shallow bedrock, as in unit 539. Most mantle
very low, miner to some moderate.

Weathering: To depths greater than 5 ft. Prominent fissility develops
where weathered.

Surficial mantle: Largely clayey, minor to some granular. In traverse at
sample locality AS20, half is popcorn clay soil, such as sample AS20A,
and half is fluffy clay soil, such as sample AS20B. Cncracked thin silty
soil over siltstone at sample locality AS 19.

Expansivity: Most bedrock severely expansive. Most mantle severely
expansive. minor to some significantly expansive to unexpansive. Bed
rock samples: AS I7B, wEll-cracked weathered shale, typical, free swell
130 percent; AS20C, weathered organic siltstone, free swell 97 percent.
Surficial mantle samples: AS20A, popcorn clay soil, typical, free swell
149 percent; AS20B, well-cracked fluffy clay soil, typical, free swell 100
percent (exaggerated); AS 17A, well-cracked to moderately cracked clay
soil, typical, free swell 138 percent; AS 18, dark popcorn clay soil, typi
cal, free swell 150 percent.

Stratigraphic thickness: About 800 ft (Brabb and others, 1971).
Sources: Bartow, 1985; Brabb and others, 1971; Clark, 1912, 1918; Clark

and Campbell, 1942; Colburn, 1961; Fulmer, 1964; Johnson, 1964: five
stations.

MAP UNIT 538

Geologic unit, (age), llnd location: Markley Formation, lower part of
Sidney Flat Shale Member of Fulmer (1964) (T), in the monocline north
of Mount Diablo.

Summary: About half mudstone and shale interbedded with lesser sand
stone and half organic siliceous shale and nonsiliceous shale. Most
mantle and probably most bedrock are severely expansive.

Expression in aerial photographs: Soft intermediate topography that lacks
ribbing, some landsliding; largely occupies swales and nonresistant ar
eas. In several places includes minor resistant bands as wide as 20 ft,
and in a few other places shows subtle banding 5-20 ft in width.

Composition: Various materials are described in the literature. These are
different enough from each other and from our observations to suggest
considerable variation along strike. Unit includes: II) Mudstone and
shale interbedded with some to more than half sandstone. Sandstone is
medium to coarse grained. poorly sorted, saturated to nearly saturated
by clay and tuffaceous material, contains pumiceous clasts. Some sand
stone is notably clayey. (2) Mudstone and shale without interbedded
sandstone. (3) Shale, carbonaceous, sandy or argillaceous. (4) Organic
shale, lighr gray, varying from slightly cherty thin beds repetitively in
terbedded with clay shale to soft diatomite that is somewhat punky
(Clark. 1912; Clark and Campbell, 1942; Weaver, 1944; Society ofEco
nomic Paleontologists and evIineralogists, 1950: Colburn, 1961; Johnson, i

1964). (5) Fine-grained micaceous sandstone interbedded with thinly
bedded hard siliceous shale (Fulmer, 1964). (6) Silty sandstone, slitstone,
and shale (Fulmer, 1964).

Proportions uncertain. In our one good traverse (sample locality AS21),
half is composition I, half composition 2; some or more of both mud
stone ,md shale are present. In Markley Canyon, section by Fulmer
(1964) shows about half composition 5, half composition 6. Also reported
are some of both compositions 3 and 4. Thus, we infer about half of unit

to be mudstone and shale interbedded with sandstone (compositions I,
6), the other half about equally divided aI'eally between nonsiliceous
mudstone and shale (compositions 2, 3) and organic shale l,Compositions
4, 5), the nonsiliceous rock largely to the east, grading westward to or
ganic shale.

Hardness: Mudstone and shale are firm where fresh and weathered; most
sandstone is weathered firm to soft. some quite finn; siliceous shale hard
to firm where fresh and weathered; diatomite firm to soft, punky. low
density.

Bedding: Composition I (mudstone and shale interbedded with sandstone)
shows distinct thin to thick sandstone beds between medium to 4-ft or
more beds of mudstone and shale. Bedding unknown in nonsiliceous
mudstone and shale (compositions 2.3). Some organic shale is distinctly
and rhythmically bedded in thin to medium beds of siliceous shale be
tween similar thicknesses of nonsiliceous shale. some (diatomite) is prob
ably in thick to very thick beds.

Parting: Probably present in most of unit (mudstone, shale, and siliceous
shale) at very close to moderate spacing. Present in some sandstone at
close spacing, producing platy slabs. Probably wide to very wide spac
ing in diatomite.

Fracture: Probably close to very close spacing of weathering fracture in
mudstone and shale, probably on moderate to wide original spacing. At
spacing similar to bed thickness in sandstone (largely close to moder
ate, probably some wide), but in quite firm sandstone at moderate spac
ing. Probably close to moderate spacing in siliceous shale, unknown in
diatomite.

Permeability: IntergranuJar permeability in mudstone, shale, and siliceous
shale very low, in sandstone and diatomite low. Thus, intergranular per
meability of bedrock is largely very low, some low. Probably moderate
fracture permeability in some shallow bedrock. Most mantle very low.

Weathering: No observations. Called deeply weathered. In bedded sili
ceous shale, harder beds weather out against interbeds.

Surficial mantle: Largely clayey. Sample AS21A is typical soil on com
position I (about one-half of unit); sample AS21 B is typical on compo
sitions 2 and 3 (about one-fourth of unit).

Expansivity: Probably most bedrock severely expansive, some to much
unexpansive. Most mantle severely expansive. See bedrock samples for
unit 537. Surficial mantle samples: AS21A, sandy clay soil, moderately
cracked, typical, free swell 90 percent; AS2IB, silty clay soil, moder
ately cracked, typical, free swell 122 percent.

Stratigraphic thickness: Abom 500 ft (Brabb and others, 1971).
Sources: Bartow, 1985; Brabb and others, 1971; Clark, 1912, 1918; Clark

and Campbell, 1942; Colburn, 1961; Fulmer, 1964; Johnson, 1964; So
ciety of Economic Paleontologists and Mineralogists, 1950; Weaver,
1944; two stations.

MAP UNIT 539

Geologic unit, (age), and location: Markley Formation (TJ. only in area
east of Mount Diablo. Called Kellogg Shale by Clark and Campbell
(J 942).

Summary: About equally abundant clay shale and organic shale. minor
sandstone. All rock very fissile. moderate to high fracture permeability
in much weathered rock. Severely expansive bedrock and mantle.

Expression in aerial photographs: Low. gently rounded hills, some subtle
banding 40-100 ft in width.

Composition: About equally abundant interbedded clay shale and white
weathering, somewhat siliceous, organic silty shale: both are laminated
and highly fissile. Gypsum crystals abundant in open parting and frac
ture in shale. Clark and Campbell (1942) reported that the apparently
silty rock contains abundant organic remains (radiolarians7). Minor sand
stone reported at base of unit.

Hardness: Where weathered, organic silty shale is firm and brittle, clay
shale firm when dry to soft whw damp. Fresh rock probably similar.
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Bedding: Indistinct to distinct interbedding in very thick (4- to 25-ft) beds,
all of which Ere internally laminated. Sandstone at base of unit reported

to be 8 ft thick.
Parting: Pronounced fissility in both majcr compositions at very close

spacing: the most prominently fissile unit observed during this study.

Clark and Campbell (1942) reported both paper shale and thinly parted

shale, huninated oet\veen partings.
I,'racl.ure: Organic silty shale has Dl',Nsoratf< to close spacing of wwthcr

ing fracture: on moderate to wide onginal spacing, but fissility forms
dominant planes of weakness and breakage. Clay shale probably has
rnoderate original spacing, probably close spacing of weathering frac

ture.
Permeability: Intergranular permeability of bedrock very low, minor low

(in sandstone), In weathered organic shale (much of unit), llloderate to

high frJ.cture permeability has caused rapid drainage of settling pond at
sample locality BHSll: thi~, perme,lbility probably develops where part
ing is opened by gypsum in weathered zone. Very low in mantle.

V~'e,lther'ing: In muoh of unit. we~thering, accompanied by growth of

gYP~~Uln cI)'stals, opens parting to draIl1aticaily increase. perm,eability to

depths greater than 25 ft.
Surficial mantle: Clayey. Silty clay soil, such sample BHS21 C, is typi-

cal.
Expansivity: Almost all bedrock and mantle is severely expansive.

Samples: BHS2lB, clay shale, typical, mildly cracked on surface of cut,

free swe]] 129 percent; BHS2lC, typical silty clay soil, free swell 120
p(;,[cent.

Strl'ltigraphic thickness: 100-400 ft (estimate frem map); 130 ft (Clark

and Campbell, j 942).
Sources: Clark and Campbell, 1942; one station,

MAP UNIT 540

Ge.ologic units, (age), and location: Markley Formation and Nortonville

Shale, undivided (T), east of Mount Diable.

Summary: Largely shale and organic shale like unit 539. A band of shale
and mudstone like unit 438, about 30 ft in stratigraphic thickness, is

present along southwest boundary (Clark and Campbell, 194 2). Minor
sandstone.

Permeability: Intergranular permeability of bedrock very low, minor low.

Moderate to high fracture permeability in much shallow rock. Mantle

very low.
Surficial mantle: Clayey.

Expanslvity: Almost all bedrock and mantle is severely expansive.

Sources: Clark and Campbell. 1942: one station in unit 539.

MAP UNIT 541

Geologic unit, (age), and location: Mudstone (T), in Santa Cruz Moun- '

tains near Loma Prieta and Mount Madonna.

Summary: Largely mudstone, mu~h of whi~h may be slightly siliceous.
Minor to some sandstone, of which some to most is cal~ite cemented.

:Iolost rnantle is significantly expansive. Appears lG be mismapped near
Svead.:.l.

Expression in 3r·rial photographs: Too narrow to develop expression.

Composition: (1) Mudstone, much of which may be subporcelaneous Iin

ferred frem hardness and Jack of free clay in weathered zone). (2) Shale.
(3) Sandstone, medium to very coarse gmined, moderately well sorted,

m.uch glauconiti~, calcite cemented in part. Unit is largely n1udstone,
rnlnor to serne shJ.le: 111incr to some sandstone, especially near contact
\vith unit 423. Of sandstone, some to n10st is calcite cemented.

Hardness: Mudstone is firm, much quite firm. where weathered and fresh.

Shale is firm. Sandstone is firm to soft where weathered and net ce
mented, hard to quite firm where cemented.

Bedding: Largely absent in mudstone, some indistinct at very thick. Sand

stone beds distinct, medium to very thick (l I) ft or more), between very
thick mudstone.

Parting: Absent in mudstone. Present in shale (minor to some of unit) at
very close spacing and on sandstone bedding contacts. Thus. largely

absent.
Fracture: Mudstone has close 10 very close spacing of weathering frac

ture on close to wide ,t<lined original spacing. Shale probably similar.

Sandswne has wide. some very wide (5-ft). spacing where cemented in

very thick beds. close to wide spacing in uncemented beds and in ce
mented beds to thick.

Permeability: Mudstone hus very low intergranular pcrmeabi lity and prob

ably much low fracture permeability in shallow rock. Shale has very low

inrcrgranular penneability, sandstcne 10Vi' to Il10Jerate where not ce
mented, low to very low where cemented. Thus, intergranulai" penneabil

ity of bedwck largely very low, miner low to moderate. Most mantle

moderate to !cwo
Weathering: In places, I:ttle free clay, shallow soils; in other places, poor

stability of cut slopes suggests cIayey n1ateri~lIs. Sorne spheroidal '-,vcath·"
ering on original fracture.

Surficial mantle: Largely granular. Stony silt soil is typical. Thin soil,

barren slopes.
Expllnsivily: Much bedrock may be significantly expansive, much

unexpansive. Most mantle significantly expansive. Sample LMP9, typi

cal stony silt soil, uncracked, free ",vell 70 percent. No cracking noted.
Sources: McLaughlin and ethers, 1971; two stations.

MAP UNIT 600

Geologic unit, (age), and location: Great Valley sequence, conglomorate

unit IK), only in the East Bay l-lills l:ear Dublin.
Summary: Briefly seen in field. Conglomerme and minor sandstone. Most

to ahnost aH Jnantle is unexpansive to signific~1ntly expansive,

Expression in aerial photographs: Forms well-ribbed slopes similar to
adjacent unit 644.

Composition: Poorly sorted conglomerate of well-rounded to subangular
pebbles, cobbles, and lesser boulders in matrix of poorly sorted silty and
clayey medium- to coarse-grained sandstone. Much may be cakite ce
mented where fresh (see unit 601). Includes beds and lenses of loosely

consolidated arkosic sandstone and silty micaceous fine-grained sand
stone. Unit is probably almosl entirely conglomerate, minor ;iandstone.

Hardness: Some or more conglomerate matrix is hard in weathered zone,

most firm to soft; probably fIrm to hard where fresh. Most clasts are hard
to firm, some soft, where weathered.

Bedding: Largely very thick; monotonous sequence hundreds of feet thick
Parting: Largely absent.

Fracture: Probably iargely very wide spacing.

Permeability: Largely low intergranular permeability in bedrock, some

very lew (where cemented), some moderate possible especially in weath
ered rock (see unit 601). Most mantle moderate.

Weathering: ~lost is weathered firm to soft to depths greater than 15 ft,
probably greater than 30 ft.

Surficial mantle: Largely granul2r, possibly some clayey (see unit 601).
Pebbly sandy silty soil, such as sample DU4, is typical.

Expansivity: Almost ail bedrock is unexpansive. Mc:;t to almost ail mantle
is unexpansive to significantly expansive. Sample DU4, typical light

brown mildly cracked soil, free swell 56 percent (exaggemted?).
Stratlgmphic thickness: Average 400 ft.
Sources: Hall, 1958; one station.

MAP UNIT 601

Geologic unit, (age), and location: Great Valley sequence, predominantly
conglofflcrate unit (K), only east of San Jose. Includes Oa.1.cland Conglom
erate (Crittenden, 1951).

Summary: Largely conglomerate. uniform over large areas (Crittenden,

1951); lesser interbedded sand"tone and mudstone. Some or more con
glomerate and interbedded sandstone is calcite cemented where fresh.
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Several mapped bodies at least are largely sandstone and some probably
include flysch. Much mantle severely expansive.

Expression in aerial photographs: Large area near Evergreen ,hows long
ridges (along strike'!) that have both intermediate and hard crests: 'Weak
ribbing, but regular spacing of ridges. In smaller areas, consists of in
termediate topography that has rounded crests and no ribbing. but shows
scattered areas of outcrop and resistant rock, probably where cemenred.
No tonal banding, but parallel pattern of ridges.

Composition: (I) Conglomerate of pebbles to boulders in mediurn- to
coarse-grained sandstone matrix. Clasts are subrounded to well rounded
and mostly haphazard in orientation; they are as large as 12 in. in diam
eter, and generally some to most are more than 3 in., minor to some more
than 6 in. Much is calcite cemented where fresh; most has clay coatings
at least around clasts (some is clay saturated) where weathered, result
ing in breakage around clasts in weathered rock. (2) Sandstone, medium
to very coarse grained, much calcite cemented where fresh. Most is of
low intergranular permeability where weathered (owing to fines), some
is clean and has potential moderate permeability. (3) Flysch of repeti
tive thin to medium beds of sandstone between dominant mudstone.

Unit is largely conglomerate, some sandstone and flysch. However, in
at least a few bodies conglomerate constilutes only one-lenth to one
fourth of unit, the remainder being largely sandstone and probably some
flysch.

Hardness: Conglomerate clasts hard. Conglomerate matrix varies from
hard where calcite cemented, to firm where uncemented, to soft and
clayey, all present in both fresh and weathered zones. Maoix is prob
ably largely quile firm to hard where fresh, firm where moderately weath
ered, firm to soft where well weathered. Sandstone is hard where
cemented (fresh) and quite firm to firm weathered, but in many places
remains hard and cemented in the weathered zone.

Bedding: Mostly absent to very obscure (Crittenden, 1951). In places,
distinct medium to 5-ft sandstone beds are irregularly interbedded with
conglomerate.

Parting: Mostly absent. No parting on contacts between conglomerate and
sandstone. Present in flysch at close to wide spacing.

Fracture: Conglomerate has wide to very wide (lO-ft) spacing, mostly 3
8 ft. This spacing is effective in fresh and moderately weathered rock,
but well-weathered rock has effective fracture spacing equal to clast size,
close to moderate. Sandstone has close to 4-ft spacing, mostly moderate
to wide.

Permeability: Very low intergranular permeability in conglomerate where
cemented, largely low where weathered, but references suggest some
moderate permeability, probably intergranular, in weathered zone over
calcite-cemented rock. Sandstone has very low intergranular permeabil
ity where cemented, low to moderate where weathered; f1ysch low to very
low. Thus, intergranular permeability of shallo'W weathered bedrock
largely low, much moderate; of fresh bedrock, much very low. much low.
Unit was considered an aquifer by Davis and Jennings (1954) and yields
some water to domestic wells (California State Water Resources Board,
1955); contains numerous small springs (Crittenden, 1951). Probably
much mantle moderate, much very low to low.

Weathering: Color change at deplh of about 30 ft. Some hard cemented
rock extends to within 10-15 ft of ground surface, some crops out.

Surficial mantle: Granular to clayey, probably much of each. Most soils
stony. In traverse at sample locality SJE5, about half is uncracked granu
lar soil, half is mildly cracked granular to clayey soil like sample SJE5.
In traverse between sample localities CVR35 and CVR36, some
uncracked granular soil, some clay subsoil (sample CVR35), and some
clay soil (sample CVR36).

Expansivity: Bedrock is largely unexpansive. Much mantle unexpansive
to possibly significantly expansive, much severely expansive. Samples:
SJE5, mildly cracked sandy clayey soil, typical of much of unit, free
swell 87 percent (exaggerated?); CVR35, dark pebbly and sandy clay
subsoil, moderately cracked, free swell 105 percent; CVR36, mildly

cracked black clay soil, typical at this station, free swell 102 percent.
Unit includes minor to some clayey weathered bedrock like sample SJE2
of unit 660, free swell 80 percent.

Sources: California State Water Resources Board, 1955; Crittenden, 1951;
Davis and Jennings, 1954; Templeton, 1912; eight stations.

MAP UNI1, 602

Geologic unit, (age), and location: Great Valley sequence, predominantly
conglomerate unit (K), only in Santa Cruz Mountains near Sierra Azul.

Summary: Largely conglomerate, some to locally dominant sandstone and
mudstone. Conglomerate beds are very thick i.tens of feet). Almost all
bedrock and mantle is unexpansive.

Expression in aerial photographs: Hard to intermediate topography, much
of each, varying only in sharpness of crests. Slopes are largely ribbed
but spacing is irregular. and many ribs eXlend only part way up slope.
Regular pattern of ribbing is interrupted by some outcrop in bands 10
20 ft in width (some as much as 50 ft in width) and bare, light-toned
areas.

Composition: (I) Conglomerate of well-rounded clasts, largely pebbles
and cobbles that average 2-3 in. in diameter (Bailey and Everhart. 1964)
and typically are as much as 4 in. in diameter, but includes minor to some
zones of boulders as large as I ft in diameter. In most conglomerate,
clasts are tightly packed. Clasts consist largely of aphanitic to porphy
ritic mafic and felsic volcanic rock, lesser granilic clasts. Matrix is me
dium- to very coarse-grained graywacke of low permeability similar to
nearby unit 647. Includes minor conglomeratic sandstone, clayey grit,
and sandstone similar to matrix. In many places (Bailey and Everhart,
1964), especially near faults (Cummings, 1968), matrix of conglomer
ate is cemented by quartz and potassium feldspar. (2) Sandstone of com
position similar to conglomerate matrix, interbedded with about equal
amounts of mudstone, sandy mudstone, and dirty fine-grained sandstone
that has poorly developed weathering fracture. Unit is largely conglom
erate; some sandstone and mudstone, dominant locally.

Hardness: Conglomerate is largely firm where 'Weathered, some hard to
quite firm where weathered. Clasts are largely hard, some firm. Conglom
erate and sandstone are hard where cemented. Interbedded sandstone and
conglomeratic sandstone range from soft to hard, but most sandstone is
firm to hard where weathered. Mudstone and dirty sandstone firm.

Bedding: Conglomerate occurs in lenticular beds generally more than 10
ft thick and in many places appears unbedded owing to beds many tens
of feet thick. Conglomeratic sandstone occurs in pods and interbeds to
thick or more; sandstone and grit interbeds and pods are as thick as 20
ft or more. Where conglomerate is absent or minor, much sandstone and
mudstone occurs in distinct beds 20 ft or more in thickness, but some
occurs as medium to thick sandstone between medium to very thick
mudstone. Beds of cemented conglomerate are as thick as 9 ft
(Cummings, 1968).

Parting: Largely absent. Present in mudstone at very close to moderate
spacing; at contacts between sandstone and mudstone (moderate to 20
ft spacing); absent on contacts between sandstone and conglomerate.

Fracture: In conglomerate, original wide to 5-ft spacing, but in many to
most places conglomerate is shattered at close to moderate spacing, so
that effective fracture spacing in weathered rock is close to moderate.
Blocks of cemented sandstone are as large as 8 ft in diameter (Cummings,
1968). Sandstone has close to moderate spacing in beds to thick, mod
erate to 4-ft spacing in very thick beds. Mudstone has close to very close
spacing of weathering fracture on moderate to wide original spacing, and
dirty sandstone has poorly developed weathering fracture. Cemented
conglomerate breaks across clasts, uncemented conglomerate breaks
around clasts: some is cemented, most uncemented.

Permeability: Intergranular permeability is low in most of unit (conglom
erate, sandstone, and dirty sandstone); very low in some of unit (mud
stone and cemented rock), but this has low to moderate fracture
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permeability in shallow rock. Shallow shattered bedrock (much of unit)
may have moderate fracture permeability, iviost mantle moderate.

Weathering: Conglomerate matrix weathered to depths greater than 5 ft,
probably greater than 15 ft. Some areas of bare rock.

Surficial mantle: Largely granular. Mantle is uncommonly thick in places.
Includes some clayey mantle like sample LMP4.

Expansivity: Almost all bedrock and mantle is unexpansive. Most soil is
uncracked. Sample LMP4, red sand-clay slopcwash on mudstone, most
clayey constituent, covers some of unit, free swell 41 percent.

Sources: Bailey and Everhart, 1964: Cummings, 1968: McLaughlin and
others. 1971: three stations.

MAP UNIT 603

Geologic unit, (age), and location: Novato Conglomerate (K'), east of
Marin highlands near San Pablo Bay.

Summary: Conglomerate of hard rounded pebbles, cobbles, and some
boulders in clay- and silt-saturated sandstone matrix, bedded only by
scattered lenticular sandstone interbeds. Mantle is unexpansive to sig
nificantly expansive.

Composition: Almost all is conglomerate of well-rounded, hard pebbles
and cobbles that are generally less than 6 in. in diameter, most less than
3 in., but some boulders as large as 3 ft in diameter; clasts are rhyolite,
quartz, chert, sohist, quartzite, and quartz porphyry. Matrix of conglom
erate is medium- to coarse-grained sandstone in which interstices are
saturated by silt and olay. Unit contains minor scattered lenticular
interbeds of sandstone similar to conglomerate matrix.

Hardness: Where fresh, conglomerate matrix is firm to hard and sand
stone is hard. Where weathered, conglomerate matrix and sandstone are
mostly firm, but soft within about 5 ft of ground surface. Clasts in con
glomerate are hard; conglomerate breaks around clasts.

Bedding: Indistinct, shown only by medium to thick sandstone lenses that
may be absent in intervals as thick as hundreds of feet.

Parting: Absent.
Fracture: In conglomerate, indistinct at wide to very wide (6-ft) spacing.

In sandstone, at moderate to close spacing.
Permeability: Largely low intergranular permeability in bedrock, some

very low where fresh, some possibly moderate below shallow rock. Most
mantle moderate to low.

Weathering: Gradual color change from buff to gray at 15-30 ft, some
buff color as deep as 50 ft.

Surficial mantle: Largely granular. Much free clay near ground surface;
mantle is reddish stony clayey sand.

Expansivity: Bedrock unexpansive. Mantle unexpansive to significantly
expansive. Sample NV5, soil, free swell 58 percent (exaggerated?).
Mantle is uncracked.

Stratigraphic thickness: 1,300 ft (Weaver, 1949); 3,000 ft (M.e. Blake,
Jr., oral commun., 1971).

Sources: M.e. Blake, Jr., oral commun., 1971; Blake and others, 1974;
Weaver, 1949; two stations.

MAP UNIT 604

(15 percent?) pebbly sandstone, and some (15 percent?) medium bed
ded sandstone and siltstone. In Duncans Mills 7.5' quadrangle, in addi
tion to conglomerate and sandstone lithologies. unit includes flysch
sequences 300 ft or more in thickness that consist of interbedded me
dium-grained sandstone. fine-grained clayey sandstone. siltstone, mud
stone. and minor shale. Here t1ysch makes up approximately 40 percent
of unit.

Hardness: Where fresh, conglomerate matrix and sandstone interbeds are
finn to hard; where weathered they are firm except some soft near ground
surface. Clasts in conglomerate are fractured but hard, and conglomer
ate breaks around clasts. All other rock is firm both where fresh and
weathered. except shale, mudstone, and some sandstone become soft to
firm near ground surface.

Bedding: In massive conglomerate and pebbly sandstone, bedding is in
distinct and revealed only by medium to thick interbeds that may be
absent over intervals of hundreds of feet. Near Healdsburg, flysch se
quences of sandstone and siltstone are repetitively interbedded at 2-8 in.
Near Duncans Mills, flysch sequences are bedded mostly at 0.5-8 in.,
SOIlle beds as thick as 3 ft.

Parting: Absent in conglomerate and associated sandstone. In flysch se
quences near Healdsburg, siltstone develops parting at very close spac
ing, sandstone at close spacing. Flysch sequences near Duncans Mills
show parting at moderate spacing along bedding planes and at close to
very close spacing within fine sandstone. Where weathered. fine sand
stone and siltstone develop parallel parting, mudstone weathers spheroi
dally.

Fracture: In conglomerate, indistinct wide to very wide spacing; in asso
ciated sandstone, moderate to close spacing, some wide in more mas
sive rock. In t1ysch sequences near Duncans Mills, close to very close
spacing.

Permeability: Intergranular permeability of conglomerate and sandstone
(most of unit) low to very low where fresh, largely low and possibly some
moderate where weathered; of flysch (some of unit), low to very low,
but most shallow flysch has low fracture permeability. Most mantle
moderate, some low to very low.

Weathering: Massive sandstone and conglomerate are weathered to depths
greater than 40 ft. In fly sch seq uences, sandstone is weathered to depths
greater than 10ft, adjacent finer grained rock to lesser depths.

Surficial mantle: Largely granular, some clayey. Soil on conglomerate is
stony, sandy, and silty, little clay. Soil on t1ysch near Duncans Mills is
sandy clay.

ExpansiYity: Most to almost all bedrock is unexpansive, some may be
significantly expansive. Most mantle unexpansive, some significantly
expansive. Samples: HL4. typical sand and silt soil on conglomerate,
uncracked, free swell 45 percent; GY 17, mildly cracked pebbly clay soil,
free swell 57 percent; DMl, mildly cracked stony sandy slopewash, typi
cal, free swell 44 percent; DM3, moderately cracked soil on mudstone,
most expansive material seen, free swell 59 percent.

Sources: Blake and others, 1971; Gealey, 1951; 10 stations.

MAP UNIT 610
Geologic unit, (age), and location: Great Valley sequence, conglomerate I

unit (KJ), only in Mendocino highlands. I Geologic unit, (age), and location: Conglomerate in unnamed unit (TK),

Summary: Near Healdsburg. largely conglomerate. some dirty sandstone in Diablo Range east of Santa Clara Valley.
and t1ysch of sandstone and siltstone. Near Duncans Mills, much t1ysch Summary: Not seen in field. Most is conglomerate and sandstone. See
in addition to conglomerate and sandstone. Some mantle is significantly description of unit 641 for composition and physical properties.
expansive. Permeability: Intergranular permeability of most bedrock low. minor to

Composition: In Healdsburg 15' quadrangle, unit includes: Conglomer- some moderate; some to much is probably very low, but has low to 10-
ate of well-rounded, hard pebbles and cobbles in clay- and silt-saturated cally moderate fracture permeability in shallow rock. Most mantle mod-
sandstone matrix interbedded with scattered lenticular arkosic sandstone; erate.
very thick (lOO-ft or more) sequences of pebbly dirty arkosic sandstone; Surficial mantle: Llrgely granular.
and very thick (lOO-ft) t1ysch sequences of fine-grained sandstone and Expansivity: Most bedrock unexpansive. Most mantle unexpansive, some
siltstone. Here unit is largely (70 percent) massive conglomerate, some may be significantly expansive.
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MAP UMT 611

Geologic unit, (age), ilnd location: Great Valley scqaence, conglomerat,;

unit (K), only in the East Bay Hills near Hayward.
SumnHlry: ~~ot seen in field. DOlninant COITlposition alaY be sandstone.

but certainly much conglomerate. In places. conglomerate is well cc

mented and crDp;; out. See unit 615.
Expression in aerial photographs: Intermedio.te topography that lacks

nbbing. reSl';tant relative to unit 644. In Castro Valley, forms bedrock

knobs (celnented zcnes'?),
Composition: Reported to consist of conglomerate, sandstone, and some

"arenaceous shale" (Robinson, 1956). Conglomerate consists of pebbles,

cobbles. and boulders. largely pebbles and cobbles, that are subrounded
and poorly sorted. Illost (about 70 percent) hard (Case , 1968), in clayey I

sandstone matrix of which the sand is "fairly well rounded and sorted,

with considerable clay' and biotite" (Robinson. 1956). Some conglomer
ate is \vel1 cenlcnted and creps Gut, nlost i:; not \vdl ct'ITIented. Inter

bedded sandstone is as described for conglomef[~te rnatrix: apparently

not rnuch is cernented. Cnit is probably largely sandstone, n1uch COJ.1

gIoiuerate, ~,::on1e "arenacecius shaleH (Illay be flysch).

I-Iardncss: Conglomerate and sandstone are probably firm to h::crd, both
'..\-,'here fresh Qnd ,,veathered. Shale finn. Clasts in congl()mer;;te largely
hard.

Bedding: Very thick iA-ft or more) beds, distinct.
Parting: Largely absent. Contacts bet'\Aieen ~;anctstone and conglomerate

probJ.bl:" are not parting surhtces. Present in shale.
Permeahil.ity: Intergranular permeability in most of unit isandstone and

conglomerate) probably low to very low where fresh, largely low ::cnc
possibly some moderate where weathered; in some("i) of unit (shale and

cemented rock) very lOW, but this has low fracture permeability in shal

low rock. Mantle probably largely mcderate.
Viieathering: Cemented reok hard to outcrop; most of unit weathered to

unknown depth.

Surficial mantle: Probably largely granular. Robinson (1956) reported
sandy soil over area; thus, probably sand or clayey sand soil similar 10

that on Cretaceous sandstone.

Expansivity: Probably most bedrock unexpansive, some m::cy be signifi
cantly expansive (shale). Much(?) mantle unexpansive, muchU) signifi

cantly expam,ive, probably minor severely expansive. See samples for

units 600-604 and 615.
Stratigraphic thickness; As much as LOOO ft (Robinson, 1956).

Sources: Case, 1968; Robinson, 1956.

MAP UNIT 612

Geologic unit, (age), and location: Great Valley sequcnce, oonglomerate
unit (K), part of Del Valle Formation of Hall (1958), only on Sunol Ridge

in the East Bay Hills and near Del Valle Reservoir south of Livermore
Valley.

Summary: Not seen in field. Interbedded sandstone and conglumerate,

unexpansive sandy mantle.
Expression in aerial photographs: Near Del Valle Reservoir, largely

unexpressed in topogmphy, but forms prctruding sharp ridge in one place.

On Sunol Ridge, expression is similar tD adjacent unit 644.
Composition: Conglomerate and sandstone. Conglomerate consists of 'Nell

rounded to subrounded highly polished pebbles and cobbles that Qver
age 1-7 in. in diameter (Hall, 1958),2-5 in. (Huey, 1948), in plentiful
sandstone matrix (Huey. 1948), \vhich is largely dirty and po()rly sorted

(H;,11, 1958). Sandstone likewise is largely dirty and poarly sorted (Hall,

1958). Probably miner tc sorGe rock is calcite ceITlented.

Unit probably .:cnsists of ll1ucn sandstofu: and much con,glorner:lte.
Huey (1948) rep0l1ed 10-50 ft of conglomerate between sandstone in our

mapped unit near Del Valle Reservoir that is GbDut 200 ft thick.
Hardness: Sandstone matrix soft to hard (Hall, 1958).

Bedding: On Sunol Ridge, 50- to 100-it beds of alternating sandstone and
conglomerate (HalL 1958). Near Del Valle Reservoir, 10- to 50-ft bed

of conglomerate between sandstone (Huey. 1948).

Parting: Largely absent.
Permeability: lntergranular permeability of bedrock low to moderate,

probably much of each; minor to some(?) very low. but this has low fmc
ture permeability in shallow rock. Milntle moderate.

Surficial mantle: Granular. Pebbly sandy silty soil is typicaL
Expansivity: Almost all bedrock and mantle is unexpansive..

Stratigraphic thidmess: On Sunol Ridge, 600-700 ft (Hidl, 19581; near
DeI Valle Reservoir, conglomerate is lG-50 ft thick (Huey. 1(48) within

thicker map unit.
Sources: Hall. 1958: Huey (1948) described only the area near Del Valle

Reservoir.

MAP U"iH 613

Geologic unit, (age), and location: Strata of Stewclrts Poi.nt !K). near

Sonoma County coast.

Summary: Sandstone. ccngloll1erate:, and leSSCT llludstcne. ivlost to ahncst
all bedrock and Elantle is unexpansive,

Composition: Sandstone, conglC1TICrate, a.nd les~;er Inudstor.e. Sandstone

is typically Inedium to coarse grained and moderately sorted. ConglcDl
eratei:; l:irgely of cabbies and some boulders in sandstone matrix; clasts

are siliceous porphyritic "\'ck:lnic reck and siliceous fu:,e-grained granitic
rock. TVludstonc generally' cc(:urs as rrlinor interbeds. Unit probably con
sists of much sandstone, much conglomerate, [niner to SOIne n1udslone,.

Hardness: Fresh rock hard, moderately weathered rock firm to han;'

Bedding: Distinct, sandstone largely thick to very thick !l0-15 fr1'), lo
cally thinner; conglomerate beds thick to very thick (40 I'm; mudstone
interbeds probably mostly very thin to thin, some medium. bllt local in

tervals as thick "s 200ft.
Parting: Mudstone is not fissile.

Fracture: In rift vaHey, shattered at close to lTIoderate spacing: elsev/here

uncertain, probably wide to very wide spacing, locally moderate, in sand
stone and cong;lomerate,

Permeability: Sandstone a'ld conglomerate (most of unit) have very low

to low intergranular permeability where fresh, probably Jow (to meder ..
ate 7) where weathered. In rift valley, much shallow rock milY ha.ve mod

erate. fracture permeabilit'i. Mudstone (minor to S0me of unit) has very
low intergranular pern1eability. low fracture permeability in shanGW rock.
Most to almost Jil mantie moderate.

Weathering: No observations of severely weathered rock, but probably
firm to soft.

Surficial mantle: Most to almost all is granular.

Expansivity: Most to almost all bedrock and mantle unexpansive, minor

to some probably significantly expansive. See sample for unit 666.
Stratigraphic thickness: 4.400 f1.

Sources: Blake and others, 1971; Wentworth, 1966; three stations.

MAP l'NIT 614

Geologic unit, (ag,,), and location: Redwood Canyon Fcrmaticn. con

glcmerate member ,K), in the East B~y Hills near Upper San Leandro
Reservoir.

Summary: Not seen in fidel. Conglomerate and probably nlOre abundant

sandstone. ?\1antle largely gra:nuIJ,f. HaITI (1952j reponed that conglom
erate forms topographic high.

Composition: CongloD1erate. and interbedded sandstcne: uni.t as ITlapped
is probably largely sandstone. Possibly rnincr siltstone and m.udstone.
General character probably similar to unit 6] 5. Conghmefiltc consists

of well-rounded cobbles and boulders. commonly as large as 2 ft in di
arrletcL In m,atrix of c0~rse-grained, poorly ~~orted sand and silt. Con

glomerate is firmly cemented by iron oxide and less comlT!cnly by
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carbonate. Interbedded sandstone is probably medium to coarse grained
and siInilar to sandstone in unit 630.

Hardness: Conglomerate clasts hard. Conglomerate is described as firmly
cemented and requires blasting for quarrying; thus, probably most hard,
some firm. Sandstone probably largely hard where fresh and weathered
(see unit 630).

Bedding: Conglomerate occurs in lenticular beds that are probably thick
to very thick las much as 20 ft or more). Sandstone beds probably me
dium to very thick (as much as 50 ft or more). Mudstone and siltstone,
if present, largely thin to thick.

Parting: Probably largely absent.
:Fracture: In conglomerate, spacing probably wide to very wide (as much

as 5 ft or more); in sandstone, probably some close to moderate, largely
wide to 6 ft.

Permeability: Intergranular permeability of bedrock largely low to very
low, possibly some moderate to high; most bedrock probably has low
total permeability in shallow rock. Most mantle moderate.

Surficial mantle: Largely granular.
Expansivity: Almost all bedrock unexpansive. Almost all mantle

unexpansive to significantly expansive. See samples for unit 630.
Stratigraphic thickness: Ham (1952) reported maximum thickness of SO

ft; our unit shows outcrop width of as much as 600 ft.
Source: Ham, 1952.

MAP UNIT 615

Geologic unit, (ag~), and location: Oakland Conglomerate (K), in the East
Bay Hills near Oakland.

Summary: Conglomerate, interbedded with sandstone and minor shale.
No blasting anticipated by Radbruch 11969). Bedrock and most mantle
unexpansive.

Composition: Conglomerate, interbedded with sandstone and minor shale
especially near top of section. Conglomerate consists of hard, well
rounded and polished pebbles, cobbles, and less commonly boulders as
much as I g in. long, most 1-8 in. Matrix is largely medium- to coarse
grained sandstone that is poorly sorted and ranges from clay- and silt
saturated to undersaturated; some matrix is fairly clean. Rock breaks
around cobbles. Interbedded sandstone is like conglomerate matrix and
consists of fine- to coarse-grained sand in silt and clay matrix. Cnit prob
ably includes much of both conglomerate and sandstone.

Hardness: Weathered conglomerate has hard clasts, firm matrix. Sand
stone probably firm to hurd where fresh and weathered.

Bedding: Conglomerate occurs as lenticular, distinct medium to very thick
(as much as 25-ft or more) beds, most very thick (as much as 10 ft),
interbedded with sandstone in medium to very thick (as much as 50-ft
or more) beds. Shale thin to thick. See section by Case (1963).

Parting: Largely absent, locally present at shale or fmc-grained sandstone
interbeds.

Fracture: None observed. Probably wide to very wide in conglomerate,
similar to unit 603. Rock breaks around cobbles; many cobbles fractured
internally. Sandstone probably fractured largely at close to wide spac
ing, similar to other Cretaceous sandstone.

Permeability: Intergranu]ar permeability of bedrock largely low, some
moderate, some very low (cemented rock). Most to almost all mantle
moderate.

Weathering: To depths greater than 30 ft; Radbruch (1969) reported that
weathering extends as deep as 20 ft.

Surficial mantle: Most to almost all is granular. Radbruch (1969) reported
that soil is generally sparse or absent. Mostly uncracked sandy and silty
soil.

Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive,
some probably significantly expansive. Sample OE40, typical uncracked
pebbly granular soil, free swell 43 percent.

Stratigraphic thickness: 200-2,000 ft, average about 900 ft (Case, 1968).
Sources: Case, 1963, 1968; Lawson, 1914; Radbruch, 1969; two stations.

MAP UNIT 616

Geoiogic unit, (age), and location: Conglomerate (KJ), in the East Bay
Hills near Hayward.

Summary: Probably much conglomerate, much sandstone, minor shale.
Most mantle unexpansive to significantly expansive.

Expression in aerial photographs: Narrow band of resistant intermedi
ate topography that lacks ribbing. Largely light tone. Some banding evi
dent, may be traces of Hayward fault. Includes boldly outcropping bluffs
in places.

Composition: (I) Conglomerate. much poorly sorted, of subrounded
pebbles and cobbles in largely poorly sorted matrix of either shale or
dirty, low permeability sandstone. Some crops out. (2) Sandstone as
described for unit 635, much of which may be pebbly. (3) Shale. Pro
portions unknown; probably much conglomerate, much sandstone. mi
nor shale.

Hardness: Clasts in conglomerate largely hard. Sandy conglomerate ma
trix is lliu:d to firm where fresh, weathers firm; shale matrix probably
similar. Sandstone hard where fresh, hard to firm where weathered.

Bedding: Distinct thick to very thick (as much as nearly 50-ft) beds of
conglomerate and sandstone. Robinson (1956) reported thick to very
thick (4-ft) pebbly sandstone interbedded with conglomerate and shale.

Parting: Largely absent, including at distinct contacts between sandstone
and conglomerate.

Fracture: Spacing in conglomerate is moderate to very wide (4 ft or more),
largely wide. Sandstone has close to moderate spacing.

Permeability: Intergranular permeability of bedrock low to very low where
fresh. Where weathered, largely low; minor to some is very low, but has
low fracture permeability in shallow rock. Most mantle moderate.

Weathering: Conglomerate matrix weathered firm to depth of about 20 ft.
Surficial mantle: Largely granular. Typical soil consits of sand, silt, and

pebbles; some is clayey sand or sandy clay.
Expansivity: Almost all bedrock unexpansive. Most mantle unexpansive

to significantly expansive. Samples: NWK2, very mildly cracked granu
lar soil and slopewash, typical, free swell 51 percent; NL21, very mildly
cracked granular soil, typical at this station. free swell 66 percent (ex
aggerated?).

Sources: Robinson, 1956; three stations.

MAP UNIT 620

Geologic unit, (age), and location: Mapped sandstone in unnamed unit
(TK), in Diablo Range east of Santa Clara Valley.

Summary: Largely sandstone, some mudstone. See description of unit 641
for composition and physical properties.

Permeability: Intergranular permeability of bedrock largely low, minor
to possibly some moderate; some to much is very low, but has low to
locally moderate fracture permeability in shallow rock. Most mantle mod
erate, probably some low.

Surficial mantle: Largely granular.
Expansivity: Most bedrock and mantle are unexpansive, some of each may

be significantly expansive.

i\fAP UNIT 621

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit in unnamed sandstone and shale (K), near 'vIount Diablo.

Summary: Sandstone makes up 50-80 percent or more of unit. the remain
der being mudstone intervals. Much sandstone approaches moderate in
tergranular permeability. Sandstone beds largely medium to 6 ft. Mantle
is clayey sand; most is unexpansive to significantly expansive.

Expression in aerial photographs: Mostly forms sharp, dramatic hog
back that shows some ribbing; hard topography. Sandstone bands are as
wide as SO ft, most as wide as 30 ft, one as wide as 200 ft at edge of



174 HILLSIDE MATERIALS AND SLOPES OF THE SAN FRAt"{CISCO BAY REGION

hogback, between dark-toned bands of similar or lesser width. Includes
some lumpy intermediate topography, largely light in tone, on crest.

Composition: (I) Sandstone, wacke to arenite (Colburn, 1964), largely
medium grained, moderately well sorted, flakes somewhat where ex
tremely weathered. Includes calcite-cemented concretions. (2) Mudstone
intervals, consisting of interbedded mudstone and siltstone, lesser shale
(weathers fissile). Unit is 50-80 percent or more sandstone. Mudstone
intervals consist of much of both mudstone and siltstone, lesser shale.

Hardness: Sandstone is largely quite firm to hard where weathered, prob
ably similar where fresh; ringing hard where calcite cemented. Most
mudstone is firm and siltstone hard, where fresh and weathered.

Bedding: Distinct. Varies from (a) largely medium to 8-ft sandstone beds
between medium to 4-ft mudstone intervals to (b) very thick bedded (10
to 30-ft or more) sandstone broken by very thin partings into medium
to thick beds. On photographs, zones of dominant sandstone as thick as
30 ft. one as thick as 200 ft, between mudstone intervals of similar thick
ness. Mudstone intervals 50 ft or more in thickness observed in field.
Mudstone intervals are very thin to medium bedded, indistinctly to dis
tinctly. Much sandstone in beds to thick is laminated and shows part
ing.

Parting: Present at distinct bedding planes (largely moderate to 4 ft, but
as much as 6 ft); within medium to thick laminated sandstone beds at
close spacing; and within mudstone intervals mostly at close to very close
spacing, some moderate. Some rock in mudstone intervals is fissile where
weathered, most is not.

Fracture: In sandstone, spacing ranges from moderate to 6 ft, most mod
erate or wide to 4 ft; spacing ranges from similar to bed thickness to
greater than bed thickness by one-half. Concretions as large as 6 ft in
diameter. Close to very close spacing of weathering fracture in mudstone
intervals.

Permeability: Intergranular permeability of sandstone (most of unit)
largely low, much approaching moderate, possibly some very low where
fresh; of mudstone intervals (some to much of unit) very low to low,
but most have low fracture permeability in shallow rock. Some springs
reported. Mantle largely moderate, some to much low to very low.

Weathering: Sandstone weathered to depths greater than 25 ft, probably
25-35 ft. In mudstone intervals, some rock weathers fissile. most does
not.

Surficial mantle: Largely granular. Clayey sand soil and subsoil.
Expansivity: Most bedrock unexpansive, some to much expansive. Much

mantle significantly expansive, much unexpansive, probably minor to
some severely expansive. Soil and subsoil very mildly cracked. Sample
BHS 10, reddish clayey sand subsoil, typical, free swell 58 percent (ex
aggerated). Mantle is similar to sample AS40, clayey sand soil on unit
652, very mildly cracked, typical, free swell 70 percent (exaggerated).

Sources: Briggs, 1953b; Colburn, 1962, 1964; two stations.

MAP UNIT 622

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit (K), only in the East Bay Hills near Martinez and east of
Livermore Valley near Tesla.

Summary: Largely sandstone, probably some to much mudstone. Expo
sure near Tesla not seen in field, described as "principally massive and
concretionary sandstone with minor amounts of shale" (Huey, 1948).
Specifics of description below apply only to area near Martinez. Mate
rials near Tesla are similar to those described below and to unit 621.

Expression in aerial photographs: Near Martinez, resistant unit that is
not thick enough to form distinctive topography.

Composition: (I) Relatively clean sandstone that is medium to some coarse
grained, moderately to poorly sorted, interstices filled to nearly filled
by silt and clay. (2) Fine- to medium-grained, high-matrix sandstone,
some approaching poorly sorted sandy siltstone, interbedded with less
abundant, fine-grained, well-sorted to moderately well sorted sandstone

that is micaceous. (3) Mudstone, siltstone, and shale, much containing
thin sandstone interbeds. (4) Concretions.

In exposed 100 ft out of about 300-ft section near Martinez, 70 per
cent is composition t, 30 percent composition 2. Unexposed 200 ft of
section underlies less resistant hillside approaching a drainage and is
probably made up of compositions 2 and 3. Near both Martinez and
Tesla, unit is probably largely sandstone (compositions 1 and 2), some
to much mudstone (composition 3), probably minor concretions.

Hardness: Very thick beds of relatively clean sandstone are firm approach
ing hard where weathered: interbedded high-matrix sandstone sequences
are firm where fresh and weathered. Mudstone has firm pieces.

Bedding: Exposure near Martinez has very thick (20- to 40-ft) beds of
relatively clean sandstone (composition 1) between intervals of thick to
very thick (6-ft) interbedded high-matrix sandstone (composition 2). All
beds distinct.

Parting: Observed only on bedding planes. In mudstone, probably close
to very close spacing, some moderate.

Fracture: Moderate to wide spacing, some as much as 5 ft, in very thick
bedded relatively clean sandstone. Interbedded high-matrix sandstone has
moderate to wide original spacing and much has close to very close spac
ing of weathering fracture. Mudstone intervals are probably similar to
high-matrix sandstone except all has weathering fracture.

Permeability: Intergranular permeability largely low in sandstone, some
approaching moderate, probably some very low where fresh; very low
in mudstone, but much shallow mudstone has low fracture permeabil
ity; very low in cemented rock. Thus, intergranular permeability of bed
rock largely low, probably some moderate, some to much very low; some
low fracture permeability in shallow bedrock. Most mantle moderate,
some to much low to very low.

Weathering: Very thick sandstone weathered to depths greater than 30
40 ft. High-matrix sandstone in interbedded intervals is partly fresh (away
from fractures) at depths of about 25-30 ft.

Surficial mantle: Largely granular. Clayey and silty sand soils.
Expansivity: Probably most bedrock is unexpansive, some to much ex

pansive. Probably most mantle unexpansive to significantly expansive,
some may be severely expansive. See samples for units 621 and 683.

Sources: Briggs, 1953b; Huey, 1948; Lawson, 1914; one station.

MAP UNIT 623

Geologic unit, (age), and location: Great Valley sequence, sandstone unit
(K), only in Diablo Range south of Sunol Valley.

Summary: Briefly seen in field. Unit is a northward extension of unit 660,
but is distinguished from unit 664, which also is a northward extension
of unit 660. Assume unit to be largely sandstone, as in unit 626, but some
to much shale, mudstone, and siltstone interbeds. Bedrock and mantle
are probably largely unexpansive.

Expression in aerial photographs: Mostly intermediate topography, some
hard: most is ribbed, but crests vary in rounding.

Composition: Fine- to coarse-grained sandstone that contains more than
10 percent clay, about 5 percent biotite, and some carbonaceous mate
rial; well-indurated, calcite cement not as common as silica and clay
cement (Hall, 1958). Lesser mudstone, shale, and siltstone interbeds. Unit
is probably largely sandstone, some calcite cemented; some to much
mudstone, shale, and siltstone.

Hardness: Sandstone is hard to firm where fresh and weathered. Inter
bedded clayey rock has hard to firm pieces.

Bedding: Distinct, medium to very thick (25-ft) sandstone beds between
clayey interbeds of similar thickness.

Parting: At distinct bedding planes (moderate to very wide spacing). Also
within some to much very thick sandstone, but some to most very thick
sandstone retains spacing greater than lOft.

Fracture: Most sandstone beds less than 6 ft in thickness have close to
wide spacing, but beds thicker than 6 ft have much very wide spacing
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(as wide as 5 ft, some as wide as lOft). Interbedded clayey rock has
weathering fracture at close to very close spacing.

Permeability: Intergranular permeability of most sandstone low, cemented
sandstone and mudstone very low; thus, much bedrock low, much very
low. Low fracture permeability in most shallow mudstone, low to locally
moderate in shallow cemented sandstone. Probably most mantle moder
ate, some to much low to very low.

Weathering: Sandstone is generally weathered to depth of about 30 ft,
some to only 10ft, some crops out fresh or nearly fresh.

Surficial mantle: Probably largely granular, some to much clayey. Typi
cally sandy soil similar to that on Cretaceous sandstone.

Expansivity: Probably most bedrock unexpansive, some may be expan
sive. Probably most mantle unexpansive, some to much significantly
expansive, minor to some severely expansive.

Sources: Hall, 1958; one station.

MAP UNIT 624

Geologic unit, (age), and location: Great Valley sequence, sandstone and
shale unit (K), only near Crockett at north end of the East Bay Hills.

Summary: Sandstone in very thick (25- to 60-ft) beds between very thick
(30- to 50-ft) intervals of thin to thickly interbedded mudstone and sand
stone; occurs as fault-bounded slice along Franklin fault. Surprisingly
soft fresh sandstone. Most bedrock and mantle is unexpansive.

Composition: Sandstone is poorly sorted, fine to coarse grained, mostly
fine to medium grained, much clean, some silty; looks different in dif
ferent exposures. Contains calcite- and limonite-cemented concretions
as large as 4 ft spheroids or elongate thick concretions as much as 10ft
in length. Interbedded material is mudstone. Thin to thick beds of sand
stone interbedded with mudstone are silty and fine grained. Unit is
largely sandstone, some to much mudstone.

Hardness: Sandstone soft where fresh in deep freeway cut, firm where
weathered. Mudstone has firm pieces, nearly soft. Concretions in sand
stone are hard.

Bedding: Distinct very thick (25- to 60-ft) beds of sandstone between very
thick (30- to 50-ft) intervals of thin to thickly interbedded sandstone and
mudstone.

Parting: At contacts between sandstone and mudstone.
Fracture: In sandstone, wide spacing where weathered, absent where fresh.

Mudstone fractured at close to very close spacing. Some large concre
tions fractured at moderate to wide spacing.

Permeability: Intergranular permeability of sandstone (most of unit) low
to high, low where weathered, moderate to high where fresh; of mud
stone (some to much of unit) largely very low. Probably most mudstone
has low fracture permeability in shallow rock. Most mantle moderate.

Weathering: Sandstone weathered to depths greater than 50 ft.
Surficial mantle: Largely granular.
Expansivity: Most bedrock unexpansive, some to much (mudstone) may

be expansive. Most mantle unexpansive. No samples, no evidence of
expansivity.

Sources: Two stations.

MAP UNIT 625

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit (K), only in the Santa Teresa Hills south of San Jose.

Summary: Largely sandstone, most in very thick beds; case hardens from
firm internally to quite firm on surface, thus difficult to excavate. Used
for building stone (dimension stone) at Stanford University and else
where. Much has moderate intergranular permeability. Most bedrock and
mantle unexpansive.

Expression in aerial photographs: Resistant intennediate topography,
largely smooth and lacking ribbing; steep brush-covered slopes and some
large areas of bold outcrop.

Composition: (1) Sandstone, largely medium to coarse grained, ranging
from fine to coarse grained, much including scattered very coarse grains,
somewhat silty (less than 5 percent), moderately to moderately well
sorted. According to Bailey and Everhart (1964), rock is arkosic sand
stone of 50-75 percent quartz and as much as 30 percent feldspar, uni
form. homogeneous, most grains subangular, containing iron oxide and
clay cement in small amounts. Sandstone case hardens because of con
centration of iron oxide in surficial I in. of rock (Bailey and Everhart,
1964). Sandstone is calcite cemented in some places and pebbly in places.
(2) Interbeds of shale, mudstone, siltstone, and high-matrix very fine
grained sandstone. Unit is probably largely sandstone. some clayey
interbeds; locally dominant clayey rock.

Hardness: Where weathered, sandstone is firm approaching hard on case
hardened surface, firm and nearly friable inside; all of sandstone prob
ably firm fresh. Calcite-cemented sandstone is hard. Clayey rock firm
where fresh and weathered.

Bedding: Distinct, broadly lenticular sandstone beds range from medium
to more than 20 ft in thickness, most beds probably less than 8 ft thick,
between very thin to medium or thicker clayey interbeds, zones of shale
chips, or pebbly layers. Some intervals as thick as 50 ft or more consist
of almost entirely sandstone in 20-ft beds; some zones of medium to thick
sandstone are interbedded with some clayey rock.

Parting: Present on distinct bedding planes and within some clayey
interbeds. No parting on pebbly layers.

Fracture: In very thick sandstone, major fractures or joints have spacing
of 4-12 ft, 8 ft or more according to Bailey and Everhart (1964); these
are about perpendicular to bedding and regular in orientation (rectilin
ear). Spacing of fractures between major joints ranges from moderate to
12 ft, most wide to 4 ft. Sandstone in beds to thick have moderate to
wide spacing. Clayey interbeds have close to very close spacing of weath
ering fracture. Some joint-defined blocks as large as 40 ft in diameter.
Large and very large blocks occupy ground surface in many parts of unit.

Permeability: Sandstone has low to moderate intergranular permeability,
clayey rock low to very low; thus, probably much bedrock moderate,
much low, minor to some very low. Much shallow clayey rock has low
fracture permeability. Bedrock of unit was noted as permeable by Cali
fornia State Water Resources Board (1955); some wells yield 15-40 gall
min from fresh sandstone. Most mantle moderate.

Weathering: Sandstone is weathered to depths greater than 50 ft, greater
than 30 ft according to Bailey and Everhart (1964). Case hardens, many
outcrops.

Surficial mantle: Largely granular. Uncracked sand soil observed over
most of unit.

Expansivity: Most bedrock and mantle unexpansive, some of each may
be expansive. See unit 661.

Stratigraphic thickness: Thickness of Great Valley sequence (including
unit 661) 1,200 ft or more (Bailey and Everhart, 1964).

Sources: Bailey and Everhart, 1964; California State Water Resources
Board, 1955; Davis and Jennings, 1954; four stations.

MAP UNIT 626

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit (K), only in Diablo Range south from Calaveras Reser
voir.

Summary: Bodies of dominant sandstone within and adjacent to unit 660.
Most is sandstone; some interbeds of mudstone, shale, t1ysch, and clayey
sandstone. Most bedrock and mantle unexpansive.

Expression in aerial photographs: No continuous expression in most
places. In places, forms resistant intermediate topography of prominent
massive bumps that largely lack ribbing.

Composition: Sandstone, arkosic, fine to coarse grained, mostly medium
grained, some or more is poorly sorted and has angular grains (Crit
tenden, 1951); some to much is cemented by calcite or brown carbon
ate. Sandstone may have abundant biotite and may include conglomerate,
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pebble to boulder, in places (Gilbert, 1943). Brown wrinkled biotite is I

conspicuous and typical (Crittenden, 1951). Sandstone is interbedded
with lesser clayey rock that includes mudstone, shale, and flysch simi
lar to unit 660 and clayey sandstone. Unit is largely sandstone, in places
almost all sandstone. but in places includes as much as 50 percent inter
bedded clayey rock.

Hardness: Sandstone is hard where fresh, especially hard where cemented:
hard to firm, mllch quite firm. where weathered. Interbedded clayey rock
has firm to hard pieces

Bedding: Distinct sandstone beds, "ariable in thickness from mostly me
dium and thick in some areas to thick and very thick (as much as 50 ft)
in other areas, even within single mapped body. Intervals of clayey rock
are mostly thin to thick, some very thick.

Parting: Present at bedding planes. moderate to very wide (as much as
50-ft) spacing, and within .Ierne sandstone at close spacing. Mostly
present at close to moderate spacing in interbedded clayey rock.

Fracture: Variable in sandstone, ranging from close to very wide (lO-ft)
spacing: related to bed thickness in that beds thicker than 6 ft have much
very wide spacing. Most sandstone has close to wide spacing except
where beds are thicker than 6 ft. Clayey interbedded rock generally has
weathering fracture at close to very close spacing.

Permeability: Sandstone (most of unit) has largely low intergranular per
meability, very low where calcite cemented, much very low where fresh:
fracture permeability low to possibly moderate in shallow cemented rock.
Mudstone (some of unit) has very low intergranular permeability, much
has low fracture permeability in shallow rock. Most mantle moderate,
some low to very low.

Weathering: Some sandstone crops out fresh or nearly fresh, other sand
stone is weathered to depths greater than 8 ft and is firm. Weathering
makes little difference in hardness of most sandstone in this unit.

Surficial mantle: Largely granular, some clayey (sandy clay).
Expansivity: Most bedrock unexpansive, some significantly expansive.

Most mantle unexpansive, some significantly expansive, possibly minor
severely expansive. Soil is generally less expansive than that of adja
cent unit 660 and unit 641. No samples.

Sources: Crittenden. 1951: Gilbert, 1943; four stations.

MAP UNIT 627

Geologic unit, (age), and location: Great Valley sequence, sandstone unit
(K), only east of Martinez in vicinity of Concord. Includes lower part
of Vine Hill Sandstone of Weaver 11953).

Summary: Includes much of both very firm, low permeability sandstone,
much in very thick beds, and firm silty sandstone to sandy siltstone;
minor to some shale and mudstone. Most mantle unexpansive to signifi
cantly expansive.

Expression in aerial photographs: Contrasting expression; in places sharp
hard ridge, in other places swale topography.

Composition: (l) Sandstone, fine to medium grained, modentely to mod
erately well sorted, at least in part probably tuffaceous. containing scat
tered to abundant concretions. (2) High-matrix, silty, very fine grained
sandstone that grades to sandy siltstone. scales where weathered. (3)

Shale and mudstone. Exposures are largely sandstone (composition 1):
covered areas are less resistant rock, probably largely silty sandstone
(composition 2) and minor to some mudstone and shale {as in unit 665)
""0 mudstone or shale noted in field; minor shale in section by Weaver
(1953).

Hardness: Where weathered and probably where fresh. sandstone is good
and firm or quite firm, some looks really tough: no evidence of blast
ing, but looks difficult to rip. Silty sandstone is firm where fresh and
weathered. Concretions are hard.

Bedding: Distinct. Sandstone (composition 1) occurs both as very thick
beds (as much as 40 ft or more) and as thIck to very thick (IO-ft) beds,
mostly about 6 f1, between thin to medium interbeds. Silty sandstone
(composition 2) occurs in unbedded intervals tens of feet thick: Weaver

shows some bedding at 10- to 150-ft intervals. Concretions large to 4 ft
in diameter.

Parting: Present only at distinct bedding planes, except a couple of part
ings within one very thick (40-ft) sandstone bed.

Fracture: In sandstone (composition 1). largely wide to moderate spac
ing. some "ery wide (5 ft). Silty sandstone (composition 2) has close to
moderate spacing. Many fra.::tures in sandstone are tight.

Permeability: Intergranular permeability of sandstone (composition 1) low
to possibly some moderate, silty sandstone (composition 2) low to very
low, mudstone and shale very low. Thus, intergranular permeability of
most bedrock low, possibly some moderate. some very low. Most mantle
moderate.

Weathering: Sandstone is weathered to buff color to depths of more than
25 ft, mostly to depths of more than 30 ft. In silty sandstone, color change
from buff to dark gray occurs as deep as 15-25 ft.

Surficial mantle: Largely granular.
Expansivity: Bedrock probably largely unexpansive, minor to some may

be expansive. Most mantle unexpansive to significantly expansive.
Sample PCI4, sandy silt soil, probably typical, free swell 50 percent
(exaggerated).

Sources: Weaver, 1953; three stations.

MAP UNIT 628

Geologic unit, (age), and location: Deer Valley Formation of Colburn
(1964) (K), east of Mount Diablo.

Summary: Most is clean to silty sandstone, some clayey sandstone. Much
is very thick bedded (lOft or more), much thin to thickly bedded and
(or) parted. In places, hard concretions as large as 10 ft in diameter and
cemented beds to thick or more. Clean sandstone has moderate inter
granular permeability. Some mantle severely expansive.

Expression in aerial photographs: Near Byron, fairly resistant interme
diate topography that lacks good ribbing; some faint crude banding, con
sisting of 300-ft light tone, 200-ft dark tone, 200-ft light tone; no fine
bands. Near Briones Valley, forms ridge having one to two crests. Where
one crest, forms hard, ribbed topography. Where two crests, becomes
more subdued and has intermediate approaching hard crest and flanks
that lack ribs or are subtly ribbed: banded by light-toned zones as wide
as 50 ft, dark-toned zones as wide as 30 ft, little contrast in resistance,
largely 170 percent) light in tone. Where two crests, unit includes val
ley between crests, which is a nonresistant interval about 200ft in width.

Composition: (l) Medium- to coarse-grained clean quartz arenite: reported
to constitute most of unit (Colburn, 1964). (2) Clean fine- to medium
grained sandstone of moderate permeability. (3) Silty fine- to medium
grained sandstone of low permeability. (4) Clayey and tuffaceous fine
to medium-grained sandstone: tuffaceous component is matrix. (5)
Interbeds of siltstone, mudstone, and clayey very fine grained sandstone.
(6) Calcite-cemented beds :lnd concretions in sandstone. (7) Pebble and
cobble conglomerate of well-rounded hard clasts, near middle of section
(Colburn, 1964). (8) Scattered beds containing pebbles and molluscs
(Colburn, 1964).

Proportions are uncertain, because of report by Colburn (1964) that
most of unit is massive clean sandstone. Probably exposures are largely
clean sandstone, but exposures are poor in this unit. From field obser
vations, soils, and expression in aerial photographs, we infer that unit
consists of about 70 percent clean and silty s:lndstone of compositions
1-3 (probably 20-30 percent clean sandstone of compositions I ,!Od 2,
40-50 percent silty sandstone of composition 3); rem3ining 30 percent
of unit is probably largely clayey sandstone of composition 4. Minor
siltstone interbeds (composition 5). minor congiomerate and mollusc beds
(compositions 7, 8), and minor to locally some concretions and cemented
beds (composition 6)

Hardness: Clean sandstone is fIrm, some soft, where weathered, probably
firm where fresh. but contains hard to quite firm calcite-cemented zones
and concretions. Silty and clayey sandstone firm where weathered and
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probably where fresh. Siltstone intervals (composition 5) firm. Conglom
erate has hard clasts (Colburn, 1964) in probably firm matrix.

Bedding: Distinct to indistinct beds. Clean and silty sandstone probably
occur largely in very thick (10- to more than 20-ft) beds between prob
ably largely very thick clayey sandstone and lesser siltstone intervals to
thick. Some to most clean and silty sandstone occurs in medium to thick
distinct beds between minor siltstone interbeds or is fractured parallel
to bedding (along indistinct beddlng or crossbedding'!) at close spacing.
Some intervals of dominant clayey sandstone, possibly including siltstone
intervals, are as thick as 200 ft. Most concretions are less than 4 ft in
diameter, some as large as 10 ft: cemented sandstone beds to thick or
more. Conglomerate occurs as 30-ft bed of 500-ft lateral extent near
middle of section; pebble and mollusc beds to medium.

Parting: Absent or at very wide (more than 10-ft) spacing in most of unit
(where very thick clean and silty sandstone is distinctly to indistinctly
interbedded with very thick clayey sandstone), but some to most clean
and silty sandstone has close to wide spacing (where beds are medium
to thick and where fracture is close spaced parallel to bedding).

Fracture: Most sandstone in weathered zone has close to moderate spac
ing, but very thick beds have indistinct fracture at spacing as great as 4
ft. Much sandstone near the ground surface develops sheeting parallel
to the ground surface at close to moderate spacing. Most concretions and
cemented sandstone have moderate to wide spacing, probably some very
wide.

Permeability: Intergranular permeability of clean sandstone moderate, silty
sandstone low, clayey sandstone low to very low, siltstone interbeds low
to very low, cemented rock very low. Thus some bedrock has moderate
intergranular permeability, most low, some very low. Probably low frac
ture permeability in shallow clayey sandstone, siltstone interbeds, and
cemented rock. Much to most mantle moderate, some to much very low
to low.

Weathering: Cemented beds, concretions, and some firm rock on ridges
crop out; uncemented clean sandstone weathers deeply (probably more
than 20 ft); clayey sandstone probably develops weathering fracture;
much silty sandstone develops sheeting parallel to ground surface.

Surficial mantle: Much to most granular, some to much clayey. At one
location in northern part of unit, about equally abundant sandy silt soil
(sample AS3IA) and brown sandy clay soil (sample AS3IB), the silty
soil occurring in high ground, the clayey soil in low ground. Farther
south, most mantle is clayey sand and less than 20 percent is similar to
sample BHS24, a silty and sandy clay soil.

Expansivity: Almost all bedrock unexpansive. Much to most mantle
unexpansive, some to much significantly expansive, some severely ex
pansive. Samples: AS3IA, sandy silt soil, free swell 49 percent (exag
gerated); AS3IB, well-cracked sandy clay soil, free swell 103 percent;
farther south most soil is uncracked to very mildly cracked, and less than
20 percent is similar to sample BHS24, mildly cracked silty and sandy
clay soil, more expansi ve than most, free swell 65 percent.

Stratigraphic thickness: 50-500 ft (Brabb and others, 1971); 50-800 ft
(Colburn, 1964).

Sources: Brabb and others, 1971; Briggs, 1953b: Colburn, 1961, 1964;
three stations.

MAP UNIT 629

Geologic unit, (age), and location: Moreno Formation, mappable sand
stone in lower member (K), east of Mount Diablo.

Summary: Not seen in field. Consists of resistant sandstone interbeds in
unit 673 that stand up out of subdued topography; include some to much
mudstone. shale, and siltstone. Character of rock is inferred from sand
stone bodies observed in unit 673 and from aerial photographs. Most
bedrock and mantle unexpansive, some to much of each expansive.

Expression in aerial photographs: Resistant intermediate bands through
less resistant topography. Width of apparent sandstone bodies in many

cases is about half that shown on map. Includes cemented beds (white
photographic tone) as wide as 10-20 1't.

Composition: (I) Sandstone, probably medium- to coarse-grained arenite.
moderately to moderately well sorted, as described for units 672 and 673;
some is calcite cemented as beds and concretions. (2) Mudstone. shale.
and siltstone. as in unit 673, some of which may be somewhat siliceous
(Anderson and Pack. 1915). Unit probably is largely sandstone, some to
much clayey rock.

Hardness: Sandstone probably largely firm where fresh and weathered,
some hard where calcite cemented. Clayey rock firm where fresh and
weathered.

Bedding: Range in thickness probably is similar to unit 673. which in
cludes both very thick (as much as 30-ft or more) sandstone beds and
medium to thick sandstone interbedded with clayey rock. In this unit
(629), most sandstone probably is very thick bedded. Distinct bedding
contacts. Cemented beds as thick as 10-20 ft.

Parting: Spacing probably at very wide and wide in sandstone, very close
to moderate in clayey rock.

Fracture: In sandstone, probably largely moderate to wide spacing. rang
ing from close to 4 ft or more. Clayey rock has close to very close spac
ing of weathering fracture on moderate to wide original spacing.

Permeability: Intergranular permeability of much sandstone probably
moderate, much low, some very low (where cemented): very low in
clayey rock. Thus, intergranular permeability of probably much bedrock
low, some to much moderate, some to much very low. Shallow cemented
rock and probably some shallow clayey rock have low fracture perme
ability. Probably most mantle moderate, some to much very low to Jow.

Surficial mantle: Probably largely granular, some to much clayey. Prob
ably most soils consist of sand and silt, but some to much dark clayey
subsoil and soil, such as samples AS33B and AS34 of unit 673, are
present near contacts with adjacent units.

Expansivity: Most bedrock unexpansive, probably some to much expan
sive. Most mantle unexpansive to possibly significantly expansive, prob
ably some to much severely expansive. See samples for units 672 and
673.

Sources: Anderson and Pack, 1915; Briggs, 1953b; Colburn, 1961, 1964;
Payne, 1951, 1960; Snow, 1957.

MAP UNIT 630

Geologic unit, (age), and location: Redwood Canyon Formation (K). in
the East Bay Hills east of Oakland.

Summary: Largely hard sandstone in thick to very thick beds; less abun
dant interbeds of laminated sandstone, siltstone, and mudstone. Radbruch
(1969) reported that blasting may be required in places. Minor to some
severely expansive bedrock and mantle.

Expression in aerial photographs: Largely hard, regularly ribbed topog
raphy; some intermediate crests suggest clayey rock or old erosional
surfaces.

Composition: Largely sandstone; some interbedded laminated sandstone,
siltstone, mudstone, and lesser shale. Sandstone is fine to coarse grained,
largely fine to medium grained, moderately well sorted, contains abun
dant biotite, and contains sufficient fines to have low intergranular per
meability. Ham (1952) reported that matrix of sandstone is mixture of
clayey material and carbonate. Sandstone contains hard spherical calcar
eous concretions to large. Mudstone in places contains limestone nod
ules and zones of argillaceous limestone.

Hardness: In most thick beds and all very thick beds, sandstone is hard
where fresh and weathered (much is dented slightly by geologic ham
mer and is borderline between hard and firm); in thin to medium and
some thick beds, sandstone is firm where fresh and weathered. Concre
tions are ringing hard. Laminated sandstone, siltstone, and mudstone have
firm pieces where fresh and weathered, firm to soft rock mass. Radbruch
(1969) reported that weathered rock is firm to soft.
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Bedding: Distinct and regular. Sandstone beds are medium to very thick
(as much as 40 ft or more), mostly thick to very thick (10 ft), between
thin to very thick (generally as much as 5-ft, but as much as 10-ft or
more) intervals of laminated sandstone, siltstone, and mudstone. Many
sandstone beds are thinly crossbedded. Lenses of shale and mudstone
as thick as 200 ft were mapped by Case (1968).

Parting: Good parting at bedding contacts and within laminated sandstone,
siltstone, and mudstone at very close to moderate spacing; close to very
close spacing within shale. Absent within sandstone.

Fracture: Medium to thick sandstone beds are fractured generally at spac
ing closer than bed thickness, rarely at spacing wider than bed thickness.
Very thick sandstone is fractured mostly at wide to very wide (as much '
as 6-ft) spacing, but some very thick sandstone has close to moderate
spacing. Fractures continue through laminated sandstone, siltstone, and
mudstone from adjacent sandstone, but these interbed materials also have
close to very close spacing of weathering fracture.

Permeability: Intergranular permeability of sandstone, laminated sand
stone, and siltstone largely low, much very low where fresh; mudstone
and shale very low. Thus, intergranular permeability of fresh bedrock
low to very low; of almost all weathered bedrock low, minor to some
very low. Fracture permeability locally moderate in shallow sandstone. I

Most mantle moderate, some low to very low.
Weathering: Sandstone is weathered to depth of about 30 ft, from frac

tures inward. Interbed materials probably weathered to depths of 10-30
ft.

Surficial mantle: Most to almost all granular. Typical soil is sandy and
silty, such as sample OE31. Soil is sparse and generally less than I ft
thick (Radbruch, 1969).

Expansivity: Most bedrock is unexpansive, minor to some severely ex
pansive (mudstone). Most mantle unexpansive to significantly expansive,
minor to some severely expansive. Samples: OE30, mildly cracked
weathered mudstone, free swell 89 percent; OE31, uncracked to very
mildly cracked sandy silty soil, typical, free swell 62 percent.

Stratigraphic thickness: Probably 1,700-2,000 ft (Radbruch, 1969).
Sources: Case, 1968; Ham, 1952; Radbruch, 1969; three stations.

MAP UNIT 631

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit (K) correlative with F-2 zone of Goudkoff (1942), only
north and east of Livermore Valley.

Summary: Probably most is sandstone intervals, much flysch. Most mantle
expansive.

Expression in aerial photographs: Bold intermediate topography that
shows rounded crests and local ribbing. Minor resistant outcrops locally
near Altamont. More resistant than unit 668. Some tonal banding.

Composition: (I) Sandstone, medium to coarse grained, moderately soned,
fairly clean, containing some calcite-cemented beds, zones, and concre
tions; (2) silty fine-grained sandstone; (3) flysch of fine-grained, lami
nated sandstone interbedded with mudstone; (4) conglomerate of pebbles
and cobbles, and pebbly sandstone, near Dyer Road. Much to probably
most of unit is sandstone (composition I and some interbedded compo
sition 2), much flysch, minor conglomerate.

Hardness: Sandstone is largely firm where weathered and probably where
fresh, but hard where calcite cemented. In flysch, sandstone and mud
stone are firm both where fresh and weathered. Conglomerate is firm with
hard clasts.

Bedding: Both sandstone and flysch occur in very thick (30-ft or more)
intervals. Sandstone beds are distinct and thick to very thick (as much
as 10 ft or more) between silty sandstone interbeds to thick. Flysch con
sists of distinct thin to medium beds of laminated sandstone repetitively
interbedded with similar thicknesses of mudstone. Cannonball concre
tions in sandstone as large as 6 ft in diameter. Conglomerate and peb
bly sandstone near Dyer Road as thick as 100 ft.

Parting: At distinct bedding planes and within mudstone at close to very
close spacing. Sandstone beds as thick as 10ft or more lack parting.
Thus, spacing in flysch largely close to very close, in sandstone wide to
10ft or more.

Fracture: Thin to thick sandstone beds have spacing similar to bed thick
ness; very thick sandstone has wide to 8-ft spacing. Sandstone occurs in
blocks as wide as 6 ft, calcite-cemented sandstone in blocks as wide as
4 ft, and concretions as large as 6 ft in diameter. Mudstone has close
spacing of weathering fracture.

Permeability: Intergranular permeability of sandstone (composition I)
ranges from moderate to low approaching moderate, interbedded silty
sandstone low, calcite-cemented rock very low, flysch very low to low.
Thus, intergranular permeability of much to most bedrock low, some to
much moderate, some very low (mudstone). Much flysch probably has
low fracture permeability in shallow rock. Much mantle moderate, much
low to very low.

\Veathering: Calcite-cemented sandstone is fresh to outcrop or near out
crop. Uncemented sandstone weathered probably to depths greater than
20 ft.

Surficial mantle: Much granular, much clayey. Sandy clay soil, like
sample AA 18, is typical of most, but less expansive silty sand soil oc
curs over sandstone beds.

Expansivity: Most bedrock unexpansive, much expansive. Probably most
mantle significantly expansive, someClJ severely expansive, some
unexpansive. Sample AA 18, mildly cracked sandy clay soil, typical, free
swell 90 percent (exaggerated).

Stratigraphic thickness: More than 1,000 ft, as inferred from Huey (1948).
Sources: Briggs, 1953b; Colburn, 1964; Huey, 1948; Snow, 1957; two

stations.

MAP UNIT 632

Geologic unit, (age), and location: Guinda Formation of Kirby (1942)
(K), in and near Yolo Range.

Summary: Largely sandstone, some mudstone intervals. Much sandstone
crops out in firm to hard resistant beds, much is poorly exposed. Most
mantle significantly expansive, some severely expansive.

Composition: Sandstone and less abundant intervals of very thinly to thinly
interbedded mudstone, shale, laminated sandstone, and siltstone, which
are herein called mudstone intervals. Sandstone is arkosic wacke to
arenite (borderline at 10-15 percent silt and clay matrix), mostly fine
grained, some medium grained, medium to coarse grained in basal beds
(see discussion of bedding cycles below), moderately well sorted to
poorly soned, angular to subangular grains. Silt and clay matrix does
not fill pores; it is more abundant than in sandstone of unit 670 and less
abundant than in sandstone of units 633 and 634. Much sandstone is well
indurated and crops out, much is poorly indurated and poorly exposed.
Well-indurated horizons contain calcite-cemented concretions as large
as 12 ft in diameter, but commonly concretions are thick or less and as
much as 8 ft in length.

Proponions are difficult to estimate because unexposed pans may be
either soft sandstone or mudstone. Unit was described by Boyd (1956)
to consist of cycles of basal sandstone that are well indurated and con
cretionary, followed by massive friable sandstone that grades upward into
siltstone and mudstone. According to his description, only the well-in
durated basal beds crop out, and nonresistant intervals contain much fri
able sandstone. In places, outcropping sandstone makes up over 50
percent of unit, in most places 25-50 percent. Thus, unit is probably
largely sandstone, some mudstone. Toward top of unit, mudstone inter
vals increase in thickness and proponion, grading into unit 669.

Hardness: Where weathered, sandstone is mostly soft to firm, some hard
(we estimate 30 percent of non-concretionary outcropping sandstone);
where fresh, probably firm to hard. Concretions hard. Mudstone inter
vals have soft to hard pieces and firm to soft rock mass, both where fresh
and weathered.



DETAILED UNIT DESCRIPTIONS 179

Bedding: Outcropping sandstone occurs in thick to very thick (as much
as 30-ft or more) distinct beds; many intervals of outcropping sandstone
(as thick as 50 ft or more) are composed of thick to 10-ft distinct beds
between thin partings. Non-outcropping sandstone probably occurs in
very thick to thin beds. Mudstone intervals are as thick as 40 ft or more
and consist of very thinly to thinly bedded rock in distinct to indistinct
beds.

Parting: At close to very close spacing within mudstone intervals; at con
tacts between sandstone and mudstone; and within many very thick out
cropping sandstone intervals at wide to 10-ft spacing.

Fracture: In outcropping sandstone, fracture is irregular and mostly at
wide to 6-ft spacing, but spacing ranges from moderate to 15 ft or more.
Thin to thick sandstone beds have regular fracture perpendicular to bed
ding at spacing similar to bed thickness. In weathered mudstone inter
vals, close to very close spacing.

Permeability: Intergranular permeability of mudstone intervals (some of
unit) very low to low; of sandstone (most of unit) mostly low, probably
some moderate, muchO) very low where fresh, very low where cemented.
Probably some shallow clayey rock has low fracture permeability. Much
mantle moderate, much low, some very low.

Weathering: Mudstone intervals weathered to depths of 5-30 ft; sandstone
weathered to similar or greater depths.

Surficial mantIe: Largely granular, some to much clayey. Mantle is largely
clayey sand, but some silty clay soil on mudstone intervals. Much bare
rock.

Expansivity: Most bedrock unexpansive, some expansive. Most mantle
significantly expansive, some severely expansive, some unexpansive.
Samples: MV3, weathered silty shale, free swell 79 percent; MV25,
sandy silty clay soil on mudstone, free swell 83 percent; MV26, typical
clayey silty sand colluvium, mildly cracked, free swell 77 percent (ex
aggerated ?); MD2A, typical sandy silty clay soil, mildly cracked, free
swell 73 percent; MD2B, mottled sandy clay, most expansive material
seen, free swell 89 percent. See sample FN2 of unit 669.

Stratigraphic thickness: 4,450 ft on Putah Creek (Boyd, 1956).
Sources: Boyd, 1956; Chuber, 1961; Kirby, 1943; Lawton, 1956;

Ojakangas, 1968; Sims and others, 1973; seven stations.

MAP UNIT 633

Geologic unit, (age), and location: Sites Formation of Kirby (1942) (K),
in and near Yolo Range.

Summary: Largely sandstone, some to much interbedded clayey rock.
Most bedrock and mantle unexpansive.

Composition: Sandstone between intervals of interbedded mudstone, silt
stone, laminated shaly sandstone, and shale, which are herein called
mudstone intervals. Sandstone is typically arkosic wacke that consists
of poorly sorted angular to subangular grains that are tightly packed;
pores are filled or largely filled by either silt and clay matrix or calcite
that largely replaces matrix. Thick and thinner beds of sandstone are
mostly medium to fine grained; very thick beds are mostly medium to
coarse grained, some gritty (significant percentage of granules). Some
sandstone beds are described as poorly indurated and characterized by
cavernous weathering. Sandstone lllcludes minor scattered carbonate
cemented and limonitic spheroidal concretions as large as 3 ft in diam
eter.

Sandstone probably constitutes more than half of unit. In places, mud
stone intervals make up 70 percent of the rock through a few hundred
feet of section.

Hardness: Sandstone is hard where fresh and in calcite-cemented concre
tions, except laminated sandstone is probably firm where fresh; weath
ers hard to soft. Mudstone intervals have hard pieces where fresh, hard
to firm pieces where weathered, and firm to soft rock mass owing to
parting and fracture.

Bedding: Distinct thin to very thick sandstone beds between distinct to
indistinct laminated to thin-bedded mudstone intervals. Sandstone occurs

in intervals of different bedding character. Much of unit consists of sand
stone in medium to thick or very thick (4-ft) beds between about equally
abundant mudstone in thin to 6-ft intervals. The most striking parts of
the section, however, are intervals as thick as 100 ft or even a few hun
dred feet of very thick bedded (as much as 20-ft or more) sandstone. Most
sandstone is medium to thickly interbedded with mudstone intervals of
about similar thickness, some is in prominent 10- to 20-ft beds.

Parting: At contacts between sandstone and mudstone, at close to very
close spacing in mudstone intervals, and in some sandstone beds as fol
lows: at wide to 4-ft spacing in some 10-ft sandstone beds, at moderate
spacing in some thick sandstone beds, at moderate to wide spacing in
some beds less than 4 ft in thickness.

Fracture: Thin to thick sandstone beds have regular fracture perpendicu
lar to bedding at spacing generally similar to bed thickness, but in places
closer than bed thickness. In very thick sandstone beds, fracture is ir
regular in orientation and spacing and in many instances seems related
to concretions rather than bedding; spacing is close to 4 ft, rarely as wide
as 15 ft.. MuchO) sandstone exfoliates at close to moderate spacing. In
mudstone intervals, close to very close spacing.

Permeability: Intergranular permeability of sandstone (most of unit) gener
ally low, reported beds of poorly indurated sandstone (minor to some of
unit) probably to moderate, muchO) sandstone very low where fresh;
mudstone and shale (some of unit) very low. Probably most shallow
mudstone and shale has low fracture permeability, and probably some
shallow sandstone has moderate fracture permeability. Most mantle
moderate, some to much low to very low.

Weathering: Variable. Thick and very thick sandstone beds may be hard
to soft where weathered; weathering may extend to depths greater than
20 ft, but in places a color change from gray to buff occurs in sandstone
as shallow as 8 ft. Weathering works inward from fractures and is re
tarded in concretions, which may stay fresh to the ground surface. Mud
stone intervals that contain thin to medium sandstone beds are weathered
in places to depth of only 3 ft, but mostly to depths of 5-15 ft.

Surficial mantle: Largely granular, some to much clayey. Granular mantle
is largely sandy, some clayey sand.

Expansivity: Most bedrock and mantle unexpansive; some to much bed
rock and mantle expansive, probably largely significantly expansive.
Samples: MD4, uncracked sandy colluvium, probably typical of most
mantle, free swell 65 percent (exaggerated?); MV5, mildly cracked
clayey sand colluvium, probably typical of the most expansive mantle,
free swell 80 percent.

Stratigraphic thickness: 4,000 ft at Putah Creek, probably thickening to
south.

Sources: Boyd, 1956; Kirby, 1943; Lawton, 1956; Ojakangas, 1968; Sims
and others, 1973; seven stations.

MAP UNIT 634

Geologic unit, (age), and location: Venado Formation of Kirby (1943)
(K), in Yolo Range.

Summary: Much of unit is thick to very thick (as much as 100-ft) beds
of sandstone between minor partings and intervals of flysch. This sand
stone is hard and tough, has wide to 20-ft fracture spacing, and forms
backbone of the Vaca Mountains; much blasting required at Monticello
Dam. Remainder of unit is sandstone in beds as thick as 20 ft interbed
ded with flysch. Minor to some severely expansive bedrock and mantle.

Composition: Largely sandstone, but some to much of unit consists of
intervals of thinly interbedded mudstone, siltstone, laminated shaly sand
stone, and shale, which herein are cal1ed mudstone intervals. Sandstone
is mostly medium grained; most has argillaceous cement that fills to
nearly fills pores, but about half contains some calcite cement that ap
parently replaces argillaceous cement. Sandstone includes scattered cal
cite-cemented concretions. Near base, unit includes minor conglomerate
of hard pebbles and cobbles that are mostly less than 6 in. in diameter
but as large as 1 ft in diameter.
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Half of unit or less, generally the basal half or less, is thick to very
thick (as much as lOO-ft) bedded sandstone between minor partings and
mudstone intervals, which are mostly thin to 6 ft. but as thick as 50 ft.
This part of unit thins to the south, to 150 ft thick at Gates Canyon. In
remainder of unit, sandstone beds are mostly less than 20 ft thick and
proportions vary from dominant sandstone to dominant mudstone inter
vals.

Hardness: Where fresh. sandstone is hard, especially concretions; where
weathered, sandstone is firm, some hard, and concretions are hard. Con
glomerate has hard clasts and matrix where fresh, hard clasts and finn
to hard matrix where weathered. Mudstone intervals have firm to hard
pieces where fresh. firm pieces where weathered. Shaly sandstone is soft
where weathered.

Bedding: Distinct. In very thick bedded part of unit, sandstone beds range
from thick to 100 ft, many thick to lOft, between mostly thin to 6-ft
but as much as 50-ft mudstone intervals that are internally laminated to
medium bedded, mostly laminated to thin bedded. Conglomerate beds
are 6-35 ft in thickness. Other part of unit consists of variably abundant
sandstone beds as thick as 20 ft between mudstone intervals that are in
ternally thinly bedded.

Parting: At bedding planes, which vary in spacing from very close to close
in some mudstone intervals to wide to very wide (as much as 100 ft,
mostly less than 10ft) in thick-bedded and very thick bedded sandstone.
Minor fissile rock.

Fracture: In medium to thick sandstone beds, spacing is similar to bed
thickness. In very thick sandstone beds, spacing ranges from wide to 20
ft and much is wider than 10ft. In mudstone intervals, close to very close
spacing where weathered.

Permeability: Intergranular permeability of sandstone low except much
very low where fresh; mudstone intervals low to very low. Thus, inter
granular permeability of bedrock is low to very low where fresh; largely
low, some very low, where weathered. Some shallow sandstone has
moderate fracture permeability; probably much shallow clayey rock has
low fracture permeability. Most mantle moderate, some to much low to
very low.

Weathering: Sandstone commonly(?) crops out hard; thin-bedded inter
vals weather to depths greater than 30 ft. Very thick sandstone remains
fresh next to weathered thin-bedded rock.

Surficial mantle: Largely granular, some to much clayey. Sandy soil cov
ers most large areas of sandstone; silty and clayey soils overlie thinly
bedded rock.

Expansivity: Most bedrock unexpansive; some to much expansive, some
or more of this severely expansive. Most mantle unexpansive to signifi
cantly expansive, minor to some severely expansive. Cracked material
is confined mainly to certain zones over thinly bedded rock. Samples:
MD8B, weathered silty claystone, free swell 80 percent; MD8A red clay
mantle(?), well cracked, minon?), free swell 94 percent; MV 14, well
cracked red clay soil, more cracked than typical, free swell 78 percent;
MD8C, typical colluvium on thinly interlayered rock, slightly cracked,
free swell 59 percent.

Stratigraphic thickness: About 1,900 ft.
Sources: Boyd, 1956; Chuber, 1961 ; Kirby, 1943; Lawton, 1956;

Ojakangas, 1968; Sims and others, 1973; Weaver, 1949; three stations.

MAP UNIT 635

Geologic units, (age), and location: Lower part of Knoxville Formation
(Robinson, 1956) (1); part of shale unit (KJ), only near Niles District of
Fremont; in the East Bay Hills between Hayward and Fremont.

Summary: Largely sandstone similar to Franciscan sandstone (units 700
and 701), some to much mudstone and shale, minor conglomerate. Most
mantle significantly expansive.

Expression in aerial photographs: Unribbed intermediate topography,
some or more of which is nonresistant.

Composition: (1) Sandstone that has matrix of silt and clay; fine to coarse
grained. largely fine \0 medium grained, some pebbly; much contains
iron- and manganese-rich cement; similar to Franciscan sandstone
(Robinson, 1956). (2) Mudstone and lesser shale, much sheared. (3)

Conglomerate like unit 616, consisting of subrounded pebbles and
cobbles in matrix grading from shale to low permeability sandstone. Cnit
is largely sandstone, some to much mudstone, minor to possibly some
conglomerate.

Hardness: Sandstone largely hard where fresh, firm to hard where weath
ered. Mudstone and shale firm to hard where fresh and weathereu. prob
ably largely firm where weathered and hard where fresh. Conglomerate
of hard clasts in matrix that is hillil to firm where fresh, firm where
weathered.

Bedding: Much intershearing of sandstone and mudstone. Coherent bed
ded sequences show medium to very thick (4-ft) distinct sandstone beds
between mudstone that is thin to lOft or more; sandstone beds prob
ably as thick as 10 ft. Interbedding of sandstone and conglomerate re
ported by Robinson (1956).

Parting: Present on distinct bedding planes, at close to very close spac
ing in sheared mudstone (some of unit), and at close to very close spac
ing in shale.

Fracture: In sandstone, spacing ranges from close to wide, largely close
and some moderate. Some sandstone has close to very close spacing of
incipient fracture that develops where weathered, similar to weathering
fracture in mudstone. Tectonic activity in area of exposure has produced
variable and generally somewhat closer fracture spacing than typical for
these materials. Where fresh, probably much mudstone is sheared at close
to very close spacing; where weathered, mudstone has additional close
to very close spacing of weathering fracture. Conglomerate has moder
ate to wide spacing.

PermeabiIit}·: Intergranular permeability low to very low in sandstone and
conglomerate, very low in mudstone; thus, entirely low to very low in
bedrock. Much shallow mudstone and sandstone has low to locally mod
erate fracture permeability. Probably much mantle moderate, much low
to very low.

Weathering: Sandstone weathered to depths greater than 10ft, at least in
places. Conglomerate weathered to depth of about 20 ft.

Surficial mantle: Granular to clayey, probably much of each. Mildly to
very mildly cracked sandy clay, loam, and probably sandy soils.

Expansivity: Most bedrock unexpansive; some to much may be expan
sive, probably some of this severely expansive (sheared rock). Most
mantle significantly expansive, probably some severely expansive, prob
ably some unexpansive. Sample HAY9, mildly cracked clay soil, typi
cal(?), free swell 74 percent.

Stratigraphic thickness: 500-1,000 ft (Robinson, 1956).
Sources: Hall, 1958; Robinson, 1956; three stations.

MAP UNIT 640

Geologic unit, (age), and location: Unnamed sandstone, shale, and con
glomerate (T), near Point San Pedro on San Mateo County coast.

Summary: Rhythmically interbedded sandstone and shale, minor conglom
erate of cobbles and boulders near middle of section: calcite cement
common in fresh rock. Almost all bedrock and mantle unexpansive to
significantly expansive.

Composition: Almost all is flysch of rhythmically interbedded sandstone
and shale, probably much of each: minor conglomerate of cobbles and
boulders (some as large as 5 ft in diameter) near middle of section. Sand
stone is fine to coarse grained and arkosic. Calcite cement common in
fresh rock.

Hardness: Sandstone hard where fresh, firm where weathered: shale firm
to hard where fresh, firm to soft where weathered. Conglomerate matrix
hard where fresh, firm where weathered; fresh conglomerate clasts hard:
weathered boulders and some cobbles firm to soft, other cobbles hard.
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Bedding: Distinct, rhythmic beds of sandstone and shale, most thin to
rnedium, locally thick: conglon1eratc largely very thick

Parting: At distinct bedding planes, largely close to moderate spacing;
imperfect parting in shale at very close spacing,

Fracture: Sandstone has close to moderate spacing, locally wide; weath
ered shale close to very close; conglomerate has wide to 5-ft original
spacing and moderate to close spacing of weathering fracture.

Permeability: Bedrock has largely very low, some low, intergranular per
meability where fresh, much of both low and very low where weathered;
fracture permeability low in shallow shale, possibly some moderate in
shallow sandstone. Mantle largely low, minor to some moderate.

Surficial mantle: Most to almost all clayey, minor to some granular.
Expansivity: Much bedrock unexpansive, much may be significantly ex

pansive (shale). Almost all mantle unexpansive to significantly expan
sive. Samples: MMI8A, black shale, free swell 62 percent; .MMI8B,
moderately cracked soil, free swell 79 percent (exaggerated'); 1'.11'.1 19,
moderately cracked soil, free swell 76 percent.

Stratigraphic thickness: Approximately 3,800 ft; conglomerate 160 ft
maximum.

Source: Ellen and others, 1972.

MAP UNITS 641, 610, 620

Geologic units, (age), and location: Unnamed unit (TK); shale and sand
stone (unit 641), mapped sandstone (unit 620), conglomerate (unit 610);
only in Diablo Range east of Santa Clara Valley.

Summary: Unit 641 is flysch of sandstone and mudstone that includes
some very thick sandstone beds, intervals of dominant sandstone, and
minor conglomerate. Many zones of dominant sandstone are distin
guished on map as unit 620; much conglomerate is distinguished on map
as unit 610, not seen in field. Some sandstone is calcite cemented and
much is hard although not calcite cemented. Most mantle in unit 641 is
significantly expansive.

Expression in aerial photographs: Crests are largely intermediate, some
hard; most slopes are ribbed. Ribbing is best developed in those places
where photographs show light-toned bands and map shows sandstone
beds. Regular pattern of ribbing and ridges shows minor variations prob
ably related to local rock and surficial mantle. In places much hard to
pography. Some large gently sloping areas of lumpy intermediate
topography occur high in profile and probably are related to clayey rock
in folded terrain.

Composition: Flysch of mudstone intervals, including mudstone (much
very fine sandy), shale, and some siltstone, interbedded with arkosic
sandstone. Sandstone is fine to coarse grained, largely fine to medium
grained. Most sandstone is moderately to moderately well sorted and of
low intergranular permeability; minor sandstone is well sorted, medium
grained, and of moderate permeability; and minor sandstone is fine
grained and clayey, as evidenced by weathering fracture. Some sandstone
(as much as one-third) is calcite cemented. at least in part, and occa
sional calcite-cemented concretions occur in uncemented sandstone.
Some sandstone and mudstone is pebbly. Conglomerate consists of
pebbles and cobbles as large as 8 in. in diameter; breaks around clasts.
Limestone nodules occur in parts of flysch (Gilbert, 1943).

Unit 641 is largely flysch, but includes some very thick sandstone and
minor conglomerate; in places, exposures in this unit show as much as
one-third thick and very thick bedded sandstone, probably one-fifth over
all. Unit 620 is largely sandstone, some mudstone. Most of unit 610 is
conglomerate and sandstone.

Hardness: Most sandstone is hard where fresh, both where calcite cement
is present and where it is absent. \Veathered sandstone is firm to hard,
much of each. Mudstone intervals are hard to firm where fresh, firm
where weathered. Concretions and limestone nodules hard. Conglomer
ate where fresh and weathered has hard clasts in hard to firm matrix.

Bedding: Distinct. Flysch is composed of thin to thick, largely thin to
medium, sandstone beds repetitively interbedded with thin to thick mud-

stone intervals. Little bedding noticed in mudstone intervals, but reported
to be thinly bedded (Gilbert, 1943). Mudstone intervals and intervals of
dominant sandstone, each as thick as 20 ft or more, are interbedded with
flysch; within intervals of dominant sandstone, most sandstone beds are
thick to 6 ft. some as much as 10ft. Within unit 620, most sandstone
beds are thick or less, but some are very thick, most of these less than 6
ft, some as much as 15 ft.

Parting: Present at contacts between sandstone and mudstone, mostly at
close to wide spacing. Poor parting within mudstone at close to very close
spacing, variable in quality; average throughgoing parting has close to
moderate spacing. Some thick and very thick sandstone beds are parted
internally, but such parting is not prominent in this unit; unparted por
tions of very thick sandstone beds are commonly as wide as 4 ft.

Fracture: In sandstone, spacing is similar to bed thickness in flysch, but
very thick sandstone beds have irregular spacing that ranges from close
to very wide (4 ftJ, largely moderate to wide, and some coherent blocks
are as large as 8 ft. In unit 620, fracture in sandstone has largely moder
ate to wide spacing, some to very wide. Mudstone shows close to very
close spacing of weathering fracture on close to wide, largely moderate,
original spacing. Conglomerate has wide to 4-ft spacing. Concretions to
large. Limestone nodules probably to moderate spacing.

Permeability: Intergranular permeability of mudstone mostly very low;
sandstone and conglomerate largely low, minor moderate, but much(?)
very low where fresh, and very low where calcite cemented (as much as
one-third of rock). Thus, intergranular permeability of unit 641 largely
very low, some low, probably minor moderate. Fracture permeability low
in shallow mudstone (most of unit 641), low to moderate in shallow
calcite-cemented sandstone. Mantle largely moderate in units 610 and
620; in unit 641 largely low, some moderate, probably some very low.

Weathering: Some is weathered irregularly, ranging from hard rock near
ground surface to all weathered firm to depths greater than 10ft. Some
of this irregularity is because of calcite cement. Much hard rock in weath
ered zone. Much mudstone remains dark at depths of 3-5 ft, much does
not.

Surficial mantle: Largely granular in units 610 and 620. Unit 64 I has most
to much clayey, some to much granular. Unit 641 shows largely
uncracked to very mildly cracked light-brown loam soil, like sample
MSZI 0; some clayey soil and subsoil, such as samples SFI, MSZl I, and
GHS6.

Expansivity: Most bedrock unexpansive, much may be significantly ex
pansive (mudstone). Most mantle in units 610 and 620 unexpansive, some
may be significantly expansive. Most mantle in unit 641 significantly
expansive, minor to some unexpansive, probably minor severely expan
sive. Samples; MSZIO, very mildly cracked loam soil, typical, free swell
70 percent; SFI, mildly cracked sandy clay soil, free swell 79 percent;
MSZII, mildly cracked clay subsoil, free swell 70 percent. Unit includes
some red clay subsoil like sample GHS6 of unit 660, free swell 83
percent.

Stratigraphic thickness: Unit 641 is more than 2,300 ft thick (Gilbert,
1943).

Sources: Gilbert, 1943; eight stations.

MAP UNIT 642

Geologic unit, (age), and location: Shale and sandstone (TK), only in
Santa Cruz Mountains near Mount Madonna and Mount Umunhum. In
cludes units TKu, Tms, and Kgs of McLaughlin and others (1971).

Summary: Briefly seen in field. McLaughlin and others (1971) showed
several units included within this unit, including their unit TKu (shale
and minor interbedded wacke, elsewhere our unit 453), unit Kgs (wacke
and interbedded shale, elsewhere our unit 647), and unit Tms (mudstone,
elsewhere our unit 541). Our observations show largely flysch, some very'
thick zones of dominant sandstone, and some very thick zones of mud
stone. Our observations did not detect materials like unit 541, but
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mudstone and subporcelaneous mudstone as thick as a few hundred feet
may occur. Probably most mantle significantly expansive.

Composition: Flysch of sandstone, fine to coarse grained, much medium
to coarse grained, moderately sorted, some glauconitic, interbedded with
mudstone and shale, much of which is silty and very fine sandy. Much
sandstone is calcite cemented. Includes mudstone and subporcelaneous
mudstone like unit 541. Also includes scattered concretions and local
conglomerate (McLaughlin and others, 1971).

Unit probably consists largely of flysch of about equally abundant
sandstone and clayey rock, some very thick sandstone, some very thick
mudstone, minor to some subporcelaneous mudstone, and rare conglom
erate.

Hardness: Sandstone is hard to firm where fresh and weathered, much
calcite cemented. Mudstone and shale have firm to hard pieces where
weathered.

Bedding: Distinct. Largely flysch of thin to thick sandstone beds repeti
tively interbedded with thin to thick mudstone and shale beds. Very thick
sandstone beds commonly as thick as 6 ft without parting, some as much
as 15 ft. Intervals of dominant sandstone as thick as 100 ft and more,
and intervals of entirely mudstone as thick as a few hundred feet. Con
glomerate lenses probably to thick.

Parting: Present on bedding planes and to a minor degree within sand
stone beds. Poor parting within mudstone and shale, ranging from good
parting at very close spacing (but not fissile) to hackly mudstone frac
ture; average spacing of throughgoing parting in clayey rock is close to
moderate.

Fracture: In sandstone beds to thick, spacing is similar to bed thickness
or less; in very thick sandstone, close to 4-ft spacing, most wide. Mud
stone and shale have close to very close spacing of weathering fracture
on moderate to wide original spacing.

Permeability: Intergranular permeability of much sandstone low, much
very low (where calcite cemented); mudstone and shale very low. Thus,
intergranular permeability of most bedrock very low, some to much low.
Much to most shallow rock (cemented sandstone and much clayey rock)
has low fracture permeability. Probably most mantle low to very low,
some moderate.

Surficial mantle: Probably most clayey, some to much granular.
Expansivity: Probably most bedrock unexpansive, much may be signifi

cantly expansive, some may be severely expansive. Probably some or
more mantle severely expansive (see unit 453), most significantly ex
pansive, some unexpansive. No cracking observed.

Sources: Allen, 1946; McLaughlin and others, 1971; one station.

MAP UNIT 643

Geologic unit, (age), and location: Great Valley sequence, unnamed unit
(K), only in the East Bay Hills near Oakland.

Summary: Interbedded hard sandstone and firm mudstone in variable pro
portions, from flysch of largely mudstone to largely sandstone in beds
as thick as 25 ft. Much mantle is significantly expansive.

Expression in aerial photographs: Intermediate topography of smooth,
largely ribless flanks that have intermediate to hard crests.

Composition: Interbedded sandstone and mudstone, some siltstone and
shale. Sandstone is mostly medium grained, ranging from fine to coarse
grained, poorly sorted, rich in biotite; generally contains argillaceous
cement that nearly fills pores, but some is calcite cemented. Most
interbeds are mudstone, but some dirty fine- to medium-grained sand
stone, siltstone, and shale occur in interbeds. Includes local conglomer
ate similar to unit 615.

Case (1968) reported that sandstone is dominant in unit; our observa
tions suggest dominant flysch. Thus, probably some to much is domi
nant sandstone, much to most flysch.

Hardness: Most sandstone is hard where fresh and weathered, but sand
stone in thin to medium beds is mostly firm where weathered and some
sandstone in thick and very thick beds is firm where weathered. Calcite-

cemented sandstone hard. Mudstone, siltstone, interbed sandstone, and
shale have firm pieces where fresh and weathered.

Bedding: Distinct and regular. Much is flysch of medium to thin sand
stone regularly interbedded with thin to thick, mostly medium, beds of
mudstone. Ranges from mudstone in very thick intervals, through flysch,
through dominant sandstone in thick to very thick (5-ft) beds between
thin to medium mudstone, to very thick (10- to 25-ft) sandstone beds.
Siltstone, sandstone, and shale interbeds are mostly thin to medium.
Some sandstone is laminated and cross laminated. Observations suggest
that unit is largely flysch, 20-30 percent dominant sandstone.

Parting: At bedding planes (in much at close to moderate spacing). Crude
parting within mudstone at close to very close spacing. Some parting
within sandstone beds on lamination.

Fracture: In thick and very thick sandstone beds, spacing is generally close
to wide, most close to moderate, but in places unit includes excavated
blocks as large as 10ft in diameter that contain internal incipient close
to very wide (4-ft) spacing. In thin to medium sandstone beds, spacing
is similar to bed thickness. Mudstone, siltstone, and shale have close to
very close spacing where weathered.

Permeability: Intergranular permeability of sandstone largely low where
weathered, low to very low where fresh; mudstone interbeds and calcite
cemented sandstone very low. Thus, intergranular permeability of fresh
bedrock largely very low; of weathered bedrock much low, much very
low. Fracture permeability low in most shallow mudstone, locally mod
erate in shallow sandstone. Probably some to much mantle moderate,
much to most low.

Weathering: Color change at depth of 20-30 ft, mudstone pieces gray at
depth of 20 ft. Radbruch (1969) reported that weathering may go as deep
as 60 ft or more.

Surficial mantle: Probably some to much granular, much to most clayey.
Much mantle is silty clay to clayey silt.

Expansivity: Much bedrock unexpansive, much may be significantly ex
pansive. Much mantle unexpansive, much significantly expansive.
Sample OEI9, very mildly cracked silty clay soil, typical of more highly
cracked soil on unit, free swell 60 percent.

Sources: Case, 1968; Radbruch, 1969; five stations.

MAP UNIT 644

Geologic unit, (age), and location: Great Valley sequence, sandstone and
shale unit (K), only in the East Bay Hills near Hayward. Includes Hall's
(1958) Niles Canyon and Del Valle Formations.

Summary: About two-thirds flysch, one-third dominant sandstone in beds
as thick as 25 ft and intervals as thick as 200 ft or more. Most mantle is
unexpansive to significantly expansive.

Composition: Sandstone interbedded with mudstone, shale, siltstone, and
clayey fine-grained sandstone. Sandstone is largely fine to medium
grained, some coarse grained, poorly to moderately well sorted,
subrounded, arkosic in composition and contains biotite; most contains
enough clay and silt matrix to produce low permeability; Hall (1958)
reported more than 10 percent clay, about 5 percent biotite and carbon
aceous material. Some sandstone is clean (Del Valle Formation) in con
trast to dirty sandstone of most of unit (Niles Canyon Formation).
Sandstone includes calcite-cemented beds and concretions that produce
blocks as large as 6 ft in diameter, but most rock is not calcite cemented.
Interbeds are largely mudstone and shale but include less abundant silt
stone and clayey fine-grained sandstone. Unit includes minor unmapped
conglomerate of hard rounded pebbles and cobbles as large as 10 in. or
more in diameter, most less than 6 in., in low permeability sandstone
matrix.

Hardness: Most sandstone is hard to firm where fresh and weathered, but
some (Del Valle Formation) is firm to soft where weathered. Mudstone
and shale have hard to firm brittle pieces. Hard clasts in conglomerate.
Concretions hard.
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Bedding: Distinct. About two-thirds of unit is flysch composed of thin to
medium, rarely thick, sandstone bcds repetitively interbedded with mostly
medium to very thick (4-ft) mudstone or shale beds. About one-third of
unit consists of 20- to 200-ft or more zones of dominant sandstone, which
occurs largely in medium to very thick (4-ft) beds, but includes some
beds as thick as 25 ft or more. Conglomerate occurs in lenticular beds
as thick as 20 ft or more. Some sandstone (Del Valle Formation) has
crossbedding and flow structure.

Parting: At bedding planes and within many very thick sandstone beds,
but spacing is greater than 10 ft in some sandstone beds. Good to poor
parting at very close to close spacing within much of shale and mud
stone.

Fracture: Thin to medium sandstone beds have spacing equal to or less
than bed thickness. Thick to very thick sandstone beds have mostly
moderate to wide spacing, some as much as 5 ft. Mudstone, shale, silt
stone, and clayey fine sandstone have close to very close spacing where
weathered, Much sandstone flakes where weathered.

Permeability: Intergranular permeability of sandstone and conglomerate
largely low, muche) very low where fresh, some sandstone probably
moderate; mudstone and shale very low. Thus, intergranular permeabil
ity of most bedrock very low where fresh; where weathered, much low,
much very low, somer?) moderate. Low fracture permeability in much
shallow bedrock. Probably most mantle low to very low, some moder
ate.

Weathering: Sandstone weathered generally to depth of about 30 ft, some
to only 10ft. Mudstone and shale are fresh to within lOft of ground
surface.

Surficial mantle: Probably most clayey, some to much granular.
Expansivity: Probably most bedrock unexpansive, much may be signifi

cantly expansive, some may be severely expansive. Some to much mantle
unexpansive, most(?) significantly expansive, somer?) severely expan
sive. See samples for units 660 and 646 and other units of the Great
Valley sequence. Very mildly cracked mantle materials.

Stratigraphic thickness: 2,000-6,000 ft (Robinson, 1956),5,500 ft (Hall,
1958).

Sources: Hall, 1958; Newton, 1948; Robinson, 1956; four stations.

MAP UNIT 645

Geologic unit, (age), and location: Great Valley sequence, sandstone and
shale unit (K) (equivalent to part of Del Valle Formation of Hall, 1958),
only south of Livermore Valley near Del Valle Reservoir.

Summary: Much of both flysch and very thick (as much as 15-ft) sand
stone beds. Sandstone is generally better sorted and more permeable than
other Cretaceous sandstone; some cemented hard, much weathers firm
to soft. Probably some moderate intergranular permeability in sandstone.
Much to most mantle is significantly expansive, some severely expan
sive.

Expression in aerial photographs: Largely intermediate topography, well
ribbed, showing rounded crests; some hard topography. Much of unit is
light-toned, unbanded to subtly banded, showing both light-toned resis
tant and dark-toned nonresistant bands 30-300 ft and more in width.
Light-toned material does not produce sharp ridges and looks unusually
nonresistant for Cretaceous sandstone.

Composition: (1) Sandstone, fine to coarse grained, moderately sorted.
Called wacke by Hall (1958), but analyses of some samples show no clay
or silt; thus, some or more is clean. Littoral or shallow neritic deposi
tional environment. Some sandstone is calcite cemented in beds, zones,
and concretions. (2) Flysch of siltstone, mudstone, and clayey fine
grained to very fine grained sandstone. Flysch in this unit contains more
siltstone and silty rock and correspondingly less mudstone than other
Cretaceous flysch.

Unit contains much of both very thick sandstone and flysch, the flysch
including sandstone beds to thick. In places, as much as 70 percent is

sandstone; on the whole, possibly as much as 50 percent of unit is sand
stone. Section by Huey (1948) shows largely sandstone.

Hardness: Sandstone variably hard to soft in weathered zone, ranging from
hard where cemented (some hard where no calcite cement) to mostly
firm. some soft. where weathered: probably firm to hard where fresh.
Clayey rock firm where weathered.

Bedding: Two styles, both distinct: (I) very thick (as much as 15-ft) sand
stone beds and (2) flysch of medium to thick sandstone beds between
thin to very thick (8-ft), mostly medium to thick. intervals of siltstone.
mudstone. and clayey sandstone that are interbedded at very thin to
medium. Flysch occurs in intervals as thick as 70 ft or more; sandstone
is dominant in intervals as thick as 100 ft or more. Calcite-cemented
sandstone beds and zones are as thick as 4 ft, concretions as large as 6
ft in diameter. Crossbedding and flow structures are common in sand
stone.

Parting: At distinct bedding planes, moderate to very wide spacing.
Largely absent within sandstone beds; present in mudstone intervals at
very c1Dse to moderate spacing, mostly very close to close.

Fracture: Sandstone, where medium to thick bedded, has spacing similar
to bed thickness or greater; where very thick bedded. spacing is close to
8 ft, some largely moderate to wide, some largely wide to 4 ft, and in
places contains many oversize blocks more than 4 ft in width. Calcite
cemented sandstone has moderate to 4-ft spacing. Mudstone intervals
have close to very close, some possibly moderate, spacing of weather
ing fracture.

Permeability: Sandstone in exposures has largely low intergranular per
meability, but size analysis reported by Hall (1958) suggests some mod
erate; very low where calcite cemented and in somer?) fresh rock.
Siltstone, mudstone, and clayey sandstone have low to very low inter
granular permeability, probably low fracture permeability in shallow
rock. Thus, intergranular permeability of weathered bedrock is largely
low, some moderate; some very low, but this has low fracture perme
ability in shallow rock. Muche) fresh bedrock has very low intergranu
lar permeability. Probably much mantle moderate, much low to very low.

Weathering: Sandstone is generally weathered to depths greater than 25
ft, except calcite-cemented sandstone remains hard to ground surface or
near ground surface. Weathering depth of mudstone intervals is unknown.

Surficial mantle: Granular to clayey, probably much of each. Soils range
from uncracked sand to sandy clay, local clayey subsoil. Generally thick
colluvium near base of slopes.

Expansivity: Most bedrock unexpansive, probably some expansive. Some
mantle is severely expansive, much to most is significantly expansive,
some to much unexpansive. Sample MDS 13, uncracked sandy clay soil,
free swell 80 percent (probably exaggerated), is typical. Some moder
ately cracked clayey subsoil, such as sample MDS3, free swell 132 per
cent, at base of slopes.

Stratigraphic thickness: As much as 9,000 ft (Hall, 1958); more than
9,000 ft (Huey, 1948).

Sources: Hall, 1958; Huey, 1948; six stations.

MAP UNIT 646

Geologic unit, (age), and location: Great Valley sequence, sandstone,
shale, and minor conglomerate unit (K); only on east side of Santa Clara
Valley near San Jose.

Summary: Probably largely flysch, but includes some sandstone beds to
thick or more and minor to some conglomerate. On strike with conglom
erate (unit 601). Some to much mantle severely expansive.

Expression in aerial photographs: Intermediate topography that is
rounded and lacks ribbing, most is subdued.

Composition: Flysch of mudstone and siltstone interbedded with sand
stone and lesser conglomerate. Sandstone is medium to fine grained and
moderately to moderately well sorted. Conglomerate consists of pebbles
to boulders, subrounded to well rounded; generally some to most clasts
are larger than 3 in. in diameter, minor to some larger than 6 in.; matrix
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is medium- to coarse-grained sandstone, some calcite cemented. Unit is
largely flysch, but includes some thick to possibly very thick sandstone
beds and probably minor to some conglomerate (none observed).

Hardness: Sandstone is quite firm to finn where weathered and probably
where fresh: mudstone and siltstone firm where weathered, probably firm
where fresh. Conglomerate has hard clasts in firm to hard matrix that
may be soft and clayey where weathered.

Bedding: Distinct sandstone and conglomerate interbedded with mudstone
and siltstone. Most sandstone beds are thin to medium. but some are thick
and very thick. between mudstone and siltstone in thin to thick beds.
Conglomerate probably thick to very thick.

Parting: Present at distinct bedding contacts and within mudstone at very
close to moderate spacing.

F'racture: Sandstone has close to wide spacing, largely moderate. Mud
stone and siltstone have close to very close spacing of weathering frac
ture, Conglomerate fractured at wide to very wide, mostly 3-8 ft.

Permeability: Intergranular permeability of mudstone very low, siltstone
low; sandstone and conglomerate largely low, but weathered cemented
conglomerate apparently moderate. Thus, intergranular permeability of
much bedrock very low, much low. possibly minor moderate. Some shal
low bedrock (mudstone) has low fracture permeability. Most mantle very
low, some to much low.

Weathering: Similar to other Cretaceous flysch, such as unit 660.
Surficial mantle: Most to almost all is clayey.
Expansivity: Most bedrock unexpansive to significantly expansive, some

may be severely expansive, Some to much mantle is severely expansive,
much to most is significantly expansive. Samples: SJEl, fluffy silty and
sandy clay soil, free swell 76 percent, is typical; SJE4, clay soil, free
swell 100 percent, is common to typical. Consistent mildly cracked soil.

Sources: Crittenden, 1951; Templeton, 1912; two stations.

MAP UNIT 647

Geologic unit, (age), and location: Great Valley sequence, sandstone and
shale unit (K), only in Santa Cruz Mountains between Sierra Azul and
Mount Madonna. Includes unit Kgs of McLaughlin and others (1971).

Summary: Includes both flysch of one-third to one-half sandstone and
intervals of unbedded dirty sandstone and siltstone that have weather
ing fracture. Probably most mantle significantly expansive.

Expression in aerial photographs: Hard, ribbed topography, some inter
mediate crests. Tree cover, no tonal banding.

Composition: Two main types: (I) Flysch of sandstone interbedded with
mudstone and siltstone. According to Bailey and Everhart (1964), the
sandstone is graywacke, largely of subangular to subrounded medium
grains that are moderately well sorted, contains clayey material in ma
trix, is slightly calcareous, and locally contains pebbles or clay balls, (2)
Indistinctly interbedded high-matrix, very fine grained to fine-grained
sandstone, siltstone, and cleaner fine- to medlUm-grained sandstone, all
containing matrix sufflcient to produce weathering fracture or incipient
weathering fracture, Subordinate compositions are: (3) Hard sandstone,
not clearly calcite cemented, and (4) minor lenses of conglomerate as
described for unit 602.

Unit is probably largely flysch consisting of one-third to one-half sand
stone, but some to equally abundant composition 2. Minor to possibly
locally some composition 3. Minor conglomerate.

Hardness: Sandstone in flysch is hard where fresh, largely hard and some
firm where weathered; fresh and weathered mudstone and siltstone in
flysch are firm to quite firm. Dirty sandstone and siltstone (composition
2) are largely firm where weathered, but some of this sandstone is hard
fresh. Sandstone of composition 3 is hard to outcrop.

Bedding: In flysch, sandstone beds are distinct and repetitive, largely thin
to medium, minor to some thick, rarely thicker than 4 ft, one bed as thick
as 20 ft observed; mudstone and siltstone interbeds are thin to thick,
mostly thin to medium. Lithologies of composition 2 occur as indistinct,
gradational, very thick (10- to 20-ft or more) beds that form interbed-

ded sequences 100-200 ft or more in thickness, Hard outcropping sand
stone (composition 3) forms intervals as thick as 100 ft that are largely
unbedded or indistinctly bedded internally.

Parting: Along distinct bedding contacts in flysch; absent in dirty sand
stone and siltstone; absent to very wide spacing in very thick outcrop
ping sandstone,

Fracture: In flysch, sandstone is fractured at spacing closer than bed thick
ness, largely close to moderate; beds as thick as 4 ft have largely mod
erate spacing, wide in places, and a 20-ft sandstone bed has moderate to
wide spacing, Hard outcropping sandstone (composition 3) has largely
moderate to wide spelcing, ranging from close to 4 ft, Mudstone and silt
stone in flysch have close to very close spacing of weathering fracture
and moderate to wide original spacing. Dirty sandstone and siltstone
(composition 2) have close to wide spacing of original stained fracture,
upon which is superimposed weathering fracture that has close to very
close spacing at the ground surface, close to moderate spacing immedi
ately below the ground surface.

Permeability: Intergranular permeability of sandstone and siltstone largely
low, much(?) very low where fresh; mudstone very low, Thus, intergranu
lar permeability of much to most weathered bedrock low, some to much
very low; most(?) fresh bedrock very low. Probably low fracture per
meability in most shallow mudstone. Probably most mantle low, some
to much moderate.

Weathering: Sandstone in places is fresh (dark colored) at depth of 3 ft,
in most places weathered to depths greater than 5 ft. Dark-gray color in
mudstone extends to the ground surface,

Surficial mantle: Probably much granular, much clayey,
Expansivity: Most bedrock unexpansive, some to much may be signifi

cantly expansive (mudstone). Probably most mantle significantly expan
sive. All soils uncracked.

Stratigraphic thickness: More than 1,000 ft, inferred from Bailey and
Everhart (1964).

Sources: Bailey and Everhart, 1964; McLaughlin and others, 1971; four
stations.

MAP UNIT 648

Geologic unit, (age), and location: Great Valley sequence, unnamed for
mation, undivided (K); only in and near Yolo Range.

Summary: Sandstone interbedded with mudstone and shale. Proportions
uncertain, probably largely mudstone and shale. Probably some to much
bedrock and much to most mantle is severely expansive.

Composition: (I) Sandstone, fine to coarse grained, mostly medium
grained, moderately to moderately well sorted, much contains intersti
tial fmes; includes about 20 percent hard calcite-cemented concretions
and beds. (2) Mudstone (crude to absent parallel parting). (3) Shale (fis
sile). (4) Minor(?) hard siliceous rock (shale or siltstone) interbedded
with shale.

Unit is probably largely mudstone and shale, some sandstone, but pro
portions are uncertain. Reported to contain an upper sandstone member
and a lower mudstone or shelle member (Sims and others, 1973). Our
observations suggest that unit consists largely of mudstone and shale,
but includes an estimated 10-40 percent sandstone in very thick (as much
as 10-ft) beds.

Hardness: Mudstone and shale have firm pieces. Laminated sandstone is
soft to firm where weathered; massive sandstone is mostly firm where
weathered, probably firm where fresh, but includes aboUl 20 percent hard
concretions and beds. Siliceous rock hard.

Bedding: Our observations show one very thick (as much as 10-ft) bed of
sandstone overlain by as much as 10ft of laminated sandstone, followed
by a 20-to 50-ft interval of shale and mudstone, Sandstone beds are dis
tinct; some shale is laminated. Siliceous rock in thin to medium beds
between shale.

Parting: In shale at very close spacing, but absent to crude in mudstone;
proportion of mudstone to shale is uncertain. At very close spacing in
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laminated sandstone and siliceous shale; and at contacts between sand
stone and mudstone (very wide).

Fracture: Mudstone and shale have close to very close spacing where
weathered. Spacing in sandstone ranges from close to very wide (as much
as 10 ft), mostly moderate to 4ft. Concretions (as large as 8 ft in diam- :
eter, ovoid) have moderate to wide fracture spacing; siliceous shale close

to moderate.
Permeability: Intergranular permeability of mudstone, shale. and siliceous

shale very low: of sandstone largely low. some very low. moderate in
places. Thus, intergranular permeability of most bedrock very low, some
low to moderate. Minor to possibly some shallow rock has low fracture
permeability. Much to most mantle very low. some to much moderate.

Weathering: Shale is weathered to depth of about 10 ft, sandstone to
depths of more than 30 ft.

Surficial mantle: Much to most clayey. some to much granular. About
half of surficial soil is clayey sand, such as sample E6C, and half is sandy
clay. such as sample E6A.

Expansivity: Most bedrock expansive. probably some to much severely
expansive; some unexpansive. Most mantle expansive. much to most
severely expansive, some to much significantly expansive. Bedrock
sample: E6B. moderately cracked mudstone, free swell 103 percent;
compare sample MV15B for unit 669. Surficial mantle samples: E6A,
moderately cracked sandy clay soil, free swell 95 percent; E6C. mildly
cracked clayey sand soil, free swell 93 percent (exaggerated 0); MV 19,
brown clay soil, free swell 128 percent. Much road damage from expan
sivity.

Sources: Sims and others, 1973; two stations.

MAP UNIT 649

Geologic unit, (age), and location: Great Valley sequence, predominantly
sandstone unit (K) correlative with F zone of Goudkoff (1942). only east
of Livermore Valley.

Summary: About equally abundant sandstone and mudstone intervals;
sandstone occurs both as medium to 4-ft beds between mudstone inter
vals of similar thickness and as very thick (tens of feet) beds. Unit is
apparent southern extension of unit 650, similar in properties. Some hard
calcite-cemented sandstone and concretions. Much mantle severely ex
pansive.

Expression in aerial photographs: Subdued intermediate topography that
forms flatirons. Topography is low lying and fine textured compared to
units 668 and 400. Unit is finely and regularly banded by light-toned
resistant and dark-toned nonresistant zones, about equally abundant, that
range from 5 to 100 ft in width. mostly 5-20 ft in width.

Composition: (1) Sandstone. medium to fine grained. moderately sorted,
angular grains; about 30 percent quartz, 65 percent feldspar. 5 percent
biotite (Huey, 1948). Some is calcite cemented as beds, parts of beds,
and dark red-brown concretions. (2) Mudstone intervals that consist of
flysch of interbedded mudstone, shale. siltstone, and some sandstone. (3)
Minor conglomerate of pebbles and cobbles as much as 4 in. in diam
eter in hard cemented sandstone matrix. Unit consists of about equally
abundant sandstone and mudstone intervals: some sandstone is calcite
cemented and concretions are abundant in some beds.

Hardness: Cemented sandstone and concretions are hard. Uncemented
sandstone probably hard where fresh (see drill log from Huey. 1948);
largely firm, some soft, where weathered. Mudstone intervals firm to hard
where fresh. firm where weathered. Conglomerate hard where fresh.
probably firm matrix and hard clasts where weathered.

Bedding: Distinctly interbedded sandstone and mudstone intervals. Mud
stone intervals are t1ysch of very thin to medium indistinctly to distinctly
interbedded mudstone, shale, siltstone. and some sandstone. Sandstone
is interbedded with mudstone intervals in two styles: (1) as medium to
4-ft beds between mudstone intervals of similar thickness, and (2) as very
thick (as much as 25-ft or more) sandstone bodies. Some very thick sand
stone beds are internally indistinctly bedded at medium to 6 ft. Zones

of dominant sandstone as thick as 30 ft or more. Cemented sandstone
occurs as beds and zones to thick and as concretions as large as 6-ft
spheroids. Expression in aerial photographs suggests alternating zones
of dominant sandstone and dominant mudstone mostly 10-20 ft thick,
as much as 100 ft.

Parting: Present at distinct bedding planes, within some very thick sand
stone bodies at moderate to 6-ft spacing. and within mudstone intervals
largely at close to very close spacing.

Fracture: Spacing in sandstone is moderate to 4ft, largely wide, both
where cemented and not cemented. Concretions are as large as 6-ft sphe
roids, but most are fractured at wide to 4-ft spacing. Mudstone intervals
have largely close to very close spacing of weathering fracture.

Permeability: Imergranular permeability of weathered sandstone largely
low approaching moderate. some to much moderate; much(?) fresh sand
stone very low: clayey interbedded rock very low to low: cemented sand
stone very low; thus, much bedrock low. much very low. some moderate.
Low fracture permeability in much shallow rock (cemented sandstone
and much of mudstone intervals). Much mantle moderate. much very low.

Weathering: Cemented sandstone remains hard to the ground surface or
near the ground surface; uncemented sandstone and mudstone intervals
are weathered to greater than depth of outs (about 10ft).

Surficial mantle: Much granular. much clayey. Silty sand soil overlies
sandstone, covers about half of unit; sandy clay soil, such as sample
MDW27. overlies mudstone. covers about half of unit.

Expansivity: Most bedrock unexpan~,ive; much may be expansive. largely
significantly expansive. Much mantle unexpansive to possibly signifi
cantly expansive; much expansive, largely severely expansive. Samples:
MDW27, mildly cracked sandy clay soil. typical of much, free swell 106
percent; MDW23, moderately cracked sandy clay soil, free swell 93
percent. See samples for unit 650.

Stratigraphic thickness: About 3,500 ft. inferred from Huey (1948).
Sources: Briggs, 1953b; Colburn, 1964; Huey, 1948; Snow. 1957; five

stations.

MAP UNIT 650

Geologic unit, (age), and location: Panoche Formation, Joaquin Ridge
Sandstone Member of Goudkoff t 1945) (K), east of Mount Diablo.

Summary: Sandstone and about equally abundant flysch of largely mud
stone and siltstone. Sandstone beds commonly as thick as 10ft, rarely
100ft. Some to half of sandstone is cemented; blasting required in ce
mented beds more than lOft thick. Much mantle severely expansive.

Expression in aerial photographs: Variable, from low-lying, unribbed
intermediate hogback topography to prominent intermediate to hard hog
backs: much of both topographic styles. Unit in both styles shows regu
lar light- and dark-toned bands, prominent to subdued, that range from
less than 10ft to 100ft or more in width. Includes some strikingly hard.
ribbed topography west of Canada de Los Poblanos; here bands are re
petitive, most 10ft or less in width but as wide as 20 ft. varying from
more than half light-toned to less than half light-toned, some dark-toned
bands as wide as 100ft. On east side of Canada de Los Poblanos. low
lying intermediate topography is largely light-toned and resistant but
contains some dark-toned bands.

Composition: (I) Sandstone, largely arenite (Colburn, 19(4); largely
moderately sorted, ranging from poorly to moderately well sorted; largely
medium grained. ranging from fine or very fine to coarse grained, the
fine-grained rock in thinner beds. the coarse-grained rock largely in very
thick beds. Much sandstone, locally most. is silty and clayey and scales
where weathered. Some to half of sandstone is calcite cemented. in beds
and concretions, some only partially cemented (firm). (2) Platy sandstone,
fine to medium grained. grading to siltstone; very thin to medium bed
ded. (3) Mudstone intervals (flysch). consisting of mudstone, lesser silt
stone and shale, and interbedded very fine grained to medium-grained
sandstone in beds to medium. (4) Medium to thick interbedded siltstone.
very fine grained sandstone, some mudstone, and about one-fourth
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sandstone of which most is cemented, some scaly. (5) Conglomerate con
sisting of rounded to angular pebbles to small boulders (average 4-6 in.
in diameter, some as large as 12 in.) in sandstone matrix; typically about
40 percent clasts, 60 percent matrix; most is calcite cemented, hard,
breaks across clasts. Associated are gritty zones in sandstone. (6)
Porcelaneous shale; occurs in one body, as thick as 30 ft, that is used as
a marker bed on both sides of Mount Diablo.

Expression in aerial photographs suggests about equally abundant sand
stone (composition I) and mudstone intervals (composition 3). Roadcuts
in resistant zones generally show about equal amounts of sandstone and
mudstone to somewhat more sandstone, suggestIng that unit as a whole
is less than half sandstone. Less resistant zones are largely mudstone in
tervals (composition 3), but include some platy sandstone (composition
2). Unit includes some rock of intermediate resistance (composition 4).
Porcelaneous shale is rare. Some to half of sandstone, in many places
about half, is calcite cemented; some to much sandstone is scaly.

Hardness: Mudstone, siltstone, and shale are firm where fresh and weath
ered. Sandstone is firm to hard where fresh; generally it weathers firm,
some quite firm, some approaching soft, except cemented sandstone is
hard where fresh and weathered and scaly sandstone weathers firm to
soft. Conglomerate is cemented and hard. Porcelaneous shale probably
hard where fresh and weathered.

Bedding: Most mudstone intervals are flysch that consists largely of very
thin to medium indistinctly interbedded mudstone, siltstone, and very fine
grained sandstone, but contains repetiti ve thin to medium distinct sand
stone beds between medium to thick beds of clayey rock; some or more
mudstone intervals consist of very thick (as much as 5-ft) beds of mud
stone or siltstone. Composition 4 has uniform medium to thick sandstone,
siltstone, and mudstone beds. Sandstone (composition I) occurs in dis
tinct beds that are thin to medium within mudstone intervals (flysch);
otherwise beds are largely thick to 10ft, some (locally most) 10-50 ft,
in places as thick as 100 ft, between similar thicknesses of mudstone
intervals or platy sandstone. Mudstone intervals that contain minor sand
stone to thick are as much as 300 ft in thickness; zones of more than 90
percent sandstone are as thick as 100 ft or more. Calcite-cemented beds
and concretions generally are thick or less, but as much as 6 ft. Con
glomerate is generally as thick as 5 ft, rarely more than 20 ft.
Porcelaneous shale occurs in zone as thick as 30 ft.

Parting: Present at distinct bedding planes and within many sandstone
beds; within mudstone intervals at very close to moderate spacing, much
at very close to close; within platy sandstone largely at close to very close
spacing. Thus, within about half of unit at very close to moderate spac
ing; within other half (sandstone) at distinct bedding planes and closer,
largely wide to lOft, probably largely wide to 5 ft.

'Fracture: Mudstone intervals have largely close to very close spacing of
weathering fracture, some moderate; platy sandstone close to moderate;
spacing in sandstone, cemented sandstone, and conglomerate ranges from
close to 5 ft, largely moderate to wide in places, wide to 4 ft in other
places. Porcelaneous shale probably close to very close, some moderate.

Permeability: Intergranular permeability of weathered sandstone largely
low, much approaching moderate, but minor to locally some moderate;
very low in much(?) fresh sandstone and where calcite cemented; mud
stone intervals very low to low. Thus, intergranular permeability of much
bedrock low, some moderate, much very low. Fracture permeability low
in much shallow mudstone, low to moderate in shallow cemented sand
stone. Much mantle moderate, much very low.

Weathering: Sandstone weathered to depths greater than 15 ft. Some sand
stone scales where weathered, and some develops close to wide fracture
parallel to ground surface to depth of about 10 ft. Some mudstone is fis
sile at ground surface, but weathers spheroidally or in mudstone fash
ion at depths of a few inches.

Surficial mantle: Much granular, much clayey. Texture varies with un
derlying bedrock. Typical soil on mudstone is sandy and silty clay, such
as sample BHS IA; on sandstone, sandy silty soil, such as sample AS35,
and clayey sand soil, such as sample AS38A, are typical.

Expansivity: Most bedrock unexpansive; much may be expansive, largely
significantly expansive. Much mantle unexpansive to possibly signifi
cantly expansive; much expansive, largely severely expansive. Bedrock
sample AS38C, typical weathered mudstone, mildly cracked, free swell
70 percent (exaggerated). Surficial mantle samples: AS38B, clayey sand
subsoil, mildly cracked.. more expansive than most, free swell 79 per
cent (exaggerated). Samples of typical mantle: BHS IA, dark sandy and
silty clay soil on mudstone, mildly cracked, free swell 90 percent; AS35,
uncracked granular soil, free swell 50 percent (exaggerated); AS3SA.
very mildly cracked clayey sand soiL free swell 51 percent (exaggerated).
Samples of mantle over resistant zones: BHSIB, mildly cracked sandy
clay soil on scaly sandstone, free swell 70 percent; and BHSIC, moder
ately cracked brown sandy clay soil, free swell 100 percent. BHS IS, dark
plastic clay soil, mildly to moderately cracked, free swell 115 percent,
covers about 10 percent of unit, probably typical on unit 674. See samples
for unit 649.

Stratigraphic thickness: 6,000 ft maximum (Brabb and others, 1971).
Sources: Brabb and others, 1971; Briggs, 1953b; Colburn, 1961, 1964:

Goudkoff, 1945; Snow, 1957; nine stations.

MAP ('NIT 651

Geologic unit, (age), and location: Marlife Shale of Payne (1962), map
pable sandstone interbeds in upper shale and siltstone member (K), near
Mount Diablo.

Summary: Not seen in field. Proportions may lie anywhere from about
equally abundant sandstone and mudstone intervals (as in unit 650) to
dominant mudstone (as suggested by expression in aerial photographs).
Sandstone beds to very thick.

Expression in aerial photographs: Bold intermediate topography that has
rounded crests and local ribbing. Topography is banded like unit 650,
but here topography is bolder in general. Light-toned bands are 10-20 ft
in width; intervening dark-toned bands are as wide as 150 ft, probably
some more than 150 ft, mostly about 100 ft; unit includes some gray
bands in contrast to light and dark tones.

Composition: Sandstone and mudstone intervals, probably similar to ma
terials in units 650 and 675.

Physical properties: Like sandstone and mudstone intervals in units 650
and 675.

Permeability: Intergranular permeability of much bedrock low, much to
most very low, minor to some moderate. Probably some to much low
fracture permeability in shallow rock. Probably most mantle very low
to low, some to much moderate.

Surficial mantle: Probably largely clayey, some to much granular.
Expansivity: Bedrock probably unexpansive to significantly expansive.

Probably most mantle expansive, probably much severely expansive.
Sources: Briggs, 1953b; Colburn, 1961, 1964; Payne, 1960; Snow, 1957.

MAP UNIT 652

Geologic unit, (age), and location: Marlife Shale of Payne (1962), middle
sandstone member (K), near Mount Diablo.

Summary: Approximately equal amounts of sandstone and mudstone in
tervals. Sandstone is quite firm to hard in beds commonly as thick as 6
ft; some requires blasting. Unit forms rugged topography and hogbacks.
Probably most mantle significantly expansive.

Expression in aerial photographs: Resistant topography. To north near
Marsh Creek Road, forms good hard hogback, regularly ribbed, capped
by light-toned resistant band 100 ft or more in width. Here includes light
toned resistant zone as wide as 250 ft. Farther south, forms rugged in
termediate topography showing some hard crests. Here unit is banded,
much subtly, generally showing light-toned zones 10-20 ft in width, dark
toned zones 10-100 ft, but locally includes light-toned zones as wide as
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50 ft and dark-toned zones as wide as 200 ft. In vicinity of Brushy Peak
and especially east of Brushy Peak, rugged intermediate topography has
local banding and abundant bold outcrops as wide as 150 ft.

Composition: Sandstone interbedded with mudstone intervals that con
sist largely of mudstone and siltstone. Sandstone is mostly medium
grained, ranges from fine to coarse grained, is moderately sorted. of low
permeability, and varies from scaly dirty sandstone to relatively clean.
nonscaly sandstone; consists of both wacke and arenite (Colburn, 1(64);
includes calcite-cemented concretions. Near Brushy Peak, includes unit
Kpd of Snow (1957), which consists largely of poorly sorted, pebbly,
medium- to coarse-grained sandstone that has clay matrix, but contains
much conglomerate of well-rounded pebbles, cobbles, and some boul
ders as large as 4 ft in diameter, in which clast oc~urrence ranges from
scattered to concentratc::d at base of beds.

Unit is generally about half sandstone, half mudstone intervals. Near
Brushy Peak, largely pebbly sandstone and in places mostly conglomer
ate (as much as two-thirds of 800-ft section).

Hardness: Sandstone is largely quite firm to hard where weathered and
probably where fresh (pick point dents rock slightly, but solid sound);
some is flaky and weathers firm. Concretions hard. Where weathered,
mudstone has firm pieces, siltstone firm to bard pieces; probably same

where fresh. Sandstone has been blasted in several beds thicker than 6
ft. Near Brushy Peak, sandstone is firm, case hardens; conglomerate has

firm matrix and hard clasts.
Bedding: Distinct sandstone beds, generally thick to 10ft, most less than

6 ft, ranging from medium to 20 ft, between mudstone intervals that are

thin to very thick (as much as 150 ft if medium sandstone beds included).
Unit contains some very thick intervals of sandstone, some very thick
mudstone intervals, and some thick to 4-ft interbedded rock. Intervals
of dominant sandstone are as thick as 250 ft or more; intervals of domi
nant mudstone and siltstone probably are of similar thickness. Mudstone
intervals are laminated to medium bedded, generally indistinctly. Near

Brushy Peak, sandstone beds are as thick as 75 ft and average about 15
ft between partings or thin siltstone; conglomerate beds are lenticular
and as thick as 100 ft.

Parting: At distinct bedding contacts and within mudstone intervals at
close to very close spacing, possibly modcrate in some mudstone. Some
mudstone weathers fissile, but most does not. Most sandstone beds
are not parted. Near Brushy Peak, sandstone parted at about 15- ft spac
ing.

Fracture: In sandstone, largely wide to 4-ft spacing, ranging from mod
erate to 8 ft. Unit contains enormous unfractured blocks as large as 6
by lOft, quite firm to hard, definitely require blasting. Mudstone and
siltstone have close to very ,:Iose spacing of weathering fracture. Hard
concretions in sandstone generally are as large as 4 ft in diameter, but
near Brushy Peak as large as 9-ft spheres, averaging 5 ft in diameter in
some horizons.

Permeability: Intergranular permeability of most sandstone low except
very low where cemented and in much('i) fresh bedrock: near Brushy
Peak probably much sandstone moderate; mudstone and siltstone very
low to low. Thus, intergranular permeability of most(?) fresh bedrock

very low; most weathered bedrock low, much very low, minor to some
moderate_ Some shallow bedrock has low fracture permeability. Much
mantle moderate, much low to very low.

Weathering: Sandstone is weathered to depths of more than about 25 ft;
mudstone intervals have weathering fracture to similar depths. Near
Brushy Peak, sandstone and conglomerate crop out boldly.

Surficial mantle: Much granular, much clayey. Clayey sand soil is typi
cal in much.

Expansivity: Most bedrock unexpansive, much may be significantly ex
pansive. Probably most mantle significantly expansive, some severely
expansive, some unexpansive. Sample AS40, very mildly cracked clayey
sand soil, typical, free swell 70 percent (exaggerated).

Stratigraphic thickness: As much as about 2,000 ft (Brabb and others,
1971).

Sources: Brabb and others, 1971, Briggs, 1953b; Colburn, 1961, 1964;
Payne, 1960:. Snow, 1957; two stations.

MAP UNIT 653

Geologic unit, (age), and location: Great Valley sequence. predominantly
sandstone unit (K) correlative with G-I zone of Goudkoff (1942), only
north and east of LivermDre Valley.

Summary: No bedrock exposures examined. Aerial photographs suggest
uniform, subdued resistant lithology, such as clayey sandstone. Mantle
largely sandy clay, largely expansive.

Expression in aerial photographs: Intermediate topography that lacks
ribs, subdued resistant; dark photographic tone contains subdued lighter
patches on shoulders. Homog(,neous, lacks banding; suggests uniform
clayey sandstone or similar fairly nonresistant lithology.

I Composition: Unknown; probably largely uniform clayey sandstone, or
. clayey sandstone indistinctly interbedded with sandy mudstone.

Hardness·: Probably firm where weathered, firm to hard where fresh.
Bedding: Unknown. Probably either thin to thick interbedding or very thick

(tens of feet) indistinct beds of little contrast.
Fracture: lJnknown, probably moderate to wide original spacing and very

close to moderate spacing of weathering fracture.
Permeability: Intergranular permeability of bedrock probably largely low

where weathered, much(?) very low where fresh. Most mantle very low

to low.
Surficial mantle: Largely clayey. Two main types: moderately cracked

to well-cracked dark sandy clay soil, such as sample AA20B, that prob
ably covers 60-90 percent of unit, and mildly cracked brown Huffy sandy
clay soil, such as sample AA20A, that probably covers 10-40 percent of
unit. Proportions estimated from field observation (10-90) and photo
graphic tone (40-60).

Expansivity: Most bedrock unexpansive to possibly significantly expan
sive; most mantle expansive. Samples: AA20A, mildly cracked sandy
clay soil, free swell 78 percent; AA20B, moderately cracked to well
cracked dark sandy clay soil, free swell 105 percent (exaggerated).

Sources: Huey. 1948; Snow, 1957; one station.

MAP UNIT 654

Geologic unit, (age), and location: Joaquin Miller Formation (K), in the
East Bay Hills near Oakland.

Summary: Hard sandstone and siltstone interbedded with shale in about
equal proportions. Minor conglomerate and limestone lenses. Almost all
mantle unexpansive to significantly expansive.

Expression in aerial photographs: Strongly ribbed slopes and interme
diate crest.

Composition: Resistant beds of sandstone and siltstone interbedded with
about equally abundant less resistant shale. Sandstone is fine- to medium
grained arkosic and feldspathic biotitic wacke that contains interstitial
silt and clay sufficient to produce low intergranular permeability. Car
bonate concretions are common and some sandstone is carbonate ce
mented. Sandstone beds increase in frequency and thickness toward top
of unit. Minor conglomerate (probably similar to unit 615); rare lime

stone.
Hardness: Sandstone, siltstone, and shale generally have hard pieces both

were fresh and weathered, but some sandstone and shale may be firm
where weathered. Conglomerate probably has hard clasts in [am matrix
where weathered. Radbruch (1969) reported that weathered rock is firm
to soft.

Bedding: Distinct sandstone and siltstone in medium to very thick (most
less than 10-ft, but as much as 30-fO beds, mostly medium to thick,
between shale beds that are mostly very thin to thick but as much as 20
ft. Minor conglomerate in lenses 5-20 ft thick. See section by Case
([963).
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Parting: In almost all of unit at close to moderate spacing, rarely wide
and very wide, Pal1ing occurs along bedding planes and within much

sandstone, and shale bas fair tc good paning at close to very close spac

ing.
Fracture: In sandstotle and siltstone at close to \X/ide spc/cing, except very

wide (abollt 4-ft) in uncommon very thick beds, Weathered sbale has

close to very close spacing.
Permeability: Intergranul3r rermeability of wemhered sandstone, siltstone,

<?nd conglolnerate 10\\'. shale and muchCn fresh sandstone and siltstone
very lo\v. Thus, intergranular penneability of nlc~)t fresh bedrock very
l(}\'.,-; Bluch \veathcred bedrock IG\v. 111uch very levl/, Sharlc\v shale hiS

Io\v fracture pern1eability. Proba.biy' rno:;;t mantle low. pos:;ibly SOl1le
rncd{'.ratc.

Weathering: To depths grcD,ter them 10 fL Radbruch 0969,' repGrted that

weathering I11ay extend t,-"': depth of 50 ft in places.

Surficial mantle: Pr,)bably largely clayey. granuJDL Sandy clay

soil.
ExpansivHy: ~luch bedrock unexpansjve~m,uch Inay be significantiy ex

pansl've. Almost all 111antle unexpansive to significantly expansive.
Largely uncracked sandy clay soil: some is mildly cracked, SImilar to

sample OE32 of unit 667, free swell 70 percent.
Stratigraphic thickness: As much as 2,500 ft (Case, 19(3),
Sources: Case, 1963, 1965; Radbruch, 1969; two station,;,

MAP tTNJ:T 655

Geologic unit, (age), and location: Great Valley ',.eguence, unnamed sand

stone ;me! shale, undivided (eqmvalent to unit KU'i of source map) IK);

only ncrthwest of Mount DiabJc,
Summary: Mudstone, claystone, and shale, and abcut equally abundant

hrm (weathered) sandstone; bands of dominant clayey rock and domi

nant sandstone as thick about 10 fL Much to most bedrock and m,mtle
is expansive, some or more is severely expansive,

Expn:ssion in atria! photographs: Intermediate topography that lacks

ribbing, Some subtle contrel of ridges by bedding, which is expressed
as equally abundant light- and dark-toned bands as wide as 101'1,

Composition: Sandstont" interbedded with clayey rock. Sandstcne i,; fine

to medium grained and includes some clayey tapioca- type sandstone,
Clayey rock is mosrly mudstone, SOllIe claystone, and miner tt) SOIne

fissile shale, Unit consists of about equally abundant sandstmle and

clayey reck, judged from 3erial photographs and one exposure,
Han:lnes,;: Mudstone, claystone, and shale probably are firm where fresh

and weathered. Sandstone firm where weathered, firm to hard where

fresh,
Bedding: Sandstone beds are dis;tinct and to thIck or more, and occur ie

zones of domin3nt sandstone as thick as 10 ft (on aerial photographs).

Zones of dominant 11ludstone :.ire as thick as 10 ft or more (on photo
graphs), beds as thick as· fr or iTIore

Parting: Probably present at bedding contacts, moderate to very wide i lO
ft) spacing,

17ractun: Unknown, In clayey rock_ probably moderate original spacing
and close to very close spacing of weathering f,actun,: in sandstone,

probabiy close to wide spacing and much weathering fracture at close
to very clese spacing,

Permeability: lmergranular permeability of clayey rock and much(,iJ fresh

sandstone very lo\\!; Inost sandstone low, Thus, intergranular permeability
in much weathered bedrock !env, rnuch verJ' lo'.\!; ITIOst fresh bedrock very

lov,", SOIne shallo\\' bedrDck has low fracture perIneability. l'v1c-st mantle

leVi very low, sorTIe to JT1uch n1oderate.
Surfkial mantle: Largely cLlyey, Most probably sand)! clay or silty clay.

Expansivity: ]\.1uch to rDost bedrock i~ expansive, sonte or rn.ore is severely

expansive; D1uch unexpansive. !vlost mantle is expansive, soniC or Inore
is severely expansive; some to much unexpans]ve, Sample CL7A, mod

erately cracked \veathered claysrone, free swell 105 percent, is IT10St

expansive material seen in unit Minor to some mantle has expansivity
similar to this sample, but most mantle is mildly cracked to uncracked,

Sources: Briggs, 1953b: Colburn, 1962, 1964; Turner, 1891: one station,

MAP UNH 656

Geologic units. (age), and location: Pigeon Point Format.ion ,.K); unnamed

sandstone at San Bruno Mountain (KJ): in San Mateo County.
Summary: Not seen jn field at San Bruno r..1ountain. Iv1uch sandstone,

much interbedded rnudstone and shale: includes SiJm.e ccngloIIlerate ~;cuth

of Pescadero Peint. IVIuch niantic significantly expansi'ie,
Composition: Much sandstone, much interbedded clayey reck consisting

of mudstone, siltstone, and shale. Sandstone is fine ccarse grained,

lzxgely dirty, SOUTh of Pescadero Point, unit includes some conglon1er
ate of pebbles, cobbles, and b,:mlders in sandstone ElatI-ix.

H~~rdne§s: S(~,ndstone and conglornerate H1atrix hard where fresh, finn

to loc;:dly \\"here weathered: cla_yey rock finn to hard \vhere fresh.
firm to soft where weathered; conglomerate clasts h;lrd where fresh,

luany finTi where \vcathered.
Beddhl[F Dis,tinct sandstone and conglon1eral't beds are very thin to very

thick (20 ft or rnore), cCTI1ffionly thin to ft; st:quences clayey reck

thin to very thick ;20 fn,
Parting: On distinct bedding planes, at very close to very wide (20-ft or

ITlOre) spacing, largely dose to 4-ft spacing; \\:ithin rno:;t clayey rock at

close to \lery dose spacing.
JYracture,: Sandstone and congloJT1erate have close to very wide (5-·ft or

more) spacing, ccnglcrnerate clasts generally fractured~ close to very

close spacing in weathered clayey reck,

Permeability: Intergr:wular permeability of most hedrock very low, some
to much low (much of sandstone), Mo:·t shallow bedrock has low (lo

cally moderate) fraeture permeability, Mant.le moderate to low, much(")
of each,

Surficial mantle: Granular to clayey, muchC!) of each,

Expansivay: Most bedrock unexp8.nsive, much D13Y be significantly ex
pansive (elayey rock), Much mantle unexpansive, mueh ~,jgnificamly

expansive. Bedroek samples: SFS lOA, shale, free swell 65 percenL

SFS lOB, typical shnle in unit KJs of source map, free swell 65 percent;

SFS IOC, massive gmywackc, f'-ee swell 64 percenL Surficial mantle
samples: SFSI1, sandy ciay soil, free swell 60 percent; SFS12,

uncf3.cked thin stony c13y seil, free swell 68 percent: SFS 13, organic

stcny clay ~,Gil on ridgetop (possibly on old alluviun-l). free swell 90
percent; SFSI4, uncracked sandy clay soil, free swell 51 pereenL

Stratigraphic tllklmt:ss: Thousands of feet,

Source: Ellen and Gthers, J972,

MAP UNIT 657

Geologic unit, (age)} and location: Great Valley sequence, wlDan1ed for·
Elation {KJ), in YO;G Range.

Summary: S~ndst.Gne in intervals as thick as 35 ft or more, panly calcite
cemented, interbedded v'lith siltstone, laminated sandstone. rnudstone, and
shale. l\1ost Inantle expansive. See unit 683.

Composition: Sandstone, mostly fine gramed, poorly SOrTed, in pan c31
cite cernented. interbedded v.lith siltstt)ne, nludstonc, shale, and L:uninated

fine-grained sandstone. Sandstone is probabl:'1' partly calcite cerrlenfed in

fresh as well as weathered rock. Probably' much of unit is sandstone.
rnuch interbedded clayey rock.

Hardness: In v.'eathered zcne, sandstone is hard 'h'here calcite cernented.

finn \vhere net (these are about equaIl J' abundanc in \.vcathcr'2d zont).
and soft \vher,,; larninated; probably hard fresh. 'Neathered siltstone,

n1udstone, aDd shale ha\·e finn pieces, pr\JoE.bly hard where fresh.

Bedding: DisrincL SandstGne occurs in very thick intervals (as much as
35 ft or more), within which beds are as thick as lOft. Sandstone also
OCCUI'S in medium to thick beds ar:d in very thin to thin beds interbed-
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shallG'A' rock.
~·on!.e very le\v

of sar:clstcne i2nd. ::,0D.eS

rnediurn.

frcrr~ ck;se to \Try

n1cct:;rate to Sp~King in lirne:'~to!'e

v\' ide, in GOnglGlncratt V<,lide ft.

ft thicknes:)~

thick len~~

and nodules thin to

prohlbly much,
Inte:n!;JIs

to IG\v intefjHilDular peEIleclbi!ity,

ability

so.rnpie CVR 11 ;
body in AhlIn RO';k Paxk

as saElpie C\iR3~,.

Expandvity: bedrock i::rcbJbl) exn2H··

si,/t. ~\;lost ~,:gniiican;-ly ;::xpar::.ive. :~OIn~ s~ven-:ly exp,lI1si ,;,e,

very 10'vl,.:

~,)nkno,;','n.

to clese

is very thin to thin bedde<~. InH:rv:lls

JG ft Of rnc·re.

Great Valley sequence, sandstone and

Gred.t VaHe~' sequence. ulJdivided (KJ).

!vIayacmas IvlGuntJ.ins,

v.nd others" ~

to filHCh

\vdl-bcdded sTndst()l1!c, IT!udst'one 511a1e, congJcr~nerate. probably

e~,ch. de~~criptions of units 6G4 and 684 fer likely

physical pr;:~peiTies. Fr'Ij)GfCicns unknG\vn, probs,bly much of beth
S,i,"hl:3£c'ne and cl;}ye~' rc>~k,

IGte;~p:-anul::r perc!(;clbilit)

'/Cr;.

"'lAP C:'{IT 660

unexpansivc" n~uch IiUi} be si~>

mS.ntle is un~xDa"sive

unexp~i.r5iv'e, much may be

:;'",ni.fi'ialltlv ·~xpans,i·'/c.

?vIG 1L lLildly

MAP l?iTT 659

,~rj,lY:;t()!le unit (KJ ) .. Hi. IV'J.ann highlands.

SU1!~mar.y~ seen in fic~le" BL:kc. and others ( des12ribed unit as

"sanci::;hH"le und interbedded gr<1Y C1J.ysLone, \vith raTe thin sandstone
{!nd calcJ.reou~; nod;J,les, and dark ,~,:ray, L:uT~inated, platy siltstone. A1se

ind~Ides 10\,:a1 cobble conglcr1.1erate .... ;~ h10st lTI8.terials are like unit

cOfifJomer:.lte like unit 603: set: d\~:s(;r~pti0n3 !hese unit~ fer

(~f.··oktgkunIt, i~nd l()'c,~"tion:

~,,1end()(;inc h'ighJ.'JJlds
Brierly :;een in field. i\!IuteTials like ur;.it~; 6C4 and

G~oiegh: unh t (age)~. znrllocatinn; Great Vane) sequt'nce~ pleci()nl~nar(t.1y

sh::le unit clily iIi Ditlb:c R.ar~ge ne8.r and south C:.lL:,~veras R\;;ser·

'phy~-\;.caj properti~s,

Per.uH:abiHty: IEte'~"grD_nu}ar renneability of b(':dro,.,:k probsbly lew
10 probably rnost h,lS 10\"/ 1"0121 p(rmt"D_biIity in shalli..;w rc;ck. Frob-

m,uch moder;lte, rri\lch kiW.
Surfkia! n:H~ntlt: Probably mu,~h granular, fi111Ch CL:i~i:~Y.

BcdrGck i~ probnbly 1are;d)' uneKpansi1/t:. SOnl.t; be sig-
rwrcrm"y expan~ive. Pro\};lbly almcst ITiiJntle is unexp:"tn~)\.'e trJ ::,ig
nifican~l_y e:xpansive. Sarnple J2c. typical subsc'il on :rna}: be

conUEl;in:J.ted frGIrl ne;~rby l:nits, free 50 percent (cxDggeratt:-:c1).

B18ke and otbers, 1971; f\i1cL:w,ghlin j 1978: one
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MAP UNIT 665

seft.
(HalL 1958). '~Vhere fresh, probably

hard to Ern:: \i.;·here vveathel'i:~d. !arg'dy finn and

MAP UNIT 664

Geologic unit, (age), and locatiun: Great Valley sequence. shale uBit (K),

only in the East Bay Hills ncar M,'rtinez and east of Livermore Valley
near Tesla.

Summary: Not seen in field. Probably :Jlmost all flysch that has physi-

cal properties, proportions, permcabi!lty. and expanslvlly like unit 679.
Near Tesla, described by Huey (1948) as largely shale, in places car

bonaceous, containing sparse limestone concretions; minor sandstone,
commonly as thin beds.

Surficial mantle: Probably almost all clayey.

Sources; Huey, 1948: Tolman, 1931.

Hardness: Describe.d as soft to

MAP UNIT 663

Bedding: Siltstone described as well bedded, p"Obab!y indistinctly. Slnle

is described as less \;,'cli bedded, but has ver;.' thin crossbedding and

graded bedding. Probably lndudes distinct interbedded thin to rnediurn
sandstone

Parthlg: Probably present in Inost of unit at very' close to rnoderate spac

ing, m.ostly very dose to close.
F"nlCiure; Largely close to very close spaCing \,vhere "leathered. probably

rriOderate to \vide where fresh.

Permeability: Intergranular perrneability of bedrock very Iovl, except sorne'
to much low where weatbered (siltstone and sandswne); low fracture

permeability in much to most shallow rock. Mantle largely low
Surficial mantle: Largely cJayey. Typically silt and clay soil, such as

salnple DU5.

Exp,msivity: Probably most bedrock unexpansive, some may be expan

Slve. Most mantle ,;ignificantly expansive. Sample DUS, light-gray silt
and clay soiL typical, moderately cracked. frec swell 52 percent.

Sources: Hall, 1958; one station.

Geologic unit, (age), and location: Great Valley sequence, sandstone,

shale, and minor conglomerate unit (K); only in Diablo Range near Sunol
Valley.

Summary; Briefly :;een in field. Largely flysch simil".r te ullit 660, prob

ably containing some thick to very thick sandstone bed, as described for

units 623 and 660. Permeability, eXjlansivity, and surficiai mantle tex
ture are probably like unit 660, Mantle is similar to typical soils on unit

660, induding some moderately cracked scil 5imiIar to sample CVR14.

Expression in aerial photographs: Mostly intermediate topography, somt'
hard, depending on crests. Truncated spurs along Calaveras fault are

ribbed in large part. Similar in appearance to unit 623.

Sources; Hall. 1958: one station.

Expresslun in aerial photographs: NonreSIstant zone through ribbed hill

side.
Composition: Hall (1958) reponed ~;ilt:;tcne. containing abundant carbon

aceous Jl1ateri:Ll and limonite CiJEcretions, Jnd shale similar that in unit
644. At sarnple loC;,llity DeS, unit consists of siltstone, shale~ and illUd

stone that are poorly exposed. Unit probably consists of SOITle each of

sihstone, shale., and IT1UGstone: probably Illinof interbedded sandstone.
m, in unit 64·+'

rninor to sorne unexp<.tl1sive. Bedrock samples: SJE2, rncderarely cracked
vv'ez\thered clayey bedrock~ cOT.stitute'~; SOBle of unit, free, swell gO per
cent: ('\.:' R }·4, ran:: \-ven-cracked weathered btdrock, free sweLl 77 per-

(exaggerated). Surficial m.antie sarnples: CVRll, typical n1ildly
cracked 20anl soiL fre\;~ s',veH percent: CVR34. Hloderately cracked

clay soil, free s\';,"ell perc<;:nt: GHS6, local 1110derately cl"Kked

fn:e- s\vell I'ierCi::nt; ~,CInc l1l::intk appears similar

sample SJE2.
.'J'.JU·.c,I)UU ft at AlLnn Rock Parle

Crittenden. 1951' Tenlpktofi, 191 15 st('..ti\)ns.

C;eologk: unit} (age)1 and !ocation: Grear VaIlt~y sequence. predominantly

(K). south of San Jose in Santa Teresa Hills and Santa
Cruz \flountains.

SU'ffUnal'Y: Largely nludS10nt, sorn.e 1nterbedded sands~one. SOIne to n~!uch

rnantl'; severely expansive
Expression in aerial photographs: Near Sierra Azul. intermediate to hard

topogxaphy, ribbed. In Santa Teresa Hills, ,.[lndued imermediute to soft

tcpcgraphy.
Composition: (]) Mudstone and shd.!e, largely mudstone (not fissile); (2)

siltstone grading to very fine grained sandstone; and (4)

carbonate-cemented c-:JHcretlons, Unit is largely D1ud:)tone Jnd shale,
"ome interbedded sandstone, minor to some siltstone and very fine sand

stone, n1inor concretions.
Hardness; Mudstone and shale are firm. sandstone firm to hard, where

fresh and weathered.
Iledding: Distinct sandstone interbeds are largely thin to medium, but as

thick as (. ft. Siltstone interbeds indistinct, very thin to thin. Concretions
to medium. Most of unit (mudstone and shale) is unbedded except for

sandstcne or siltstcne interbeds. which occur both repetitively imerbed
ded flysch and very widely spac"d within dominant mudstone. Some
intervals of mudstone. containing only several thm sandstone interbeds,

are more than 100 ft thick (Bailey and Everhart, 1964).
Parting: Probably present in most of unit (mudstone and shale) at close

to D10derate spacing; also on distinct bedding contacts.

Fracture: Mudstone and shale have close to very close spacing of weath
ering fracture, probably en moderate to wide original spacing: fracture
described as generally conchoidal (Bailey and Everhart, 1964) Sandstone

has variable spacing depending on bed thickness; most is close to wide,

bur in very thick beds largely moderate to wide, some as much as 4 ft.
Spacing in concretions to nloderate.

Permeability: Intergranuiar permeability of mudstone and shale very low;

of sandstone and siltstone largely low, someO) very low where fresh.
Thu:; .. inttTgranular permeability of bedrock largely very low, some low.

Probably much low fracture permeability in shalkw rock. Most mantle

very low to low.
Surficial mantle: Largely clayey. Clayey soils noted by Bailey and

Everhart! 1964) in Santa Teresa Hills.

Expansivity: l\10st bedrock probably u!1expansive, much may be expan
sive. Some to much mantle is severely expansive, probably most is sIg

nificantly expansi ve. Sample STH6. mildly CLIcked sandy clay soil, free

s\vell 93 percent. No evidence of cracking at other stations.
Sources: Bailey and Everhart. 1964; four statiolls.

MAP UNIT 662

Geologic unit, (age), and location; Great Valley sequence, shale unit (K),
only in the East B2Y HiEs near Dublin.

Summary: Briefly seen in field. Largely siltstone, mudstone, 8.nd shale,

probably as flysch like that described for unit 644. rvfost Inantle signifi-

Geologic unit, (age), and location; Great Valley sequence, sandstone unit
',K). only west of :vlartmez 1ll the East Bay HBis.

Summary: I\1ost is nmdstone ;lnd fine-grained to ver}' fine grained sand

stone. minor firm to hard glauconitic sandstone. Most bedwck ,md mantle
expansive, some or more of each severely expansive.

Composition: Largely sandy mudstone, some fine-grained to very fine

grained sandstone, and Inincr to possibly some fine- to (;oD.rse·'i,~rained

glauconitic sandstone. Fine-grained to very fine grained sandstone var-
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ies from clay saturated to clay free, but most has some clay; glauconitic
sandstcne is largely- saturated by clay and silt.

Hardness: Generally firm pieces in sandstone and mudstone where weath
ered, probably same where fresh. Glauconitic sandstone hard to firm

Bedding: Largely absent; beds of major compositions very thick (50-200
ft). Glauconitic "andstone in very thick (3- to lO-ft or more) distinct beds.
Sandstone occurs at base of section, mudstone at top.

Parting: Absent eX'2ept on glauconitic sandstone bedding contacts. In
mudstone, crude planar fabric produces very poor fissilay, no
throughgoing parting,

Fracture: Both mudstone and fine-grained to very fine grained sandstone
have clos", to very close spacing of weathering fracture on moderate to

\vide iron-stained original fracture. Most glauconitic sandstone has mod
erate to wide spacing, some as wide as 6 ft.

Permeability: lntergranular permeability of sandstone low exoept some(!)
very low where fresh; mudstone very low. Thus, intergranular perme
ability of bedrock largely very low, some 10";. Probably much low frac
ture permeability in shallow rock. Most mantle low to very low.

Weathering: \Veathered to buff color to depths greater than 30 ft.
Surficial mantle: Largely clayey.
Expansivity: Most bedrock and mantle expansive, some or more of each

severely expansive. Samples: BNS, moderately cracked mudstone, free
swell 102 percent; BNlO, loam soil, mildly cracked, free swell 78 per
cent (exaggerated'').

Sources: Three stations.

MAP UNIT 666

Geologic unit, (age), and locatio!!: Strata of Anchor Bay (Kl, near
Sonoma County coast.

Summary: Mudstone and lesser sandstone and conglomerate. Most bed
rock and mantle is significantly expansive.

Composition: Mudstone and lesser sandstone and conglomerate. Most of
unit is flysch of rhythmically interbedded mudstone and very fine grained
to fine-grained sandstone; flysch is largely mudstone, but proportion of
mudstone ranges from 25 to 95 percent. Flysch is interrupted by se
quences of fine- to medium,grained sandstone that contain less than 25
percent mudstone and by beds of ooarser sandstone and cobble conglom
erate. Sandstone is moderately to poorly sorted and contains slightly
chloriticU) matrix. Most conglomerate clasts are mafic volcanic rock and
gabbro, some are siliceous porphyritic volcanic rock. Unit is largely
flysch, some sandstone, probably minor to some conglomerate.

Hardness: Fresh sandstone and conglomerate are hard, moderately weath
ered rock firm to hard, severely weathered rock soft to firm. Mudstone
is firm where fresh and moderately weathered, soft w here severely weath
ered.

Bedding: Distinct. Sandstone beds in dominant mudstone sections are thin
to very thin; fine- to medium-grained sandstone beds thin to medium,
locnlly thick; coarser sandstone and conglomerate medium to very thick
(40 ft'!).

Parting: Mudstone is not fissile: some laminated sandstone beds part along
laminae.

Fracture: Spacing probably close to moderate in t1ysch sandstone, mod
erate to very wide in thick to very thick sandstone, very wide in con
glcmerate. In mudstone, spacing is close to moderate where fresh, close
to very dose where weathered.

Permeability: lntergranular permeability very low in mudstone, low to
very low in fresh sandstone and conglomerate, low to me-derate in weath
ered ,andstone and conglomerate. Thus, intergranu] ar permeability
largely very low in fresh bedrock; low to locally moderate in much
weathered bedrock, Most shallow rock (mudstone) has low fracture per
meability. Most mantle low to very low, some moderate.

Weathering: Rock becomes soft where severely weathered, as on crest
of major ridge occupied by unit.

Surficial mantle: Largely clayey, some granular.

Expansivity: Most bedrock and mantle significantly expansive, some of
each unexpansive. Sample GU5. typical weathered mudstone. free swell
57 percent

Stratigraphic thickness: 2,500-3,300 ft.
Sources: Blake and others, 1971; Wentworth, 1966; four stations.

MAP UNIT 667

Geologic unit, (age), and location: Shephard Creek Formation (K), in the
East Bay Hills near Oakland.

Summary: Almost all flysch, but occasional thick and very thick (as much
as l5-ft or mere) hard to firm sandstone beds. Uncommonly abundant
parting in sandstone beds: almost all rock parted at moderate and closer
spacing. Nonresistant unit. forms valleys in places. Almost all mantle
significantly expansive.

Composition: Flysch of fine-grained to very fine grained sandstone and
siltstone regularly interbedded with mudstone, shale, and lesser laminated
very fine grained sandstone. Less abundant medium-grained, micaceous
sandstone in thick to very thick (as much as l5-ft) beds between inter
vals of flysch. Radbruch and Case (1967) described unit as massive shale.
Probably almost all is flysch; minor to some thick to very thick sand
stone.

Hardness: Sandstone hard to firm where weathered, probably similar
where fresh; mudstone and shale pieces hard to firm; siltstone is hard
and resistant in some rock, finn and nonresistant in other; laminated fine
sandstone firm.

Bedding: Distinct. Flysch is composed of thin to medium sandstone beds
repetitively interbedded with medium to thick, in places very thick (as
much as 20-ft or more), intervals of mudstone and shale. Some sand
stone beds thick to very thick (as much as 15 ft or more), but many of
these consist of internal very thin to medium beds separated by very thin
partings.

Parting: At bedding planes, mostly close to wide spacing; within most
mudstone and shale at close to very close spacing; incipient parting in
much of sandstone and hard siltstone at close to very close spacing;
throughout most thick and very thick sandstone beds at close to moderate
spacing. This unit has abnormally abundant parting within sandstone beds.

Fracture: In thin and medium resistant sandstone and siltstone beds, frac
ture spacing is closer than bed thickness; in thick and very thick sand
stone, close to wide spacing. Mudstone, shale, firm siltstone, and
laminated fine sandstone have close to very close spacing where weath
ered.

Permeability: Intergranular permeability of sandstone and siltstone low
where weathered, muchCn very low where fresh; mudstone and shale
very low. Thus, intergranular permeability of most bedrock very low,
some low. Almost all shallow bedrock has low fracture permeability.
Almost all mantle low.

Weathering: Sandstone weathered to depths greater than 20 ft. Mudstone
fresh within lOft of ground surface.

Surficial mantle: Almost all clayey. Soil and colluvium are generally more
than 5 ft thick (Radbruch, 1969). Soil is uncracked to mildly cracked,
largely uncracked.

Expansivity: Most bedrock unexpansive to significantly expansive. Al
most all mantle significantly expansive. Samples: OE39, weathered
mudstone, mildly cracked on face of cut, free swell 70 percent; OE32,
mildly cracked sandy clay colluvium, free swell 70 percent, more ex
pansive than most, covers about 20 percent of unit.

Stratigraphic thickness: As much as 1.500 ft (Case, 1968).
Sources: Case, 1968; Radbruch and Case, 1967; Radbruch, 1969: three

stations.

MAP UNIT 668

Geologic units, (age), and location: Great Valley sequence, predominantly
shale units (K) probably correlative with E and F-2 zones of Goudkoff
(1942). only north and east of Livermore Valley.
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Summary: Flysch of mud,;tone and shale, containing mmor to some thin
to medium sandstone interbeds. Most mantle severely expansive.

Expression in aerial photographs: Smooth intermediate topography that

lacks pattern: topography i3 coarser and much bolder than unit 649
Composition: Flysch that consists of mudstone, shale, and lesser inter

bedded sandstone. Most to almost all of unit is shale and mudstone, much

of e-ach: m.inor to some r,:?gula.rly interbedded sandston!;.
Hardness: Shale and mudqone are hard to finn where fresh (hard in drill

hole (Huey, 19.+8). firm in exposures): fif01 \\'here weathered. Sandstone

to hard where fresh and we2.th"red.
Bedding: Disllnd thin :0 rn,,;diuru sandstone beds bet\\"een Il1ediurn to thick

and 'very thick l11Udstcne and shale.
Parting; In shale at very close spacing. in rTIudstone at close to very close

spacing, and at sandstone ·:,:cntacts Thus, throughout unit spacing i;~ close

to very close. Shale shews fissility only at ground surface" but breaks

on parting to depth5 gre3ter than i 5 ft.
Fn~ctllre: Very dose to ITIoderute spacing in v/eatherc,d mudstone and

shale, c1cse to nlOderate spacing in s3.nd~~tone \siIl1ilar to bed thickness).
Pem,cHbiJity: Intergranular permeability of shale and mudstone very low;

of si,mdstone lo\v except much(?) \rery lo\v where fresh; thus, most to

almost bedrock very low, minor to some low. Much shallGw bedrvck

has low fracture permeability. Almost all mantle very low.
Weathering: Fissility is opened in :dlale to depths of only several inches,

but weathering fraeture and potential parting are present in shale and

mudstone to depths greater than 15 ft in cuts.
Surficial mantle: Almost all clayey. Fairly uniform clay soils, mostly

fluffy.
Expansivily: Bedrock unexpansive to significantly expansive, pOSSIbly

some severely expansive. Almost all mantle expansive, largely severely

expansive. Samples: AAI5, brown clay soil, moderately cracked, typi
cal. free swell 105 percent; AA17, soil, mildly cracked, typical, free swell
100 percent (exaggerated): AA 19, mildly cracked clay soil, typical, free

swell 100 percent.
Stratigraphic thickness: About 3,000 ft, as inferred from Huey (1948).
Sou!"('es: Colburn, 1964: Huey, 1948: Snow, 1957; three stations.

MAP Ul\Tf 669

Geologic unit, (age), and loeation: Forbes Formation of Kirby (1942) (K),

in and near Yoio f~ange.

Summary: Almost all mudstone, siltstone. clayey fine sandstone, and
shale. Minor beds of sandstone, much of WhICh is calcite cemented. Most

mantle severely expansive.

Composition: Almost all is mudstone, siltstone, c1ay-satumted "ery fine
grained sandstone, and shale. Includes minor sandstone, especially near

base: rare hard siliceous shale; and rare beds d bentonite. Sandstone is

fine to medium grained, arkosic wacke to arenite (on boundary), well to
moderately well sorted, and ranges from clean rock to somewhat dirty
reck that has partially filled interstices. In one of twe exposures obc;erved.

sandstone is calcite cemented.
Hardness: Mudstone, siltstone, clayey fine sande,tone, and shale have firm

to soft pieces where weathered, probably firm 10 hard where fresh. Sand

stone lTIostly hard to fifni, some soft, bur: hard where calcite celnented.
Siliceous shale hard.

Bedding: Most clayey rock is indistinctly very thinly to thinly interbed

d"d. Sandstone beds distinct, thin to very thick ness than 20 ft) Sili-
ceous shaie in medium beds: bentonite in medium thick beds.

Parting: At rnoderate to very close spacing in rnost of unit but wide to

very wide spacing in sandstone beds.
Fracture: Close to very dose spacing of weathenng fracture in rnost clayey

rock. o.od much ITIudstone sho\vs spheroidal v/eathering on close to lTlOd.
eraJ:e original spacing. In sandstone, mcstly mcderate to 4 ft, but as wide

as 6 ft.
PernH;abiHty: Intergranular permeability very lovi to loc3.11y low in nlud

stone, siltstone, clayey fine sandstone, shak, and cemented sandstone:

most uncemented sandstone low. probably some moderate. somer?) vsry
low where fr<csh. Thus, intergranular permeability of most bedrock very

low .. some low, minor moderate. Probably some low to locally moder

ate fracture permeability in shallow rock. Most mamle very low, possi
bly some low.

V"-cathering: Tc depths greater than 8 n.
Surficial mantle: Almost all clayey.
Expansivity: Most bedrock expansive, probably largely significantly ex

pansive. at least rarely severely expansive (bentonite). AJn10st all rnantle

expansive, most severely expansive. Bedrock samples: ESB. bentonite,
free swell 162 percent: MY 15B, lypical weathered shale and mudstone,

ITlild]y ~racked on face of cut. free swell 73 percent. Surficial rnant1e
samples: E8,.i~1 typical sandy clay subsoil, \,:ell cracked, free S\ve-ll 13
percent: MY J 5A, typical ciayey soiL well cracked, free swei! 10! per

ccont: E7, typical silty clay soii, moderately cracked, free swell! 14 per

cent; FN2, silty ciay soil on lithology typical of this unit but mapped
within unit 632, free swell 'i8 percent.

Stratigraphic thickness: 2,200 ft maximum (Boyd, 1956).

Sources: Boyd, 1956: ChubeL 1961' Kirby, 1943, Sims and others, 1973:
three stations.

MAP UNIT 670

Geologic unit, (age), and location: Funks FOIJmUion of Kirby (1942) (K),

in Yolo Range.
Summary: Largely imerbedded claystone, mudstone, siltstone, and lesser

fine-grained sandstone, bUl minor to some thick to 20-ft s3ndstone beds

in intervals as thick as hundreds of feet. Most weathered material is rich
in clay. Most bedrock and mantle probably significantly expansive.

Composition: Largely thinly to very thinly interbedded claystone, shale,

mudstone, siltstone, and some fine-grained sandstone, herein called
mudstone intervals. Mudstone intervals are largely claystone or, where

fissile, shale, so unit is very clay rich. lJnit includes intervals of thick

bedded and very thick bedded sandstone as much as 450 ft thick (mapped
as Canterbury sandstone unit in Lake Berryessa 15' quadrangle by Boyd,

1(56) that are generally absent or less prominent south of Gates Can

yon. Sandstone is moderately well sorted, fine grained to silty, composed
of angular to subangular grains, and intergranu)ar matrix is not abun

dant (undersaturated by clay and silt): sandstone is described by Bcyd
(1956) as barely a wacke, nearly an aremte, largely weakly indumted.
SOllie sandstone hmizons are calcite ,:emente.d and form hard, boldly out

cropping rock: spheroidal calcite-cemented concretions that are mm,t)y

aboUl 3 ft in diaJ:l1eter, but range from 1 to 10ft in diameter, occur within
sandstone in zones parallel to bedding or as isolated occurrences. Unit

consists largely of mudstone intervals: generally unit includes minOT to

some sandstone, but locally (near Putah Creek) much sandstone.
Hardness: Mudstone intervals have hard to firm pi.~ces where fresh and

firm to soft rock mass both where fresh and weathered. Sandstone is hard

where calcite cemented, otherwise firm to soft whne weathered. Boyd
0956) reported that sandstone is weakly indurated and weathers readily

anci th.at exposures are friable.
Bedding: Mudstone intervals are very thin to thin bedded, indistinctly to

distinct]y. Sandstone occurs largely in intervals of dominant sandstone
that consist of thick tc 20-ft beds betv/een thin partings. Sand5tone in

tervals are as thick as 450 ft at Put,lh Creek. hut farther scuth are mc,tl]
15-50 ft thick, and south of Gates CJ.n)'on may be largely absent. Sand

stone also occurs as isolated medium to 4,--ft beds.

Parting: In mudstone intervals at close to very close; SOT:le to mu'.::h c13yt';'
rock is fissile. some to much is nor. In ~andstone. I110Stly at lTIcderate to

\vide spacing.. , but SOlne as rnuch as 10-20 ft.

Fracture: f\1udstone intervals have close to very dose s,pacing when~

v.'eathered. Thin to ITiedium sandstone beds have spacing sin1iIar bed

thickness, but n-:ost sandstone beds. ,,\'hich are thick to \'er}" thick. :lre

fractured at wide to 6-ft some moderate, spacing.
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Perm<i:ability: Intergranular permeability of mudstone intervals VeTy low; i

of sandstone lo\v to nl0derate except ,rery low in some( fresh sand
stone and where calcite cemented. Thus, intergranular pcnneability of
m.ost bedrock very lew, filinor to seIne low to moderate. Some to rnuch
shallow bedrock probrrbly has low fracture permeability. Most mantle

very· lo\v to low.
\Veathering: :\1udstone intervals are weathered to depth of "bout 20 ft in

one exposure: sandstcn.: probahly weathered to depths greater than 20
ft. Much free clay in weathered material.

Surficial mantle: Largely clayey. Much clay in colluvium and soil.
Expansivity: Most bedrock is expansive, largely significantly expansive;

mmor some unexpansive. Most mantle is expansive.. probably laigely
significantly expansive. seme or more is severely expansive. Samples:
MV4A. day colluvium, mildly cracked, typical, free swell 72 percent;
MV4B. clayey colluvium in slump, typical, free swell 80 percent.

Stratigraphic thickness: At Putah Creek, U 50ft (Boyd, 1956), 2,589 ft
(Kirby, 1943).

Sources: Boyd, 1956; Chuber, 1961: Kirby, 1943; Lawton, 1956; Sims
;lEd others. 1973: t\VO stations.

MAP UNIT 671

Geologic unit, (age), Dnd location: Yolo FormatIOn of Kirby (J (42) (K),

in Yolo Range.
Summary: Most is mudstone, siltstone, and shale, but ,:ontains some sand

stone beds that are as thick as 8 ft or more, mostly thin to thick. Unit is

nonreSistant and underlies relatively low topography devoid of outcrop.
Most bedrock and mantle expansive.

Composition: Most is mudstone, siltstone, and shale, but contains some
s2ndstone beds that vary in abundance from scattered to locally as much
as 40 percent or more of exposure; identical to flysch of unit 683. Sand
stone is mostly medium grained, ranging from fine to coarse grained,
poorly sorted, and largely saturated by clay and silt. Scattered zones of
small to medium (3 in.) limestone concretions.

Hardness: Mudstone, siltstone, and shale have hard to firm pieces where
fresh, firm pieces where weathered, and a firm to soft rock mass owing
to parting and fracture. Sandstone is hard where fresh, firm to hard where
weathered.

Bedding: Distinct. Ryseh eonsisls of thin beds of sandstone repetitively
interbedded with medium to 4-ft intervals of clayey rock within which
mudstone, siltstone, and shale are very thinly to thinly interbedded. Sand
stone alsc occurs as medium to 8-ft beds, mostly medium to thick, be
tween medium to very thick (30-ft or more) intervals of clayey rock or
flysch.

Parting: At close to very close spacing in clayey rock. Really fissile rock
(shale) is not abundant, but parting is pronounced. Also at sandstone
contacts.

Fracture: Weathered clayey rock has close to very close spacing across
bedding: some mudstone has moderate original spacing cn which sphe
roidal weathering has developed. SandslOne in thin to thick beds is frac
tured perpendicular to beds at spacing similar to or closer than bed
thickness. Very thick sandstone beds have irregular spacing at moder
ate to wide. less commonly as much as 8 ft.

Permeability: Intergranular perrneabilily of mudstone, siltstone, and shale
largely very low, of sandstone low except much( 7 ) very low where fresh.

Thus, intergranular permeabIlity of bedrock largely very low, some to
much low. Some shallow rock probably has low fracture permeability.
Most to almost all mantle very low to low

Weathering: Buff color generally extends to depths of 10-15 ft, but mud
slOne is gray at 4-8 ft and in places to within a few feet of the ground
surface. Some sandstone is hard at depth of 6 ft.

Surficial mantle: Must 10 almost all is clayey. Cbyey soil and colluvium
is cracked to varying degrees.

Expansivity: MOSI bedrock expansive, probably much severely expansive.
Most to almosl all mantle expansive, probably much severely expansive.

Bedrock samples: MY I!. weathered mudstone, mildly cracked, free
swell 62 percent; MV 12A, well-cracked red clay (weathered bedrock·i).

free swell 100 percent: MV 12B, tYlncai weathered bedrock, free swelJ
90 percent. Surficial mantle ,;amples: MD5. slightly cracked cclluvium,
typical, free swell 72 percent: MV29. sandy clay colluvium in landslide,
free swell 87 percent.

Stratigraphic thickness: 700 ft (Boyd, 1(56), 8Se ft (Kirby. 1943)
Sources: Boyd, 1956; Chuber. 1961: Kirby. 1943: Lawton, 1956; Sims

and others, 1973: five stations.

MAP UNIT 672

Geologic. unit, (age), and location: Moreno Formaticm, upper siltstone

member (K), east of Mount Diablo.
Summary: Probably largely mudstone and siltstone, some s:llldstone, a:ld

some claystone (H shale. r"'fuch sandstone has 1110der::ltc intergranular
penneabihty, some is calcite cemented. Most mantle severely expansive.

Expression in aerial photographs: Much is v2.11ey bottom, much is sub
dued intermediate topegraphy in which ridges follow resistant sand
stones. Ridges are composed largely of smooth, unribbed dopes
suggesting clayey materials and are held up by resistant light-toned bands
(sandstone) that are 10 to almest 100ft in width, most less tban 50ft.
Most crests are intermediate; less abundant hard crests have unribbed

Hanks.
Composition: Mudstone and siltstone, lesser sandstone and claystone or

shale, and minor limestone as nedules and beds. Mudstone and siltstone
are similar in physical properties and probably show gradational differ
ences in silt content; much may be somewhat siliceous (Anderson and
Pack, 1915). Sandstone varies from very fine grained and fine-grained
rock, which is generally interbedded with mudstone and siILstone, to me
dium- and coarse-grained arenite that is moderately(?) to moderately well
sorted and in which some beds are calcite cemented or cencretionary,

although most are not cemented.
Unit is probably largely mudstone of varying silt content that grJ.des

to lesser fine-grained and very fine grained sandstone. Blocks and out
crops suggest minor to locally some cemented sandstone interbeds scat
tered through section. Strong ridges are underlain by very thick
concretionary sandstone beds; some weak ridges are underlain by inter

bedded sandstone, siltstone, and mudstone.
Unit is called predominately siltstone with minor shale. claystone, and

sandstone (Brabb and others, 1971), but our field observations are not
detailed enough to detect significant differences with unit 673, which is
called predominantly shale and claystone with minor siltstone and sand
stone (Brabb and others, 1(71). Expression in aerial photographs sug
gests largely relatively resistant silty and clayey rock, probably largely
siltstone or somewhat siliceous rock, but poor exposures conceal pro
portions. Thus, we consider the unit largely sJltstone and mudstone, some
imerbedded sandstone, some claystone or shale, and minor limestone.
Some sandstone is calcite cemented.

Hardness: Mudstone, siltstone, and fine-grained sandstone are firm where
fresh and weathered. Medium- to coarse-grained sandstone is largely firm
where weathered and probably where fresh, but some hard cemented reck
extends to the ground surface. Limestone hard.

Bedding: Probably indistinct bedding of gradational lithologies in clayey
rock: lesser fine- and very fine grained sandstone has indistinct to dis
tinct beds, thin to thick were observed. Blocks and outcrops suggest
minor to locally some cemented sandstone interbeds, medium to thick,
scattered through section. Streng ridges are underlain by very thick las

much as 30-ft or more) sandstone beds that centain concretions as large
as 10 ft in diameter; some weak ridges are underlain by thin to thickly
interbedded sandstone, siltstone, and mudstone.

Parting: No good observation in most of unit. Probably present at close
to moderate spacing in clayey rock. Parting is good on distinct bedding
pbnes, less certain within clayey rock. Largely abseIl! within \Cry thick
sandstone.
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Fracture: In mudstone and siltstone, close to very close spacing of weath
ering fracture, probably on moderate to wide original spacmg, Spacing
in sandstone largely moderate to wide, ranging from close to 4 ft. Lime
stone nodules and blocks to medium.

Permeability: Intergranular permeability of mudstone and siltstone very
low to low, probably some or more is low; much sandstone low approa.:h
lng moderate. much moderate. some very low to low Iwhere cemented);
limestone very low. Thus, intergranu!ar permeability of most bedrock
very low to low, minor to some moderate. Probably some shallow bed
rock has low fr";cture permeability, Most mantle very low, some moder
ate.

Weathering: Sandstone crops out or produces blocks where cemented.
otherwise weathered to depths greater than IS ft.

Surficial mantle: Largely clayey, seme granular. Most of unit is covered
by alluvium. Mantle Is granular on ridges, clayey on low-lying ground.

Expallsivity: Most bedrock expansive, probably much severely expansive;
some unexpansive. Most mantle severely expansive: some unexpansive
to sigmficantly expansive, Samples: AS33A, sandy ciay soil, typical,
free swell 120 percent: AS32, well-cracked clay soil, free swell 110
percent. Sandy soil on ridges is unexpansive to signifIcantly expansive.

Stratigraphic thickness: 300- UOO ft (Brabb and others, 1971),
Sources: Anderson and Pack, 1915; Brabb and others, 1971; Briggs, 1953b;

Colburn, 1961, 1964; Payne, 1951. 1960; Snow, 1957; three stations,

MAP UNIT 673

Geologic unit, (age), and location: Moreno Formation, lower shale and
claystone member IK), east of Mount Diablo,

Summary: Largely mudstone and shale; some sandstone underlies resis
tant ridges. Some of sandstone is calcite cemented and hard, much sand
stone has moderate intergranular permeability, Most mantle and probably
much bedrock severely expansive.

Expression in aerial photographs: In most places, largely underlies al
luvium in valley bottom (more so than unit 672), but as much as half of
unit underlies intermediate ridges, Ridges have smooth slopes that lack
ribbing and are held up by resistant light-toned bands iO to almost 100
ft in width, most less than 50 ft; most have intermediate crests, some
have hard crests and unribbed flanks. In other places, almost entirely sub
dued intermediate topography that lacks ribbing, interrupted by resistant
ridges.

Composition: Most is mudstone, shale, and siltstone; lesser fine-grained
and very fine grained sandstone. Much mudstone and shale may be some
what siliceous (Anderson and Pack, 1915), Includes some medium· to
coarse·grained sandstone, arenite, moderatelyf'n well sorted, some of
which is calcite cemented or concretionary, Minor limestone nodules and
beds,

Unit is called predominantly shale and claystone with minor siltstone
and sandstone (Brabb and others, 1971). Our field observations are not
sufficient to distinguish this unit from supposedly siltier unit 672, but
combined data suggest that unit is largely mudstone and shale, some silt
stone and fine-grained sandstone, some very thick bedded sandstone
(mostly medlUm to coarse grained), minor scattered limestone, Strong
ridges are underlain by very thick sandswne Isome of unit), weak ridges
by thin to thickly interbedded sequences of sandstone, siltstone, 8.nd
mudstone (some of unit), Some sandstone is calcite cemented,

Hardness: Mudstone, shale, siltstone, and most sandstone are firm where
fresh and weathered, Some sandstone is hard and calcite cemented, Lime
stone is hard,

Bedding: Unknllwn in most of unit (mudstone and shale). Some sandstone
beds are very thick (as much as 30 ft or rnOfi-:;), SOUle Oargely fine-grained
sandstone) are medium to thick interbedded with thin to medium mud
stone and siltstone. all distinct.

Parting: Probably present at close spacing, ranging from very close to
moderate, in mudstone and shale (most of unit), In sandstone intervals,

along distinct bedding planes at both close to wide and very wide spac
ing,

Fracture: In mudstone, shak, and siltstone, probably close to very close
spacing of weathering fracture on moderate to wide originai spacing.
Spacing in sandstone largely moderate te wide, ranging from close to 4
ft; cemented sandstone moderate to wide. Limestone blocks and nodules
to medium.

P€'rmeahility: Intergmnlilar permeability very low in mudstone, shale, and
much! fresh siltstone, low in most siltstone. Sandstone has much of
both low and moderate inte:'granular permeabilities. but lew to very low
where cemented, Thus, intergranular permeability of bedrock largely ve,y
low, sO.me low, some moderate, Probably some shaJiow rock (much of
mudstone and shale) has low fracture permeability, Most mantle very
lOW. some moderate,

Surficial manti\:: Largely clayey, some granular. Granular soil over sand
stone on ridges,

Expansivity: Most bedrock expansive, probably much severely expansive:
scnne to rnnch unexpansive. ~1cst mantle severely expansive. sc'me
unexpansive 10 significantly expansive, Samples: AS33B dark clay ,'oil,
moderately to well cracked, typical at this stiltion, free swell. 130 per
cent: AS34. fluffy sandy clay soil, typical of clayey soiL free swell 110
percent; AS44, silty clay soil on mudstone, typical at thiS station, free
swell 84 percent. Sandy soil on ridges is less expansive.

Stratigraphic thickness: 300-2,000 ft (Brabb and others, 1(71),

Sources: Anderson and Pack, 1915; Brabb and others, 1971; Briggs. 1953b;
CelbuIn. 1961,1964; Payne, 1951, 1960; Snow, )957' three :itations,

MAP UNIT 674

Geologic unit, (ag€'), ami location: Panoche Formation, shale interbeds
in Joaquin Ridge Sandstone Member of Goudkoff (1945\ (K), east of
Mount Diablo.

Summary: Poorly exposed swale-forming unit. Most to almost all is mud
stone intervals, but includes minor to locaily some sandstone, much of
which may be cemented, in beds to very thick, Blasting likely in some
very thick sandstone interbeds. Some sandstone has moderate permeabil
ity, Probably most mantle severely expansive,

Expression in aerial photographs: Largely smooth, unribbed intermedi
ate topography, uniformly dark-toned except for minor to locally some
light-toned resistant bands that are mostly less than 10ft in width, one
70 ft in width, On west side of Can;;.da de los Poblanos, unit forms promi
nently smooth, unribbed band rhrough nbbed hard unit 650, but includes
a few light-toned resistant bands about lOft in width and one (possibly
within unit 650) almost 100 ft in width.

Composition: Mudstone containing some interbedded siltstone and lami
nated fine- to medium-grained sandstone, herein called mudstone inter
vals, Minor shale. Includes minor to locally some interbedded s3nd,;tone
that is medium to coarse grained, largely clean, well sorted, largely
arenite (Colburn, 1964), about half calcite cemented, containing concre
tions.

Most te almost all of unit 1S mudstone intervals, Interbedded s,mdstone
generally constitutes less than 10 percent of unit, but inoreases near con
tacts with unit 650 to constitute some of unit.

Hardness: Mudstone intervals are firm where fresh and weathered, lnter
be'dded sandstone IS firm (mudl friable wiTh difficulty) where not ce
mented, hard where cemented (about halP), Concretion'; hard,

Bedding: No observations of typical rock of unit, which is probably mud
stone containing indistinctly interbedded siltstone 2nd distinctly inter
bedded laminated sandstone that probably ranges from very thin to

medium between very thin to very thick mudstone. Sandstone interbeds
are distinct and as thick as ]0 ft or more, and mmor intervals of domi
nant sandstone are as thick as 70 It or more, Near contacts with unit 650,
intervals of sandstone and mudstone intervals 3.Ie very thick (5 to 12 ft
or more). Concretions are mostly large, but as much as :5 It in diameter.
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10 ft or rnore). Aerial photographs sho\\! some sandstone bodies 50-100
ft in width. Cemented sandstone beds are th.ick tc 5 t{: and crop out.

Parting: Probably very close to moderate spacing throughout unit except
in t.hi<::k and very thick sandstone,

Fracture: Close to very close ~~pacing cf weathering fracture in s,dtt:tone.
rnudstone, shale, and clayey' fine sandstone. Inte.roedded sand,~t.onf'

ffiQ~rate p,/ide sp2cing l.,vhere firm. wide to
where cemented, Concretion~:

Ii.llJ.ch as 6 ft in diaIl1eter {Snov;: 1

Permeability: rntergr;3.l1ula.r permeab-dit) of
\hail:::. and much(?)

IHuch of each. but

D 17. typiC'lJ sul,,;oil
CL27. mildly cracked sandy
BHS 1~/A" typical nl.oderately cracked
BHS17B, lTIoderare1y cracked clayey soH, free 100 pereen.t

gerated); AS39. silty and sandy clay may be ccntalTlinated by
from upslope, free swell 54 percent (e'~ai;;g~n\ted).

Stratigraphic thickmlss: About 2..000 ft maximum i,Bmbb
Sources; Brabb and otlv,;rs. J; Colburn. ]964: Payne.

i 957; four stations,

hi\v. probably Hluch of each~ D1incr mGdera.te.
ture penneability in shal1o\v bedrock, Inantle very

~Neathering; Sandstone weathered to greater thr,n
Surn(~~al manHe: Largely claye~y,

ExpausiYity: Most

~;rone. Tbus. intergranular nemJeilhlitv of

Parting: Probably largely at close spacing. some moderate. in mudstone
intervaJs. !\.'fudstone is slightly fissile, Minor shak is fissilt~. Present at
distinct bedding contEets: absent within very thick sandstone interbeds.

Fracture: NCo observations. Mudstone intervals probably have largely close
very close spacing of \\:eathering fractnre on fl10derate to \vide origi··

spacing, Sandstone interbed.s fracture.d at close to 5 ft.
Per:meahHity: IntergranuLu.· penllcability mud:3tone intervals vfry 10\v

to les:;er lov~'; of ::;andstone about h~:df 'very hnv Ie,,\' (where ,;::enl,ented)
rl10dcrate I.e; len,\, (',Jvherc not celTlentcd). Thus, intergranular penne

abiHty of bedrcck is largely \ery SOlne Io\v; pc~;:;ible good (TI1cder

are, aquif~rs constitute apprCXIInately 5 perctnt of unit.
Ivfuch shaHov/ hedrock pr',)bably has low dccaHy in cen:ented
sandstone) fracture pernlt:~abi1ity. !"",1ost ahno:;t <;::11 !nantk very to

\Vegthe:dng~ Sa!'ldstone \.\.-herc uncenlentcd probably \Veatnered to depths
greater than 15 ft. Some sandstone scales "\'vhere v/eathered ,J.nd SOine

develops close to fracture parallel to ground surface "within about
10ft cf ground surface. Probably SOIne rrlUdstone is fis~~,iIc ground

weathers in blocky rnudstone fnshioI1 belen;,: d.;:;,pths of fevi
f,'et.

Sm:ridal manUe: Most to almost all clayey. Typical soil is probably simi
lar. th.:lt Q\fer Cneta·::;eous mudstone:. Much of unit filay be cove-red by
granular soil si:milar to sanlple AS35. free swell 50 percent (exagger
ated). that has rfloved dowlJs!cpe from adjacconl hlgher unit 650.

ExpanshrHy: Probabiy rnost bedrock expansive~ largely significantly ex
pansive, Most to alrnost ~:dl rr~antle expansive, probably I;1rgel~l severely
expansive. See samples BHS 18 and BHS 1A of unit 650.

Som'Cl's: Colburn, 1961. 1964; Goudkoff, 1945; Snow, 1957; two slatiollS.

MAP lJNIT 675 MAP UNIT 676

Geologic unit, (age), and location: Marlife Shale of Payne lower
shJJe and siitstone member (K), neiJf Mount Diablo.

Summilry: Almost an is clayey reck ccnsisting of shDle, mudstone,
siltstone; nlinor to some sandstone, SOill.C cernented. Most ahnost
mantle severely expansive.

Expression in aerial photographs: Mostly subdued intermediate topog-
raphy, but includes SOlne resista.nt bands t)f light tone that 10-100 ft
in iA!idth. Largely dark. in tone, soft~ sill,ooth, some subtly banded,

Composition: Largely shale and siltstone, ver)' probably m,:lli(hng
stone; less abundant sandstone. SandstGn~ is
to moderate1y "leH scrted, son1e to rnuch dean,
flake)' < SOIne cle-i-m sandsl:cne cem,ented b:y

Shale. siltstone, and r.1ud:3tone constitute gO-90
probably being about equally :,1bundant (.although on.iy
seen in field); 10-20 percent ]S sand~,;tone" as thin
10 percent of unit:;andstcne in l11ediuITi to thick beds.

Ha:rdness: Shale and. siltstone ha\'t'; finn \vhere vieathered.
stene firnl when:.'; \veathered, h!.1.rd where cemented,

Bedding: Distinct]y to indistinctly interbedded rock. Generally
flysch "nd censists of repetitive thin
to thick shale and siltstone. Shale and
tinct beds; sandstone distinct. mostly
to thick or very thick (10-1 ft,l, Cenlentc:G
rnore; beds in distam vie'll of outcrops that are probably cernented sand
stone are o.s thick as. 4

Parting: Good parting \-vithin most clayey rock at <:lese to \rery dose
ing, AL:;G on distinct bedding contacts,

Fracture: Close very close spacing of \ve;lthering frs.ctun: in
reck; sandstone fractured at spacing siniilar to bed thickn,:~ss

in hdrd sand.stone is m.oderate to 'V-.Jide. lccaHy ffluch 4 ft
thick beds,

Perm.eabiHty: Intergrailul3.f perrfleability shale: and mudsione.
'v'ery lew to 10"11" in siltstone; sandstone ntcde·ateo

Geologic unit, (age), and loclltlon: MarIife Shale of Payne (1962), upper
shale and siltstone member (K), neaf Mount Diablo,

Summ~H".r: Largely siltstone, mudstone, and shale; ITllnOr to SOIne inter
bedded sandstone, !T;!lch of which is calcite cemented. Most mantle
vereIy' expansive.

Expn'ssion In aerial photographs: To north, most of unit is fairly non··
resistant and forms swales, but much is light toned and much is ribbed
on steep siopes; top 300 ft or so is dark toned and lacks ribbing. To·
\Alard south. unit unifonn~ unbanded. ribks0 interm~diate topography
th[jJ ShO\;Y'5: light-tont";d spots on shoulders. In rnost places, unit includes
lnil10r light- toned resistant bands {sandstone), lnost less than 10 ft in
\vidth. SOIDe \vide as 50 ft or lucally 100 ft SOIne of which fonn hog
backs: in places, these 1ight~tcned bands are ;,nterbedded with dark-toned
zones 200··300 ft in \vldth, Infer much siltstone (light tone~ nonresistant),
lesser shale (dark tone l nonresistant), minor ~;andstGne.

Co:n~po§ition: LaJ,g·ely siltstone, ITIudsti)ne, and shale: less abundant clayey.
~v'ery' fine grained ~iandstone and interbe:ds of slli"1dstone. Interbeds of sand
stone are largely fine to n-ledium grained, rnoderately to v/eH scrted, of
10'1-1/ to moderate intergranular pe[nleabi1ity~ grains are angular to
subanguIal' 3nd consist Gf more feldspar than quanz; much s2.ndstone is
cemented or partially cernented by calcite, and Inuch contains conen:.'
tioTIS cenltnted by calcj:e.

Unit is probably largely siltstone (inferred from aerial photographs),
much mudstone and shale. minor to serne interbedded s~ndstone,

Hardness: I\1udstone, sh:JJe, siltstone. and sandstone are finn where v·/eath
ered, except some s::lDd~,;tone soft \vhere \veli \~/eathered. Cernented
sancstone hard, \veathering finn [0 hard: concretions hard. SOITle V'o'eather
firrri.

Bedd.ing: Poor exposures~ but faid)' consistent ir.ci.prt;ssion of thin to Dle
dium distinctly tlJ indistinctly interbedded reck, largely Hll:dstone, shale,
si],tstonc, and ciaye~y fint~ sand~~tcne, induding distinct thin beds vf sand
stone. V~/itrjn such sequences [lie minor to SOffle di&tinct S:3J1dstone beds
that are InediuITl to very thick (rriostly less than 5 fL some as much as



Payne. 1960; Snow.

Expunsivity: l'vlGst bedrock unexp:}.l1sive. rnuch rrtay be signi:Lcantly
pan~live. lv10st m~lntle expansive, p:robably Hiuch ~jeverely expansir\,'e:

SOllie unexpansi\ie. Sarnpies: BHS4~ typical day soiL free sv'/e21 100 per
cent: BHS 13. sarH:Iy·-silry day soil, rnildly cracked, typical,

percent (exaggerated).

SDarces: Briggs, L953b: Colburn, J961

·Geologic tEEt, (age)" and location: Gn;;;lt Valley sequence.
stone and shale. undivided (K): only near ~/Iount Diablc.

SuntfD.itTY; Largely f1ysch of mudstone, shale. and thin sandstone: ~;om.e

tG locally dOlnl:1ant mc'diurn to "\>'ery thick sand:c~tone. SoniC sandstone
beds CeI11enteo. Some rnuch of bedrock and fGantk' is
severely expansive.

Expres~h)n in aerial photographs~ Include~j both hard tope-graphy and
rounded internlc,diate topography. distinctly different, Diuen of each.
Sc)!ne inteHnediate topography has re!;istant (sandstone) beds as ,,\-'ide

about 10 ft between about 100-ft dark-toned int(::c'/~lls of clayey rock.
Composition: (1) Sandston.e, n";ostly fine to Illediunl grained, fi1inof

some coarse grained: Ilicderately to ITioderately well so;t(:;d: grains an

gular to subanguJ.ar; largely wacke (Colburn, 1964) in which day plus
silt range from 6-32 percent, much 10-20 percent (Briggs, 1953b), ma

trix plus lithics about 60 percent (Colburn, 19(4); more feldspar than

qU2,rtz; biotite generally 3··5 percent. Some Sll1ldstone calcite cemented
and hard, both as beds and concn:tlOns, but most clay cemented.

Flysch consisting of mudstone and sh~le, generally interrrupted by thin

ir,tcrbeds of sandstone. (3) Conglomerate of pebbles to small boulders
(average 4-6 in. in dialueter, some as large as 12 in.) in sandstone ma~

trix, typically 40 percent dasts, 60 percent lIJatrix; clasts. break free of

matrix and consist of welJ·-rounded igneeus and metamorphic clast; and
angular sedimentary clasts. Some cenglomerate is porous, most is hard
and has fossilil'ewlls marrix (Snow, 1957). (4) Unit probably include;;

white vitric tuff bed reported by Colburn (J 962, 1964).
On the whcle, unit is probably largely flysch (composition 2), 25-35

percent or less sandstone; however. unit includes intervals of dominant

sandstone that are as thick as 100 ft, as well as intervals of dominant
mudstone. Zones of hard topography may have more than 35 percent

sandstone. Flysch inciudes much of both mudstone and shale, minor to

some sandstone. Mino!" conglomerate. Some sandstone is calcite ce
mented. Probably one bed ef vitric tuff.

Hardness: Sandstone ranges from firm to hard, much quite firm, where

weathered; probably largely quite firm to hard where fresh: ringing hard
where cemented. Mudstone and shale are firm to hard where fresh and

'Neathered; pieces probably are net durable. Conglomerate has hard clast3

in matrix that 1S largely hard where fresh and weathered. Vitric tuff prob
ably firm.

Bedding: Disrinct sandstone interbedded with clayey rock. Thickness of

sandstone beds variable, generally less th,m 4 ft, most medium to thick,
but some, locally dominant, very thick (mostly lO- to 20-ft, but as much
a~' 50-fO beds. In flysch, repetitive sandstone interbeds are thin 01(;

dium between dominant mudstone and shale. Colburn (1964) reported
sandstone beds ranging from 0.5 in. to 10 ft thick, averaging 4 in. Bed:

of clayey rock have a range of thickness similar to sandstone. Cemented

sandstone beds and concretions mostly less than ft, many thick, but
hard beds as thick as 20 ft in places, Ccnglemerate beds mestly less than

5 ft, rarely nicre than 20 ft, lenticular, occur in groups. All heddHlg is
lenticular at nlap scale. Vitric tuff in one 3C-ft bed

Parting: Present on di~,tinct bedding planes, :most at .me-derate to \vide

spacing; \vithjjl mudstone at very clcse to ITIodermc spacing: within shale

at \·ery close spacing: and \\'ithin many sandstcne beds. ont' cr so per
bed

Fracture: In un cemented sandstone, spacing is sirnibr to bed thickness

in thin to mediuITl beds, in very thick beds, ~)pacing 3S grear as 6 ft,

(Brabb and ethers,

1964: Po.yne. 1960:

o about 60 per
;1bout 5 perc(:l:,t H1(iderate

Probabl:;/ much shallow
all mantle very 10\\7.

~1iJ.rlife Shak cf P;:tyne (1962), Inap·

imerbed:; in shale and siltsrOIH?; :mernber (K), near

SumIn~lry~ Probably Inudstone and siltstone, much sandstone.

cf sandstone has :mcderate intergranular penne-ability. Prcb
rrmch mantle se\'erely expansrve.

fcxpn~ss!()n in "erial photognlphs: Forms hcgback having hard to inter-

rn.ed-iate crest between units 676 and 679.
COlnposition~ ivlu.dstcne and siltstone interbedded v'lith sandstone. Sand-

is \vell moderately vJel1 sorted~ largely nlediun-l grained, '-vacke

arenite (Colburn, 19(4). Much sandstone is cleo.n; much has miner
rnatfix evidc.nced by flaking, especLtJly near tops of vcry thick

SOTne to lTiuch of ,~:,andstone caJcite cernented. both beds and
';;oncretions, Pos:;jbly minor conglomerate, Clayey rock is largely silty
rTlud~tonc, SOIne siltstone. Rare lilne~;tone nodules in mud~,tone.

Consistent impression tbat unit is about one·third sandstone, two-thirds

L11JQ:,wne and siltstone: saudstone constitutes as rrwch as half of rock in
[n~my zones.

I-I~u:d~le§s: Sandston{\ 1l1udstone, and siltstone are firm where weathered,

probably firrri where fresh, except cerrlented sdndstone is hard. Lirnestonc
nodules hard.

Hcdding~ Sand~;tone beds are distinct, rnediu111 to very.' thick (as m,ud1 U$
is between {hick very thIck (50-ft) lI1tervais of ciayi;y rock that

comain some medium sandstone beds. Expcsure in resistant nose shows
6-, (0 8-ft sandf;tone beds betwee,jJ 15- to 25-ft Inudstonc and siltstone

imervals, Some indistinct inter bedding of more and less silty mudstone
at medium to thick. Much sandstone laminated near tops of beds

Parting: Present at distinct bedding ccntacts, within many sandstone beds,

and at c!\Jse te moderate spacing in most of mudstone and siltstone,
Fra~~h.:ue~ In firm sandstone, ,,-:lose t.O Vllide spacing, mostly n1cderate, In

cClnented ~;,andstone, spacing ranges from moderate to very wide (6 ft).

depending on thickness of cemented beds~ spacing is moderate to wide
in much cemented rock, but in places abundant very large blocks. Mud

:;tc,ne siltstone ni.i'iC close to 'i,/ery close spacing of \veathering frac-

D"ioderate, possibly' wide, original fracture spacing. SphericRl
concrctl'~-:,ns 2S large as 6 ft in dianleter.

Pt'I'lTQeabiHty: IntergranuL1.r perEieabiIiry of mudstone and siltstone largely
'I/tTY 10'.v, ITll.lch(?) siltstone 10\,v v..·here \veathered; sandstone moderate
tc 10-...... , much of each, except very lOW \vhere cerrtented and in sOfne('?)
fre'.:;h reck. Thus, bedrock has about one-sixth moderate iBtergranular
perrrieabjiity, one-sixth rncre 1,)\\', two-thirds very 10\\'. lvluch 10\lJ frac
ture petn1eabilit}' in shallov",· bedrock. Ivlcst Tnantie very low to low, some

fTioderate.

MAP UNIT 6!1

"VVe;Hf1edng: 1\1cst rock is \ve3:Lhered to depths greater than 15 ft. but ce-
rnented :,;andstone fresh near ground surface.

Surficial rr~antJe: Largely clayey, some gran:llar. Clayey soil is flirly
unifcrn1 sandy and silty day.
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fine-fZrained. penl1eability

shale. (2) Les.s.er 3nd VeT)'

"l.lery lev,'pcrrne<:ibility. Alrros,t

m.inor to SGEK' I11oderate.

Geologic unit, (age)~ l1ud loc;:J:tion: Great \lalley se.quence, unilarned shale

(equivalent to unit Ks? of SCUE:e n"";,ap) (K), oniy VieS!: of Clayton, north

west of :v!aunt Diablo.

Sumnlary: Briefly seen in field. Probably largely fiysch of n1udstcne and
shale containing ruiner interbedded sandstone: 0.bour percent ",'"ery
thick: intervals of oOfninant sand~;lCine. Hard sandstone, hard to finn

mudstone and shale. IViucb to n10st bedrock and probably Inost Inantle
significantly expans,ive. See unit 681.

Expression in serial photographs: LargelY reSIstant intern1ediare (opog

raphy, [nost regu13.rly ribbed; largely :ntermediate crests, SOIne hard

crests. ChJ.Llcterized by crests and sorne ~;iopes that are light tcnc~d

againST drainages thaT are dark tcned. Topography' is controlled by bed

ding, banding largely locally prGncunced. Light-gray and

dark-gray subtle bands, Inosf frOITI less thaD 10 it SO fi. in v.rjdrh. some
of eJ.ch as viide as ft are about eqL1311y abundant. IY1uch sho')·,:s

gray t'-:<lnded tone, son::e pronounced light tone, sorne prcnounced dark
tone: tones suggesl Hysch, cbyey sandstcne

bard sanGstcrle (light), ,1rIa or sh':'::3red clayey reck (dark). Of pro
nounced, light-toned baLds, 10 percent JIe nl0re ft in v;,'idrh, prob
ed::ly very thick sandstone beds ejf ZCI1(;:S of don11n,?nt sa,ndstcne.

'Veathering: Free cIa:" prf:~sent in weathered reck. Sandstone yveathered
to dt;pths greater than 25 fr except vy'here cen:i,;:nted.

Surficial mH,ntle: Almost ~H minor tc son1e granuLJr. Fluffy silty

cluy soil, like s::ul1ple BHS7, is typical reT rnost of unit cb~;eI'ved except

granuLH' scil over s;~nd:)tone Dr. ridge tops.

Expansivity; Aln1cst bedrock Ina)' be expansive, probably largely

Lific3.ntl~y' expansive; SO-file unexpansive. AlIno;;t an nIantIc. expan~;;ivc,

ffll.lch cf tbjs severely expansive:, Ininor to unexpansiv\~. SaIT.iples:
BESSA, well-cr:icked sandy clay subsoil, more expafi.sive than
rniJL:;r, free 107 percent; BHS5B, n10derately cracked sandy clEy
sci!, mere expansi·ve than most, free ~~wen 130 pf,~rcent; BHS7 Il1iidIy
cracked silty C)3Y soil, typical, free s'.iv'eH 93 percent (exaggerated);

BHS9, very mildly cracked silty clay soiL free swell] 10 percent. Sample

EHS7 probably represents typjcal expansivit:y of weathered nluds~one.

See saHlpIes for unit

Soufce~: Colburn, 1962< 1964: Snovi, 1957: seven station~;.

MAP "['/lilT 68(\

Compo§;ition: (1) Flysch of rnediun:

sa,ndstone interbedded v-/ith rnudstoneis

J964;

hard to

incleed, n:cst

hard 'l/bere
mlJust<tme can be s(~raped by

i953b; Caiti:f!],

firm

v.,:eathered, approaching hilrd \Vhere
sr.ndstcne is largely fifni to quite

ft or

ShCV-IS pronounced lil?;ht-toneJ resistant

typical, free s\vell 67 percent (exagger-

s::andy cl:J.y soiC :yp~cal station., free
(c;:ul,f!,ger;ltedi. See samples for unit

l\laxi,mum it \,Brabb and others, 1971).

intervals

:,an,j:st'Jne [nakes two-rhirds, of n1Gst
as 3. whoi,~ prcbabty Jess than

MAP U"'iIT 679

ft ·vvidth.
C{HTifH)sition; (1) I'viudstor';,,:, intervah, ,.;onsisring cf rrmdslone trw! vari

:;ilty, ~;o)'ne 3iltstone in places. and Iesser fissiJc-"veJ.thering rock

iIi pl.aces includes SCHEC regu18rly interbedded t11in to

ITl;~diurn bed:; silt)' fine-gralned sandstone, forming t1ysch. Sand-
stone, \vack,:; arenite, largely I1iediuI11 to fine grained, lIloder2te,ly v/eE

sorted, rrmch miner clayey enough scale \vhere

most. calcite cen~ented.

Gea-1ogk unH9 ~nd location: Grcm Valley sequcncF,:;, predorninantIy

in LDuG.rnec sandst<:H~e and (K), only ne~r I\1ount Diablo.

Summar}": 15 clayey reck or tlyc;ch of clayey rock interbedded
l,vith thin sandstone; j 0-20 percer;J is sandstone in medium tc 6-ft beds.
Except fcr sandy soib en ~<lndston~ ridgetops, alrncs,t all bedrock and

n1antle is expansive.
Expre5s1on in fH'ria! photographs: Intermediate t\Jpography that is largely

SJ1Y?Olh, rcunded, and scrnewhat lUTnpy; subdued with respect to unit 62l.

Ivlost LiCks ribs. Locallight··roned bands. hogback ch;::LI'aCter, and ridges
in ot11er17-I1Se ~;ubdued topography indicate intervnh of ~:and~,V}l'h:':. Mediur;1

photographic tene. Banding, \vhere present, is generally very subdued,

bet\veen dark-toned zenes as vv'ide

St;~a[1graphic thickne55~

Brabo ;lnd

Sno\v, 1957; Turner,

f:h::dding; \ludston;: rnc~y internall: indistinctly thin to

medium bedded; fGan)"- have distinct thin to mediLJm. sandstone beds be
t?/cen ITd;oiun1 to thIck. sorne '/er:y thick, intervals clayey rock. \1UCl-
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vI'e3.thering

in flysch and medium TO \'ery thick (as much as
less thaD 4-ft) distinct beds that l.)ccur largely in zones

dominant sandstone that tens of feet thicl<. CeE2;";:',nt.ed

ing. Al~>J presegt on sand~,ton';

spo.cing.
Fracture:

thick: CODcre':lcns to iarge.
Parting: rnud:;to;,le

Surficial rmlnt'e:
typical on of unit, loam .sed

Expansiviay: 'Probably 1110St

cantl)
urL,:;xpanSlve.
free 66 Se(" sanlples fer

Stratigraphic thkknes.s~ 4JJOO
Sources; Br3.bb others, LJi' I' CDlburn.

891; three

closeat
shale (about balf), at very

half;. Present at dj~,:tinct bedding planes

eml} In thick thick ~,and·- SCEne mC)G"rCl.te.
"1;:lil~:aUl€~ring~ Sand:,tcne V!('Z,.tbe'i"ed

very thick sandst;)ne be<:.1s
n3.Et santhtcne range frorl1 less thJ.D. lOft to a:: ITIuch

rnuch 100 ft.

stone.

thick beds of sandstone. (3) Clayey sandstone and siltstone (not ~een in
field, suggested by expression in aerial photographs).

About 90 percent of unit is nonresistant material, probably

flysch dorninar;.t rnudstor.e and shale betv;/een beds sandstone, but

possibly !r~uch siltstone or clayey s;JJjehtcne. SGndsi.one mJ.kes up D~bout

percent of f1y:)ch. \l1:r)-i thick zones Cif dominant s,andstone n~ake up

aDi.!;lt percent of Of rnudstone and !'ialf cr rnore sbn,1e,
lIard-ness: SandstcHh: hard ,\\'here \\'c2.thered and fresh; and sb.ah:

h3.ve to finn piece:; where \veathered and
B12dding~ F1ysch ()f distinct thin tiJ Inedi:lIl1. rarely thick. beds of

inh:rbecided \,'l.ilth

Fracture: In ~~andstcne Git spacing s.lrDiIar to bed thickness (Li.rgeiy

n10derate). IVludstone and shale have to close spacing
\ve'ither1.ng fracture. on original InGderate, p(}ssjb~y wide. spacing.

PernH~abHity; !ntergranular penneabilit:y of sandstone 10\v
Trmdstone and shale very 10\v. Thus, jfitergranular pern1eability mc<;t
bedn>:k probably very lO'N, Elinor to possibly sorne lov\'. Niost shaBo\\-'

bedrock h3S 10\'/ fracture pern1eability. Probably IT.cst rnz..nrle
'VVeathering: Mudstone and shale fresh (dark) at depth of ft.

Surficial TIH1:nHe: Probably larf':ely cla.yey, possibly rnuch gr2-nulal'.

nearly clayey as ;ldjacent Norton,,'iHe Shale (I.lDit ·t38).

Expansivit): Much to mOet bedrock signiflcantly expansi.ve. Probably most
rnantle significantly expans.ive} S;)lT!e fDay be severely expansive.

Sam.ples: CL3A, typical mudstone, free swell 70 percent; CL3C, clayey
soil, free s\veH 69 percent (exag'gerated). See sam.pIe [or unit l.

Stratigraphic thickness: At least 4.,000 ft (BraDb and others, 1971

Sources: Br0.bb and others, 1971: Colburn" 1964; Taff, 1935; Turner,

and
of

low.

Yolo Range 2nd

Most shallo\'\.! bedrock h::.s

SOIne cJ3.y'ey she;;:lred
Int,erg·carlUI:1f of cimost all

Gee'logic unit, (age)o, and ~ocation: Great '\ialley sequence. uD1w.med
(K), only e~st of Livermore VaHey ne~1r Teska. lncludc~: HcrsetO\\'Il Fcr
n::JJjon of Huey (1948).

§unlirnary: Not seen Eeld. Dominant!~y'

sh2.le (unit conLHning saniJS!.c;ne
descriptions units
lvI:nor

Genlogic units:~ (age)o .and laeat10n~

fonnaticns (KJ) and undivided rocks

Str~tigr@phic thickness:

Source rtuey.
quite firnI v/here

firnl where \;'eath-

bed~

that contains SClrle

I\1ost rn::ultie significZ<tlt!y expansive.creps

n1e;ibdity. (4) Cakite-.:eri1ented concretions

Co.1ca,reous beds in shale (Turner, 891).
Unit i.s i;;.rgely flysch of mudstone cnd

MAP UNIT 681

1891: one station.

stone and rJinor sandstone inrcrbeds; SOUle sandstcr:e, 1arg,::ly' in zones

of J.bun.dant to domi::1ant SRnGstcne. Saffle of nnit cernenred sand7,tcne:
rninor caic8xeous beds in~:h.2.1e.

Expression in aerh~i phGtogr",~phs: Intermediate topography: Inuch
bumpy, regular that has occasional ~,harp, hard cre~ts.

tCEed bands as ,vide fr, dark-Loned
Corrtposi[}on: 1 ~~iludstone and shak, ;lbout equally abundant;

blccky fracture but nearly fissile nc:ar ground surface.
Sandstone. la:gely nlediurn to fine grained,

GeoJ.ogic unit~ (age)~ and ~oCRt1Glf1: Great Valle~~l sequenCt';. unn[::.nied shale
(K), only J\1ar::-;h, Creek area near rvtount Djablo.

StHEInary~ Largdy flysch of rTIudstone, sheak, :led miner interbedded sand-
son1e ZGnc:: of abundant to dOElinant in largely·

~,ome as thick as 10ft or rDore. S0n-~e calcite .. cernented s,andstone

Hnnjnc~~,5~ 1\'luds.tone, ~;haJe_ are

ered. :firrn to fresh. S:0,ndstone
'l;v~;lthered; scrne or ill.ore is fErn apprcaching

m.cst firTn to hard wh,~re fresh. Cenlented sandstone (sam.,;; of unit)
berd, "Neathers sph~roidany to firm.

Bedding: M.udstone, shalt l and siltstcne indistinct;y interbedded ,,'try

thin to mediurn beds. SandsTone occurs as thin to ITlediuIl1 distinct beds
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1931: \Veaver.and ol.hers, J

MAP UNIT 684

:noder2te orj<i~in21 spacing; predOJlljnantl)l of fine sandstcDt: htPle

rnodenl1.e origJnal spacing. w'e2tbenng of Gludstone, siltstone, shale, and

fine :,:andstone pToduces a weathering fracture at ver}' .:lose spacing.

thick beds of rnediu.IT1- to cC<lise,-gra.ined sandstone ha'-/e mode,rate \/ery

5"14, weathered mudstone, sli.ghtly cracked, free swell 49 percent; SN7.
weathered claystone, IT.tiIdiy cracked, free swell 50 percent: PC3. ~;hale,

mildly cracked, typical at this station. free swell 100 percent: BN2, pop

cern claystcne, typ1,cai of sam;;-· cf unit this station. free s\veH 133

percent; B N4, sheared mudstone, mildly cracked, free swell 118 percent.

Surficj,allT,a.ntle samples: ['vlDl0, typical clayey soil on unit Kgvs of

source Inap. mildly cracked, free svvell 9<J percent; EN 1. soiL 1TIod
er3.tely cracked. free SVitll 125 percent: EN5, ~jlty clay ~~oiL free swelt

IG~, percer,L RU5. cracked clay ~:,oil nn unit KJgvrn of ~:curce IDap, no;
typical, free ~,v0eU 96 percent: \VS! I. cracked da}," soil. ryp.;.c8J on ;mit

KJg~/El. Gf nl.ap. fn=;e swel1 89 percent: BN6A, sar;:dy clay soil,
rnincr. rnoderalely cracked, free S\I;/cU 1 percent: Bl\6B. typical clay

soil on unit Ku of scurce map, riJildly cn':.cked. free sv/cll 73 percent.
Scil typically rnildly but to some beds and zones are

hig111)' CTDCkcd.

Stratigraphic thjCk:f.H~~~5: l"·Jorth of Carqu;nez StraiL rnuch 7,000 ft:

5,,000 ft near LV",H'''''''".

Geologic unit, (agel-, and location: Gr<~3.t VaHey sequence, siltstone and
ElInor sandstone unH (KJ),., north and. v/est (:f Santa Rosa in Mendocino
highlands and lVlayacmas [vfountains.

SUlnmary; LargeIy mud~}tcnc' and shale, lesser flysch anei sandstone. Al

most all bedrock 2nd ;uantle is unexpar:sl've to ~;ignificantly expansive.

COIn position: rvludstont, s.hale, :,;ihstone, and sorne sand~;tone. In c'xpo

sure·s observed. dominant cornposition intermediate bet1.veen shale ~1Jld

lTIUostGne; the rock has rnudstone fracture, but is finely laminated in
many places and develop:; " flc;sility where weathered. Unit includes

~OIne to rriuch flysch siltstone, shale, n:nd finc'-grained s;:'L~dstone; some

sequer;l,:e=~ of fine-grained s;:nd~,tone as thick as 50 ft; and a few \'(:'ry
thick bcds of poorly sorted, well-cemented, mediunl- t(> ccarse-grained

arkosic sandstone th,Jt contains much rnatrix and forms proH;inent ridges.

l\1inor cong!cm.eratiC: like unit 604 and a few beds of lin~estone are also

present. Geaie)' (1951) described this unit (his Knoxvil1e Formation) jn

Healdsburg 15' quadrangle consisting mostly of shale and siltstone.

Cnit is largely mudstone, shale, and siJtstone: some sand.:;tone: ininor
conglomerate and limestone.

Hardness: Mudstcne, shale, silt~tone, and fine sandstone finn. Ver:;/ thick
~;tlndstor,e beds largely hard, :;;orne firn1. Calcite-ceITiented sandstone hard.

Bedding: Clayey is n~lcst1y laminated, but includes ~;orne blocky
rGud~)rcne in beds as thick 3 Fine san\istone and siltstone beds in

flysch are thin to n:ediufi1 lTIuch in.); SGfl1e fine ~andstcne beds

to thick. in sequences as thjck it or InOrt. MediuIY1- to co&rse-

gr;:lined :::andstcne beds are \/ery thick I11uch as 50 rvli
nor n-:edium ~)cds of calcite-cemented fine sandstone,

PerrrH29.bnit:r~ i:r;.rergranl.'lx~penneabiEly in r.\'1udstone~ ."".".cn,c,
and rnuch fre;;;h sandstone; largely Io\v yveathered sandstone.

Thus, intergraD.ulz:.r per-rneability' of bedrlJ'<:k very 10vl". some ie-\l\'.
l\1Qst sholle',',! rock h[;.s lo\'/ fracture permeability. IV'lost TIlantle lov'l, SOIl1f:'

IT1oderate.

Parting: Very dose spacing of paning In weathered shale <lnd JTIudstone;
c105c to very spacir:g in fine sandstcne.

Fracture: !vludstonc, shale, and interbedded fine sandstone have close to

¥/fHthering: Fine sandstone 1J/eathered to depth.s cf I11Cft:= than 1.5 ft;

dayey rock \'ariab1e, bu(: v/eathered to depths of lliore than 5-10 ft
"vVeathering softens rock and develops paraIlel paning and weathering

szmd-

to gen~;-ally more than

son1e gT3nul:lf

vlhere fresh have lTIoderme to

,~xpanSi\ie. ?\1uch n)~:.r.de sev(:rery expansive,
Inincr uf'exp\}ns:.ive. Bedrock ~,ampks::

15-2-:) ft.

percent'; is per-

ver:/ thick sa.ndstone beds.
fn::sh., ~,awh,tc-ne hard an.d n1ud::;toi1e inteni;JJs

of hard pieces. \Vhere 'J,veathered, ~an.dstone

cillci~-e-ce,mented 2nd concretic,ns are hard,

rl111d::;Icme inten/als h8,ve firm tc soft rock of firm to h~ll"d pi,eces.

Bfddh!lg: Flysch bedded by distin,:t thin to CGmDlonJy
sandstone bed~, bl~;tween .mediurn to very thick mudstone inTer-

vals of io(listincdy ~aminated to thi.n-be:dJed rocK.

S"ndstone 3.lSO occurs in distinct, medium very thick bcds
but ,1;e,nerally ~<:lndstone beds are less than 10 ft thick;

these sandstcne beds mo:;tly occur
n~isch. These n1edium tIli.:k sand-

stone beds between to thick flysch; intervals of dOffilnant sandstcne

ai'e thick ft ,')f rnore. Conglorneratf knses very thick (5-25 fri.
Parting: flysch at very spacing, rarely moderate. \\lhere

c.bun,d2m1. sandt::.tcne, contacts bet\\'een ~<lndstone lTHlduone, which
rrwstly at mcderate to spacing" fa.rely very ,;vide.

and \'ery thick ~;and-

fe\\/ to

generally perpendicular to bedding, but weathering pre-duces

dition~~J \'ery close spacing th,ilt about perpendicuiar bed-

ding and paning develops p;;"I'2.11el tc beddi~g where \veathered.

ThlJl tc sandstone beds have fracture about perpendiculz,[ to bed-

at spacing 5:imilar to bed thjckness or closer. '\lery thick sandstone

show fractur~ of irr::guLJr ori,::;ntation at ~,pacing rhat is rnc::;tIy mcd-
but thrcktjess.

Surnn1.ary: Alinost all flysch, but includes ll1inor to seIlle scattered
TnediuIT! tG very thick rnuch dS SG-ft H10re) sand~~tone hed~ that

occur zones: inten.'als of dominant 5J.ndstone thick as 100 ft or

more. :\/IiODf to ;·~t}rne bedrcdc and much mantle ;lre severely expansive,

lan1inated to thin-bedded J11udstone, siltstone. shale,

rnudstone intervzds; rnediurn to
are repetitively interbedded with thin to

<;aiiJ;1';L][]e beds. This repetitively hedde:d reck,

rock of this unit. Scatt,~:red thrcu};I1Gut
the reck.



200

such as sarnplc \VS4,

beds vleather torare

Range and '{eIo R2.r:.ge, ft
ft or ITmre (Brabb and ethers,

claye:·y. Sihy clay

fracture and pr1..rting.
hard where fresh \veathc; ed,

is tVDicaI.
Expa~~h'it)': Almcst D.lI bedrock is unexp<insi'/\~ tc possibly significantly

expansive. rnincr to some severelY expansi'\i'e (gDuge and ~,()ft tuff). ?\10sf
ni.D.ntle significantly expansive, probably SCillC severely expansIve.
Sc,mples: \'/54, typical mi.ldly cracked clay soiL free 53 per

cent; AES2. \~{-clI-cracked gouge ass:x:iated \\lith serpentine, free s'.vell
78 percent.

\XAP CNIT 68/

sticky clay.
Bedding: !'vludstcne ::,hale arc indi~;linctly very thin to thin bedded.

Sand;tcne, ccnglomerQte, tufL and lirnestone beds are distinct and pron-ii

nent against uDlfonn clayey.' rock. Sandstone, conglClTlerare, H.nd tuff beds
Jre tbin to very thick ft), ITiOStly 111ediuH1 thick; Erne-stone beds thin
to rnediulTI. Sce unit 687.

Purting: Roughly paral1d parting at very dose spacing 10 shale and in
Jlluch of mudstone \.\.'here \\'ca:,:hered. Present also at distinct bedding
CGntact~~.

Fracture: IVtudstcne Qnd shale have to !"tl'JdeIate, spacing or origiE2J
fracture and very c10se spacing of weathering fracture, in addition
close parting where \.veathcred. Sandstone, tuff, conglomerate, and lirne-

~Tone hU\'e close- wide-spaced fracture perpendicular to bedding.

Pen11cability: Intergranular penneability of mud::.~tone ~lnd shale very 10\:\'/,
e,;f some tuff to moderare, sandstone to lew. Thus, intergranular penn~

2.bility of alr.nost all bedrock Vf:fY lo\v, rninor tc rnoderate. Alnlo~t

all shallow rock hz.s lew fracture penneabi1ity. Alrnost all niQntie
\Veathering: Greatest effect is ckvelopn1ent very close fracture

parting. Pieces of n1udstone and shale largely H;IT1;;),ln bard \\"fiere weath
ered, but sorne are soften.ed to finn. \VeJthenng effects extend to deplhs
greater than fL

Surficial mantle: Almost

Stratigraphic lhickn~ss; Ne:lr Nap
<Clark, 1948): near l\,lount Diablo,
} 971).

,sources: Anderson. 1933: BrCtbb and others, 1971: Clark, 1948: Colburn,

1961: Sims 1973, Tu[n:~r, } si3tlons.

rnildly cracked

UnCI'4L.::k::d 10 rainer rr:ildly

roaGents.

lin:estone. Scme to rDEdl bedrock finn clayey
renluinder hard. Frobably some bedrock and much

rn::mt1e severely expansive.
Expression, In ileriai pbotGgnJphs: Serniresistant intermediate topogra

phy, unribbed.
Composition: ) Shah,,: g:fading to 1~;

sonIC J.rr)llaceous, ~~orne contain~~ isolated pebbles, locally silicified.
?v1uch ~~;hale, v/hich yveathers to platy very srnaII much is mud-
ston;~ and siltstone, spheroidally. Sandstone ::im]Iar
to described for unit 635. (3) Lime~:tone, fine granted, in loaf-shaped
lernils. Clayey s:heared rock.

I\/1ost alrncst all unit compc:~ition 1; rniner to sorne sandstcne.
Linx;stone present in rninor 3rnOu.nts thrcughcut secticn; Robin::,on (956)
reported limestone to be D.bundant. SOfi1e to much day~~y sheared reck.

I-:I~lrdnes~;: Shale. Dludstone, siltstone. and lirr1estl)ne are hard '.vhere ftesh
and we,athered. Sandstone hard INhere fresh, firn1 to hard \vhere we,}Jh
ered. Clayey ,;heared rock firm to soft, depending on wetness. Shale
locally silicified and used fill and rCild m,etal (Robinson, ;. 956),

nedding: Sh:;.le, mudstone, and siltstone aTe Hlostly in thick to very thick
(as TI1uch as lO-ft or more) beds, indistinct di~tjnct; Jin1estone thin

rnediLun; ITIOst sandstone beds thin to H1ediuITi, scme to very rhidc See

SunHnary~

stefl:;:',;

G·eo10gic

unit 687.
Pnrting: Variable. In ~;hale, very clese spacing 'INhere Tyvcathered; in rnud

stone and siltstone, ,;vide to "lier}' wide, probably largely very v/ide.
Present along sandstone cor~tacts ut close to ·very wide: spacing. Thus,
n1L':ch of unit b3.s very dose p2,rting, but probably en]y in '},learh-
ered rock unit much poor to absem: parti~g.

Fracture: Clayey rock has close tc very close spacing of yveathering frac
on probablY clos!~ tG n-wderate spacing of original fracture (inferred

horn unit 689). LiIDestone :3.11>] Jl10St sandstcni~ mode::-ate
:spacing.

Permeability: Intergran.u.lar penneability very low Li nTud,.;tonc, shale,

rncst siltstone, shea':'ed rock. rnuch sand~\t()r:t:. Gnd hrncsrone: 1<)"1/1" in Tl1uch

sandstone J.nd ~·o:-ne siltstone. Thus, most bedrock has 'itt}' 10'A' inter

graDuLif pernieability, Inincr to some levi. l'v1G~;t sb.allc\v ro-::1>-
pern1eability. {·lIost to almost all mantle \'ery 10\1/.

'A/€gtherIng~ units 686 ;3.nd 689.

Surficial Inantie:

cl2yey subsoil, such HAY14.

EXp:H1SivHy: ~Jcst bedrcck uncxpansive to

scrne probabJ)· sc\'~rely expansive
expz:,nsive, probably nluch se\'erely S;}mpl.e~ .

GEologic unH$ and Icc2tion: ~"ludstcne wid (KJ). near
OakJDnd. Includes rocks previou.::ily ITw.pped as KIloxville Fc,rnlJ.tion by

sorl1'~ \:J,·crkcrs.



DET/1ILED UNIT DESCHIPTIONS 201

alIn0st all lS l11uds:cne ;}nd :;hale.
~~CTne s;:s!,d:jlcne a:r:d r1.11
::;i~~)~ ifi c;~ r.tl:y'

cant: lO-40C fr
inter:)edding.

PerrnenbiHty: io\\'.
m'Jl),er:J[e [nee-
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Surficial mantle: Largely clayey. Most ie' unomcked, some very mildly
cra.cked: some nlildJy crack~d clay subsciL such as s(imple Iv!GHl.

ExpansivHy: IVlost bedrock is unexpan~;jve possibly sig,nificantly ex-
panSive, minor to seTne severely expansive (sheared rock). l\v1ost n1Jntie
slgTdficantly exp;~nsive, seve:Tly expansl\'/( Sarnple

I\1GH 1, m.ildly cracked clay subsoH, free- ~'.\vell percent, .;::overs son1e
unit. Most rnantle appears less ,~xpansi\r·e.

Sources: Anderson. 1933; Crittenden. 1: rVlcLaughlin ,lnd others, 1971:

Tenlpleton, 1912; three

MAP t'~iT 700 Lnsheared Fnmdsnm s.mdst<me and shalf

Geologic Ulnit~ (age)9 and location: Hard topography in melange of [he
Franciscan assemblage (,K]) and shale of the Franci~;can

assembL;~ge (KJ). detern-::ined by i.nterpre:tation aerial photcgr:J.phs;

in Ivlarin highlands.
SunulHu"y: Largely unsheared sandstone interbedded viirh s.hale; rnay in

clude SGlne :;hattcred sandstone o.nd Elinor cl2tyey sheared rock. tviinor

expansive bedrc<:k and surficial I11:1ntle.

COll1position: Most to alInosr all is sandstone (gray\vacke) Interbedded
\vith shale !jnduding siltstoneL miEor pebbk and cobble ccnglolnerate

has sandstone matrix. Unit Hlay iD.cIude sorne ~;hattered or brecci
ated S.'"lEcbtcne, (like unit 803) and Inin.or sh~ared rock. chert, and green
stone (like eqmvalent materials in units 800, 511, and 253, respectively).

Hllrdness: Where fresh. sandstone is hard and shale has firm rockIL1SS of

hard pieces. Where weathered. sandstone is firm to soft in thinner beds
and finn to hard tfl thicker beds. shale finn to Conglolnerate clasts
are hard to finn. fnJtrix f1rm tc scft \vhcre weathered.

Bedding: Sandstone beds are distinct. largely continuous, of varying thick
ness and proportion of interbedded shale, and occur in t\VC ITlajor hab
its: (1) flysch of repetitive thin to mediUm beds in abundant to

predominant Interbedded shale (as in unit 702): and (2) thick to very thick
(cornrnonly 10- to 3D-ft., but as Inuch as lOO-ft or more) beds between

thin to very thiok (50- to lOO-ft) sequences of flysch. Conglomerate se
quences mcstly a:; thick as tens of feet, locally as thick as hundreds of

feet.
Parting: At cc:ntacts betwe~n sandstone ;lnd shale, and at very close spac

ing within shale.
Fracture: In sandstone, mostly clcse tc moderate spacing l but as Inuch as

very wide (6 ft) in ~;ome very thick saildstone beds; oommon close to
very close spacing of incipient fracture that becomes effective in we;;th

ered rock. In 'weathered shale, very close to close, locally moderate~ fra.c
ture spacing. Conglcmerate has wide to very wide (4-fr) spacing in very

thick beds.
Permeability: lntergrannlar permeability of bedrock largely very low.

possibly some low (in safne sandstone). Lov~' to Icc~Uy Inc-derate frac

ture permeability in almost all shallow rock. Most mantle moderate, SGme
low, minor very low.

Surficial mantle: Largely granular, miner to some clayey.

EXp8ns!vity: Bedrock and surfici;J mantle 2fe largely unexpansive, mi
ner e:xpansive D1aterials in each (clayey sheared reck and overlying

m.anrle). See samples for unit

Stratigraphic thickness: Hundreds to thousands of feet.
Sources: Bb;ke and others, 1971, 1974; EJlen and others, 1972: many sta~

tions.

MAP UNIT 701 Franciscan sandstone and shale

Geologic units, (age), and location: Sandstone and shale of the Fral1cisoa,1
assem.blage {Kl), throughc:ut tegion. Includes: unit gv.,"y of source D1ap
only sOl:,.th of Sausalito and I'vlaril: H,~adI3.nd2: State Park Marin County:
unit KJfss of source 111apS ~vlarin and l\1endocino highlan\is; units fs
and fcg of source rnaps in most of Santa Cruz Mountains; unit Klfnl of
source ~".nap~, in Diabio Rz:n.ge~ and units fs, , zmd fS 2 of SODrce IIlap

in northern ~fayacn13.S I\·fountains.

Summary: Largely sardstone and shale. much ul1sheared, lTIuch variably
sheared, including :;OIne clayey guuge and severely sheared rock that Iil2,y

(;()ntain hard blocks. Bedrock and surficI<.:d mande are largely unexpaf;-
stye. but SOlTIe each (sber;.!"cd rock and clayey scifJ exp2.n~.;i","e.

Com'posit~on: L::::.rgeiy sandstone (gray\vacke) Jnd s:h.:11e (induding silt··

stone): minor pebble J.nd ·cobble conglcn-;erate thaI flU:'; sandstone~ ma
trix. l\'luch of unit is largely un~:h~~'ared ~.E1>:.: unit 7GO)~ ITiuch is 'variably
sheared (like unit SOUle clayey gouge [~nd severely sheared rock
that 11i3.)/ contain hard blocks dike unit Lo.rgely un~,he3red in rv1arln
County c·outh of Sausah·u).

Hardness: Where fresh, If10st rock hard. but gouge and severely shear-::d
rock are finn ~,oft. Vlhe.re weathered, sundstone is firm to hard in

thicker beds. finn to soft in thinner beds: shale finn 10 soft: gouge
and se'verdy shear'::d is sefr, blo,;~ks hard; conglornerate
hard firm.

Beddi:ag~ Sandstone beds are d1strnct, of varying thickness and propor
tion of interbedded sh3.1e, and cccur in two .m.ajor habits: (1) flysch of
repetit~ve thin to raedjurn beds in abund;lnt to predorr1inant interbedded

sh<.:ie (as in UD.i~ and tbick to very thick (cor.anlOniy 10- 30
ft but as much as 10G-ft or lTIOre) beds between thin to very thick (50-

InO-H) sequences of flysch. CongIomer[ite sequences rno~tly as thick

as tens of feet, locally as thick as hundreds cf feet. Shears inlerrupt con
tinuous bedding in Bluet rock.

Parting: At contacts bet'0/een sandstone and shale, and at 'very close spac

ing 'Ntthin. shale and severely sheared shale.
1"'1racture: In sandstone, D10sdy close to :co.odenlte spacing, but \-vide to very

wide (6 ft) in some thick tc very thick sandstone beds; COffilTICn close to
very close spa,:ing of incipient fracture that becornes effective in weath
ere,d rock. In weathered sh3.le, close to very close, locally mcderate, frac

ture spacing. Ccnglomerate has\\'ide to \vide (4 ft) spacing in very
thick beds. Variably spaced shear surf".ces present in n,any pb:es. in
cluding very clDse in severely sheared rock: hard blol;ks generaEy I-50
ft in di ameter.

PernH:'abiIity: Intergranular permeability of bedrOCK largely very law,
possibly some low (in sandstond; fracture permeability in mm:t shalkw

rock low, scme moderate, very low in clayey gouge. Most mantle mod
erate, SOfrie low. ~~ome vt~ry low.

Surficial mantle: Largely granular, some clayey (largely on clayey gouge

and severely sheared shale).

Expansivity: Bedrock largely unexpansive, some expansive (sheared rook).
Surficial Inantle largely unexpansive, sorne expa.nsive (where clayey over

sheared rock).

Bedrock samples of Franciscan sandstone and shale: MM6. coarse
grained sandstone, free swell 54 percent: was, sandstone, fre.e swell 83
pe.rcent; SFN4, weathered graywacke, free swell 59 percent; PB2A, al

tered graywacke, free swell 52 percent: BOI I, weathered shale about 1
ft from ground surface in uni! unit 803, free swell 4·2 percent; BO.?3,
sandstone brecci:l in unit 803, free sv/e1l4~· percent; B02l, shear~d shzde

in unit 8D3. free s\Vell 42 percent; B022. sand-clay rnatrix {roIn sheared
rock in unit 303, free swell percent; \V09, sheared shale. free swell
68 percent. See samples for unit 801.

Samples of ~;urficidl 111antle on Franci~:can sandstone and shale:
PR~JA, clayey to silty grassland soil en unsheared f1ysch of unit 700.

free s\vell 30 percent: PRN IE. siay wood.land surficial soil on uns.he~:Hed

flysch of unit 700, free swell 33 percent: PR1':lC, silty woodland sub
seil on unshear~d flysch of unit free ~:,we1135 percent; SG15A~ col

luviuITl on unit SG3, belc\v seiL free s\veU 54 percent: SG 15B, soil on

colluvi.\l!TI on umt 803, f:-ee s\.\'cll 56 'pC[I=ent: \\/016, rnildly cracked day
seil, free s,\\-'eU 60 perceDt: SFS8. gravelly s~)il shale. m.cderateJy

cracked, free s\vell. 60 percent: SFS9, uncr8.cked gr3.\.'elly clay soil on
ridge, free s\ve1l69 percent: MIvl10 (not pJ()tt,~d en sarnp'k location D1;}p) ,

soil on sandstone and shale, free .sv-/ell 68 percent; S~vI7, on
grayvv'acke~ free swell 70 percent. See sarnples fer unit

Stratigraphic thickness: Hundreds tc thousands feet.
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ably sheared (like unit 803), some is clayey gonge

ro,,:k that lnay contain hJrd blocks (like unit 800).
§OlH'{:e.s: Blake and ethers, 197 L 1974; CctIon,

Inany stations.
Elle n and ethers,

Hal'dnes;;: \Vhere fresh, rock is bJIcL but gouge and severely sheared

MAP UNIT 1100 Franciscan gouge and severely sheared §hlile with
blocks

MAP UNIT 704 Undivided Franciscan rocks

SOIJrCe5: Po:rnpey:;3J1, 1963; H1any stations.

Geologic limit, (ag,,), and location: Franciscan assemblage, undivided

IKJ), in southern half of region.

Summary: In most places, largely sandstone and shale (like unit 70 I),

probably containing much of other rock types, such as sheared rock,

greenstone, chert, and serpentimle (like units 800, 253, 11, ,md 805,
respectively). On Mount Diablo, unit is largely gr,o;enstene (like unit 253)
and chert Oike unit 511), but includes SOIne sandstone (like unit 701)
and minor other rock types. See descripbcr:s of units listed above fDr
physical properties.

Permeability: Intergranular penLtabiIity bedrock very lovv'; probably

most has lew to rnoderate fracture permeat',ility in sbalIo\N rock. Prob

ably n:o;~t mantle moderate, some to ITtuch 10\;'; to very lovv.
Surfida~ IT.ulnOe: Probably largeiy granular, sorne to :nmch clayey,
Expansi"Hy: I'vlost bedrock unexpansive, some to rnuch(?) expansive

(sheared rock). Probably most mantle unexpansive, some to much ex

pansive ('7lhere dayey). Sarnple SFN2. colluviunllTlCre than 20 ft thick
frem chert) greenstone, :1nd gr3.~i\-\/;1Cke, free svv'ell 79 percent. See
sarnples for units , 253, 511 and S05.

Geologic units, (3ge)~ and loeB.tion: Sel/erely shcared recks the Fran-
ciscaTI aS5enlDiage (KJ), throughout regi~)n. Consists of topogr:3:.ph)/

reck is firm: to \Vhere weathered, metagraywacke is largely finn.

rneto'shale firm to SCfL metagreem;tcne finn to hard, D1etachert finn rock

mass of hard pieces. blDcks in severely ::::heared rock hard.

Bedding: Distinct to indistinct. thin to thick beds metagrayv'I'Jcke
betvr'een thinner bed~:; partings of rnet2.shale. but ·very thick (lC-
to 30-ft cr beds, I11etagrayv/acke. :\-iletagreenstone is unbedde.d

indistinct.Iy bedded~ iTctachert disrinctly bedded, cornrnonly In thin
beds bet\veen les~~er ferruginous n--,ewsha~e. Shears int:~rrupt ··:onfnlUOUS

bedding in nmch rock.

Parting: Nletagraywacke hus characteristic s1abby parting foliation
at ve.ry clo:;e te, close, in places rnodenue, spacing: foliation parallels

bedding in I110St pl~ices, Parting alsO) alcng d;.stinc! bedding planes, and
in rr.etashale at 'very close spacing.

:Fracture~ Metagray\\'acke cOfrullonl J' i~,: fra(;tured at close moderate
spacing:, in places at "viol::; s~acing, both where fresh and weathered,

l\ilerashalc and 111etachert have largely dose to very close spacing;
rnetagreenstone dcse to ITIoderate. Variably spaced shear surfaces are
present in many places, including very close in ~;even::ly she~:ued reck;
hard blocks generally 1-50 ft in diarneter.

Perrn.eabiHty: Intergranular permeability! of bedrock very lew; fracture

penneability in shallow rock largely low, ~ome rnoderate, some v(;ry low
On clayey gouge). wIost mantle moderate, SO]TIe lovv, son1e very low.

Surficial mantle: Largel.y granular, s',ome clayey (largely on gouge and

severely sheared rock).

EXpHfiSivity: Bedrock is largely unexpansi ve, sorne expansive (sheared

rock), Surficial Inantle largely unexpansive, ;:ome expansive (where

clayey). Bedrock samples: SQ2, weathered bedrock in landslide, free

:;well 95 percent; SQ4, gouge, free swell percent; SQ3, gouge, free

swell 95 p'ercenL Surficial mantle samples: SQ7 sandy scil on unsheared

ITk:tagraywacke, free sw~ll percent: SQ5, seil near severely sheared
rock, free s\veH percent. See sarrlples fer unit 802.

Stratigraphic thickness; Hundreds to thousands of feet.

Sources; B lake and others, 1967, 1971, 1974; McLaughlin, ) 978; several

stations.

much I:; vari-

the Franciscan

Largely
variably sheared. Bedn:>.:k and

eX,p:mslve "sheared rc,ck dnd

In Diablo Rang':', largely hard

intl;;;:rmediare, topography of broad

uDsheared Oike U~1itlY1uch of unit

units; 00 and 701.

pans:ve
fneta;;T3.yv,'acke interbedded \vith lesser meta:;hale.

rne-ragreenstone 2nd ITu:tachen. ?v1etagraY\\'2Cke is sir111
LeX tC grny',.:vacke c·l' unit '~xcept th2.t rnost is folia~ed. generaHy
semischist slight te· rnoderate nletaIT;orphic fabric (textural :2 of

Blake and m:hers, I locally schist :,textufal zcn~ 1 of Blake 8J1d

MAP UNIT

lnteroedckd sbale dncluding siltstone) and sandstone, the
generally predorninant: Iced congiolnerate. J'.Auch rCDk

sheaTed, including SCHne (;laye;/ Jrid sheared

shale thai may contain hard blocks (like unit

Ha:rdne:§§~ hard" fresh shako: has finn rock Ina:;s of hard

is firm to soft. Conglcrnerate clasts are hard
and severely sheared shale are finn to soft, blocks hard.

con-.~rn.only thin to rneditHTI sanchrone bed:; regula.rly
to thick, rarely very thick (IO-ft), intervals

SOrl1e~iequencescf thick to very thick (J 0- to 30-ft
Sfinust,:mc beds. SheaTs obliterate continuous bedding in lTIuch

Geologic tinits~ (ag;;.-)~ anrllocaHon: rV1etarnorphic rocks of the Franciscan
a~,sernbjagc KJ)" ch}efiy met3.gray'A'u'cke, in northern half of region.

Cons~sts of rnuch of KJfm cf source maps thriJugncut no:·thern part
regIon, deterrn.ined by interpretation of aerial photographs; and unit

of scurce rnap In northern IV1ayaCiJl25, Mountains.

SurnrriHry: L3Igely rnetugray';,:v((cke interbedded \~/ith lesser m'::,cashale.

of unsheared, in.ueh is variably" sheQ1-,=d, SOine is clayey

shc;;;;xed rock that IIlay contDjn hard blocks. Scnle ei:-

rock.
Ptu·ting~ In most shale at very c1~)se spacing, at d.istinct bedding planes.
Fllact1lJ:n;;~ In v:'eatheced at very clo~,e close, locally rn.coerate,

spacing. s.andstone, close to m~oderatt' spacing, but wide to very

wide ft) in lccal thick-bedded to very thick bedded s"ndstone, and

COITIE1GH dose to very' close spacing of incipient fracture that beCOITl'::S
cffecti\re in weathered n)ck. Variably spaced shear surface=:: are present

Elany places, including very close in severely she;J.red rock; hard
blocks generally 1-50 ft in diameter.

PHmealJi.Hty: Bedrock has very low intergranu!ar permeability; low frac

ture perr.i:leability in rnost shallow rock,. but very low in clayey gouge.
mat:itJe lew, some moderate, ,;ome very lew.

Surficial rnal1Ue: Largely granular, SOBle tc' much clayey,
Expnl1g;ivity: Bedrock is largely unexparisive, serne expansi've (sheared

rock). Surficial ITmntlt' is largely unexpansive. serne expansive (\\'here
clayey over sheared rock). See sarnples fer unit 7eI,

Stratigraphk thkknes§~ HUB_dreds to thousands of feet.

Sources; Cotton, 1972: simih'i,f lTIaterials obser'li'ed at se''v'era1 :,tations v'!ithin
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MAP UN!T 802 :Fnm.c!scan melange of metamorphic rocks

Get~,I:~ir::c~~~;n(::,~:~~~:~;Ot~~~~7!~n:~~'~l~,~~~eh~[f1:;~::~1i~r:h~0;;~;~:~~
parLs of unit: KJfrn scurce lnaps, as, determined l:::y interpretatiGn of
~erial photographs, and unit fnlsr of ~::curce map in ncn:hern ~~1ayacrnas

J\,Jounta]I1s.
S T ", "t 8'>-1 !\I-- ~1, h" is rrw.trix of clayey gc'uge and.' U~~~;:~;i;!: sl~::;e;~~Ck(J;~r"t'2\~lp~ili~_~-~abundant bard and sn:ail shat-

tered ZT:.Zlsses \'ancu~; rock tyres: rninal most is larger masses of
merarnorphic IT;,~k. {\fuch bedn)ck is expansive ;:,sheared rock): rrwch

su.rhcial mantle is exp2.nsive {where clayey).

Con;lDDsition~ 7v1uch tc Hicst of urlit clayey gouge and se\'erely sheared
" that \iar:iubly abundant hard block:; Cind ~Tna!l shattered

of v3.rious rock types (like unit 8(0); minor most is larger

masses mi;tan1cqJhic rocK dike unit 703). largely sernLschisrose

fnet::lgraY\.\"::lcke and -r:neta~,bale. Blocks (diari1et~r le;;s than J ft) and

SI11a.11 shattered illJ.sses rnuch as 1-0.2 Inile in length) constitute as I

rnuch 8.S half of the rn.<1SS, exclusive of the larger FJasses. v/hich
are as long a~; 1 ITi·ile 2nd constitute Iit:le to lTIOSt of lhe unit different

places.
I!ardness~ Gc)uge and severely sheared rock are firm to soft, soft where

weathered: blocks are hard. Metamcrphic rock is largely hard where
fresh: where weathered, ll1etagraywacke is largely fInn, metagreenstone

firm to hard., and Illct8.sh::le finn to scft.
Bedding: Absent severely sheared rock, interrupted ;Jf obliterated in

rn.tlch variably sheared reck. 1\lasses of metagraywacke are distinctly
bedded, largely in thin thick beds of metagraywacke between le,ser

nletashale, but some very thick (10- to 30-ft or fflore) beds of meta
graywacke. Metagreenstcne is unbedded to indistinctly bedded (like unit

253); metachert distinctly bedded, commonly in thin bed:;.

Pl!rting: She~rs define very close, crudely parallel parting in severely
sheared rocK. Metagraywacke generally has slabby paning along folia

tion at very dose to close, in places ffiGderate, spacing.

Fracture: Verv close shear surfaces in severely sheared matrix; blocks
are generally'1-50 It in dIameter, and some are fractured at moderate to

very wide spal:ing. Masses of metamorphic rock have ITlostly close to

moderate, locally wide, fracture spacing, and much has shear surfaces

at close to wide spacing.
Permeability: Intergranular permeability of bedrock is very low. Fracture

permeability in shallow rock is very low in severely sheared rock; largely
low, some moderate, in masses of metamorphic rock and other rock types

(probably much to most of unit). Much mantle low to very low, much

moderate.
Surficial mantle: Much clayey ilargely on severely sheared rock), much

granular.
Expansivity: Much bedrock L; expansive (sheared red:). much unexpan

siv'e. Mud-i surficialnlantle is expansive f\vhere clayey), much unexpan

sive. Bedrock san1ples: P2, weathered sheared rnetashale, free swell 72

percent: P3A. weathered ~~heared n:etashale, free s\vell 50 percent; SG 17,
unsbeared bedrock, free ,~jv/ell percent. SurficiallTI;.::mtJe sarnples: P3B,

soil on sheared Ineush3.1e. free s\\'ell 74 percent; NV6A, clayey subsoil

rnetagrayv'/3cke, free swell 68 percent: NV6B, un cracked soil en
rnetagraywJ.cke, free swell 45 percent See sarnples for unit 7D3.

Stratigraphic thickness: Hundreds to thousands of feet.

Sources: Blake and others, 1971. 1974: j\'1cLaughIin, 1978; i~1any stations.

MAP UNIT 803 Variably sheared or brecciated

Franciscan sandstone and shale

Geoiogic unit§~ (age)~ and location: \lariably sheared sandStone EJ1d shale
of the Franciscan assemblage (KJ), in ~larin higblands. Consists of
intern1ediate topography in melange (unit KJfs of source map) and in

sar..dstone and shale (unit Klfss of source rilap). as determined by intcr-

met2lion of "erial photographs; and unit gwy of source map only north
~f Sausalito and Mann Headlands State Park.

SUmnli31'V: Variably sheared brecciated s2tndstone and ~,hale, includi.ng
sorne ;;ou£:e and severely ':;heared shale that Hla~/ contain hard blocks.
Pl'c'Dcj;iOI;S vary grecltly. Bedrock is largely unexpansivc, but some is
exp'2TIsivc (sheared ro,.=k). I\tuch surficial lnantle j,s unexpansi.ve. much

~,il!nificantIv expansi"'e, ;lDO seIne is severely expansive.
Cornp~~sition: Variably sheared or bre':ciated sandstone (grJyv/Jcke) and

shale (indudin£ siltstone),. including SOIne gouge and severely sheared

shale that fnay '·~cntain hard blocks (like unit 8(0) J.nd filuch unsheJ.red
reck (like unir 700) that occurs in di:';continuous rnilSSCS. ProporTions

range frorn largely shattered sZindstone ccnraining D1uch gouge and

sh\::ared shale to IaTRel\' unsheared rock containing much shattered or
br~cciateJ ::andston~. Includes minor tG scnne green:;tone, chert, and

serpentinite (like units 253, 511, and 805, respectively) and Diinof con
o·lornef"t."""

Habr1d~~ss~ ....~,[O:;::t fresh rock is hard to firm; \veuthered rock is mostly finn

to blocks are hard.
Bedding: Discontinuous, distinct ;;andstone beds. thin to very thick (10

30 ft or more) \vhere recognizable; greenstone. chert, and serpentinite

are bedded as in units 253, 511, and 805, respectiveiy.

Parting: At contacts between sandstone and shale: in shale and sheared

shale at very clo'.e spacing.
Fracture: Largely very close to moderate spacing, locally wide to very

WIde ft). Shear surfaces are very close in severely sheared shale and
close to wide in most other rock: most breccia fragments very small to

medium, separated by very thin gouge seams: blocks generally 1-50 It
in diameter, but many have effectIve moderate to very wide fracture
spacing.

Permeability: Intergranular permeability of almost all bedrock is very low;

fracture permeability in shallow rock largely low, some to much(7)
moderate', :'.ome very low (in gouge and severely sheared rock). Much

mantle moderate, much low to very low.

Surficial mantle: Much to most granular, some to much clayey.
Expansivity: Bedrock is largely unexpansive, but some is expansive

(sheared rock). Much surficial mantle is unexpansive, much significantly

expansive, some severely expansive. See samples for units 701 and 801.
Stratigraphic thickness: Hundreds to thousands of feet.

Sources: Many stations.

MAP UNIT 804 Franciscan metagreenstone, variably sheared

Geologic unit, (age), and location: Metagreenstone of the Franciscan

asseILblage (KJ), variably sheared, in Marin highlands. Consists of pans

of Franciscan metagreenstone that have mtermediate topography, as de
termined by interpretation of aerial photographs.

Summary: Slightly metamorphosed greenstone. Most is variably sheared

and sh"nered, some severely sheared, some unsheared. Some to much
bedrock is expansive: much s:urficial mantle significantly expansive ..

some severely expansive.

Composition: Most of unit is slightly metamorphosed, largely nonfoliate
greenstone like unit 254, similar in composition to unit 253 except fer

;netamGrphi~rn; Inost is variably sheared and shattered, I11uch unsheared

(like unit 254) Includes some severely sheared reck (like unit 800).

Hardness: Largely hard where fresh: largely firm to soft where weath
ered, but some is finTl to hard.

Bedding: Largely unbecided to indistInctly bedded in thick to very thick
(tens of feet) irregular beds: much is interrupted by shearing.

Parting: Large absent.

Fracture: Largely close to very close spacing; fabric of roughly parallel
she2f surfaces in places.

Permeability: Bedrock has very low intergranular permeability; most has
low, some moderate, fracture permeability largely in shallow rock, but
some has very low total permeability I,severely sheared rock). Probably

most mantle 10\v to very lovI, rnuch I110derate.
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Exp!l!1sivity: Most bedrock unexpansive, some(") expansive (sheared
rock), Most m~lntle is expansive, SOIne or 1110re is severely expansive.

SamDles: GY3, stony clay soiL moderately to "vell cracked, typical at
this ;t;ltion, free swell 75 percent: GY4, sticky clay soil, net typical, free
svvelll02 percent; GY10, black clay soil, deeply cracked, typical at this

station, free swell 121 percent.
Sources: B bke and ethers, 1971: Gealey, 1951: three stations,

MAP UNIT 902

Geologic unit, (age), and location: Diabase and gabbro (,I), only in
Mendocino highlands and Mayacma:, Mountains,

Summarv: Massive diabase and gabbro, Fresh rock hard, weathers to grus
that is ~sGft to firm but contains bard to firn1 corestcnes. \-1ost to ahnost

ail mantle significantly expansive.
Con1oosHion: IVlassive hOlocfj"staHine diabase and gabbro containing

gr ..~!ns rnuch as 2 min in length: SOIne of unit is cornpositionally lay
ered and has cumu.late texture, Hydrothermal and late magmatic alter

ation are extensive, Most gabbro originally averaged 50 percent

labradorite, 50 percent pyroxene; in some localities Inot observed), oli
vine may constitute one-third of the reck which may significantly alter

the phy~;ical properties noted, Unit includes minor to somer?) sheared

rock like unit 800,
Hlirdness: Fresh rock hard; moderately weathered rook firm; rock weath

ered to grus is soft to firm, Most rock near ground surface is weathered

firm, Cores tones are hard near center, hard to firm toward edges,
Bedding: Absent. Some is layered and has cumulate texture, but these

layers do not provide parting,
Fracture: Close to moderate spacing, some wide. In weathered zone, some

corestones that have tight mternal fraotures behave as large blocks,

Permeability: Intergranular permeability of fresh rock very low, of granu
lar weathered rock (grus) moderate to low; probably gradational with

degree of weathering. Fracture permeability low to possibly moderate

in shallow hard rock. Most mantle low to very low,

Weathering: Weathered to depths probably much greater than 10ft. Some
to most areas have spheroidal weathering that produces matrix of grus

containing residual cores tones d firm and hard rock as large as 5 ft or
more in diameter, Where fracture spacing is moderate, rock is totally

weathered to grus to depth of 10ft.

Surficial mantle: Largely clayey,
Expansivity: Almost all bedrock unexpansive, minorO) expansive (sheared

rock), "'lost to almcst all mantle significantly expansive, Samples: GYI
mildl v cracked sandv silt soil, typical, free swell 73 percent; G Y II,

mode;ately cracked s~ndy clay SGil,- typical, free swell 67 percent; GRN2,
moderately cracked dark sandy clay soil, typical at this station, free swell

77 percent; GY5, typical silty clay soil, free swell 57 percent; GRN5,

soil on sheared rock, free swell 74 percent,
Sources: Blake and others, 1971; Gealey, 1951' McLaughlin, 1978; seven

stations.

MAP UNIT 903

Geologic uni!, (age), lmd location: Diabase, only near Vallejo.
Summary: Not seen in field, Largely diabase, probably some sheared, like

units 904 and 905
Composition: Holocrystalline intrusive diabase that contains grains as

much as 12 mm in length: consists of 60-70 percent hornblende, 10-20

percent augile, 8-15 percent plaglOclase. Called hornblendite by Weaver
(1949), who reported that rock is completely crystalline and usually
rather fresh. Probably some rock shewed, as in u.nit 905,

Hardn£ss: Had where fresh.

Bedding: i",bsent.
Parting: Possibly sheeted like unit 904.
Fractun: Weaver (1949) reponed that boulders ~nd cobbles are derived

from this unit, so spa.cing is a.S great as moderate (more than 10 in.),
probably as great as wide,

Permeability: Intergranular permeability of bedrock very low, except low
to moderate in possible granular weathered rock (grus); fracture perme

abilitv low to moderate in shallow rock, possibly low to depth. Weaver
(1949) reported numerous smelll springs emanating from this unit at con
tact with unit 683. Mantle ranges from moderate to very low, propor

tions unknown,
Weathering: May include soft granular weathering phase (grus1like unit

90]"
Surficial mantle: Granular to clayey, proporticns unknown.

Expansivity: Bedrcck largely unexpansive, some may be expansive
(sheared rock). Most mantle unexpansive to significantly expansive:

where clayey, mantle is probably Imgely significantly expansive, See

samples for units 904 and 905.
Stratigraphic thickness: To depth.

Source: Weaver, 1949.

MAP UNIT 904

Geologic unit, (age), and location: Diabase, only near Mount Diablo.

Summary: Largely diabase, probably mostly in very thick sheets between

thin shear zones; some pillow basalt Diabase is hard where fresh, largely
firm where weathered, shattered at very close to moderate spacing. Some

mantle severely expansive.

Expression in aerial photographs: Sharp crests; much has ribbing at about
100-ft spacing, but some lacks ribbing,

Composition: Largely diabase, some (as much as one-third) pillow basalt

like unit 253 (K,M, Williams, oral commun" 1981), Diabase is
unsheared, ho!ocrystalline, contains grain,; 0,5-2 mm in length, and is

uniform in composition except for replacement of augite by fibrous horn

blcnde in considerable parts of the area (Turner, 1891); minor vesicular
diabase. Rock is altered to chlorite-rich material along some joints, Very

thin to thin shear zones between very thick sheets of diabase consist of

clay- to sand-sized sheared diabase. "Spheroidal basalt" (probably pil

low basalt) reported to be prominent on north and east slopes of Mount
Zion (Taff, 1935), No problem with sulfide content according to employ

ees at one quarry, but Pampeyan (1963) reported layers of iron sulfide
3-4 in. thick. Includes hydrothermally altered zones, Sheared rock (like

unit 8(0) is probably minor.

Hardness: Diabase is hard where fresh, including where staining on frac
ture surfaces makes rock look weathered (to depths of 35-50 ft), Where
weathered (to deeper than 15 ft), diabase is largely firm, some approach

ing soft, some hard; weathered rock mass is firm where fracture spac
ing is close to very close, Sheared zones between sheets of diabase are
firm,

Bedding: Diabase occurs in sheets or layers that range from thick to 20
ft, mostly 5-15 ft, between very thin to thin shear zones, This feature

was not mentioned by Pampeyan (1964), so it may not be true every

where, but called typical by K.M, Williams (oral commun" 1981), Hy
drothermally altered zones as thick as 10 ft; sulfide layers as thick as

3-4 in.

Parting: Good continuous parting in diabase at very wide spacing (5-15
ft) is not a weathering feature, present to depth.

Fracture: Variable, irregular (Pampeyan, 1964), Diabase has largely very

close to moderate spacing, but miner blocks as wide as 3-4 ft. Rock loos
ened by blasting consists largely of small to 6-in. pieces, but 20-30 per

cent is larger than 6 in,; largest product at quarry is riprap, 4-12 in. wide,

Much of diabase appears to have had an original moderate to wide frac
ture spacing before being shattered at very close to moderate spacing,

Permeability: Bedrock has very Jaw intergranu]ar permeability; low to

probably moderate fracture permeability in shallow rock, possibly low
to depth, Clayey partings between sheets of diabase may be continuous

surfaces of very low total permeability, ~1uch mantle low to very low,
probably much moderate.

Weathering: Brown color (staining of fracture surfaces) extends to depths

of 35-50 ft Rock pieces are fresh internally at depths of more than
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10-25 ft; most rock is weathered firm to depths greater than 15 ft. No
soft granular phase (grus) or spheroidal weathering noted.

Surficial mantle: Much clayey, probably much granular. Mantle is largely
clayey where observed in lower parts of terrain, but expression in aerial
photographs (ribbing) suggests much granular mantle in higher parts.

Expansivily: Almost all bedrock unexpansive. Much mantle expansive,
some or more of this severely expansive; probably much unexpansive.
Samples: CL9A. very mildly cracked stony clay soil. typical. free swell
80 percent; CL9B. moderately cracked stony clay soil, covers about 10
percent of unit, free swell 90 percent: CLl 0, moderately cracked clay
soil. typical at this station. free swell 102 percent; CL38A. red-brown
silty clayey subsoil on nats. free swell 68 percent; CL38B. typical silty
clayey surficial soil. free swell 47 percent. Surficial soil is largely
un cracked to mildly cracked. some moderately cracked.

Stratigraphic thickness: To depth.
Sources: Pampeyan. 1963, 1964; Taft. 1935: Turner. 1891: K.M. Will

iams. oral co !111l1Un.. 1981; four stations.

MAP UNIT 905

Geologic unit, (age), and location: Diabase. only east of Santa Clara
Valley near Coyote and near Lexington Reservoir in Santa Cruz Moun
tains.

Summary: Diabase, some to much of which is sheared, especially near
margins. Soft granular weathered rock in much of unit. Most mantle sig
nificantly expansive. Not seen in field in Santa Cruz Mountains.

Expression in aerial photographs: Near Coyote. intermediate topogra
phy showing rounded crests and some ribbing; topographically resistant
with respect to adjacent units 122 and 805; dark photographic tone com
pared to unit 805.

Composition: Diabase, varying in grain size from 0.5-10 mm. much hav
ing 1- to 2-mm grains. Some is banded by concentrations of minerals.
Body enclosed within unit 805 (serpentinite) near Coyote is sheared and
serpentinized near margins, where it resembles unit 805 except that many
tectonic blocks are diabase.

Rock character varies mostly in degree of shearing. Exposures observed
near Coyote give impression of about half sheared rock having close to
very close fracture, half coherent diabase having close to moderate frac
ture. but these exposures are near margins of body, where shearing is
probably concentrated. Thus, near Coyote probably some to much is
sheared. In Santa Cruz Mountains, probably much to most is sheared.

Hardness: Matrix of sheared rock consists of firm to hard pieces that
constitute a firm to soft rock mass; enclosed tectonic blocks are hard.
Unsheared rock is hard where fresh, but near Coyote, and possibly in
Santa Cruz Mountains, weathers to soft granular material (grus) as de
scribed for granitic rock (unit 907).

Bedding: Absent. Some rock is banded in thin to medium layers by seg
regation of mineral constituents.

Parting: Absent in unsheared parts of unit. In sheared parts of unit, present
at very close to wide spacing; much is close to very close, much moder
ate to wide.

Fracture: Sheared rock has close to very close spacing of roughly paral
lel fractures; blocks mostly medium to large, some as large as 4 ft in
diameter. Unsheared rock is mostly fractured at close to moderate spac
ing, some wide.

Permeability: Bedrock has very low intergranular permeability except low
to moderate in granular weathered rock (grus); low to moderate fracture
permeability in shallow rock. possibly low to depth. Most mantle low
to very low, some to possibly much moderate.

Weathering: Diabase weathers dramatically from hard fresh rock to soft
granular weathered rock (grus) at depth of about 10 ft. Blocks of dia
base in sheared zones weather less regularly; some are firm at depth of
20 ft.

Surficial mantle: Probably largely clayey, some to much granular. Uni
form red-brown soil and subsoil overlie exposures on San Felipe Road

near Coyote: subsoil is stony clay, of which sample MGH3 is typical.
In body near Coyote that is surrounded by serpentinite, mantle is thin
as on serpentinite; much is uncracked, much mildly to moderately
cracked clay. Exposures examined in this body are near its sheared
margin.

i Expansivity: Almost all bedrock is unexpansive, some may be expansive
(sheared rock). Most mantle expansive, largely significantly expansive,
but probably some severely expansive; some to possibly much
unexpansive. Sample MGH3, mildly to moderately cracked clay subsoil,
typical, free swell Ti percent.

Stratigraphic thickness: To depth.
Sources: Four stations.

MAP UNIT 906

Geologic unit, (age), and location: Granitic rocks (K), only on Point
Reyes peninsula and Bodega Head.

Summary: Largely granitic rock, minor aplite and pegmatite dikes. schist.
marble, and quartzite. Hard where fresh. firm to soft and friable where
weathered; in some areas weathering extends to depth of 70 ft, largely
to 30 ft. Most weathered rock has moderate intergranular permeability.
Almost all bedrock and most mantle are unexpansive.

Composition: Largely diorite, ranging in composition from biotite-horn
blende diorite containing little or no quartz to quartz-biotite-hornblende
diorite containing 10-30 percent mafic minerals. In many places, the rock
has a more or less pronounced gneissoid appearanc(' and variably strong
foliation owing to parallel alignment of biotite. This rock is intruded in
many places by dikes of aplite and of pegmatite as wide as 7 ft. mostly
less than I ft in width. It contains vanably abundant basic inclusions
(rock containing little quartz and feldspar); minor unmapped bodies of
schist, marble, and quartzite, like unit 903; and rare fault gouge. The
granitic rock is generally weathered to granular disintegrated granite
(grus) that ranges from clay free to nearly clay saturated.

Hardness: Hard where fresh, firm to soft and friable where weathered.
Bedding: Absent, but rock displays gneissoid appearance or weak folia

tion owing to alignment of biotite grains.
Parting: Largely absent. Present to various degrees of development in

foliated, biotite-rich rock.
Fracture: Mostly close to moderate spacing, in places wide to rarely very

wide (6 ft). Rock between fractures is generally shattered to varying
degrees, and where weathered most of rock disintegrates on close to very
close spacing to form grus, which is effectively a homogeneous, soft.
friable coarse sand. Many fractures are lined with crushed granitic rock
of fine sand and silt size, many are iron stained, and many faults are lined
with plastic clay gouge that is mostly thinner than 1 in. but as thick as a
few feet. In places. regular fracture patterns extend beyond outcrop scale.

Permeability: Fresh rock has very low intergranular permeability; frac
ture permeability in shallow fresh rock is mostly low, some high in brec
cia zones. but many fractures are lined with gouge of very low
permeability. Disintegrated weathered rock (grus) ranges from clay free
to nearly clay saturated, and intergranular permeability consequently
ranges from low to high, mostly moderate. Most mantle moderate. some
high, some to much(") low.

Weathering: Most rock disintegrates dramatically where weathered, form
ing soft to firm disintegrated granite (grus). Weathering depth is irregu
lar. In most exposures. rock is largely firm to soft and friable. but
containing some hard pieces. to depth of about 30 ft. In some exposures,
much is firm to soft at depth of about 70 ft. Color change occurs at depths
as great as 40 ft. and softness extends deeper than color change. On Point
Reyes peninsula. much of unit underlies old erosional surfaces where
weathering is probably particularly deep and thorough.

Surficial mantle: Largely granular, probably some to muchCn clayey sub
soil. Most is clayey and silty coarse granitic sand. In many places, bed
rock is covered by very thick colluvial granitic sand that is indistinctly
bedded.
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Expansivity: Almost all bedrock is unexpansive, rarely expansive (fault
gouge and altered rock). Most mantle unexpansive. some to muchC')
significantly expansive (subsoil). Samples: TO 11, altered granitic rock,
free swell 94 percent; DB38, soil lacking B-horizon, free swell 49 per
cent (exaggerated''). See samples for unit 907.

Stratigraphic thickness: To depth.
Sources: Anderson, 1899; J. A. Bartow, written commun" 1972: Blake

and others, 1974; Galloway, 1977; Johnson, 1934; Koenig, 1963:
Osmont, 1905: Schlocker and Bonilla, 1963; Schlocker and others, 1963:
10 stations,

MAP UNIT 907

Geologic unit, (age), and location: Granitic rocks (K), only near Montara
Mountain in northern Santa Cruz Mountains.

Summary: Almost all is granitic rock, largely quartz diorite; some aplite
and pegmatite. Fresh rock is hard: disintegrated weathered rock is soft
and extends to depths of 10-100 ft. Some mantle is significantly expan
sive.

Composition: Almost all is granitic rock, largely quartz diorite. Includes
some aplite and pegmatite: minor marble, hornfels, and schist, like unit
908; and rare clay fault gouge. In many places, granitic rock is weath
ered to granular disintegrated rock (grus) to depths of 10-100 ft.

Hardness: Hard where fresh; disintegrated rock soft except for hard sphe
roidal weathering cores of medium to large size.

Bedding: Absent; weakly foliated by preferred orientation of mica. Aplite
and pegmatite bodies are tabular and medium to thick.

Parting: Absent.
Fracture: Spacing ranges from close to wide or very wide, commonly close

to moderate.
Permeability: Intergranular permeability very low in fresh bedrock; ranges

from low to high, largely moderate, in disintegrated weathered bedrock
(grus). Low to moderate fracture permeability in shallow fresh rock. Most
mantle moderate, some high, some low.

Weathering: Most rock disintegrates dramatically where weathered, form
ing soft to firm disintegrated granite (grus). Weathering depth variable,
10-100 ft.

Surficial mantle: Largely granular, some clayey subsoil. Most is clayey
and silty coarse granitic sand.

Expansivity: Almost all bedrock is unexpansive; rare fault gouge may be
significantly expansive. Most mantle unexpansive, some significantly
expansive Isubsoil). Samples: MM13, loam soil, free swell 62 percent
(exaggerated?); MMI4, uncracked loam soil, free swell 60 percent (ex
aggerated?); MM17A, slightly cracked surficial soil, free swell 70 per
cent (exaggerated?); MM 17B, moderately cracked subsoil, free swell 88
percent (exaggerated?).

Stratigraphic thickness: To depth.
Source: Ellen and others, 1972.

MAP UNIT 908

Geologic unit, (age), and location: Metamorphic rocks (pre-Cretaceous),
only on Point Reyes peninsula.

Summary: Briefly seen in field. Marble, quartzite, and schist that occur
as isolated patches within granitic rock (unit 906). Bedrock and mantle
are largely unexpansive.

Composition: Marble, quartzite, and schist, occurring in isolated patches
within granitic rock of unit 906 as pendants and (or) inclusions. Only
the largest body of these materials is shown on map. Marble is pure
white, coarsely crystalline, and contains disseminated patches of graph
ite and local scheelite. Quartzite is thoroughly recrystallized and some
is schistose. Schists are of two types: (I) mafic schists rich in biotite
and (2) siliceous schists, which are fine-grained quartzite interlayered
with wollastonite or with quartz-mica schist.

Hardness: Marble is hard (harder than adjacent granitic rock); quartzite
hard: mafic schist firm to hard where fresh (softer than adjacent granitic
rock), soft where weathered; siliceous schist is dominantly hard quartz
ite that has firm to soft interlayers.

Bedding: Absent in quartzite: indistinct in places in marble: unknown in
schist, but one body of siliceous schist appears to be a bed about 30 ft

thick composed of very thin to medium beds of qual1zite and wollasto
nite. Unit generally occurs as patches rather than beds.

Parting: Absent except in schists, where parting is present at close to very
close spacing. Parting in mafic schist is along foliation, in siliceous schist
along bedding.

Fracture: Marble is fractured largely at moderate to wide spacing (wider
than granitic rock): quartzite and mafic schist at close to moderate spac
ing (similar to granitic rock): siliceous schist unknown.

Permeability: Intergranular permeability of bedrock very low. Fracture
permeability in shallow bedrock low to moderate, the moderate likely
in quartzite and possibly in marble. Most mantle moderate.

Weathering: Quartzite is weathered to depth of only a few feet; marble
mostly fresh and hard; mafic schists deeply weathered and softened: sili
ceous schists shallowly weathered.

Surficial mantle: Largely granular.
Expansivity: Bedrock and mantle are largely unexpansive.
Stratigraphic thickness: Occurs in band as wide as 1,000 ft.
Sources: Anderson, 1899: J,A. Bartow, written commun., 1972; Galloway,

1977; Weaver, 1949: two stations.

MAP UNIT 909

Geologic unit, (age), and location: Limestone of the Franciscan assem
blage (KJ), in Santa Cruz Mountains. Includes Calera Limestone of
Lawson (1902).

Summary: Hard crystalline limestone, commonly containing nodules or
interbeds of chert. Some surficial mantle is expansive.

Composition: Crystalline limestone, commonly containing nodules or
interbeds of chert that in places may constitute 30 percent of unit.

Hardness: Hard.
Bedding: Limestone is unbedded to distinctly bedded in medium to thick

beds between thin to medium beds of chert.
Parting: Largely absent; present in some of unit along bedding planes at

close to wide spacing.
Fracture: Spacing variable, close to very wide.
Permeability: Bedrock has very low intergranular permeability, low to

locally moderate or high fracture permeability in shallow rock and in
some deeper rock. Mantle moderate to very low.

Surficial mantle: Granular to clayey, proportions unknown.
Expansivity: Bedrock is unexpansive. Surficial mantle is largely

unexpansive, some expansive. Sample MMll, stony soil, free swell 83
percent.

Stratigraphic thickness: Lenticular bodies as thick as 400 ft.
Sources: Bailey and others, 1964; Ellen and others, 1972; one station.

MAP UNIT 910

Geologic unit, (age), and location: Silica-carbonate rock, throughout re
gion.

Summary: Fine-grained carbonate and silica in varying proportions. Gen
erally hard and tough, fracture spacing as wide as 10 ft or more. Some
expansive bedrock and surficial mantle.

Composition: Fine-grained magnesite (or other carbonate) and silica
(quartz, chalcedony, opal) in varying proportions as hydrothermal re
placement of sheared serpentinite (of unit 805); forms lenses and tabu
lar bodies as wide as a few hundred feet, generally along borders of
serpentinite bodies; host rock for mercury ore. Very probably includes
some zones of sheared serpentinite (like unit 805) and clayey gouge (like
unit 800).
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Hardness: Mostly hard and tough.
Bedding: Absent.
Parting: Relict shear surfaces may be retained from serpentinite, but do

not form parting surfaces.
Fracture: Close to very wide spacing (10ft or more).
Permeability: Intergranu]ar permeability of bedrock very low, except

moderate to bigh in much weathered rock \vhere solution of carbonate
leaves pores in siliceous rock. Low fracture permeability in most shal
low bedrock. Mantle very lew to high.

Surficial mantle: Rocky, granular to clayey; much absent! where reck
crops out).

Expansivity= Bedrock and surficial rnant1c are largely unexpansive, sorne
of each expansive (where clayey sheared rock). Samples: SG16, alter
ation product in bedrock, free sweJl48 percent: SFS7, well-cracked grav
elly clay soil on silica-carbonate rock and serpentinite, free swell 85
percent. See samples for unit 805.

Stratigraphic thickness: Tens to hundreds of feet.
Sources: Bailey and others, 1964; one station.

MAP UNIT 911

Geologic units, (age), and location: High-grade metamorphic rocks of
the Franciscan assemblage \KJ), in northern Mayacmas Mountains. Con
sists of much of metasandstone (unit fsm) and high-grade rocks (unit fm)
of McLaughlin (1978).

Summary: Not seen in field where mapped. Largely hard masses of meta
morphic rock; some to possibly much clayey sheared rock. Some to pos
sibly much bedrock 3.nd probably much mantle is exp,msive.

Composition: Most is foliated high-grade metamorphic rock, including
glaucophane schist, amphibolite, eclogite, and glaucophane-muscovite
quartz schist. Includes some to possibly much severely sheared rock like
unit 800.

Hardness: Hard where fresh, hard to firm where weathered. Sheared rock
is firm to soft.

Bedding: Absent.
Parting: Present along foliation in much weathered rock, variable spac

ing.
Fracture: Moderate to very wide spacing in metamorphic rock; very close

to moderate in sheared rock.
Permeability: Intergranular permeability of bedrock very low. Most shal

low bedrock has low fracture permeability. Mantle, where present, largely
low to very low.

\Veathering: Hard rock crops out in much of unit, but some weathers to
depth of lOft or more and produces soil.

Surficial mantle: Absent to granular in much, clayey in much.
'Expansivity: Bedrock is largely unexpansive, seme to muchp) expansive

(clayey sheared rock). Much surficial mantle is unexpansive, much prob-

ably expansive (where clayey). Sample 13, subSOil on metasandstone, free
swe]] 51 percent (exaggerated). See samples of gouge and sheared rock
for unit 801.

Stratigraphic thickness: Variable.
Sources: Ellen and others, 1972; McLaughlin, 1978; several stations within

units SOO and SO 1

MAP UNIT Sheared and shattered rock
along faults and in landslides

Geologic units, (age), and location: Mapped faults and large landslide
deposits, throughout region. Large landslides are shown in some parts
of region, but are incompletely shown or not shown at all in other parts:
sec map showing portrayal of landslide deposits (pI. 11.

Summary: Bedrock modified by movement of faults or landslides; com
monly includes gouge and sheared rock. Much has increased fracture
permeability, but gouge, severely sheared rock, and landslide slip sur
faces are generally impermeable. Bedrock and mantle tend to be more
clayey and expansive in fault zones.

Composition: Bedrock landslides and zones along faults consist of mate
rials of adjacent or underlying units that have been modified by fault or
landslide movement. Commonly includes sheared rock and (or) gouge
along surfaces of movement, especially in clayey rock; in landslides,
major slip surface is commonly at base of deposit.

Hardness: Similar to adjacent or underlying units, except gouge and most
sheared rock are firm to soft, and weathered rock may extend deeper than
elsewhere.

Bedding: Roughly planar shear fabric present in places.
Parting: Fault surfaces, shear planes, and slip surfaces in landslides are

surfaces of weakness, spacing variable.
Fracture: Generally more closely spaced than eisewhere; more open and

open to greater depth than elsewhere.
Permeability: Along faults, low to moderate fracture permeability in hard

rock at all depths, but severely sheared rock and gouge have very low
total permeability. In landslides, opening of fractures gives low to mod
erate, locally high, fracture permeability to depths of many tens of feet;
slip surfaces probably have very low total permeability.

Surficial mantle: Like that of adjacent or underlying units, excepllargely
clayey over severely sheared rock along faults.

Expansivity: Like that of adjacent or underlying units, except gouge and
severely sheared rock, as well as surficial mantle on these materials, are
probably expansive.

Stratigraphic thickness: Bedrock landslides may extend from a few tens
of feet to more than 100 feet deep. Zones of sheared and shattered rock
along faults are commonly as thick as tens or hundreds of feet, in places
as much as 1,000 ft or more, as measured normal to the fault; where faults
are vertical, these materials extend to depth.
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