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An OBS/H experiment carried out near to a hydrothermal fissure vent in the lheya
Enolls(so-called “Clam site™}, in the middle Okinawsa Trough, Japan, showed =z
pressure variation with a large amplitude observed by a hydrophone, but could not be
identified using seizmometers, A good correlation was found among a visual oheerva-
tion of the “Fissure Vent”, temperature measurements by the subnnersible and a
pressure variation observed by the hydraphone. White fragments exploding from the
“Fissure Vent”™ were visually observed during a temperature increase measured by the
submersible, while the hydraphone showed very large low-freguency signals, sugpest-
ing that the pressure variation detected by the hydrophene indicates hydrothermal up
-welling from a fissure vent,

The large-amplitude pressure varistion shows clear peripdic appearance of
approximately 12 hours with some non-periodic zetivity. The periodicity of hydrother
mial up-welling suggests a relation to the tide, A comparizon of the pressure variation
with twa types of tides, areal strain by the earth tide and a sea-leve] change due to the
ocean tide, indicates a better correlation with the areal strain that with the sea=lavel,
The pressure variation appeared during negative steain, caused by a compressional
foree, suggesting that ludrothermal up-welling is aceelerated or triggered by a come
pressional stress field, caused by the salar-moon system, This is similar to an observa-
tion of the Mariana backarc basin, but opposite to the ease of the TAG site, in the rift
wvalley of the Mid-Atlantic Ridge, which iz a typical cceanic spreading center, There 18
a possibility that this might indicate a difference in the fluid-circulation systems
between backare type-rifting and oceanie type-spreading.

The seismic activity was low during the present experiment, in contrast to the
previous OBS experiments in the middle Okinawa Trough. Especially, no neaby
earthquakes were observed. Also, no volcanic tremors were obeerved hased on sais-
meometer records, which might imply that the Theya “Clam site” is not ready for any
submarine eruptions, at least during the current alservation.

Key words | Hydrothermal vent, Periodic hydrothermal activity, Earth tide, Theya
Knolls, OBS/H

1. Geophysical setting of tha Okinawa Trough
and objectives of the experiment

The Okinawa Trough is a backare basin corre-
sponding to the Ryulive Trench-the Okinawa foreare
{Ryukyu island chain) system, anel is an active hacl;.
are basin similar to the Mariana Trough and the Lag
Bagin [(Fig. 1(al). The toral length of the Okinaws
Trougly is more than 1,200, The character of the
Okinawa Trough has been summarized by Oshima et
al. (1988), The depth for the axial zone of the Olkin-
awa  Trough is Z.000-2 200m in the south,
Fooo-2,0mkm in the middle and 800-1_000m in the
norih The Okinawa Trough shows a graben (depres-

T

sion) strecture covered by thick sediments, especially
in the zouthern part. The wall of the graben shows
step-like normal faultings, There are some jgneous
intrusive hodies in the axial zone of the depression. In
the middle, a chain of small knolls forms a ridge. The
Iheya Knoll is one example. A zeries of axes of the
Okinawa Trough shows an echelon-shape structure
from the western part of central Kyusyu to the north
~gastern coast of Taiwan, The Okinawa Trough i
cul perpendieularly by bwo major channels (called
Tokara and Kerama). The stress field in the Okin
awa Troogh is tensional; it is thowght that graben
striclures were crealed by the N-5 tensional stress
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field, Studies of the crustal structure of the Okinawa
Trough show crustal thinning in the south (Lee et al,,
1980; Hivata at al, 19913 and an intermediate thick-
ness of the crust in the middle (MNagumo et al., 1936),
indicating that crustal thinning was cavsed by an
extensional force occurred in the south, and is an
ongoing process in the middle. Heat-flow measure-
ments have shown high hear=flow valves (=~ 1W/ )
at the axis of the middle Okinawa Trough (Yamano
et al., 1989). Sibuet et al. (19587} have suggested that
the backarc rifting of the Okinawa Trough with
submarine volecanism was initiated 2m. v. ago at the
Plio-Plistoacen boundary in the southern part. and
has subsequently propagated to the north.

The hwdrothermal activity was surveyed in the
middle Okinawa Trough using “Shinkai 2000
hydrothermal vents, chinmeys  and submarine “Giant
Clams" and "Galathea™ were found at the so=called
“Clam site” in the [heya Knolls of Theya depression
area at (2730-357 126'60°-127'10% {Kimura et al.,
1957: Tanaka et al., 1988}, The temperature of one of
fissure in the “Clam site™ was 220°C . At the so-called
“Jacle site™ in the Izena hole, which i5 located 30km
south of the Ihe}'ﬁ depression, hydrothermal vents
anel chinmeys were also found (Tanaka £ al, 1990},

A selsmic observalion using ocean-bottom seis
mometers in 1984 {Kasahara et al. 1588) and in
1992 (Sato et al., 1994} also showed the existence of
imtensive seismic activities resembling to an earth.
guake swarm. Hypocenters in 1992 were located
along the wall of the graben and ridges in the lheya
depression. The results of seismic observations also
support an ongoing rifting process in the middle
Okinawa Trough and submarine voleanism associat-
ed with backarve rifting. However, the detailed pat-
tern of hvpocenter distribution in 1992 showed low
seismicity at a high heat-flow zone, supgesting the
complementary nature of seismicity associated with
the brittle fracture and ductile state by thermal
heating.

In 1953, a digial ocean botlom seismomeler with a
hydrophome was deploved just 1m bedside a high
~temperature (ZUSCT hydrothermal vent, lecated in

the southern Marana Trough, with the assistance of

JAMSTES J. Deep Sea Res., 11 11u5

“Shinkai 65007, The result shows high-amplitude,
low=-frequency (c.a. 0.017Hz.) pulses, which appear-
ed on hydrophone traces, but not on seismometer
traces {Kasahara et al. 1994; Sato et al., 1995}, Since
the many low=freqguency pulses observad only by the
hwdrophone appeared to be isolated from each other,
these are called “pressare pulses™, Kasahara et al,
{1994) have proposed that hydrothermal up-welling
is the cause of frequency pressure pulses. The rels-
tion between the zea-level change v.s. the number of
pressure pulses shows a strong correlation between
the two (3ato et al., 1595). The hydrothermal vents
are located on the lineation of the rift zone along the
eastern wall of the seuth Mariana Trough; hydrother-
mal venting along the rift zone suggests that a new
rifting process is oscurring it the eastern edge of the
south Mariana Trough axial zone (Kasahara et al,
1994).

Although voleame tremors associated with subma-
ring volcanism were not observed in the Marviana
Trough during the 1993 experiment (Kasahara et al.,
1994), it would be interesting to examing whether it
exists or not in the middle Qkinawa Trough. Since
very high-level micro-seigmicities were obzerved
during past OBS obaervations in the middle Okinawa
Trough, it would be interesting to study the relation
between the seismic activity and the hydrothermal
activity of vents,

It iz important to study the behavior of pressure
pulses for different 1ypes of backare hydrothermal
vents, and to compare the nature of the pressure
pulses of each, if ohserved, For the above-mentioned
objectives, an OBS3/S H observation using “Shinkai
20007 wasg carried out at the “Clam site™ of the lheyva
nolls region of the Theva depression in October,
1944,

2. OBS5/H field experiment and visual obzer-
vation of the “Clam site”

A digital ceean-bottonm selsmometer with hydro-
phone, called MOOBRS/ 1 (Kasahara et al., 1995), was
usecl. The MOOBS/ 11 was operated in a buffer made,
which weans continupus recording while z 256L1
memory buffer is full, One MOOBS/H file corre.
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Fig. 1 ) The Okinawa Trough and the Eyukyu island chain (modified after Sibuet et al, 19857). (h) Detailed
bathymetric map of the middle Glanawa Trough {after Os=hima et al., 1988), The diving and OBS/H position arge
shown by the cross hair. (o) Location of dive 2677 and OBS/H with detdiled bathymetric contours,

sponds Lo 7 min and 16 seconds. The total size of one
MO disk is 320 Mb, Six channels of the MOOBS/H
were gssigned to low-gain and high-gain vertical
seismameler channels, two high-gain horizontal seis-
mometers perpendicular each other, and Tow-gain

and high-gain hydrophone channels, Low-gain and

iR

high-rain mean 20053 and 40405 amplification with &
frecuency spectruwm of DC-301z Azl respectively.
The sensitivity of the seismomelers and hydrophone
are 1,88V lem/sec) and - 18Td B eV Pa) | respective:
Le. A MOOBS/I has a 168bit ASD converter: the LS13

of the 18hil converter corresponeds Lo 0, Tée Vil 4k

JAMSTEC J. Deep Sea Res,, 11 (19493)
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Fig. 1 {continued)

amplification is used (this equals 0,45¢ {em/sech),
However, the real mstrumental noise level was asti-
mated as to be approximately 2u {om/sec). A hydro-
phone was tied tightly to the external frame, and
seistnometers were mounted inside of an aluminum
sphere pressure case of Gom diameter. The MOOBS
JH was deployed by a free-fall mode and retricved by
a pop-up mode using an acoustic release system,

At 0621 AM, in October 16, 1994, we deploved a
MOOBS/H (hereafter, OB3/H} from M/S “Natsu-
shima" near to the vent field of the Theya depression,
which was repeatedly surveyed by “Shinkai 20007
[Fig. 1th) and (c}) . Kasahara {one of the authors)
dove (o the Theve Knolls region using “Shinkai 20007
gubmersible (Dive #766) to find the OBS/H, and
maoved it to the “Clam site”. Table | shows the log of
the #766 dive operation of “Shinkai 20007, The suls.
mersible Leack of dive 2766 is shown in Fie. 2. Kasa-
hara visually ilentified the OBS/H from the submer-
sible a1 11232, which was deploved from M/S Natso
shimz, The QOBS/T was sandwiched by twe rocks at

a depth of 1a80m (Photo 1) in a flag plain covered

e

by thin sediments. Photo 1 also shows an external
view of OBS/H used in this experiment. The OBRS/H
was lifted up the trapped OBS/H by a manipulator of
the submersible, and was carried to the “Clam site” of
the Theya Knolls region. The vent field was located
at approximately 400m in the southwest direction of
the landing site of QBS/H. Between the landing site
anel the target "Clam site”, thers is a tiny ridge with
a relative height of 30m. We arived at the “Clam
site™ 1.5 hours later after leaving the first OBS/H
position.

In the “Clam site”, there are several hydrothermal
vents called "Pyramid Chimney”, "Fissure Vent”,
“Baby Chinmey”, “Yellow Ball” and "Kiko Chim-
ney”. All of these hydrothermal vents are located
within 2 S0m-dizmeter cirele (see Gamoet al, 1991}
One small chimney was sampled during the present
dive ldescribed as below), Among these hyvdrothermal
vents, the fissure vent is the hottest one, whose gent-
1988 dive
(Tanaka el al. 1988, The fissure has a length of

perature was reported 1o be 22O in

approximately 3m, and the opening of the fissyre is

JAMEBTEC J. Deep Sea Res., 11



Table 1 Diving log of 2677 on Cctober 16, 1904, Observer was ], Kasabara, Mumbers correspond to enes in Fig. 2,

1211705 1 Submoensizio e o Dothem; De1,380m,

E2: 11220 2 Dal, AESmL

£3 1128 1 D=1,281m,

Bz 17:32: D=1, 28200 Visuoly Idemiied QBSIH .,

852 11243 2 Ut wup DBEH.

Bt 11351 © Da) AN Aetm.

B 1158 D= A58 me A= Am.

B 1204 © Dal, 385Smofeim,

&% 1213 : D=, 358meA=Bm,

e 1z7

211:12:25 1 01, 305m; Acéme

212 1A De1.30m: Aslm

F13 1237 1 Da 383 Asdem,

14 12551 Da], 388000 Anden,

A5 1306 - D] ABRmE Awdim: Wisually Idondifiod Fyromid Chimney™,

Bl 1514 ; D=, 288m; Asdm; SB5H setup slarfed,

BV7; 1825 D 1,304y QBSTH sol-up linhhadl, Sompiod Tour 1ol 3eacinedns,
A18: 143 Sonngiod Cno A0S BTN

e 13 D 30800,

B0 1455 D= 308 Sairgiond oo climedny sormpda o Pyromis Chimngy
20 14:57: Vaualy kamfad hest buay for bolom cunpnt,

22 VR D=1, 305m Visuoly cbsonied o keno oolony of | YSlam Slant
A2k VELE D135 Visuoly chsaeed G Kl DREsgon] iy,

2% VSG D=2 AR b o e, Winmaly sbeacsid 4 coloty ol Rl Sam”,
¥25% 1522 De 1.345m,: Viswchy antified fnkhing bucys

2 1527 e, 2adme Submeonsinio kol Bothom,

Bt O Drepeh froen durace: A Depth to batham.

27 a8, 50N ﬁ::
|

Bive #7665 at [heva Depression
Dctober 05, 105¢

126" 58. OOE
3

Scale: 175000
Pasitioning: GPS

Tokya Datem
[ ] ]
o EM0e

Fig, 2 Rowte map during “Shinkai 20007 dive 2677, Mombers correspond to ones in Table 1. Moo 1 Landing paing of
sShinkal 2000 ar 1005 No 4, viseal identification of OBES/1 ar 1132 Mo, 50 the frest OBSH landing position at
113 Mo 17, the seeond OBRS/H pogition beside of the " Figare Vent™ at 1525 and Moo 200 a chitney collected
al the “Pyramigd Chinmey™ at 14:55
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several cm maximum, which 15 covered by vellowish
-white materials. Smearing water was obaerved
during the present survey. Although other hydrother-
mal vents, such as “Baby Chimney” and “Pyramid
Chimney™, also showed smearing water, the smearing
for the figsure was the most active. There were many
linear fractures on the ground with sheet-flooding
=like emoothness. Most of the fractures on the ground
seemed to be roughly east-west strike. The linear
fractures could be traced by the filling of white
deposits,

The OBS/H was set at 1325 beside the Fissure
Vent with a distance of approximately 1m, The loca-
tion of OBS/H was 2732 772N, 126'58,267TE, at
1,3%4m deep {Phote 2). During this operation, the
temperature of the fizsure was not measured, due to
a limitation on the payload.

After observing the characteristics of the fissure,
ather vents and the tectonic structure of the “Clam
site”, the submersible left the sea-bottem at 15:27.
One chimney having a grayish-white color was obser-
ved at the foot of the “Pyramid Chirney” {a corn
-like chinmey seen in Photos 3 and 4), which has not
been reported. The “Pyramid Chimney" is 2-3m high
and has the shape of a tiny pyramid. The height of the
chimney was approximately 30cm and the diameter
of its rool (Photo 5) was approximately  Gem,
indicating that 1his size of the chimney can be formed
during a relatively short period, say, roughly a few
vears, if this has grown up recently. Thiz chimney
was sampled after a visval observation from the
submersible, The chemical components will be anal-
yzed by other scientists.

Colonies of "Galathea™ a kind of prawn, were
iclentified at the “Fissure Ve, “Pyramid Chimney”,
“Baby Chinmey” and "Yellow Ball", A “Blind
Shrimp” colony was seen at "Baby Chimney™. Many
white "Giant Clam™ colonies were observed on the
crest of the northern tiny-ridge north of the vent
ledd. Tt was observed that some were dead, bt some
were alive.

We retrieved the OBS/H at 005 on Octoher
20,199 by an acoustic release. A five-day seismic

record (in (otal) was oldaained,

I#d

The OBS/H records were pre-viewed by a WEC
=PC and data on the MO dizsk were transferred to a
workstation by the ftp utility, Waveform records
were displayed by “X-waves” and drum-style display
software developed by the present authors (Kasahava
et al., 1993]).

3. Seismic results

Fig. 3 shows hydrophone and vertical seismometer
records made during observations. Fig, 3{a} shows
the record from landing to relocation to the vent fiel
on Qctober 16, 1994, One trace correzponds to 30 min
Before 1140, OBS/H was located at 400m distance
from the “Clam site”. After 13:25, the OBS/H was
moved to the Fissure Vent. [t can be seen thal
although the record on the hydrophone channel i
very quiet before 11:40, the OBS/H records after 13
45 show a low-freguency movement with an extreme
Iv large amplitude on the hydrophone trace, but not
an the vertical seismometer trace.  The figure at the
top left of each hydrophone record in Figs. 3 (a)
through 3 (e} shows an estimation of the ocean tids
and the areal strain at the OBS/H location. A com
parison of the pressure variation and the sea -guriace
change shows that most parts of the large pressur
variation tend to appear at the ocean tide during #
transient stage from high to low, or low to high, at the
negative areal strain. In any case, a 12-hour period &
clearly identified, though some other pressuire
-change activity appeared between two periodic
activations.

More than 15 earthquakes were observed by the
OBS/H (Fig. 3). These eartheuakes were not only
recorded by seismometers, but were also recorded In
a hydrophone, especially by hydrophone traces aftet
high=pass filtering. Fig. 4 shows an enlargement of £
portion for two earthgquakes. In the no-filter Lrace:
shown in (a) and {¢), hydrophone channels (chs. I
i 6 shew high-frequency seismic waves super
posed on low-frequency signals. After using a high
-pass  filter (>5011z), earthquakes are clearly
identified in (hy and (). The apparent amplitude ol
the earthquakes on the hydrophone {ch. 6) = nearly

1/ that of the vertical seismometer © ch, 2, con

JAMETES U, Deep Sea Res., 11 11805
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gidering amplification, if we discard the sensitivity
difference of the seismometers and a hydrophone, and
between the physical quantities, that is. particle
velocity for the selsmometer and pressure for the
hydrophone. The waveforms on the hydrophone are
slightly different from those on the ssismometer
channels, becauze a hydrophone responds to acoustic
waves in water (so-called “T-phase) and does not
respond to shear waves. An earthquake-observation
by a hydrophone 15 évidence for normal functioning
of the hydrophone.

Fig. 5 shows an enlargement of a portion of Fig.
3a). In this figure the relative vertical scale of ch, 2
is B-times smaller than that of ch. 6 The other two
horizontal {chs 2 and 4) are 4-times smaller than
ch. §. Even though the seismometer channels arve 8- to
G-times amplified on the display, and ordinary earth-
quakes show a 3-times greater amplitude than does
the hydrophone channel, none of these seismometer
channels show any evidenge of low-frequency (~1
min peried) signals, while the hydrophone shows g
“pregaure variation™ with a very large amplitude.

The submersible submerged for approximately ol
min near to the “Fissure Vent™ after the setting of
OBS/M near to the fissure vent, while Kasabara
abserved the activity of the fissure and characteris-
tics af the “Clam site™. By his visual observation and
the uze of video-camera monitors of the submersible
white fragments extruding from the fissure were
ohzerved at between 13:28 and 13:35. The movement
of the white fragments gives an image of boiling
water at the fizsure, The photos show both extinction
(Photos 6 and 7)) ancd distinction (Photo 8) of up
-welling activity of the fssove, respectively, The
temperature during the diving operation was mea-
sured by STD sensor equipped by the submersible. A
good agreement hetween the preseure variation hav-
ing & large amplitude and temperature measurenents
was obtained during a visual observation Lo identify
the white fragments exploding from the fissure vent
(Fig. 61, The STD temperature remained between
3.8 and 3.9°C during most of the dive. except al
around 1333, The temperature ghowed the maxinmmm
as 4. 267 al L33 among the whole temperature

JAMSTEC J. Deepn Sea Res.. 11 o109k

records dwring this dive. The whele hydrophone
records are shown in Fig. 3. This corresponds to the
low-frequency variation on the hydrophone channel,
strongly suggesting active hydrothermal venting at
avound this time. This is strong support for the rela-
tion between the pressure variation observed by a
hwdrophone and the thermal circulation of the vent-
ing water,

Mo volcamic tremors were observed by the seis-
momneters, because voleanic tremors usvally show
geismic motions on seismometers at around 1 Hz, and
theze were not identified by the present experiment.
This might imply that the vent-field was not under a
condition for a submarine eruption, at least during
the observation. Earthguake activity during the pres
ent observation was low compared to the previous
two OBS eobservations. There were no neaby earth-
qualkes during a period of 5 days.

4, Disgussigns

When the OBS/H was 400 m apart from the “Clam
gite” in the Theya Kneolls region of the Theya depres.
sion, the hydrophone records were very quiet. When it
was moved near to the “Fizsure Veot” in the “Clam
site”, low-frequency signals were observed by the
hydrophone, These, however, were not observed by
seismometers, even if the amplification of seizmome-
ters was high and even if we congider the correction
to the frequency characteristics of the instruments
and signals (as discussed in the another paper (Sato
et al., 1995} 1. Although ordinary natural earthqualkes
were alse observed by both selsmometers and the
hydrophone, the apparent amplitude of the selzmome-
ter for esrthouales is S-times larger than for the
hydrophone. The present observation of the pressure
variation with large amplitude was exactly the same
as in the south Mariana Trough. Recently, the same
instrument was deploved 1 the TAG {Trans Atlantic
Geolvaverse) arvea in the Mid-Atlantic Ridge. The
OB5/1 was set above a hydrothermal mound in the
rift valley. Although the same kind of a pressure
variation was observed by hydrophone Lraces, it was
not observed by seismometer traces (Nighizawa et

al.. 1983). Three independent observationz support
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the hypothesis that the low-frequency signals obser-
ved by the bydrophone is an indication of hydrother-
mal up~welling from hydrothermal vents or mounds
{Kasahara et al, 1984}, In the Mariana Trough,
although the pressure signals (called “pressure
pulses™ are of isolated nature, in both the present
area and the TAG area, the pressure signals show a
rather continuos change over a period of a few hours.
The above-mentioned differences suggest that some
differences in hydrothermal venting socur: impulsive
venting at the hydrothermal vent in the Mariana
Trough and continuous venting at two other places.
As can be seen in Fig. 3, a pressure wvariation
appears with a 12-hour period with some exceptions.
Fig. 7 shows comparisons among the activity of the
pressure variation, areal strain of the earth tide, and
the ocean tide. The comparizon shows a strong corre-
lation to both estimations. However, if the ocean tide
is the cause, or a major factor, related to hydrother-
mal activity, strong hydrothermal activity corre-
gponds to the transient stage from low tide to high
tide, or vice wversa. On the other hand, the streng

hydrothermal activity fits to the negative areal strain
caused by compressional forces. This fitting is move
reagonable for the cause of hydrothermal venting
than the fitting at the transient stage of the ccean tide
level, This observation is similar toe the pressure
pulses observed in the south Mariana Trough, How-
ever, the pressure variation observed by the same
inzstrument in the TAG of the Mid Atlantic Ridge, has
an opposite correlation; that is, a pressure variation
appears at low-tide-level, which is cavused by a ten-
sional stress field due to the solar-moon system
{unpublished data). This might indicate the differ
ence for types of fluid circulation st rifting regions,
such as backare basins and spreading regions, such as
oceanic ridges.

5. Conclusions
An OBS/H observation beside the hydrothermal
“Fissure Vent™ in the Iheya Knolls region of the
middle Okinawa Trough showed a pressure variation
with & large amplitude seen on a hydrophone channel.
but net identified on seismometer channels, A good
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Fig. 7 Comparison of the pressore activity with a larger amplitude (shaded zone) and tides (areal strain of earth tide
sherwn by solid line and sea-level by ocean tide), Mote that the pressure vaviation has a lavge amplitude during
pegative arcal stram. A-G correspond Lo 12-hodrs period ard ¢ are non-periodical activities,
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correlation was found among the pressure variations
on the hydrophone records, the visual observation at
the “Fissure Vent™, and the temperature measurad by
the STD =zensor of the submersible. White fragments
exploding from the "Fissure Vent™ were observed
during the temperature increase measured by the
submersible. The above-mentioned observations sug-
pest that the pressure variation detected by the
hydrophene might indicate hydrothermal up-welling
from the “Fissure Vent".

The pressure wariation with a large amplitude
shows 2 clear periodicity with an approximately
12-hour peried with other non-periodic activities,
This 12-howr periodicity implies a relation between
the pressure wvariation and the tide. Two tvpes of
tides, the arterial strain of the earth tide and the sea
-level change of the ocean tide were estimated. A
comparison of these estimations with the pressure
variation indicated a good correlation between the
pressure and the areal strain, The pressure variation
appears during & negative strain, caused by a2 com.
pressional force penerated by the solar-moon system.
This is similar to the observation in the Mariana
baclare basin, but is opposite to the case in the TAG,
i the rift valley of the Mid- Atlantic Ridge, which is
a typical oceanic spreading center, This might indi-
cate g difference in the fluid circulation svstem of
backarc-type rifting and oceanic-tvpe spreading,
althouph we can not deny the possibility of local
differences to explain the above -mentioned results,

The seismic activity was low during the present
observation, in conlrast to the previous OBS observa-
tions in the middle Okinawa Trough. Especially, no
neaby earthguales were observed. Also no veleanic
tremors  were  identified based on  seismometer
records, This might imply that the Theva vent field is
net ready for any submarine eruption, at least during
the current observation,
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Photo 1 OBS/H deployed by the free-fall mode found at
the first site. [F was sandwiched by two rock
glabks, The white ones are a kind of sponge,

Photo ¢ Landscape near the OBS/H. A small test buoy
to the right of OBS/H can be seen. A white area
in the far back iz the "Baby Chimney™ and an

another test buoy is seen there.

Phota 3 A grayish-white chimney with a cone-like shape
{lower right) was found at the base of the "Pyra-
miid Chimney"”,

JAMSTEC J. Deep Sea Res.. 11 (1445)

Photo ¢ Close up of the "Pyramid Chimney™, The chim-
ney grew very rapidly, during a periad of roughly
one vear. The mew chimney can be seen at the
lower right. A colony of "Galathea" covers on
the "Pyramid Chimney".

Phote 5 The chimney sampled at “"Pyramid Chimney”
which can be seen in Photos 3 and 4.

Photo & QBS/H after relocation beside the “Fissure
Vent” (white small crevasse) at 1328 Note the
white fragments exploding from the TFizsure
Vent,
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Fhote ¥ White fragments are exploding from the fissure  Photo 8 OB5/H at 13:43. Mow the water iz clean dus to
into the water at 1329, low hydrothermal activity,

Ias JAMSTEC J. Desp Sea Res,, 11 (1993)
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