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Seismicity at Intersections of Spreading Centers and Transform Faults

HUGH ROWLETT l

Department of Geological Sciences, Brown University, Providence, Rhode Island 02912

Ocean-bottom seismographs were used in a microearthquake monitoring experiment at the eastern
junction of the Oceanographer transform with the mid-Atlantic ridge at 35°N. Microearthquake activity
at the junction occurred over a broad area (>7 km). These microearthquakes 'cut across' the corner be­
tween the transform and median valley and are associated with fault scarps that form the inner walls on
the west and north sides of the median and transform valleys. At intersections of other major fracture
zones (>lOO-km offset) and slow to moderate spreading centers microearthquake activity is also diffuse
and cuts across the corner between the spreading center and transform fault. The narrow zone of de­
coupling (~I km) observed between spreading center and transform boundaries by detailed geological
studies at the Tamayo/East Pacific Rise and Vema/mid-Atlantic Ridge intersections suggest that the dif­
fuse seismicity (20 to 30 km in width) does not reflect a diffuse plate boundary at the transition from rift
to transform valley. Instead, the faulting probably reflects internal deformation of the corner by second­
ary faults off of the plate boundary.

I Present address: Gulf Research and Development Company,
P. O. Drawer 2038, Pittsburgh, Pennsylvania 15230.

the median valley in the central valley of the transform. OBS
3 was deployed 9.7 km ENE ofOBS 1. Reflection profiles and
precision depth recordings (3.5 kHz) taken from several Vema
cruises in the vicinity of the deployments show that the bot­
tom is extremely rough, with little or no sediment cover.

OBS units used in this experiment were equipped with a hy­
drophone and two geophones (horizontal and vertical). These
instruments are discussed in more detail by McDonald et al.
[1977]. Although OBS I operated properly, recording signals
from seismic refraction profiles and microearthquakes, there
were difficulties with OBS 3. The hydrophone channel of OBS
3 did not record any data, and ground waves recorded by the
geophone channels from shots were too emergent to be picked
reliably. The microearthquakes and water waves from shots,
however, were satisfactorily recorded by OBS 3.

Seismicity

Both OBS units recorded continuously on the seafloor for
about 5 days. OBS 3 recorded up to III microearthquakes
during 129 hours on the bottom; OBS I recorded 75 micro­
earthquakes in 110 hours. Only 20 of these events were large
enough to be recorded by both instruments. Two of the largest
events were from the central portion of the transform, 70 to 90
km away. The smaller events recorded by one instrument ap­
parently occurred near each of the instruments. Figure 3 sum­
marizes the number of events recorded by both OBS's during
the 5 days. With the exception of two short pulses in activity
near OBS 3, seismicity near both OBS's was similar with an
average of 15 to 20 events per day.

The rate of seismicity is between rates of about 10 events
per day observed by Reid and Macdonald [1973] and 36 events
per day by Spindel et al. [1974] near the FAMOUS area at 37°N
on the MAR. Francis et at. [1977] point out, however, that the
level of seismicity near the FAMOUS area can vary during a
few months as much as 2 orders of magnitude along adjacent
transform faults. Thus the level of activity during the short
recording interval of this study may not be representative of
the long-term activity at the junction of the Oceanographer
fracture zone.

Location ofMicroearthquakes

To locate microearthquakes from a two-station array, as­
sumptions about the velocity structure of the crust and the
focal depths are necessary, and a choice between two ambigu­
ous solutions must be made. The refraction results [Rowlett,
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INTRODUCTION

Ocean-bottom seismographs (OBS's) were deployed at the
eastern intersection of the Oceanographer transform with the
mid-Atlantic ridge to study the transition from a spreading
center to a transform fault. Studies of other transform/spread­
ing center intersections show that microearthquake activity in
the fracture zone does not extend past the spreading centers
which are offset by the transform fault [Reid and Macdonald,
1973; Reid, 1976; Francis et al., 1978; Forsyth and Rowlett,
1979; Project ROSE Scientists, 1980]. Seismicity studies at in­
tersections of major transforms (ridge/ridge offsets>100 km)
and spreading centers suggest that the fault pattern is complex
[Prothero et al., 1976; Francis et at., 1978; Forsyth and Rowlett,
1979] and that microearthquakes are distributed over a wide
zone. In contrast, detailed geological studies suggest that the
locus of a narrow zone of transform faulting may extend to
within 1 km of the spreading center [RISE Scientific Team,
1979; Forsyth and Rowlett, 1979].

The object of this paper is to present observations of the
seismicity at the eastern intersection of the Oceanographer
fracture zone and the mid-Atlantic ridge (MAR). Although
the observations were limited by logistical problems and rep­
resent a reconnaissance study for future work, the distribution
of microearthquakes with respect to major morphological fea­
tures is similar to microearthquake distributions found at
other spreading center/transform intersections. The second
part of this paper discusses the relationship between micro­
earthquakes and the existing geologic observations of surface
faulting at intersections. It is suggested that secondary struc­
tures on the corner of the plate between the spreading center
and transform may play an important role in the deformation
of the lithospheric plate at intersections.

MrCROEARTHQUAKE SURVEY

In November 1974, two OBS's were deployed from the R/V
Vema as receivers in a refraction experiment and a micro­
earthquake monitoring experiment (Figure 1). Figure 2 shows
the positions of the OBS's with respect to the median valley
and the transform. OBS 1 was deployed about 12 km west of

Copyright © 1981 by the American Geophysical Union.
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Fig. 3. Plot of the cumulative number of events recorded by OBS
1 and OBS 3 near the intersection of the Oceanographer transform
with the northern rift axis. The event rate is about 15 to 20 events per
day.

wide, if microearthquakes were located on both sides of the
array (solid and opened circles).

If the bathymetry is known, the ambiguity in epicentrallo­
cations can be resolved using the additional information given
by the travel time differences of the R, and P phases (R, - P).
(The phase R, is a compressional phase that is a water wave
multiple of P. See Figure 4.) Francis et al. [1977] also use (R,
- P) times to locate microearthquakes recorded by an array of
two OBS's. The method used differs from that of Francis et
aI., since there is control on the crustal structure.

Because the ray path for R, crosses the seafloor about 2 km
from an OBS (for reasonable crustal models), the velocity
structure near the OBS has the greater effect on (R, - P) times
than the structure near the source. Thus a velocity model of
the central transform valley near OBS 1 is used to test for lo­
cations of the events. The crustal model consists of a 3.0-km/
slayer, 1 km thick, over a 5.6-km/s refractor dipping 2° to­
wards the east [Rowlett, 1978]. The main refractor (the bound-

100

...

339

~. ..­..
ass 3

338

..

ass 1

EVENTS/DAY
fi

20

15

10

5

337
JULIAN DAY

.~..
......

336

....
.....

.....

o ':.-.

20

335

~ 80
z
w
>w
"­o

ffi 60
CD
;:;:
:::>
z
w
>
~ 40...J
:::>
;:;:
:::>
u

400 N

35°N

Fig. 1. Location map of study area on the mid-Atlantic ridge and
the FAMOUS area. Hatched box is the area of the OBS experiment.
Depth in meters, after Fox et at. [1979].

1978] suggest that 5.6 km/s is the dominant crustal velocity in
the central valley of the transform. Therefore ranges from the
OBS's to the microearthquakes are computed assuming a
half-space model with a Vp = 5.6 km/s and Vs = Vp/1.73.
Focal depths of individual events were varied from zero to the
maximum depth permitted by S minus P times and the sta­
tion separation. These assumptions are adequate, since epi­
centers calculated from the data set, using a range of reason­
able values for Vp and focal depth, do not change the
conclusions of this study.

Seven microearthquakes are located this way using both P
and S phases picked on either the geophone or hydrophone
channels. In Figure 4 the seismogram of a microearthquake is
presented as an example of observed phases. The located
events have S minus P times between 1.10 sand 2.83 s. There
is, however, an ambiguity in the locations; that is, the micro­
earthquakes can be located on either side of a line through the
two OBS stations. Figure 2 shows epicentral locations of the
microearthquakes at zero focal depth with respect to the base­
ment contours and the OBS positions. The two possible loca­
tions (solid and open circles) for each of the microearthquakes
are plotted in Figure 2. Note that regardless of the choice of
epicentrallocation for each microearthquake, seismic activity
near the junction of the median valley with the transform val­
ley occurs over an area several kilometers wide, since in addi­
tion to the seven located events, there is also considerable seis­
mic activity in the immediate vicinity of each OBS. That is,
microearthquakes occur over an area at least 7 km wide, if all
the microearthquakes were located on one side of the array
(all solid or all opened circles), or over an area up to 14 km

Fig. 2. Bas~ment c?ntours of eastern part of Oceanographer transform fault adapted from Schroeder et at. [1977] along
WIth OBS pOSItrons (trIangles), satellIte fixes used to locate OBS pOSItrons (squares), preferred (solid circles) and alternative
(open circles) locations of microearthquake epicenters. Choices of epicentrallocations are explained in text.
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Fig. 4. Example seismogram of microearthquake recorded at OBS I. The vertical, horizontal, and hydrophone traces
are denoted by V, HZ, and HP, respectively. The same nomenclature is used for identifying phases as Francis and Porter
[1973]. The noise on the HP trace is a result of the playback electronics. Event at 0205 GMT on day 337.
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ary of the half space) of the crustal model is assumed to be a
plane in three dimensions near OBS 1. Apparent dip of the
main refractor is varied to compute (R, - P) times for events
from different directions.

The (R, - P) times are calculated for sources located at
depths above and below the main refractor. In cases where the
refractor dips away from the OBS, (R, - P) times are equal to
or greater than 5.13 s. The observed (R, - P) times for the
seven events are between 4.91 and 5.05 s. Only cases with re­
fractors that dip towards the OBS satisfy the observed (R, ­
P) times. Travel times of first arrivals from shots fired across
the south wall of the transform valley require (if the refrac­
tions from these shots propagate along the same refractor de­
rived for the velocity model beneath OBS 1) that the refractor
beneath OBS 1 dips toward the southeast [Rowlett, 1978]. Epi­
centers southeast of OBS 1 cannot satisfy the observed (R, ­
P) times; therefore all of the epicenters are located north of
the OBS array (solid circles in Figure 2). These results are

Fig. 5. Trade-off of epicentral position with depth. Epicenters at
zero focal depth are denoted by dots, and epicenters at the maximum
permitted focal depth are denoted by crosses. Bathymetry and sym­
bols are the same as in Figure 2.

consistent with observations of seismicity at other inter­
sections (see below).

In Figure 5, epicentral positions north of the OBS array are
plotted for zero focal depth (solid circles) and for the maxi­
mum focal depth permitted by the S minus P times and the
station separation (crosses). The maximum focal depths
ranged between 6 and 12 lan. Note that regardless of the focal
depth the epicenters are located in an area where the west wall
of the median valley (MV) bends around to form the north
wall of the transform valley (TV). Schroeder [1977] analyzed
surface-ship data over the Oceanographer fracture zone and
suggested that major fault scarps form the inner wall west
of the median valley and the wall north of the transform val­
ley. He also suggested that the strike of the scarps along the
western walls of the median valley bend around (approximat­
ing the contours in Figure 5) as the intersection with the trans­
form valley is approached. The strikes of bathymetric con­
tours begin to deviate from the general N200E trend of the
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Fig. 6. Map of epicenters (dots) at the eastern intersection of St.
Paul's transform and MAR [after Francis et al., 1978]. Squares denote
OBS's. Dotted line denotes axis of median valley [from Francis, 1977].
Depths greater than 2300 fm (4206 m) and less than 1900 fm (3475 m)
are hatched and stippled, respectively.
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Fig. 7. Seismicity at the western intersection of the Vema transform (preliminary results of Forsyth and Rowlett [1979]).

Open circles and squares represent microearthquakes and OBS's, respectively. Bathymetry in meters. Dotted line repre­
sents trace of transform fault.

median valley 25 to 30 kIn from the axis of the transform val­
ley. The microearthquake locations suggest therefore that
these oblique structures are presently active features.

Even with the limited recording interval of 5 days, it may be
significant that a simple transform fault parallel to the east­
west spreading direction at this latitude [Macdonald, 1977;
Schroeder, 1977] is not delineated by the larger events at the
intersection. It is possible that microearthquakes occurring
near the instruments, but too small to be recorded by both in­
struments, represent simple transform faulting. Faulting away
from the intersection and within the transform, however, is
nearly parallel to the present spreading direction. The focal
mechanisms of two teleseismic events clearly show strike-slip
faulting with east-west slip vectors [Sykes, 1967; Rowlett,
1978].

FEATURES OF SEISMICITY AT INTERSECTIONS

A number of microearthquake surveys have been con­
ducted with sonobuoy or OBS arrays at intersections of other
major transforms [Reid, 1976; Prothero et al., 1976; Francis et
al., 1978; Jones and Johnson, 1978; Forsyth and Rowlett, 1979;

Project ROSE Scientists, 1980]. With the exception of the ROSE
study, small arrays were used with resulting limitations in epi­
central capabilities and with generally poor focal depth reso­
lution. Nevertheless, taken together, these studies show fea­
tures of the seismicity that are remarkably similar and thus
may be characteristic of most intersections.

Figures 6-8 illustrate epicenters located at intersections of
the St. Paul's, Vema, and Rivera fracture zones [from Francis
et al., 1978; Forsyth and Rowlett, 1979; Reid, 1976]. At all of
these intersections the microearthquakes occupy a triangular
zone in the corner between the spreading axis and the trans-

form. This distribution of microearthquakes is similar to re­
sults at the intersection of the Oceanographer fracture zone.
Microearthquake activity at the eastern intersection of the
Blanco fracture zone may also occur at the corner between the
spreading axis and transform. Measurements of the direction
of approach of events recorded by a sonobuoy array posi­
tioned over the eastern intersection of the Blanco fracture
zone indicate that most events were from the western crestal
mountains of the northern Gorda Ridge [Jones and Johnson,
1978].

There is very little or no seismic activity in the corner be­
tween the spreading center and the inactive portion of the
fracture zone (Figures 6-8). Seismic activity also appears lim­
ited to the young side of the transform valley at the Vema, St.
Paul's, Rivera, and Oceanographer fracture zones (Figures 5­
8). Because of array limitations the lateral extent of activity ei­
ther along the transform or into the plate adjacent to the
spreading center is unknown. In the case of the Vema trans­
form, where deformed sediments in the transform valley pro­
vide a good indication of the transform fault [Eittreim and Ew­
ing, 1975], the lateral extent of the diffuse zone of
microearthquake activity appears limited by the transform
fault itself (Figure 7 and Forsyth and Rowlett [1979]). Forsyth
and Rowlett [1979] observed disturbances in sediments at the
Vema fracture zone that indicate vertical displacement on the
spreading center/transform corner north of the transform
stops abruptly at the active transform trace. This abrupt
boundary is not surprising because large, lateral differences in
physical properties of the lithosphere probably exist across
major transforms near their intersections where hot, thin lith­
osphere is adjacent to cooler and thicker lithosphere [Parker
and Oldenburg, 1973; Louden and Forsyth, 1976; Rowlett and
Forsyth, 1979].
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Fig. 8. Microearthquakes (dots) at the western intersection of the
Rivera transform with the EPR [after Reid, 1976]. Bathymetry in me­
ters. Triangles denote OBS's.

The distribution of microearthquakes at the western inter­
section of the Orozco fracture zone and the East Pacific Rise
(at 15 0 15'N) is different from the examples mentioned above.
Microearthquakes lie within the active transform along a nar­
row trough that extends eastward from the intersection with
the northern rise crest [Project ROSE Scientists, 1980]. There is
little or no activity in the western corner between the spread­
ing center and transform fault.

The spreading rates of the spreading centers adjacent to the
intersections considered here vary from 1.1 cm/yr near the
Oceanographer fracture zone to 4.9 cm/yr near the Orozco
fracture zone. That is, the adjacent spreading centers are char­
acterized by slow to fast spreading rates. The difference be­
tween the distribution of seismicity at the intersections of the
Orozco fracture zone and the other fracture zones considered
here may be a function of spreading rates. Other features of
intersections are also known to be functions of spreading
rates. For example, Macdonald et al. [1979] suggest for spread­
ing rates greater than 4 cm/yr that the spreading center near
the intersection is not characterized by an 'intersection rift' (or
depression) that characterizes intersections at slower spread­
ing rates. Likewise, Atwater and Macdonald [1977] found that
transform/spreading intersections were oblique for spreading
rates less than 2 cm/yr, orthogonal for rates greater than 4
cm/yr, and either oblique or orthogonal at intermediate
spreading rates.

DISCUSSION AND CONCLUSIONS

The seismicity at intersections of transforms and slow to
moderate spreading centers is concentrated on the corner of
the plate between the spreading center and transform. This
seismicity probably reflects a gradual transition between ex­
tensional and transform structt:res. Bathymetry at inter-

sections of the Oceanographer, St. Paul's, Vema, Rivera,
Blanco, and Tamayo fracture zones also suggest interaction
between the spreading center and transform fault. For ex­
ample, near these intersections, bathymetric contours parallel
to the spreading center change trend and bend around at the
seismically active corner of the plate near the transform (Fig­
ures 5-8; Figure I of Jones and Johnson [1978]; Figure 2 of
Macdonald et al. [1979]). Bathymetric contours on the seis­
mically inactive corner between the spreading center and the
inactive portion of the fracture zone are generally parallel t(\
the spreading center and do not change trend near the frac­
ture zone.

Interpretation of the seismicity at the intersection in terms
of a broad plate boundary is not consistent with detailed sur­
face-ship observations at the Vema intersection and the MAR
[Forsyth and Rowlett, 1979] and with near-bottom observa­
tions at the Tamayo intersection with the EPR [RISE Scientific
Team, 1979; Macdonald et al., 1979]. These detailed observa­
tions show that the zone of active transform faulting appar­
ently extends -1 km from the spreading center and is very
narrow «1 km wide). Thus the plate boundary is probably
well defined at the intersection, and much of the micro­
earthquake activity is concentrated off of the boundary and
within the plate.

The actual causes and mechanisms of the deformation
within the corner of the plate are unknown, since there have
been no focal mechanism studies of the microearthquakes.
Near-bottom observations of the geology at intersections,
however, suggest one type of deformation that is consistent
with the locations of the microearthquakes. Structures trend­
ing oblique to both the spreading center and transform are
observed at several intersections with slow to moderate
spreading centers [ARCYANA, 1975; Whitmarsh and Laughton,
1976; Searle and Laughton, 1977; Macdonald et al., 1979].
These oblique structures appear to be fault scarps and may
represent strains of limited extent caused by transform motion
on newly created oceanic crust [Searle and Laughton, 1977;
Macdonald et al., 1979]. Whitmarsh and Laughton [1976] show
that the oblique features are associated with only the spread­
ing center/transform corner and not with the other corner.
This restriction of the oblique structures to one corner is the
same as the location of seismic activity at intersections and of­
fers an explanation for the type of faulting causing the diffuse
seismicity at intersections of slow to moderate spreading cen­
ters.
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tween the transform and median valley and are associated with fault scarps that form the inner walls on
the west and north sides of the median and transform valleys. At intersections of other major fracture
zones (>IOO-km offset) and slow to moderate spreading centers microearthquake activity is also diffuse
and cuts across the corner between the spreading center and transform fault. The narrow zone of de-
coupling (-I km) observed between spreading center and transform boundaries by detailed geological
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(20. continued)

studies at the Tamayo/East Pacific Rise and Vema/mid-Atlantic Ridge intersections suggest that the dif­
' fuse seismicity (20 to 30 km in width) does not reflect a diffuse plate boundary at the transition from rift
to transform valley. Instead, the faulting probably reflects internal deformation of the corner by second­
ary faults off of the plate boundary.
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