CTD observations to search for hydrothermal activity on the Southwest Indian
Ridge and the Central Indian Ridge just north of the Rodriguez Triple
Junction: the Yokosuka/Shinkai MODE’98 Leg 3 INDOYO cruise
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Reconnaissances of hydrothermal activity were carried out using the submersible Sbstel 6500 a8 31°05°S, 39°00°E in the West Box and m 2775475,
64°20°E in the East Box on the Southwest Indian Ridze (SWIR) and at 23*19°8, T0°02°E in the off-axis area of the Central [ndian Ridge (CIR) just
north of the Rodrigues Triphe Junction during the Yokoswhe Shinkai MODE™S Leg 3 INDOYO cruise (Seprember—October, 1998) for the purpose of
Tinding the first active verting site in the Indian Ocean, Although seven dives failed in locating the active venting site, strong anomalies of lizht
transmission (up to 0.5%) were Round al 22002430 m depth during the dives in the off-axis area of the CIR, suggesting tha the hydrothermalizm was
active as well as in 1993 when hydrothermal plumes had been diseovered in this area. In addition, terperature anomalies were observed on the botom
in IIM: Oﬂ'q]::is areaof the C]R and the East Box, ﬁm slromzest annmﬂlic_—s urn-l'}_lu'c wire observed at the axial -.-¢I-{:anic I'iligl: wit, Jourdanne {2'?:'5'3.9?3.

63°56.13°E) in the East Box, where (he first extingt chimngys were found in the Indian Ocean,
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1.  INTRODUCTION

Although twenty years have passed since the first
discovery of hydrothermal activity on the ocean floor, there
have been few studies in the Indian Ocean, The Indian Ccean
basin is subdivided by the Southwest Indian Ridge (SWIR),
the Central Indian Ridge (CIR), and the Southeast Indian
Ridge (SEIR), which meet at the Rodriguez Triple Junction
(RTI). Thege ridges are unique, since their speeading rate
ranges from very slow o mtermediate " and they are the sole
migration pathway between the diverse vent favna of the
Allantic and Pacific Oceans™

Herzig and Pliger * and Pliger et al, * showed the
existence of hydeothermal activity at 21.595; 23,078, and
24,05 {SONNE Hydrothermal Plume Site) along the CIR
from anomaleus CH, and Mn profiles. Jean-Baptiste <f al, ™
reported hydrothermal anomalies of & *He and Mn at 19°29°5
on the CIR. In the area elose to the RTL, water column
anomalies of light transmission, Mn, Fe, Al, and CH, were
searched during the KH-93-3 cruise of RV Hakuhio Maru
{Ocean Research Institute, The University of Tokyo) in July—
Avgust 1993 ., An active zone was found on the CIR
(25°18-20" 5) about 12 miles north of the RTI, where
sigmificant hvdrothermal plumes were observed at 2200-
2400 m depth. Intensive tow-vo observations using a CTD
rosetle multi-sampling system equipped with a transmissom-
eter pevealed that the plumes show temporal as well as spatial
variations. Discrete water samples within the plumes were
enriched in Mn, Fe, and CH_, with maximum concentrations
of .8 ni, 40,2 oM. and 3.3 nhd, respectively. Judging the
spatial and chemical characteristics of the plumes, the
authors concluded that the hydrothermal plumes were
discharged from the castern off-axis wall or axial high at a
depth of < 2800 m. several miles eastward from the center of
the CIR rift valley, Scheirer et al. ™ found six sites having
oplical back-scatier ancmalics indicative of hydrothermal
plumes along the SEIR (37%43™42°29°5), At one site, they
alio found near bottom wmperature anomalies of ~0,17C and
recovered a vent-specific barnacle. During the FUN (French-

Uk-lapanese InterRidge} cruise aboard RY Marion Dufresne,

October 1997, first evidence for hydrothermal activity along
the SWIR was located from mid-water suspended particulate
plumes ®, Six optical back-scatter instruments were attached
to the cable of a deep-tow sidescan sonar instrument (TOBI),
at 50 m intervals above and below the deep-tow vehicle, to
obtain a 300 m vertical swath of hydrothermal plume
information through the water column, Using this approach,
evidence of hydrothermal plumes was detected ag six
locations within two 200-km-long sections of the SWIR,
The Yokesuka/Shinkai MODE 98 Leg 3 INDOYO cruise
was conducted from September 1o October 1998 %, af which
major ebjective was to locate active hydrothermal ficlds en
the SWIR and the CIR just north of the RTL We obtained the

&

data of seawater characteristics throughout the dives of
Shinkad 6300, using a CTD with transmissameter and H,3
sensor. Salinity, potential temperature, potential density, light
transmission and the concentration of H,5 were measured,
Here we report the results of the b site measurements,

2. SURYEY AREA

Among 14 dives (7 434457} conducted during the
[NDOYD cruise, seven dives were dedicated to reconnais-
sance of hydrothermal activity in three arcas: at 3170575,
59°00°E in the West Box and a1 27°54°8, 64°25°E in the East
Box on the SWIR and at 25°19°5, 70°02°E in the off-axis
arca of the CIR just north of the RT] ™

Hydrothermal vents at mid-geean ridges emit hot and
angxic Muids which mix tucbulently with ambient sca water
as they rise from the sca floor, precipitating various sulphide
and oxide phases, until some level of neutral buovaney is
attained " Resullant plumes are dispersed along isopyenal
surfaces. During the FUIT survey, strong back-scatter
anomalics were ebserved in Segment 10 near 27°55°5,
64°307W at a depth of 39004000 m * in the East Box.
Assuming heights of rise of neutrally buoyant plumes 1o be
similar 1o those of the Nonh Atantic Cecan, a depth of
venting was ¢stimated to be no greater than 43004500 m. OF
four potential topographic highs (< 4400 m depth), dives 448
and 449 werg focused on a central axial volcanic ridge. The
strongest back-scatter anomaly during the FUJI cruise was
observed in the West Box™, The plume oceurred at a depth of
100 m, with maximum anomalies located in the non-
transform discontinuity between Segments 16 and 17
{31°05'5, 59°01°E). Dives 451, 452, and 453 1argered ot the
tepographic highs (< 4400 m depth) on an axial volcanic
ridge and the southern rift=valley wall.

In the area of the CIR just norh of the BT, dives 456
and 457 were focused on a spur extending to the NE from a
ridge summit at 25°19°5, 70P03°E (Figure 1), where the
densest portion of hydrothermal plumes observed during the
KH-83-3 cruise in terms of light transmizsion anomaly and
CH,/Mn ratio ®. Since the center of the plumes observed in
1993 was situated at a depth between 2200 and 2300 m, the
tap of the spur around 2450 m was a reasonable candidate of
the sourge.

The other seven dives were conducted to characterize the
accretionary processes in the ultra-slow spreading environ-
ment of the SWIR. They were concentrated on Segment 11
(~27.9%°5 63 3°E} in the East Box, two an the axial voleanic
ridge Mt Jourdanne, three on a “megamullion™, and twa in
the non-transform discontinuity.

3. METHODS
The CTD with a transmissometer and a H,S sensor was
mounted in the lefi-side sampling basket of Sthinkad 6300,
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Fig. | Dive sites of Shinkai 500 in the off-axis arca of the CIR just north of the RTJ during the INDOYO cruise,

The dana were recorded in 2 solid-state memory ingide the
CTD pressure housing throughowt the dive and wransferred to
a computer afer the dive followed by processing, The CTD
used was a SEALOGGER CTD SBE 23502 (Sea-Bird
Electronics). The conductivity sensor was a SBE 4C 6800 m.
The wmperature sensor was 2 SBE 3F 6800 m. The pressure
sensor was 4 SBE 29, The transmissometer used was a
WETLabs C-Star 25 cm for the dive 444 and a ScaTech-23
em Type (5000 m) for the dives dd9-4357. The H,3 senzor
was an amperometric H,S microsensor (AMT
Analysenmesstechnik), which responded to dissolved
molecular H,S. The computer was a VAIO PCG-T33_A
(SOMNY).

The sensors of the CTD were calibrated by Sea-Bird
Electronics before the cruise. The outputs of the Sea Tech
transmissometer and the H,S sensor were recorded in the unit
of mV, owing to Jack of parameters for calibration.

4, RESULTS
4.1 Signals of hydrothermal plumes
The dives 448 and 449 in the East Box, 451, 452 and 453
in the West Box, and 456 and 457 in the off-axis area just
north of the RTJ were conducted to scarch for the first site of
active hydrothermal venting in the Indian Ocean. Vertical
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profiles of light transmission, potential temperature and the
output of H,S sensor were examined to find the signs of
ydrothermal plumes, Suspension of sediment particles was
trapped in the basket and prevented meaningful collection of
transmission data during the upcast of the dive 452, The
profiles of transmission were different between downcast and
upcast for each dive, and transmission deeréqsed slightly
with depth. This may have been caused by hysteresis of the
transmissometer, The fact that ransmission decreased below
3900 m may have heen due to resuspension of bottom
sediments. Distinet transmission anomalies (up to 0.5%)
were detected at 2200-2450 m depth during the dives 456
and 457 (Figure 2). These anomalies probably indicate
hydrothermal plumes. Potential temperature and the output of
the H,$ sensor did not show any significant anomalies. Mo
significant anomaly was observed in the water column at the
other dive sites.

4.2 Bottom data

Light transmission within a fow meters above the bottom
is expected 1o serve as an indicator of hydrothermal activity.
Unfortunately, it was hard to interpret the data because
resuspension of sediments caused by the submersible made
strong spike noises. The output of the H,S sensor was less

%
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Fig. 2 Vertical profiles of light ransmission during the dives 436 and 457 in the off-axis area just north of the RT).

than the detection limit for all dives, Salinity also showed no
meaningful variation.

The variation of potential temperature on the bottom was
usually less than 0.03°C below 3500 m depth. This was also
true of the hydrathermal targets on the SWIR. Large anoma-
lies of temperature compared 1o the background were
ohserved at some dive sites, The temperature anomalies were
up to L05°C at FUJI Dome (dives 444 and 450; 2850275,
63%16"E) and the CIR hydrothermal target {dives 456 and
457 Figure 3). Strongest anomalies of ~0.1°C were observed
at Mt Jourdanne {dives 446 and 434; 27°51°5, 63°36°E;
Figure 4).

5. DISCUSSION
5.1 Hydrothermal targets on the SWIR
Mo evidence for active hydrothermal venting was

observed during the dives 448 and 449 in Scgment 10 in the
East Box and the dives 451453 in Segments 16/17 in the
West Box. The transmission anomalies (hydrothermal plume)
detected during the FUM eruise ® were found to have
completely disappeared.

5.2 DMt Jaurﬁanne, an axial voleanie ridge of the
SWIR
Inactive hydrothermal deposits were discovered
serendipitously on the ME slope close to the summit of M,

g

Jourdanne during the dive 446, Additional dive 434 was
conducted to explore the graben area for active venting and
to sample further hydrothermal precipitates. Several extinet
hydrothermal sites were found within an arca of 0.5 km®at a
water depth of 2941 m (27°50.97°5, 63736 15°E) ™. All of the
extinct hydrothermal sites were related spatially either to the
graben or to smaller fissures. Hydrothermal precipitates
consisted of sullide impregnated basalis, and massive
sulfides dominated by pyrite, sulfates and oxides. Hydrother-
mal products occurred on the ocean loor as mounds with an
average size of ~5 m® and small chimneys. Bottom tempera-
wre anomalies of <0190 were detected nearby the extingt
hydrothermal sites. On the other hand. there were no signs of
hydrothermal plumes on the water column data of the CTD,
Biological features of even relicts were not observed in the
entire ar¢a of the summit of MU Jourdanne.

5.3 CIR just north of the BT

The 1w dives 436 and 437 made important progeess in
approaching hydrothermal active siles in this area, alihough
the very paint could not be reached by these missions. Dead
heaps of two species of the giam white clams (Caliprogena)
were found just on the landing site of the dive 436 ¥ The state
of the shells strongly suggested that recent existence of
chemosynthetic coosystems characteristic of hvdrothermal

activity. The light transmission anomalies were commonly

JAMSTEC J. Deep San Res., 15 {15993
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Fig. 3 Potential temperature and depth on the bottom during the dive
457 in the off-axis arca just norlh of the BT

observed during descending and ascending of Shinkar 8500 °

for both dives, The anomalies appeared at depths of 2200-
2400 m, almost ihe same depth as that observed during the
Hakuwho Marn cruise in 1993 9, This suggests that the
transmission anomaly observed this time should be regarded
as lyydrothermal plumes. Fydeothermal agtivity may have
continued for these five years, During the dive 457, iransmis-
sion anomaly reached to 0.5% (at 2 depth of 2200 m) above
the leaving point of the dive. This anomaly is about five
times larger than that observed during the KH-93-3 cruise,
which may imply that the survey area is much closer toa
venting site. In addition, boltom temperature anomalies of
~0,05°C were detected at some locations during the both
dives. These resulis strongly suggest the existence of
hydrothermal activily nearby the survey area, 1t is desirable
to continue the diving survey in near future in order to locate
the very site of hydrothermal venting.
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