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[11 Two N-S fault zones in the southern Mariana fore arc record at least 20 km of left-lateral displacement.
We examined the eastward facing slope of one of the fault zones (the West Santa Rosa Bank fault) from
6469 to 5957 m water depth using the submersible Shinkai 6500 (YK06-12 Dive 973) as part of a cruise by
the R/V Yokosuka in 2006. The dive recovered residual but still partly fertile lherzolite, residual lherzolite,
and dunite; the samples show mylonitic, porphyroclastic, and coarse, moderately deformed secondary
textures. Crystal-preferred orientations of olivine within the peridotites show a typical [100](010) pattern,
with the fabric intensity decreasing from rocks with coarse secondary texture to mylonites. The sampled
peridotites therefore represent a ductile shear zone within the lithospheric mantle of the overriding plate.
Peridotites were probably exposed in association with a tear in the subducting slab, previously inferred from
bathymetry and seismicity. Furthermore, although the dive site is located in the fore arc close to the Mariana
Trench, spinel compositions within the sampled peridotites are comparable to those from the Mariana
Trough back arc, suggesting that back-arc basin mantle is exposed along the West Santa Rosa Bank fault.
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1. Introduction

[2] The Mariana Trench is where the Pacific plate
subducts beneath the Mariana plate [Bird, 2003].
The Challenger Deep, part of the southern Mariana
Trench southwest of Guam, is the deepest trench in
the world, and is up to 2 km deeper than the
average of the Mariana Trench [Fujioka et al.,
2002; Fryer et al., 2003]. The strike of the trench
changes from N-S in the north to E—W in the
south (Figure 1). The fore arc narrows markedly
along the E-W segment (Figure 1) [Stern and
Smoot, 1998]. It appears that the ~E-W opening
of the Mariana Trough, coupled with a N-S tear in
the slab beneath this region produced a narrow,
shallow subducted slab to the west of the slab tear,
which sinks more rapidly through the mantle than
the wide, deep subducted slab to the east and north.
It is this combination of circumstances that enables
the slab to roll back, thereby explaining the great
depth of the trench [Fryer et al., 2003; Gvirtzman
and Stern, 2004; Miller et al., 2006], at the same
time that it results in a remarkable amount of
volcanic and tectonic activity in the overriding
plate [Martinez et al., 2000; Kato et al., 2003].

[3] Large bathymetric gashes, inferred to represent
fault zones, have been imaged by side-scan sonar
in the fore arc west of Guam (Figure 1) [Fryer et
al., 2003]. For example, above the site where the
N-S tear is thought to occur (i.e., beneath the fore
arc immediately west of Guam), Santa Rosa Bank
is bounded to the east by a N-S-striking left-lateral
fault zone that records at least 20 km of displace-
ment (Figure 1) [Fryer et al., 2003]. Another fault
to the west may be a sinistral strike-slip and/or
normal fault related to opening of the Mariana

Trough back-arc basin. The bathymetric youthful-
ness of these fault scarps suggests active tectonics
and their location suggests they are associated with
the inferred slab tear [Fryer et al., 2003; Gvirtzman
and Stern, 2004] and first motion solutions on
earthquakes inferred to be within the subducting
slab west of Santa Rosa Bank and near the trench
show the left lateral strike-slip motion [Fryer et al.,
2003]. However, direct evidence for significant
shearing deformation on the seafloor in this region,
including geologic evidence, has yet to be reported.

[4] In this paper, we report results of studies of
peridotites taken from the western wall of the West
Santa Rosa Bank fault (Figure 1). In 2006, the
submersible Shinkai 6500 Dive 973 traversed ~2 km
along the east facing slope of the bathymetric gash
associate with the West Santa Rosa Bank fault, in
water depths between 6469 m (12°14.5516'N,
144°07.8100'E) and 5957 m (12°14.9588'N,
144°06.8095'E [Ohara et al., 2006]). An R/V
Yokosuka bathymetric survey of the dive site
(Figure 2) shows some variability in slope steep-
ness along the track line. The slope exposes a
variety of tectonized peridotites, including mylon-
ites, suggesting that they formed in a ductile
regime along the downdip extension of the fault,
toward the slab tear. We show olivine fabric data
and spinel mineral compositions and discuss impli-
cations for the tectonic affinity of the peridotites.

2. Shinkai 6500 Dive 973 on the East
Facing Scarp of the West Santa Rosa
Bank Fault

[s] Dive observations began at the seafloor at
6469 m (Figure 2). We moved upslope westward,
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Figure 1.

(left) Locality map of the southern Mariana arc and (right) enlargement showing the present study area

(enlargement of the area within the dashed rectangle in Figure 1 (left), where the location of Figure 2 is shown). The
data set used in each panel is a compilation of the following bathymetry data: (1) EM300 multibeam bathymetry, R/V
Thomas G. Thompson, NOAA Ocean Exploration (OE) Submarine Ring of Fire (SRoF) 2003 (TN153) and 2004
(TN167) Cruises (contact is R. Embley); (2) SeaBat multibeam bathymetry, R/V Natsushima, JAMSTEC 2005
(NT0517) (contact is Y. Tamura) and JAMSTEC 2005 (NT0518) (contact is K. Nakamura); (3) SeaBeam 2000
multibeam bathymetry, R/V Melville, NOAA OE SRoF 2006 (MGLN02MYV) (contact is R. Embley); (4) Cook07
Cruise 2001 (contacts are R. Stern and S. Bloomer); (5) SeaBeam 2100 multibeam bathymetry (50 m resolution), R/V
Onnuri, NOAA OE Sounds of the Sea 2003 (contact is R. Dziak); (6) Hawaii Mapping Group H-MR1 surface-towed
swath bathymetry, R/V Melville, Cook07 Cruise 2001 (contacts are R. Stern and S. Bloomer) and R/V Moana Wave,
NSF 1997 (contacts are P. Fryer, F. Martinez, and N. Becker); (7) satellite altimetry data 1997 (contacts are W. Smith
and D. Sandwell); and (8) SeaBeam 2112 bathymetry, R/V Yokosuka, YK06-12 Cruise 2006 [Ohara et al., 2006]
(contacts are Y. Ohara and R. Stern). Dashed lines in Figure 1 (right) represent the West Santa Rosa Bank fault (WSR

BF) and the West Guam fault (WGF).

covering a total distance of ~1940 m and a vertical
relief of 513 m (yielding an average seafloor slope
of ~14.8°) and making five sampling stations (S1
to S5 in Figure 2). The material exposed on the
scarp was mostly coarse angular talus, dominantly
~10—-50 cm across but ranging to 1 -3 m boulders.
All the samples collected during Dive 973 are
heavily altered peridotites.

[¢] Near touchdown, we collected a cobble of mod-
erately deformed peridotite (R1; S1 in Figure 2).
Further upslope, at 6385 m depth in a sandy area,
we collected two talus pieces (S2 in Figure 2):
sample R2 is an intensely deformed mylonitic
peridotite and R3 is a weakly to moderately de-

formed peridotite. At 6350 m, we traversed 100%
exposure of coarse, angular to subangular debris of
variable size, and collected five samples (R4—8 at
6355 m depth; S3 in Figure 2). R4, RS, and R7 are
intensely deformed peridotite. R6 and R8 are weak-
ly to moderately deformed peridotite. Outcrops
occur from 6313 m to 6298 m depth. It is possible
that the debris collected at deeper levels was derived
from these outcrops or even shallower exposures.

[7] Large blocks/outcrops appeared at 6253 m, and
another blocky talus deposit covered the slope
starting at 6241 m depth. The talus blocks con-
sisted of dark gray and dark green, angular to
subangular, medium (<1 m) to large (>1 m) bould-
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Figure 2. (a) Bathymetric map showing the dive track

of the Shinkai 6500 Dive 973 and sampling locations
shown as S1-S5. The contour interval is 20 m. The
small star symbols that define the dive track show the
submersible location at 5-min intervals. (b) Sampling
depth versus microstructure of recovered samples.
Symbols correspond to petrographic character in the
enclosed box and are used in Figures 6—9.

ers. Two samples of coarse talus were collected at
6228 m depth (S4 in Figure 2): R9 is a dunite and
R10 is a mylonitic peridotite. The coarse talus
slope ended at 6185 m. Above this, the slope was
covered with numerous cobbles and boulders. Two
samples of weakly deformed peridotite were col-
lected from this talus at 5957 m (R11-12; S5 in
Figure 2).

3. Peridotites From the West Santa
Rosa Bank Fault

3.1. Petrography

[s] Foliation and lineation were identified based
solely on the alignment of spinel and pyroxene
grains (even within the heavily altered samples), as
observed in the laboratory from bleached and saw
cut samples [e.g., Michibayashi, 2008]. We ana-
lyzed microstructures in all samples from thin

sections cut perpendicular to the foliation and
parallel to the lineation (i.e., XZ sections). On the
basis of these analyses, we classified the peridotites
shown in Figure 2b into three microstructural
categories: coarse- to intermediate-grained moder-
ately deformed rocks, intermediate to fine-grained
porphyroclastic rocks, and fine-grained mylonitic
rocks, as follows:

[s] Coarse- to intermediate-grained, moderately
deformed peridotites are represented by R1 and
R3 (Figures 2b and 3). These samples consist
dominantly of relatively coarse olivine grains of
up to several millimeters, although they are partly
recrystallized to intermediate-sized grains several
hundred microns across. Orthopyroxenes have ir-
regular grain boundaries and are elongate, defining
the foliation and lineation. Four other samples (R6,
R8, R11, and R12) also possess similarly coarse-
grained, inhomogeneous textures; however, oli-
vines in these samples are so heavily altered that
it is difficult to identify the textures in detail.

[10] The group of intermediate- to fine-grained
porphyroclastic peridotites includes samples R4,
RS, and R7 (Figures 2b and 3). These are charac-
terized by orthopyroxene porphyroclasts, several
millimeters across, within a matrix of intermediate-
sized olivine grains, several hundred microns
across. Orthopyroxene porphyroclasts are either
rounded or intensely elongated with irregular grain
boundaries. In particular, olivines in sample RS are
relatively fine (tens to several hundreds of microns).

[11] Mylonitic peridotites include samples R2 and
R10 (Figures 2b and 3). These rocks are charac-
terized by relatively small and rounded orthopyr-
oxene compared with those in the porphyroclastic
peridotites. In particular, R2 consists of alternating
very fine-grained (several microns across) layers
and intermediate-grained (several hundred microns)
layers. The very fine-grained areas in R2 are
characteristic of ultramylonite. R10 shows similar
textural variations; however, the sample is too
altered to identify its microstructure in greater
detail.

[12] R9 is a heavily altered dunite (Figures 2b and
3). Despite the alteration, individual olivines can be
recognized from extinction patterns in cross-polar-
ized light. The olivines range in size from fine
(several tens of microns) to intermediate (several
hundreds of microns; Figure 3).

[13] Every sample except dunite (R9) includes
minor clinopyroxene. Since clinopyroxenes are
generally small (approximately one hundred
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Figure 3. Microphotographs (cross-polarized light) of peridotites collected during Shinkai 6500 Dive 973. (a) Coarse-
to intermediate-grained, moderately deformed texture: R1 and R3. Heavily altered samples (coarse- to intermediate-
grained, moderately deformed textures?): R6, R8, R11, and R12. (b) Intermediate- to fine-grained porphyroclastic
textures: R4, RS, and R7. (c) Fine-grained mylonitic textures: R2 and R10. (d) Heavily altered dunite: R9.

microns) and samples suffer variable alteration, it
is sometimes difficult to distinguish clinopyroxene
from orthopyroxene. Every sample except dunite
(R9) also includes plagioclase that appears as fresh
interstitial grains or altered phases as irregular
diffuse dark brown patches of hydrogrossular
(e.g., Figure 4).

3.2. Olivine Fabrics

[14] To examine the deformation conditions in detail,
we measured the crystal-preferred orientations
(CPO) of olivine. We determined between 97 and
218 olivine crystal orientations per sample (Figure 5),
and visually checked the computerized indexation of
the diffraction pattern for each orientation.

[15] Fabric strength and the distribution density of
the principal crystallographic axes characterize the
CPO [e.g., Michibayashi and Mainprice, 2004].
The rotation matrix between crystal and sample
coordinates defines the orientation, g, of a crystal
in sample coordinates. In practice, it is convenient

- Y.
0.2 mm

Figure 4. Photomicrographs of Dive 973 peridotites
showing habits of plagioclase and its altered phase.
(a) Fresh interstitial plagioclase associated with olivine
and clinopyroxene in R4. Cross-polarized light.
(b) Hydrogrossular associated with spinel and olivine in
R4. Plane-polarized light. (c) Fresh interstitial plagio-
clase associated with olivine in R12. Cross-polarized
light. (d) Hydrogrossular associated with olivine in R12.
Plane-polarized light. Pl, plagioclase; HG, hydrogros-
sular; Ol, olivine; Cpx, clinopyroxene; Sp, spinel.
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