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The Relationship between Tectonic Deformation,
Voleanism, and Fluid Venting
in the Southeastern Mariana Convergent Plate Margin

Patricia FRYER"®

Data collected during cruise Y9204 of the RV “Yokosuka" {Movember
1992} in the southern Mariana convergent plate margin are consistent with
the hypothesis that voleanism and fluid venting are related to major faulk
zones cross-cutting the entire plate margin, "Shinleai 8500" submersible dives
permitted observation of fluid venting at the base of a major forearc fault

and within the backarc basin spreading system during “Shinkai 63007
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Fig. 1 Bathymetry and geslogic features in the Philippine Sea region. Basing and ridges are outlined
by the 4-km bathymetric contour, except for the Izu-Bonin are, West Mariana Ridge, and
Mariana arc, which are outlined by the 3-km contour. Barbed lines locate axes of trenches;
medium double lines locate active spreading centers; dashed double lines locate relict
spreading centers; single dashed line is a proposed new plate boundary.

wMottl, 1992). Venting of slab related fluids
from one of these seamounts has been described
in detail recently (Mottl, 1992). Recent vol-
canism {Pleistocene, 1.68£0.37 Ma) associated
with forearc faulting was discoversd at a
distance of about 80 km from the trench axis
during deep ocean drilling at Ocean Drilling
Program {(ODP) Leg 125 Site 781 (Marlow et
al., 19923,

Proc, JAMSTEC Symp. Deep Sea Bes, (1993

The the interrelationship between structure
and fluid flux, metamorphism and volecanism
in forearc regimes present some of the out-
standing concerns facing the marine geological
comimunity, Most of the recent effort toward
addressing these concerns have been through
studies of accretionary foreare regimes (a.g.
COSOD O 1987 : Kulm and Suwess,  1290-

a

Langseth and Moore, 1990 ; Kastner et al., 1991
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submersible dives. Also observed were relatively fresh basaltic lavas cutcropp-
ing on the side of a major foreare fault, suggesting recent foreare voleanism.

Large fault zones cross-cut the southeastern Mariana foreare and intersect
both the Mariana Trench axis and the southernmest Mariana backare basin
spreading center. These fault zones may provide zones of egress of fluids and
provide routes for migration of arc magmas into the foreare region. Faulting
in the southeastern forearc is also likely the cause of concentrations of large
volcanoes in the backare spreading region in thesouthernmostMariana Trough,
the actively opening spreading center immediately west of the Marianaisland
arc. The bathymetry data collected and dive observations augment studies of
the siructural interrelationships between the egress of fluids, degree of
metamarphism, forearc volcanism, and distrbution of forearc structures

in this convergent margin setting.

1 Introduction

Convergence of the Pacific Plate with the
eastern margin of the Philippine Sea region
(Fig.1) began in the early-middle Eocene and
to have been followed by subduction of the Pac-
ific Plate towards the Philippines and o series
of arc rifting and backarc basin forming events
(Karig, 1971, 1975 ; Natland and Tarney, 1981;
Kobayashi and Nakada, 1978). During the last
6-8 m.y. spreading in the Mariana Trough, the
currently active backare basin south of 23°N,
isclated the active Mariana arc from a rem.
nant are, the West Mariana Ridge (Karig et a]_,
1978 ; Hussong and Uyeda, 1981). Deformation
in the platelet bounded by the Mariana Trench
on the east and the Mariana Trough spreading
center on the west resulted from an increase in
the curvature of the platelet with respect to
the West Mariana Ridge. Subduction of sea-
mounts on the Pacifie Ocean plate (Fryer and
Smoot, 1985) also caused widespread vertical
tectonic deformation of the region within 200
km west of the Mariana Trench (the Mariana
foreare) (Fryer and Pearce, 1992 ; Mahoney
and Fryer, 1958, 1989 ; Wessel, 1991 ; Wessel et
al., submitted}. Subduction of Pacific oceanic
lithosphere occurs at absolute velocities be-
tween 8 and 10 em per year to the northwest.

i

The subduction angle is about 12° at shallow
depths, stecpening in someplaces to nearly
vertical below about 80 km (Eguchi, 1984).
Accretion of pieces of oceanic plate material
onto the outermost 50 km of the forearc between
17 and 20° M has added to the complexity of
that part of the forearc region {Johnsen and
Fryer, 1990 : Johnson, 1992 ; Johnson et al.,
1992 ; Johnson and Fryer, submitted ). The
majority of the Mariana forearc, however, 13
considered to be nonaccretionary (Hussong and
Uyeda, 1981) and no large wedge of Pacific
plate sediments has formed adjacent to the toe
of the overriding plate. Serpentine seamounts
formed on the outer half of the foreare, pre-
dominantly between 17 —20°N, in response
to tensional stress and vertical tectonic defor-
mation {Fryer and Fryer, 1987 ; Fryer et al.,
1990:Saboda et al., 1992). A few serpentine
seamounts have alse been identified in the
gouthern portion of the foreare (13— 14°N)
(Fryer, 1992h ). The serpentine seamounts are
emplaced either hy diapirism or by mud vel-
Canism and some are currently sites of active
venting of subdyetion-related fluids (Fryer et
al.. 1985; Fryer and Fryer, 1987 ; Haggerty,
1987 ; Fryer, Pearce and Stokking et al., 1991 ;
Fryer, 19824, 19921 . Fryer and Mottl, 1992 ;
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Martin et al,, 1991), but no nonaccretionary
forearc has yet been investigated in detail with
the objective of fluid studies. There are three
fundamental geologic questions that such stud-
ies can address: (1) the problem of fluid-related
mass-balance in comiergent margins; (2) the
metamorphism of the overriding mantle and
crustal regions at convergent margins; and (3)
the relationship between foreare veoleanism and
structure as it applies to the development of
ophiclite sequences. The results of the “Shinkai
6500° dive observations and the bathymetry
data collected on cruise Y9204 of the RV
“Yokeasuka" described here present some of the
first direct evidence to apply toward answer-
ing these important gquestions.

2 Previous Work

Global mass-balance and chemical transport
within subduction zones depends in part on
tectonic-induced cireulation of fluids at con-
vergent marging. Fluid transport affects
metamorphism and diageneitic processes in the
overriding plate, the formation of voluminous
serpentine terranes, the thermal regime of the
convergent margin, and composition of supra-
subduction zone magmas. Eecent studies high-
light the importance of the role of fluids in
the tectonic, thermal, and geochemical pro-
cesses of these dynamic systems (e.g. COSOD
Il 1987 ; Haggerty, 1987 ; Peacock, 1887, 1990;
Kulm and Suvess, 1990 ; Langseth and Moore,
1990 ; Kastner et al., 1991 ; Martin et al_, 1991;
Mottl, 1992). Understanding the origin of
these fluids and their circulation reguires
knowledge of bath the structural evolution and
the history of fluid flux within convergent
margins.

Diffuse flow accounts for the bulk of fluid
flux in sediment wedges at accretionary con-
vergent margins; however, channelized flow
does oceur along faults and fractures. The rate
of flux of channelized fluids has been shown to

T

be up to two orders of magnitude faster than
that of diffuse flux {Moore et al., 1990). A
rapid flux of fluid reduces the potential for
fluid interaction with the medium through
which the fluid flows and thus, presumably,
results in wvent fluids that more accurately
represent the original composition of the
source. The outer half of the Mariana foreare,
where faulting is-prevalent, and whers the
possibility of interaction with large sediment
wedges is minimal, is an ideal locality in which
to study the composition of slab-derived fluids
if vent sites associated with faulting can be
located.

The entire forearc region between the active
voleanic arcs and the trench axes of the Mariana
and Izu-Bonin convergent wmargins consists
mainly of igneous and metamorphic rocks of
suprasubduction zone composition. Thus “fore-
arc” volcanism has played the major role
information of this 200 km wide, 2,500 km
long region. The development of convergent
margin ophiolite suites and interpretation of
these suites in exposures on land depends
critically on our understanding of their form-
ation in situ. The only site in an active
interoceanic convergent margin where young
{Pleistocene, 1.68+0.37 Ma) lavas have been
recovered iz at ODP Leg 125 Site 781, on the
Mariana forearc immediately northwest of
Conical Seamount (Fryer, Pearce and Stokking
et al., 1991 ; Marlow et al., 1992). The lavas
recovered there are of island arc tholeiite
composition and were thus thought to have
originated from the magmatic source for the
currently active voleanic arc or to represent a
forearc magma source with pressure, temper-
ature, and source compesition similar to those
of the arc magma source {Marlow et al., 1992).
For lavas from an are source to have been
erupted at ODP Site 781, some 120 km east of
the welcanic front, either a conduit c¢rosscut
the forearc structure, or magma was injected

Proc. JAMSTEC Symp. Deep Sea Res. (1993)



as a sill.

Several cross-arc structural trends are present
in the southern portion of the Mariana con-
vergent plate margin system. Structures south
of 13° N (see Fig. 2), oriented cast-west are
probably strike-slip fault zones (Karig and
Ranken, 1983). Karig and Ranken (1983) also
showed several north-south striking features,
probably also fault zones, south and southwest
of Guam (Fig.2). Bloomer and Hawkins (1983)
reported the lithology of dredpe samples taken
from the north slope of the southern Mariana
trench, along one of these major fault zones,
Two of their dredge hauls (D27 and D23)
from the break in slope of the inner trench
slope east (D 28) and west (D 27) of the fault
at approximately 144" 10 E showed a wide
range in composition of arc related material
on the east {depth 4,000 —5000m ) and an
almost monolithic recovery of serpentinized

peridotite from the west wall of the fault
{depth of 5,000—6,000m) with only very minor
basalt, gabbro, and siltstone and 2 small
amount of breccia. Dredges from further west
along the inner wall of the trench (Bloomer
and Hawkins, 1983} also recovered dominantly
ultramafic rocks (D26, D21, D20) at least as
far west as 142° 45’ E, although a dredee at
4,500m at 143° 15" E (D 20) retrieved almost
as much gabbro as ultramafics. "Shinkai 6500"
dive 157 recovered serpentinized harzburgite
rocks from the north slope of the trench at
143° 26" E at depths below 5,800 m {7T. Ishii,
“Shinkai 6500" Dive 157 report). At a depth of
5,769 a pyroxenite cumulate rock was recovered
on this dive. Thus, it appears that the north
slope of the trench at depihs in excess of about
5000 m exposes predominantly ultramafic
rocks, The paucity of mafic or other rock types
from the inner trench slope dredge sites

J14°m
“ﬁﬂﬂﬁ
12°N
Southeastern Mariana
Arc/Trench System
142°F 144°E 146°R 148°E

Fig. 2 Bathymetry of the southeastern Mariana convergent margin contoursd at 1,000m

intervals. The location of the Mariana Trench is designated by a solid line with
triangular barbs. The location of the spreading center of the backarc basin is
designated by parallel solid lines with inward facing batchures, The boxes
outlineareas from which more detailed bathymetry data were recently collected
as shown in Fig. 3 (A} and 5 (B).
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I



suggests that arc mantle predominates the
exposures and that this mantle material for
the most part lacks the intrusives or layered
eurnulates indicative of suprasubduction zone
magma major
exception to this observation is the material
recovered from “Shinkai 6500" dives 158 and
159 on the fault scarp at 144" 10" B

chamber structures. The

3 Bathymetry Data and Diving Results
3.1 Bathymetry Data
Southern Mariana forearc: Recently acquired

multi-narrow beam bathymetry data (Fig. 3)
from near 144° 10’ E between 12° 10° M and
12° 37" N during cruise Y9204 of the RV
“Yokosuka" are congistent with Karig and
Ranken's (1983) regional structural interpre-
tations. An eastward-facing fault with a throw
of nearly 2,500 m strikes approximately north-
gouth at about 144 10" E. Observations of
nearly unsedimented talus slopes and lava
outbreaks during submersible diving on the
western wall of the fault {Dives 158 and 159)
suggest recent movement on the fault (see

Southeastern
Mariana
Forearc Fault £

1z
35

127

Oives 15815

12¢
15

§

144°00'E 144°10

144°20'

Fig.3 Bathymetry data collected in 2 B~V "Yokosuka” multi-narrow beam survey southwest
of Guam (refer to Fig. 2 for location of survey) in November of 1932, The 250m contour

interval has been hand smoothed,

Igt
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below).

The dives recovered 7 basalts and 3 micro-
gabbros from depths of 5,180-5730 m. The
latitude of the dive is 12" 20" N, that of the
Bloomer and Hawkins (19833 dredge (D27)
was 12° 15" N, The fact that basalts and
gabbros were recovered from almost the same
depth and from nearly the same geographic
position (only 8 km to the north of the dredge)
requires that either a fault contact exists
between the two localities or that volcanism
and intrusions have occurred along the fault
scarp mantling and intruding what would
otherwise be exposures of serpentinized
ultramafics.

Possible venting of fluid frem the base of
the fault scarp was cbserved on “Shinkai 6500"
dive 158. The Ffeature waz observed on ap-
proach to the bottom at the beginning of the
dive. A roughly circular hole approximately 75
cm in diameter was observed on a sediment-
covered surface. The edges of the hole were
vertical and exposed several well-defined sedi-
ment layers. The edges of the hole were
slightly built up from the surrounding seafloor
with a rim about 20 em high. A dark fluid
apparently denser than ambient sea water was
seen undulating and burbling gently within the
hole about 30 to 40 em frem the rim (Pheta 1.
In two places the rim was breached and dark
streaks of the fluid could: be'seen trailing off
across the seafloor in the down-current
direction. These observations 'were made and
captured on video tape as the submersible was
stahilizing prior to the start of the dive
traverse. As the pilots set the submersible
down on the seafloor, the skegs landed on the
edge of the hole and caved in most of the
sides of the hole. Water samples were taken in
the hole (Photo 2), but the fluid compositions
are not yet available. Analysis of the samples
is underway by M. Mottl and T. Gamo. The
hole 15 located at the base of the [ault scarp

Proc. JAMSTEC Symp. Deep Sea Res, ([1593)

on the west side of 2 slight mound that is
elongate along strike of the fault. The seafloor
in the vicinity of the hole is heavily bioturbated
and we observed numercus small benthic
animals (Photo 3). We also observed small
cones and holes filled with fecal pellets, how-
ever none of these holes were larger than 10 cm
in diameter. The sharp sides of the large hole,
suggests that if it is not antificial it was be-
ing actively excavated by upwelling fluids. The
hole is not a biological excavation. The water
column contains fish, small planktenic forms
and a few jelly-fish-like animals of approxi-
mately 15—30 em diameter. The fault scarp
above the site of the vent is covered by several
unsedimented talus chutes, intermittent out-
crops of massive mafic rocks, and two local-
ities where lava ouibreaks mantle the outerops.
The petrology of the rocks is deseribed in
detail below.

Volcanism has apparently occurred along the
fault secarp, at least between the depths of
5,400 and 5,875, There is a suggestion that
voleanism - may also have ocourred further
north along the scarp. A bathymetric bulge
{Fig. 2) along the fault trace at 12° 23" N,
144® 09" E rises over 500 m above the local
terrane and may represent a small veolcanic
edifice built as a consequence of woleanism
along the base of the fault scarp. The small
proportion of mafic rock in the dredge (D27}
described by Bloomer and Hawkins (1983)
suggests that woluminous volcanism and
intrusive activity may not extend much further
south, or if it does that it may be confined to
the lowermost portion of the fault scarp.

Trench axis: Bathymetry data collected
between longitude 143° 35" E and 144° 10" E
at zhout 11°50° N (Fig. 4) show the region of
intersection between the trench axis and the
major north-south trending fault at 144° 10" N.
The trench axis shows a shoaling of 2,250 m
where the fault trace intersects the trench axis.
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Fig. 4 Bathymetry data ¢ollected in a BV "Yohosuka" multi-narrow beam survey of
the Mariana Trench axis southwest of Guam in November of 1992, The 250m
contour interval has been hand smoothed,

The trend of the trench axis changes from
northeast-southwesterly to the west of the
intersection shoal to east-weste;iy to the east
of the shoal. The trench axis is also 1,250 m
desper east of the intersection shoal. The
morphology of the intersection suggests that
the movement on the fault is likely left-lateral
strike-slip with a component of dip-slip down-
dipping to the east. This would account for the
deepening of the trench axis east of the
intersection and would facilitate the local
change in the strike. This fault is unique. It i
the anly known fault that i1z continuous acroszs
the entire forearc region and has been
documented as a site of forearc voleanism.

The regional merphology of the north slope
of the trench suggests that it is also being
deformed by strike-slip faulting parallel to the
trench axis. A line of small northeast-south-
west trending highs parallels the trench axis at
a distance of about 20-25 km up-slope. These
may represent the edge of a fault zone trend-
ing along strike of the inner slope of the

158

trench. On a regional scale (Fig. 2), a large
reentrant in the upper edge of the north slope
of the trench also suggests east-west trending
faulting. The details of the interactions of
these faults must await further surveying, but
it is likely that the north-scuth trending fault
is dominant in this region, and may represent
a profound boundary between strain regimes in
the southern Mariana forearc.

Backarc basin: The north-south trending
fault at 144° 10° E probably extends north
across the volcanic arc into the backarc basin
(Fig. 5). Prior to the RV “Yokosuka” cruise
the southernmost bathymetry data from the
backars basin were from SeaBeam swaths and
a single SeaMARCH line at about 13° 40 N
(Hagen et al., 1892). From these data Hagen
et al., 1902} suggested that the Mariana back-
arc basin spreading center at 13° 40’ N is a
narrow, relatively low-relief featurein contrast
to portions of the backarc spreading center
further north (e.g. Fryer and Hussong, 1981;
Hawkins et al., 1990 ; Smoot, 1990}, Bathymetry

Proc. JAMSTEC Symp. Deep Sea Res, (1993)



Spreading Center

13°
2

13*
2o

13°
{113

| I
Southern Mariana Trough

1}:&)

143°40°E 143%540'

14400

Fig. 5 Bathymetry data collected in a RV "Yokosuka” multi-narrow beam survey west of Guam
in the Mariana backare basin (refer to Fig. 2 for location of survey } in November of 1992,
The 250m contour interval has been smoothed. The positions of the two “Shinkai 6500
dives completed in Novermnber 1992 (described in text) are shown on the map. Note in
particular the southern most edifice in the survey region. It has suffered deformation
along a right-lateral strike-slip fault zone. Such a fault lies colinear with foreare faults
(same sense of motion} at 13° N. Note also that the southeastern portion of the survey
region indicates a perturbation of the structural trend. The north-south striking fault
shown in Fig. 3 lies along longitude 144" 10" E and may influence the development of the

backarc hasin structures.

lata collected on the R~V “Yokosuka™ cruise
how that, far from being a narrow,
glatively inactive spreading center, the
outhern extension of the spreading center
woadens southward over 407 of latitude from
5km at 13 40° N to over 40 km at 137 10" N.

‘roc, JAMSTEC Symp. Deep Sea Res. (1993)

The volcanic edifices are large and active both
tectonically and volcanically (Fig,5). Dives 160
and 161 of the “Shinkai 6500" were located on
voleances at 143 38" E, 13 14" W {160) and
143° 55 E, 137 22° N (161). On dive 160 on
the smaller voleane, the lavas were covered
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with volcaniclastics and sediments to a depth
of several centimeters over nearly the entirs
edifice. At the bottom of the slope, near the
western bounding fault of the spreading
center, knife-edge tensional fissures in the
sediment and exposed lavas, indicate recent
faulting and continued tectonic activity on the
westernmost margin of the riftvalley. Very
frosh glassy pillow fragments of basalt and
basaltic andesite were recoversd from the
voleano. The larger volcano examined on dive
161 was virtually davoid of sediment. At the
summit large active hydrothermal chimneys
{composed predominantly of marcasite) shed
hydrothermal sediments in mounds at the
base of the chimneys. Maximum wvent water
temperature at the summit was 202°C at a
depth of 1,420m. Communities consisting of
bacterial mats, snails, shrimp, and crabs,
gimilar to those observed at 18" N in the
Mariana backare basin were observed within
the hydrothermal fields. The chimney
structures were as much as 10m high in places
at the summit of the volcano. Extremely fresh
basalt and basaltic andesite recks were re-
covered from the wolcano, along with the
chimney from which the water temperature
was taken. Detailed description of these dives
are given by L. Johnson (Dive Report for
“8hinkai 6500" Dive 161, this volume) and by
H. Maekawa {Dive Report for "Shinkai 6500"
dive 160).

The distribution and morphology of the
voloanoes in this part of the back are baszin
may be attributed to several phenomena. The
extenzion of the active volcanic line of the
Mariana arc passes very near the survey arsa
(Fig. 2). Tt is possible that the large voleanoes
on the east side of the spreading axis are
actually arc volcances superimposed on the
spreading center region. It may be that within
this region both backarc basin lavas and are
lavas are generated and form a complex

170

interrelated plumbing system, as has been
suggested for the northernmost Mariana
baciare basin -active rifitng region {Baker et
al., submitted }. Additional bathymetry data
from the southeastern portion of the backarc
basin would help to trace the distribution of
voleanism and thus to establish the connection
between the arc volcanic line and the backare
spreading center if such a connection exists.
The north-south trending voleanic ridges that
form at the eastern boundary of the spreading
center give clear evidence that magma from
the major voleanic centers is leaking along the
fault zones at least at the edge of the spreading
center, If the forearc fault trend intersects the
backarc spreading center there may be two
effects : (1) magma egress 15 likely to be
greatest at the intersection of these structural
slements, thus contributing to enhanced
voleanism in this part of the basin, and
{2) fissure eruptions may follow the north-
south trending fault at 144" 10" E southward
into the forearc region. At the southeast corner
of the backarc basin bathymetry map (Fig, 5)
the topography of the seafloor curves around
from an east-west orientation to a more
southerly trend suggesting influence by the
north-south trending fault of the forearc at
144° 10" E. A continuation of the bathymetry
survey would be required in order to determine
the possible structural interrelationships
between the previously surveyed areas. The
seamount furthest south in the spreading center
region surveyed iz offset in a right-lateral
sense by strike-slip faulting along a =zone
oriented east-west across the backarc basin.
The latitude of the offset is nearly the same as
that of the east-west striking fault zone(s)

identified in the forearc east of Guam at
13° N (Karig and Ranken, 1983) (Fig. 3 and 5.
The extent of the east-west fault zone is less
well delineated by existing data, but structures
exposed on Guam (e.g. Emery, 1962) suggest

Proc. JAMSTEC Symp. Deep Sea Res. (1993,



that east-west striking strike-slip faulting in a
right-lateral sense has contributed to the
current structure and morphology of the island.

If east-west trending faults extend into the

backare basin they may alse [acilitate magma
epress at the spreading center. Most likely the
answer is that all three phenomena play a role
in the development of the wolcanoces of the
backare spreading center at 13° N. The east-
west fault zone may also permit leakage of arc
magma into the forearc.

3.2 Petrology Data

Rock samples were collected from the talus
slope at the base of the scarp and at cutcrops
further up slope (Fig. 6). A modal deseription
of the samples is given in Table 1. The cutcrops
ohserved on dive 159 between 5,700 and 5,400 m
are primarily massive mafic rocks with
variable sediment cover (Fig. 7). The outerops
have occasional small {(1—3m high), near

vertical scarps. At a depth of about 5.400m
and at about 5,300m there are two ocutbreaks
of lavas. At 5,400m the lava outbreak con-
stitutes a small ridge about 2Zm high that
extends at an azimuth of approximately
150" from the fault slope. The ridge exposes
lavas internrittently through 2 sediment cover,
thus does not appear extremely young. The
lavas at, 5,300 m mantle exposures of large
blocks of massive mafic rock. The lavas from
these two locations appear to be in situ. The
lavas are vesicular, containing from 18—23%
vegicles by welume, with the exception of one
rock that contains only 5% vesicles. _

The two samples collected on dive 138 are
both very sparsely porphyritic basalts. Sample
158-4 is coarser than 158-5 and has olivine
crystals (altered to iddingsite) intergrown
with plagioclase laths and clinopyroxene. Both
lavas contain interstitial glass. The glass in
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Fig. 8 Detailed dive map.
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Table ]l Modal Analysis of "Shinkai 6500" Dives 158 and 15% Rock Samples.

Sampla Rock Type plag epx ol  mt glass  wves olher
1580 baszalt 56 18 tr 5 15 & tr
158-5 basalt 27T 13 13 28 1%
13%3-1=1 basalt 28 21 1 28 18 te
15%-1-2 basal: 17 36 24 18
158-1-3 basalt identical to 159-1.2

159-3-2 basalt  identical to 158-1-2

15%-4 Basalt 7 4 4 &3 23
154-2 rritrog abbng 17 36 29 18
159-3-1 migregabboo 560 16 i 20 13
158-5 microgabbo 4% 26 1 i 23

plag « plagieclase, oper = clinopyroxens, ol « oliving, mt = magnetita,
glass = glass in interstioes of as groundmass, ves = veskcles,

other = clays of iron oxidas.

Lithology and Sample Locations for Dive 158
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Fig. 7 Profile of dive 158 showing distribution of lithology and sample location along the dive
track. Prominent breaks in slope represent sampling stations, not steps in the slope.

158-4 is light brown and contains microlites of
pyroxene (7). Skeletal magnetite ecrystals,
about the same size as the average pyroxens
grain are scattered throughout the rock, along
with smaller euhedral magnetite erystals. In
158-5 the texture of the rock is similar, but
there is no olivine and there is significantly
more glass. The glass in 158-5 is dark brown,
and choked with inclusions. Circular to co-
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alesced vesicles are prevalent in the glass.
Magnetite is also present in this rock, but only
as minute euhedral grains in the groundmass.
Phenocrysts of elinopyroxene and plagioclase
are more common in this reck.

Five basalts and three microgabbros were
recovered on Dive 159, The three samples (158-
1-1, 159-1-2, and 159-1-3) recovered at the first
sampling locality (Pheoto 4) represent two
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different basalts (Table 1}. The basalts are
similar in texture,although 159-1-2 and 159-1-3
lack the olivine that iz present in well-formed
phenocrysts in 159-1-1. Sample 159-1-1 contains
minute magnetite crystals scatbtered in the
glass, while the other two show no magnetite
or other opaque phases. The glass in samples
158-1-2 and 159-1-3 is choked with inclusions
and may contain dusty magnetite too small to
resolve in thin section. These two samples also
contain vesicles of a different type than those
present in 1589-1-1. The latter contains small
irregular vesicles scattered throughout the
glass while the former two samples show two
penerations of vesicles. They contain a popu-
lation of larger cireular vesicles and a popu-
lation of smaller circular to irregular-shaped
vesicles. The smaller vesicles tend to concent-
rate in patches of glass. The vesicle distribution
in the glassy patches is radial with elongate
vesicles centered on the middle of the patch or
of the individual ¢coalesced patches. Sample 159-
3-2, collected from outcrop at 5,400m {Photeo
5), is identical to 159-1-2 and 159-1-3. The lavas
at 5,400m were observed to overlie outerops of
massive mafic boulders of microgabbro (Photo
6). These lavas apparently were erupted to
form a small ridge jutting out from the slope
of the fault scarp. The depth of eruption of
the lavas makes the formation of the vesicles
of some interest. Similar Lypes of vesicles were
cbserved in lavas dredged from the northern
Mariana backare basin (Jackson, 1991 @ Fryer
et al., submitted} and from the Sumisu rift
{Fryer et al., 1990). The backare basin lavas
were dredged from a maximum depth of
3500 m thus sample 159-3-2 represents the
deepest (5,400m) observed in situ lava from
the convergent margin to show significant
vesiculation. [t is possible that samples 159-1-2
and [58-1-3 are talus fragments that have
moved down-slope from the 158-3-2 locality.
Sample 159-4, from 5 278m, is similar to 159-1-
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2, 159-1-3, and 152-3-2, however it has a much
higher percentage of glass. Vesicles are more
abundant in this sample (232§, see Table 1)
than in any of the other lavas collected on this
dive. The vesicles in this sample also show a
tendency toward a2 patchy, localized radial
distribution. The lavas have a rough surface
and partially drape exposures of more mas-
sive mafic rock {Photo 7).

The thres microgabbros collected on Dive
159 were taken from three localities where
massive blocks of mafic rock were observed to
form localized cuterops of nearly vertical slope
{Photo &, 6, 7, and B). All three contain
plagioclase intergrown with pyroxene and
skeletal magnetite crystals. All three also con-
tain interstitial glass with variable amounts
of mierelites of pyroxene and  sheletal
plagioclase, Sample 158-2, from the first
locality at 5,54dm, contains the least inter-
stitial glass of the three microgabbros. Bample
159-3-1 collected from the outerop at 5,400m
that was partially draped with lava (Photo 8},
containg the most highly altered interstitial
glass with green clays replacing much of the
glass and lining vesicles in the glass. This
microgabbro sample containg the smallest
crystals and the greater volume of vesicles of
the three. Sample 159-5 from the last sampling
locality {Photo 8) on the dive at 5,180m, con-
tains the preatest amount of glass, The
plagioclase, pyroxene and magnetite crystals
in thiz sample are larger than those in the
other two., These microgabbros lack cumulate
textures and may represent exposures of dikes,

4 Conclusions

The detailed bathymetry data, aequired
during cruise Y9204 of the RV "Yokosuka"
in the southern Mariana foreare, and the
ohservations during “Shinkai 6500" submersible
dives 158 and 152 and have shown that
voleanism and fluid venting are related to a
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major north-south trending fault zone that
cross-cuts  the entire southern Mariana
convergent margin. The morpholegy of the
MMariana Trench axis is apparently affected by
left-lateral strike-slip movement on the fault.
Relatively fresh basaltic lavas and mafic
microgabbros were observed outcropping en
the side of the forearc fault and suggest recent
volecanism. The high degree of wvesiculation of
the lavas even at depths in excess of 5,180m
suggests a fluid rich magma likely of supra-
subduction zone origin. The possibility of
fluid venting at the base the fault suggests
that either hydrothermal activity or sub-
duction-related fluid flux may occur along
the fault.

Faults within the southernmost Mariana
backarc basin spreading axis were also delineat-
ed on detailed bathymetry data from west of
Guam. Predominant among these are north-
south trending faults within the spreading
region along which large voleanoes and north-
south trending veoleanic ridges have developed.
“Shinkai 6500" submersible dives on one of the
voleances of the eastern portion of the backare
basin spreading region recovered recent lava
flows and active hydrothermal chimneys. A
dive on a smaller voleano on the western zide
of the spreading region showed a greater
sediment cover and no active hydrothermal
fields, but did attest to the fact that recent
tensional deformation affects the westernmost
part of the spreading region. Tectonic activity
is thus spread over a zone approximately 60
km wide at 13° N within the backarc basin.
The greater size of the voleanoces on the sastern
side of the spreading region may be caused by
(1) a tendency for the rifting to remain on the
arc side of the backarc basin (e.g. Baker et
al., submitted), (2) the intersection of the
spreading region with the active volcanic front
(submarine in this part of the arc), (3) the
intersection of the north-south trending and.”
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or an east-west trending fault zone with the
spreading region, or {4} some combination of
the above. Faulting of the southernmost of the
voleanoes in the spreading region suggests that
east-west trending fault zones may also cross-
cut the Mariana convergent margin from the
trench axis to the backarc basin and may
provide avenues for egress of arc magmas
across the entire Mariana platelet. Large fault
zones cross-cut the southeastern Mariana
forearc and intersect the Mariana Tranch axis.
The deflection of the east-west trend of this
lineament toward the scutheastern corner of
the bathymetry survey suggests that there
may be some influence from the major north-
south trending fault at 144" 10" N in this part
of the backare basin. The interrelationships of
the various regional fault trends cannot be
determined without further detailed surveys.
The bathymetry data collected and dive
observations augment studies of the structural
interrelationships between the egress of fluids,
degree of metamorphism, forearc volcanism,
and distribution of forearc structures in this
convergent margin setting. These fault zones
provide zones of egress of fluids and may
provide routes for migration of arc magmas
into the forearc region. Faulting in the south-
eastern forearc is also likely the cause of
concentrations of large volcanoes in the backare
spreading region in the southernmost Mariana
Trough, the actively opening spreading center
immediately west of the Mariana island arc.
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Fhoto. 1 Image captured from video tape from
Diive 158 of a hole from which dark fluid
was suspected to be seeping.

322°. 00%,286%:23".7010,F15

FPhoto. 2 “Shinkai 6500" external photo of the hole
shown in Photo 1 after water sampling
was attempted. Despite ¢ave-in of the
zides of the hole, theayered lzediment is
=till visible in the right-hand wall of the
hole.

Photo, 3 “Shinkai 6500" external photo of bio-
turbated sedimented sea floor at the
base of the fault scarp.

Photo. 4 “Shinkai 6500" external photo of the
locality from which samples 159-1-1,
159-1-2, and 150-1-3 were collected.
This is a slightly sedimented talus de-
posit at the base of the fault, suggest-
ing recent mass movemsent an the fault
slope,
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Photo. 5 “Shinkai 6500" external photo of the lo-
cality from which sample 158-3-2 was
eollected. The lavas are the blocky and
outerop through a patchy sediment
COVET.

Photo. 6 “Shinkai 6500" external photo of the
locality from which micregabbro
sample 158-3-1 was recovered. The
darker blocky rock outcropping at the
left side of the photograph is the lava
that constitues sample 159-3-2 (see also
Photo 5. The microgabbro is the
more heavily sedimented outerop im-
mediately to the right of the lava.

Photo. 7 “Shinkai 6500" external photo of the
rough-surfaced lavas (159-4) at 5,280m
(right) everlying cuterops of massive
mafic boulders of microgabbro (left).

Photo. 8 “Shinkai 6500" external photo of out-
crops of massive mafic boulders of
microgabbro (159-5 ) at §,180m.
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