An Actively Venting Serpentine Seamount
on the Southeastern Mariana Forearc :
“Shinkai 6500” Dives 280 and 281

Patricia FRYER*!

A serpentine seamount at 13°47°N, 146°03°E on the southeastern Mariana forearc has an
active Nuid seep al its summit.  The aclive seep area is characterized by a small knoll on
the northeast side of the summit of the seamount. Blocks of unconsolidated to partially
cernented fine-grained serpentine muds al the summil of the knoll are encrusted with
carbonates, These carbonates are similar to chimney materials sampled from other seep
sites on similar serpentine seamounts on the Mariana foreare, Tsolopic compositions of
carbonates collected previously from this site indicate a slab-origin for the fluids respon-
sible for the precipitation of the carbonates. The presence of fluid seeps in association
with serpentine seamounts of the Mariana forearc provide a opportunity to study the
spatial variability of slab-related fuids at a major convergent plate margin, Such
studies are critical to the understanding of global geochemical mass balance related to

plate tectonic activity.
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1. Introduction

The mariana svstem of the western Pacific (Fig. 1)
i35 a nonaccretionary intracceanic convergent
margin. Almost no sediment from the Pacifie plate
is being accreted to the outer toe of the overriding
plate where it contacts the down-going Pacific plate
{Hussong and Frver, 1981 ; Hussong and Uyeda,
1981) The Mariana foreare exposes numerous fault
systems associated with both forearc exlensional
basins and with vertical tectonics related to sea-
mount subduection (Mrosowski et al., 1981 ; Fryer and
Fryer, 1987 ; Marlow et al, 1992 ; Fryer, 1993 ; Fryer,
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Fig, 1 Bathymetry  and  peoclogic  features in the
Philippines Sea region, Basins and ridges are
cutlined by the 4km bathymetric conlour, excepl
for the Izu-Bonin arc, West Mariana Ridge and
Mariana arc, which are oullined by ihe 3km
contour. Barbed lines locale ases of irenches
medivm  double lines locale active spreading
cenlers : dashed  lines  locate  relict  spreading
cenlers, single dashed line is a proposed new plale
boudary, Locations of Figs 2, 3 and Photos 1-10
are oullines,

248

1996), Fluids derived from the subducted slab find
their way to the sea floor along the faults and de-
bouch there causing precipitation of carbonate
chimmey structures or encrustations on fault swe-
faces (Fryer et al, 1990 ; Fryer et al, 1995} These
fluids differ in composition depending on locality
{Haggerty, 1987 ; Haggerty, 1992 ; Mottl, 1592). The
lack of an accretionary sediment burden and the
presence of numerous faults to channelize Aow
makes such a region an excellent natural laboratory
in which to study the composition of slab=derived
fluids. The complexities of Auid-sediment interac-
tion that is so common in accretionary convergent
margin settings are not such a problem in an envi-
ronment like the Mariana foreare (Fryer, 1996). Fur-
thermore, the presence of fluid vents in association
with the nearly monolithic sarpenting seamounts of
the outer half of the Mariana forearc (Fryer and
Fryer, 1987) assure a simplified history of water-rock
interaction enroute 1o the sea floor,

In September of 1995 two dives were conducted on
a serpentine seamount, at 13°47°'N, 146°03°E (Fig. 2),
informally named Chomorro Seamount. It is one of
three serpentine seamounts located in a small cluster
at the southwestern edge of a forearc gaben (Fryer,
1996).  The objectives of the dives on the serpentine
scamounl were 1o determine whether the seamount
is a site of active fluid seeps, to observe seeps, if
present, and to collect samples representative of hoth
the body of the seamount and any secondary precip-
itates associated with fuid seeps. This paper sum-
marizes the results of these dives and suggests the
significance of the fluid seeps at the seamount,

2. Previous Studies

A dredge site at about 3,800-3,750m taken in 1981
on the eastern mid-flank region of the seamount
(Figs. 3 and 4) yielded serpentinized harzburgite and
carbonate chimney samples (IFryer, 1996) These
chimney structures are identical in mineral composi-
tion lo carbonate chimneys discovered on Conical
Seamount at 18°30°N (Fryer el al., 1990 ; Fryer, 1996)
although the carbon and oxygen isotope composi-
tions of these samples are different (Haggerty, 1987).

JAMSTEC J. Deep Sea Res., 12 {1996
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Fig-2 Bathymetry of Lthe southeastern Mariana ferearc,
contoured al 200m intervals, based on US MNavy SASS
data. The box shows (he location of Fig, 4. This figure
is modified after Fryer (1996),

Haggerty (1987) noted that compared with aragonite
from fracture-zone carbonates, thought to have a
dominantly sea water origin, aragonite in chimmey
gsamples dredged from this seamount is depleted in Sr
{Mariana samples="7,000-9400ppm ; fractue zone ar-
agonite=25,500-11,600ppm), is enriched in Mg (Mari-
ana=T60-6,300ppm ; fracture =one <300ppm), and
has a significantly lighter carbon isolopic signature
iMariana= — 1.2 to —2L.2%e ; [racture zone=+003 to
4 1.12%.) and a heavier oxvgen isotopic signature
{Mariana= +5.1 to +T7.6%,, fracture zone= +3.16 to -+
48T%0. At least two origins are consistent with
these values:sea waler interactions with ultra-
mafics and dewatering of subducted oceanic litho-
sphere and/or from the mantle underlying the fore-
Arc,

Reflection profiles collected in 1981 across the sea-
mount shows local steepening, suggesting deforma-
tion of the flanks (Fig. 3).  The persence of the chim-
ney structures on the fank of the seamount could
imply thai as deformation of the fank took place,

JAMSTEC J. Deap Sea Res. 12 (1996)

l..wn--i.... ..._. wird gl

chanrh AP b

i ol

|

Fig. 3 Seismic Reflection Profile of Chamorre Seamount
from southwest to northeast (see Fig 4 for track location)
showing approximate relative locations of 1931 dredge
sites, Carbonale chimney [ragmenls were recovered at
the deeper site (D61 The actual dredge site lies along
the track of dive 280 (Figs. 4 and 5) slightly southeast of
Lthe profile.

pathways were initiated that provided escape routles
for slab-related Auids. Based on the dredge and
geophysical evidence, this seamount could be either
a mud volecano or a herst in which faulting has
opened fluid venting paths. Detailed mapping of
the seamounts with the B/V “Yokosuka”, (cruise Y
95068) mulli-narrow-beam sonar system on Sepl, 6-8,
1995 shows a much Aatter summit on the seamount
to the northeast than on Chamorre Seamount (Fig.
4).  The maore Aattened summit may suggest that the
seamount to the northeast is not currently active,
although detailed imagery or bottom photography
would be required in order to determine the nature of

the second scamount,
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Fig.4 “Yokusuka" bathymetry of serpentine seamounts
on the southeastern Mariana forear, $0m contours
(Fryer, 1998). The two “Shinkai 6500" dive
locations are shown on the southwestern
seamount (informally called Chamorro Seamount).
The straight line indicates the location of the
geismic reflection profile shown in Fig, 3. A more
detailed bathymetry map of Chamorro Seamount

i given in Fig 5.

3. Dive Observations

Twwo dives with the "Shinkai 6500" submersible on
the zeamount (dives 280 on 8/7/95 and 281 on 9/8,95)
{Fig. 5) both support the interpretation of Aank de-
formation and confirm the origin of the seamount as
similar to that of Conical Seamount, that is, by ser-
pertine mud wvolcanism (Fryer, 1992). Dive 280,
traversed from a depth of 3840m to 3380m on the
eastern Aank. In the region of the 1981 dredge site,
we observed serpentine mud and debris Aows lightly
encrusted with manganese and dusted with a thin
sediment cover (Photo 1). This material contains
many glasts of ultramafic rocks. Seep slopes ob-
served on dive 230 in the vicinity of the 1981 dredge
haul suggest szecondary mass movement on this
flank, which may indicate recent tectonic deforma-
tion of the edifice. At a depth of about 3,550m
scattered clasts of foraminiferal limestone lie among
the ultramafic clasts and lightly sedimented serpen-
line matrix of the slope. The clastz of limestone are
loosely lithified by carbonate cement and the forams
are partially dissolved. Some of the limestone frag-
menks are dissolving in place on the sealloor and thus
appear Lo drape the surrounding surface pebbles
{Pholos 2 and 3) some of the fragments are partialy

encased in serpentine mud (Photo 2 - foreground).
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Fig. § ""Yokusuka” bathymetry of a serpentine seamount
at~13"47T'N, 146°E (informally called Chamorro
Sea- maunt), 10m contours, Track lines for
"Shinkai 6500" dives 280 and 281 are shown on the
map. A sile of active fluid egress was discovered
at the summit of the seamount on dive 281

In one of these areas the serpentine matrix iz well-
expozed and consists of a light green unconsolidated
serpentine mud with numerous dark elasts (Photo 4).
Several fragments of the foraminiferal limestone lie
scattered on the seafloor near this exposure. Some
of these fragments contain swirls of green
gerpenitine mud and contain small ¢lasts of
gserpentinized ultramafic rock (Photo 5).  The inter-
pretation is that forminiferal sands that had been
deposited at a higher elevation on the seamount were
disrupted and engulfed by serpentine mud protru-
sions. These were subsequently reworked by mass
wasting and deposited at deeper levels on the slopes
of the seamount. Although most of the slope is
covered with debris flows material consisting of nu-
merous clasts of ultramafic rock, one region of well-
exposed serpentine mud flow is located at a depth of
about 3500m (Photo 6).  The serpentine mud at this
locality contains few clasts (similar to the mud fows
on Conical Seamount (Fryer etal, 1990 Fryer,
1992)). The abundance of clasts in debris flow depos-
its on the flanks suggests thal during mass wasting
events the fner. unconsolidated serpentine muds
may be winnowed away by bottom currents, No
carbonate chimney structures were observed on this
dive. Thus, although we did not the 1981 chimney
fragments dredged from this locality possibly
originated farther up the slope and were reworked
by subsequent mass wasling,  Support for this inter-

JAMSTEC J. Deep Sea Res., 12 (1996)



pretation came from the second dive (dive 281) at the
summit of Lthe seamount.

Dive 2381, from depths of 3,176 to 2958m, traversed
the Mat, west-central summit region (Fig. 5. This
locality is bathymetrically similar to the site of the
main venting region at the summit of Conical Sea-
mount (Fryer et al, 1990). On Dibe 281, however, the
flat part of the summit iz sedimented with a
light-colored foraminiferal sand and is partially cov-
ered with a thin veneer of small manganese nodules
{Phota 6). The summit area on this seamount lacks
the prervasive small tensional faults and outcropp-
ings of serpentine muds characteristic of the summit
venting area on Conical Seamount. The persence of
scattered sponges and delicate corraline structures
suggest this region has been stable for some time.
The actively seeping portion of the summit region is
confined to the prominent 160m high knoll on the
southeast side the summit. This knoll has formed
by protrusion of serpentine muds with entrained
large clasts of ultramafics. It lacks sediment cover,
and was probably formed recently. A patch about
50 meters in diameter of slabs of partially con-
solidated serpentine mud occurs at the top the knoll.
The slabs contain small clasts of serpentinized peri-
dotite. Many of the slab edges are partially coated
with thick {up to 15cm) encrustations of carbonate
{Photos 8 and 9. One of the larger ultramafic clasts
at this locality contains a vein of carbonate (Photo
10y and several of the small clasts in the slabs of
serpentine mud also are fractured and veined with
carbonate. The fracturing of the clasts probably
accurred during transport from depth where fluids
permeated the rock and deposited the secondary
vein minerals. There are no chimney structures,
but rather this Quid veniing region is forming con-
centrations of carbonate at numercus localities
within the patch of serpentine mud slabs, At a
depth of about 2,932m there is a disarticulated shell
of a clam about 10-12cm long (at 15 : 33 : 4 on video
of Camera #1 and at 15: 33 : 46 on Camera #2). As
we left the site the pilot observed 3 or 4 chams
estimated lo be about 20cm leng and 7-10em wide
clustered near one of Lhe cracks between slabs

JAMSTEC ). Deep Sea Res., 12 (1996

{Suzuki, pers. comm) The carbonate sample
retrieved was coated with a greenish-vellow gelati-
nous substance (visible in the upper portion of Photo
9}, identical in appearence to bacterial matting ob-
served and collected with the Afvin submersible on
an active Conical Seamount chimney (Fryer et al,
1990 ; Fryer, 1993). A small cluster of worm tubes (2-
dmm diameter, tan colored) was discovered inside the
carbonate sample when it was broken open aboard
ship.

The seamount is actively venting fluids that cause
precipitation of carbonate materials similar to those
of Conical Scamount, however the lacality supports a
far richer biological commiunity than did that ob-
served at the summit of Conical Seamount.  Analy-
sig of the carbonate material and investigation of the
biological specimens is underway. The summit
knoll possibly repersents a reactivation of this sea-
mount with protrusion of serpentinite and the gene-
ration of serpentine mud flows,

4. Significance of Active Fluid Seeps

Discovery of an active seep at the summit of this
seamount repersents the third documented site of
fluid egress on the Mariana Forearc (Fryer, 1996).
To-date all documented sites are associated with
serpentine seamounts. These seamount are located
in the outer half of the Mariana foreare within 100km
of the trench axis and either li¢ at the intersection of
several fault zones or are themselves heavily faulted
(Frver, 1996). The relationship between serpentine
seamounts and fluid seeps iz imoportant because it
may provide a means to determine the variability of
fluids with depth to the slab and to determine wheth-
er spacial variability in slab-derived fluids is signifi-
cant in convergent margin setlings, The fault zones
with  which most serpentine seamounts are
associated provide a route by which slab-derived
Auids may be channeled to the surface. The rates of
channeled Auid flux are greater than that of diffuse
flux. This is important bacause the faster fluids
travel to the seafloor, the less chance there is for
water-rock interaction. The uniformity of the rock

Lypes associated with the serpentine seamounis also

251



reduces the potential for divergence of the fluids
from their original compositions. Mottl (1982) has
shown that the fluids escaping from Conical Seca-
mount have compositions of trace elements that
cannot be accounted for water-peridotite interac-
tions alone. These fluids probably do represent a
more pristine signal from the slab than has been seen
in any other convergent margin setting (Frver, 1996)

Fluid egress in association with major cross-fore-
arc fracture zones (Fryer, 1996) provides another po-
tential target for studies of slab-derived fuids, Sev-
eral large fault zones that extend from the trench
axig, through the volcanic are and into the backare
basin have been indentified in the southern portion
of the Mariana system (Fryer, 15993 Fryer, 1596 ;
Fryer ¢t al., in prep.).  Although seeps at serpentine
seamounts are proven sources for slab-derived
fluids, they are only point locations for collection of
slab-derived fluids. Stodies of fluids aleng trans-
ects of the foreac, using only seamount sites as collec-
tien localities, are thus limited in terms of distance
from trench and of depth to slab.  Faults that cross-
cut the entire forearc region have the potential to
provide a continuous sampling of slab-derived fluids
with distance from the trench, and with depth to
slah.

Side-scan sonar imaging surveys and detailed
sampling using remotely operated deep submer-
gence cehicles will be condueted in the near future in
the central and southern Mariana foreare regions.
These studies will further clarify the roles of both the
serpentine seamounts and the foreare fracutre zones
as sites for the study of slab-related fluid egress on
the Mariana forearc.
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Photo 1 “Shmkm EEI:HII“ bnttam photograph nf Lh-e seaﬂoc:-r
at about 3.700m on dive 280 in the vicinity of the
1981 dredge site. The photograph shows
fragments of manganese encrusted ultramafic
rock clasts lightly dusted with pelagic sediment.

FPhoto & "Shmkal ﬁﬁ»ﬂﬁ" bottom phut.ograph of fragments
of foraminiferal limestone resting on the seaflnor
observed at a depth of about 3.550m on dive 280,
The fragmeni in ihe foreground is partially
encased in green serpentine mud.

:

A < k T A 4 - Photo 4 "Shinkai 6500 bmmm plm-lograph cf the scalloor

Photo 3 “Shinkai 6500" bottem phutograph of I'ragmcnls observed at a depth of_almul 3550m on dl_"-'i.i! 280,
of foraminiferal limestone resting on the seafloor, E_revera] fragments -:_J-l‘ light colored foramt.m!cral
ohserved at a depth of about 3550m on dive 280. limestene are resting on the seafleor in the
Moto the apparent draping of the seafloor caused foreground. Visible in the bai_:kground is a light-
by dissolution of the fragment in contacl with colored mound of serpentine mud  encasing
segwater numerous dark clasts.
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Photo &

“Shinkai 600)" bottom pholegraph of the fat

#80-R-004_|

Photograph of 2 piece of foraminiferal limestone

cbtained on dive 230 containing swicls of green
serpentine mud {right side of pholo) and several
small clasts of serpentinized ultramafic rocks
(dark fragments), The scale bar at the botlom of
the photograph is graduated in centimeter
intervals.

Sut

portion of the summit of Chamotro Ssamount
immediately west of the summit knoll, taken at a
depth of aboul 3,100m. Feraminiferal sands
comprise  the bottom ripples  and  small
manganese nodules make up the dark pebbles
scaltered on Lthe surface,

JAMSTEC J. Deep Sea Res. 12 (1996}

Phets 6 “Shinkai 6500° bottem photograph taken at a

depth of about 3500m showing an exposure of
serpentine mud projecting slightly above the
surrounding seafloor. Note the relative paucity
of rock clasts in the serpentine muod by
comparison with the large number of clasts seen
in Photos 6-9.

Fholo 8 A large fragmend of serpentine mud (dark
material in the lower right of the fragment)
encrusted with carbonate (white material), and
encasing clasts of serpentinized ultramafic rock
{large dark clast and other smaller onesh The
scale bar al the bollom of the phetograph is
graduated in centimeter intervals,
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Photo 3 Closa-up of a fragment of serpentine muod

{bottom hall) with an encrustation of carbonate
(upper half). The height of the photograph is
about 17om, Within the serpentine mud are
orapge-brown streaks of altered serpentine and
small black fecks of maganese, The manganese
flecks are also visible in  the carbonate
encrustation clese te the contact with the
serpentine mud. Pure white carbonate growth is
present near the top of the photlograph. At the
upper surface of the fragment, near the top of
the photograph, is a slightly greenish-te yello-
wish-brown gelatinous coaling on the surface of
the sample that is probably a bacterial mat.

#281-R-006
LN NN

Fhoto 10 Fragment of serpentinized harzburgite that has

been (ractured and veined with carbonate, The
scale bar al the botlem of the photograph is
graduated in centimeter inlervals. Veins in Lhe
sample are pure carbonate. Bacause they lack
serpenline mud, il 15 thought that the rock was
fractured before or during transport and was
infiltrated with fluids [rom depth that causeed
precipitation of carbonate,
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