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PREFACE

The mid-oceanic ridge plays a principal role in solid earth dynamics as well as in ocean
dynamics by thermal, chemical, and biological interaction. In spite of the importance of the
mid-oceanic ridge system on earth science, Japanese scientists have long been isolated from
the exciting progress of mid-oceanic ridge research mainly because all mid-oceanic ridges are
far from Japan. The KH93-3 Research Cruise was planned as the first intensive seagoing
research at a mid-oceanic ridge for Japanese university scientists and graduate students and
intended to start robust research activity of mid-oceanic ridges in Japan.

The KH93-3 cruise formed an integral part of InterRidge Japan Project as well as a
preliminary site survey for the Ocean Drilling Program. The Rodriguez Triple Junction in the
center of the Indian Ocean was selected as a target survey area because of its intriguing tectonic
setting. Three different types of mid-oceanic ridges meet at the Rodriguez Triple Junction and
provide various opportunities to investigate mid-oceanic ridge processes in a small area and
within a limited time. A multidisciplinary survey was conducted with underway geophysical
survey, multichannel seismic reflection survey, deployment of ocean bottom seismometers for
seismic refraction measurements and earthquake observation, bottom rock sampling, deep sea
hydrocasts, and deep sea TV observation. As the R/V Hakuho-maru has the size of 3,980 tons,
she is fully suitable for such multidisciplinary research work.

The KH93-3 cruise was a highly successful expedition as fully described in the subsequent
reports in this volume and in the online cruise report published on the Internet (http://www.ori.
u-tokyo.ac.jp). We owe the success of the cruise to the support of the following people. Captain
H. Shimamune and all of the officers and crew provided their skillful support for twenty-four
hours a day at sea to carry out intensive research works. The administration office of the Ocean
Research Institute (ORI), University of Tokyo safely prepared and planned the 72 days of the
cruise. Drs. M. Munschy and R. Schlich (IPG Strasbourg) allowed us to use all the geophys-
ical data obtained near the Rodriguez Triple Junction by the R/V Jean Charcot in 1984. Dr.
P. Patriat (IPG Paris) kindly sent us a new swath bathymetric map of the Southwestern Indian
Ridge. Drs. W. Pliiger and P. Herzig (Aachen, Germany) sent us results of their geochemical
survey in the Central Indian Ridge. Drs. A. Briais (GRGS, France), L. Parson (I0S, UK),
J. Delaney (InterRidge Office), and T. Stroh (InterRidge Office) helped us in the planning of
the cruise. A. Hatanaka of ORI converted the manuscripts to Tex format. T. Mizutani, A.
Hatanaka, C. Tamura, and W. Hatanaka of ORI prepared the printing formats of all the figures.
C.Honsho designed the cover page. We sincerely thank all of the above people for their support.

Kensaku Tamaki and Hiromi Fujimoto
Ocean Research Institute, University of Tokyo

March 1st, 1995



CONTENTS

Preface

Scientists aboard the R. V. Hakuho Maru Cruise KH 93-3 —----ecoceeeeeeeee

INtroduction —-—--—mme e

1. Bathymetric Mapping by SeaBeam----------—--

-------- 1

2-1. Geomagnetic Total Intensity Measurement by Proton Magnetometer --------

2-2. Measurement of Geomagnetic Three-Component Anomalies

over the Rodriguez Triple Junction =-------—mmeee oo

3. Mapping of Gravity Anomalies around the Rodriguez Triple Junction --------

4. Seismic experiment in the Rodriguez Triple Junction area - -

5. Petrological sampling at the Rodriguez Triple Junction in the Indian Ocean ---

6. Search and discovery of hydrothermal plumes from water chemistry

at the Rodriguez Triple Junction, Indian Ridge -------------------ceoeeoeem e

7. Bottom Observations Searching for Hydrothermal Vent Communities

by the Deep Sea Multi-Monitoring System (DESMOS) ~--------mm-meeeeee o

8. Geology of sea floor in the Central and Southeastern Indian Ridges

by Deep-Sea Cameras-- e

9. Bait Trap Sampling of Deep-sea Benthos around the Rift System

of the Indian Ocean-------——--emmommeoo

10. Underway GeophysiCs---—----====rnmmmmmmmmmome

11. Studies on Zooplankton in the Subtropical and Tropical Waters
of the Indian Ocean and the western North Pacific -- -

12. Measurement of Aerosols (RaA, RaC', Mie-particles, Condensation nuclei)

and Electrical Conductivity in the Atmosphere near the Sae Surface -----—----—

13. The Horizontal Distribution of Background Aerosols in the Global Scale

and Contribution of Continental Aerosols in the Maritime Atmosphere--------
14. Measurements of Cosmic-ray Intensity at the Sea-level-—-——---———__________

15. Thermal structure of atmospheric boundary layer over the Indian Ocean------



Scientists aboard the R/V Hakuho-maru Cruise KH93-3

Co-chief scientists

Kensaku Tamaki (Legs 1, 2, 3)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
tamaki@ori.u-tokyo.ac.jp

Hiromi Fujimoto (Legs 2, 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
fujimoto@ori.u-tokyo.ac.jp

Underway Geophysics (SeaBeam, Gravity, Magnetics)

Chie Honsho (Lega 1, 2, 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
honsho@minerva.ori.u-tokyo.ac.jp

Keiichi Furuya (Legs 1, 2)
Department of Earth Science, Faculty of Science, Chiba University, 1-33 Yayoi,
Inage-ku, Chiba 263, Japan
efuruya@nature.s.chiba-u.ac.jp

Kin-ichiro Koizumi (Legs 1, 2)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan

Brian P. West (Leg 3 )
School of Oceanography, Univ. of Washington (Marine Geophysics), UW, WB-
10, Seattle, WA 98195, USA
bpw@ ocean.washington.edu

Laurent Roux (Leg 3)
GRUS-Observatoire Midi-Pyrenees, Avenue Edouard Belin, Toulouse, France
roux@pontos.cnej.fr

Seismology

Junzo Kasahara (Legs 1, 2)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan
kasa2@obs].eri.u-tokyo.ac.jp

Naoshi Hirata (Leg 2)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan
hirata@eri.u-tokyo.ac.jp

Toshinori Sato (Legs 3, 4)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan
satot@obs1.eri.u-tokyo.ac.jp

Ryota Hino (Leg 2)
Observation Center for Prediction of Earthquakes and Volcanic Eruptions, Faculty
of Science, Tohoku Univ., Aza-Aoba, Aoba, Sendai-city, Miyagi 980, Japan
hino@aob.geophys.tohoku.ac.jp

Chiaki Igarashi (Legs 1, 2)
QOcean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
igarashi@ori.u-tokyo.ac.jp

Sadayuki Koresawa (Legs 1, 2)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan



Narumi Takahashi (Legs 2, 3)
Department of Earth Science, Faculty of Science, Chiba University, 1-33 Yayoi,
Inage-ku, Chiba 263, Japan
narumi@cuphd.nd.chiba-u.ac.jp
Kei Katsumata (Legs 3, 4)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan
(Present address : Reserch Center for Earthquake Prediction, Faculty of Science,
Hokkaido Univ., Sapporo 060, Japan. e-mail : katsu@eos.hokudai.ac.jp)
Mayumi Sekine (Legs 1, 2)
Department of Earth Science, Faculty of Science, Chiba University, 1-33 Yayoi,
Inage-ku, Chiba 263, Japan
(Present address : Earthquake Research Institute, University of Tokyo, 1-1-1
Yayoi, Bunkyo-ku, Tokyo 113, Japan. e-mail : mayumi@eri.u-tokyo.ac.jp)

Petrology
Toshitsugu Fujii (Leg 2)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,
Tokyo 113, Japan
fujii@magma.eri.u-tokyo.ac.jp
Setsuya Nakada (Leg 3)
Department of Earth and Planetary Sciences, Faculty of Science, Kyushu Univ., 6-
10-1 Hakozaki, Higashi-ku, Fukuoka 812, Japan
(Present address : Earthquake Research Institute, University of Tokyo, 1-1-1
Yayoi, Bunkyo-ku, Tokyo 113, Japan. e-mail : nakada@eri.u-tokyo.ac.jp)
Teruaki Ishii (Legs 2, 3)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
ishii@ori.u-tokyo.ac.jp
Charles H. Langmuir (Leg 2)
Lamount-Doherty Earth Observatory of Columbia University (Geochemistry),
Palisades, NY 10964-8000, USA
langmuir@ldeo.columbia.edu
Shigeru Yamashita (Legs 2, 3)
Earthquake Research Institute, University of Tokyo, 1-1-1 Yayoi, Bunnkyo-ku,
Tokyo 113, Japan
(Present address : Institute for Study of the Earth’s Interior Okayama University,
Misasa, Tottori 682-01, Japan. e-mail : shigeru@msewsl.okayama-u.ac.jp)
Yoshiaki Tainosho (Legs 1, 2)
Faculty of Human Development, Div. of Earth Environment, Kobe Univ., 3-11
Tsurukabuto, Nada, Kobe-city, Hyogo 657, Japan
Satoshi Matsumoto (Leg 3)
Department of Geology, Osaka City Univ., 3-3-138 Sugimoto, Sumiyoshi-ku,
Osaka 558, Japan
Yasushi Harada (Leg 3)
Department of Earth and Planetaly Phisics, Univ. of Tokyo, 2-11-16 Yayoi,
Bunnkyo-ku, Tokyo 113, Japan
harada@gpsun01.geoph.s.u-tokyo.ac.jp

Water Chemistry

Toshitaka Gamo (Legs 2, 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
gamo@ori.u-tokyo.ac.jp

Hiroshi Hasumoto (Legs 2, 3)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
kansok@ori.u-tokyo.ac.jp



Eiichiro Nakayama (Leg 2)
Faculty of Science, Kyoto University, Kitashirakawa Oiwake, Sakyo-ku, Kyoto
606-01, Japan

Kenji Isshiki (Legs 3, 4)
Department of Applied Science, Kochi Women's University, 5-15 Eikokuji,
Kochi-city, Kochi 780, Japan
gec00011@niftyserve.or.jp

Tamotsu Oomori (Legs 2, 3)
Department of Chemistry, Univ. of the Ryukyus, 1 Senbaru, Nisihara, Okinawa
903-01, Japan

Kiminori Shitashima (Legs 2, 3)
Central Research Institute of Electric Power Industry, 1646 Abiko, Abiko-city,
Chiba 270-11, Japan
shita@abiko.denken.or.jp

Hajime Obata (Legs 2, 3)
Faculty of Science, Kyoto University, Kitashirakawa Oiwake, Sakyo-ku, Kyoto
606-01, Japan

Shinji Kanayama (Legs 1, 2, 3, 4)
Dep. of Earth Sciences, Faculty of Science, Yamagata Univ., 1-4-12 Koshirakawa,
Yamagata-city, Yamagata 990, Japan

Takayuki Koizumi (Legs 2, 3)
Department of Chemistry, Univ. of the Ryukyus, 1 Senbaru, Nisihara, Okinawa
903-01, Japan

Kei Okamura (Legs 3, 4)
Faculty of Science, Kyoto University, Kitashirakawa Oiwake, Sakyo-ku, Kyoto
606-01, Japan

Biology

Suguru Ohta (Legs 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
sohta@ori.u-tokyo.ac.jp

Kenji Shimizu (Legs 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
shimizu@ori.u-tokyo.ac.jp

Masaharu Watanabe (Legs 1, 2, 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan

Harumi Kobayashi (Legs 1, 2, 3, 4)
Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku,
Tokyo 164, Japan
mxe01511@niftyserve.or.jp

Maki Ito (Legs 3, 4)
Dept. Ocean Sci. and Technology, Tokai Univ., 3-20-1 Orido, Shimizu-city,
Shizuoka 424, Japan

(Present address : Technical Development, Metal Mining Agency of Japan.)

Atmospheric Chemistry

Tatsuo Tanji (Legs 1, 2)
Muroran Institute of Technology, 27-1 Mizumoto, Muroran-city, Hokkaido 050,
Japan

Michio Okino (Legs 3, 4)
Muroran Institute of Technology, 27-1 Mizumoto, Muroran-city, Hokkaido 050,
Japan

Kei Saito (Legs 3, 4)
Faculty of Science, Science University of Tokyo, 1-3 Kagurazaka, Shinjyuku-ku,
Tokyo 162, Japan



Meteorology

Shigenori Haginoya (Legs 3, 4)
Physical Meteorology Research Department, Meteorological Research Institute, 1-1
Nagamine, Tsukuba-city, Ibaraki 305, Japan

Nobuyuki Kinoshita (Legs 3, 4)
Physical Meteorology Research Department, Meteorological Research Institute, 1-1
Nagamine, Tsukuba-city, Ibaraki 305, Japan
nkinoshi@mri-1.mri-jma.gp.jp

Cosmic Ray

Masahide Furukawa (Legs 1, 2)
Division of Environmental Health, National Institute of Radiological Sciences, 4-9-
1 Anagawa, Inage-ku, Chiba 263, Japan
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Introduction ;: Qutline of
the R/V Hakuho-maru KH93-3 Reserch Cruise

Kensaku TAMAKI' and Hiromi FUIIMOTO!

! Ocean Research Institute, University of Tokyo

1. Outline

KH93-3 Research Cruise by the R’V Hakuho-maru of Ocean Research Institute, University
of Tokyo, is the first intensive seagoing research at mid-oceanic ridge conducted by the Japanese
scientist group, The shiptime for this cruise was endorsed on behalf of InterRidge Project by
the Ocean Research Institute, University of Tokyo, who is the owner of the vessel. The target
survey area was set at the Rodriguez Triple Junction (RTJ) in the Indian Ocean. Port calls of the
cruise are as follows; leaving Tokyo on July 8, 1993, Singapore from July 17 to 21, Mauritius
from August 10 to 14, Penang from September 2 to 6, and arriving at Tokyo on September
17. Co-chief scientists are K. Tamaki and H. Fujimoto of Ocean Research Institute. Forty five
scientists on board are composed of five research groups; mapping geophysics, seismology,
petrology, water chemistry, and benthic biology. Mapping geophysics group is directed by K.
Tamaki and H. Fujimoto, seismology group by Kasahara and N. Hirata (both at Earthquake
Research Institute, University of Tokyo), petrology group by N, Fujii (ERI), T. Ishii (ORI), C.
Langmuir (LDEO), and S. Nakada (Kyushu Univ.), water chemistry group by T. Gamo (ORI),
and biology group by S. Ohta (ORI). As the R/V Hakuho-maru has the size of 3,980 ton, she
is fully suitable for above multidisciplinary research groups all through the cruise.

2. Objectives of the expedition at the Rodriguez Triple Junction

The Rodriguez Triple Junction is the world most remarkable R-R-R triple junction, which
has been controlling the evolution of the major portion of the Indian Ocean. Three ridges with
different spreading rates, the Central Indian Ridge (CIR), the Southwest Indian Ridge (SWIR),
and the Southeast Indian Ridge (SEIR) meet at the junction. The topographic features of the
three rift valleys are quite different, suggesting either the difference in the thermal structure
of the underlying mantle or the difference in the crustal structure. It is also expected that the
thermal condition of the mantle just beneath the triple junction could be different from those
of normal ridges. Principal objectives of the expedition at the RTJ are summarized as follows.
(1) A comprehensive crustal studies at the RTJ by multichannel reflection seismics, ocean
bottom seismometer (OBS) refraction crustal studies, and tomograhic analyses of OBS data.
(2) Observation of natural earthquakes at the RTJ.

(3) Geophysical mapping by swath bathymetry, gravity and magnetics for the SEIR to study
segmentation of ridges and crustal accretion process by the inversion of magnetic and gravity
data.

(4) Detailed bottom rock sampling along spreading center to study melt genesis and mantle
dynamics beneath the spreading center.

(5) Study of water chemistry along spreading center to detect chemical flux and to discover
active hydrothermal vent area,
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(6) Study of benthic community at the spreading center.

3. Methods of the expedition at the Rodriguez Triple Junction

The triple junction was previously surveyed by GLORIA system of UK group (Miichell,
1991; Michell and Parson, 1993) and SeaBeam system of the R/V Jean Charcot (Munschy and
Schlich, 1989, 1990). We planned to conduct all the principal survey in the area previously
mapped by the R/V Jean Charcot. This approach saved the time for mapping bathymetry by
the R/V Hakuho-maru and allowed us to allocate more time for multichannel seismics, OBS
related works, rock sampling, water sampling, and deep-sea TV observation of the seabottom.

Research methods accomplished during the KH93-3 cruise at the RTJ are as follows.

(1) Geophysical mapping of swath bathymetry, gravity, magnetics (total intensity and three
component) for the SEIR outside the box surveyed by R/V Jean Charcot.

(2) Seismic refraction studies at the RTJ by OBS and large air gun sound sources. Eighteen
OBSs are deployed in a grid configuration as shown in Figure 1, and seventeen OBSs are
recovered.

(3) Crustal structure studies at the RTJ by multichannel seismics (MCS). Eight MCS tracks in
a grid pattern were achieved as shown in Figure 2.

(4) Seismic tomographic studies at the RTJ by OBSs and large air gun sound sources.

(5) Observation of natural earthquake activity at RTJ by OBSs. Duration of observations is
more than 15 days.

(6) Detailed bottom rock sampling at 41 sites (27 dredges and 14 rock cores) along three axes
of spreading centers at the RTJ.

('7) Water sampling by CTD-rossette hydrocasts (13 sites, one site is northeast of the RTJ box
area) and tow-yo surveys (5 sites).

(8) Observation of the sea bottom and benthic biological community by Deep Sea Monitoring
System (DESMOS) at 5 sites (one site is at north of the RTJ box area),

To accomplish the above survey, we have spent 19 days and 8 hours (10 days and 4 hours for
Leg 2 and 9 days and 4 hours for Leg 3) in total in the area. 24 hours operation of any of
research items were done all through these days. The sea state and weather condition at the
RTIJ area are fairly good all through the survey time. None of research items were abandoned
because of weather condition. The research program was done almost as scheduled.

4. " Initial results of the expedition at the Rodriguez Triple Junction

Preliminary results at the RTJ are summarized as follows.
(1) A topographic map around the triple junction was compiled from the observed Sea Beam
data combined with the data obtained by the French R/V Jean Charcot.
(2) Bouguer gravity anomalies show "bull’s eye negative anomalies on the SEIR and CIR,
indicating focused accretion in these segments. The source of the negative gravity anomalies
will be clarified by the results of the seismic experiments.
(3) Preliminary analysis of the OBS data show high seismic activities in the area, earthquake
swarms being near the RTJ.
(4) Teleseismics events such as a big earthquake occurred near Guam Island were observed by
the OBSs.
(5) High-density rock sampling covered a whole range of a single segment on each of the
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three different ridges. Fresh glassy basalts were recovered from 23 sites on the SEIR and CIR.
Relatively old basaltic rocks with relatively thick Mn-coat were recovered from the southern
part of the SWIR. Highly altered (weakly metamorphosed) basalts, dolerites, and gabbros were
found along steep fault scarps in the SWIR and RTJ,

(6) Basalt glasses analyzed preliminarily range in MgO from 7.2 to 8.8 wt. differentiated
composition in comparison with those in the CIR and SEIR. A little older basalt glasses from
the SWIR have the composition similar to fresh glasses in the CIR and SEIR.

(7) A distinct hydrothermal plume was detected close in the CIR. The center of the plume
was in a shallow depth around 2200m, about 1800m higher than the bottom of the rift valley.
Judging from the areal distribution of the plume, its source is suggested to be somewhere at
the eastern off-axis area.

(8) Visual observations of the seafloor suggest that the volcanism at the Indian Ridges contains
two stages: sheet lava flow stage and the following volcanic cone stage.

Unfortunately we could not observe any vent area nor biological colony in the RTJ box
area by deep-sea TV system although we could detect substantial chemical anomaly in the
water column at the CIR, We finally moved to the Sonne Hydrothermal Plume area at 24 00.3’S,
69 39.6’E (Pluger et al., 1988) 60 nautical miles north of the RTJ box area and confirmed the
existence of high signature of hydrothermal plume by the anomaly of transmissometer during
CTD tow-yo survey (CTD-17). We executed 16 hours of DESMOS deep sea TV observation
at the supposed anomaly area. But we could not observe any signature of hydrothermal activity
on the sea bottom.

5. Surveys during transit

During the transit from Tokyo to Singapore, Singapore to RTJ, RTJ to Mauritius, Mauritius
to RTJ, RTJ to Penang, and Penang to Tokyo, following observations were executed.
(1) Underway geophysics by SeaBeam, gravity, magnetics, and 3.5 kHz echo sounder, Sys-
tematic grid surveys were done at two areas of the Ryukyu Trench.
(2) Sampling of plankton by ORI net at 18 sites. Six sites among 18 sites were done at the RTJ
box area while waiting for popping up of the OBSs.
(3) Meteorological observation by OMEGA-sonde system at 80 sites during the transit from
Mauritius through Penang to Tokyo.
(4) Oceanographic observation by XBT system at 53 sites during the transit from Mauritius
through Penang to Tokyo.
(5) Measurements of radon and its daughters, aerosols and electrical conductivity in the
atmosphere near the sea surface. The measurements were executed all through the cruise from
Tokyo to Tokyo.
(6) Measurements of cosmic-ray intensity by spectro survey meter. The measurements were
executed from Tokyo to Singapore, and Singapore to Mauritius.

6. Summary
A multidisciplinary approach for the study of the crustal accretion process of the Rodriguez

Triple Junction was successfully executed by detailed geophysical mapping, seismic reflection
and refraction crustal studies, tomographic crustal studies, dense bottom rock sampling along
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spreading axes, tow-yo and hydrocast water sampling at spreading centers, and geological
and biological sea-bottom observation by deep-sea monitoring system. A further synthetic
analyses of geophysical mapping, seismic crustal studies, and dense bottom rock sampling will
provide a real three-dimensional picture of sea floor spreading process through upper mantle
to the surface volcanism at three different spreading systems of CIR, SWIR, and SEIR ridges.
Although we could not find hydrothermal vent area, the accumulated chemical data of water
sample will provide valuable datasets to understand the chemical flux at the Indian Ocean
spreading centers.
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Leg 2 Time Table Results

ime 0 2 4 6 8 10 12 14 16 18 20 22 24
(I ! 1 L 1 1 1 1 ) ! L 1 ) GMT
P 0BS16 OBS13  OBSS OBS2 OBS! OBS3 0BS10
wize O« _owe I mor H o JOO—0—0—0—0—O0O0(ems H or |
9
Arriving at RTJ (7/29 00:00) 0Bs6
0BS14 OBS17 OBS18 OBS15 OBS11 0BS7 0BS4
Jul.30 —O—O0—0—0 o O (cTDa.
58
0BS12 Muhi Channel Seismics
Jul. 31  CTD4

ctos  }— rea —] Ros |

Aug. 3

Aug. 4

RS |—(_ cTo7 RC7

SeaBeam

Aug. 5 RC7 CTD8 RC8 DR6 I

Aug6 —————f or7 | Ao |{ mowo | bre  }—{ bR | cTD9

Aug.7 — cpe orio |—{ orit || omiz |+{_cww )— oms —

SeaBeam
Aug. 8 DR14 Leaving RTJ (8/8 04:00)

Fig. I-5. Leg 2 time table

Leg 3 Time Table Resuits

Jime 0 2 4 [} 8 10 12 14 16 18 20 22 24
Datd L L 1 I L L I 1 ! 1 1 1 ) GMT
0BS1 oBs2 o8ss
SeaBeam
Aug.16 Arriving at RTJ (8 /16 12:00) O O-
PN7
0BS9 0BS16
Aug.17 O DMS1 CTDI12 O DMS2
PN8
oBS13 oBs17
Aug.18 DMS2 €013} -O— crp1a O DR15
0BS10 0Bs6 0Bs3 0BS4
Aug.19 DR16 OO0 DR17 O Of pri1g O
BK1 PN9
Deploy
oBs7 0BS8 oBs11 0BS15 0BS18 0BS12
Aug.20 RC11 RC12 DR20 RC13
PN10 PN11
1 SeaBeam
Aug.21 RC14 DR21 DR22

SeaBeam —
Aug.22 —__DR23 DR24 DMS3

Aug2s __ omss J—— omes H omes O orr " cwis  )———— ciots

BK1

Recover
SeaB
Aug.24 _ DMS4 — capeam ( cTo17 DMS5
BK2
Deploy
Aug.25 DMS5 ~FO—(_ctD18_ }—— Leaving RTJ (8/25 16:00)

BK2
Recover

Fig. I-6. Leg 3 time table
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Fig. I7. Contours of atmospheric pressure of one of the best days in Leg2 (August 6),
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Fig. I-8. Contours of wave hights in feet of onc of the best days in Leg2 (August 6).
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Fig. 1-9. Contours of atmospheric pressure of one of the worst days in Leg2 (August 3).
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! B B Rt R it I P I



11

1

1834330 SWY-ALD 00000 £LO1D 111y FOECN0-0L0  SO98'9E-ST  SO+IIOT ¥OSOEG

1834330 SWY-ALD (0000 LOLD Sy JOCTIO0L0  SO999T-ST  SOH900T FOIDES

LUVIS SWE-A1D 00000 LQLD 650y  JOEBO0-0L0 SOEGOE-ST  SOHLYRI POSDES
HJIANOIOATAA 00000 SUQ Ty  J0Sw00-0L0  SOGB'STST  SOHGISI POSDES
WOLLOEJ30300Td 00000 S¥A  S61¢  JOLID0-0L0  SOEC6TST  SOHBILL POBOES
WOLLOENOIDATIA 00000 SUA  Tzey  S00000-0L0  SOLL'BTST  SDHTEOL +OB0ES
NMOQI¥VISIOaINA 00000 SHUQ  1Er  FOE665-690  SOTL'ST-ST  SOHPECI $OBOES
MIIANCIADATIA 00000 +UA 1Lk FOLWCO-0L0  SOOLLT-ST  SOHSICI 7ORDES
WOLLOE4J09DATIA 00000 +UA  89LF  JOB'GS-690  SOTRLT-ST  SOHLIPI POBOLE

MOLIOE NOIOATIA 00000 $¥A  +LIv  FOSYES-690 SOPELZ-ST  SO+BTEL vOBOSS
NMOQIdVIS3IOOTIA 00000 +HA  SLIY  FO0S6E-690  SO6¥°LT-ST  SO+OECI YOROES

QIANT ONIMOD ¥DO0¥ 00000  9-3¥ 186  ZOPETO-0L0  SOIVLT-ST  SO+ASHI v0BOC6
QIANYTEIH0D 00U 00000 9D €80r  JOSLI00L0  SO6ZLI-ST  SO+LSDL POBOES
QIANYTHIMOO MO0¥ 00000 9-D¥ 168  FOILI0-0L0  SOWTLZ-ST  SOHLSOI #080%6

QIL¥VIS ONIMOD MOO¥ 00000 9-3¥ €066  JOLSI0-0L0  SOOTLT-ST  SOHEEGD POSOES

HSINIL SWY-G10 00000 901D 368 F069LS690 SOIG61-ST  SOHOTBO #OROES

1534930 SWE-ALD 00000 SQLD BIZr  00I'8S-690 SO+P190 $0S0EG

LAVLS SWY-QLD E11Z€ 9QLD  Ser  30L6'LS-690 SOHIFR) POS0EG
ADIANOIOCIWA 00000 €M TZ0v  FDBLPS-690 SO+ESEQ TO80EG

HWOLIOE 440 J00TUA 00000 €A LS5 F00S¥S-650 SO+95T0 YOS0ES

WOLLOE NOIOQ=¥d (0000 £¥a  0L0r  30S6'95-690 SO+9510 #OI0EG

NMOQ LYVLSIOTTRA 00000 £¥A (L6 F090755-630 SOHLSO0 POBOEG

QIQNI ONMIOD NO0A 00000  SD¥  106€  I0E0SE-690 SO+L100 ¥080E6
QIANVIYIIOD JID0E 00000 S-JU L85  F0SOSE-690  SOLFL1-ST  SO+IIET E080E6

QILAVLS ONTHOD MD0d 00000  §Od 9068  FOEOSE-690  SOOFLI-ST  SOHZTIT E0ADEG

Q30N ONTHOD H00¥ 00000  »O¥  LE0F  J0BY'SS-690  SOPL61ST  SCHOZOL EOBOEG
QHANYI3U ¥gY0D AD0Y 00000 ¥Od 7968  F0IFI5-690  SOBE'6L-ST  SO+SO6[ EORCEG
Q3aNYTYIIODO MD0Y 00000 DU 9E0r  J0GL9S-690  SOB8'6I-ST  SOHLSRT EQBOES

QIIYV.LS ONIHOD 200d (0 000 Lder] 11,13 H0IB'95-690  SOER'S1-ST  SO-DOABL EOBOEG

HSINII SW¥-Q1D 00000 S$aLO 62Ty  H09L'LS-690  SOZE'61-SZ  SO+BELT EOROEG

1534330 SWH-ALD 00000 $dAID  89L¥  JOERLG-690  SOSLGL-ST  SO+FI9T EOROEG

JAVIS SWH-O1D 00000 $QID  (8(5  F059'L5-690  SOLOOTST  SGHeSyl E0ROES

ATJAENS DINSIAS JO ONT 70 55€ SOW  Oepe  F09CGL0L0  SOPFESST  SOHOTE0 EOBOLS
SIHOITNOIYINDFY 440 1Nd ¥ ISIUNAS 20011 SOW +70€  JOPE9L-690  SOLPLTST  SOHL0Z0 E0R0EG
EA INITNI QIWIINT 00 000 SOW 8LZE  JOLEEP 690 SOSEBIST  SO+1000 COBOCE

ugrluwocys 00000 SOW 5L F0TFER6E90  SDGE'LIST  SOHBYEE TOBOEE

TASNIT SOW IO ANT €0 662 SOW  9LLE  JOEBTS-60  SDLBSI-ST  SOHLOLT ZOROES

ANTTNQ ATAUNS QLINVLS F UPTE Y0035 '] 09E SOW  ESLT  JOBSCIL-OL0  SOYELY-ST  SOHETS) TOBOES
HSUNO0 DNIYELTY AION0D 00 TLT SOW  SELT  FOSEPT-OLO0  SOSEPRST  SOHITYL TOSOLS
TAINITLINO OIAVITI 00 000 SOM  FEAT  FOIEPL-OL0  SOZO'PPST  SOHG0YL TOSOES

NNO-HIY JOINO dNADAJNd  FOTEL SO PEST  TFOSSIT-0L0  SOILDYST  SO+B1EL TOROEE
AINITNO ASAUNS QALEVLIST USET 0103 0°) 000 SO 80OE  FOPSQO0LD  SORGTI-ST  SOHOEDN TOSOES
ATSNONYAISUNOD 438N B0 LIE  SOW 2896 JOLH'E0-0L0  SO6T'II-ST  SO+0090 Z0BOES
UDOEOVO3® (1082 SOW St FOLWOLOL0  SOBOWI-ST  SO+POSQ ZOBOLE

SH ENITND ASAMNS AIHSINIY 00000  SOW  50EE  FO0E0I-0L0  SOIOCIST  SO+Lew0 TOBDEH
SIHOTINOIVINOTU 440 INd ¥ ISIUNNS 00000  SOW  0Tck  FOBYLSE90  SOPLTTST  SO+IOT0 TOBDES
EHINITSOW A0 AI¥IING  v0S00  SOW 90 F006'1E-690 SOLOBE-ST  SO+ATOT LOBDEG
THINITSOWJOANT §0S00  SOW  OvZp  FOLEEE-690  SO09PFST  SOHTIGI 1080E6

U9YE U0 0% TH INITNO QIATINT SO EST SOW  QL0E  F09E9I-0L0  SOPFLTST  SOHLEOL 10BOES
IHANITSOWJOANa ZTOSEE  SOW  S68T  OES'ST-0L0  SOTO9E-ST  SOH9TA0 I0BOES

IHANIT NIOIYEING 00000  SOW  D0€ 3060650  SOG0'8S-SC  SO+IE00 1080E6

UssD O O3T 00000 SOW  SLIE  30SLV-690  SOSTHS-ST  SO+LTON 10R0EG

FSUNODONMYALTY GIDNOD 90890  SDW  vIZE  JOVEY-690  SOLED0-9Z  SOH6SET 1ELOEG
ISUNOD WILTY A8D.WNOD 00000  SIW  O0ZE  30VETS-690  SOLU'SS-ST  SO+SETT 1ELOEG
SASNITOOW 0 QNI 00000 SOW  BLIE F0BLTE-690  SOPS'65-ST  SO+EEZT 1ELOEA

USSTERO3/S TOLET  SIW  TOLE  J0BL9E690  SO09'LITST  SO+ERS] 1ELDEG

FSANOD ONIELTY AIDWN0D LORST  SIW  (BIE  FOEEI690  SOIS'ITST  SOHLZPL 164066
FAINITHO 100 ATAVYITD 30 000 SOW  TEEE  A0LITH690  SOLOTT-ST  SOHOLPT 1£L086
SLHOMTNOLLYTNOTY NO LN ¥ LISNNS 00000  SOW  $24T  AGZO9F600  SOPLIT-ST  SCHE0EL TEL0E6
AV 0L NNDUIY INO AN OTHI L0 98T SOW 9I0E  FOEYEOOL0  SOCLISST  SOHETLO LELOES
AFAUNS INITPA.QILAVLIS . 0°0 000 SOW  vROE F0PLSO0L0  SOVO'ESST  SOHES90 1EL0EG
AJAMNS JNNSTIS 40 L¥VLS 00000 SOW 950 JOSB'SO-0L0  SDOL'ES-ST  S(HISI0 1E£L0E6
LYVLS AZAYNS NOLOY¥d 00000 SOW  #L6T  JO9TEO-0L0  SOOTSS-ST  SO+1090 TELOCE
QaLYV.LS NNO-MY - 00 000 SOW  E60E  FOSO'LIOLO  SOILPS-ST  SO+SESD TELOES

TIEVD HAWVILLS 40 HONOVT 00 000 SOW  S66T  ACTLLL-0L0  SOBLES-ST  SOM91SO LELOES
YALINOWSIES SO HONNVT 60982 ZISHO  +HIE  SOLTE-0L0  SOSSOS-ST  SO+90%0 LELOEE
QJEONT ONIYOO D0d 00000  £DW  I65F  F0LTI-0L0  SOESLYST  SO+ZECO (ELOES
LINFWOD LNTHAND ON'LS Hld3a "ONOT V1 LHIND WA

J3aNYTHIHOD MD0Y 00000 €Dd  Q0ESE  JOBETI-OL0  SOLELYWST  SOHOKTD [EL0ES
Q3LYVLS ONIMOD ¥20¥ 00008 €D¥  EISE  FQ9EZI-0L0  SOOVLVST  SOHAEID 1ELOEG
HSINII SW¥-alD 00000 FQLD G096 HOEO'ZI-0L0  SOPI'L¥ST  SO+PEIO [ELOES

1534330 SWY-ALD 00000 +ald 819 FOIBTI-0L0  SOIEOWST  SO+BSET DELOES

LYVLS SW¥-QlD Q0000 #QID  TI9E  J0SHLL-0L0  SOWOLIST  SOHPEIT OLLOES
YATIWOWSIAS JO HONNYT E10S1  LSE0  926T  HO0B0'6S-690  SOPU'FPST  SO+LPB0 DELOES
HILIWOWSIIS SO HONNYT §'1SE0 §SH0  SUIE  FO¥STO-0L0  SOSH'ISZ  SOHOLR0 OELOES
YILIWOQWSISS 40 HONNYT 00000 [I1SHO  8S%%  J0TP60-0L0  SO68'#-ST  SOHOTLO OELOES
QIANI ONFIOD MI0W 00000  TOW 965 FOLEOL-0L0  SOPWSHST  SOLSSD DELOEG
QIANYTEI™OI MO0 00000 ZDOW  Q66E  J09C0L-0L0  SOMSHST  SO+0090 OELOES
QAANYTHIUOD HO0Y 00000 Tod 09 F0EC0-0L0  SOIwSHET  SO+TSS0 OLLOES
Q3LEVIS ONROD HD0E 00000 T 609€ 308T01-0L0  SOOWSHET  SO+ESHD OELOEG
YIITWOWSIIS 0 HONAYT 00000 SISEC  9LBT  30S0YI-0L0  SOPETHST  SO+PIvD OELOE6
MILTWOWSIIS J0 HONNYT TILOE 81580 906  F0BE0Z-0L0  SOFG'REST  SO+LOE0 OELOES
FILIWOWSIZSJOHINOYT 00000 LISBO &BZZ  3J0ZRTI-0L0  SOITGTST  SOHLPLD OELOES
YILTWOWSIIS S0 HONAYT 00000 ¥ISEC  €£¥OE F01550-0£0  SOF0TE-ST  SO+6P00 OELDES
DIANOIOATHA 00000 <TOWA w91y FODSEO-0L0  SOSEEE-ST  SOHOPET GTLOEG
WOLL09 40 300Td 00000 T0WA ZLlr  3OSEEC-0L0  SOBSEE-ST  SO+VPTT 6TLOEG
WNOLLOE NOFOQTIA 00000 TOWA  #6ly  J0ISEO-0L0 SOGUEE-ST  SO+SSIT 6TLOEG
NMOQ 1dv1sSIOQTIa 00000 TOUA TTTv  306TE0-0L0  SOETEEST  SOHOVOT GTLOEE
HSINIJ SWH-Q1D 00000 €QID 99ty JOOSEO-OL0  SORIEEST  SOHSTOT 6TLOEG

1534330 SWY-Q1D 00000 €QID TEly  HOGPEDOLD  SOSOZEST  SO+LSHL STLOES

IYVIS SWY-QLD 00000 £dID Q02w d06vE0-0L0  SOWOEE-ST  SOHLELL 6TLOES
YALIWOWSIAT IO HONNVT 0T PLT  OISEHO  wOwE J066'65-690  SOLOWE-ST  SO+VOLL 6TLOES
YITIWOWSIIS IO HINNYT 00000 9SE0  SLEE  JOSYES-600  SOLEDE-ST  SOHTZOL 6TLOES
YILIWOWSISS IO HONNYT 00000 E£SE0 190§  JOSUCH690  SOBEOWST  SOHOZSL 6TLOES
YILFWOWSIIS 40 HONNYT 00000 1S80 BESyr  JOLOGE-690  SOTEEFST  SOHSZYI 6TLOES
SEANIONT AN ONNY 00000 TSEO L9L0  A099°6E-690  SOOWEE-ST  SOHVIEL 6TLOES
YILIWOWSIFS S0 HONOYT 00000 SSE0  EvsT J0BT'LI-690  SOD66'8T-ST  SOFTITI 6TLOE6
HITTWOWSIZS 40 HONNVYT 00000 6SE0  I¥PBT  F0STPE-690  SOERLT-ST  SO+HO0LL 6ZLOES
HALIWOWSIIS IO HONAYT 00000 €180 Sel¥  J0OURS-690  SOE9TT-ST  SOHB8ZOL 6TL0E6
ONZAYIHY MO01S 00000 10¥Q  E€0P  TOWLGS-690  SOGLIT-ST  SOHEOOL GTLOEG
MO3ANOFOTIUA 00000 10MA  ETGE  JOSBGE-690  SOOFITST  SOHO0DL 6ZLOE6
WOLLOE S0 30094d 00000 10¥Ad  Elvk 3086'65-690  SOEQTT-ST  SOFLSA0 6TLOEG
WOLLOE NO300Tda 00000 10dA  988¢  30vB'95-690  SOLTT-ST  SOHEDBO GTLOEG
NAMOQ L¥Y1S 300T4a 00000 10¥A  (S3¢  J098'85690 SOGLTZ-ST  SOHIS90 GTLOEG
JaANT ONIHOD D08 00000 10DW  911¢  Z0E6'65-690  SOPGECST  SOHPISO 6TLOEG
QIANYTUTHOD MO0W 00000 1009  901F  F0TE'E5E90  SOIGETST  SO+STSO 6ZLOEG
QILYVLS ONRHOJI NO0d 00000 10D¥  €l1v  F08B'65-690 SOESET-ST  SOHIIPD 6TL0%E
HSINII SW¥-ALD 00000 TALD IT6E  30GED0-OL0  SOSBTT-SZ  SO+IOWD GZLDEG

1534330 SW¥-ALD 00000 TALD T0Zy  FOLTCO-0L0  SOISEC-SC  SOHOEL0 6TLOEG

LYVLS SWY-OLD 00000 TALD Z60¢ J06L65-690  SOEG'ET-ST  SO+SOI0 6ZLOEG

HSINK SPY-J1D 00000 1dLD  0ofly  H06100-»L0  SOOD00-EC  SO+TSSD 8TLOEG

1534330 SWY-Q1D 00000 LdLD ATty J0v000-+L0  SOLE6S-TT  SOHOPSO BTLOEG

18X 00000 LiEX SEBy  J0TEEb60  SOIEA0TI  LOHLS9T ¥TLOEG

HSINIZISN MO 00000 +Nd  S18v  J068'vw-v60  SOOL'BO-ZI  LOHES9L PLLOEG

HSINK ISN30ISH0 00000 wNd  8€8¢  F00Svrp60  SOIYLOCI  LOHBEQI PELOES
LS3d33A LIN IO 00000  +Nd 9668  FOvErrRE0  SORTLOTL  LORLTO( wELOEE

LEX 00000 LIEX  [66v  JOBIPW 60 SQEULD-TI  LO+SETOL PELOE6

LHV1S [N 3AIS M0 00600 TNd 0005 J006C-#50  SOOL90-TL  LO+DLOL vELOES
JHYISIIN MO »'1860 wNd  S10S  HO09L€rv60  SOPSOO-TI  LOHZIOL vELOLE

HSINIE 1IN TH0 00000 ENd 188E FOvEDI-TIL  NOEL'SWIL  GO+IFwl PILOES

HSINI L3N 3TIS TY0 00 000 ENd Low VS OI-CIL  NOSU9%IL  GOHDERL PILOEG
LS3d330 1IN MO 00 000 ENd 960 JOPLOI-ZIT  MNOSE9WIL  60HVERD #ILOE6

LYVIS 1AINITISTHO 670950 ENd 8SLE JOB0TII-TIl  NOSY9w-11  60+IIPl PILOES
LEVLS [IN WO 51050 ENd 91 FOSUT-EIL  NOBG9¥IL  60+BOVL F1LOES

HSINIJ 13N 4O 00000 T°Nd  vZlv  JOBE'ES-SLT  NOWOSTHI  60+LSPL E1L0E6

HEINIH 18N 3AIS RO 00000 TN 611%  FOOEES-SLL  NOZ¥ST-01  60+Trrl €1L0E6
L1S3d3IA 1IN0 00000 TNd  OTIF  JOBTES-SIT  NOISSTOl  SO0+6EPT ETLOEG
LUVISIAN3AIS 10 00000 ENd  illr  FOSTESSIT  NOIGSTOl  6OHEZPL EILOEG
LI¥VISIINTEO 00000 TNd (01w TJOOTESSIT  NOUOOIGI  G0+RIPL ELLOEE
HSINIJLSN IO 00000 I°Nd 1507 309TECOCL  NOSB'SO0C  60+1ISE TLLOE6

HSINLI LIN ZAIS MO 0'0 000 I-Nd 0w FOIEECOTL  NOOOIO-O0T  60+E0SL TILOEE
LS94330JANDNOC 00000 I'Nd  [6BE  FOOS'EZ0ZI  NOLT90-0Z  60+Livl TILOES
LYVISISN O 00000 I°Nd  €BBE  30B6'CZ-0ZL  NOPEYO-OT  GO+EPYI TILOTE

LYVIS IAN HO 00 000 =Nd €BBE FOSTH-0TL  NOSS90-0T  60+PIrI TILOES

ULOZ 0103 90 88T 98 9 FLAEE-6E1  NSAE'SS-FE  60+PERO BOLOES
ANTWOD INTHHND ON'LS HId3a "ONOT LY L+IND CTWA

€-£6H 3 JO 331 Sunjiom pue vonerg “[- JQEL

16 —



Ll

¥DIA NOSOWSIA 00000 LSWA 60TE  JOL6'65690 SOOSLL-ST  SOHIPSIL LIB0EE

WOLLOE SAVI1SOWSAA 00000 LSWA 9106 J006'65-690  SOZQBLSZT  SU+evrl L1BOES
QISVATIN IANOZYOTNO 00000 L0O  #91r  T0BUBS-630  SOSB'EI-ST  SOHEOLL L1BOEE
WOLLOA ¥YINSOWSTA 00000 LSWA 95Ty  J000°85-690  SO6E'6IST  SO+IviL L1ROEG
NMOQ LVLIS SOWSIA 00000 1SWA 092y  J0S6LS630  SOPLOT-5T  SO+3001 LIB0EE
aISVITIY JANOZ-¥YOTNO 00000 900 SS6T A0F'PS-600  SOSGETST  SOHSSRO LIBDEG
S0 40 FAIFUITA QL HSINId 00000 650 Z06T dOvLrS-690  SDELPT-ST  SOHFTPRO0 LIBDES
SE040dNONIdd0d 0000 6SE0  O¥8Z  F0GLPE-690  SOPR'PI-ST  SOHZERQ LIBOES
HSINISI3N 140 00000 8N4 07LT  F016E6-690  SOPSSTST  SOHGRLO L1S0ES
HSINIZIINIAISTNO 00000 8N4 05T J096'€5-690 SOSESTST  SOHEPLO LTBDEG

1534393 1ANTE0 Q0000 8Nd 8T  JOWOVS-690  SOBUSI-ST  SOHOEL0 LIBOEG
IMVISIANIAIS IO 00000 8Nd L FOEL9S-690  SOREPISL  SOHLZLO L180EG
LIVISIANINO 00000 SNd  EIBZ  FOrI'vs-650  SOYEPI-5T  SOHTTLO LIBOES

SHO HOLISVATIN 00000 6SHO OBZ  JOSTYE-690  SOLLPTST  SO+9I1L0 L130E6

QISYITIY AANOZ-VOTWO 00000 ¥00Q BT F0LY'LS-690  SOGLTL1-ST SOHOI90 LIBOES
HSINKE SW¥-Q1D 00000 11Q1D TI6€ T06p°LS-690  SOLE'LISST  SO+1090 L180E6

9-6 MOFHD NOLLISOd SWY-QL0 00000 LIQLD  786% FOSTLS-690  SO0ZT8I-ST  SO+OS0 LIBOEG
QasSYIIA IANOZ-YOTWG 00 000 €00 TEsE J0%0'85-690  SOO0'6I-ST  SO+GZED LIBOES
QaSVAI3YAANOZ-YOIWG 00000 €00  0Z6€ 309085690  SOIOGI-ST  SC+BTED LISOES

+8 MI9HD NOLLISOd SWY-ALD 00000 110D 1Z6E AOFAS-690  SOLOGL-ST  SOHPIED LIBOEG
9 NO9HO NOLLISOd SW¥-aLD 00000 11013 §48€  30IZ'ES690  SCPUGIST  SCHOTED LISOES
TS M0dHD NOLLISOd SW¥-ALD 00000 11ALD 998 JOSPE5-690 SOLEGIST  SOFLSTO LLSOES
£-8 MOFHD NOLLISO4 SWH-dLD 00000 [IALD  Z06€  3059°85-690  SOSY6LST  SO+0ECO LISOES
7-§ MO9HD NOILISOd SW¥-ALD 00000 11ALD £166  JOCE5-690  SOLBGI-ST  SO+EIZ0 LIBOES
-8 MOTHD NOLLISO SWY-ALD 00000 1IdLD  E0GE  JOTEFES-690  SO600TST  SC+SS10 LLBOES
1-§ AJ9HD NOILISOd SWE-ALD (00000 1IQLD  0Z8¢  JOBI'GE-600 SOETOZ-ST  SO+SELO LISOES
1-8 MOFHI NOLLISOZ SWH-a1D 00000 11QLD 269  J09S65-690  SOESDZ-SZ  SCHE0LO LIBOES
QISVITTYIANOZYOIWO 00000 700 B3ve  TOBY6E-690 SOPSOLST  SOHSEDD LIBOEG
SE0H0SAIIYIIY OLHSINIA 00000 $S80  ¥I9T  F0IUL-690  SOSLBTST  SOHOTIT 9180E6
S040dNDNIdd0d 00000 §SEO  7SST  FOSTLV690 SOTBBTST  SOHROTE 9180EG

SE0¥O4 ISYETEE 00000 §SEO 80T FOLVLr690  SOBYBESZ  SO+POIZ O180E6

§8040 SAITULIIOLHSINIA 0000 TSE0  $OLT  JODRGEE90  SOOUEE-ST  SOHOS6I 9180E6
HSINI 1IN 190 00000 LNd 199 30L504690  SOVEIE-ST  S(+6061 9180ES

HSINH JIINIAIS 140 00000 LNd PS5 FOZW0r-690  SOBIZE-ST  SO+0061 9180E6

153433A 1INTHO 00000 LNd  §9ST  3OGTOM630  SOIPTE-ST  SO+esBI 9180E6

ISVITIY IANOZ-¥OIWO 0D 000 100  185C  JOOTO690  SOS9ZE-ST  SO+6PEL 91BOES
1¥VISIINSJISMO 00000 LNd 829  HOS6'6£-690  SOIOEE-ST  SOHOMRI 918086
LVISIANINO 00000 LNd L9 J0IS6E-690 SOLUECST  SO+BESL 91BOEG
SEQYO43SVATIY 901LL TSAOQ 069T  DO9F'6E690 SOLUEE-ST  SO+EERI H180ES
S80J0JAITVIIVOLHSINIA 00000 (S0 veer  JOTIPE-690 SOZEEwST  SO+BCILI 9180E6
HSINIJL3N-OVJ¥ON 00000 T[¥ON 9pEy  J0OL+E-630 SOLWERST  SO+IvIL 9180ES

SE0 40 dNONIdOd 00000 1SHO  pSEy  F0694E-650  SOIVEVST  SO+IPIL 9130E8

LdVLS LAN-OVHON 00000 THON 6Spy  FO69PE-690 SOOFEFST  SOHOSSL 9180E6
SE0YW0LASVITIY 00000 1SA0 91§y  FOEEVE-690 SO9GERST  SO+OESL 9180E6

19X $0€Z0 690X 98 FOWO0-690  SOOPEI-ST  SDHTZAD 918086

lgx rOTLL 890X  €pEE  HOE000B90  SOLUSS T  SOI¥S0 $I80C6

18X 9080 90X 90BE  HO¥HO-L50  SOO9TEVT  SOHLITO S1BOEE

18X £0¥ST  §90°X  SI66  T00000-990  SOZW90¥E  SOOITE S1BOEG

18X E081 590X 60% H0T0'00-530  SOBGIF-€C  SOHLTBT S13086

18X L09E  ¥0X  LETy  J0S00G-#90  SOGKLIET  wHOYPL S1B0EG

19X £00S1  ES0X  0BLE FOOUOC-ESO  SOBLTSTE  wO+6S0T S1BOEG

18X 9006T TIOX 910¢  FOW00-T90  SOVIBI-TT  POHEOLO SIROEG

Lax ¢0€00 190X  #96f  FOCI00-190 SOYE'EOLL  POHSLED SIBOEG

lEX TOw#61 090X lErP  3000C0-090 SOISREIT  w(HOTEL P130E6

1gx vOo9RE 650 TTLL 09665850  SOSTEI-IT  POHTEGT PLBOEG

LEX §'08L0 8BS0 EEOR A0P9C0-850  S099°'8v0T  vO+EPST PLE0EG

HSINIL AN M0 0°0 600 9Nd LyvE J0ES60-650  SOLYST-IZ  »OHE0LI 60BOEG

HSINI4 LN 90185 140 00 000 9 Nd GYEE J096°60-650  SOATST-1ZT  pOHISR1 60BOES
1534390 LIN 0 0'0 000 9Nd Tive F0LTOI-650  SOOTST-IT  POHGTS1 6080EG
IYISIANIAIS 10 91SEL  9Nd  SW9E  30I901650 SOOBWIIT OISl 60B0EG
LMVISIAN M0 ITTEL  9Nd  #S0E  J0ZLOL6S0  SOLLWEIT  VOHEES| 60R0ES

HSINIJ LN THO 00000  S*Nd  TEfr  JOMLE0-SP0  SOE9'SOFPT  SO+BES1 B0S0ES

HSINI ISNIAIS 0 00000 SNd  Over  JOLOH0-590  SOE'SO¥T  SORLTRI BOROES
1534340 IANDO 00000 &Nd  0SEr  JORZFO-S90  SOPOSO9T  SCHG181 BOROES

JUVIS IINAAIS MO S'1901  SNd  O6EF  F0SYFO-SO0  SOLOSOPT  SOHLOBI B080ES
JUVISIANTEO 1TO011  SNd  8Zvy  0BLPOSDO  SO89'SOPT  SO+EQBI 8080EG
ADIANOSCATHA 00000  +#1¥d 7666  JOTU'FI-600  SOEQ'EC-ST  SO+ET0 B0BOEE
ANIWGD INIEHEND ONLS HLdEa ‘ONOT IVT LrLWD TWA

£l
WOLIOH 440 900T¥d 00000 #1¥d  [10F  H066'E1-690  SOLEES-ST  SOHGEI0 B0BOEG
WOLIOS NO 3DQTda 00000 #1¥a  620F  S0I8%I-690  SOTL'PSST  SO+ES00 308086
NMOQ LYYISHOQTNG 00000 PIHA  §L68  F0BKFI-690  SORIVSST  SOHISET LOSDES
MJHANOIDOTHA 00000 ETHA TBGE HOSETI-690  SOLE'PSST  SOHTEIT LOBOSS
WOLLOB 440 30QE¥d 00000 E1¥Q 66  JOETC-650  SOVO'PS ST SOHSEIT L0J0LE
WOLLOG NOIOATNA 00000 E1¥d  LT6  JOLETC-690  SOLIESST  SOHG01T LOGOEE
NMOQ LUVLSIDAZEa 00000 E1¥Q [0y 309UTT-690  SOP9Es-SC SOHPOOT LOBOEG
HSINH SWE-O1D 00000 OTQLD 0.6  ZOTT9E-690  SDO9LI-ST  SOHEERT LOBOES
1534330 SWY-ALD 00000 01010  $Z6E  SOLE9E-690  SOSUBwST  SOHBLLL LOBOES
LMVIS SWH-01D T16Z0 O0lQLD) £66€  SOETIE'690  SOSTBST  SOHI091 LOROES
¥JIANOIOATHA 00000 T1¥WQ  EB6E  HOPREE-690  SOPI'LI-ST  SOHLISL LOBOEG
WOll0g 420 30034a 00000 T1¥d T96E  HOLTGE-690 SORE9ST  SOFLEPT LOBDEG
WOLIOE NOIDQTHA 0D000 TI¥A  6L9€  FO9EHE-69C  SOPS9ST  SOrre0vl LOBDEG
NAOO LAVISIOCTHA 00000 1A (€L F0IFIE-690 SOESIST  SO+EIEL LDAOEG
NOSaNOZOATHA C0000 11¥A  689€  A0LESEGI0  SOER'PPST  SOFSECL LOBOEG
WOLLOHE 440300THa 00000 11 ¥A  608€  F009SE-690 SOLBWFST  SO+EvLl LOSCES
WOLLOS NOIOQTHa 00000 11¥A  L6EC  JOGLTE-GI0  S066PrsT  SO+OE0L LOBOEG
NMOOLAVISIOOTMA 00000 118 OvsE  JOOLSE-690  SOB6HIST  SC+YESD LOSOES
WDIANOIOATIA GO000 0LUA  9L9E  HOFT1#690  SOLY6E-ST  SO+8180 LOBOEG
WOLLOE 44090d3¥d 00000 0U¥d  TLve  30vE 1690  SOOTEE-ST  SO+TTLO LOBOES
WOLLOE 4J0IOATA 00000 01¥d  ¥S05  BOROTr650  SOLLOVST  SOHOZSO LOBOES
NAOO LMY1SI0ATIC TITSE 0l¥a  s¥0s  3OIE1-690  SOPLOVST  SO+HCIvD LOBOCS
HSINI SWH-GLD 00000 3QLD 900€  30P00-0L0  SOESLI-ST  SO+HLOT0 LOSOEE
SLHO NOIVINDHY 440 LNd T ISIUNNS 00000 $QID 7108 J01200-0L0  SOOYLISE  SOHLSIO LOSOLS
-8 00000 801D 6608  J0SIDO-DLO  SOELLIST  SOHOLIO LOBOE6
§-§ 00000 8QID 4508 FOIOD0-0L0  SDIELLST  SO+H¥OD LOBOES
S-g 00000 §AID  ¥IQE  BCWEES-690  SOOI'BI-ST  SOEZO0 LOBOES
vS 00000 8ALD LEDE  [0S9'65-690  SO9TBLST  SO+H000 LOBOLE
w8 00000 8dLd O0SDE  J06¥'65-690 SOZ¥'BL-ST  SO+9PEC 9080E8
€5 00000 BALD §967  TJOZEES-690  SOGSBL-ST  SOHETET S030E6
¢-g 00000 BQLD TIEE  TJOTI65-690  SOEE'IL-ST  SOHLSTT S080E6
TS 00000 8aID BPSE  TOIEVSEH0  SOLUGL-SI  SOHSELT 9080E6
T4 00000 841D SOLE  30SYEE-690  SOPE'BI-ST  SO+IITZ 9DE0EG
1-SINIOd 00000 BQLD ZIGE F0SPES6I0  SOLTEI-ST  SO+EPIT 90R0E6
g 1534330 SWY-ALD 0DO000 8UID wSTy  F066'LS690  SOLE'SIST  SUHLOLT 9080E6
LEVISSWH-A1D 00000 BQID Tizr H0LELS-690 SOTIOT-SE  SO+pE6l 90%0E6
JJ2A NOIOQTWA Q0000 6¥Q  SE8E  HOLZIO0L0  SOTLGT-ST  SO+rIBT 90BQE6
WOLLOE 430 3D0T¥a 00000 630 910  HOLST0-0L0  SOTE6T-ST  SO+61LT 90BOES
WOLLOE RO 320940 00 000 (e} 150y FOSYI0QL0  SO9S0E-ST  SOHSFIT S0B0ES
NAMOOLIAYISTIOATIT 00000 6¥O  390r  F0DIO-0L0  SOBSOEST  SOHERST HOSDES
WDEA NO ADATAT 00 000 8¥g LT AO0100-0L0  SOBYEE-ST  SO+S0S[ 90BOLS
WOLLOE 440 300T40 00 000 8da  wLlE A0LE6S-690  SOFPEEST  SOFIIVL 90B0EG
WOLLOE NOFOQd¥Q 00000 8¥Q  TIZe  S0Z9000L0  SOPTEE-ST  SO+6ZEN S080€6
NMOQ LYVISIOATHT §0051  B¥A  BIZE 3090000  SOSEEE-ST  SOFTLTI 90BOES
QIONT ONINOD ¥J0Y 00000 0IO¥ 6268  F000F0-0LD  SOOEDE-ST  SO+8¥II 9080E6
QIANVTHTYOD MI0¥ 00000 0LD¥  O1BE  3OPE'E0F0L0  SDSSOE-ST  SOH9501 H0BOES
QAIAVIS ONIMOD ¥DO¥ 00000 010¥  10BE  300SC0-0L0 SOESOE-ST  SO+6560 90806
AIONT ONE0D X008 00000  62d  TLLE  I00L'E0-0LD  SOOS'REST  SOHLTEO 90BOTS
QIANYTE3H0D MO0Y 00000 6D¥  9TLE  HOCD'E0-0L0  SOPZ'SEST  SOHPESQ S080ES
QIANYTYFH0D HO0W 00000 62W  63L€  J0LETO-DL0  SOETBE-ST  SOHGTI0 90806
QIIAVIS ONTNODMO0Y 00000 6D¥  ¢TLE  FO66'TODL0  SOSUBE-ST  SOHOELO 90BDLE
WDIANOIDATAA 00000 L¥A  €EBE  FCOSPODLO  SOETGE'ST  SO+¥SH0 S080E6
WOLLOE 03ADATUA 00000  L¥A L8 FOLTPO-0L0  SOLEEEST  SO+6SSO 9006
WOLLOA NO3I0OATUA 00000 LMD 5.6 JOLETO-DL0  SCOSRE-ST  SO+8TS0 H030EE
NMOQ IU¥LS3I0a3ua 00000 L¥Q $8.8  JOO0FO-DLO  SOLSSEST  SO+Ove0 S0B0E6
MOIANOIOATHA 00000  9¥Q  56SE  FOOLEIOLO  SOLOBYST  SOHOWOL SDRGES
QIONT ONIMOD HI0¥ 00000 83¥  5i9f  FOSTEO0L0  SOEBTHST  SOHOYI0 SOB0ES
IANYT YIWOD HI0YW 00 000 13 838E A0LFE0-0L0  SOBUERST  SO9SS0 SOS0LS
QIL¥V1S ONMOD HJ0¥- 00000 8DY  Z6sE  IQSEBO0L0  SOBUERST  SO+HOSO SOBOLS
HSING SWY-a1D 00000 8dLD B8ZLE  F0IUSO-GL0  SUSBOFSZ  SOHETRO SOBOES
1534930 SWE-QLD 00000 SOLY S4E  AWISODL0  SOEGOVST  SCHOIED SO80E6
IMVIS SWH-ALD 00000 BAID §8L5  FOOSO-0L0  SOLBOW-ST  SO+ES10 SOBOES
QIANZ ONINOD ¥OO¥ 00000 LD S¥9E  F00P90-0L0  SCOSIFST  SOHETIO 508026
QIQNVTHEINOD HO0E 00000 LD wi8E  BOSEY00L0 SO061¥ST  SOHEEQD SOBOES
QIANYTEINOD HI0N 0000  LDW  SIEF  30REO00L0  SOSEISE  SOHEZOD SOBOES
a3idVIS ONIMODMI0Y 00000 L0¥  ¢ULE  300E90-0L0  SOSTLST  SOHLOET vOBOEG
HSINII SW¥-QLD 00000 LQ1D 1566  JOBEI0-0L0  SODYOL-ST  SOFIEIT 7OROES
LNTA0D LNIPYND ON'LS Hid3d 'ONOTT 1Vl I+INg aWA

= I



1
QEASYTITMIANOZ-VOIWO E09E0  ZT-0  GISE  TOLSOT-1L0  SOBE'QO-OT  SO+LSBO ZZBOES
1ax €03€1 10X [0SE  FOr000-1L0  SOIEEI-9T  SOHTILO TZBOLE
QISVITITY IANOZ-VOAWO E0SLT 1TO  TL6E  FOSE'PS-0L0  SO9ETI-OT  SO+POLO TUBOLS
QESVATIY IONOZ-VOTNO #0S9Z  0ZC 078  TOBS'SE0L0  SORL90-9T  SO+LIEI 1Z80€6
Q3SYATIAIANOZ-VOIWO 00000 610 ¥68%  F00UST-0L0  SOO9'LO-9T  SOHOSBO 1Z80€6
MOIANOIOATA 00000 TZUA 6068  JOLSHT-0L0  SOTOBO-9T  SOHSEBO 1Z80E6
WOLLOE 403DaT¥A 00000 TTAA 096  J0BLYT-0L0  SOTR'LO-9T  SOTRLO 1Z30E6
WOLI08 NO3DQTHA 00000 TTHWA €68  HOBSPI-OL0  SOZSLO9T  SOHELLO 1ZHOE6
NAMOQL¥VLISI0aTIA €10Z€ ZTYA  P98E  JOSYHT0L0  SOIYLO-9T  SCHOTS0 1Z80E6
MJIANOJOCTAA 00000 1ZTUA  LIBE  JOOGST0L0 SO0GTO9ZT  SO+19S0 1Z80E6
WOLLOE 440 30aTHA 00000 1THA  8LLE  F0W0WT-0L0  SOZRI09T  SO+ZSw0 1Z80E6
WOLLOE NOZDOIUQ 00000 1T¥d  ZILE  FOOREC-OLO0  SO9S109C  SGHOZH) 1Z80€6
NAOQL¥VISIOOTHA 00000 [Z¥A  $€LE  JOEYECOL0  SORS109T  SO+BTZED 128066
QEASVATINIANOZ-VOIWO 90TSZ 810  0S9E  JOERIZ-0L0  SOTOGS-ST  SO+SOED 1Z80€6
QJ30NT ONIHOD MO0¥ 00000 vLDW  SSRE  FOW6I-0L0  SOLT9S-ST  SO+BECO LZ80E6
CQIANVTHTI0DND0E 00000 ¥1D¥ wE9E  F0SOOCOL0  SOOILSST  SO+B7I0 1T30€6
QaL¥V.IS ONTHODMD0¥ Q0000 +IDW 1L 3J098'61-000 SOIB9S-ST  SO+B+00 1Z30€6
QI0ANT ONIHOD MD0¥ 00000 €1DH w96 SOLUOI-DL0  SOGEPE-ST  SO+6SET 0T30S6
QIANYT 0D MO0Y 00000 EID¥  089E  JO09LIDL0 SO9TWSST  SO+60ET 0TI0ES
QILYVLIS ONTIOD HOO¥ 00000 E1D¥ 6996  FOSSLI-DLO  SOPZ'PSST  SOHLIZT OZROEG
NJIANO3DQTEA 00000 Ozdd  TILE  FOGFLI-OLO  SOFO'PS-ST  SOHZOIT OZBOES
WOL1OE 34030a3¥d 00000 O0CHA  0SLE  TOEFLI-0L0  SO09ESST  SD+ROIZ OZROES
WOLLOE NO 300T¥Q 00000 O™ 196 =009°L10L0  SOOFES-ST  COHBROT OZBOES
NMOQ L¥VIS 30038 00000 OIZ¥d  OlLE F0L5°L1-040  SOSEESST  SO+rS6l OTEDEG
U3AN3 ONIHOD HO0¥ 00000 T1DW  T8L&  JOSE#1-0L0  SOS¥ISSZ  SOHST6I OZEOEG
QEONVTUIW0D MO0 00000 ZEDW 7996  JOLSPL-0L0  SOSO'ISST  SOHSZ81 OZROEG
C3L¥YISONTYOD MDO¥ 00000 TIDM  9TLE  F06EP1-0L0  SOET'IS-ST  SOHGELI OZROES
SHOJOHAIFUITY OLHSINIY 00000 T1SA0  #6LE  TOISEL-0L0  SOSY0S-ST  SOHLOLI OZBOES
SE040dN ONIdOd Q0000 TISEO  BISE A9LEL-0L0 SOOS0S-ST SO+5591 OTB0EG
HSINI 1IN YO Q0000 1iNd 6E8E  30LTPL-0L0  SOSLOS-ST  S(HSE9I 0ZI0EG
HSINIZNIQIS IO 00000 1IN  ZE8E  J0E0°P1-0L0  SODL0S-ST  SOHTI9N OZAOES
LS3d930 LN M0 00000 TINJ OI8E  J063EI-0L0  SOPLOS-ST  S0+9191 OZAOES
L¥VISIANTAIS 0 00000 LLNd HBLE  FQLSEIOLOD  SO69°05-ST  SO+E091 OTHOES
LUVISISN MO 00000 1INd 06  HOVSEI-OLD  SOLY'0S-ST  SOHI0IL OTI0ES
SE0YOJ ISVITZH 00000 CTISHO pOSE  JOSSEIQL0  SOSYOSST  SOHSSST OZBOEG
J30N3 ONINOD MD0¥ 00000 11D S9LE  J0BEOI-QL0  SOBULPST  SO+ELSL OZ80ES
QIANYTEIH0D HD0W 00000 1ED¥  TOSE  30SSLI-0L0  SO9BLISE  SO+prvl OTE0E6
Q3ISVITIUIANOZ-VOIWO 00000 £L1O  85SE  J0SST1I-0L0  SOSOBY-ST  SOHOEEL 0Z80E6
JILAYLS ONIHOD HO0E 070000 1IN 0%  JOTOE1-0L0 SOED'EP-ST  SO+BTEL OZB0E6
SEOJOSAMEULIYOLHSINII 00000 SISE0 [ELT  3OSCBIOL0 SOEIREST  SO+ETEI 0Z80E6
$8040 dNONI&d0d 00000 81SI0 D06  F00SOZOL0  SOZB'BE-ST  SC+OELI OZROES
SHOY¥O435VATIE 00000 BISEQ LL87  JOPI'OZ-0L0  SO8E'BE-ST  SO+OZO1 OTROES
SE0JO3AITAIAUOLHSINIZ 00000 SISO LrBT  TOSYEIOL0  SOOTTVST  SOHSZ60 OTS0E6
SH040 N ONIddOd 00000 S1SI0 L1987  AOCLE1-DL0  SOITZTHST  SOHOIG) 0ZS0E6
Q3SVITIMIANOZ-VOIWG 00000  91-0  viST  JOSLEIDL0  SOSUTYST  SOHLOS0 OZIOEE
HSINI IIN 180 00000 OINd 000  JOSEET-0LC  SOTOErST  SO+LZR0 OZ8OES
HSINI{I3N3QIS 180 00000 OINd 687  JOESE-0L0  SOELTHST  SO+O180 0Z80E6
LS3dFIALANTE0 00000 OINd  p6LT  HOLY'EI-0L0  SOISTRST  SOHROSO OZBOSG
J¥VLIS[ANFAISIMO 00000 OLNd /8T JOIFE-OL0  SOLITPST  SO+SCLO 0Z80T6
L¥VISISN O 00000 OINJ 68T  FOZEEI0L0  SOPLTFST  SOH+PELO 0Z30€6
SE0 Y04 3SYITIW 00000 51580 T168T FOOGEIOL0 SOEITHST  SO+6%LD OZS0EG
SHO O FAITUISH OLHSINIA 00000 11S90  +0LE  J0LO60-0L0  SOZRww-$T  SOHES90 0Z80C6
SE0JOdNONIddOd 00000 (IS0 998  J0SE'G00L0  SOIEPPST  SOFTH90 OZEOEG
SE0U0JISVIATIY 00000 TISE0  +BIE  F060'60-0L0 SOBY¥ST  SO+OLSO 0TH0EE
S80J0 IAIFTULTY OLHSINIA 00000 BSHO ZS0E  FOCITO0L0  SO66BEST  SO+PORD 0Z80E6
SEO4OdNONIdA0d 00000 §SH0 SL0E  FOLYZOOLD  SOO°BI-ST  SOHDSED OZS0ES
I3ANI NOILYAYISE0 SANOZ-YOIWO 00000 S10  €80E  J0S¥T00L0  SOOLBYST  SO+OSEO OZBOES
Q3SVATIAIANOZ-VOTWO 00000 S10  $967  FOPEI00L0 SO9B'BTET  SO+EZEQ 0ZB0E6
SE0MO43SYITTY 00000 §SEO  OI0E  OSTTOOL0 SOPBBEST  SO+STZO OZS0CE
SE0JOIAFUITHOL HSINIS 00000 LSHO  vpIST  J0PS85-690 SOLT#ST  SO+ZEI0 0Z80E6
S8040dNONIddOd 00000 LSEQ  EI6Z  F0B6BE-690 SOBUH-5T  SO+STI0 OZ8OES
SH0UOIISVATAY 00000 LSAO E00E  3BOFPFES-H90 SOEUPFST  SOFGEET 6130€6
SEOHOIAFUITM OLHSINI 00000 ©»SEO  POOC  300C0S-680 SOEU'SS-SZ  SOHESIT GT80E6
SHO 40 4N ONIGJOd 00000 +SHO  ZZIE J0L005-690  SOED'SSET  SO+THIT 61BDEG
SH0 ¥MOFASYITIY OQTSLE ¥SEQ  LB0E  JOT0S-690 SOBLIGSST  SOH+EROT 6180E6
MIIANOIDATIA 00000 61AQ  iSvp  TOLTEF690  SOEM6E-ST  SO+TIGL 6180€6
WOLIOE 440 300U 00000 614 8705 J0SLE690  SOSO0FST  SOHEDRL 618056
ANFWOD ANIHUND ONLS HId3a ‘DNOT 1¥1 L+IWD QWA

QISYTIIYIANQZ-VOIWO 00000 #1Q 3505  FOL9Ers90  SDELDwST  EOHEVLI 61B0E6
WOLIOHE NOQ 3DATHA 00000 61¥G 8505 30T0'Er690  SOEPOPST  SOHESDI 6180E6
NMOG IMYIS IDaTHa 00000 61UQ 9505 F0EETPE90  SOBYOWST SO+EPST 6180E6

SE0 JOSAIFUITI OLHSINIY 00000 €580 0505  3098T# 690  SOECOwST  SOHLTST 6180E6
§8030 4N ONIdd0d 00000 £SHO 8505 2068T690  SO0SOwST  SO+LLSL 618066
HSINIAI3NIT¥O 00000 6Nd 0905  3029'1v650  SOPI'LeST  SO+ESPL 6180€6
HSINI1ANIAISNEC 00000 6Nd 6105 309E1v690 SOOETrST  SO+wErl 6180EG
1S343IALININO 00000 6Nd  SL6r  FOPEIFE90  SOLE'LeSE  CO+IEPL 61BDEG
I¥YISIANZAIS RO 00000 §Nd  148r  30v1T¢690  SOOF'LPST  SOHBIVE 61BOEG
1¥VISIINO Q0000  §Nd  vv8r  F0IUIF690  SOP'iPST  SOHCIVL 618086
HUOIANOIDATUA 0000C BTuMA  SEBP  J0IUT690 SOV IFST  SO+PIvE 6180E6
SE0¥0435VITIE 00000 ESE0  OLLw H09T 690  SORY[+ST  SO+ESEI 61B0ES
QaSYITTYIANOZ-¥YOTWO 00000 E1O  Syovr  J0BYOF690  SO9FTHST  SCHE0CL S1BDES
WOLIOHE 430 3D00T¥A 00000 81¥A  Eibt A06E0F690  SOSPTFST  SOHESTL S180E4
WOLLOE NOSDQI¥0 00000 BI¥O  »S¢r  309T0F690  SOE6'ITST  SOHBOTI 6180€6
NAOQ LYYLS IDATHA 00000 B1¥A  §8%F 09004690  SOTEI#ST SOOI 61B0EG
SEQJOIAITUIAY OLHSINIA 00000 9880 §68€ SOICES690  SOPLOE-ST  SOHLv60 5180€6
SH040dN ONIddOd 00000 9890 pSGE  ZOTFES-690  SOIR'DE-ST  SO+EEGD 61B0E6
QIsYaTIEIANOZ-YODHO 00000 ZT1-0  I8GE  3OIU'ES-690  SOREOE-ST  SOPO060 6180EG
HJFANOIDATUA 00000 L1WA ES6E JOSTVe-680  SOETOE-ST  SO+6080 6180£6

S0 ¥OJ ISVITIY 00000 9580 TISE  JOESPE-600  SOLLOEST  SOHIWLO 6180E6

WOLL08 430 3DdTHA 00000 L1¥Q 698  J0TLvS-690  SOSTOC-ST  SO+LLLO 618086
WOLLOE NO 3DAI¥A 00000 LI¥Q  SLLE  FOPL'SS-690  SOEESEST  SO+6K90 6180E6
NMOQLYYLS 300340 €0901 L13Q  08LE  FOOT'SS-690 SOZOOCST  SO+L#S0 6180E6
dVELILIVE 40 HONNYT OLHSINIL 00000 1 M@ SBEC  F0TE00-0L0  SDEO'SE-ST  SO+ESHD 6180E5
d¥¥1 ALIVE 40 HONAYT (0 000 138 (1543 F00700-0L0  SD66'¥E-ST  SOHCERD 61BOES
SH040 IAITUITH OL HSINL: 00000 01SE0  SOve FOPE 65690  SOISEE-ST  SOHICKD 61B0ES
S8040dN ONIdd0d 00000 O0LSHO  S6EE A096'65-690  SOBG'EL-ST  SOHTORD BIBOES

1ax 000600 A016°65-630  SOSE'EE-ST  SOHLEED 6180E6

030 NO 3DaFWaA 00 000 A0p1'65-650  SOSYEE-ST  SOHPLED 61806
JasYITA IANOZ-YOIWO 00 000 F0LI'65-690  SOSOFE-ST  SO+OOE0 618086
S0 ¥C4 ASYITIE 00 00 05885680  SOETFE-ST  SCHEWED 5180E6

WOLLOE 450 30d3ud 00 000 F090'65-690  SOLTPE-ST  SOH9TTO §1%0E6
WOLL10d NO 3003480 070000 J09C65-690  SOOD'WE-ST  SOHOOZO 6180C6
NMOQJ IHYLS IOI3¥d 00000 J0EY65-690  SOLE'EE-SE  SOHOLLO 61%0E6
HJ3A NO3OOFA 00000 J095°65-690  SOBTIE-ST  S0+6TC0 6130C6

WOLLOE 440 30d3¥d 00000 F06£°00-0L0  SOSIIE-ST  SO+IEET 318086
WOLLOE NO 3003¥a 00000 J0vL'00-0L0  SOSI'LE-ST  SOHGSTE 1806

NMOQ 1¥VYLS 30039a 00 000 J008°00-0L0  SO9I'IE-ST  SO+ESIT 81806

0d LON 017 11 7 590 WOUI ISNC4STE ON - &0 00E JOSHEOOLD  SOOL'LE-ST  SO+ELIT 918086
SE0 40 FJAIFHLTY OL HSINIZ 00 000 FSTI-0L0  SOSTGT-5T  SOFTTLL 810E6
HSINI LIN-JVJUON 00 000 SOB6'8T°ST  S0HDS9L 8130E6

SHO ¥04 ASYATIA 00 000 SOTT6T-ST  SOHTI9N §180E6

LY¥LIS IIN-DVLEON  1I'T 56T JOLTI-0L0  SOPT'GL-ST  SOHDI9L BISO0EE

HSINI SWH-aLD 00000 J0L8°55-690  SOBYBL-ET  SO+LEVL BI90ES
Q3svaTIUIANOZ-YOIWO 00 000 J096°55-690  SOLE'SI-FT  SO+IOvL B180E6
1834330 SWH-0LD 00000 #1QLD  7i0F  J0E0°95-690 SOI0GI-ST  SO+ELEl 8180€6

LUVIS SWH-QLD 00000 #IALD  [60F  3098'SS-690- SOLEEL-ST  SO+9w1l 813088

SHO 3O JAITULTE OLHSINIZ 00000 EISBO  T0I¥ F016°L5-690  SOLZTE-ST  SO+PDIL B1BOES
SE0d0dNONIdd0d 00000 EISEO  EIZy  J0L0'85-690 SOS9TTSE  SO+6I01 B180€6
SEOUWOJ ISYITIY 00000 EISEQ  [Ll?  30P0'8S-690  SOSSTTST  SO+1060 $180E6

HSINLL SWE-01D 00000 €100  E3LE  F0IEL00L0  SOSGEI-ST  SOH6SL0 §18086

1534330 LD 00000 EIQLD  STLE 2083°10-0L0  SDBG'PE-ST  SO+3F90 B180E6

1¥VIS SWY-dLD U'LSIE 101D 9LLE  FOLAI0-0L0  SOSSEC-ST  SO+EESD $180€6

O30 NO SOWSIA 00000 TOWSA  Tllv  FOIA'SS-690  SOO9IZ-ST  SO+SSPO §180€6
a3sy3TIY IGNOZ-VOING 00 000 800  ZlOr  09L°95-630  SOSOTT-ST  SO+OOPD BLYDES
WOLLOE BAYTT SOWS3A 00000 TOWSA  L96E J09L8S-690  SOPUTT-ST  SO+SPED 81AOES
WOLLOE ¥¥IN SOWSIA 00000 TOWSA 15(v F0LO00-0L0  SOOEWT-ST  SO+E000 BI80EG
NMOJ LYYIS SOWSIA 00000 TWST Orly  30S000-0L0  SOSERT-ST  SO+IET LIBOES

SHO Y04 ASYATAY 00000 91§80  #OOE 30IE'+0-0L0  SOBYEI-ST  SOHLETT LIBOES

59040 dNONIddOd 00000 9TSEQ  ¥ZSC  2066%0-0L0  SOL8'1-ST  SO*LLIT LIBOEG

HSINII L3N-DVIHON 00000 THON 466 F09'S0-0L0  SOPLLI-ST  SO+ESOT LIBOEG

SE0 U0 ASYITIY 00000 O9ISEQ 960  FOIISOQLO  SOLOBT-ST  SO+SO0T LIBOES

LUV.LS IIN-DVLHON 00000 THONM TréL  JOLOSO-0LO  SOS9'81-6T  SOHEQOT LIROES

HSINI SWY-0LD 00000 TIALD SLO0F  JOEL'WE-690  SCOM'LI-ST  CO+GEBT L1S0E6

1534330 SWY-Q1D 00000 ZIALD ST6E  F0S6'P5-690  SOPELL-ST  SO+OPLl (150E6

LUVIS SWd-QLD 00000 T1dLD 0I8E  3050°65-690  SOBELI-ST  GO+T9L L1B0EE
ANIWOD ANI¥END ON'LS HId3a "DNOT Lyl 1+ WD 'dWA



81

QISYATIH IANOZ-VOINO  T0L0E o £005  2000°LL-580
18X E£0rIE  S80X  9W0S  J000°C0-S80
QISYITIY TANOZ-VOINO ¢0E¥E  9vQ  088F  JOIE9L-+80
laX #0000 80X Teér 300000730
QISYITII JANOZ-YOINO #0100 S¥0  SWIE  TFOOEWI-E€80
lEX 909t  £30X §W0S  30T0'00-£80
QISYIITI IANOZ-VOINO 804618 vrO 0805 JOWOTI-TR0
HSINIZIIN MO 00000 EINd ZSES  F0PTO0-Z20
HSINH JINIAIS 10 00000 EINd ESES  30E000-ZR0
15333I0 JINTE0 00000 EINd  LSES  TOKB'65-180
LAVISIINIAISIHO 00000 ELNd  096c  JOILES-180
IAVISIANIHO €T3TC EINd  +9ES  FOE9'65-180
JEX ET60T TBOX 89S 3065765180
Q3asvITIY FIANCZ-YDIWO Q'L 1ZE eF0 9915 30FIR1-180
IaX E£190€ 180X 8506  F01T00-180
QISVITII ZANOZ-VOTWC €0¥E  TvOQ  SR6Y  FOTLTC-O80
lgX 0TIt 080X SLIS  F000°00-080
QISYITIY IANOZ-YOIWO 90 6¥E w0  Sf0§  JOBBTT-ELO
19X #00vE  6L0-X  10ES  FOM000-6GLO
a3ISYITIVIANOZ YOIWO LOvPE  0PO  BZIS 300V IT-8LO
HSINISIANTYO 00000 TIND SEOS  FOPERI-BLO
HSINIILINIAISHO 00000 ZINd E€E0S  3O0STBI-SLO
1534930 1IN M0 00000 ZINd  EH0§  JOIIBI-8LO0
JYYISIINIAISNMO 61+ ZIND 105 30I6LI-8L0
IdYISIINTHO ETOPT  ZTINd  [BOS  30S3LLGLD
19X F0LIE  Q0X LTS Je0100-3LD
d3IsYINTH IANOZ-VOIWO 60 9ET 680 OIS FOLULT-LLO
1ax LOBST LOX 1206 JO0E0D0-LLD
QISYAITA IANOZ-VOIWO LOSSE  8E0  S10§  D0L9TTIL0
dax 0800 90X 0SS  JO0SYESSLO
QISYATIYIANOZ-VOIWO 90HE  LEO  #SSb TOLENT-SL0
18X 60EZE  SLO-X  6E¥S F010°00-5L0
QISYIIYIANOZ-VOINO 5000E  SE0 148F  3068°61-kLO
J8X L09%SE  PLOX {4 2010°00-+L0
QISYITILAANOZ-VIINO 0’1 900 SEQ peEr  F09TYISELD
JEX L09IE  €L0X 995t 30L000EL0
QISYTIILICNOZ-VOIWO €06vrC  vEO  9T8C  JOEOT1-TLO
Lax v0B¥T  TLOX  BOLE  30E0D0TLO
EONT NOLLYAYES80 IANOZ-VOIWN0 L0 EDE EED 0s8€ HOSLLI-1L0
QIaSYITTIIANOZ-VOINO %0 128 EEO 0Z6€ FOITZI-1L0
HSINIE SWH-C1D 00000 81013  &f1E F0IT0650
1534330 SWE-A1D> 00000 B1A1D>  LGEE A006'6E-690
QESYATIH AANOZ-VYOING 00 000 Ze0 e FOLL'GE-650
LEVLIS SWa-QLd 00000 BIQLD Tree J059°6£-690
MDA NOSOWSAA 00000 SWSA 96T F0LH6E-690
13N QOVH ¥O4 I5VITIY 00000 OCDVE 69lE F0LZGE650
WOLICE IAVITSOWSIA 00000 SWST ES0E  FOELBE-690
J3ISVITTY IANOZ-VOTNO 00000 10 1480 30988690
CISVITIYIANOZ-VOINO 0000C QL0 ST6C  000°6E-690
WOLL08 4YIN SOWSIA 00000 SSWJ  S8EE IO0C00+ 690
NAMOQ LUVLS SOWSIA 00000 SSWA  #3EE  F000°0+690
HSINL SWH-QL) 00000 LIGLD E16E  A06T'96-690
S€ ¥OTHD NOLLISOd SWH-Q1D 00000 LIQLD  §50F  S0PS'9E-690
#§ HITHD NOLLISO4 SWH-QlD 00000 L1QLD  BELE J0LY'LE-690
¥4 0THD NOLLISOd SWH-Q1D 00000 LI1QID  Z898  JOW9LE690
€8 03HD NOLLISOd SWH-ALD 00000 LICLD 9vpE  F0E0RL-690
£6 XO3HO NOLLISOd SWH-dL) 00000 LIQLD  ¥S0E FOLT'RE-620
TS MJIHD NOILISOd SWE-a1D 00000 LIALD 1908  J08S°9E-600
T8 AOFED NOLLISOd SWY-ALD 00000 L1QLD 1687 JOTE8E-690
s HOFHD NOILISOd SWa-Q1D .00000 L1QLD »pIE F0IEEE690
8 HO3HO NOILISOd SWH-QlD 00000 LIQID ESEE  FOFIEE-690
QISVITIEIONOZ-VOIWO 00000 620 OIZE  FOPE6E-690
LYVIS SWE-QID 00000 LIQLD IPEE  JOEI'6E-690
Q3SVITINAGNOZ-VOINO EDTL0  8Z-0  L9gr  FOI0C0-0L0
J0FANO SOWSIA 00000 PWSQ e J0v000-0L0
WOLICEIAVITSOWSIA 00000 #WSA 960E  T009°00-0L0
QISVITIIIANOZ-VOTNO 00000  LZQ  #p9C  F0LTIC-0L0

LNTNCD INTUEND ON1S HLldId DONOT

SOZE'EES0
S0T9'vS-50
SO08°L¥-90
S065°L0-L0
S058TC-BO
S001°02-80
SOETOT-60
S0LG6'PE-60
SOES¥E-60
SOTIPE-60
SOPEFE-60
SOLEE-60
SO8T'#E-60
SoTLTEOL
S096° P01
SOLT'OE-TL
SOPETLS-TL
SOBL'IFTH
S086°30°EL
SOLE5S-EL
SOTL65-EL
S0S9'E5-EL
SOSE'65-EL
SOLT6S-EL
S001'65€1L
SOT00T-+L
50056571
S099°1E51
SOETEI9L
S061T#91
SD6L'9T-LT
S060°1SLT
SOITBE-81
SO0 10-6T
SOSO'PS-61
Sove01-02
SODE'SORIT
S05U61-1T
SOELLOTT
SOTYEl-CT
SOLE6S-ET
S06T00-+T
SDELO0-+T
S08T00-+T
SOSY6S-EC
SOOL'65-ET
SOPT65-ET
SNTOF+T
SOLEBSET
S0SPO0-+T
SOLEQD-FT
SOET0G#T
S09100+T
SOBL'00-+#T
SOZT00-7T
SOTT00-¥C
SOTT00+L
SOVE0O-FL
SOET00+T
SDITOO-¥T
S06100-7T
S09T00-+T
S0ST00-+T
SOTUH¥T
SO00E'0T-5T
S06L'6T-5T
SOB9'BI-SZ
Lyl

90HGFL1 6TI0E6
90HIL0T 6Z80E6
SO+9SE0 G6TH0EG
S0+TTr0 6ZI0E6
9U+65ET BTROEG
SO+LETT BTAOES
90HISLT BTA0ES
90+1£91 BTICES
SO+9E91 BTI0ES
9O0+LIST BTAVES
S0+9091 8TB0EG
90+E091 BTIOEE
90+65ST BTA0ES
90+¥ST1 RTROES
9049001 BTI0ES
Q0+ZSE0 BTROES
S0+GEED BTBOEG
90+1000 3TE0EG
S0HFIT LTBOEG
SO+LSLI LZROEG
SOFEELL LTROCS
SO+LTLL LTBOES
SOFLILL LT80E6
£0+90L1 LTBOES
SOHTOLL LTBOES
SOH+LST LTBOEG
SIHTOTI LTBDES
SIHPTE0 LTBOES
S0+1550 LT30EE
SO+6EEQ LTYOES
SO+8SET STI0ES
SOHTSIT 9TBOES
S0+0031 9TROEE
SO+9091 9TB0ES
SO+8P1L 9ZBO0EE
SOH6Z01 9280E68
SOHISS0 973066
SO+TEP0 9T80ES
SOHPEDD 9T30E6
SO+EODQ SEB0EE
SO+SCPL STROES
SO+LPEL STROES
SO+IZEL STROES
SO+ZPTI STROES
SO+EELT SZROES
SO+EQLT 5TB0ES
SO+1001 ST0ES
SO+TSR0 STI0EG
SO+L0E0 5280E6
SO+EI0T ¥T30E6
SO+65R1 PTE0EG
SOTS0RT ¥TROEG
SO+GY91 ZROEG
SO+EZ91 vIROEE
SO+L091 $TROEG
SO+S¥S1 vZ80EE
SO+IES L PEZBOES
SO+TIST ¥ZB0EG
SO+HSPT $280E6
SOH0ER1 YCBOEG
SOHOLET $Z80E6
SO+FIET ¥T80E6
SO+I0ET YZBOEG
SO+7580 YIR0ES
SO+HESSD PZAOES
S0+1050 $ZR0EE
SOHICED $Z80E6
IrLWD TWA

L1

WOLLOE Y¥INSOWSIT 00000 vMWST S68T J019°00-040  SOPL'GI-ST  SOHZOTO PTBOLE
NMOQ IYYLSSOWSIT 00000 EWST 1962 FOISO0L0  SOETELST £0+3010 ¥TBOLE
HSINI SW¥-CLD 00000 911D Q65T  S095°10-0L0  SOVS'31-57  SOHCROD ¥ZBOES
-8 MO3HD NOLLISOd SW¥-QLD 00000 910D 96T J0S9I-0L0  SOS9'8I-ST  SOHESET £780€6
9-S ¥DEHD NOILISOd SW¥-aLD 00000 911D 1897  FOTSI0-0L0  SOSLBLST  SO+LPET £280%6
9-8 NJEHD NOLLISOd SW¥-A1D 00000 91Q1) 09 30910040  SOLEBIST  COHOEET EZS0%6
(5-§) NOFHO NOLLISOd SWY-QLD 00000 91CQLD OLLZ  F0s$I00L0  SOZOGL-ST  SO+LOET EZBOEE
(5-0) NOEHO NOLLISCA SW¥-QLD 00000 91Q1D 669  FO6E'0-0L0  SOLOGL-ST  SOHLSIT ETROES
4+8) NDEHD NOLLISOd SW¥-Q1D 00000 91QL)  +89  HOU'l0-0L0 SOEOGL-ST  SOHIPIT ETB0E6
40 MOTHO NOILISOd SWE-GLD 00000 91010  €5i2  FOLO'I0-0L0  SOIOGLST  SO+IECT ETEOES
{£-5) HDEHD NOILISOd SWE-A1D 00000 91G1D 782  JOLEGO-0L0  SD9EBIST  SCHITEX EI30E6
(@) ¥OTHD NOILISOd SWY-G1D 00000 91Q1D T8LF  F00CCO-0L0  SOPDBLST  SO+OLZE EZS0EG
{£-5 ¥O3HD NOLLISO SWY-Q1D 00000 91Q1D  0S6T  J0vs00-0L0  SOSUSLST  SOHESIT £eB0ES
{7-0) MJTHD NOILISOd SWH-GLD 00000 91A1D (967  30SK00-0L0  SOSTEIST  SOHBvIZ LZBOES
(1-S) MOTHD NOILISOd SWY-G1D 00000 §IOlD  610E  TDEE00-0L0  SOPEGLST  SOHOEIT ETA0ES
(1-0) ¥OSHD NOLLISOd SWY¥-01D 00000 S1G1D 606  H0BO00-0L0  SOESSTST  SO+AILT ECBOES
HSINI SWY¥-Q1D 00000 S101D 101  2079'65-690 SOESLIST  SOHTE6L ETA0ES
68 MOTHO NOLLISOd SWN-QL) 00000 §IOLD  161€  3080°000-0L0 SOLSLIST  SO+LvRI ETROEG
85 OSHD NOLLISOd SW¥-QLD 00000 S10ID  SOLE  S0BL00-DL0  SO6SLISC  SOFSEST E2HOEE
$€ ITHD NOILISOd SWY-A1D 00000 §1A1D  EWOE  TOIE00-0L0  SOPOBISE  SO+ZIAT €CBOEG
1§ MDIHD NOLLISOd SWy-01D 00000 101D E68T  F0MP00-0L0  SOBTBISZ  SO+LOBT €280E6
16 03HD NOLLISOd SWH-QLD 00000 SIQLD €98  JOLEO00°0L0 SOTS'BIST  SOHESLT £230E6
9§ MOTHD NOILISOd SWY-ALD 00000 SIALD 6947  FOELDC-OL0  SOGB'BI-ST  SO+PELT EZBOEG
98 NOIHD NOILISOd SWY-QLD 00000 SIALD 8@ JOTE00-0L0  SOOUBISC  SO+ECL1 £280E6
S§3DEHD NOILISOd SWY-ALD 00000 51010 58T  HO0UIO0L0  SOETEIST  SO+S0LL £ZB0E6
S8 MDEHD NOILISOd SWE-A1D 00000 SIALD #6017  F00UIO0L0  SOLPEI-ST  SOHLSOT £Z80E6
¥$¥DTHD NOILISOd SWY-Qld 00000 SIQ1D  Tisz  F0EU'10-0L0  SO9961-ST  SOHIS1 ETa0Eh
8 HOIHD NOILISOd SWH-QL) 00000 S1ALD LSBT FOST10-0L0  SOLE'GIST  SO+LESI €T8066
£5 ¥DIHD NOILISOd SWa-dld 00000 SIGLD 958  JOw10-0L0  SOPOOZST  SOHEISN CTROES
£ NOTHD NOILISOd SWH-GLD 00000 S1A1D  458%  JO0S'I00L0  SOETOZ-ST  SO+E091 Cz80%6
TS HOTHD NOILISOd SWE-ALD 00000 S1Q1D  6SBT J065710-0L0  SOSE'0Z-ST  SOHISST CTBOES
78 ¥OTHD NOLLISOd SWY-d1D 00000 S10LD 0782 J0L9°100L0  SOSWOLST  SOHESI EZBOLE
1S ¥DEHD NOLLISO4 SW¥-aLD) 00000 SIQID  S(BT  J088'100L0 SOSY'DE-ST  SOHEIST EZB0E6
16 30THI NOILISOd SWH-JLD 00000 SIALD  TZ62  JOv6100L0 SOLHOT-SC  SO+BOSL £ZBOES
JMVIS SWY-GLD 00000 SIGLD 9267  H096'10F0L0  SO680Z°ST  SO+LIvI EZ30EG
QESVIIIYAANOZ-VOIWO 00000 920 160y  JOvE6S-690  SOISEEST  SOHOLEL ETA0E6
M0IANOCIOATIA 00000 LZ¥A  OTly  JOLEES-690  SOBSSTST  GOHCIEI CZ80ES
WOLLOS 440 3002¥d 00000 fz¥Q  €L1y  J00L65-690 SOLELTST  SOHITZI £Z80E6
WOLLOE NOFOAZNA 00000 [TH¥Q 90Ey  S056'65-690  SOSLBTST  SO+ROLL CZ80C6
NMOGIMVISEDATHA 00000 IZ¥A  80Ey  2086°65-690 SO6L'8T-ST  SOH9001 £T30L6
L3N OOV 40 3AIZHIZH OLATHSINI 0000 OOV  805¢  TOGC6SE90  SOSLYEST  SOFTIG0 EZB0E6
QISVITIUAANOZ-YOIWO 00000 570 66vE 205965690  SOSLWE-ST  SO+H0060 ETROEE
¥I)IANOIDCIHA 00000 ST¥A  LO¥E  JOLEO-OL0  SOBOPE-ST  SDHEVEO £Z80L6
19N 0OVY 40 dNONIdd0d 00000 ODYX  0ESE  JOLL00-0L0  SOIE'WEST  SDHIZ30 £780E6
WOLLOG 340 F0qIdd 00000 92¥a  6rE  J0TE00-0L0 SOOLSEST  SOHLSLO ETROEE
WOLLOG NOFOQIWA 00000 9T¥Q  666E  F0T9000LD  SOBESEST  SOFEELD ETR0ES
1IN 0OVH BQ43SVI TS 00000 ODYM  §0ve  F0L9°00-0L0  SOE'SEST  SOHHTLO ETR0ES
NMOO L8YLSIOaTHd »09L0 9T¥Q  TO¥E  F069'00-0L0  SOEE'SEST  SOHEYS0 EZROLE
WDIANOISATUA 00600 STHA  §I0y  FOPSTO0L0  SOPLSE-ST  SO+6Z90 ELR0EE
WOLLOE 430 IDATAA 00000 STHD 08T  FO99E0-0L0  SOGO'SEST  SOHILS0 EZ8OE6
MOLLOE NOZDATHd 00000 STHT  I9er T08CE-0L0  SOEL'PE-ST  SOHSSHO EZH0ES
NMOT LEVLISIOQTIA 60511  STVD 60Ty OCUE0-0L0  SOG6SPEST  SOHESED EZSOE6
aISYITIVAANOZ-VOINO 0T96C $Z0  O0DEE  TO9STL-0L0 SDISPHST  SOTIOEQ EZADES
WITA NOSOWSAA 00000 EWSE 7098  FOpUTI-0L0  SOBOLYST  SO+LEZO EZ80E6
WOLLOE AAVITSOWSIA 00000 EWSA 1658  F088TI-0L0 SDIELYST  SO+SEL0 EZ30EE
WOLLOE VAN SOWSAQ 00000 EWST #ILE  F0PULL-QL0  SDPOBIST  SOHVIET TTI0ES
NMOQ L¥VISSOWSAQ 00000 EWSA Ovie  JO9E'IT0L0  SOGPSET  SOHZOTT TE30E6
¥JIANOIDATWA 00000 +TuQ  ZEZF  TOIWLPOL0  SOVB'DO-9T  SOTLTST TTROES
NIONS TISIIA OL NOISTNEOYd GSONYHD 00000  +T¥a BELE A0EF(FOL0  SOPRI0-9T  SO+LTRT TTI0EG
Y WOLLOE 430 300Tda 00000 $C¥Q  00CF  JOLE'SFOLO0  SOSOLO9T  SO+EELI TZA0EH
WOLLOG NOZOQTYa 00000 +#2dd  ZEly  JOIPBVOL0  SOOELO9T  SOFITLI TCHOES
NMOQ LYVIS IOOTIT 00000 +T¥CQ 81Ty J0SUSE-0L0  SOILLO-9E  SO+ET91 TZ30E6
}DIA NOIOQMA 00000 ECIA  6¥8E  HOIEGL-ILO0  SO66L09E  SO+vpel C2I0E6
QaSVAEYAANOZ-YOTWO 00000 ELQ  (BLE  FOOTI-1L0  SOSCZOSCT  SO+ELEL TIROES
WOLL0€ 440 I0aTHa 00000 €U 698€  JOSLBI-1L0  SOPLTO9C  SO+ISTL ZZA0ES
WOLLOE NO 3DAFIC 00000 €I (TLE  HOS9SI-1L0  SO00TO-9T  SOHIPTI TeBOES
NMOQ LHVLIS IOCTIA 00000  ETUQ  SBLE  HOEPRI-ILO  SOSITOST SOOIl TEZ0E6
LNIWNOD IN3¥dAD ON'LS HId3d "ONOT vl LALWD QWA

— 19



or-1

HSINIJ 13N O 00000 8INd S60Z JOPTRE-9EL  NOTO'PE-EC  GO+OLET SIG0ES

HSINI IINTQIS O 00000 BINd ES0Z JOKR'LE-9CT  NOIS'EE-EC  6O+LST1 SIGQEG
153dFIA LANNO 00000 BINd 60T  FOBSLE-OEI  NOEZECEE  G06¥LI SI60E6
JUVIS IANZAISTHO $'19ST  BINd €607 30S0LE9El  NOTYEE-EE  GO0+9EZI S160E6
IYVISIAN MO 1T65C BINd €60  3000LE-9E1  NOLSEE-EE  GOEETT SI60ES
HSINILIN IO 00000 LINd  ZILE J0S06E-0ET  NOBL'OI-6T  G0H90E1 PIGOEG

HSINIJ ISN3QISNO 00000 LINd  ZZIE  J0Z9BE-0EI  NOLB'S0-6T  6CH9STL #160€6
LSF4IAALINIIO 00000 LINd  LLIE  JOISBE-0El  NOPS60-6T  60+BHTL FIGOES
IYYISLANTAIS MO UTBLT  LIND  Z0Z€  J09UPE-0EL  NOIT'S0-6Z  60M9EZI rIG0E6
LUVLISIAN MO S18LL  LINd  SO0TE  OLUBE-0E1  NOTOGO6T  GOEETI FIG0ES
HSINIZJANTHO 00000 9UNd 0295  FOSEPC-LI1  NOIEIOEC  60+EZET TISOEE
HSINIZLINSQISTH0 00000 9INd 6695  30S0'WC-LZ1 NOSE'I0-EZ  6D+SIEL TISOES
LS3d33A 1N 10 00000 9LNd 6595  JOPYEC-LZT  NOGEIO-EZ  60+G0EI TIG0E6
L¥VIS LINIAISA0 00000 OIINd 719  HORIEZ-ZT  NOSKI0€7  60+SSTI ZT160E6
LAVISLANHO 00000 9INd €295  HOSETZ-LZI  NOSSI0-ET  G0HOSTI CTI60E6
QISYATIY IANOZ-YOIWNO_ $0+#00  0FO  Se6l  J0EUS0-0E1  NOPSSO-81  S0+LHOZ 016056
INTIWOD ANTHHND ONIS HLdIg ‘ONOT vl LHIND TTWA

lax #0400 OCZlX 6T 2000°00-0T1 NOZFLS-L1  60+110Z D160E6
QaSYTTIYIANOZYOINO SOBSE  6L-0  SEBZ  F06GGE-611 NOLYPOTLI  60H9PLI OL6OES
QESYTTIAIANOZWOINO #OILIE 8O  OL6Z  JOLB0I6I1  NOIFSE-DL  6O+ESPL OLGOES
QaSYIITI AANOZ-YDIWO  #0 131 BOSE'L0-611  NOLLOSSI  60+SS1L DI60ES
16X L0T8 F000006L1  NOOULPSL  6O0+EPIL DI6OES

JISYITIA FANOZ-VOIWO T099T JOI6 T8I NOPEFD-SL 6O+ESB0 D160E6
Q3ISYITIY IANOZ-VOTNO #05L1 F00TH0-811 NOBL9E-FL  60+9090 O160E8
19% 9090¢ F01000-11  NOPO'PE-FT  60+3¥S0 OT60E6
QESYIIIEIANOZ-YOING 90 vl OE0PE-LIL  NOSOOL-BL  GOHILED 016086
lax £09s0 A00000-L1L  NOGEHS-El  60HIEL0 O160E6
QISYATIHIANOZ-YOTWG  £0511 JOTYEDIT  NOTZUEEL  60HOSET 606056
18X 60551 00091 NOOB'ST-EL  6CHITIZ 606086
QasYIIINIANOZ-YOING S0 151 06805511 NOEBEO-EL  60+HLPOZ 606086
QasvIIHIANOZ-YOING #1628 FOIEL0-S1L NOBEIFTL  60+LpLl 6060ES
19X L08Y0 0000511 NOLEDETI  60+I1LT 606DEG

QISVAITU AANOZ-YOING 9T 01 A0LETHIL NOBTELTL  OHSSHT 6060E6
18X 1660 300000711 NOSU'LS-11  BOHGIEL E060E6

AIS¥IITE IANOZ-YOIWNO 0’1 001 d015°0v-E11 NOSE'+#11  BOH6S11 S060E6
18X 90980 JOTOOOrELT  NOOLLT-11  8O+¥160 S060E6
QISYTITEAANOZ-YOING 810 650 FOIR'SSTIL  NOP6'PI-Ll  §OH9SEO 6060E6
Q3SYTIILACNOZ-YOANO 0l BLO F0E9°TITLL NOZE'SHOL  BOHLSSO 6O6OEE
18X 60TL0 00000211 NOPU'SE-0l  BOHOISO 6060E6

AISYITIFY ANOZ-YDIWO  T'1 ¥EL FOSO'SE-1I1  NO9UIT-0l  BOHEQED S060E6
18X 70060 J000°00-L1  NOZE'ES-60  BOHZEOD S060E6

aISYTTIA IANOZ-YOINO '] #BO JOWIS-01T  NOZE9F60  SO+ESEZ 9060€6
AaSYATIY FIANOZ-YOIWO L0 LSL FORWTI0LL  NO9ELI-60  §O+6FOT B060ES
1ax 90091 30LL°00-0L1  NOOL'GG-60  BO+ZS61 306086

UBKD OO/ LAX 70 §6L F000°000LL  NOOD00-60  BO+8P61 806056
d3ISYITIY IANOZ-YDIWO €0 ISL 3089°66-601  NOGL'PE-80  80+6FL1 BOGOES
QISVIT1IH ANOZ-YOINO 50 191 F0SP0T-601  NOLLLS-LO  8O*ISH1 B060E6
Q3SVITAYIANOZ-YOTNO O 1€l FOLUGEBOL  NOSPOZ-LO  80+8STL 806056
QaSYITIY IANDZ-YOINO 50611 A00USG-S0L  NOOLLr-90  BOHISED BDSOES
Q3S¥3134 IANOZ-VOINO 50 501 B095°9E-L0L  NOLI'Z0-90  BC+O090 906086
Q35VATY TANOZ-YDIWO  SOTL F0SO'P0-L0L  NOSPOZ'SO  BO+ESZO 806056
Q35YITI TANOZ-YOIWO SO T61 ROLEEEO0L  NOSETF#0  BOHISET LOGOSE
18X ¥1S0T FSTPO0-L60  NOLGGS-S0  BOVS00T 1060€6

18X 6006T 00000960  NOGO'SCI0  8C+00S0 1060E6

18X 60590 F0L0°00-560  NOBE'60-90  80+IZL0 LOSOEE

18X T1190 FEL66 060 NOLGE0-90  BOHIZLO 1060E6

18X LOLPE FOL000-960  NOLETH-50  BOHDSET [E30€6

Q3SYIT1IY ZIANOZ-¥OINO 80 ¥l F01T0FE60  NO99SE+0  BOFOSLT 1EBO%G
18% 60781 F000°00°€60 NOEETHE0  LOFTSED (£80S6

HSINIZ 13N 190 070000 HOECS-T60  NOGE'T+-E0  LOHOVED [EBOSG

HSINIS 13N 3015 MO 070000 FOLUGS-T60  NOZE'IFE0  LO*EEL LEBOEG
15349390 LINTH0 00000 SINJ  105r  3OL065-T60 NOSSIrD  LOVWOZEL 1€80T6
LMVISIANTQIS M0 00000 SINd 005y JOLEES-T60 MOSTIFE0  LOWLEL I£80%6
LYVISIIN O 00000 SINd 0057  F0LLBS260  NOZZ1wE0  LOVEIEL IEBOE6
Q3SVATIYIANOZYOIWO 908E1 S5O ¥BEY  FMBCUS-T60 NOILIE-E0  LOVBSTL [E80EG
Q3SVITINIANOZYOIWO L0TL0 #6000y  F0EOLOTE0 NOSP'SE-Z0  LOVBSSO [EBOEG
18X 80E50 TeOX EETH J00000-T60 NOSSPE-Z0  LO+LSFO 1E80E6

J3ASYITIH IANCZ-VOIWO PO E8D ESO SPEY 3099°0Z-160 NOEQ'EE-10  LO+6SET OEHOES
LEX TOLS0 160X SEr  F000DO-1S0  NOSH'S0-IO  LOEPIT DESOES
QASYIIIEAANOZYOIWO 06SE  ©5-0 65T  FOELDI-060 NOSETTO0  L0HT0BL OSHOEG
18X OL6EE 060X LTLE F000°00-060  SOESTI-00  LOH90ST DLBOES
Q3SYTIZYAANOZYOINO T1900 (SO  OFC  JOECOE-6B0  SO95°IS00  LO+6PLY OSBOEG
19X UILOD 680X 816 301000680 SOTKST-10  LO+LPRD DEBOEG

aISYITIYIANOZ VOIAWO 0’1 €60 (e} oriy 0IL°62-880 SORG'85-10  LO+LPSO OEB0ES
18X TLISE 880X 618y  30w)00-880 SOV'IE-T0  LO+LDED OFBOEG
QaSVITIYAANOZVOIWO T1000 ~6v0  LbBr  FOBYEC-LBOD  SOOTTIED  LOHESET 6I90€6
19X 01800 180X €8y  A0I0D0-LS0  SOBWEECD  SOISIZ 6I80E6
Q3SYITIAAANOZYDINO €000  3vO L6y  BOLLEI-9R0 SOPE'IE-PO  90+TvLl 6Z80E6
HSINIZIAN IO 00000 #INd  99%6¢  JOEIZ0-080  SOLCPw—+0  90+IE91 6780L6

HSINIZ [IN JAIS O 00000 +INd o1 FOTITO-980  SOBL'yrv0  90+9Z91 6I80E6
ISIE3AIANTIO 00000 PINd 296  AOTITO-980  SOTE'Ers0  9O+LISL 678086

1MVIS [ANIAISNIO 00000 PLNd  £96F  TOBITO9E0  SOSSEry0  S0+S09L 678086
LEVISIONINO 610CC N £96r  J00TTO990 SOEPErvD  SOHTO91 6T30E6

16X S08Y0 980X  6S6¢  JOEOVO-980  SOPTSPO  90+SHST 6TR0EE
INGW0D INJWAND ON'LS Hidad  ONOT IVl LIAD aWA



KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

1. Bathymetric Mapping by SeaBeam
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1. Outline of Survey and Objectives

The Rodriguez Triple Junction connects three ridges in the Indian Ocean: the Central
Indian Ridge (CIR), the Southeast Indian Ridge (SEIR) and the Southwest Indian Ridge
(SWIR). There are several precedent surveys by SeaBeam near the Triple Junction. The
center of the Triple Junction was surveyed by a French R/V Jean Charcot in 1984 (Munschy
and Schlich,1989), and the CIR by a German R/V Sonne from 1987 to 1988, the SWIR was
surveyed by a French R/V Le Atlante only a few months before our survey. The tracks of the
Jean Charcot and the Hakuho-maru during this cruise are shown in Figure 1-1.

SeaBeam survey during the cruise was forcused on the topographic mapping of the SEIR
succeeding the J.C.’s survey. The main objective of our survey was to clarify the features of
the first segment and the transform fault of the ridge. The segment was shorter than we had
expected, then we could extend the survey to the beginning of the third segment.

The another task of SeaBeam in the region is to confirm the real locations of sites for
dredge, rock core, or CTD that were decided on maps made from J.C.’s SeaBeam data.
Using the realtime mapping system connected to SeaBeam, we compared these maps with
real topography. About 0.1 nautical mile shifts were often seen between these maps and real
topography, but these shifts were not systematic.

2. System Configuration

Block diagram of the SeaBeam swath mapping system equipped with the Hakuho maru is
shown in Figure 1-2. There are two data logging systems (to magnetic tape and hard disc) and
three realtime mapping systems. The ZETA plotter is a roll plotter along the ship’s track, and
the another plotter is a XY _plotter. The mapping using colour dots on the display was carried
out every ping, so it was helpful when we need to monitour the present topography.

The SeaBeam survey of the SEIR was divided into three parts over Leg 2 and Leg 3 for the
efficiency of our schedule, and it took about 54 hours in total. The operation of the SeaBeam
was completely automatic and the ship’s speed was almost constant, around 16 knots. Each
survey track in the first segment was about 70 km in length, with spacing of two nautical miles
(3,700 m). The direction of the tracks was N60°E northwest of one of the lines of J.C. and
N44°E beyond it (see Figure 1-1). As the SeaBeam has its swath width of 43°, about 78 % of
the depth can be covered by one track. The coverage was around 70 % in most of the survey
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area, but the rift valley in the first segment was almost fully covered by means of tracks along
the axis.

3. Topography of SEIR

The topography of SEIR is shown in Figure 1-3. In the first segment, the rift valley is
shallowest (3,700 m) a little north of the midst of the segment and becomes deeper toward both
northwestern and southeastern ends. The depth at the southeastern end is more than 4,300 m,
and the length of the segment is about 85 km. The inside corner high at 70° 32'E, 26° 05'S
and features like overlapping spreading at 70° 25'E,26° 05'S can be seen. Though rather good
correspondence between the eastern and western flanks can be recognized, it is remarkable
that the eastern flank is shallower than the western as a whole.

The second segment shifts by 21 km toward northeast, and begins at 70° 45 E, 26° 05'S.
We can see deep rift valley of more than 4,200 m and high abyssal hills on both sides of
the ridge. Compared with the first segment, the second segment is short (about 33 km) and
appears to be rotated counterclockwisely. The segment ends at another transform fault and the
corner is more than 4,500 m deep. It is the deepe point in the SEIR we surveyed. The third
segment begins at 70° 17 E, 26° 02'S, about 42 km apart from the end of the second segment.
Topographic lineaments of the third segment running NW-SE can be seen clearly.

The second and third segments are almost parallel in the direction of about N46°W and
the transform fault connecting them is orthogonal to them, while the first segment has a slightly
different direction of about N38°W and the transform fault between the first and the second
segments show less clear feature than that between the second and the third segments.

REFERENCES
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1. Systems and Outline of Survey

Geomagnetic total force was measured by one of a proton precession magnetometers as
one of the foundamental geophysical data. The measurement was done all through the cruise
including transits, except while the ship was at a stop for dredging or other observations.
Figure 2.1-1 shows tracks near the Rodriguez Triple Junction along which the measurement of
geomagnetic total force was done.

We used two types of system for measurement: the ORI’s original system which sensor
was assembled in the ship for the cruise and EG & G Geometrics Model G-811G Proton
Gradiometer equipped with the ship. Figure 2.1-2(a) is a block diagram of the ORI system.
The towing length of the cable is about 250m. The data were processed and recorded by a
micro-computer(PC9801VM) together with navigation data sent from the navigation system
MAGNAVOX every one minute. In the latter half of the cruise, the data were sent through
LAN and recorded in the MAGNAVOX system.

A block diagram of the G-811G system is shown in Figure 2.1-2(b). We used the system
only during the multi-channel seismic reflection survey(MCS) because the towing system
must be towed at a speed slower than 6.5 knots. The idea of gradiometer is to reduce the
short-period time variations of the geomagnetic field by using difference between values of a
slave sensor(forward) and a master sensor(trailing). But the signal of the master sensor was so
week, that we could not get enough data for the time variation analysis. We do not know the
reason yet, but it seems to be some trouble with the master sensor itself. So, we only got total
force measured by the slave sensor along the MCS track.

2. Onboard Results

Geomagnetic anomalies near the Rodroiguez Triple Junction are shown in Figure 2.1-3,
IGRF90 was used for the reference field. It was compiled using the data obtained by the
Hakuho-maru and a French R/V Jean Charcot (1984). The data along MCS tracks by G811-G
is not included because they have not been processed yet.

In Figure 2.1-3 we can see the following :
i) There are remarkable magnetic lineations along the CIR and the first two segments of
the SEIR.

i) The magnetic lineations along the SEIR are continuous to those near the triple junction
observed by the Jean Charcot.
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iii) Other than the magnetic lineations, the topographic effects can be seen, especilly along
the CIR.

iv) In the first segment of the SEIR, the amplitude of anomalies is smaller in the north
part than the central part. The area with smaller amplitude agrees with the area where

the "bull’s eye” negative gravity anomaly is seen, then it may be caused by focused
accretion,
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1. Introduction

We used the ORI’s STCM (Shipboard Three Component Magnetmeter;Isezaki etal .,1986)
to measure the three components of the geomagnetic field. The main charactaristics of three
component anomalies are as follows. 1) One can be determined even a single measurement
line if the geomagnetic source body is two or three dimensional . 2) The dip and strike of two
dimensional source body can be determined directly without any assumption. 3) The three
component anomaly is not affected both by ambient geomagnetic field and by the trend of
geomagnetic anomaly lineation, therefore it can be observed cven at the geomagnetic equator,
while the total intensity anomaly becomes very small if the lineation trend NS. 4) The bottom
depth of the two dimensional source body can be estimated directly (e.g.Isezaki ,1986; Seama
et al., 1992; Kitahara et al.,1994).

2. The STCM Systems

The STCM system of the R/V Hakuho-maru is shown in Figure 2,2- 1. This system
was controlled by a personal computer (NEC PC- 9801) which collected all data. The
geomagnetic vector field were measured by three fluxgate-type sensors set up on the upper
deck. The ships heading, rolling and piching angles were measured by the precise gyrocompass
(SGC-l) in Lab.9 and were sent to Lab.l through the LAN (Local AreaNetwerk) system of
the R/V Hakuho-maru. These six data (Northward-X, Eastward-Y, Downward-Z components
of geomagnetic field, heading, rolling and pitching angles) are stored in a hard disk every
one second. Position, depth, speed, gravity and temperature data were also obtained from
the general information in the Hakuho-maru LAN system every one minute. The STCM had
collected these data during the entire period of the cruise.

3. Figure "8” steering data

The field around the sensor is affected by the additional magnetic field producted by the
metallic vessel body because the sensor were set up on the upper deck during the entire period
of the cruise.12 constants can remove these effects to obtain the true X, Y, Z components of
the geomagnetic field (Isezaki, 1986) and these 12 constants are determined using the observed
data obtained while the ship steers figure "8” at nine places (Table.2.2-1).

29—
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4. The three component geomagnetic anomalies over the Rodriguez Triple junction

We calculated the three component geomagnetic anomalies. At first, the effects of the
induced and permanent magnetic field by the ship were removed from the observed data using
the 12 constants and IGRF90 sabtracted. Then short wave length anomalies which appear to be
noise were removed using low-pass filter. The along-track geomagnetic anomaly profiles of the
north,east and downward components are shown in Fig.2.2-2. Then we examined whether the
magnetic source body is two-dimensional structure using the geomagnetic anomaly profiles.
According to Isezaki (1986), when the magnetic source body is two-dimensional structure, the
phase difference between the horizontal and the downward component anomaly profile is 7/2.
Fig.2.2-3 shows downward anomaly profiles with 7/2 phase shifted and horizontal anomaly
profiles. The phase shifted component from linel to linel2 (correspond to the first segment)
and linel8, 19 (correspond to the second segment) are similar to the horizontal component

although the others are not. Thus, we comfirmed that the first and second segments in the
SEIR are two-dimensional structure magnetically.

Table.2-2-1 Figure "8" steering location and the |2 constants.

~ StatonNo. |  Date N Latitude i Longitude
7?(}-!7973:3:31 o 93l1_1 23°49.35'N - 125°43.02'E -
77§H93—3._F12 ) 93.7.14 _1__3_°_3§._OB'N7 7_:777 jﬁ1%
KHQS—S_.&B___ ; 93.7.26 o 16”5?£Z'S 85°52.20'E
KH_QS_—I}_R4 ! 93.7.29 L 25°17.57'S 70° B.72'E -
_ KH93-3.R5 | 93.8.5 | 25°49.08'S 70°37.58E
. KH93-3.R6 L_ng.izl 26°13,30'S | 70°20.35'E )
 KHS&-BR7 93.828 | 11° 400 | B0°43.90'E
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1. Objective

The Rodriguez Triple Junction (RTJ) is a R-R-R triple junction among the Indian, African,
and Antarctic Plates. Three mid-ocean ridges meet at the junction: the Cental Indian Ridge
(CIR), Southwest Indian Ridge (SWIR), and Southeast Indian Ridge (SEIR). Mapping of
seafloor topography and gravity anomalies around the RTJ was carried out in 1984 during a
transit of the French R/V Jean Charcot. Intensive geophysical expeditions have been performed
during the KH93-3 cruise in 1993 following the French cruise. The objective of the expeditions
was to clarify the geodynamics which controls ridge activities of the three segments nearest to
the triple junction.

There are two approaches to geodynamics from the mapping of gravity anomalies. One
is interpretations of free-air anomalies combined with seafloor topography. Because free-air
anomalies show deviation of the subterranean structure from hydrostatic equilibrium, free-air
anomalies are supported by some forces. Generally speaking, free-air anomalies at sea
with wavelength shorter than several tens of kilometers are supported by the strength of the
lithosphere. Longer wavelength components are supported by dynamic forces or flexure
rigidity of the lithosphere. We can estimate the geodynamic forces acting around the RTJ or
variation in thickness of the lithosphere by analysing the free-air anomalies combined with
seafloor topography.

The SWIR is associated with large amplitude of topographic reliefs. The geophysical
mechanism driving the rifting and supporting the topographic highs is one of interesting targets
of this study. Gravity anomalies will be valuable to understand the tectonics around the two
transform faults on the SEIR near the RTJ.

Another approach to geodynamics is gravity modeling of subterranean structures. A few
kinds of Bouguer anomalies are used for the analysis as is discussed in the next section. One
of the most interesting subjects is whether the three segments nearest to the RTJ are associated
with "bull’s eye” negative gravity anomalies like the Mid Atlantic Ridge (Kuo and Forsyth,
1988; Lin et al., 1990) or not. Two models have been proposed for the "bull’s eye” gravity
anomalies. One model postulates that the anomalies are an evidence for central upwelling
plumes in the underlying mantle. The other model attributes the anomalies to along-axis
crustal thickness variations. Either explanation indicates focused magma supply in a ridge
segment.
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The underway geophysics group proposes most probable subterranean structures based on
gravity anomalies and seafloor topography. Although the area covered by seismic experiments
is limited, the seismic group can examine and revise the structures near the RTJ. And finally we
get mantle Bouguer anomalies near the RTJ which show density anomalies in the underlying
mantle. Gravity modeling of the density anomalies in the upper mantle is an important
approach to the geodynamics of the triple junction.

The geophysical data of the Jean Charcot cruise covers a whole segment on the CIR and
half segments on the SWIR and SEIR. Most of the data are on the NE-SW track lines. A French
R/V Atalante, newly built in place of the Jean Charcot, has recently extended the geophysical
survey near the RTJ on the SWIR. Considering these conditions, we carried out geophysical
surveys around the RTJ focused on the following targets: (1) 3-D analyses of subterranean
structures around the RTJ by carrying out available geophysical measurements simultaneously
on 8 seismic lines: Sea Beam, gravity, total force and 3-component magnetics, multi-channel
seismic profiling, and OBS observation (see the chapter on seismics). (2) Investigation of
focused accretion in the segment on the SEIR by extending geophysical surveys on the SEIR.
(3) Investigation of tectonics around the two transform faults on the SEIR. (4) Investigation of
the subterranean structure of the SWIR by adding geophysical profiles across the SWIR.

2. Instrumentation and data compilation

2.1 Instrumentation

Gravity measurements during this cruise were carried out by using a NIPR-ORI gravimeter
which was developed jointly by National Institute for Polar Research (NIPR) and Ocean
Research Institute (ORI), University of Tokyo, and manufactured by Tokimec Ltd. (Segawa,
1990). The gravity sensor of the gravimeter is a servo accelerometer. Most serious problem of
the gravimeter is an extraordinarily large drift rate of the servo accelerometer. The drift rate is
more than 2 mgal/day; a drift rate of a sea gravimeter is usually less than 1 mgal/month. The
second problem is on the scale value of the gravimeter, that is, a ratio of a gravity value to the
output voltage. As a constant scale value fixed by the manufacturer brought about irregular
drift values depending on gravity values, we recalculated the scale value. Although the
effects of these problems are mixed on measured gravity values and make the post processing
complicated, the effcets will be removed as is discussed below. The third problem is on the
system to keep the gravimeter vertical. The system adopts a Schuler gyroscope with a period
of 84 minutes in order to be free from the effcets of course changes of the ship. However,
off-leveling errors amounted to some 10 mgals for about 30 minutes after the ship changed the
course by 180 | with turning to the left. In this case we neglected the measured values. Some
parameters of the leveling system may not be well adjusted. Off leveling errors are negligibly
small 1 hour after a change of the course or the speed. Gravity acceleration is computed
every one minute by the data processing system of the gravimeter. Eotvoes correction is also
computed by using navigation data distributed to every laboratory through an optical local area
network (LAN) utilizing RS-232C modems for real-time data processing. These gravity values
are also distributed in the ship through the RS-232C LAN, and logged in two ways: both on
a hard disk of a work station and on magnetic tapes of Magnavox Series 5000 navigation and
data logging system. Several UNIX work stations are networked on board the vessel through
an optical Ethernet LAN. Two work stations are connected to both the RS-232C LAN and
the Ethernet LAN. One is used for real time mapping of the Sea Beam swath bathymetry
data. The other is used for real time logging of navigational, geophysical, and meteorological
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data. Gravity data are logged every one minute with MGD77 Format by the work station.
Compilation of gravity data was carried out by using the data files in MGD77 Format.

2.2 Data compilation

Gravity data are distributed on the RS-232C LAN with delay time of 500 seconds. The
delay is not adjusted in the file of the data logging work station. Therefore the first step of
the gravity data compilation is adjustment of the delay time. And then Eotvoes correction was
recomputed based on the position data within 4 minutes from the time of gravity measurements.

Most serious step of processings of the measured gravity data is a correction for the large
drift of gravity sensor combined with the effect of the scale value. The drift value was checked
at each port call by using a LaCoste & Romberg land gravimeter (model G), which has a drift
rate about 0.1 mgal/year. We have also estimated the drift rate during the cruise by computing
internal cross-over errors (ICOE) at intersections of straight ship’s tracks. ICOE is free from
the effect of the scale value. There are 100 ICOEs during Leg 2 with conditions that ship’s
velocity is faster than 4 knots and that variation of Eotvoes correction is less than 3 mgal/min.
We got a minimum ICOE with a drift rate of -2.2 mgal/day for 10 days during the Leg 2.
The root mean square of the ICOEs was 2.1 mgals. Considering that the value of the JC8404
gravity data around the RTJ was 3.8 mgals, the drift of our gravimeter during Leg 2 was fairly
constant and well corrected. Drift rate during the Leg 3 was determined in the same way to be
-1.0 mgal/day.
Drift rates obtained in this way are:

Singapore (17 July - 21 July) -2.0 mgal/day

Leg2 (21 July - 10 Aug.)  -2.2 mgal/day
Port Louis (10 Aug. - 14 Aug.) -1.75 mgal/day
Leg3 (14 Aug. - 02 Sep.)  -1.0 mgal/day

Penang (02 Sep. - 06 Sep.)  -0.5 mgal/day

The scale value was then determined so as to give the most smooth drift curve. Gravity
values in the surveyed area were firstly so adjusted after drift correction that the root mean
square of the cross-over errors with the JC8404 cruise data became minimum. Final result is
to be computed after the ship return to Tokyo, because the observed gravity value at Tokyo is
critical to detemine the drift curve.

Overall root mean square of the cross-over errors of the combined gravity data near the
Triple Junction obtained during the KH93-3 cruise and JC8404 cruise is some 3 mgals.

3. Data reductions and results

3.1 Free-air anomalies

Figure 3.1 shows a map of free-air anomalies based on the compiled gravity data
mentioned above. Absolute values of free-air anomalies were determined based on the Jean
Charcot gravity data. Average value of the free-air anomalies is about +10 mgals, If this is the
case, some forces are necessary to support the positive free-air anomalies. Small fluctuations
of the contours are due to navigation errors, imperfect correction of the drift effect, and the
off-leveling errors mentioned above.

Variation of free-air anomalies well correlates with seafloor topography. Each of the three
ridges is associated with negative free-air anomalies over the axial rift valley and positive
anomalies on both sides. As is the case with topography, amplitudes of the gravity anomalies
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are largest on the SWIR. Transform faults on the SEIR are associated with large negative
free-air anomalies.

3.2 Bouguer anomalies

A few kinds of Bouguer anomalies are used for gravity modeling of subterranean
structures. Standard Bouguer anomalies are obtained from free-air anomalies by correcting for
the gravimetric effect of the seafloor topography. The correction is called Bouguer correction,
and is obtained by computing the gravimetric effect of replacing the sea water of the density
1030 kg/m® with crustal rocks. Bouguer anomalies show density anomalies below the seafloor,
and are usually interpreted by crustal structures, especially by variation of the Moho depth.

Bouguer correction was computed in two different ways. One is direct computation of
the gravimetric effect of the seafloor topography. Although this method is time consuming,
the result is accurate. The other uses Fourier transform on the assumption that the relief of the
seafloor topography is small. As is shown in the following results, the two methods give much
the same results on the SEIR and CIR, where topographic relief is relatively small. Different
results are obtained on the SWIR. Maps of Bouguer anomalies obtained by Fourier transform
show residual anomalies with the average value subtracted in order to estimate variation of
crustal thickness.

An average crustal structure commonly used for gravity modeling of the mid-ocean ridges
consists of the upper crust of the thickness 2 km and density 2730 kg/m® and the lower crust 4
km and 2930 kg/m®. The average crustal density is 2860 kg/m®. Bouguer anomalies with the
crustal density of 2860 kg/m® are shown in Figure 3.2.

"Bull’s eye” negative anomalies are observed in the northern part of the first segment on
the SEIR. The same kind of negative anomalies with slightly small amplitude are on the CIR.
Although observed data are limited, negative anomalies are recognized on the third segment
of the SEIR. These negative anomalies indicate focused accretion in each of the segments.
Negative anomalies are not prominent on the second segment of the SEIR, where negative
free-air anomalies are large.

Although Bouguer anomalies in Figure 3.2.(a) are flat on the SWIR, Figure 3.2.(b) show
anomalies related with topography. The difference results from the approximate computation
for Figure 3.2(a) as mentioned above.

Another kind of Bouguer anomalies are also presented. If the crustal thickness is assumed
to be constant, so-called mantle Bouguer anomalies (Figure 3.3) are obtained from free-air
anomalies by correcting for the gravimetric effect of the sea water and crustal layers. The
anomalies should be called mantle “pseudo” Bouguer anomalies, because the assumption of
the constant crustal thickness is not always valid. If the assumption is the case, the anomalies
present density anomalies in the underlying mantle. From this point of view, the "bull’s eye”
negative anomalies observed on the SEIR and CIR are an evidence of central upwelling plumes
supposed in the mid-ocean ridge segments. It is another way of interpretation to discuss on
variations of crustal thickness from the anomalies, because mantle pseudo Bouguer anomalies
show deviation from the assumption of constant crustal thickness. The result is shown below.

Another kind of Bouguer anomalies are necessary for the modeling of crustal structures.
Because thickness of the upper crust is considered to be fairly constant on the mid-ocean ridges,
we define here “lower crust pseudo Bouguer anomalies” (Figure 3.4), which are obtained on
the assumption of constant thickness of the upper crust. The gravity anomalies show density
anomalies in the lower crust or mantle, and most probably show variation in the thickness
of the layer 3. From this point of view, the "bull’s eye” negative gravity anomalies show
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thickening of the lower crust in the central part of the segments on the SEIR and CIR.

3.3 Variation of crustal thickness

Mantle pseudo Bouguer anomalies can be interpreted to show deviation from the
assumption of constant crustal thickness as is discussed above. Variation of crustal thickness
obtained from the result of Figure 3.3 is shown in Figure 3.5. As is indicated from Bouguer
anomalies discussed above, the figure shows crustal thickening on the SEIR and CIR, Variation
of the thickness of the layer 3 is most clearly estimated from the lower crust pseudo Bouguer
anomalies.

he assumption of constant crustal thickness as is discussed above. Variation of crustal
thickness obtained from the result of Figure 3.3 is shown in Figure 3.5. As is indicated from
Bouguer anomalies discussed above, the figure shows crustal thickening on the SEIR and CIR.
Variation of the thickness of the layer 3 is most clearly estimated from the lower crust pseudo
Bouguer anomalies.

4.  Summary

Although the sea gravimeter on board the Hakuho-maru had some problems, all the errors
have successfully been removed in the off-line processings. Mapping of gravity anomalies
were carried out based on the observed gravity data combined with those obtained during
a Jean Charcot cruise. Judging from cross-over errors at intersections of the ship’s tracks,
relative variation of gravity anomalies has been measured with accuracies of about 3 mgals.

”Bull’s eye” negative Bouguer gravity anomalies were observed on the Southwest Indian
Ridge and Central Indian Ridge, which indicate focused accretion in the central part of each
segment. The negative anomalies were not observed on the Southwest Indian Ridge.
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We conducted a seismic reflection/refraction experiment and a natural earthquake obser-
vation during the KH93-3 cruise of the R/V Hakuho-maru. We deployed 18 ocean bottom
seismometers (OBS) from three institutions, including Earthquake Research Institute, the
University of Tokyo, Tohoku University, and Chiba University, in the Indian Ocean ridge-
ridge-ridge triple junction area. Along eight lines we shot an airgun array, signals from
which were recorded simultaneously by the OBSs and a multichannel seismic profiler (MCS).
Deployment of the OBS and the airgun shooting operation were completed during Leg 2 of the
cruise. The OBSs were retrieved during Leg 3. Some data were processed during Leg 3 and
Leg 4.

1. Objectives

The Rodriguez Triple Junction (RTJ) is a junction of three Indian Ocean spreading ridges
located near 25° 30'S and 70°E, 900 km southwest of the Rodriguez Island. The Southeast
Indian Ridge (SEIR) has an intermediate spreading rate of 2.99 cm ¢ =" (half), trending N140°,
and the Central Indian Ridge (CIR) slightly changes its trend to N152° with a half spreading
rate of 2.73 cm a~'. In the contrast , the Southwestern Indian Ridge (SWIR) has a deep rift
valley which corresponds to a very slow spreading rate of 0.65 cm a~' (Munschy and Schlich,
1989).

To understand the dynamics of the oceanic crustal generation at the triple junction area,
the seismic crustal structure in the vicinity of the junction is essential. We need a clear seismic
image of the crust and the upper mantle there. The basic questions to be clarified are (1)
variation of crustal thickness across and/or along the Central and Southeastern Indian Ridges
with age and relative position in a ridge segment, including the question if an axial magma
chamber exists or not at the intermediate spreading center, (2) deep structure of the rift valley
in SWIR, where a very young oceanic crust generated along IR and SEIR is stretched and a
deep rift valley is well developed. We can expect seismic activity associated with development
of the rift structure with extensional faulting.

2. Operation

2.1 OBS deployment

During the Leg 2 of the KH93-3 cruise, we deployed 18 ocean bottom seismometer
(OBSs), including ERI type ( Kasahara et al., 1985), and TK type. The latter type of OBS
consisted of those developed in the Faculty of Science, the University of Tokyo (Yamada et al.,
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1981) and those developed in the Department of Earth Sciences, Chiba University (Matsuda
et al., 1986). The OBSs were equipped with one vertical component geophone and one or two
horizontal geophones with a natural frequency of 2.0 or 4.5 Hz. Some of OBSs had also a
hydrophone.

We could take full advantage of a detailed topographic data previously acquired by
SeaBeam (Munschy and Schlich, 1989) for design of the airgun shooting line and selection
of the exact place for OBS deployment. Because we planed the experiment for both a
controlled seismic experiment and observation of natural earthquakes, we distributed the OBSs
approximately equal spacing about 10 n.m. (20 km) as shown in Fig.1. Exceptions are in the
vicinity of the triple junction where the OBSs are located about every 10 km.

Before deployment of each OBS we made a detailed topographic map at a scale of about
1/50,000 and chose a position with relatively smooth topography for the OBS site. As was
shown by the 3.5-kHz profiling data, the see floor is extremely rough and seemed no sediment.
All OBS positions were examined using a detailed topographic map, which were made by the
SeaBeam data acquired during the present cruise by the R/V Hakuho- maru. We found a small
discrepancy between the previous and the present SeaBeam topographic data depending on
location in the surveyed area. In general, the difference is from 0.1 to 0.2 n.m. We shifted the
scheduled position of the OBS after acquisition of swath mapping data on board. The detailed
topography near the individual OBSs are shown in Fig.2 in which the scheduled position and
actually deployed position are displayed with SeaBeam topography acquired during the present
cruise.

Positions and times of deployment for individual OBSs are listed in Table 1. It took less
than half an hour to complete deployment of the OBS after arriving at the scheduled position.
We deployed the OBSs from the northeast OBS, RTJ16, towards southwest. The order and
time of the operation of each OBS are summarized in Table 2. It took about 20 hrs to complete
all the OBSs including transit between sites.

The procedure of deployment is as follows. First, we surveyed the topography by the
current SeaBeam data with the previous data, and then, slightly changed the location if needed.
After determination of the location, the R/V Hakuho-maru slowly approached there and slowed
down the ship’s speed to less than 2 kt. We lifted the OBS by a crane from a rear deck, then
lowered it to the sea surface. When the ship arrived at the location, we released the rope to
lower the OBS in the sea.

2.2 Airgun shooting

We shot an array of Bolt type airguns on eight lines. Originally, we plancd to use three
guns, but it turned out very difficult to tow three guns behind the ship with a hydrophone
streamer cable and a proton magnetic cable under the rough sea condition. So, the array in the
present experiment consisted of two Bolt 1500C airguns with a 20- liter (1,200 in*) chamber,
40 liter in total. We shot guns every 20 s at a pressure of 130 bar ( 1800 psi). We fired 12,228
shot for 64 hrs on 322 n.m. (596 km) in total. Positions and times for the airgun operation are
summarized in Table 3. We had to stop the operation of one or two airguns several times due
to leakage of air from either an air hose or an airgun assembly.

2.3 Multichannel reflection survey (MCS)

We conducted a multichannel seismic reflection survey (MCS) during airgun shooting on
OBSs. The airgun signals were recorded simultaneously by the OBSs and MCS system. The
MCS consisted of a 24-channel hydrophone cable, signals of which were acquired on magnetic
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tapes after analogue-to-digital conversion by the DFS-V. We stored the data on 38 tapes (2400
ft, 6250 bpi) during the present operation. Originally we supposed to use two tape drive units
for continuous recording, but one tape unit broke down and we could use only one of the tape
units. Eventually, we lost some shot during exchange of tapes. Usually we missed ten to
fifteen shots between tapes.

Before the airgun-MCS operation, we made profiles of topography and gravity anomaly
using previously acquired data. We display the profiles in Figs. 3 through 10 with free air
anomaly and Bouguer anomaly.

2.4 OBS retrieval

During the Leg 3, we tried to retrieve 18 OBSs. We succeeded in retrieving 17 OBSs, and
could not get an OBS, RTJ14. Although we called this OBS by an acoustic transmitter from
several directions, the OBS did not reply at all. Positions and times of retrieval for individual
OBSs are listed in Table 1. A summary of the operation are shown in Table 4. The OBSs were
called just above them, except two OBSs, RTJ3 and 6, which were called at a distance (2-4
n. m.) during dredges for time saving. At some stations, the operation of plankton net was
conducted while the OBS was coming to the sea surface.

3. Initial Results

3.1 MCS

We obtained onboard monitor records using signals from the nearest channel of the
hydrophone cable. In general, the data had poor signal-to-noise ratio due to rough sea
condition. But Lines H3 and V1 show some reflection events, travel times of which is
consistent to the reflection from Moho although the amplitude is not large enough to be
definitely identified. We need to process the MCS data carefully. -

3.2 Seismicity

We processed the data on RTJ2, 4, 10, 12, 16, 17, and 18 during the Leg 3 and Leg 4.
From analogue recording tapes we made visible monitors on paper. We counted events which
were over some threshold level. Figure 11 shows daily number of events at each station.
During about 20 days observation, RTJ2 recorded 561 events (37 events per day), RTJ4 1554
(90/day), RTJ10 3089 (182/day), RTJ12 5284 (288/day), RTI16 5005 (301/day), RTJ17 974
(59/day), and RTJ18 734 (40/day).

These results suggest that the Rodriguez Triple Junction has very high seismicity. Many
events seem to occur at ridge axes, segment boundaries, and fracture zones in the Central
Indian Ridge and the Southeast Indian Ridge, because the OBSs which were deployed near the
Ridges recorded many events (RTJ10, 12, 16). RTJ10 and 16 had many swarms. RTJ10 and
12 had many small events. At RTJ2 and 4, which were deployed near the Southwest Indian
Ridge, the number of events is relatively small, but the size of recorded events are relatively
large.

3.3 Hypocenter distribution

We tried to determine hypocenter location of some events during the Leg 4. We chose
five stations (RTJ2, 4, 10, 16, 18), and selected events which were recorded at all the stations.
The selected events were recorded on paper using jet-pen recorder. Then we picked up P- and
S-wave arrival times. The earth structure used for estimation of hypocenter locations was a
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water layer of 4km thick, the layer 2 of 1km thick (Vp 5.0km/s), the layer 3 of 3km thick (Vp
6.7km/s), and upper mantle (Vp 8.0km/s). The algorithm of hypocenter determination was
HYPOMH (Hirata and Matsu’ura, 1987).

We determined hypocenter locations of 55 events (7/30 1700 - 8/5 530). The preliminary
results of epicenter distributions are shown in Fig. 12. The hypocenter locations is listed in
Table 5. The value of depth has much uncertainty. From the epicenter distributions, most of
events occurred at segment boundaries and fracture zones in the Central and Southeast Indian
Ridges. Especially, many events including a swarm occurred at the segment boundary between
RTJ10 and 16. In the Southwest Indian Ridge, events seem to occur its side walls.

4.  Summary

We conducted a seismic reflection/refraction experiment and a natural earthquake obser-
vation. We deployed 18 OBSs and retrieved 17 OBSs. Because of rough sea conditions, we
used only two airguns, and so the MCS data had poor S/N ratio. The OBSs recorded many
events. From these data, we can make the structure and seismicity of this region clear. These
studies will give a great help for understanding the dynamics of R-R-R triple junctions.
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Fig. 4-1. A map showing the positions of OBSs (solid triangles) and MCS lines (thick

solid lines).
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Position OBS Institute  Deployment Deployment position Reirieval Relrieval posilion
Name Sation Name time (GMT) Lalilude {S)  Longilude (E) Depth{m) lime (GMT) Lalitude {S)  Longilude (E}  Depth{m)
OBS 1 RTJ 1 CHU 7129 14:25 25%43.92' 69° 35.07 4538 8/16 17:38 25°43.91 69°34.12' 4252
0oBS 2 RTJ 2 ERI 7129 13:14 25°33.40 63°39.66' 2768 8/16 19:53 25°33.11 69" 39.80' 2704
0BS 3 RTJ 3 ERI 7/29 15:20 25° 40.38' 69°43.15' 5065 8/19 15:28 25° 40.54' 69°42.83 3401
0BS 4 RTJ 4 ERI 7/3010:14 25°55.16' 69° 50.51" 3056 8/19 21:54 25° 65.12' 69° 50,21 3083
0BS 5 RTJS CHU 72912112 25°28.99' 69° 47.28' 2543 816 2z2:21 25° 28.80° 69°47.11 2613
0BS 6 RTJ6 THK ?IEQ 16:22 25° 36.87" 69° 53.49' 3975 8/1909:47 25°36,74' 69° 53.31 3855
oBs7 RTJ7 THK 7/30 08:46 25°44.14' 69° 59.08' 2927 8M1901:31 25°44.25 69° 58.57 3419
OBS 8 RTJ8 THK 7/30 08:09 25° 48.64' 70° 02.53' 3115 8/20 04:.01 25° 48.94' 70°02.1¢ 3075
0BS g RTJS CHU 7/2911:06 25° 24.83' 69° 54.25' 2841 8/17 08:42 25°24.72' 69° 54,14 2827
CBS 10 RTJ 10 ERI 712917:04 25° 34.03' 69° 59.58° 3404 8/18 04:31 25° 33.90 69° 59.32' 3400
OBSi1 RTJ 11 THK 7/30 07:20 25° 44,89 70° 09.42 3658 8/20 06:52 25°44.83' 70° 09.08' 3702
OBS 12 ATJd 12 ERI 7/31 04:08 25° 50.54' 70°13.80' 3824 8/20 17.07 25% 50.48' 70°13.52' 3797
0OBS 13 RTJ 13 CHU 7/2910:28 25° 22.69' 69° 58.09 4202 8/18 11:.07 25°22.23 639° 57.95' 4090
0OBS 14 RTJ 14 ERI 7/30 00:49 25°32.05 70° 05,52 3052 nol retrieve
0OBS 15 RTJ 15 THK 7/30 04:13 25 42.34' 70° 14.04" 2876 8/20 09:25 25° 4219 70° 13.66' 2846
OBS 16 RTJ 16 ERI 7/29 00:14 25° 18.93' 70°04.99' 2930 817 21:37 25° 18.48' 70° 04.82' 3011
0BS 17 RTJ17 ER! 7/30 01:45 25°28.22 70° 12.85' 2294 81817:20 25°29.23' 70° 12.56" 2354
0BS 18 RTJ 18 ERI 7/30 03:01 25° 38.94' 70° 20.38' 2900 8/20 12:23 25°38.12" 70°18.55" 2766

CHU:Chiba University , ERI:Earthquake Research Institute Universily of Tokyo , THK:Tehoku University

Table 4-1. Position and time of deployment and retrieval of OBSs.
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Fig. 4-2(a). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively, Airgun shootings are shown by dots.
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Fig. 4-2(b). Detailed maps of OBS: position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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Fig, 4-2(c). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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Fig. 4-2(d). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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Fig. 4-2(e). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retricved locations, respectively. Airgun shootings are shown by dats.
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Fig. 4-2(g). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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Fig. 4-2(h). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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Fig. 4-2(i). Detailed maps of OBS position with topography. A circle and a triangle
show the deployed and retrieved locations, respectively. Airgun shootings are shown by dots.
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(a) KH93-3 The Indian Ocean
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Fig. 4-11(a). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930
GMT) are not included. The first and last days of each station are less than 24hrs.

(b) KH93-3 The Indian Ocean
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Fig. 4-11(b). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930
GMT) are not included. The first and last days of each station are less than 24hrs,



{c) KHg3-3 The Indian Ocean
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Fig. 4-11(c). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930
{GMT) are not included. The first and last days of each station are less than 24hrs,

(d) KH23-3 The Indian Ocean
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Fig. 4-11(d). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930

GMT) are not included. The first and last days of each station are less than 24hrs.



(&) KH93-3 The Indian Ocean
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Fig. 4-11(e). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930
GMT) are not included. The first and last days of each station are less than 24hrs.

() KH93-3 The Indian Ocean
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Fig. 4-1 lﬁ(f). Daily number of cvents. Events during airgun-shooting (7/31 600-8/3 930
GMT) are not included. The first and last days of each station are less than 24hrs.



(9) KH93-3 The Indlan Ocean
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Fig. 4-11(g). Daily number of events. Events during airgun-shooting (7/31 600-8/3 930
GMT) are not included. The first and last days of each station are less than 24hrs.
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5. Petrological sampling at the Rodriguez
Triple Junction in the Indian Ocean
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1. Objective

The Rodriguez Triple Junction is one of the best exposed R-R-R triple junctions, which
has been controlling the evolution of the major portion of the Indian Ocean. The three ridges
with different spreading rates, the Central Indian Ridge, Southwest Indian Ridge, and the
Southeast Indian Ridge, meet at the junction, and the topographic features of the three rift
valleys are quite different, suggesting either the difference in the thermal structure of the
mantle beneath each ridge or the difference in the crustal thickness.

The main purpose of our petrology group is to clarify the thermal structure of the mantle
beneath each ridge system from the nature of magmas and to understand the relationship
between the spreading rate and the thermal structure of the upper mantle. It is also expected
that the thermal condition of the mantle just beneath the triple junction could be different from
those of any normal ridges, and it must be reflected on the composition of magmas released
at the triple junction. Therefore, our sampling strategy is designed to recover the most recent
volcanic rocks at or near the junction and from the typical portions of the three different
ridges. The sampling from the typical portion of a ridge system should cover at least a whole
range of a single segment because intra-segment variation could be expected. To make the
above-mentioned comparative study of the different ridges, it is necessary to have samples
representing the present-day ridge system. For this purpose, samples from the very point of
the spreading center, i.e., samples from the neo-volcanic zone are desired. The Rock Core
sampling could be the most suitable method for this purpose because the samples recovered
by this method represent those from a pin point. Even when the dredge haul is suitable to get
samples rather than the Rock Core, only short distance of on-bottom dredge haul is planned to
certify the location of the samples represents the neo-volcanic zone, and to exclude samples
from the surrounding older portion.

Based on this strategy, several tens of locations were selected as the sampling sites. Most
of the locations represent the summit areas of submarine volcanoes (approximately 100-200
m high and several miles diameter) of the neo-volcanic zone within the rift valley, and some
represent the saddles between submarine volcanoes, which may represent the most recent
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spreading center.

The locations of dredge haul or Rock Core sampling were showin in Figures 1 and 2, and
listed in Table 1. Among the attempted 41 locations, we have recovered fresh basalt at 23 sites

(11 of Dredge and 12 of Rock Core). Brief descriptions of the recovered samples are given in
Tables 2 and 3.

2. Instrumentation of rock sampling and operation

Dredge system used in this cruise consists of a main chain bag dredge, and two pipe
dredges with different sizes and weights. These are connected with a heavy chain (16 mm
diameter and 10 m long); chain bag at the end and two pipes in the middle. The top of the
heavy chain was weighted with approximately 200 kg of iron. A pinger was set on wire 40
m above the heavy chain top, 51 m above the main bag. The main chain bag dredge has iron
mouse (60 cm wide, 45 cm high, and 20 cm deep), iron bucket (60 cm wide, 26 cm high, and
50 cm deep), and fish-netting chain (80 cm long with meshes of 6 x 4 cm) between the mouse
and box. Fish-netting chain has small shackles, designed to be opened when rocks are taken
out. Iron and stainless pipe dredges have sizes of 50 cm long with diameter of 26 cm (60
kg), and 60 cm long with diameter of 16 cm (50 kg), respectively. Total weight of the dredge
system including chain and pipes reaches 400 kg.

Rock coring technique was initiated at the EPR, Venture Leg. 1, and the MAR, Atlantis
II 127 legs (Langmuir et al., 1992). Rock Core used here has the weight of 250 kg in Leg 2
(350 kg in Leg 3). A large stainless disc with diameter of 25 cm was set at the head of 1.4
m-long, 10 cm-across stainless pipe, and four lead-plates of 200 kg in Leg 2 (6 plates of 300
kg in Leg 3) was in the middle. The stainless head are partitioned into 8 sectors and a center
hole (each 8 cm deep), all open to the head surface. Wax was attached as thick as a few cm on
the head. Wax was also attached outside of the stainless disc. A stainless collar (belt) with 19
cylinder pipes (each 5 cm long with 4.5 cm diameter) was set surrounding the lead-plate in the
middle of Rock Core. Collar pipes are removable for sample treatment and were designated to
be set perpendicular to Rock Core axis. Collar pipes were designed to catch glass chips when
Rock Core lies down after hitting rock surface with the head. The upper half of the collar pipe
was filled with wax. A small hole was made through the center of every wax parts in the head
and pipes in order to trap glass tips and sediment inside with sea-water. Pinger was installed
50 m above Rock Core.

After Rock Core returned to deck, the head and collar pipes were detatched. We assessed
carefully whether they certainly hit the bottom or not. When the head and pipes have glass,
rock pieces, or sediments on and in wax, the pieces or sediments were scratched out with wax.
New wax was attached on the remaining wax in the head and collar pipes. Or else, wax should
be replaced wholly; we found out a few gram of glasses or sediments behind wax at several
sites, which probaby flowed in through the hole digged in wax. During this cruise, however,
we did not have enough time to replace whole wax before arriving the next target site, so that
we did not recover glasses and sediments behinde wax.

Wax including glass and rock pieces was put into a glass beaker with water to be soaked
with a boiled water; glass beaker was put in a micro-wave oven for five to ten minutes. Boiling
was a way to clean up waxed samples; glass and rock pieces sink into the beaker bottom and
wax floats. The beaker was put into supersonic-wave washing bath after boiling for complete
separation of samples from wax.
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3. Procedure of onboard sample classification

Dredged samples from each location were classified into several groups based on the
macroscopic features; degree of alteration, phenocryst assemblage, morphology of lava etc.
At least one sample (usually several samples) was selected from each group, labeled (A-1,A-2,
B-1, B-2,...) and described in macroscopically detail. These selected samples were treated
as "working samples”, stored in the Earthquake Research Institute and/or Ocean Research
Institute, University of Tokyo (Table 4). If any glass portion was preserved, glass chips are
separated for the future analyses; the chips labeled with G code at the end of the sample
numbers. If sample was wholly glassy such as glass rind of pillow, it was directly labeled with
G code. These G samples are also "working samples”, and stored in the Earthquake Research
Institute,

Rock Core samples were taken out from wax carefully, repeatedly soaking in hot water.
All glass chips recovered with Rock Core were treated as "working samples”. Chips in wax
attached to the Rock Core head was labeled with H code, while the collar pipes with C code.
The average weight of glass or rock chips recovered with Rock Core is 21 g; the maximum is
60 g. All Rock Core samples stored in the Earthquake Research Institute (Table 5)

4. Description of recovered samples

Fresh glassy basalts were discovered from the summit of volcanic cones running along
the ridge axis and saddle between two cones except SWIR. Mn-coated basalts with glassy
rinds (relatively young) were recovered from off-axis volcanic cones (DR9, 15, and 18)
in RTJ. From SWIR, relatively young basalts with glass rinds were dredged together with
strongly altered (weakly metamorphosed) intrusive/extrusive rocks (DR10). Strongly altered
extrusive/intrusive rocks were also found at two other sites in SWIR (DR11 and 18) and at
two sites in RTJ (DR and 8). Serpentinite pebbles were dredged at DRS. Thickly Mn-coated
basalts without glassy rinds (relatively old, slightly altered basalts) were also recovered from
SWIR (DR12, 13, and 14). At a saddle on the eastern extension of SWIR valley (DR17),
volcanic sand and cobbles of lava were dredged. No or few recovery with dredge haul was at
the sites DR26 and 27 in RTJ, and DR22 in SEIR. Only mudy sediment was dredged at DR22
in SEIR. The peak at DR22 may not be volcanic cone but a tectonic peak at a transform zone
between the first and second segments in SEIR. No recovery of basalt glass with Rock Core
was at two sites, RC8 and RC10. Manganese particles, approximately 2 g, were attached on
the surface of wax. However, it is difficult to say that these sites are inactive.

Basaltic glasses are commonly plagiolcase porphyritic. Olivine phenocryst also occurs in
some specimens. Glassy rinds of pillows commonly have wavy surface and small protrusions
like tears. Several film layers of reddish brown-colored oxidation (“rust”) develop in vitric
rind, up to a few cm inside of pillows. Exfoliation, up to a few mm thick, sometimes occurs
along the oxidation film; the exfoliated surface is not glassy but rugged. Hydrothermally
alteration occurs partly inside of pillow, even in fresh basalt. Crusts of hollowed pillows and
sheet flows, approximately a few cm thick, were recovered. Walls between vacant chambers
remain on the reverse side of the crust. The back surface is dark reddish, losing glassy luster.
Glassy surface of pillow is sometimes coated with very thin layer of Mn, even in samples
recovered from the active volcanic cones in SEIR and CIR.

— 70



5. Petrological sampling
5. Chemical features of the recovered samples

Glass chips separated from glassy rind of basalts dredged during Leg 2 were analyzed
with EPMA of the Geological Institute, University of Tokyo. The analyzed samples do not
cover whole the samples recovered during these legs, and the following discussions should be
tentative. The chemical compositions of the glass chips are shown in Table 6. Each analysis
represents one glass chip; three points were analyzed and the average was listed.

Basalt glasses analyzed here range in MgQO contents from 7.2 wt.% to 8.8 wt.%. Basalt
glasses from RTJ are less than 8.0 wt.% MgO, while those from SEIR and SWIR cover the wide
range. Glasses from CIR are less than 8.5 wt.%, showing much scattering in MgO-variation
diagrams (Figures 2 and 3). Two glass chips dredged at DR7 have the compositions extremely
different from each other (7.2 and 8.8 wt.%). Assuming differentiation trends in MgO-
diagrams, RTJ glasses are the most enriched in FeO* and TiO2, and the most impoverished in
Ca0 and MgO. Samples in DR1 are most enriched in K,0.

Basalts from SWIR are similar to those of SEIR and CIR. The basalts, dredged at DR10
where metamorphosed rocks were recovered together with them, have thin Mn-crust and show
faint alteration. According to Price et al. (1986), basalt glasses from the active SWIR are more
enriched in Al;0; and Na;O than those from RTJ, and poorer in FeO*. These facts probably
indicate that the basalts dredged at DR10 are basalts formed by the old activity at SEIR and
CIR. Volcanic activity of SWIR has not occurred yet in the segment nearest to RTJ.

The latitude-chemical composition plots (Figure 4), which show chemical variations
along axis, reveal that MgO content of basalts decreases toward RTJ from both CIR and SEIR.
Al,Os content decreases in this way, while FeO* increases. These variations indicate that
basalts in RTJ differentiated in higher degree than in SEIR and CIR. The manner of decreasing
MgO contents toward the junction of two segments is similar to that shown in EPR by Sinton et
al. (1991), where MgO contents decrease regularly toward the propagation head in a segment.
More analyses of samples in this cruise will make the detailed chemical feature clear.

6. Summary

High-density rock-sampling around RTJ was attempted in order to clarify the thermal
structure of mantle beneath RTJ, which controls the R-R-R type spreading. As a result,
fresh glassy basalts were recovered from 23 sites among 41 sites. Relatively old basaltic
rocks with relatively thick Mn-coat were recovered from the SWIR and the periphery of RTI.
Highly altered (weakly metamorphosed) basalts, dolerites, and gabbros were found along steep
fault scarps in SWIR and RTJ. These metamorphosed igneous rocks probably represent the
constituents of the oceanic crust once formed at the ancient SWIR/CIR.

Rock sampling results show that volcanism is active in both CIR and SEIR, while
inactive in SWIR. Although neovolcanoes are also distributed in RTJ, tectonic movement in
RTJ is complex such that crustal constituents and surpentinite expose on fault scarps. The
propagation of CIR (in RTJ) against SEIR is associated with young volcanism. On the other
hand, volcanism seems to have stopped on the northern extension of the ridge in SEIR (DR26).
Volcanism has not occurred at the propagation terminate of SWIR against RTJ (DR17), where
only splitting of oceanic crust has occurred.

Basalt glasses analyzed preliminarily range in MgO from 7.2 to 8.8 wt.%. Basalts in
RT]J have differentiated composition in comparison with those in CIR and SEIR. A little older
basalt glasses from SWIR have the composition similar to fresh glasses in CIR and SEIR.
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Table 5-3. List of Rock Core sampling sites and recovered materials

Station ID

RC1

RC2Z

RC3

RC4

RCS

RC6

RC7

RCS

RC9

RC10

RC11

RCI12

RC13

RC14

Bottom signature

Top of conical seamount, axial
volecanic zone of the first CIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first CIR
segment

Top of conical seamount, axial
volcanic zone of the first CIR
segment

Top of conical seamount,
southern extension of axial
volcanic zone of the first CIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
voleanic zone of the first SEIR
segment

Top of conical seamount,
eastern side of axial volcanic
zone of the first SEIR segment
Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Top of conical seamount, axial
volcanic zone of the first SEIR
segment

Recovery_materials

Fresh glass pieces (Pl-phyric); rust on
SOME pieces

Fresh glass pieces; rust on some pieces;
mud beyond WAX

Fresh glass pieces (Pl-phyric); rust on
some pieces

Fresh glass pieces (Pl-phyric); rust on
some pieces

Fresh glass pieces;(Pl-phyric); rust on
some pieces

Fresh glass pieces (Pl-phyric); rust
coating on some pieces

Fresh glass pieces (Pl-phyric); rust on
some pieces

Manganese materials (few glass pieces)

Fresh glass pieces (Pl-phyric); rust on
some pieces

Manganese materials (few glass pieces)

Fresh glass pieces (Pl-phyric); thin Mn
and rust on some pieces

Fresh glass pieces (Pl-phyric); thin Mn
and rust on some pieces

Fresh glass pieces (Pl-phyric); thin Mn
and rust on some pieces; brownish mud
attached on the core head

Fresh glass pieces (Pl-phyric); rust on
some pieces; brownish mud attached on
the core head

Recovery_amounts

lg

63 g

6g

22 g

6g

60 g

19¢g

2g

36g

16 g

27¢g

16g

24 g




Table 5-4. List of dredged working samples

Station [D

DRI
DR1
DR1
DR1

DR1

DR1
DR1

DR2
DR2
DR2

DR3
DR3
DR3
DR3

DR3

DR3

DR3
DR3

DR3

DR3
DR3

DR4
DR4
DR4

DRS
DR6
DR6
DR6
DR6

DR7
DR7

DR8
DR8

DRS
DRE
DR8
DR8
DR3

DRY
DR9

DR9
DR9

DR9
DR9

DR9
DR9
DR9
DR9

DR10
DR10
DR10
DR10
DR10
DR10

DR10
DRI10

Sample ID

Al
A2
Bl
Cl

DI

E1
F1

Al
A2
Bl

Al
A2
A3
Bl

Bz

B3

C1
DI

D2

El
E2

AlG
A3G

Al
Al
A2

BI1G

CIG

AIG
Pipe
Dredge

All
AlT

Bll
C3
Cll
Ci3
D1

Al

Bl
Cl

D1
El

E2
F1
Gl
G2

A3
A4
BI
C1

D1
El

Size (cm)

TS
7 in long. dim.
16 in long. dim
23*15%12

12 in long. dim.

24*16%16
30%20*17

6%4*1.5
5%¥3%1
T*243

25%25%20

12%12*+12

20%10*12
5%10%4

4*10*8

THE*Y

4]
3*5*6

4*5%6

7*10%1.5
5*10%1.5

4372
3*2*1.5
2k4H2

TH6%3

22+14%9

16+*10¥10
5%4%]
54341

3%240,5
av. 0.1 mm

20%8%15
18+4+4

12+4%4

15*14%8
7?4#3
10%6%4
8+4+3

8*g*8
1248%7

5*4+4
2525%26

5*7v4

4x5¥]

 igh L)
20*15*15
20*10%10

7

10*10*8
THe*S
5*5*5
6+3*3
5*6*7
553

12*8*8
9*8*6

Rock type

Pillow with glass rind
Pillow with glass rind
Sheet flow with glass rind
Pillow with glass rind

Lava with fragmented
glass rind

Lava with glass rind
Pillow with glass rind

Glass rind
Glass rind
Lava picce

Pillow with glass rind
Pillow with glass rind
Pillow with glass rind
Sheet flow with plass rind

Sheet flow with glass rind

Sheet flow with glass rind

Sheet flow with glass rind
Composile sheel Mow

Compoesile sheet flow

Sheet flow with glass rind
Sheet flow with glass rind

Glass rind
Glass rind
Glass rind

Serpentinite

Lava bud wilh glass rind
Sheet ow with glass rind
Glass rind

Glass rind

Glass rind
Glass chips

Lava
Lava

Dolerite
Fine-grained gabbro
Fine-grained gabbro
Fine-grained gabbro
Breccia

Pillow with glass rind
Pillow with glass rind

Pillow bud with glass rind
Sheet flow

Sheet Now with glass rind
Sheet flow with glass rind

Sheet Mlow with glass rind
Pillow with glass rind
Glassy extrusion

Glassy extrusion

Pillow with glass rind
Pillow with glass rind
Pillow with glass rind
Pillow with glass rind
Pillow with glass rind
Lava cobble

Pillow with glass rind
Lava

Others

Aphyric; tiny Mn spots on surface

Aphyric

Aphyric

Aphyric; moderately vesiculated; partly covered with thin Mn
spots

Aphyric; moderately allered; scme Mn coating; surface covered
with fragmented glass

Aphyric; some surface is covered with Mn

Aphyric; this piece has another glass layer in it; surfuce partly
covered with Mn; this piece is probably derived from the same
flow as Group E; discrimination from Group E was made simply
because this piece looks like almost whole pillow black

Sparsely Pl-phyric; rust coaling covered with thin Mn
Sparsely Pl-phyric; rust coating covered with thin Mn
Sparsely Pl-phyric; relatively thick Mn coating on some surface

Rust coaling covered with thin Mn spots on lop

Rust coaling covered with thin Mn spots on lop

Rust coaling covered with thin Mn spots on top

2 min-thick Mn on extemal rocky surface; rust coating on glassy
lop

Some Mn on extenal rocky surface; rust coaling on glassy lop;
half piece taken lo LDGO

Thick glass rinds at both 10p and boltom; some Mn and rust
coating on both sides

Seme Mn coaling on bollom

Mo glass rind on external surface; one internal glass layer exists;
some Mn coating

No glass rind on extemnal surface; one internal glass layer exists;
some Mn coating

Thin Mn on top; thicker Mn on bottom

Thin Mn on top; thicker Mn on bottom

Aphyric
Aphyric
Aphyric; half piece taken to LDGO

Full piece 1aken to ORI

Moderately Pl-phyric

Moderaiely Pl-phyric

Highly Pl-phyric; rust coating on top
Moderately Pl-phyric

Sparsely Pl-phyric; some Pele's tears and hairs preserved on Lop
These chips were founded in pipe dredges; two relatively large
chips (10%10*0.5 mm) included

Moderately Pl-phyric; highly altered with common pyrites
Highly Pl-phyric; moderately aliered; no obvious pyrite
precipitation

Modcrately altered

Moderately allered

Meoderately aliered

Moderately aliered

Highly aliered; angular lava fragments in basaltic(?) matrix

Sparsely Pl-phyric; rust on glassy surface; thick Mn on all
cxtemal surface

Aphyric; thick Mn coaling; sample of Mn coating and some
glass pieces taken lo LDGO

Aphyric

Aphyric; glass rind has gone; external surface otally coated with
thick Mn

Sparsely Pl-phyric; rust on top; thick Mn coating on boltom;
half piece mken 10 LDGO

Sparsely Ol+Pl-phyric; thick Mn coating on bollom; pahochoe
lexture preserved

Aphyric; thick Mn coating on both top and bottom

Whole small pillow; some glass pieces taken 10 LDGO
Sparsely Pl-phyric

Sparsely Pl-phyric; one [ragment taken to LDGO

Moderately Ol4+Pl-phyric; rust on glassy top; thin Mn coating
Moderately Ol+Pl-phyric; rust on glassy top; thin Mn coaling
Moderately Ol+PI-phyric; cust on glassy top; thin Mn coaling
Moderately Ol+PIl-phyric; rust on glassy top; thin Mn coaling
Highly Ol+Pl-phyric

Moderately Ol+PI-phyric; rounded shape; some extents of
alteration

Moderately Ol+Pl-phyric; some extents of alteration
Moderately Ol+Pl-phyric; slightly altered
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Glass separation

Done; labeled by A1G
Done; labeled by A2G
Done; labeled by B1G
Done labeled by C1G

Done; labeled by D1G

Donc; labeled by E1G
Deong; labeled by F1G

Done; labeled by A1G
Done labeled by A2G
No glass

Done; labeled by A1G
Done; labeled by A2G
Done; labeled by A3G
Done; labeled by B1G

Dong; labeled by B2G

Done; labeled by
B3aG(lop glass) and
B3bG(bottom glass)
Done; labeled by C1G

Done; labeled by EIG
Done; labeled by E2G

No glass

Dong; labeled by A1G
Done; labeled by A2G

No glass
No glass

No glass
No glass
No glass
No glass

Dong; labeled by A1G
Done, labeled by A2G

Done; labeled by B1G
No glass

Doneg; labeled by C1G
Done; labeled by EIG

Dong; labeled by E2G
Done; labeled by FI1G
Doneg; labeled by G1G
Done; labeled by G2G

Done; labeled by A1G
Done; labeled by A2G
Done; labeled by A3G
Done; labeled by A4G
Done; labelsd by B1G
Deone; labeled by C1G

Done; labeled by DIG
No glass



DR10
DR10
DRI10
DR10
DR10
DR10
DR10

DR10
DRIO

DR10
DR10

DRIl
DR11
DR11
DR11
DR11
DR11
DR12

DR12
DR12

DR12

DR12
DR12

DR13
DR13

DR13
DR13
DR14

DR14

DR15
DR15
DR15
DR13

DR15
DR15

DR16
DR16

DR16

DR17
DR17
DRI17
DR18
DR18
DRI18
DR18
DR18
DR20
DR20

DR20
DR20

E2
F1
F2
Gl
H1

n

12
J3
I5
A3
A4
B2

C1
C2

Al

A3
A4

A5
A6

Al
Bl

B2
C1
Al

BI

Al

Bl

Cl1
El

Al
A2

Bl

Al

Al
A2
Bl
B2
C1

AlG

A3G
A4G

10%7*5
13*8*5
8*544
11*6*5
16¥11%9
7

14%9%7

12%9%4
10*8*4

10*9*5
14¥10%4

14%10*8
20%11*10
25%15%7
20*12*11
O¥eEs
O*6*2
2¥2%2

kil
2%2%]

282%1

1*1*2
2¥1%1

10+9%5
10%10%6

10%7*5
10%8*4
SH*2.

el

11%10%8
15*12*11
B6%4
13*10%5

17*16* 16
11*10%8

40%40*25
13*13*8

12%4*8

9%g+g

8465
17+14%8
15%10+8
14%7%4
13%8%3

7T

8*5*2
4%4%1

Lava

Lava

Lava

Lava

Dolerite
Fine-grained gabbro
Lava

Lava
Lava

Lava
Lava

Lava

Lava
Breccia
Breccia
Lava

Lava

Lava cabble

Lava cobble
Lava cobble

Lava cobble

Lava cobble
Lava cabble

Lava
Lava

Lava
Lava
Lava cobble

Lava cobble

Pillow with glass rind
Pillow with glass rind
Pillow with glass rind
Lava

Dolerile
Hyaloclastile

Pillow with glass rind
Pillow with glass rind

Lava

Lava cobble
Lava cobble
Volcanic sand
Pillow
Pillow bud
Lava

Lava
Hyaloclastile
Glass rind
Glass rind

Glass rind
Glass rind

Moderately Ql+Pl-phyric; slightly altered

Highly Ol+Pl-phyric; slightly altered

Highly OH-Pl-phyric; moderately altered

Righly P1+Ol-phyric; slightly aliered; thin Mn coaling on
external surface

Highly altered; thin Mn coating

Highly altered; thin Mn coating

Highly altered with common quartz veins and pyriles; the
following Group J samples were taken to assess the nature of the
alteration (metamorphism) at Lhis location; J1-5 were taken in
the order of decreasing exients of the alteration

Highly altered with some quarlz veins and tiny pyrites;
moderately Pl-phyric

Highly altered with tiny pyrites; moderately Pl-phyric
Moderately altered with sparse tiny pyriles; sparsely Pl-phyric
Only slightly altered; moderately Ol+Pl-phyric; close 1o Groups
A, B, D, E, F, and G in the extent of alleration

Moderately Pl-phyrie; moderately altered

Moderatcly Pl-phyric; moderately aliered

Aphyric lava (ragments in [ine matrix; highly altered
Aphyric lava fragments in fine matrix; highly altcred
Highly aliered with ore deposits

Highly aliered with ore deposits

Moderately Ol+Pl-phyric; totally coated with thick (1-2 mm)
Mn; thin glass layer at one side beneath Mn coating
Moderately OlL+Pl-phyric; 1otally coated with thick Mn
Moderately Ol+PL-phyric; totally coaled with thick Mn; some
extent of alieration

Moderately Ol+Pl-phyric; lotally coated with thick Mn; one
fragment laken to LDGO

Moderately Ql+Pl-phyric; totally coated with thick Mn
Moderately Ol+Pl-phyric; lotally coated with thick Mn

Moderately Ol+Pl-phyric; totally coated with thick (1 mm) Mn

Aphyric; highly altered; totally coated with thick Mn; half piece

taken lo LDGO

Aphyric; highly altered; tolally coated with thick Mn

Aphyric; coarse-grained; highly altered; tolally coated with thick
n

Aphyric; moderately altered; totally coaled with thick Mn; this
piece is actually two pieces connected each ather with Mn
Aphyric; coarse-grained; moderately allered; Lotally coated with
thick (- 3 mm) Mn

Moderately Ol+Pl-phyric; some extent of alteration; thin glass
rind preserved on lop; tolally coated with thin Mn

Moderately Ol+Pl-phyric; thin glass rind preserved on (op;
totally coated with thin Mn

Moderately Ol+Pl-phyric; some extent of alteration; thin glass
rind preserved on Lop; totally coated with thin Mn

Moderately Ol+Pl-phyric; some extent of alizration; totally
coated with thin Mn

Totally coated with thin Mn

Pl-phyric lava fragments in finc matrix; some relatively fresh
glass chips preserved in mairix; external surface totally coated
with thin Mn

Sparsely Ol+Pl-phyric; rust coating on glass; exteral surlace
totally coated with thick Mn

Sparsely Ol+Pl-phyric; rust coating on glass; external surface
tolally coated with thick Mn

Sparsely Ol+Pl-phyric; cxternal surface totally coated with thick
Mn

Moderately Ol+Pl-phyric; moderately altered; totally coated with
thin Mn

Moderately Ol+Pl-phyric; moderately altered; toully coated with
thin Mn

Qlive greenish in color; sandy sediment consisting of greenish
rocky pieces, plagioclase, alivine, glass shards, and fossils

Glassy rind totally altered Lo paragonilic clay

Glassy rind tolally aliered to paragonitic clay; some Mn spots
Sparsely Pl-phyric; moderately altered; Lotally coaled with thin
M

n
Sparscly Pl-phyric; moderately altered; tolally coated with thin
Mn
Highly altered; totally coaled with thin Mn

Moderately Pl-phyric; thin Mn on top; some Pele's (ears still
preserved

Moderately Pl-phyric; thin Mn on Lop; some Pele's lears still
preserved

Moderately Pi-phyric; rust coaling on top

Moderately Pl-phyric; rust coating on top

777 ~

No glass
No glass
No glass
No glass
No glass
Na glass
No glass

No glass
No glass

No glass
No glass

No glass
No glass
No [resh glass
No fresh glass
No glass
No glass

No glass
No glass

No glass

No glass
No glass

No glass
No glass

No glass
No glass
No glass

No glass

Done; labeled by AIG
Dong; labeled by A2G
Dane; labeled by A3G
Ne plass

No glass
Done; labeled by E1G

Done; labeled by A1G
Donc; labeled by A2G

No glass

No glass

No glass

No fresh glass
Mo fresh glass
No glass
No glass

No fresh glass



DR20 A5G 8*4*0.5 Glass rind Moderately Pi-phyric; thin Mn coating
DR21 Al 28%27*17 Pillow Highly Pl-phyric; rust on top; thin Mn on all extemal surface Doneg; labeled by A1G
DR21 Bl 13*11*3 Hollowed pillow Highly Pl-phyric; rust on top; thin Mn on all extemnal surface Done; labeled by B1G
DR21 B2 8*6*2 Hollowed pillow Highly Pl-phyric; rust on top; thin Mn on all external surface Done,; labeled by B2G
DR23 AlG 9¥5%3 Glass rind Mederately Pl-phyric; rust on top; thin Mn coaling
DR23 A2G TE5%] Glass rind Moderately Pl-phyric; rust on lop; thin Mn coating; ropy texlure
on top
DR23 A3G, 5%4*12 Glass rind Moderatcly Pl-phyric; some Pele's tears still preserved
DR23 AdG 4%3%] Glass rind Maderately Pl-phyric; rust on lop; thin Mn spots; some Pele's
tears still preserved
DR24 AlG 5%4¥3.5 Glass rind Aphyric; rust on top; thin Mn on all external surface
DR24 MG F¥349. Glass rind Aphyric; rust on top; thin Mn on all external surface
DR24 A3G 674*2 Glass rnd Aphyric; rust on top; thin Mn on all external surface
DR24 AdG 4.5*4*0.8 Glass rind Aphyric; topmest layer has gone
DR25 Al 18*+14*3 Hollowed pillow with Aphyric; rust on lop; thin Mn on botlom; some Pele's tears on -~ Dong; labeled by A1G
glass rind top surfacc
DR25 A2 15%6%4 Hollowed pillow with Sparsely Pl-phyric; rust on top; thin Mn on botlom Dong; labeled by A2G
glass rind
DR25 A3 10%6*3 Hollowed pillow with Aphyric; rust on top; thin Mn on bottom; some Pele's tears on  Donc; labeled by A3G
glass rind 10p surface
DR26 WAX on Glass chips Almost sandy size excepl for lwo chips (2-3 mm); thick Mn
pipe coating
Table 5-5. List of Rock Core working samples
Station ID Hcode sample (g)  Ccode sample (g)  Total récovery (g)
RC1 0.5 0.3 0.8
RC2 57 1 S8
RC3 4.5 1.3 5.8
RC4 20 2 22
RC5 4 1.5 55
RC6 51 9 60
RC7 16 3 19
RC8 2
RC9 28 8 36
RC10 2
RC11 10 6 16
RCI12 20 7 27
RCI3 12 4 16
RC14 20 4 24




Table 5-6. Microprobe analyses of glasses of basalts from the Indian Ridges

Dredge# sioz Al203 Tio2 FeO* MnG MgO CaQ Na20 K20  Cr203 NIO Total
CIR DR3 A1 50.47 15,38 1.31 8.77 0.17 8,08 11.25 2.74 0.07 0.04 0.01 98.29
CIR DR3 A2 50.42 16.27 1.30 8.46 0.13 8.18 11.39 2.82 0.0§ 0.07 0.01 98.10
CIR DR3 A3 50,99 15.40 1.33 8.94 0.19 8.24 11.35 2,79 0.09 0.04 0.01 99,37
CIR DR3 B1 50.93 15.29 1.38 8.68 0.17 8.15 11.27 2,78 0.09 0.04 0.03 98.81
CIR DR3 B2 50.48 15.21 1.30 8.72 0.27 7.87 11.47 2,73 0,08 0.04 0.00 98.17
CIR DR3 B3A 50.81 15.49 1.31 8.43 0.20 791 11.36 2.65 0.07 0.04 0.00 98.37
CIR DR3 B3B 50,72 15.43 1.35 8.52 0.20 8.11 11.45 2.78 0.08 0.08 0,01 98,74
CIR DR3 C1 50.54 15.56 1.31 8.80 0.21 8,05 11.45 2.72 0.08 0.08 0.07 96.85
CIR DA3 chain 50.34 15.27 1.28 8.86 0.20 7.82 1118 2,66 0.08 0.07 0.01 81,77
CIR DR3 E1 50,96 15.47 1.38 8.80 0.18 8.00 11.28 2.83 0.06 0.07 0.02 99,05
CIR DR3 E2 50.65 15.30 1.29 8.63 0,17 813 11.48 2,67 0.09 0.08 0.03 98.56
CIR DR1 A1 51.01 15.86 1.39 8.25 0.14 7.92 11.24 2.96 0.18 0.08 0.01 99,04
CIR DR1 A2 51.46 15.73 1.29 8.13 017 7.93 11,29 2.84 0.15 0.02 0.03 99.04
CIR DR1 B1 50.92 15.80 1.28 8,25 0.11 7.95 11,19 2.82 0.19 0.06 0.03 98.60
CIR DR1 B2 50,46 15.75 1.32 8.50 0.15 7.90 11.28 3.00 0.17 0.06 0.05 98,64
CIR DR1C1 50.86 15.71 1.29 8.13 0.16 7.98 11.31 2.90 0.14 0.08 0.01 98.57
CIR DR1Di 51.09 15.75 117 8.30 0.186 7.64 11,26 2.83 Q.15 0.04 0.00 98.39
CIR DR1E1 50,69 15.70 1.21 8.86 0.7 7.93 1.1 3.01 0.19 0.04 0.01 98,72
CIR DR1Fi-1 50.73 15,79 1.22 8.42 0.17 8,03 11,16 2,97 0.19 0.05 0.02 98.75
CIR DR1 Fi-2 51.19 15.38 1.24 8.75 0.21 7.87 11,21 3.02 0.19 0.15 0.00 99.01
TRJ DR4 Al 51.21 14.73 1.81 9.75 0,18 7.48 10.48 3.07 0.12 0.03 0.04 98.68
TRJ DR4 A2 50.85 14.72 1.68 9.88 6.28 742 10.66 2,99 0.10 0.02 0.00 98.58
TRJ DR4 A3 50,76 14,80 1.60 9.55 0.20 7.45 10.57 3.02 0.12 0.02 0,05 98,14
TRJ DR9 A1 50.47 14.44 1.65 10.32 0.14 1.22 10.72 2.99 0.11 0.03 0.02 981
TRJ DR3 A2 50,92 14.61 1.58 10.23 0.19 7.20 10.71 2.97 0.08 0.00 0.05 98.55
TRJ DRS B1 50,65 14.47 1.60 9.87 0,26 7.16 10,78 2.97 0.11 0.03 0.01 97.89
TRJ DRE D1 50.39 14,34 1.67 10,17 0,23 7.30 10.58 3.02 0.10 0.06 0.04 87.90
TRJ DRS E1 50,65 14.58 1.54 9.85 0.17 7.21 10.76 3.00 0.09 0,05 0,01 g8.01
TRJ DRS E2 50,58 14.58 1.58 10.11 0.21 7.38 10.80 3.00 0.10 0,08 0.03 88.44
TRJ DRS F1 50.78 14,70 1.66 g.88 0.15 7.41 10,70 298 0.10 0.05 0.05 98.46
TRJ DRS G1 50.27 14.54 1.61 9.89 0.18 1.34 10.72 2.93 0.09 0.02 0.01 87.60
TRJ DRg G2 50.73 14.83 1.56 10.39 0,23 7.37 10.75 2.87 0.13 0.06 0.04 98.76
TRJ DR2 Al 50.28 14.84 1.60 9.53 Q.18 7.83 10.88 2,717 0.08 0.03 0.08 98.08
TRJ DARZ A2 50,25 15.02 1.51 9.51 0.19 7.85 10.89 2.86 D11 0.06 0.01 98.26
TRJ DR2 A3 50.67 15.06 1.53 9.61 0.20 7.89 10.98 2.83 0.12 0,02 0.07 98.97
SEIR DR7 A1 50,83 16.00 0.89 8.05 0.14 8.76 12.36 231 0.0 0.07 0.01 99.47
SEIR DR7 pipe 51.23 14.60 1.38 9.19 0.11 717 10,98 2.98 012 0.08 0.03 97.87
SEIR DRB A1 80,11 15,86 1.27 8.75 0.17 8.05 11.21 3.13 0.08 0.06 Q.01 98,50
SEIR DR6 A2 50.21 15.63 1.28 8.77 0.16 1.82 11,37 2.99 0.10 0.03 0.04 98.40
SEIR DRE A3 50.20 15.64 1.27 6.86 0.18 7.80 11.02 3.09 0.08 0.03 0.01 98.18
SEIR DRE B1 50.67 15.76 1.09 8.17 0.16 8.22 11.88 2.74 0.08 0.08 0.03 98.80
SEIR DRB B2 50.66 15.83 1.02 7.85 0,16 8.35 11.79 2,66 0.08 0,05 c.08 98.53
SEIR DRB C1 50.61 15.85 11 8.38 0.1 8.23 11.64 292 0.08 a.08 0.01 98.80
SEIR DR6 C2 50.44 16.04 1.13 8.07 Q.15 an 11.08 2.78 0.08 0.12 0.00 98.01
SWIR DR10 Al 50,83 15.07 1.30 8.83 0.20 7.90 11.34 2.88 0.10 0.05 0.03 98.33
SWIR DR10 A2 50.87 14.68 1.67 9.84 0.17 7.53 10,79 298 D.11 0.10 0.05 98,60
SWIR DR10 A3 50.85 15.88 1.27 8.02 0,19 7.99 11.97 2.97 0.11 0,08 0.01 98.84
SWIR DR1D A4 50.84 14.72 1.65 952 0.20 7.45 10.70 3.02 0.12 0.05 D.02 98.28
SWIR DR10 B1 50,90 15.58 1.18 853 0.17 8.16 1,71 2.87 0.12 0.03 0.02 99,08
SWIR DR10 B2 50.11 14.89 1.47 958 0.20 7.75 11.16 2,61 0.09 0.05 0,06 97.95
SWIR DRI0DCI 49.87 15.94 1.12 8.07 0.12 8.64 11.67 2.69 0.07 0.07 0.01 98.27
SWIR DR10 D1 50,88 15.28 1.40 9.17 0.18 7.64 11.14 2.87 a1 0.03 0.07 98.58
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Figure 1. Bathymetric map of the Indian ridges showing all locations of dredge hauls and Rock Core sites.
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Figure 2a. Bathymetric map showing all locations of dredge hauls and Rock Core sites

in the Rodriguez Triple Junction area.
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Figure 2b. Bathymetric map showing locations of dredge hauls in the Southwestern Indian Ridge.
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Figure 2c. Bathymetric map showing locations of dredge hauls and Rock Core sites in
the Southeastern Indian Ridge near the Rodriguez Triple Junction.
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1. Introduction

In efforts to locate and characterize ocean bottom hydrothermal systems, water column
distributions of various chemical components give us much information, Although submarine
hydrothermal activity is a very localized phenomenon at sea bottom, it usually accompanies
hydrothermal plumes, cloud-like widely dispersing water masses, which are the mixture
of hydrothermal end members and ambient bottom seawater. Areal extent of hydrother-
mal plumes can be traced from water column anomalies of chemical components such as
methane, manganese, helium-3, which are particularly enriched in hydrothermal solutions (e.g.
Klinkhammer et al., 1985; Horibe et al., 1986; Gamo et al., 1987; Nojiri et al., 1989; Charlou
et al., 1991a,b; Gamo et al., 1993). Detailed mapping of hydrothermal plumes from research
vessels could give a conclusive clue to locate the very point of hydrothermal discharge, being
indispensable for direct observations by ROV and/or manned submersibles as the next step.

Such geochemical surveys in the Indian Ocean have been quite few compared to those
in the Pacific Ocean and the Atlantic Ocean. Herzig and Pliiger (1988) showed the existence
of hydrothermal activity at 21.5°S and 23°S areas along the Ceniral Indian Ridge using CH,
and Mn profiles. Pliger et al. (1990) found a more significant hydrothermal plume at 24°S,
Jean-Baptiste et al. (1992) reported hydrothermal anomalies of d®He and Mn at 19° 29'S.
However, these previous works are all restricted in the Central Indian Ridge north of the
Rodriguez Triple Junction (25° 35'S, 70° 00'E); no geochemical survey has been done yet at
the triple junction and more southern areas.

One of the principal objectives of this cruise is to locate hydrothermally active sites along
the ridge axes centered at the Rodriguez Triple Junction. We conducted CTDT(a package of
Conductivity, Temperature, Depth, and Light Transmission sensors) + RMS (Rosette Multi-
Sampling system) observations along the rift valleys of the Indian Ridge in order to detect
anomalies of temperature, salinity and light transmission. At the same time, seawater samples
were collected at various depths to measure methane, man ganese, iron, and aluminum on board
the ship almost in real-time. Such shipboard analyses have a great advantage for effective
survey of hydrothermal plumes, because we could modify the sampling sites and depths as
promisingly as possible, judging from the updated analytical data.
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2. Instruments and methods

2.1 CTD system ‘

The CTDTRMS used during this cruise consists of the following instruments (see Fig.6-1)
CTD fish (Seabird, Model 9plus, 6800m) with a DO sensor

Light transmissometer (SeaTech, 25¢m light path, 5000m)

Rosette sampling system (General Oceanics, Model 101524)

Lever-action Niskin samplers (General Oceanics, 12-liter type)

Niskin samplers (General Oceanics, 12-liter type)

Pinger (Benthos, Model 2216)

Transponder (Oki Electronics, Model SB-1009, U-402)

The CTDTRMS, attached at the end of the titanium armored cable (8mm o.d.) from
the No.2 winch of R.V. Hakuho Maru, was controlled on board the ship by a CTD deck unit
(Seabird, Model 11plus) connected with an IBM compatible desktop computer (Proside, Model
MSH 486-66Dx2). The rosette array frame has usually a capability to hold 24 water samplers.
During this cruise, however, 22 samplers were attached because the space for the rest two
samplers was shared by the transponder, which is indispensable to locate the CTDTRMS by
SSBL (super short baseline) subnavigation system. In addition, a pinger was installed inside
the frame to monitor the distance between the CTDTRMS and the bottom.

The CTDTRMS was operated in either of the following two modes: (i) the usual vertical
mode and (ii) the tow-yo mode. During the former operation, the ship stays at a fixed position,
where the system is lowered to a depth of ~ 10 m above the bottom. Water samples are taken
by triggering the samplers at appropriate depths when the system is coming up to the surface.
For contrast, the latter operation moves the ship slowly at a speed of 0.5 to | knot toward a
pre-fixed direction, where the system is towed repeating upward and downward movements
several times (the system traces a zig-zag pattern) to take multiple vertical profiles along the
ship track. Water samples can be taken at any time during the tow-yo operation,

2.2  Water samplers

Two kinds of water samplers were installed to the CTDTRMS system: lever-action Niskin
samplers (14 bottles) and ordinary Niskin samplers (8 bottles). The former (Fig.6-2) was main
and the lattcr was supplementary, because we had found that the lever-action Niskin sampler is
much more free from iron contamination than the ordinary Niskin sampler, when we compared
them on trial in the south Pacific Ocean during the Hakuho-Maru Cruise KH92-4. In order
to reduce the contamination level as low as possible, 12 lever-action Niskin samplers and
all of the Niskin samplers had been thickly coated with teflon paint on their inside walls by
San-giken Kogyo Ltd. before the cruise. The other two lever-action Niskin samplers had been
already teflon-coated by General Oceanics and no additional coating was performed. Although
the coating by General Oceanics is much thinner than that by San Giken Kogyo, there was
no significant difference of Mn and Fe contamination level among all the lever-action Niskin
samplers.

On board the ship, the samplers were cleaned thoroughly using 2% Extran MAO1 (Merck)
solution and Milli-Q pure water just before use. In spite of these treatments, the Niskin
bottles were found still to suffer significant Fe contamination. The seawater samples were
therefore collected only by the lever-action Niskin samplers at almost stations. Since we found
the thermometer rotating mechanism of the lever-action sampler to be unreliable, the Niskin
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samplers with reversing thermometers were paired with the lever-action Niskin samplers, in
order to check whether the samplers were actuated at correct depths.

2.3 DESMOS hydrocast

DESMOS has 6 Niskin-type samplers (volume: 2 liters). These samplers (except for
the No.2 sampler) were coated with teflon paint in the same manner as the rosette samplers
mentioned above. Although it was not necessarily examined in detail to what extent the
DESMOS samplers are free from contamination, it is supposed to be in a similar level as
the 12-liter Niskin samplers attached to the CTDTRMS. During the DESMOS operation, the
samplers were triggered one after another at any desired moment.

2.4  Chemical analyses
The following chemical components were measured on board the ship. Table 6-1 is the
list of the responsible persons for these analytical works.

24.1 Salinity

Salinity was measured with a salinometer (Autosal, Model 8400A) in the usual way.
IAPSO standard seawater (Ocean Scientific International Ltd., Batch: P121, Date: 08-Sep-92)
was used for calibration.

2.4.2 Dissolved Oxygen

Dissolved oxygen was measured with an automatic titrator (Hirama, Model ART-3),
which was calibrated by using CSK Standard of 0.0100N Potassium Iodate solution (WAKO
Pure Chemical Industries, Ltd.). An oxygen bottle with a volume of 100 cm3 was used
commonly for sampling and titration in order to avoid 12 vaporization loss.

243 pH

Seawater samples were collected in 100 cm?® polyethylene bottles, and 40 cm?® of the
sample was analyzed by using high precision pH meter (model PHM93, Radiometer Analytical
A/S) with a glass closed cell at a constant temperature of 25°C. Analysis time is 15 min per
sample.

24.4 Titration alkalinity

Samples were collected in 250 cm® polyethylene bottles, and an aliquot of 50 cm?® was
used for analysis. Alkalinity was measured by the inflection point titration method using
Titral.abTM (Radiometer Analytical A/S) system at a constant temperature (25°C) with an
analysis time of less than 10 minutes.

2.4.5 Total inorganic carbon

Total CO, was measured by coulometric titration method using a Carbon Coulometer
(UIC Inc.). The sample was collected in a 100 cm® glass vial bottle with sufficient overflow,
and 0.05 cm® of 50% saturated HgCl, solution was added before sealing in order to restrict
bacterial activity. An aliquot of 30 cm® of the sample was introduced to the reaction vessel, to
which 2 cm? of phosphoric acid was added. The mixed solution was heated at about 60° C for
15 min in order to extract CO, gas, which was transferred to a coulometric titration cell for
CO; measurement.

24.6 Methane

Dissolved CHy in seawater was measured with a FID gas chromatograph; the analytical
method is principally similar to that by Gamo et al. (1987). Seawater samples were sealed
in 100 cm® glass vial bottle, 0.05 cm® of 50% saturated HgCl, solution being added to stop
biological activity. The samples were kept in a refrigerator and analyzed within a day after
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sampling. Methane was measured with the Automated Methane Analyzing system (Denki
Kagaku Keiki Corp., GAS-10(S) and GAS-10L) followed by the FID gas chromatograph
(Shimadzu Corp., GC-6AM). Dissolved gases in seawater (40 cm®) were extracted for 5.5
minutes by helium gas bubbling at a flow rate of 60 cm® min~!, passed through a silica
gel drying column, and collected by a U-trap (SUS 4x3, 16cm long) packed with active
carbon (60/80 mesh). Then the trap was heated to ~ 120° C and the trapped gases were
injected to the gas chromatograph. All the procedures (gas extraction, trapping, injection
and calculation of peak area) were controlled by an automatic data analyzer (Shimadzu,
Chromatopac CR-6A). The analysis time was about 40 min per sample. Analytical conditions
of the gas chromatograph were as follow: (1) separation column: SUS4x3, 5m long, packed
with Porapak Q (60/80 mesh), (2) column temperature: 50°C, (3) carrier gas: nitrogen, with
a flow rate of 40 cm® min~!, (4)detector: flame ionization detector (Shimadzu, FID-6M), and
(5) analytical error of CHy4: —0.2 nM estimated from replicate analyses.

2.4.7 Manganese

Manganese was determined on board by the automated-Mn analysis system which is
based on the column electrolysis preconcentration and the chemiluminescence(CL) detection
(Nakayama et al., 1989). In brief, 50 cm® of unfiltered seawater adjusted at pH 5.0 by adding
ammonium acetate buffer solution is introduced to the system. Mn in the sample is adsorbed
onto glassy carbon column electrode. The column is rinsed with the cleaning solution (pure
water), and then hydrogen peroxide solution adjusted to pH 4 with ammonium acetate buffer
solution is passed through the column. The eluent is mixed with alkaline luminol solution and
the mixture is introduced into the CL cell through the mixing coil. Finally, Mn is determined by
measurement of the CL intensity. Mn determined with this system is called “total adsorbable
Mn”, which contains Mn(II) ion and part of colloidal Mn. The relative standard deviation
for five replicate measurements at 3.6 nM is 3.2 % and the determination limit(3s) is 0.14
nM for the typical analysis condition. The total throughput of analysis is 8 samples per
hour. In addition to the measurement of total adsorbable Mn, total Mn was determined in
the following manner: the samples were heated to boil with a microwave oven after adding
hydrogen peroxide to decompose inert colloidal and particulate Mn. After this pretreatment,
Mn was determined in the same manner as total adsorbable Mn.

24.8 Iron

Iron(IIT) in seawater was determined on board automatically in a closed flow system
using chelating resin concentration and chemiluminescence detection (Obata et al., 1993). 125
em? of unfiltered seawater was adjusted at pH 3.0 with 5 M formic acid-ammonium formate
buffer solution. The sample solution filtered through a 0.22 m in-line filter was passed through
the chelating resin column (MAF-8HQ, 8-quinolinol-immobilized fluoride containing metal
alkoxide glass). Then the column was rinsed with cleaning solution (pure water), and the
eluent (0.3 M hydrochloric acid) was passed through the column. The eluent was mixed with
alkaline luminol solution, solution of hydrogen peroxide and 0.6 M aqueous ammonia, and the
mixture was infroduced into the CL cell through the mixing coil. The Fe(III) was determined
by measurement of CL intensity. The column was washed with 1M hydrochloric acid after
elution and washed with pure water not to remain hydrochloric acid. The relative standard
deviation was 1.2% for 5 replicate measurements of purified seawater containing | nM Fe(III),
Detection limit (3s) is 0.06 nM. Total Fe could also be determined by using this system after
addition of hydrochloric acid and heating to boil with a microwave oven.
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2.4.9  Aluminum

The dissolved and acid-leachable Al were determined by fluorimetric method of
lumogallion-Al complex using Hitachi MPF-4 fluorescence spectrophotometer. The acid
leachable Al is the sum of dissolved Al and particulate Al which is decomposed into dissolved
form by heating seawater for an hour at pH 2. Since minerals can not be decomposed under
this condition, the particulate Al measured in this study is thought to be Al-hydroxide derived
from hydrothermal activity. Seawater samples were collected in 25 ¢cm?® teflon bottles. The
samples were divided into two aliquots (10 cm?® each) for dissolved Al and acid-leachable Al
measurements. Nitric acid was added to the latter aliquot to adjust the pH to 2, and heated at
120°C for an hour. After cooling, 250 ul of 20 mM acetate buffer (pH:8) was added. Then,
I em’of 20% acetate buffer (pH:5) and 200 1 of 0.01% lumogallion were added to the two
aliquots and heated at 80° C for an hour. After cooling, Al concentrations were measured with
the fluorescence spectrophotometer.

3. Observations

As shown in Table 6-2, we conducted 19 CTDTRMS observations (CTD-1 to -18 with
a test operation: CTD-test), which include 5 tow-yo operations (CTD-9, 11, 15, 16, and 17).
CTD-2 to -16 were performed in the main survey area close to Rodriguez Triple Junction (see
Chapter A), and CTD-17 and -18 were the revisits to the SONNE Hydrothermal Plume Site,
about 80 miles northward from the main survey area. We call thereafter these two survey areas
"RTJ area” and "SONNE area”. Detailed description about the SONNE area will be given
in section 6-5. Figure 6-3 shows the locations of the CTD stations in RTJ area. CTD-1 is a
control station, more than 250 miles northeastward from the main survey area. The location
of the CTD-1 is almost the same as the GEOSECS station 453, where detailed chemical
measurements were done in 1978 by the US geochemical group (Weiss ct al., 1982).

At the beginning of the CTD observation, we planed to survey extensively the following
three segments centered at the Rodriguez Triple Junction: the Central Indian Ridge (CIR),
the Southeastern Indian Ridge (SEIR), and the Southwestern Indian Ridge (SWIR), in order
to find hydrothermally active sites anywhere in these segments. As we proceeded with the
surveys, however, our interest was gradually focused on the CIR as shown in Table 6-2,
because significant hydrothermal plumes were observed only in the CIR, particularly in its
northern area. This is the reason why four of the five tow-yo operations were concentrated at
the northern CIR.

Figure 6-4 is a simplified section showing the tow-yo operation at CTD-9 together with
the bottom topography. As shown in Fig. 6-4, the deep and the shallow turning points
of the CTDTRMS are successively called B1, B2,...., and S1, S2....., respectively, and the
downward and upward observations are numbered as Down-1, Down-2,.... , and Up-1, Up-2,
..., Tespectively. The tracks of the CTDTRMS during the tow-yo observations in RTJ area
(CTD-9, 11, 15, and 16) are shown in Figs. 6-5 to 6-8, where the locations of some turning
points are also shown.

4. Results and discussion (1) : Rodriguez Triple Junction area

4.1 Hydrocast data
Tables 6-3 to -18 summarize the data of chemical analyses for the water samples collected
at the CTDTRMS stations. For convenience, we will sometimes call the station name
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"KH-93-3, CTD-*# simply “"IR**”, which is the abbreviation of “Indian Ridge”. Some
abbreviations in the Tables 6-3 to -18 are as follow. Bottle type N: Niskin, type L: Lever-action
Niskin, TA-Mn; total adsorbable Mn, T-Mn: Total Mn, alk: alkalinity, and concentration
nM: nmol 1-1. Depth was calculated from P(pressure) and latitude using a universal equation.
T(Temperature) data were those by the T-sensor of the CTD. S(Salinity) data were those
measured by the salinometer on board the ship. No water sample was available at station
CTD-5 (IR05) due to troubles of the sampling system. As to the water samples collected
during the tow-yo operations, operation numbers, such as Down-2 or Up-3, are shown in the
lower part of the Tables 6-10, 6-13, 6-17, and 6-18 together with the sampling bottle numbers
to specify the locations of the samples. There are some bad samples with unreasonable salinity
and oxygen values, probably due to water exchange through incompletely closed lids. Data
from these samples are shaded in the Tables for caution. Data for the DESMOS hydrocasts are
shown in Table 6-19.

4.2 Anomaly of light transmission

The light transmissiometer, which was employed for the first time in R.V. Hakuho Maru,
offered us much useful information on the areal distribution of hydrothermal plumes, not only
because the sensitivity of light transmission is high enough to detect water column turbidity
due to hydrothermal plumes, but also because the anomaly can be detected in real time on
board the ship.

Light transmission anomaly was first detected at station CTD-5 in the northern part of
the CIR segment (Fig. 6-3). About half a day later, CTD vertical hydrocast was performed at
almost the same location (CTD-6). Figure 6-7 shows the vertical profile of light transmission,
together with those of potential temperature, salinity and sigma-theta at CTD-6, where a
negative anomaly of light transmission probably due to a hydrothermal plume was clearly
recognized at about 2250 m depth. As mentioned later, anomalies of CH4, Mn, Fe, and
Al were also detected consistently at this depth. It should be noted that this depth almost
corresponds to a sudden change of density gradient, which may act as a barrier against more
upward dispersion of the hydrothermal plume. It is somewhat curious that the plume appeared
at remarkably shallow depth, about 1800 m above the bottom. It was only in the northeastern
area of the CIR scgment that significant light transmission anomaly was observed during this
cruise. The other stations CTD-2, 3, 4, 7, 8, 10, 12, 13 and 14 along the ridge axes showed
little anomaly of light transmission.

The CTDTRMS tow-yo observations were performed four times (CTD-9, 11, 15, and 16)
around stations CTD-5 and 6 (Fig.6-3) for more detailed investigation of this hydrothermal
plume. Stations CTD-15 and 16 were located in the northeastern off-axis area. As shown
in Figures 6-8 to 6-11, light transmission anomaly at 2200 - 2350 m depth was commonly
observed with some variations. The strong anomaly observed during CTD-9 (Fig.6-8) on
August 6-7 was not identified during CTD-11 (Fig.6-9) on August 17, suggesting short term
variations of the plume.

4.3  Anomalies of chemical components

Vertical profiles of CH4, Mn (TA-Mn), Fe, and Al are shown in Figures 6-15 to 6-22. It
should be first noted that, except for the control station (IR01), the whole water columns below
~ 2000 m depth in the CIR, SEIR, and SWIR segments showed high concentrations of Mn, Fe
and Al compared to those at the control station, strongly suggesting the effect of hydrothermal
activity somewhere along the ridge axes.

793,
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In the northeastern area of the CIR segment including off-axis zone (stations TR06, 09,
11, 15, and 16), a significant hydrothermal plume was detected as big anomalies of CH,4
(Figure 6-15), Mn (Figure 6-17), and Fe (Figure 6-19) at 2200-2400 m depth, completely in
accordance with the light transmission anomaly mentioned above. Profiles of acid-leachable
Al (Fig.6-19) also showed slight anomaly at this depth range.

For contrast, any hydrothermal plume with a combination of CH4, Mn, Fe, and Al
anomalies was not observed in the SEIR and SWIR segments as shown in Figs. 6-13, 6-15,
6-17, and 6-20. Although it is suspected that station CTD-10 in the SWIR segment may have
a moderate hydrothermal plume at 3700 m depth from the Fe profile(Fig.6-17), there was little
corresponding anomaly in the Mn and CHj profiles over the same depth range (Figs.6-13 and
6-15).

4.4 Suggested source of hydrothermal discharge

Judging from the above results obtained during this cruise, itis suggested that hydrothermal
vent sites should exist somewhere close to the northeastern area of the CIR segment. It is
noteworthy that the plume appeared at a remarkably shallow depth, 1800 m above the bottom
at IR05 and 06 located on the rift valley. The height of the plume above the bottom is extremely
high compared to the previous data:~ 700 m above the bottom in the Mariana Trough (Horibe
etal., 1986) and ~ 1000 m above the bottom in the eastern Manus Basin (Gamo et al., 1993).

Although it is common that hydrothermally active sites are located within the rift valleys
as observed in the Mid-Atlantic Ridge (Klinkhammer et al., 1985; Rona et al., 1986), we would
suggest that the source of hydrothermal fluids in the northern CIR may exist not on the bottom
of the rift valley but on shallower off-axis wall or axial high from the following two reasons.
(1) It seems unreal that hydrothermal plumes discharged from the rift valley of more than 4000
m depth comes up as many as 1800 m to reach a depth of 2200-2400 m. (ii) Anomalies of light
transmission and chemical tracers are significant in the northeastern off-axis zone, while the
observations performed in the northern rift valley (IR12, 14, and 02 as well as DESMOS-2)
failed to detect any indication of hydrothermal plumes. Hydrothermal activities apart from
the center of rift valley have ever been observed in SONNE area of the central Indian Ridge
(Pliiger et al., 1990) and in the eastern Manus backarc basin (Gamo et al., 1993).

5. Results and discussion (2) : SONNE hydrothermal Plume Site

5.1 Previous works

PI iiger et al.(1990) reported that a hydrothermal plume was observed at (24° 00.3'S, 69°
39.6'E) of the eastern wall of the Central Indian Ridge rift valley (SONNE Hydrothermal
Plume Site), during the cruise GEMINO-3 by R.V. SONNE in 1988. Although they also found
a water column temperature anomaly of 0.05° C and hydrothermally altered rocks near the
SONNE Site, they could not locate the source of the plume by camera/video towing.

5.2 Additional information by KH-93-3 cruise

With the assumption that the hydrothermal plume observed in 1988 by Pliiger et al.(1990)
was still active, two CTDTRMS stations were occupied close to the SONNE Site: one of them
was a vertical mode operation (CTD-18) and the other is a tow-yo operation (CTD-17). The
purposes of CTD-17 and -18 are: (1) to locate hydrothermal vent sites more closely, (2) to
elucidate temporal variations, if any, of the hydrothermal plume since 1988, and (3) to compare
chemical characteristics of hydrothermal plumes between the SONNE area and the RTJ area.
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The locations of CTD-17 and 18 are listed in Table 6-2. Figure 6-21 is a SEABEAM map
of the SONNE area by Hakuho Maru, where the track of CTD-17 is plotted. The SONNE
Hydrothermal Plume Site, which is almost the same as the starting point of CTD-17, locates
at the western wall of a small depression with a maximurn depth of ~ 3420m, neighboring to
the eastern axial high as shown in Fig. 6-21. Since it was unknown whether the source of
the plume is inside the depression or in the eastern wall of the rift valley, the CTD-17 tow-yo
was performed westward from the SONNE Site toward the rift valley in order to investigate
an areal distribution of the hydrothermal plume along the track. After the tow-yo observations
at CTD-17, water samples were collected at various depths during the ascent (Up-5) of the
CTDTRMS between (24° 00.3'S, 69° 38.1'E) and (24° 00.3'S, 69° 37.1'E). The purpose of
CTD-18 was to compare the characteristics of the plume between 1988 and 1993. Data of the
two hydrocasts (CTD-17 and 18) are listed in Tables 6-20 and 6-21.

Figure 6-22 shows vertical profiles of light transmission observed during the CTD-17
tow-yo operation. There are two types of anomalies: (i) a broad anomaly centered at ~ 2900
m depth which was commonly observed in all the profiles and (ii) a sharp anomaly at 2500
m depth observed only near the axial high. The first type negative anomaly between the
depression and the axial high (B1~B3) seems to extend to the bottom with no minimum point
in contrast to that in the western side of the axial high (B4~B5). The axial high (minimum
depth: ~ 2880m) may behave as a topographic barrier to restrict westward dispersion of low
transmission characteristic from the eastern side of the axial high. The second type anomaly
suggests a local discharge of hydrothermal fluids somewhere close to the axial high.

The anomalies of CHy4, Mn, and Fe at CTD-17 and 18 were apparently more significant
than those at the RTJ arca as shown in Figure 6-23, 24 and 25. The profiles of these tracers
are basically similar to those of light transmission; the peak shape at CTD-18 is broader than
those at CTD-17. The maximum values of CH4 and Mn at CTD-18 were 5.7 nM and 10.2
nM, respectively, which are slightly lower than the values of 9.0 nM and 23 nM observed in
the SONNE Site in 1988. The characteristics of CH,4 and Fe profiles are similar to each other,
showing higher concentrations at CTD-18 than CTD-17 (Figs.6-22 and 23). On the other
hand, Mn shows higher values at CTD-17 (Fig.6-24). This discrepancy made it difficult to
locate the source of the hydrothermal plume. More observations are necessary. It is of interest
that, though the reason is unclear, the profile of the acid-leachable Al was significantly high
compared to that of dissolved Al only at CTD-17 as shown in Fig. 6-26. There may be some
difference in behaviors of particulate matter between IR17 and IR18.

6. Summary of the on board studies

The works on water geochemistry were conducted almost perfectly with great success.
There was little failure of the CTDTRMS operation and little trouble of analytical instruments.
The only problem was the lack of time for more detailed surveys. The conclusions obtained
on board the ship can be summarized as follow.

(1) In the Rodriguez Triple Junction area, Mn, Fe and Al show significantly higher
concentrations than the background values outside the ridge system, suggesting the existence
of hydrothermal activity somewhere along the ridge axes.

(2) A distinct hydrothermal plume was detected for the first time in the Central Indian
Ridge segment close to RTJ. The center of the plume was in a shallow depth of ~ 2200 m,
about 1800 m higher than the bottom of the rift valley. Judging from the areal distribution of
the plume, its source is suggested to be somewhere at the eastern off-axis area.
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(3) It was confirmed that the SONNE Hydrothermal Plume Site had maintained its activity
since 1988. The source area of the plume could not be fixed due to a complexity of areal
distribution of plumes.

7. Future works

The following studies are planned by the on board scientists in shorebased laboratories
using collected samples during the cruise. Some of them will be cooperative works with
scientists other than the cruise participants.

7.1 Trace element analyses (by K. Shitashima)

Seawater samples were stored in 500ml acid cleaned high density polyethylene bottle
(Nalgen™), and 2.5ml of nitric acid was added in order to adjust the pH to 2. Several trace
metals (Al, Fe, Mn, Cu, Zn, Cd, Co, Pb, Ni, Mo and V) will be extracted and concentrated
from sea water by using chelating resin extraction method or solvent extraction method, and
measured on GFAAS or ICP-MS.

7.2 Minor and trace element analyses (by T. OQomori)

Seawater samples (ca. 200 bottles with each 300 cm®) were collected by the CTD
hydrocasts at the Rodriguez Triple Junction area. These samples will be used for analyzing the
minor and trace elements, which are related to the submarine hydrothermal activity. Ga-APDC
coprecipitation technique and ICP-MS connected with ETV will be employed for the analysis
of small amount of trace elements.

7.3 Measurements of Ra isotopes in Indian surface sea water (by T. Oomori)

Mn-coated resin has been developed originally by our group for the purpose of rapid
adsorption of radioactive nuclides such as Ra etc. from sea water. Ra in surface sea water are
adsorbed on this Mn-coated resin at 10 sites of the Indian Ocean from Port Louis to Penang.
The distribution and the behavior of Ra isotopes in the Indian Ocean will be studied.

7.4 Studies on general trace metals, vanadium, and arsenic (by E. Nakayama, H. Obata, K.

Okamura and K. Isshiki)

For measuring general trace metals, 500 ml of seawater was filtered through a Millipore
Omnipore filter(0.22 ym) and was passed through the column packed with 8-quinolinol-
immobilized on silica gel(MAF-8HQ). The trace metals adsorbed on the resin were eluted with
5ml of 1 M hydrochloric acid. The determination of Cu, Zn, Pb, Ni, Cd et al. will be done with
a inductively-coupled plasma atomic mass spectrometer. For vanadium, 100 ml of seawater
was filtered through a Nuclepore filter(0.22 ppm). Vanadium(IV) and vanadium (V) will be
determined separately by the catalytic method using Bindschedler’s green leuco base. For
arsenic, 600 ml of seawater was filtered through a Nuclepore filter(0.45 gm). Arsenic(IIl) was
preconcentrated by solvent extraction from 500 ml of seawater. Arsenic will be determined by
hydride generation-atomic absorption spectrometry. Total arsenic(arsenic(IIl), arsenic(V) and
organoarsenic species) in 50 ml seawater sample will be determined by the same method as
arsenic(11l) without further pretreatment.
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7.5 d"“Cof SCO, in seawater (by T. Gamo et al.)

Every water samples collected by the CTD hydrocasts were sealed in 100 cm? vial bottles
with adding 0.05 cm?® of 50% saturated HgCl, solution and stored in a refrigerator. After
the cruise, SCO; will be extracted and its d'3*C will be measured by stable isotope mass
spectrometry. Besides the CTD samples, surface seawaters were collected almost every day
during the ship transits from Singapore to Port Louis, from Port Louis to Penang, and from
Penang to Tokyo (Table 6-22). The samples were taken from a faucet of research seawater
in No.6 laboratory, being stored in the same way as the CTD samples, except that 0.5 cm® of
saturated HgCl, solution was added to each sample. The surface seawaters will be analyzed
by T. Nakazawa et al. (Faculty of Science, Tohoku University) as a cooperative study.

7.6 Helium isotope measurements (by T. Gamo et al.)

Helium isotope ratio (*He/*He) is known to be a good indicator of hydrothermal plumes
because helium of magmatic origin has higher *He/*He ratio than that of crustal origin. For
the measurement of the helium isotope ratio, seawater samples with no air contamination were
sealed in copper tubing (9.52 mm O.D. with a thickness of 1.2 mm, 100 cm long) by pinching
the both ends of the tubing. Table 6-23 shows a list of the He samples. In laboratories on land,
helium gas will be extracted and purified to measure *He/*He ratio by helium isotope mass
spectrometry.

7.7 Measurements of Po, Pb, and rare earth elements in seawater (by T. Gamo et al.)

Seawater samples for Po and Pb analyses were taken in 3-liter large-mouthed polyethylene
bottles. 2 em* of conc.HCI (WAKO, special grade) was added to each sample before storage.
Seawater samples for rare earth elements were taken in 3-liter small-mouthed polyethylene
bottles. 2 cm? of 6N HCl (TAMAPURE) was added to each sample before storage. Table 6-24
is a list of these samples.

8. Papers to be published

T. Gamo and all chemistry members, Chemical characteristics of hydrothermal plumes due to
off-axis hydrothermal activity near the Rodriguez Triple Junction, Indian Ridge.

T. Gamo et al., The distribution of Helium-3 in the hydrothermal plumes near the Rodriguez
Triple Junction, Indian Ridge.

T. Gamo et al., Revisit to the SONNE Hydrothermal Plume Site in the Indian Ridge: compari-
son of chemical anomalies between 1988 and 1993.

E. Nakayama et al., Vertical distributions of manganese and iron in the western Indian Ocean.
E. Nakayama et al., Behavior of vanadium and arsenic in seawater in hydrothermally active
sites of the Central Indian Ridge.

T. Oomori et al., Determination of minor and trace elements in seawater at the Rodriguez
Triple Junction by ICP-MS.

T. Oomori et al., Ra isotopes in surface waters of the Indian Ocean.

K. Shitashima et al., Aluminum and other trace metals as indicators of hydrothermal activity.
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Fig. 6-3. Map showing the locations of CTD stations near to the Rodriguez Triple Junction.
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Fig. 6-4. Vertical section of the CTD-9 tow-yo observation.
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Fig. 6-5. Topographic map showing the tow-yo tracks of the CTDTRMS at CTD-9and 11.
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Fig. 6-6. Topographic map showing the tow-yo tracks of the CTDTRMS at CTD-15 and 16.
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Fig. 6-21. Topographic map ncar the SONNE Hydrothermal Plume Site (24°00.3" S,
69°39.6 E) together with the tow-yo track of the CTDTRMS at CTD-17.
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Table 6-1. Division of the shipboard works by the chemistry group

Items 2nd leg 3rd leg
jSuperintendent T, Gamo T. Gamo
Salinity H. Hasumoto H. Obata
E, Nakayama K. Okamura
. Obata
Dissolved oxygen T. Gamo S. Matsumoto
pH, alkalinity T. Koizumi T. Koizumi
Total CO2 IC. Shitashima T. Oomori
H. Kobayashi K. Shitashima
Methane S. Kanayama S. Kanayama
Manganese E. Nakayama K. Okamura
K. Isshiki
@n H. Obata H. Obata
|Aluminum K. Shitashima K. Shitashima
CTD operation and  |H. Hasumoto H. Hasumoto
data administration M. Watanabe K. Isshiki
H. Kobayashi H. Kobayashi
T. Gamo T. Gamo
Al (nM)
2 3 4 5 6
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Fig. 6-26. Vertical profiles of dissolved Al and acid-leachable Al at stations 17 and 18 in
the SONNE area.
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Table6-2, Locations of the CTD stations.

Leg |Station No.| Depth (m) |Area Date Location Remarks
Latitude Longitude
1 |CTD-1 4,128 (Control station) 93.7.28 22°59.97'S  74°00.04E
1 |CTD-2 4,202 Central Indian Ridge 93.7.29 25°23.52'S  70°00.27E
1 |CTD-3 4,132 Rodriguez Triple Junction [93.7.29 25°32.69'S  70°03.49'E
1 [CTD-4 3,618 Southeastern Indian Ridge (93.7.30 25°4691'S  70°11.81'E
1 [CTD-5 Central Indian Ridge 93.8.03 25°19.75'S  69°57.83'E | No watér sample
1 |CTD-6 4,218 Central Indian Ridge 93.8.04 25°19.85'S  69°58.10'E
1 |CTD-7 4,111 Central Indian Ridge 93.8.04 25°26.86'S  70°01.23E
1 |CTD-8 3,773 Southeastern Indian Ridge [93.8.05 25°40.93'S  70°05.26E
1 (CTD-9 3,099~4,254 |Central Indian Ridge 93.8.06~07 [25°20.12'S  69°57.97'E | Start of Tow-yo
25°17.53'S  70°0041'E | End of Tow-yo
1 |CTD-10 3,924 Southwestern Indian Ridge [93.8.07 25°48.15'S  69°36.31'E
2 |CTD-test 4,465 Central Indian Ridge 93.8.16 25°43.96'S  69°34.82'E
2 |CTD-11 3,652~3,992 |Central Indian Ridge 93.8.17 25°2041'S  69°59.54'E | Start of Tow-yo
25°17.87'S  69°57.49'E | End of Tow-yo
2 |CTD-12 3,925 Central Indian Ridge 93.8.17 25°17.34'S  69°54.95'E
2 |CTD-13 3,725 Central Indian Ridge 93.8.18 25°24,08'S  70°01.88'E
2 |CTD-14 4,074 Central Indian Ridge 93.8.18 25°19.01'S  69°56.03'E'
2 |CTD-15 2,926~3,191 |Central Indian Ridge 03.8.23 25°20.89'S  70°01.96'E | Start of Tow-yo
25°17.52'S  69°59.62'E | End of Tow-yo
2 |CTD-16 2,536~3,097 |Central Indian Ridge 93.8.23~24 |25°19.53'S  70°00.08'E | Start of Tow-yo
25°18.64'S  70°01.56E | End of Tow-yo
2 |CTD-17 3,353~4,058 |SONNE Hydrothermal site |93.8.24 24°00.25'S  69°39.63E | Start of Tow-yo
24°00.13'S  69°36.19E | End of Tow-yo
2 |CTD-18 3,397 SONNE Hydrothermal site |93.8.25 24°00.29'S  69°39.90E
Table 6-3. Summarized chemical data at station CTD-1
Boitle Sample] P [Depth| T S O2 [ CHAJTA-M0T-Mn| Fe | Al JAl(acid] pH | Alk [XCOZ[ P T S 02 TTrans.| ¥-L [Pitemp)
No. ftype] No. | db m Clpsu [mA[oM| oM [oM[ oM [ oM | nM mM | mM [ db i psu | mlil| % °C
0 0 0 0] 21.9[35.321 502 142 8.225| 2424 2| 21.68] 35.290] 4.19] 89.1] 24.54|21.617
2| L 10 21.68] 35.299| 4.16] 89.5] 24.54|21.619
21 [N 20| 21.68|35.300| 4.16| 89.9 24.54[21.676
20 | L - 30| 21.69] 35.300( 4.09] 90.0] 24.54]21.679]
W N | 50| 21.69] 35302 3.93| 90.0] 24.54|21.681
1B [ L 75| 21.55| 35.419] 3.82] 90.0] 24.66[21.539
17 | N s i 100 21.45| 35.492] 3.75] 90.1| 24.75]21.428
% | L 125 20.50| 35.607] 3.57| 90.2| 25.00[20479
15 [N| 15 1498| 1484} 3.411{34.670] 3.17 <0.14 192 7.680] 2.464| 2.337| 150[ 19.62| 35.707| 3.45| 90.4| 25.40[19.597
14 | L | 14 | 1498| 1484| 3411|39.684| 3.18 <0.14 199 7.703| 2.463| 2324 T75| T0.03| 35744 | 343|006 2558 15.007
13 [N 13 1995 1973] 2.457[34.923[ 3.67 <0.14 1.96 7718 2.477] 2339 200 18.11] 35768] 3.49] 90.7[ 25.84[18.071
12 [L] 12 1995] 1973] 2.457[34.724] 3.66 <0.14 212 7718 2.479] 2.352] 300[ 15.50] 35.575] 3.76] D0.7[ 26.31]15.449)
IT [N i1 [ 2500| 2470[ 1.830|34.735| 4.22] <014 7.38 7.781] 2.476| 2327 S01| 11.49| 35005 4.18| 00.7| 26.69|11.424
10 | L] 10 [ 2500 2470| 1.830[34.766] 4.19 <0.14 346 7.768] 2.477| 2311|750 8.69] 34.632| 4.03[ 90.7] 26.88] 8.605
5 [N [ 9 | 2997| 2557|1.540[34.737| 4.40 <0.14 7.783| 2.478| 2.32%| 1000|  5.02| 34.435] 333 00.8| 77.23] 4933
[ 8 2007 2957| 1.540{34.736] 4.40) <0.14 3.21 7.758 2.477| 2.326] 2000 2.51[34.718] 246] 91.1] 27.70[ 2.367
7 |IN 7 T8 3154 1.470| 34734 4.30 <0.14 3.83 7.755] 2.482( 2.334] 2500| 1.86] 34.730] 2.82] 91.2] 27.77] 1.684
6 | L 6 | 3397| 3349 1.437|34.733] 4.38 <0.14 3.57] 7754 2481| 2.346| 3100|  1.51] 34733 2.95[ 91.2] 27,.80] 1.286
5 [ L[| 5 | 3600| 3547| 1.426|34.730] 4.33 <0.14 3.60 7.761| 2.493| 2.344| 3200 1.48] 34.732] 2.93| 91.3| 27.80] 1.247
4 | L[4 [ 3796| 3739| 144234727 4. <0.14| 0. 264 7.758| 2.403| Z.353| 3300] _1.46] 34.731) 291 91.3] 27.80] L.211
T L3 [ 4000] 3938] 1450 H4.798. 420 020 014 10.2) s i2,66:0 10 078042478, 2.303[ 3900 1.44] 34.730] 290 913 27.80] 1183
2 | L| 2 | #166| 4100] 1.450]34.740) .20 <0.14| | 399 7.713] 2.495| 2,358 3500] 1.43| 34729 2.87| 91.3] 27.80] 1.169
T | L 3600 1.43|34.728] 283 1.3 27 80] 1158
777777 - 3700] 1.42]34727] 2.84] 01.3] 27.80] 1.136
3800{ 1.42|34727| 2.81] 01.3] 27.80] 1.126
3000] 1.43]34.726] 2.80] 91.3] 27.80] 1.119
- 4000|143 34726 Z80[ 913 2780 116
B s 4100 1.44] 34.726] 2.77[ 91.3] 27.80] 1115
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Table 6-4. Summarized chemical data at station CTD-2

Boltle! Sample] P [Depth[ T S 02 | CH4 [TA-MAT-Mn| Fe [ Al [Al{acid) pH | Alk [2.CO2[ P T S O TTrans.] X [P.lemp]
No. |lype] No. | db m *C psu [miA| oM [ nM | oM | nM | oM [ oM mM [ mM | db | °C [ psu | mil| % €
0 0 0 O] 209 7| 20.74|35571| 4.29] 89.9|25.00 20739
77 | L - B 10[ 207435569 4.28| 899 25.00[20.741
"1 [ N| 21 | 3231] 3186| 1674 34.729] 4.19] <02| 096 374 7.732] 2A86| 2393 30| 20.74|35.572| 4.20| 8979|25.00[20.737
20 | L | 20 | 3782 3736] L.667| 34.728| 422 083 T37] 8.25] 403 7.733| 2.483| 2364| 50| 20.73|35.577| 4.05| 89.9] 25.0120.725
15 | N| 10 | 3335 32BB| 1658] 34.728| 4.22] 0.20] 101 7.733| 2.485] 2.347| 75| 20.69|35.598] 3.02] D0.0| 25.04|20.671
18 | L | 18 | 3387| 3338] L1,652| 34,726 4.21] <020 0.87] 202| 9.00] 4.12, 7.733| 2.486| 2.383| 100| 20.67|35.610| 3.88] 00.0| 25.05/20.648|
17 N[ 17 | 3438 3388| 1650 34728 4.19] 0.26] 1.02 477 7.740| 2.490| 2.366 200 16.86/35.680] 3.80| 90.5| 26.07|16.830)
16 | L| 16 | 3400] 3439| 1.649| 34,728 4.19] <0.20| 1.06 1.76| 10.80] 6.18 7.741| 2.486] 2347 300| 14.05/35383] 4,01 90.6| 26.47|14.008
15 [N | 15 | 3541 3489] 1.652| 34.728] 422 087 106 500 7744|7486 2.34§| 500 11.85/35.058| 4.16| 0.6 26.66|11.787
T4 | L |14 [ 3592] 3539| 1.654] 34.729] 4.20)| T.I11] 131 12,00] 4.57 7.133| 2489 2.338] 750] 9.14[34.683| 4.04] O0.7[ 26.85] 9.055
13 | N[ 13 | 3644 3590[ 1.659] 34.729] 4.18| <020 1.13 483 7.735| 2AR4| 2.342| T000[ 5.32[74.430] 3.48[ 90.8] 27.19] 5.239
127 L | 12 | 3696 3640] 1.663| 34.729] 4.18 0.97| 1.06[ 16.80 7.734[ 2483 1500[ 3.22[34.626] 2.43| 90.9] 27.57| 3.105
11 [N 1T | 3749 3692] 1.667 34725 420 D.85] 0.94] 472 T.734| 2484 2000|  2.18(34.714| 2.82| G91.0[27.73| 2.038
10 [ L[ 10 [ 3800[ 3742 1.671| 34.725| 4.18 0.83[ 084] 12.70] 4.84 7.734| 2485 2500 1.78|34.726] 282| GL.0| 27.77| 1.602
O [N | O [ 3852] 3793] L.675| 34.730] 4.19| 0.20] 101 4,59 7.735| 2484 3000 TT1[34.727] 2.79| O1.1[ Z7.78| 1483
8 | L 8 | 3956] 3894 1.685| 34.730] 4.18 0.75] 1.20 5.54 7735 2486 3100[ 1.68[34.727| 2.78] 91.1| 27.78] 1.448
7 | N| 7 | 4009 3946| 1.601| 34,730 4.19] <0.20] 081 4.78] T.737| 2484 3200 1.67(34.727| 2.78] 91.1| 27.78| TA30
6 | L & | 4060[ 3996] 1.607] 34.730] 4.10] 0.29] 078| 0.83] B.92] 4.00 7.738| 2485 3300 1.66[34.727] 278 91.1| 27.78] L.411
5 [L[ 5 [4I11] 4045] 1,702 34.730] 4.20] <0.20] 1.38[ 0.83[ 11.60 "~ | 7.735] 2.488 3400 1.65|34.728] 2.77| O1.1| 27.78] 1.397,
4 [ L 4 | 4T6d[ 4007| 1.708| 34 731| 4.22| 0.20{ 18| 091 13.00{ 4.99 7.736| 2487 3500]  1.65|34.726] 2.75| 91.1| 27.78| 1.381
3 [ L] 3 [ 4216 4148 1714 34.738) 4.19] 0.20 0.79] 957 5.70] 7.740] 2.482 3600| 1.66(34.726] 2.76] 91.1 27.78] 1376,
|7 L 2 | 4267 4197| L.720[ 34732 4.20] <0.20] 065 0.90] [0.20[ 3.14 77357 2493 3700| 1.67[34.726] 274] 91.1| 27.78] 1.373
T [L ] 4319] 4248] 1.726] 34.725[ 4.24| <0.20] 0.65] 1.04] 517 483 7.735| 2.488 3800] 1.67[34.726] 272[ O1.1| 27.78] 1.370
B 3900] 1.68|34.726] 2.73| 9L1| 27.78] 1.367

4000] 1.69[34.726] 2.70| 01.1| 27.78| 1.366

4T00] 1.70|34.726] 271 9L.1[77.74] 1.365

i i = 4200| 1.71|34.926| 270] DL.1[ 27.77] 1.365

S 4300 1.72[34.726] 2.90] OL1| 27.77| 1.364
| 4319 1.73[34.726] 2.69] SLI[Z777] 1364

Table 6-5. Summarized chemical data at station CTD-3

Botile Sample] P [Depth| T 5 O2 [CHA [TA-Mi[T-Mn[ Fe | Al [Altacid] pH | Alk [5C02] P T S 02 [Trans.] 3-U [Piaemp

No. fiypg] Mo. db m e psu_| miT | nM nM | nM | oM | oM nM mM | mM db e psu_| ml/l T °C
] 0 0 O 203 2| 20.32| 35.64] 4.38] 89.7] 25.17|20.314
27 | L i 10| 2032| 35.64] 434 #9.8[ 25.17|20318,
21 | N | 21 | 3069| 3027| 1.698[34.726] 4.20| <0.20] 1.13| 1.87 372 7.741| 2.442| 2407| 30[ 20.33| 35.64] 4.27| 899 25.17|20322
0 | L | 20 | 3118 3075] 1.678/34.727| 4.20] <0.20] 091| 136 [EE] 7.739| 2.481| 2403  S0[ 20.33] 35.66| 4.10] 89.9| 25,18[20.315
19 [N |19 [ 3170] 3126] 1.659(34.726| 4.23[ <0.20] 0.98] T88 473 7740 2.482| 2.394]  "T75[ 20.06] 35.72| 3.08] 90.0| 25.30|20.044
18 [ L[ I8 | 3222] 3177] 1.652[34.726| 4.21] 0.20] 000] 1.14| 4.56] 502 7.739| 2.486| 2431] 100 19.94| 35.75] 3.06] 90.0| 25.3519.017
17 | N[ 17 | 3274| 3228] 1.641{34.726| 4.24| <0.20] 143 2.19 5.03 7741 Z385[ 2357 150| 19.19 35.76] 3.98| G0.2| 25.56|19.167
16 [ L | 16 | 3327| 3280] 1.641|34.725| 4.24] <0.20] 0.9 1.39| 5.41| 4.83 7.740[ 2.500] 2.355| 200| 16.38| 35.65| 3.88| 90.6| 26,16]16,348
IS | 'N| 15 | 3380 3331| T.642[34.726] 4.23| <0.20] 1.56| 1.75] | 403 7744 2481 300 13.92 3537 411[ G0.6| 26.49]13.878
14 L |14 | 3484[ 3433] 1.650|34.726] 4.23| 048|103 157 €.14| 4.49 7.747| 2466 2.356] 500[ 11.97| 35.08] 4.19] 90.6| 26.65/11.903
13 | N[ I3 | 3535] 3483] 1.654|34.725] 4.22 1,35 1.80 5,58 7.744| 2.475[ 2383 7a0] 0.38] 3471| 4.10| 90.7| 26.83 9.294
17 | 'L | 12 | 3587 3534] 1.659|34.726] 4.22[ 0.57] 0A1] 1.20] 3.81| 5.60 1745 2463 Z353[ 1000] 5.35] 34.43| 3.56] 90.7| 27.18| 5.262
TU [N 1T | 3673] 3618] 1.663|34.726] 4.22] <020 108 1.65 5.10) 7.746] 2.482| 2383| 1500 3.22] 39.62| 2.49| O0.8[ 27.56| 3,108
10 [ L | T0 | 3687| 3632 L&67(34730[ 4.24] 0.20] 1.21| 1.24| 481 5.00 7148|2474 2344 2000 2.20] 34.71] 2.81| 91.0/ 27.73] 2.063
9 | N[ 9 |"3739/73682| 1.670(34.726| 4.,19| 0.48] 092| 1.57| 463 7.747| 2.476| 2.347| 2500 1.78] 34.73| 2.81| 91,0 27.77| 1.599
8 | L |8 | 3780] 3731| 1.675|34.726] 4.23 L00| T.1T{ 530 473 7.746] 2.478] 2.345| 3000|171 3473 299 91.1] 27.78| 1.497]
7 | N[ 7 |3839] 3780] 1.680|34,723] 4.20 1.56] 1.62 5.60 778 2489|2337 3100] 1,69 34.73] 2.78| 911 Z7.78] 1.45§
6 [ L] & |-3890] 3830| 1.685[34.727] 4.19] <0.20] 090| 1.07| 575| 5.20 7.740] 2.478] 2343 3200 1.65| 34.73| 2.79| O1.1| 27.78| 1.414
S | L] 5 | 3941 3879| 1.68034.727| 4.18 <0.20] 106] 1.02] 288 6.23 7749 2483|2347 3300 " T.64| 34.73] 2% O11| 27,78 1.364
4 L[ @ [ 3993 3930| 1.693|34.728| 4.18 | 08| TG 680 6J4] 7.768] 2.486| 2.341) 3400] 1.65| 34.73| 278 91.1] 27.78| 1.385,
3 [ L] 3 | 4044| 3980| 1.699|34.737| 4.23] <0.20] 1.29] 0.09] 5.71| 596 7.760] 2.483| 2347| 3500 1.65 34.73] 2.77| 9I.1| 27.78] 1.383
~ 2 [ L[| 7 | 4094 A029| T1.703]34.728| 4.19| 1.00| 093] 535 683 7753 2.429| 2.342| 3600|166 3973 2.77| 1.1 Z27.78] 1.380
1 [L | T | 4204 4136] 1.719|34.736] 4.14] 0.20] 058 n;ﬁ) 370[ 452 7.754| 2.482| 232073700] 1.67| 34.73| 275| 91.1] 27.78| T.378|
B r [ - 3800| 1.68] 34.73] 2.75] G101 27.78] 1.378

1 ) [ 3000| _1.69| 3473 2.73] 91| 27.78| 1,372
A000[ " 1.70[ 3473 232 U1.1| 27.78] 1.370

s B ~ L A00[ 17T 3473|271 91.1] 27.78) 1.369)
- ] 4200]  1.72| 34.73] 2.69] OL1[ 2777 1.360

—_ 1 g ] 4204| 1.72] 34.73| Z70[ OLI[27.77] 1368
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Table 6-6. Summarized chemical data at station CTD-4

Bolile| Sample] P [Depth[ T S [ O2 [ CH4 [TA-Mi[T-Mn| Fe [ Al [Alfacd] pH [ Alk [XCO2Z[ P T S 02 [Trans.] -1 [P.emp]
“No. Jiypd Mo [ 7db | m | °C | piu [T nM | nM [ nM | nM | nM | oM mM | mM [ db [ °C [ psu [mifi | % el
0 0 0 0 205 3| 2042[35.601] 4.01] K99 25.11|20.415
22 | N| 22 | 2589] 2356] 1,785(34.727 0.57 2.58 7.733| 24T 10[ 2042[35.601] 4.00[ 89.0] 25.11] 20476
21 | L[ 21 | 2637] 2604 1.771|34.726] 412 0.66] 1.26] 1.80[ 11.70] 332 7.734] 2.471| 2.382] 20] 2042]35.602] 4.01| 89.9| 25.11|20.414
20 | N |20 | 7686| 2652| 1.760|34.725| 4T3 0.74| 074 3.30) 7736 2481 2416 30| 2042[35.602] 4.02| 89.9] 25.11|20.414
19 [ L | 19 | Z736] 2701 1.750|34.723] 413 <0.20 0.89| 147| 7.75] 3.00 7737 2477 2394 50| 20.19|35.653| 4.00] §9.9] 25.21|20.180
18 | L | 18 | 2784] 2748| 1.737|34.723] 4.13| <0.20| 0.89] 1.36] 7.83| 2.66] 7.739| 2.478] 2.397| 75 19.76|35.735| 3.87| B9.6] 25.39[10.744
17 | N 17 | 2832 4395 1.736[3.721] 4.14 070 100] 18.89]35.742| 3.78| " 90.0[ 25.62| 18.873
T6 [ .| 16 | 28/9] 2841 .84 T23[ 18.17|35.734| 3.78] 00.3] 25.79(18.147
15 [ L| 13 | 2928] 2889, S0 150] 17.24]35.700[ 3.80| 90.4] 26,00[17.213
14 [N | 14 | 2946] 2936] 1. 175| 16,21/35.632| 3.83| 90.6] 26.19|16.177
13 [L| 13 | 3027 2086 1.701[34.720] 4.20 : 200] 15.56]35.570] 3.81| 90.6] 26.29[15.52§)
12 | L {12 | 3079 3037 1.686|34.721| 4.20 23600 300] 13.69]35.336] 4.01| 90.6| 26.51|13.649
TT | N |71 [ 3136] 3003| 1.675[34.72 ; IT71]35.037] 4.13] 90.6 26.67[11.643
T0 | T |10 | 3190 3146| 1.660 34,75 2,337 9.27[34.697| 3.98] 90.7| 26.84] 9.187
O [ L O [ 3242 3108 1.660|34.72 ; 5.22|34427] 346 90.8[27.20] 5.132
8 | N| 8 | 3206 3249 1.646[34.729] 4.26 2,351 1500 3.21[34.618] 2.47| 905 27.56] 3.098]
T [ L 7 [ 3397 3299 1.645[M.722| 4.24 2345 00| 2.22[34.712] 2.80] 91.0] 27.72] 2.077
6 | L] 6 | 3400 3351 1.645[34.723| 4.23 1.79|34.726] 2.80| 91.0{ 27.77] 1.609
5 (N3 [ 3452] 3402 1.644[33.723| 4.25 I71[34.726] 2.78] 911 27.78] 1490
4 |'L| 4 | 3505| 3454 1.648]34,724 T.69|34.726 2.78] 01.1| 27.78| 1457
3 | L| 3 | 3556] 3503 16543475 T67(34.727] 2.80] 911 27.78] 1.431
2 | N| Z | 3609 3555] 1,660|34.724| 4.24] <0.30) 4| T65[34.726] 2.75] 91.1] 27.78] 1.398|
T [ L[ 1 |3662] 3607| 1.667|34.723] 4.13] 0.20] 053] T10[ 2.22 1.65[34.726] 2.79] 91.1[27.78] 1.387
I 1.65(34.726] 2.79] 91.1[ 77.78| 1.378

1.66]34.726] 2.78] 9I.1| 27.78] 1378

Table 6-7. Summarized chemical data at station CTD-6

Botlle]  [Sampli P [Depih] T S [ O2 [ CHA [TA-MAT-Mn[ Fe | AT [AlGacid) pH [ Alk JECOZ[ P i S 102 JTrans] %1 [Plemp)

No. ltype] No. | db m °C psu lmiA] oM | oM | oM [ oM | oM | aM mM | mM [ db °C psu | mll | % °C
1] 0 4] o 205 2| 20.26|35.625[ 4.13| B9.0[ 25.17|20.260
77 [N 2000| 1978 Z101 0| 2026 |45.625| .13 00.0[ 25.17|20.257
21 | L | 14 | 1999 1977 2101[34713[ 419 <0.20| 0.76] 171] 7.20] 5.14] 4.39[7.745 2.484| 2.340] 30| 20.26]35.625] 4.12] 90.0[ 25.17|20.259
20 | L[ 13 [77225] 2199 1.866|34.712] 4.17] 1.88[ 1015 9.26] 53.00] 2.93] 5.91[ 7.740] 2475] 2.377] 50| 20.26/35.628] 4.07| 90.0 25.17|20:251
0 [N 2508] 2563| 1.743 20.24[35.636]_3.06] 90.0] 25.18|20.227
18 [ L| 12 | 2508 2565 1.742 34711 19.69[35.763| 3.04| 90.2 25.43[19.668
T7_|.L | 11 | 2990[ 2950| 1.671 3477 181135727 3.73| 904 25.80][8.083
BEE 3400| 3351] 1639 15.66|35.580] 3.88| 90.6] 25.27|15.628
15 [ L[ 10 | 3400] 3351 1.639- T3.55[35.3T7| 4.U7] 90.6] 26.53]13.508
14 | L[ U | 3408 3447| 1.648:350; T181[35.051] 4.21] 00.6] 26.67|11.741
ERE 3559 3546] 1.653) 1 8D6[34.665| 4.01] 00.7| 26.86] B.880)
12 [L| 8§ | 3600| 3547 1.653.4 5.26|34428] 348 H08[ 2719 5.175
11 [L| 7 | 3699 3643 1.662] .20 320[34:623] 7.46] 90.9] 27.57| 3.090
0 [N a800] 3742 1677 2.06|34.714] 282 91.0| 2773 202
U || 6 | 3800| 3742( 1.672(34.712] 4.21| 0.27| 088 1.08| B.45] S.17| 5.63| 7.756| 2.485| 2356|2500 1.78|34.726] 2.82] 9L1| 27.77[ 1.608
8 | L| 5 | 3899 38I0[ 1.679|34.715] 4.22] 0.29] 1.0[ 0,54 853 5.84] 7.760| 2.483] 2.334] 3000] 1.68|34.726] 2.78] OI.1| 27.78| 1.467]
7 [N 4001] 3938[ 1.687 3100] 1.67|38.726] 2.78] O1.1| Z1.78] 1.434
% [T 4 [ 4100] 4035 1.697|34.712] 4.17[ <0.20] 081| 1.03] B.46 5.86] 7.758| 2.495] 2.340| 3200] 1.66[34.726] 2.78] OLI| 27.78] 1.415
5 [L | 3 | 4009] 4004 1.697|34.711] 4.18[ <020 0.79| 0.99| 8.68 474 7.758| ZABT| 2335|3300 1.65|34.776| 27R| U1.1| 27.78] 1.39%
1N T4207| 4134|1709 3400[ 1.64|34726] 277 91.1] Z1.78| 1.381
3 | L | 2 | 202 4134 1.709|34.712] 4.18] <0.20] 0B8] LI15] 9.16 4.67| 7.763| 2.489| 2330 3500| 1.65|34.726] 2.76] 91.1| 27.78] 1,376
7 [N 4303 4232 1.722 T S 3600]  1.65[34.726] 276] 01.1] 27.78| 1.373
T [ L| 1 | 4304] 4233 1.72334712] 418 0.39] 093 1.27] 713 T5.25] 7.758| 2.492| T340 3800 1.67|34.726] 2.74] 91.1] 77.78| 1.369
3900| 1.68(34.726] 2.73] 91.1] 27.78| 1.367

S 4000] 1.69|34.726] 2.73| O1.1| 27.78] 1.363
4100) T T0|34726] 201 9LI[ 27.78] 1.362

4200 17134726 2.71| 9L.1| 27.78| 1.362|

4204 171[34.726] 271 911 20.77| 1.362
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Table 6-8, Summarized chemical data at station CTD-7

Botlle] [Sampld P |Deplh] T S | OZ | CH4 [TA-MAT-Mn[ Fe | Al [Allacidy pH | AIk [2.C02] P T 5 02 [Trans| 2-L [Piemp)
No. ftype] No. | db m °C | psu |miT| oM [ oM | oM | nM | oM | oM mM | mM | db °C psu | miA| % °C
0 0 0 O 108 3| 20.25] 35.606] 5.17] 9.4 25.16[20.245
22 [N T219| 3174 T.647 T 10| 20.76] 35.607| 4.55] 89.7] 25.16/20,253]
21 | L| 14 | 3219| 3174| 1.646|34.718] 4.18[ <0.20] 0.69 8.46] 532 6117743 2483| 2.360] 20| 20,25 35.607| 4.43| 899| 25.16]20.249
20 | L[ 13 | 3318| 3271| T642|3718| 4.72] 0.20] 1.69 1.97| 13.40] 438 4.51|7.748| 2478| 2.336| 30| 20.26| 35.607| 4.35| $9.9| 25.16[20.249
19 [N 419 3370[ 1.646 ‘“ 50| 20.26] 35.608| 4.17| §9.9] 25,16|20.251
18 [ L 12 | 3418 3369] 1.646]34.719| 4.23| 0.20] 1. 2475| 2338|_75| 20.22[ 35.651| 4.00| 89.9] 25.20]20.208
T7 | L[ 1T | 3519] 3468| 1.652:34.0987 4.30. .29 0.6 ; “2.306 100 19.26( 35.736| 3.83| 89.9| 25.52|19.245
16 |N 3568 3515[ 1.654] | T | | 125[18.34| 35.733| 3.80] 90.2] 25.7518.322
15 | L[ 10 | 3568[ 3515] 1.654 33,952 457" 1,220 S Bbnn Yy 2466 ' 2.282] T50] 17.25] 35.692| 3.83| 90.5] 25.99(17.224
T4 [T U | 3619| 3565| 1.658]34.719] 4.23] 0.40 8.69 | 2478] 2363 175] 16.47] 35,642 3.85] 90.5| 26.13 lﬁ.mﬁ
13 [N 3669 3614| 1.662 200 15.59] 35.566 3.94] 90,6 26,28]15.554
12 | L[ B | 3669] 3614[ 1,662|33.710 4.21| <0.20] 1.13| 2.88] 7.88] 4.77| 5.43] 7.152| 2.481| 2.354] 300] 1343 35.305| 4.20] 90.6| 26,54(13.390]
TI_[ L[ 7 | 3718| 3662| 1,665]34.720[ 4.20{ <0.20] 0.90[ 2.39] 8.46] S89| 6.82] 7.750] 2.480] 2.362] 500 11,64] 35.026] 4.22| 90.6| 26.68/11.576
10 [N 3769 3712|1610 750| 9.23] 34.693| 4.04] 9.7 26.84] 9.147
9 |L| 76 | 3768[ 3711| 1.670[34.719] 4.19[<0.20] 0.61| 1.30| 9.02] 525 5.28]7.795| 2.480| 2.377| 1000| 5.18| 34.426| 3.45] 90.7| 27.20| 5.098
B | L] 5 | 3819] 3761] 1.67434.728] 4.21| <0.20] 0.85/ 143| 8.55| 6.57] 5.75 7.757| 2.480] 2.377| 1500] 3.17| 34.625| 245 00.8] 27.57| 3.064
A I871[ 3R11| 1.680 2000[ 217 34.714] 281 91.0] 27.73] 2033
6 | L| 4 | 3870 3BI0| T.679]34.721| 4.19[<0.20] 0.73] 1.41] B.53] 573 6.55| 7.754| 2.484| 2.339| 2500] 1.81| 34.726| 282 O1.0| 27.77] 1.632
5 [ L[ 3 | 3920] 3850] 1.685|34.722] 4.20] <0.20] 0.54] 1.24] B.49) 5.63| 7.748| 2.483( 2.338] 3000] 170 34,726 2.78| 01.0| 27.78| 1478
4 [N I565[ 3907 1.690 3100]  1.68) 34.726| 2.78[ 01.0] 27.78] 1444
3 [L| 27 | 3068] 3006 1.690|34.721] 4.19] <00.30! 0.80] 1.71| 8.29 7.20| 7.753| 2.A78| 2343 3200] 1.65| 34.726] 2.79| 91.0| 27.78| 1413
Z [N 4020 3957 1.696 | | 3300[ 1.64] 34.726| 2.80] 91.0| 27.78] 1.390
T [ L[ 1 [ 4020 3957 1.696|34.723| 4.18] <0.20] 0.97| 1.70] 8.34 599 7.757| 2.480| 2.360| 3400 1.64| 34.726] 2.79| 91.1] 27.78] 1.384

I500| 1.65[ 34.726] 2.7 91.1] 27.78] 1.381
I 3600 1.66] 34.726] 2.76] 91,1 27.78] 1.378
3700 1.67[ 34.726] 2.76] 9L 27.78] 1.373]
3R00| 1.67] 34726] 274 91.1] 27.78[ 1.370|
3900 _1.68] 34.726] 2.74] 91.1| 27.78| 1.369)
A000] 1.69] 34.736| 273 91.1 27.78] 1.369
4020 1,70[ 34.726] 2.73] 91.1| 27.78| 1.369
‘Table 6-9. Summarized chemical data at station CTD-8

Bottle Sample] P [Dcpth| T S 02 [ CH4 [TA-MAT-Mn[ Fe [ Al [Alfacid] pH | ATk JECOZ[ P T [ S OZ [Trans.| ¥t [P.cmp)
No. fiypel No. [ db [ m [ *C [ psu | mil| oM [ nM [ oM | oM [ oM | oM | mM | mM | db [ °C | psu | mll | % °C
[} [ 0 U 198 2| 19.68(35.705| 5.40| BY.8] 25.30][19.675
77| N T200] 3155] 1.676 10[ 19.68[35.709] 4.58] B9.5| 25.39|19.678
21 [L| 14 | 3199 3154| 1.674|34,714| 4.21| <0.20| 1.95[ 3.14| 6.36] 355 4.12|7.749| 2470[ 2.331] — 20[ 19.68|35.709] 4.54| 89.7| 25.39|19.681
20 | L | 13| T3%4B| 3202| 1.66134.734| 4,22} <0.20 1.82| 3.20| 576 463 4.09| 7.798| 2470| 2329 30| 19.69|35.709| 446 8Y.0[25.39(10.681
0[N 3208| 3751 1.656 ] — - 50| 19.70|35.709| 4.26] 89.9] 25.38|19.688
18 | L| T2 | 3208] 3251| 1.655]34.715] 4.25| <0.20] 1.77] 1.86| 490 4.72( 4.06]|7.752| 2474| 2333 75| 19.57[35.816] 4.12| 89.9( 25.50(19.555
V7 [ L[ 1T | 3340 3307| 1.655 34.938 446" 042 077 260 134 74.04° 365 7,857 22467 2,288 100] 19.39[35.836] 4.10] 90.0[ 25.56|19.372)
6 | N 3400 3351) 1.652] © | (I | | | | ' 125 19.11|35.845| 406 89.0( 25.64|19.001
RERNE 9 TG52:3,002 A3 0,62 116 11,52 %70 338 22395 7868 2461 T 22811 T50], 16.92[35.673] 400 U0.3| 26.05[16.897

T L650]3a.718] 4.25] | 1.77] 2.67] 851 4.59]  4.77] 7,765 2472| 2.334f 175] 15.78|35.589| 399 O0.5| 26.25|15.157

13 [N 1.653 B 20| 15.02[35.508[ 396 90.7| 26.736|14.992
12 [ 1.653]34.716] 423] <0201 1.24| 2.69| 6.61| 457 693 7.761| 2474 2.331] 300[ 13.37[35.206| 4.27| 00.6] 26.55/13.325

11 [L | 7 [ 73550[ 3498] 1.658[34.715| 4.73] <0.20] 1.38] 3.25| 6.46| 6.10] 6.88] 7.760, 2400 2.335] 500] 11.60|35.033| 4.20| 90.6 26.67|11.625
W [N~ 3600] 3547( 1.664 750[ 87734644 394 90,7 26.88| 8.689,
9 | L] 6 | 3600| 3547| 1.663|34.715| 4.24| <0.20|" 2.46| T.97| 6.69] 4.27] 4.60|7.749| 2479| 2.336] 1000| 544|34.428| 3.43| 907 27.17] 5.350
& L] 5 | 3650[ 3595| T.670[34.738] 4.28/ <0.20] 1.53[ 1.29| 5.69| 3.98] 4.367.758| 2.471| 2.333| 1500] 3.19|34.417| 245 90.8] 27.56| 3.083
7 | N 3701 3645[ 1.675 =" 2000 2.18[34.714] 2.79|_90.9| 27.73| 2.038|
6 | L[ 4 | 3700 3644] 1.675[34.715| 4.22| <0.20] .60 2.49| 7.73| 3392 7.758| 2478 2.338| 2500] 1.79]34.726] 281| 91.0| 27.77| 1.617
S [L[ 3 | 3753 3696 1.681(34717| 4.23[ <0.20[ 1.46| 240| 727 425| 5.57[7.751| Z481| 2.337| 3000] 1.70/34.726| ZB3| SLD| 27.78| 1.480|

4 N 3801| 3743| 1.687 - ] 3100  1,69{34.726| 2.82| 91.0| 27.78] 1.455
3 | L 2 | 3799 3741| 16R6[34.716| 4.23] D.23| 2.55] 1.78| G.64| 4.77| T.00| 7.755| 2469| 2.357( 3200] 1.67|34.776| Z43| 91.0| 27.78] 1431
7 | N I953[ 3794] 1.602 I300] T.66[34.727] 284 O1.0| 27.78| 1.408]
I | L] T | 3853 3794| [.692|34.717| 4.25] 0.35] 1.80| 5.24| B.BB| 5.29] 5.60) 7.762| 2.490| 2.337] 3400] 1.65/34.726] 2.84| 91.0| 27.78| 1.392

3500] 1.66/34.726] 284 91.0| 27.78| 1.387
3600 1.67|34.726] 2.83| 91.0] 27.78] 1.386
T700] T.6B[34.726] 282 O1.0| 27.78| 1384
I | 3800| 1.69|34.726] 282| 01.0| 27.78| 1384
I853|_ 1.69[34.726] 281| 01.0| 27.78] 1.384

— 116 —



Table 6-10. Summarized chemical data at station CTD-9

Boltle Sampld P [ Depth | T S 02 [ CH4 [TA-MdT-Mn| Te | Al [Al{acid] pH | Alk [XCO[ P T S [ O [Trans.] ¥-t [P.emp
No. |typef No. | db m °C psu_| mifT| nM nM | oM | oM [ M| nM oM [ mM | do | °C | psu | mlfl| % i
1] 1 ] 0 204 2[70.26]35.600] 4.51| 89.3] 25.16[20.255
|72 N T000] __ 99T1| S.U88 10| 20.25[35.609| 4.37| 89.6] 25.16|20.251
21 | L| 14 | 1060(" 991| 5.055] 34424 48| 0.59/<0.14 | 337 2.72| 4.5 7.785| 2398 2.247| 30| 20,26[35.609] 4.28| 89.7] 25.16|20.259)|
20 | T [ 13 | 2348  2321| 1,825 34723 413[ 089 3.71| 4.67| 137353 7759|2471 2.324| 50 20.14|35,638] 4,10] 89.8| 25.21]|20.133
0N~ 2352|2314 1811 N 75| 19.66|35.728 4.02| 89.5) 25.41|19.648|
18 | L | 12 | 2350] 2322| 1.808| 34.724| 4.15| 089 2473 00| 19.59|35.764] 3.97| 80.9] 25.45(19.576)
17 | L | 11| 2313 2786] T.B40; 34#A0 450 - (1. : .+ 2460 125[19.33[35.771| 3.94| 80.9] 25.53]19.307
16 | N | 2315] 2288[ 1831 | 4as] T ] 150] 18.01[35.716] 3.71|_ 90.2| 25.82|17.982
15 [L | 10 | 2385 2357| 1.832] 34723 740 TAG| 706 324|319 2474] 2332] 175 16.91|35.677| 3.76| 90.4| 26.0616.883]
14 | L | 0 | 2268 2247| 1854 34.726] 4.17] 230] 588 6.53| 21.1] 357 2470( 2.325] 200 15.81(35.585 3.83] 905| 76.24[15.775
17 | N 2281 2254] 1R27 300] 13.75|35.348[ 4.12| 90.5] 26,51 [13.710)]
T2 | L | 8 | 2780 2254 1825 34724 41i| 170 7.65] 8.02] 32.0/336 2474|2350 300] 11.76]35.044] 4.18] 90.5| 26.67[11.691
1T | L| 7 | 2228] 2205| 1.841] 34725 4.16] 2.50| 7.65| 7.81] | 3.38] 2472|2326 750| 9.18|34.687| 4.01] U0.6| 26.85| 9.091
0 | N 37 2210 1000] 5.19|34,426| 3,87] 00.7( 27.20] 5.103
9 | L6 | 7239 2213 2.50] 837 852 72| 2327\ 1500] 3.21{34.620| 2.47| 50.8| 27.56] 3.101
8 || 5 [ 2216] 32191 AN 15355152 12,3030 2000] 2.13]34.716[ 2.85] 90.9] 27.73| 1992
7 [N 7236|2210 S0 To77[34.726] 285 Y08[ 27.77| 1.595)
6 [ L & | 2235] 2200 LB4A| 34.723| #.15] 180| 7.65| 7.85] 32.1|2.76] 4.25| 7.770| 2.468| 2,328 3000] 1.69(34.726( 2.81| 91.0[ 27.78] 1464
5 | L[ 3 | 2200] 2175 1.855] 34.723| 4.15] _190] 7.10| 7.25] 22.4| 3.60| 4.38| 7.768| 2.472| 2.326] 3100 1.67(34,726| 281 91.0[ 27.78] 1440
ENL 7248 2222| 1829 T 3200 1.65|34.726| 28T| 91.0|27.78] 1.407
T L[ 7 | 2550| 2224 1.828| 34722 4.15] 170| 7.52| 7.96] 36.2| 3.15] 3.82] 7.770| 2A473] 13Z7| 3300] 1.65/34.726| 281| OL.0| 27.78] 1397
7 |N 7204 21247| 1.858 [ 3400]_1.65[34.726( 2.79] OL0| 27.78 1.386
T [L] 1 7295 2267 1.806| 34.724] 4.16]  220] 6.28| 7.34] 33.7]2.90] 4.69] 7.771| 2.473] 2325| 3500[ 1.65[34.726] 2.78] 91.0[ 27.78] 1.378
“T1Tups 7__[Dawn-5[ 13 [Down-3[ 19 [Up-1 3600] 1.65(34.726] 2.78| 91.0| 27.78| 1.374

Up-6 8 [Down:3| 14 |Down-3| 20 |Up-I 3700] 1.66/34.726] 2.77] 91.0[ 27.78] 1.372

3 [Upé 9 JUp4 15 [UpZ | 721 |upd 3800] 1.67(34.726] 2.76] 91.0] 27.78] 1371

1 |Down-6] 10 |Down-d| 16 |Down-2| 22 |Up-I 4000] 1.69]34.726] 2.75] 91.0] 27.78] 1.368

B 5 |Down-6] 11 |Down4| 17 |Down-2| 4200f 1.71134.726 2.7% 91.0 27_47‘!1 1,363

6 |Ups | 12 [Up-3 | 18 [Up 4319 1.73]34.726] 2.73] 91.0] 27.77] 1363

Table 6-11. Summarized chemical data at station CTD-10

Bollle Sample] P [Depth] T S 02 [ CH4 [TA-Mn[T-Mn| Fe Al JAlacid] pH | Alk TXCO2[ P T 5 02 [Trans.] 2-t [P.lemp}
No. [typel No. [ db m °C [ psu [miA oM | nM [ nM [ oM | oM | aM mM | mM | db °C | psu [ mil| % el
0 1] 0 0| 19.6 6| 19.78[35.714] 4.94[ 89.3[ 25.37(19.779
227N 1999( 1977|2193 ] 10[ 19.78[35.714] 479 89.4| 25.37[19.778,
21 || 14 | 1999| 1977| 1.1RD|34.716| 4.00| <0.20] 0.34] 2.21| 38| 278 7.740| 2463| 2324 W0 19.1@'35.715 462 89.6| 25.37[19.778
20 [ L | 13 [ 2199] 2173| T.958[34.721| 4.03| <0.20| 0.57| 2.88] 7.0 377| 7.750] 2473 2334 30| 19.78[35.715| 4.52| 89.7 25.37|19.777
1D [N 2309 2370| 1.804 50| 19778[35.715] 4.30) HYT| 25.37(19.773
18 [ L[ 12 | 2300 2370] 1.804]34.724 2478 75 19.78[35.713] 4.13] B9.8| 25.37[19.763
17 [ L[ 11 | 2600[ 2567| 1.760 34,859 4 12,469 - 00| 15.74[35.718] 4.07| 8§9.0] 25.38[19.724
4 [N 2800 2764 1.740]34.724| | 2.479] 125 18.54]35.735] 3.96] 90.0] 25.7118.513
15 | L[ 10 | 2800| 2764 1.739 34.898 A GOS0 T84T 2465 T50[ T7.53[35.708| 397] 903[ 25.93|17,503]
T4 [T |9 | 3000|2960 L.714]47.726 "0 399 7762 "2.476 175/ 16.20|35.621| 4.06| 904| 26.18[16.169
17 [N 3200[ 3155 1.700 4 200] 15.57|35.564] 3.99] 90.5[ 26.28[15.539
12 | L| & | 3199] 3154 1.670[34.724] 4.16| <0.20] 1.28| 473] 9.1| 3.43] 354| 7.760| 2.479| 2.334| 300] 13.45|35.303] A.19] 90.5] 26.54|13.407
11 | L| 7 | 3359 3350| 1.682|34.728] 4.20] 0.66] 1.28| 3.14| 10.1| 3.72] 3.39| 7.772| 2.478| 2333 500] 11.87|35.059] 4.26] 90.5 26.66/11.800
0 | N 3408 3447 1.657 750] _G.05|34.677] 4.08] V0.6 26.86] 8.984
9 [ L 6 | 3999[ 3448| 1.656|34.724| a.18| <020 1.11[75.01| 163 4.4 7762 2.481[ 2.336] 1000] 5.27|34.415| 3.58 iéofr;"fﬁgl 5187
8 [ L |5 | 3600| 3547| 1.641|34.731[ 4.20[ <0.20] 1.60| 2.07| 188 471| 5.19| 7.768| 2.482| 2.337| 1500 3.12[34.624] 2.55] 90.7| 27.58| 3.007
"7 [N 3607| 3611| 1.632 2000 ZT7[34709] 295 90.9| 7773 203]]
6 | L[| 4 | 3696] 3640| 1.632[34.734] 4.21| <0.20] 1.57| 7.51] 234 5.60)| 7.762| 2.482| 2.337| 7500| 179|34.726] 2.79] 909] 27.77] L6IS

5 || 3 | 3801| 3743| 1.635[34.723| 430 157|335 19.1] 396] 4.10] 7.763] 2.483| 2338 3000] 1.72|34.726] 2.78] 90.9| 27.71| 1.495
i [N 3000|3839 1,640 3I00[ 171|34.726] 298| 900[ 2778 1474
3 [ L[ 27 [ 3900] 3839 1.640|34.722] 4.19] <0.20| 1.28| 260 18.9] 404| 5.40| 7.763| 2.483| 2339] 3200] 1.70|34.726] 2.79] 909| 27.78] 1.460
2 | N 3983 3920| 1.654 3300 _1.70|34.726] 2.79] D09| 27.78] 1.447
1 | L] 1 [ 3983 3020 1.645|34.723| 421 0.39] 1.34| 335 15.7] 480] 5.74 7.761| 2.488] 2336] 3400] 1,69|34.726] 2.79] 909| 27.78| 1.424
3500]  1.67|34.726] 279 909( 27.78] 1.396

3600[  1.64|34.726] 2.79] 909 27.78] L.3&0|

J700(_ 16434725 2.78] 909[ 27.78] 1343

3800 1.64]34.725| 2.77| 90.9] 27.78| 1.334
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Table 6-12. Summarized chemical data at station CTD-test

Bottle Depth] T S 02 [ CH4 TA-Mi Fe Al JAlacid] pH | Alk [XCOZ[ P T S 02 |Trans.] Y-t [Pemp
No. |type] db m °C psu | i | oM | nM | oM | oM | oM mM | mM | db °C psu [mifl | % e
0 0 0] 201 4| 19.90[35.690] 4.15] 89.7| 25.32{19.90d
22 | N[ 203] 201|14.589[35.453] 5.16 10| 19.91[35.694] 4.11| 89.7] 25.32|19.903
21 ['L'| 203| 201]14.580|35.455| 5.01 T 20| 19.72|35.922] 411 §9.7| 25.39(19.717

| 20 | L|" 198] 196|14.596|35.450] 5.16 - 30| 19.68|35.733| "4.07| BY.7| 25.41|19.673
19 N[ 201 199|14.585]35.451] 5.17 ) 50| 1936|35.806] 3.94| 89.6] 25.55|10.348

I8 [ L] 203] 202|14.577[35 468 5.13 75| 18.95]35.876| 3.82| 89.4[ 25.67|18.937
17 | L] 203] 201[14.569[35.451] 5.17 100[ 17.64[35.743| 3.78] 89.8| 25.93[17.625
16 | N| 200] 198[14.557|35.450] 5.15 125| 16.49|135.656] 3.77| 90.2| 26.13[16.472
15 [ L[ 199 197|14.589/35.450] 5.13 150 15.93(35.606] 3.77| 90.3] 26.23[15.910|
14 [ L] 203] 201|14.583|35261| 5.14 175/ 15.30|35.538] 3.77] 90.4| 26.32|15.270)
13 [ N| 294 293|13.156|35.250] 5.23 200] 14.59|35.454| 3.76] 90,4| 26.41|14.562]
12 [ L[ 299] 296|13.158|35.259] 5.25 300] 13.16(35.260| 3.80| 90.5] 26.56|13.115
11 [ L| 299] 296|13.138|35.305| 5.24 400] 12.25[35.118| 3.82| 90.5] 26.63|12.192,

10 [ N[ 299 297|13.162[35.260| 5.25 500| 11.38|34.988| 3.84] 90.5[ 26.70|11.315
9 | L | 299 2%7]13.131[35.258] 5.23
8 | L[ 397 3%94[12.172[35.144] 5.29
T | N | 402] 399[12.160(35.105] 5.30 ﬁ'

6 | T 397] 394[12.157|35.138] 5.29 -

5 | L] 400] 397|12.138[35.107| 5.30

4 N[ 500 496 11.36]34.986] 534

3 [ L] 501 497| 11.36|34.986] 5.37

2 | N | 499 495 11.37|34.986| 5.33

1T [ L] s01] 497| 113635220 527| i
Table 6-13, Summarized chemical data at station CTD-11

Boltle Sampie] P [ Depth [ T S 02 [ CH4 [TA-Mn[T-Mn| Fc | Al [Al{acid] pH | Alk [XCO2[ P T S [ O2 [Trans.[ 3t [P.emp)
No. typg] No. | db m °C psu_ | mifl| oM | nM | oM [ oM [oM | oM mM | mM | db g psu | mif| % e
0 0 0 0] 203 2| 20.14|35.654] 4.34| B9.3] 23.22]20.144
72 | N[ 14 13 A3[19.671| 35.729| 5.3 T30[ 1.97 3.57]  4.69| 8,206 2434] 2065| 10| 20.15|35.654| 4.29| 89.3] 25.22|20.147
21 | L 42 72| 19.668 ’ I | S0| 19.65|35.746] 4.12] 89.8[ 2543|10.639
20 | L| 13 09 08| 1D.018| 35828 5.23 096] 4.03 4.6 §.190| 2.449] 2086 100] 18.71|35.754| 3.89| 60.7 25.67]18.695
0 | N| | so1)  497|11.343 == i 200| 14.76[35.472| 3.88| 90.5[ 26.39(14.730|
18 | L[ 12 | 301 497[11.344] 34.971] 5.31 <0.14] 2.64 338) 4.28] 7.999| 2.382| 2.156] 300| 13.18|35.264] 4.00] 00.5| 26.56]13.136
17 JL[ 11 7500 744| 8.758| 34.021| 504 041 0,72 307|318 7988 2.395| 2.162] 400 12.16]35.106] 4.05| U0.5| 26.64|12,108
16 [N G55 990] 4.863 500 11.39[34.993] 4.09] 90.6] 26.70[11322
15 [ L[ 10 | 99| Y90 4.857] 34.604] 4.48 0.15] 0.68 44| 3.40| 7.841| 2.401| 2.230|  600[ T0.61|34.877] 4.13| 90.6| 26.75]10.533

14 | T G [ 1248 1236] 3.585] 34.517] 3,62 0.19] 0.53 291|347 7724 2,455 2305 700[ 9.38[34.706) 4.06| 0.6 26.83] 9.297
ENE 1501 1486| 3.096 ) %00| R.40[34.605] 3.87| 90.6 26.50] 8.312

12 L8 [TS00[ 1485 3.102| 34624] 347 | 0.14] 187 48[ 78| 7.718| 2.455] 2.325| 900| 6.42|34472| 3.63] 90.6| 27.08] 6.33
11| L[ 7 [ 1750 1731 2.604] 34.787| 3.96 048] 2.57 4.04| _4.62[ 7.807| 2.457| 2.314] 1000 5.03|34.417| 3.48] 90.6| 27.21| 4.945
10 | N 2004 1982|2071 T100]4.25|34.436] 3.21| 90.6] 27.31
9 | L7 & [2001] 1979 2081 34713| 400 | 222 627 276 3.64| 7760 2.467| 2322| 1200] 3.77|34497| 289 907/ 2741
8 | L[| 5 | 2253 2727| 1844 34.731| 4.13 208| 49| 6.10] 3.46] 543 7.772| 2472] 2.327| 1300] 3.45|34.539| 2.75| 90.7| 27.48
7 | N 2236 2210| 1873| 34724 1400[ _3.32|34.606] 2.54] 90.7| 27.54 3
6 | L[ 4 [ 2236 2210[ 1.873] 34.724] 4.16 333| 7B 7.20[ 3.29]  3.50( 1.771| 2477 2.328] 1500] 3.16|34.632| 2.47| 90.7| 27.58
5 [ L 3 [ 2239 2213| LB70[ 34721 A.11[ (.57] 201| 3.76] B.40| 3.17] 3.74| 1.768| Z473| 2.332( 1600] 2.97|34.652| 2.48] G0.7| 27.61
4 |'N 7173 2197| 1856 e - 1700 2.66/34.676] 2.59| Y0.8| 27,66
3 | L | 2 | 2223] 2197| 1.857| 34.723| 4,15] 1.50] 6.70|10.59] 3000[ 49| 4.57[ 7.769| 2.472] 2.328| 1800| 2.49|34.691| 2.67| 90.8| 27.68
7 [N 7246]  2220] 1.844 2000 2.14[34.716] 2.79] Y08[ 27.73
1T | L[ 1 [ 2246 2220[ 1.845] 34724] 4.17] 1.20] 6.14[10.37] 20.50] 381 3.72[7.770| 2476 2.3978| 2200] 187|34.724| 2.81| 00.0| 27.76

= 2400] 1.80[34725| 280 90.9[ 2777
T [Up-1 7 |Down-6| 13 [Up6 | 19 [Up6 2600] 1.74|34.726] 2,78 90.9] 27.77
2 |Up1 | & |[Up6 14 |Up-6 | 20 [Up-6 2800] 1.73]34.727 2.78] 90,5 2777
3 |up3 9 |Up6 | 15 |Up6 | 21 [Uph | 3000] 1.70|34.727| 2.76| 9095|2778
4 [0p3 10 [Up-6 16 |Up6 | 22 [Up6 3200]  1.68[34.727| 2.77| 90.9] 27.78
5 [0ps 11 |Up6 17 |Up-6 3400] 1.66/34.726| 2.75| 90.9] 27.78
6 [Down6] 12 _|Up-6 18_|Up-6 3500] 1.66]34.726] 2.75] 90.9]| 2778
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Table 6-14. Summarized chemical data at station CTD-12

Bowle| [Sample] P [Depth| T S [ O2 [CH JTA-MdT-Mn] Fe [ Al [Alfacid] pH [ Alk [3CO2[ P T S 02 |Trans.[ ¥-t [Premp)
No. Jiypg Mo. | db | m | °C | psu [mii| oM [ oM [ oM [ oM | oM [ nM oM [ mM | db [ °C [ psue [mll]| % °C
0 ] 0 0 205 2| 2048[35.553] 4.01| 9.1 25.06[20.475
2 | N 1999| 1977| 2.101] ) ) - 10| 20,54|35.541] 4.67] 89.5] 25.03|20.533
21 | L | 14 | 1998|1977| 2.100[34.720| 4.12| 036] 1096| 583|572 3.05" 3.30| 7.738| 2453| 2324 50| 19.73[35.725| 4.31| 89.7| 25.39|19.721
20 17|13 | 2198] 2172| 1.862[34.725] 4.13] 0.63] 2.76|12.12| G.82[ 3.23| 385 7.740] 2474| 2.331| 100| 1B.R0|35.836] 4.I3] RO.6] 25.71| 18781
19 [N 2397| 2368| 1,786 - ] ) 200| T546{35.555] 4.02] 90.4] 26.30[15.427
18 |'T [ 12 | 2308| 2369( 1.782|34.726] 4.14] 0.52] 2.94| 4.18] 8.51| 345 4.50{ 7.744] 2.477| 2.332{ 300| 13.48]35.304| 4.08] 90.5] 26.53[13.434
T7 L[ 11 [ 2558| 2563 L.746[34.747 040 304|349 044 345 395 7.754] 247I[ 2327 400[ 12.30]35.128| 4.18[ 90.3| 26.63( 12148
16 | N 2797 2781| 1.725 500] 11.53]35.009] 4.21] 00.5] 26,60] 11462
15 | L[ 10 | 2799 2763| 1.725[34.728| 4.21| <0.20| 2.56| 486 7.30] 3,54| 3.77| 7.749| 2.477| 2.331| 600| 10.31/34.832| 4.27| 90.5| 26.77|10.241
T8 | 'L | 9 | 2997| 2957| 1.694|34.733| 4.2L| <020 _1.99[ 2:20| 7.12| 384 3.00| 7.748| 2481| Z334f 700] 0.35|34.705| 4.13| 90.5| 26.83| 5.267
KRR 3190 3154 1.658 800 7.96/34.577| 3.00] 00.5| 26.95| 1.875
12 8 | 3200| 3733| 1.658]34.726] 4.21[ <0.20] 1.90| 5.02| 7.30] 4.25] 4.17| 7.749] 2.484[ 2.335] 00| 6.03|34.455] 3.68[ 00,6/ 27.12| 5.049)
1T (L | 7 | 3398 3340| 1.648|34.725| 4.20| <0.20 2.25| 3.33| 698] 4.20| 441 7.748] 2.478| 2.337| 1000 491|34.419| 3.50| 90.6| 27.23| 4837
0N T408| 3447| 1.656 T200] 3.78|34.456| 289 Y0:5| 2741 3.691
O | L| 6 | 3498] 3%47| 1.656|34.725] 4.00} <0.20] 2.07| 399] UA8| 4.30] 5.11| 7.748] 2482 2.338) 1400] 3.30[34.605| 2.52] 90.7] 27.54] 3.197
8 | L |5 | 3599 3546] 1.664|34.727] 4.20[ <0.20] 230 4.58] 8.62| 4.28] 4.69 7.750] 2481 2.338] 1600] 2.94[34.657] 2.49] 90.7] 27.62| 2.827
7N 3699| 3643| 1,675 T800| 2.54[34.689 266 90.5] 27.68] 2417
6 | L & | 3659| 3643 1.675[34.725| 4.35| 0.27] 2.17| 374 855 4.27] 4.60[7.753| 2.487[ 2.338] 7000] 2:2G]34.713| 2.83| O0.8| 27.73| 2056
5 L] 3 3708| 3740| 1.680|34.726] 4.18| <0.20] 2.24] 5.65| 8.06| 4.80[ 4.89( 7.751] 2.483[ 2.337| 2200[ 1.89]34.725| 2.86[ 90.8] 2776 L.737,
1 | N 3001| 3840] 1.691 ) N j || 2400| 1.R0[34.726| 2.85| 90.9] 27.77| 1.627
3 [ L[ 2 [ 3899( 3839 1.691|34.726| 4.17] 0.27| 1.93] 386] 9.25] 5.9 5.40| 7.753 2483| 2337 2600] 1.75/34.726 2.83 909| 27.77| 1,562
7 [N 3955[ 3893| TAo0[ l ZR00[ 173(34727| THI[ 909 T 1573
I [L| 1 | 3954 3892] 1.690|34.726] 4.20] 0.7 1.a0| 3.24] B.79] 6.49] 684] 7.754] 2.491 2.330| 3000] 1.70|34.727] 2.81] 00.9] 21.78| 1479
- - 3200 167|342 279 D0.9] 27778 1431
- 3400]  1.65[34.726] 2.79| 90.9] 27.78| 1.389

3600 1.67|349.726] 2.77| 90.9] Z7.78| 1384

J800|_ 1.68|34.726] 2.76] 90.9| 27.78] 1.378

3900 1.69|34.726] 2.75| 90.9] 27.78 1.376

Table 6-15. Summarized chemical data at station CTD-13

Bottle Sample] P [Depth] T 02 [ CH4 [TA-Mn[T-Mn| Fe | Al JAlGacid] pH [ Alk [XCO2] P T S OZ [Trans.] -t [Piemp
Mo, fiyped Mo. [ @b | m | °C | "psu [mii| oM [ oM [ oM | oM [ oM | oM mM [ mM | db [ °C [ psu [mll| % W
0 0 0 O 201 A 19.95[35,689] 5.32] £9.8[ 25.30[19.953
22N 1999 1977| 2.056 1T | 10[ 19.96]35.685 5.00; 89.8| 25.30[19.960)
71 [ L | Ta [ 2000 1978| 2.055|34.719] 4.04| <0.20) 091| 2.32| 3,53 2.38] 3.20| 7.760] Z471| 2326 50| 19.69]35.721| 4.31| 89.7] 25.39|19.685
20 | L| 13 | 2200] 2174 1.905|34.723] 4.08] 1.20] 2.20| 6.05| 8.56| 2.61] 3.26| 7.762] 2478] 2.332] 00| 19.17/35.793] 4.11| 89.4] 25.5919.153
10 N 2308] 2369 LEOT 200 15.15|35.523] 4.09] D0.5] 26.34[15.121
18 | L | 13 | 2308| 2360| 1.807|34.725] 4.13] 034 27| 485 9.03| 3.50] 4.93[ 7.760] 2.467| 2.332| 3C0[ 13.30|35.281| 4.19] 90.5] 26.55[13.250]
17 | L[ 11 | 2600] 2567| 1.760[38.750| 4.18] <0.20| 2.23| 4.02| 9.5 2.70] 23.71|7.782] 2474| 2323 400 12.18[35.114| 476 90.5] 26.64[12.123
16 [N | | 2800 3764] 1,733 500] 11.16/34.962] 431] 90.5[ 26.72[11.096
15 17| 10 | 2799] 2763| 1.732|34.785| 4.18|<0.20] 246| 280] BY7[ 18I 3.00] 7789 2469] 2326] 600 T031|34.833] 4.32] 90.6[ 26.77|10.234
T4 | T. [ 9 - [ 2990| 29%0| 1.683|34.738| 4.18| <0.20| 2.04| 5.05| 892 3.19| 349\ 7.774| 2476] 2.334] 700 9.21[34.686] 4.15) 50.6[ 26.84] 9.131
13 [N 3107 3152] 1.648 | | s00[ B02[34.576] 3.93] 90.6] 26.54] 7.940
12 | L | 8 | 3199] 3154] 1.648|34.727] 4.21| <0.20] 199| 8.88] 9.60] 3.50| 4.39] 7.766| Z477| 2,336 OO0 6.56[34.473] 3.69| U0.6| 27.07| 6.478|
11 [T 7 | 3798] 3251 1.650{34.725| 4.20| <0.20] 1.J6] 2.00[ 0.97] 387 7.772| 2.476] 2.337] 1000] 5.15(34.430] 3.46] G0.6] 27.21] 5.065
10 [N 3359] 3350] 1649 1200|  3.76|34495| 2.85] 90.6| Z7.41| 3.669
TG 'L | 6 | 3400] 3551] 1.649{34.726| 419 <0.20] 2.21| 3.61| 9.40] 345 431 7.771| 2473 2.339[ 1400[ 3:32|34.606] 2.53] 90.7| 27.54] 3.213
B [ L[5 | 3500[ 3449] 1.652{34.737] 4.23| <0.20] 00| 7T88[ 942] 387 4.35] 1.777| 2.476] 2341| 1600] 2X2[34.668 2.53| O0.8] 27.64| 2.707
TN 3600] 3567] 1695 || 1400| Za4[34.655 2.74] 0.8 27.69 2.310
6 | L4 | 3600] 3567] 1.660/34.725| 4.16] <0.20| 1.89] 4.75| 9.92| 4.86] 5.16| 7.768| 2.479| 2.34%| 2000| 2.12[34.716] 2.82] 909 27.73| 1.083
5 L[ 3 | 3609 3643 1.668|34.726| 4.17| <0.20] 195| 4.43] U.68] 4.28] 4.99| 7.776| 2.479| 2347 2200] 1.91|34.723| 282 90.9] 27.76] 1.754
A | N[ ]73802| 3744| 1.680 T2400| 1.B1|34.726] 2.82] 90.9| 27.77| 1.636
T L 2 | 3400 3742| 1.680(34.725 4.20| <0.20| 103| Z81[ 001 a37] 4.06] 1.771| 2.478| 2344| Z600[ 1.76|34.726] 2.81] 90.9] 27.77| 1.570
2 | N[ 3§50] 3791| 1.686] | | /00| 1.73]34.726] 2.80[ S09[ 27.77[ 1323
T LT 1 | 3849| 3790| 1.686|34.726| 4.18| <0.20] 2.16] 7.93] 9.76] 4.62] 4.05] 7.774| 2.486| 2346[ 3000] 1.69[34.727 27.78| 1464
- 3200] 1.65|34.726] 2. | 77.78| 1.408
3300] 1.63]34.726] 2.83] 90.9] 27.78 1.389|
3600] 1.66|34.726] 2.83] 01.0] 27.78[ 1.38]]

3800 1.68]34.726] 2.84| 91.0] 27.78| 1.378

1]



Table 6-16. Summarized chemical data at station CTD-14

Bollle Sample] P [Depth[ T S 02 [ CH4 [TA-MNT-Mn[ Fe | Al JAl(acid) pi | Alk [2CO2] P T S 02 [Trans,| %-t [Piemp]
No. [type] No. | db m °C | psu [mlA| oM | oM [ nM [ oM [ nM | aM mM | mM [ db °C [ psu [miN | % B
0 ] 0 0 303 2| 20.10|35.696) 4.37[ BH.4] 25,27 70.008
2Z | N 1998 1976] 2.100] 10| 10.95[35.711( 4.54| 88.0] 25.32|19.052
21 | L | 14 |"2000| 1978| 2.096|34.717| 4.05] T.30] 1.62| 1.30 3.65| 282 4.31[7.746] 2465 2.374| 30| 19.68]35.723 4.50| 89 4| 2570119588
20 | L | 13 | 2247| 2220| 1.B61|34.723| 4.12] 0.60| 2.35| 2.96] 4.33] 3.00 1745 2470 2333 50| 19.48[35.783] 4.29] 89.5] 25.50(19.467
10 [N 72501] 2470[ 1.760 100] 189835838 4.05| 89.6| 25.67|18.050
18 | L | 12 | 24991 2468[ 1758/34724] 4.15| 0.42| 246] 425] 8.12| 2.83 3.57| 7.750] 2477| 2.334| 150 16.23|35.628| 3.97| 90.2(26.18[16 301l
17 [ L[ IT | 2748] 2713 1729 34.816 436 0,60 " 158 235 483 7306 .« 7.8006.-2,46] “ 2316 200 14.46/35437] 4.00] 90.4| 26.43[14.430)
6 [N 2998| 2958| 1.705 [ TR | . " | 300 13.08|35.248] 4.07| 90.4| 26.57|13.037]
15 [L ] 10 | 2999|2950 1.704|34.725| 420 0.29] 271] 3.11| 6.67] 3.18] 421 7.760] ZA475| 2.337| 400 122335117 3.14| 03[ B & T2 174
14 |L| 9 |™3108] 3153| T.673[34.73L| 421] 0.78] 2.12| 3.07| 1240 3.57( 4.30 7.757| 2.466| 2333 500| 11.29|34.976 413 00426 7111225
TN 3399| 3350] 1.654 : 600] 1031|34.820[ 4.17| 90.5 26.77|10.234
12 | 'L |8 | 3308| 3349] 1.655|34.724] 4.18| <0.20] 1.62| 3.53| 4.80] 4.27] 4.08| 7.750| 2.477| 2.380] 800 7.6T]34.551] 388 0051 35.08 7.531
| L |7 |73599] 3546 1.657|34.724] 4.20] <0.20| 91| 3.80] 9.61| 461 5.20| 7.750| 2.477| 2341 1000 511 (30418 347 50.5 27.20| 5024
W [N 3701[ 3645| 1.663 1250 3.66|34513[ 2.84| 90.7] 27.43| 3.568]
9 | L1 6 | 3698 3647| T.663|34.724| 4.18[ <0.20 L84 3.70| 828 4.92] 6.11| 7.754] 2481] %.339| 1500 3.11[34.637| 2.60| 90.8| 3750 2005
8 [ LI 5 | 3798 3740[ 1.673[34.739| 4.16| <0-20] 1.39] 524 993| 4.75| 5.53| 7.764] 2.477] 2.340] 1750] 2.58]34.684| 2.80 008 27.67| 2450
7T N 3895| 3§35| 1.683 B 2000] 20134717 3.00] 90.8[ 27.74| 1.975
6 | L] 4 | 3896] 3836| 1.683|34.725 4.15| <020 1.26| 219 9.17| 4.86| 5.30| 7.765| 2,475 ZA1| 2200] 1.00(34.724] 3.01 G0.8 27.76| T.745|
S | L 3 | 3999 3936 T.603[34.725| 415 <0.20] 1.36] 2.06] G.01| 522 5.3 7.760] 2.481] 2.343| 2400] T.80|38.726] 3.02| 9509|3757 T €31
4 | N | | 4100 4035] 1.705 ] 2600 175|34.726] 3.01| 909|27.77| 1.567|
3 [L[ 7 [ 4098[ 4033| 1.705[34.725] A.16] <0.20] 1.84| 421 947 535] 5.55| 7.759| 2479| 2343| 2800 1.73|34.727] 3.01] S0.0[ 27771 T.520]
T [N 4134| 4068] 1700 ) 3000 171|34.727] 3.01] 90.9| 27.78] 1490
T [L| T | 4134| 4068| T.700[34.725| 4.5 <0.20] 1.30| 5.72| 047] 5.57| 6.4 7.760 2.498] 2341( 3200 1.68|34. 76| 2.90] 00.01 3778 1477
B B i 3400]_T.65|34.726] 2.98| 90.9| Z7.78] 1.393,
3600| 1.66(34.726] 2.96] 90.9] 27.78] L.377]
T 3800 1.67]34.726] 2.94] 00.9] 27.78[ 1.371
4100 T71{34.726] 2.91| 909| 27.78| 1.369
Table 6-17. Summarized chemical data at station CTD-15

Bolle Sample] P [Depth [ T S 02 [ CH4 [TA-MnT-Mn] Fe [ Al TAlfacid] pH [ Alk [3CO2[ P T S | OZ [Trans.] Y-t [P.emp

No. |lyped No. | db m °C psu_|mlii| oM [ aM | oM | oM | nM | nM mM [ mM [ db | °C | psu [mlfi| % e
0 0 i 0] 204 2| 20.14|36.031] 4.24| BB.5] 25.51|20.142,
22 [N B 10| 20.15|35.681| 3.77| 89.0] 25.24|20.145
21 [ L 30 20.07|35.699| 4.32[ 894 25.28[20.063
20 | L 50| 20,05[35.708 4.12|_89.8[ 25,29 20.040)
19N T 100[ 18.91]35.786] 3.93| 89.4| 25.65{18.890]
18 | L 200 14.62|35464 3.88] 90.5| 26.42[14.585
17 [ L 3 300 13.12]35.251| 408 904| 26.57|13.073
16 | N B 400[ T2.12|35.102( 4.14[ 90.4] 26,65 12.071
15 [ L - K 500 11.28|34.974] 4.13] 904| 26.7011.220
14T il Y ~ £l 600[ 10.28]34.827| 4.12] 904| 26.77|10.200]
3| N " 700|  9.31[34.701] 4.02] 90.4 76.83| 9.232
2 L - 800[  7.83[34,567| 3.77| 905 26.96] 7.147
L 900| 6.08|34.449| 3.62[ 90.5| 27.11[ 5.997
0 |N 2149  2124| 1.868 1000 4.91(34.422| 336 90.5| 27.23] 4.827
9 |L| 6 |2149| " 7124| 1.86E| 34.724| 4.10] 2.60| 18.64[19.70] 29.20] 2.86| 3.36| 7.758| 2A71| 2331|1100 4.37|34.485| 2.05| 90.6] 27.34 4.281]
B [ L| 5 |2400] 72373| 1.814] 34.727| 4.09] 3.30] 9.20[1039[39.90] 2.68| 301 7.757| 2.472] 2.331| 1200 384|34.505[ 2.79] 90.6 27.41| 3.748
7 | N 01| 2373 1814| 1300 3.49]34.537| 2.68| 90.6| 27.47| 3394
6 | L[ 4 21501 2125 1.860 34.727| &.11[ 3201 9,791 0.81| 39.70| 3.09| 3.18| 7.748| 2.472| 2332[ 1400] _3.19|34.5/9| 2.62| 90.6] 27.53| 3.091
S L 3 | 2140 9124|1849 34.728| 4.14] 2.80| 8.11| 8.92[ 39.10| 2.69|  3.33| T.76A| 2472] 2331 1500 29234 618| 2.65| 90.7| 27.59] 2.810)
4 [N 2148 7123| 1.847] = T600|  2.82|34.657| 2.60] 907 27.63| 2.710)
3 [L| 2 [ 7116 2092[ 1.833] 34.729[4.10] 190 6.65] 7.19] 24.80] 3.07| 3.29| 7.758| 2473| 2.333] 1700] LTI[34.672| 2.61| 90.7| 27.65| 2.588
7 [N 2151| 2126] 1853 TB00|_2.41|34.696| 2.74| 90.7| 27.69| 2.287
U [ L[ T 2152 2127| 1.854] 34.727[4.10] 3.20] ©.36| B.12[ 32.50] 2.88] 3.15[7.761| 2473] 2.324] 1900] 2.2834.707| 2.80] 90.8] 27.71| 2.144
2000 2.10[34.717| Z83| 90.8] 27.74] 1.961

I |[Down7[ 7 |DownB| I3 19 | Z100] 1.93|34.723] 2.85| 90.8| 27.76] 1.786

2 [Down7| 8 |Up8 | 14 20 | 2200 1.85[34.724] 2.85] 90.8| 27.76] 1.701

3 [Down7| 9 |Up9 |15 21 2400 1,79|34.725| 2.85|_90.8| 27.77| 1.626,

B 4 |Down-7| 10 [Up9 16 22 2600] 1.76[34.726| 2.84| 90.8| 27.77( 1.576
5 |upd 1] 17 2800] 1.73]34.727] 2.83| 50.8( 27.77[ 1.522

6 [Down-g] 12 18 2900 1.68|34.727] 2.83] 00.9] 27.78] 1.467
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Table 6-18. Summarized chemical data at station CTD-16

Bottle] [Sampleg] P | Depth | T S 07 [ CH4 [TA-MnT-Mn| Fe Al [AlGcid] pH [ Alk [XCO2] P A S | 02 [Trans.] 2t |Ptemp
[ Mo |type Mo. | db m SC_ | _psu_|mifi[ oM | oM | oM | M | oM | oM mM | mM | db | °C [ psu | mii] % A
[1] 0 ] O] 204 3| 20.18(35.657| 3.87] 89,7| 25.22| 20.180
EAL *' T0[ 20.18|35.655] 3.88| 89.7| 25.22|20.180
21 | L| 14 30| 20.05(35.705| 3.90| 89.7| 25.29|20.048
"2 L] 13 1 B 50| 20,03|35.709] 3.00| 89.7) 25.30(20.023
9 [N ) | 100| 18.70[35.791 3.97| 89,6] 25.70(18.682
18 [ L| 12 ’ 150] 16.22|35.634] 3.96| 90.4] 26.19|16.199
17 [T 1 N - 200[ 14.75|35.481| 3.93|_90.5] 26.40|14.722]
16 | N g [ 300| 13.04|35.241| 4.18| D04 26.57|12998
L 10 200 12.12[35.100] 4.28 90.4| 26.65[12.063
@[ 9 | 500 11.26]34.970] 4.35] 50.4| 26.71|11.198
13| N B 600| 10.52|34.860| 4.35] 904 26.75| 10443
12 [L| 8 700 9.27|34.696 4.25| 90.4| 26.84| 9.199
0o (L7 800] 7.80|34.563] 4.00] 90.5| 26.96] 7.716
10 [N 1998 1976 2.111 ] 000 6.07[34.447 3.83[ 90.6] 27.11| 5.997]
9 [L[ 6 | 1998] 1976 2.110| 34.720] 4.06] 1.00| 3.65| 4.41[ 10.30] 249" 7752 2459 2.321| T000| 4.97|34.420] 3.58| 906| 27.22| 4.884
g [T 5 [2184] 2159| 1.850[34.730] 4.10] 3.10] 7.82] 8.20| 40.20] 3.21| 5.71| 7.761| 2472] 2.328| 1100 4.34|34.487| 3.08| 90.6] 27.34| 4.254
TN 221 2215 1.790 1200 353[34.311| 2.90] 90.6] 27.41| 3.835
6 L[ 4 241 2215 1.790| 38.730] 11| 270] 7.97| 5.76| 39.90| 2.76] _3.87] 7.758| 2470| 2.332| 1300] 3.47|34.538 2.82] 90.7] 27.47| 3.375]
5L 3 [242] 2216 1.784|34.730] 3.97| 240 9.02] 9.27| 39.90] 2.90 7.761] 2.473| 2.330| 1400] 3.14(34.581[ 2.77| 90.7| 27.54| 3.042
4| N 2120[ 2096 1.861 ] 1500 2.08|34.608 2.75| 90.7| 27.57| 2.874]
3 [T | 7 [2120] 2096] L.861| 3.736| 4.11| 2.10| 429] 5.00| 28.40| 3.49| 5.76| 7.760| 2468| 2.331| 1600 2.87|34.655| 2.68| 90.7| 27.83] 2.759
2| N 2027|2103 1.876 | T700]  2.56|34.682| 2.78| 90.8[ 27.67| 2.441
T [T 1 [21z7| 2103| L.873| 34.720| 411| 3.00] 5.18] 6.18| 32.30| 3.47| 5.14[ 7.762| 2460| 2330[ 1800| 2.39|34.697| 286| 90.8] 27.70| 2.259
1900 2.23|34.710] 292] 08| 27.72] 2.008]

1 |Down-5[ 7 |Up7 | 13 19 2000] 2.07|34.718| 2.94] 90.8| 27.74| 1.928

2 |Down5| 8 [Up7 | 14 20 “|'2200] L84|34.725| 294 90.9] 27.76] 1.688

3 [Down6| 9 [Up7 | 15 71 2400| 1,80[34.726| 2.93| 96.9[ 27.77| 1.628|

|4 |Downg] 10 [Up7 |16 22 2600|  1.75[34.726| 2.92|_90.0| 27.77| 1.563

s _|Up6 il 17 2800] 1.72|34.727| 2.92| 905] 27.77] 1.521

6 |Up-7 12 18 3000] _1.72|34.727] 2.92] 90.5] 27.77] 1.500

Table 6-19. Summarized chemical data by the DESMOS hydrocast. At DESMOS-4,
No.6 bottle was not closed in spite of the trigger command. At DESMOS-5, No.1~4 bottles
were closed although the trigger commands sent 3 times

Boltle P [Depth] T S 02 [ CH4 [TA-Mn| Fe Al |Al(acid) X.COZ]
No. | db m | °C | psu |mifi | oM | oM | oM | nM | oM | mM
[ -
DESMOS-2 (25°24.30'S, 70°00.07E 10 25°22.163, 60°38.76'E; Depth 4151-3967my; 93.08.18)
| 6 2197] 2171 1.B95[ 34.727] 4.19 l 387 8.42 7.60( 2.337
5 2236| 2210] 1.888| 34.726] 422 1.89| 14.50] B8.41 2.335
4 3023| 3862 1.717| 34.725] 4.20 2.52| 26.70 8.47| 2.342
3 3889 3820] 1.712| 34.725] 4.18 1.26| 38.50] 6.86) 8.32]2.339
2 3070| 3908| 1.722| 34.724| 418 8.34| 10.40 841 2335
1 4251| 4182| 1.752[ 34.724 418 1.94] 8.35] 6.54 7.50] 2.343
DESMOS-3 (25°43 6S, 70°T1.14°E to 25°47.31'S, 70°12.88'E; Depth 3724-3591m; 93. 8.22-23
[ 6 490 485] 11.3] 34.733] 4.07 6.78] 633
s 901|982 5.211] 34.731| 4.08 530 7.00
4 145972| 1477| 3.088] 34.720| 4.08 3.60] 6.06
3 1988 1966| 2.126| 34.732] 4.08 4.72| 7.69
2 2300| 2273| 1.886[ 34.728] 4.10 7.62| 8.34
1 2491 2460] 1.793| 34.730] 4.11 4201 6.70

DESMOS-4 (25°19.14', 70°00.61'E to 25°19.79'5, 70°00,66'E; Depth 28 5-3096im; 93.08,24)

5 2000] 2066] 1.97
5 7192 2167| 1.907| 34.725| 4.13] 2.40( 3.15
q 2788| 2261| 1.870| 34.728] 4.10| 2.30| 834
3 2300| 2360] 1.823| 34.729| 4.16] 2.30[ 5.08
2 3791 2755] 1.779| 34.728| 4.16] 0.99] 5.59
i 3703 2756] 1.771) 34.729| 4.15] 1.40[ 2.43
DESMOS S (24°00.45'5, 60°30.03°E 10 23°59.245, 69°38.73 E; Depth 3385-3082m; 03.08.24-25)
6 TOCT—
5 - TIE
I 13.50 80
3 7986] 2949[ 1.792 10.00] 20
2 7910| 2872[ 1.790! 1370] 40
1 7505| 2867| 1.792] 2.89 6 [
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Table 6-20. Summarized chemical data at station CTD-17

Boule Sample] P [Depth] T S O2 | CH4 [TA-Mn[T-Mn| Fc Al TAlzcid] pH [ Alk [2COZ[ P T S 02 [Trans| 2t [Piemp
No. Jiypd No. [ db | m | °C [ psu [miI| oM | oM [ oM [ oM [ oM | oM mM | mM [ db [ °C | psu | mll | % °C |
0 0 0 0 204 3] 2121|35419] 491 894| 2476 21211
| 22N | 2nm| T9RT[ 1.993 B 10[ 2007[35.460] 4.71| 89.4] 24.8620.964
21 | L | 14 | 2002| 1980] 1.994|34.720| 4.12| 0.56] 1.37] 7.95| 0.70| 2.58| 2.05|7.798| 2.453] 2.301| 50| 20.69|35.505| 4.24| B89.4] 24.96|20.683
20 [ L |13 |"2200) 2175| 1.86B|34.727] 4.11| 0A41] Z2T| 04| 460| 3.06] 3.27| 7.767| 2470] 2.331| 100| 20.24{35.626| 4.10] 89.6| 25.18|20.723|
10 | N7 | 2300 2273 1820, T 200] 17.89]35724| 389| 90.3| 25.86|17.852
18 [ L | 12 | 2301 2274| 1.820|34.728] 4.09] 0.28] 4.60| B.51] 3.00] 3.06] 3.79| 7.760] 2473| 2.333| 300| 14.62|35.455] 4.04| 00.5]| 2641/ 14,578
17 | L 1T | 2400 2371 LRO4[34.728] 4.10] 0.00] 3.08[ 540] 280 331 369 7.762| 2476 A0 13.10[35.248| 4.25] 904 26.57| 13.041
16 | N 2400 2468[ 1.789 500] 12.13]35101[ 4.27] 90.5] 26.64|12.068
15 | L| T0 | 2498] 2467| 1.780|34728 4.00] 048] 3723[ 7.01] 310 348[ 4.03|7.764] 2476| 2.336] 600] 11.01|34.932] 4.28| 9.5 26.72|10.938
4 [ L | O |72607| 2568| 1.761(34.728] 4.13| 0.52] 1.86| 459 4.60| 3.28| 4.23] 7.763] 2475| 2.336| 700| 9.76|34.758| 4.23 90.3| 26.80] 9.681
13 [N 2702] 2667| 1751 800 8.68[34.640[ 4.04] 00.5] 2689 8.504
12 | L[ & | 2702| 7667| 1.749(34.728] 3.98| 0.07] 4.97| 8.28] 22.40| 3.52| 339|7.763] 2474| 2.333] 000] 6.83|34.501| 3.80] 90.6] 27.05 6.745
TU_[ L[ 7 | 2800 2764| 1,744(34.728] 4.15| 3.90 12.76| 8.97] 5070 3.73] 4.82| 7.763] 2.476| 2.337| 1000| 5.36|34.441] 3.54| 90.6| 27.19| 5.272
0 [N 2809 2861 1.747 1100 4.41|34.472] 3.07] 90.6] 27.32] 4.320
S |L| 6 |2899| 2861| 1.747|34.727| 4.13| 3.9U| 1218|1048 50.40| 4.05] 4.55|7.763| 2.477| 2.337| 1200| 3.95|33.502] 2.89| 90.6| 27.40| 3.855
8§ | L[ 5 [ 3000 2960| 1.752|34.728| 4.15] 3.00] 10.96] 8.53[127.00] 4.20| 5.19( 7.765] 2.478| 2.335] 1300| 3.60|34.562] 2.67| 90.7| 27.48| 3.500,
7 [N 3099] 3057[ 1.755] I 1400 3.32[34.597] 2.60] 90.7| 27.53] 3.217
6 [ L1 4 | 3100] 3058[ 1.755/34.726] 4.14] 2.60] 7.50) 9.78| 4830 430] s01| 7.765] 2471| 2.335| 1500| 3.07|34.625 2.63| ©0.7] 27.58] 2.063
5 | L[ 3 | 3197 3153 1.760|34726] 4.15| 1.20] 5.77] 7.62| 33.50] 447 “7.766| 2,480( 2.334[ 1600| 2.85|34.660] 2.66| 90.8| 27.63| 2.737
4 | N[ |34 3247[ 1.766 T700] "2.65[34.677] 2.73] 90.8| 27.66] 2.533]
T | L[ 2 | 3294] 3247] 1.766|34.725] 417 1.20| 3.55| 6.48] 19.60] 4.68] 5.32] 7.767| 2.479| 2.335| 1800 2.39|34.696] 2.83| 90.8] 27.70| 2.267
ERE 3224] 39 1777 1500]  2.18[34.711|_2.89| S0.9[ 27.73[ 2.050]
T | L | 1 [ 3225 3180] 1.777|34.725] 4.17] 110, 395 6.19] 13.10] 468 5.33| 7.766] 2476 2.333| 2000] 2.00|34.719| 291 90.9] 27.75] 1.862
il T 2200 1.B8[3d.722[ 293 909 27.76[ 1,731
1 JUps| 7 [UpS [ 13 [UpS [ 19 |UpS 2400] 1.83{34.725] 2.93] 90.9] 27.77| 1.658

2 [UpS| B |UpS | 14 [UpS | 20 |ups 2600] 1.78]34.726] 2.93] 90.9] 27.77| 1.595

[~ 3 [Ups | 9 [Ups |15 [Ups | 21 |Ups 2800| 1.95|34.727| 2.92] 909| 27.77] 1550
T 4 |Up5| 10 [UpS | 16 [UpS | 22 |UpS 3000] 1.76|34.727] 2.90] 909| 27.77| 1.53§
5 |ups | 11 |Ups | 17 [Ups 3200] 1.78[34.727] 2.88] 90.9] 27.77| 1.532

6 |UpS | 12 [Up-S | 18 |ups 3300]  1.78|34.727] 2.88] 909 2777 1.531

Table 6-21, Summarized chemical data at station CTD-18

Boitle Samplel P [Depth] T S 02 ] CH4 [TA-MdT-Mn| Fe | Al [Allacid] pH [ Alk [2CO2[ P T S O2 [Trans.] ¥-1 [P.temp
No. Jiype No. | db m i psu | mli | oM | oM [ oM [ oM | nM [ oM mM | mM | db T psu [ mlfl | % °C
0 i 0 0 209 4| 20.74| 35403 5,05 8O.1| 24.94] 20,740
22 | N 2153 2128 1874 0] 207435492 4.04] §9.2 24.94[20.7735|
21 | L| 14 | 7152) 2127 TH7/4 34.8067 4,22 {06 377 5100070 0753227 341 7818 245500297, 30 20.75|35493| 4.62| B9.A| 23.94[20.741
20 LT3 | 2259 2272 L41[34.724| 4.10] '034| ‘446] 578] 1.26] 3.23] 3.17] 7.755] 2.469| 2.331[ S0 20.73|35495| 430 8§9.5] 28.95|20.718|
19N 2300 2370|1821 — 100 2016|35.651| 4.05] 895| 75.22]20.140)
18 [ L[ 12 | 2399| 2370| 1.818|34.724| 4.10| 0.54| 7.06] 7.99] 3.45| 380 3.92| 7.750| 2.466( 2.333| 150 19.77|35.707| 4.04| €9.0|75.36]10.743
17 | L[ TT [ 2499| 2468| T797(34.723| 4.74] 250 5.56| 7.14| 11.10 3.83|  3.68| 7.763] 2471 2.335] 20| 18.63]35742] 3.90] 90.2] 25.68 18.500
16 [N J308[ 2566 L.782| | 300| T4.82[35.478| T05| 90.4] 26.38(14.772
TS| 710 | 2597|2565 1.782|34.724| 4.15] 330\ 830|10.00] 23.30| 3.53| 4.01| 7.756] 2.466] 2335 400| T3.0835.244] 4.26] 00.4| 76,573,024
14 [L| 9 | 2695|2661 T.768[34726] 413 480| 8.59| 9.10| 54.30] 3.65| 3.44] 7.765| 2.460] 2336 500| 12.10]35.095] 4.31| 00.4] 26.64| 12,034
13 [N 2798| 2762] 1754 600 11.19[34.056] 4,33 90.4] 26.71|11.109
T2 L8 | 2798| 2762( 1.754|34.726] 4.14] 570 .64 10.70| K430 381 3.86] 7764 Za73| 2334] 700] U.78(34.761] .38 90.4| 26.80[ 9701
| U [ L1 7 [ 2897] 2K59] 1.758|34.727| 4.14] 550 10.20/11.00( 96.70| 4.45| 4.10[ 7.769( 2.472| 2.336] B00| 8.56|34.630] 4.07| 90.5| 26.90| 8.472
0[N 3000] 2960] 1.763 900] _ 6.54|34.485] 382 00.5[27.08] 6.454
9 | L[ 6 | 3000 2960 1.762|34.727| 4.12] 390|980 T0.71[150.00| 430|  4.04| 7.765| 2.470] 2.335| T000| 5.3334.430| 3.57| 90.5| 27.19] 5.243
8 L[ 5 | 3099 3056| 1.768|34.720] 4.13] 3.40| 10.10]10.75 98.30] 3.96] 3.90| 7.765] 2.470] 2.334] L100] 4.37|34.473| 3.14| 90.5 2733 4.280
7w 3160[ 3155 1L.176] T200|3.93[ 34502294 90.5] 27.40] 3837
6 | L[4 | 3199] 3155] 1.776[34.729] 4.12| 3.60| 8.85[10.24[1DZ00| 4.03] 3.04| 7.163] 2.470| 2.336| 1400 3.33|34.507| 2.65] U0.6| 27.53| 3.228
5L 3 | 3299|3253 1.786(34.730] 4.16| 340[ 877 5.70] §2.30] 4.03| 3.99| 7.760] 24T1| 2.333| 1600] 2.81|34.663] 2.73| 90,7 27.63| 2694
ERE 339%] 3349 1794 } ) TR00[  2.42(34.605| 2,85 90.7] 27.69] 2.295)
3 [ L] 2 |73399] 3350] 1.794[34.730] 4.14| 2.80| 9.18|10.08] 96,70] 3.52| 4.34| 7.765| 2.479| 2.335| 2000| 1.98|34.720( 2.96| $0.&| 27.75] 1.843
2 | N 3936] 3387] 1.798 § 2200 1.88|34:722[ 2.06] O0.8] 27.76] 1,728
T | L 1 | 3438] 3389] 1.799[34.731 310[ 9230.07[114.00] 3.62] 3099|7769 2475 2.333| 2400] 182|34.725] 2.96] 90.8] 21.77] 1.654
- i - — 2600 1.70(34.726] 2.97| 08| 27.77| L.600)

T ] B 2800 176|34.727] 2.97] 90| Z1.77| 1.553

| - 3000 1.76[34.727]_2.96] 90.8| 27.77| 1.539

- — AT 7B [3A72] 205 90.8| 21 77| 155

[ 1 3400 1.79[34727| 293] 908| 27.77] 1.530
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Table 6-22. List of surface seawater samples collected during the ship transits (by T. Gamo)

Sample No. . |Date & Time |Area Position Tempereture|Salinity-1  [Salinity-2 | Air Temp.
(Local) {°C) (°C)
KH93-3, SW-1 |[July 24, 11:10 |Indian Ocean  |10°29.1'S, 97°42.5'E 28.1 34.47 35.396 23.9
(KH93-3, SW-2 [July 25, 11:10 |Indian Ocean  |13°44.9'S, 91°45.2'E 253 34.65 35.342
KH93-3, SW-3 |July 26, 14:40 |Indian Ocean  |17°21.1'S, 84°56.9'E 23.8 34.59 35.392 22.4
KH93-3, SW-4 |July 27, 13:05 |Indian Ocean  |20°24.1'S, 79°05.1'E 22.0 35.17 35.206 20.3
KH93-3, SW-5 |Aug. 27, 09:00 |Indian Ocean _ |16°37.6'S, 76°03.5'E 24.2 35.71 23.2
KH93-3, SW-6_|Aug. 28, 08:48 |Indian Ocean  |12°07.7'S, 79°514'E 25.3 35.65 24.6
KH93-3, SW-7 |Aug. 29, 12:15 |Indian Ocean | 6°43.4'S, 84°19.8'E 22 37.31 27.0
KH93-3, SW-8 |Aug. 30, 08:40 |Indian Ocean | 2°49.9'S, 87°43.8'E 28.0 36.87 27.2
KH93-3, SW-9 |Aug. 31, 08:40 |Indian Ocean 1°51.4'N, 91°34.7'E 28.6 36.13 27.5
KH93-3, SW-10]Sept. 1, 08:26 |Andaman Sea | 6°01.1'N, 94°46.7'E 28.3 35.71 27.1
KH93-3, SW-11|Sept. 8, 08:50 |South China Sea| 4°54.4'N, 106°42.2'E 28.9 33.11 274
KH93-3, SW-12|Sept. 9, 09:45 |South China Sea|10°08.5'N, 111°16.3'E 28.5 32.50 29.2
KH93-3, SW-13|Sept. 10, 08:25 |South China Sea|13°34.3'N, 116°28.3E 28.5 33.61 26.5
KH93-3, SW-14|Sept. 11, 08:25 |South China Sea|18°40.4'N, 120°33.1'E 29.0 33.13 26.8
KH93-3, SW-15|Sept. 12, 07:55 |Philippine Sea |19°29.4'N, 127°07.9'E 28.5 34.58 27.5
KH93-3, SW-16|Sept. 13, 08:00 |Philippine Sea [23°51.0'N, 127°04.0'E 27.8 34,76 27.6
KH93-3, SW-17|Sept. 14, 08:00 [Phjlippine Sea |26°03.4'N, 128°12.2E 28.2 34.68 27.1
KHO93-3, SW-18|Sept. 15, Philippine Sea
KH93-3, SW-19|Sept. 16, Philippine Sea
Table 6-23. List of seawater samples sealed in copper tubing for He isotope analysis (by
T. Gamo)
Station No. [IRO1 |TRO2 |IR03 |IR04 [IRO6*|IRO7 [IR08 |IR09 [IR10 [IR11 [TRI2 JIR13 TIRO14]IR15 |IR16 |IR17 JIR18
Sample
Nol?
15 o
14
13 O O Q Q o] o
12 o}
11 olololo]lo o
10 &}
9 o) o o o o o) o 8] o o o 0]
8
7 olol ol ole o] o ol ol o o | o]
6 o] o
5 o] o e} o o o o e} o) o
4 3 o o]
3 o | o ol o] o o &) ol ol ol o o | o
2 o 9] O
1 o o o o) [e] o) o) o o o) (9] )
Remark [*IR06 samples have labels of "IR05" instead of "IR06" on the Cu tubings
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Table 6-24. List of seawater samples for the analyses of Po, Pb, and rare earth elements
(by T. Gamo)

Sample No. |Sampler Depth (m) Po, Pbsample REE sample Remark
(large-mouth) (small-mouth)
IR01-2 Lever-action N. 4100 O O
IRO1-4 Lever-action N. 3739 O @]
IR0O1-7 Niskin 3154 0 G HCI 1ml
1R01-9 Niskin 2957 O O
IRO1-11 Niskin 2470 O @}
IRO1-13 Niskin 1973 (@] O
IRO1-15 Niskin 1484 O O
IR0O3-1 Lever-action IN. 4136 O O
[R03-5 Lever-action N. 3879 O O
IR03-10 Lever-action N. 3632 @} @]
[R03-15 Niskin 3331 O O
IR11-4 Lever-action N, 2210 O O
IR11-5 Lever-action N, 2227 O O
IR11-6 Lever-action N. 1979 O O
IR11-7 Lever-action N. 1731 O @]
IR11-8 Lever-action N. 1485 O O
IR11-9 Lever-action N. 1236 O O
IR11-10 Lever-action N. 990 O O
IR11-11 Lever-action N. 744 O O
IR11-12 Lever-action N. 497 O O
IR11-13 Lever-action N. 98 O O
IR11-14 Niskin 43 O O
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KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

7. Bottom Observations Searching for Hydrothermal Vent
Communities by the Deep Sea Multi-Monitoring System
(DESMOS)

Suguru OHTA', Kenji SHIMIZU', Masaharu WATANABE', and Maki ITo?

! Ocean Research Institute, University of Tokyo
2Department of Ocean Science and Technology, Tokai University

Exploration of active spreading and hydrothermalism along the rift systems in the Indian
Ocean has been conducted by the scientists of various disciplines of many countries. However,
so far, location of active hydrothermal vents and vent-associated biological communities has
not been realized. The prime objective of the biological participants was to find the active
hydrothermal vents and vent organisms along the rift systems. Direct demonstration of the
world-wide occurrence of vent communities, per se, is important, and also it is highly expected
from the zoogeographical and genetic points of view.

Bottom surveys and observations were carried out using a deep-tow type bottom surveying
system named "DESMOS” (deep-sea multi-monitoring system). During the third leg of KH93-
3, five operations were devoted, in vain, to the exploration of the hydrothermalism and vent
associated biological communities along the Central Indian Ridge (CIR) of the Rodriguez
Triple Junction in the central Indian Ocean. The last operation was devoted, again in vain, to
the location of the possible hydrothermalism in the ”"Sonne Field” on the CIR to the north of
the present extensive survey area,

All operations were carried out in collaboration with chemical, geological and geophysical
parties. The towing points were determined primarily on the basis of the results of ordinary and
“tow-yo” modes of CTD-multi-rosette hydrocast which is equipped also a transmissiometer.
Large anomalies of light transmission together with the plumes of high concentration of Mn,
Fe and methane, especially in the layer between 2,200-2,300m deep suggested the nearby
presence of the hydrothermal activities. Experts of chemistry, petrology, volcanology and
geophysics were invited at any time to the main console of the DESMOS system to comment
every features on the TV monitors.

Exploration of hydrothermal activities and vent-associated biological communities were
not rewarded, and no slightest indication of vent activity was detected during the surveys.
However, high quality bottom images afforded direct and best information of the biota and
bottom features around the rift valley system.

1. Specifications and operations of the system

The underwater vehicle of the DESMOS is composed of a stereo-pair of color TV, a pair
of stereo still cameras (up to 1,700 frames using 35mm, 100-foot long strip color negative
films, CTD (Sea-Bird Electronics, Inc.: Model SBE 9/11, modified by Tsurumi Seiki Co.
Ltd.), 6-bottle rosette water sampler (Niskin-type; 1.5 liter each) and a releasing clamp beside
auxiliary instruments such as an acoustic altimeter, an inclinometer, an acoustic transponder
and a chain suspended from the frame of the vehicle. Images illuminated by four 300 watt
halogen lamps and measurement signals are conducted to the shipboard console via 6,000m
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long, 14.4mm phi composite armored cable (consisting of 6 optical fibers, 4 signal wires and
6 power chords).

Taking photographs, water sampling and releasing of any kind of instruments are controlled
by the operators based on the real-time information displayed on shipboard monitors. Vertical
and horizontal CTD profiles were monitored on CRT, X-Y plotter and printer. Horizontal mode
of the CTD profile is specially designed for the quick discrimination of thermal anomalies on
analog graphics. Video images and essential LAN data are displayed on two monitor TV and
recorded on S-VHS cassettes together with voice comments of the observers. The vehicle is
not equipped with thrusters, simply hung on a tethered cable and maneuvered by up-down
winch operations and surface ship’s joy-stick dynamic positioning system.

A pendulum chain of 250cm leng served as a distance cue for winch operation and
dimensioning of the objects. When the tip of the chain touched the bottom, the rough
estimation of the frame coverage was 2 by 2.5m on the bottom, as, in most cases, cameras were
set perpendicular to the bottom and zooming was set as wide as possible. Detailed analysis and
dimensioning and identification of photographed objects will be carried out in the laboratory
on land, Note that the depth figures superimposed on video monitor was fed from Seabeam via
LAN, and the time in GMT. True vehicle depth was recorded continuously on CTD graphic
and floppy data.

Water samples were analyzed by chemical party and geological descriptions along several
DESMOS tracks (Stations DESMO02, DESMO03 and DESMO05) were made primarily by S.
Nakada, T. Ishii and S. Yamashita. The detailed results will be described elsewhere in this
report.

Trackings of the underwater vehicle together with surface ship were fixed and guided
by means of a SSBL (super-short-base-line) acoustic transponder subnavigation system (OKI
Electronic Company Ltd.). M. Watanabe and M. Ito were responsible for these operations. K.
Shimizu improved the software of the SSBL operation on board. Geophysical party (especially
C. Honsho) prepared for us the on-board Seabeam maps of the pertinent areas in due time. T.
Matsumoto and S. Kanayama helped us in the grease up of the cable winch at the end of the
last operation and they were rewarded special T-shirts.

The system was operated at 5 survey points (Stations DESMO01, DESM02, DESMO03,
DESMO04 and DESMO5) and the preliminary observations were briefly summarized in the
following. Date and time are expressed in GMT.

2. Brief resume of the video observations

Station DESMOI [see Fig. 7-1]

Location: A steep NE slope of the CIR axial rift valley
[ship] 25° 19.99'S; 69° 58.00'E (4,251m) - 25° 18.02'S; 69° 59.91'E (3,022m)
[desm]25° 20.00'S, 69° 57.90'E (4,258m) - 25° 18.42'S, 69° 59.45'E (3,011m)

Date and time of operation: 10:20-15:36, Aug. 17, 1993

Duration of bottom observations: 11:42-14:45, Aug. 17, 1993

Span of the bottom observation track: 3,750m (horizontal projection)

Bottom still photos: ca. 600 frames (#2 camera only) [Konica XG400]

Video records: 2 pairs of S-VHS cassettes during 11:36-14:52

Water bottle sampled: none
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Objectives and remarks. The prime objective of the DESMOS operation in this station was
to explore and to locate the new vent fields along a steep NE inner slope of the CIR central
rift valley, where CTD hydrocasts and "tow-yo™ operations during Leg 2 and Leg 3 (Stations
CTD-9 and CTD-11) told the strongest anomalies in the light transmission and water chemistry
related to hydrothermal activities at a layer around 1,300m.

It turned against the expectation. No sign of present hydrothermal activity along the track
with the exception of small inconsistent seeming “thermal anomalies”. Sporadic “thermal
anomalies” recorded on the continuous CTD record during horizontal tow can be considered
to be artefacts due to 1) sediment cloud evoked by collision of the system to the bottom
passed the sensor chamber (in this case, salinity shows erratic fluctuation synchronously), and
2) temperature sensor is bathed in water heated by the incandescent lamps of the DESMOS,
because the “anomalies” were observed when the system hit the obstacles. Cameraff 1 did not
work due to a trouble in the take-up mechanism of the film.

Typical scenery: DESMOS climbed uphill the huge NE inner wall of the rift valley of the
CIR from the base of the graben 4,250m deep to the top of the rift 3,022m deep. Principally
the scenery of the scarp was the alternation of breccias and talus of not so fresh appearance.
Around 2,500m just below the top, seemingly greenish altered basalt was observed.

Biota: The biota of the bare rock region was exceedingly poor both in species number and
abundance. No organisms worthy of mention were seen except sporadic aristeinid swimming
shrimps, slender gorgonians and sea anemones on the fresh basalts.

Station DESMO2 [see Fig. 7-2]

Location: Two topographic highs in the rift axis of the CIR
[ship]  25° 24.31'S; 70° 00.06 E (4,152m) - 25° 22.15'S; 69° 58.77'E (3,970m)
[desm] 25° 24.30'S, 69° 59.98'E (4,162m) - 25° 22.45'S, 69° 59.85 E (3,918m)

Date and time of operation: 22:48 (Aug. 17) - 04:55 (Aug. 18, 1993)

Duration of bottom observations: 00:08-03:45, Aug. 18, 1993

Span of the bottom observation track: 3,950m (horizontal projection)

Bottom still photos: ca. 880 frames (#2 camera only) [Konica XG400]

Video records: 2 pairs of S-VHS cassettes during 00:05-03:49

Water bottle sampled: 6 bottles

Objectives and remarks: Possible hydrothermal vent fields were searched for around two large
volcanic cones with different scales in the rift axis of the CIR. Chemical analysis during Leg 2
predicted moderate anomaly in Fe around this site (Station CTD-2).

Again the expectation and labor was not rewarded. Sporadic “thermal anomalies”
recorded on the CTD record can be considered to be artefacts due to incandescent lamp of the
DESMOS system.

Camera #1 did not work due to a trouble in the take-up mechanism of the film.

Typical scenery: The two volcanic cones consist principally of alternation of pillow lobe piles
and of pillow breccias/hyaloclastites. The summit of the larger voleanic cone is occupied by
sheet flow, while that of the smaller one by hyaloclastites. Sediment, a few cm thick, covers
lavas on both volcanic cones. These volcanic cones are inactive, but nearly “zero-aged”,
because fresh, glassy surface remains and sediment cover is thin enough.

Biota: Extremely poor in larger living organisms as was observed in the preceding operation.
Organisms to be mentioned were scarce occurrence of Hyalonema-type hyaline sponges.
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Station DESMO3 [see Fig. 7-3]

Location: Two small volcanoes in the central rift valley of the northernmost segment of the SEIR
[ship] 25° 48.07'S; 70° 11.14'E (3,718m) - 25° 47.31'S; 70° 12.87'E (3,584m)
[desm] 25° 48.15'S, 70° 11.05 E (3,712m) - 25° 47.37'S, 70° 12.15'E (3,543m)

Date and time of operation: 22:06 (Aug. 21)-02:35 (Aug. 22, 1993)

Duration of bottom observations: 23:16 (Aug. 21)-01:35 (Aug. 22, 1993)

Span of the bottom observation track: 2,725m (horizontal projection)

Bottom still photos: ca. 390 stereo pairs [Konica XG400]

Video records: 2 pairs of S-VHS cassettes during 23:12-01:43

Water bottle sampled: 6 bottles during ascent

Objectives and remarks: This station was established by the geological party to observe directly
the development of two volcanic cones in the axial graben of the northernmost segment of
the SEIR adjoining to the Rodriguez Triple Junction. Negative gravity anomaly was most
pronounced around here.

Typical scenery: The two cones consisting pillow lavas and hyaloclastites stand on sheet-flow
floors with different elevations. Each cone was cut by N-NE trending faults in both sides. Talus
is widely distributed below fault scarps. The activity of faults occurred afier the formation of
these volcanic cones. However, very thin sediment cover and fresh glassy surface of lavas
indicated that the volcanic cones are “zero-aged”. Glittering black sunflower-like structure,
indicating degassing from lava flows, was frequently observed on the surface of sheet flows.
Biota: Again and again, the biomass was extremely low, as is usual in the barren abyssal
zone. Elasipod holothurians (possibly belonging to Psychropotinae), ophiuroids including the
clinging member like Asteronyx and shrimp of the genus Nematocarcinus.

Station DESMO04 [see Fig. 7-4]

Location:On a bench of the NE inner wall of the rift valley of the CIR
[ship] 25° 19.14'S; 70° 00.61'E (2,910m) - 25° 19.81'S; 70° 00.64'E (3,110m)
[desm] 25° 19.15'S, 70° 00.55'E (2,919m) - 25° 19.53'S, 70° 00.90'E (2,916m)

Date and time of operation: 01:10 - 05, Aug. 24, 1993

Duration of bottomobservations: 02:02 - 05:02, Aug. 24, 1993

Span of the bottom observation track: 3,210m (horizontal projection)

Bottom still photos: ca. 1,150 stereo pairs [Konica XG400]

Video records: 2 pairs of S-VHS cassettes during 01:59-05:10

Water bottle sampled: 6 bottles on the seafloor

Objectives and remarks: Chemical party surveyed new tow-yo tracks (Stations CTD-15 and
CTD-16) only two miles to the east of the Stations CTD-9 and CTD-11, where the plume of
largest anomaly of hydrothermal effluence around 1,300m layer was found. This station was
established expecting that the possible spring responsible for the 1,300m layer plume may be
located on the shallower portion of the NE inner wall of the CIR rift valley.

Except the artificial “thermal anomalies” on the CTD record, no indication at all was
witnessed along the U-shaped track line of the DESMOS.
Typical scenery: The bottom of this station consists fundamentally of relatively old basalts,
with the alteration of pleated sheet lava flows, lobate lavas, pillow breccias/hyaloclastites along
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the depth gradient. The toes of steep scarps were skirted by talus of breccias and relatively flat
floors were either covered by pleated sheet flows, sometimes with fissures trending N-S, or if
blanketed with whitish, well oxygenated sediment, pebbles of glass were scattered: Occasional
ripple marks in the pocket of large pillow lavas suggest relatively strong local bottom water
movement. No signs of hydrothermal deposits, hydrothermally altered rocks and thermal
anomalies were there.

Biota: Animal observed were ophiuroids of the genus Ophiuridae and phrynophiurids clinging
to the stalks of hyaline sponges, nematocarcinid and aristeinid shrimps, holothurians belong-
ing to the genus Benthodytes and Mesothuria (orPseudostichopus), and fishes of the genus
Aldrovandia (and/or Halosaurus), slender forms of ophidiids and Ipnops. All of them are
ordinary constituents of the "normal” deep-sea floor inhabitants. Slightly higher abundance
of the benthic organisms might be due to the shallower depth and more diverse bottom
environment with sediment cover. However, the low density and dominancy of echinoderms
(most of them are intolerant of hydrothermal atmosphere) suggest the vent fields are far away.

Station DESMOS5 [see Fig. 7-5]

Location:"Sonne Hydrothermal Field” on the eastern flank of the rift valley of the CIR
[ship] 24° 00.45'S; 69° 40.03'E (3,382m) - 23° 59.25'S; 69° 38.73'E (3,069m)
[desm] 24° 00.48'S, 69° 40.03'E (3,387m) - 23° 59.78'S, 69° 38.80'E (3,095m)

Date and time of operation: 19:04 (Aug. 24) - 11:33, Aug. 25, 1993

Duration of bottom observations: 20:13 (Aug. 24)-10:01, Aug. 25, 1993

Span of the bottom observation track: 16,725m (horizontal projection)

Bottom still photos: ca. 1,300 stereo pairs [Konica XG400]

Video records: 7 pairs of S-VHS cassettes during 20:07-10:05

Water bottle sampled: 3 bottles on the seafloor

Objectives and remarks: The operation aimed at relocation of the hydrothermal activity
suggested by the German party on board Sonne in 1987. "Tow-yo” survey preceding DESMOS
operation by our chemical party revealed salient transmission and chemical anomalies below
2,500m level which must be concomitant with hydrothermalism, strongly suggesting nearby
occurrence of venting. The expectation was not realized through 16-hour observations of the
DESMOS, No sign of the present-day hydrothermal activity was ascertained in terms of surface
deposits, basalt rock features and biota along the track line. Sporadic thermal anomalies™
recorded on the CTD record can be considered to be artefacts due to incandescent lamp of the
DESMOS system.

Typical scenery: The survey area situates in an off-axis graben trending N-8, bounded by faults.
Flat bottom was blanketed with thick, grayish brown silty sediment (up to several tens of cm).
Talus deposits exposed below fault scarps, while pillow lavas with hyaloclastites/breccias on
the scarps. Pebbles of basalt glass scattered on sediment show the evidence of turbidity flows
into the bottom,

Biota: Unusually thick sediment (considering the geological settings of the CIR) and weak
bottom water movement characterized the benthic fauna. Detritus feeders utilizing scarce
organic matter on the sediment dominated. Seemingly abundant biological activity is ascribed,
in part, to the well preservation of the lebensspuren under the faint bottom current regime.
Animals frequently observed are listed below in taxonomic order.

Protozoa: xenophyophores (abundant)
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Porifera: Hyalonema spp.

Coelenterata: simple scleractinian corals, Umbellula sp., sea anemones, cerianthids
and ctenophores

Echiura: star-shaped traces of echiuran worms (Torbenwolffia-type and others).

Mollusca: many meandering tracks of medium-sized gastropods

Macrura: Nematocarcinus spp., aristeinid shrimp (Benthesicymus spp.7)

Asteroidea: porcellanasterids?, 6-armed asteroids (Freyella oligobrachia)

Ophiuroidea: Ophiuridae

Echinoidea: lebensspuren of medium-sized spatangoids (abundant)

Holothuricidea: Enypniastes eximia, Benthodytes (sanguinolenta?)

Pisces: Ipnops spp., slender ophidiids and Aldrovandia sp.

3. Discussion and proposed future works

All the effort to locate active hydrothermal vents and special biological communities
in the survey areas did not bear fruits. Although midwater plumes of chemical and light
transmission anomalies suggest unequivocal activity of “nearby” hydrothermalism, bottom
observations by DESMOS and rock samples collected by dredges together with the catches of
bait traps gave rise to negative results. There must be some gap of “resolution power” between
chemical survey and DESMOS observation to be filled with in near future.

Detailed root maps of the irack lines of DESMOS and scrutiny of the rocks and gelology
based on voluminous VTR records afford insights into the geology of the pertinent area.
After the development of the films, bottom images and organisms of the two cameras will
be analyzed stereoscopically and be investigated in detail on land to prepare the reporis such as;

* Ohta, S., K. Shimizu and M. Watanabe: Deep-sea benthic life along the rift system of
the central Indian Ocean revealed by a deep-tow observation plaiform DESMOS.

* K. Shimizu and 5. Ohta: Ichnology and biological activities on the deep-sea floor of the
Central Indian Region.

* Nakada, S., T. Ishii, S. Kinoshita, S. Ohta and K. Shimizu: Geological development of
volcanic cones in the Indian Ridges.

4. Data storage and inquiries

S. Ohta (ORI) is responsible for the storage of original video and film records as well
as DESMOS-CTD data on graphic charts and floppy disks, event records and subnavigation
records on floppy disks. Data of water chemistry are supplied by T. Gamo. The chief scientists
of the cruise, Drs. K. Tamaki and H. Fujimoto are in charge of the distribution and publicity
of these data.
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1. Introduction

Geology in active ridge areas has not been known well, because of scarce opportunity to
observe directly. It is much interest to know geological development among different ridges
Joining at a triple junction. Active and nearly active ridges (the Southeast and Central Indian
ridges; SEIR and CIR, respectively) together with a less active ridge (the Southwestern Indian
Ridge; SWIR) meet at the Rodriguez Triple Junction. Fresh and glassy basalts were recovered
from both SEIR and CIR in this cruise, while relatively old basalt and weakly metamorphosed
extrusive/intrusive rocks from SWIR.

Sea floor of CIR and SEIR was investigated with Deep-sea cameras installed in the Deep
Sea Multi-Monitoring System (DESMOS; see Chapter 7 in this report). The DESMOS was
towed in 5 courses (DESMO] - 05); one in SEIR, and four in CIR (see Chapter 7). Among the
latter, the longest survey (DESMO5) was done in the ZONNE area. We recorded geological
aspects of three courses (DESMO02, 03, and 05). Geological maps along the DESMOS towing
routes (Figures 1, 2 and 3) and schematic cross-sections (Figures 4 and 5) are also shown.
Geological logs are shown in Tables 1, 2 and 3. In this paper, we show the geological outline.

2. Geology of DESM02

Two volcanic cones with different scales (300 m and 80 m high) in a rift axis of CIR were
investigated with DESMOS (Figure 1). No samples were taken directly from these cones, but
samples from volcanic cones lining up the same volcano-alignment are fresh enough.

Two cones consist principally of alternation of pillow lobe piles and of pillow brec-
cias/hyaloclastites (see Figure 4). The summit of the larger cone is occupied by a sort of sheet
flow (aggregate of large and long lobes of hollowed pillow of more than 2 m across), while
that of the smaller one by hyaloclastite. Sediment, a few cm to > 3 cm thick, covers lavas in
both volcanoes. Sea animals and plants are scarce, probably implying no present hydrothermal
activity around these volcanoes. These volcanic cones are inactive, but nearly "zero-aged”,
because fresh, glassy surface remains and sediment cover is thin.

3. Geology of DESMO3 in the Southeastern Indian Ridge
Two volcanic cones (210 m and 120 m high) in the rift axis of SEIR were surveyed
with DESMOS in order to investigate present volcanic activity and geological history of these

volcanoes (Figure 2). This site is in the middle of the segment nearest to the Rodriguez Triple
Junction, where the rift floor is the shallowest and the distribution density of volcanic cones is
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the highest. Two volcanic cones investigated here belong to different alignments each other
which overlap around this site. The eastern cone stands on a floor uplifted by a step-fault,
approximately 90 m higher than the floor of the western cone. Fresh glassy samples were taken
directly from the summit of these cones with Rock Core. These cones stand on the flat floor of
sheet flows, and consist mainly of pile of pillow lobes and minor amount of hyaloclastite. The
cones were cut by faults in the both sides; each peak is sandwiched by steep cliffs (see Figure
5). On the foots of two cones talus of pillow breccias are widely distributed. The activity
of these several faults recently occurred after the formation of two volcanoes. This implies
inactivity of these volcanoes. The facts that sediment cover is faint and that the lava surface
looks fresh and glassy, however, indicate that the volcanoes are “zero-aged”.

Ropy structure was evident in sheet flows at the foot of volcanic cones. Sunflower-like
structure was frequently found on the surface of sheet flow. A round hole (crater; up to 5 cm
diameter) in the center, several tens of radial ridges come radially from the rim of the crater.
The diameter of the sunflower is about 1 m. Thin sediment on the surface made the structure
visible clearly. This probably is a sort of pressure ridge due to degassing through the crater
from lava’s interior.

4. Geology of DESMOS5 in the SONNE area

In the SONNE area, signs of hydrothermal activity were reported by German Group (R/V
SONNE). The studied area is a off-axis graben trending N-S, bounded by faults; the bottom of
the graben reaches -3,400 m depth (Figure 3). The central axis at the same latitude is deeper
than -4,000 m,

Thick sedimentary deposits of light-brown color cover the bottom of the graben. Talus
deposits exposed on the foot of fault scarps, while pillow lavas with hyaloclastite/breccias on
the scarps. The evidence for turbidity currents into the bottom is shown by pebbles of basalt
glass scattered on sediment. Although lavas preserve perfect structure of pillow (corrugation,
wrinkle, expanding crack, etc.), deposition of thick sediment (several tens of cm) indicates
inactivity of volcanism in this area. The sign showing hydrothermal activity was not confirmed
geologically in this area.

5. Summary

Geology of volcanic cones on the sea bottom of CIRRI and SEIR. Two towing courses
(DESMO2 and 03) with different directions (toward NW and NE) gave us general idea on the
history of volcanic cones. The studied volcanic cones, which have the standard sizes in CIR
and SEIR, consist of thick piles of pillow lavas with hyaloclastite and talus deposits (Figure
4). Principally volcanic cones stand on flat floors of sheet flow (Figure 5). Although hollowed
pillows were sometimes observed at the summits of volcanic cones, lavas with the texture
showing supply vent for sheet-flows of sea floor were not found. It is likely that volcanism at
the Indian Ridges contains two stages; sea-floor stage and the following volcanic cone stage.
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Table 8-1. Geological note of DESMO2 in the Central Indian Ridge

DESMO02

Bottom survey started at 25°24.3'S, 69°59.9'E (-4,140 m),
and ended at 25°22.5'S, 69°58.8'F (-3,860 m)

GMT 00:08 - 03:45 August 18, 1993

GMT Depth (m)
vehicle

0008 Pillow lobes with fresh, glassy skin; lobe up to 1 m across, covered
with thin sediment (c. lem thick). Typical structure of pillow lavas
were recognized, corrugation, wrinkle, expanding crack,

0029 Partly pillow breccias and then changed into pile of pillow lobes.

0035 Hyaloclastite changing into pile of pillow lobes (up to 1 m across).
0042 Talus of pillow breccias; 30 to 60 cm across,

0045 Pillows on talus. Breccias in talus are angular to subangular, relatively

sorted, changing into pile of pillow lobes (average size of pillow is 50
cm across, but up to I m).

0056 Pile of pillow lobes (lobes I to 0.5 m across) with breccias in spaces
among lobes.

0100 Pile of pillow lobes (approximately | m across) covered with sediment
(up to 2 cm thick) having ripple mark.

0105 Pillow breccias (30 - 50 em across; sorted)
- summit of the first volcano ---

0107 Altemation of hyaloclastite to pillow breccias.

0110 Repeating of hyaloclastite and pillow breccias, but mainly hyaloclastite.

0113 Ill-sorted pillow breccias of 20 to 50 cm across.

0116 Pillow lavas (approximately 50 cm across) and breccias covered with

thin sediment (<1 cm).

0123 4160  Flal surface of pillow lobes with breccias,

0128 Pillow lobes (30 - 50 cm across) with relatively thick sediment (2-3
cm) having ripple mark.

0135 3987  Pile of pillow lobes (up to | m across).

0140 3965  Pillow lobes {up 1o 50 cm across)

0146 1ll-sorted pillow breccias (20 to 60 cm across).

0151 4080  Flat surface of pillow breccias (angular to irregular; approximately 30
cm across) including perfect pillows.

0154 Sediment with ripple mark, like in temples' gardens in Kyoto.

0155 Pillow lobes of up to 1 m across with sediment cover, breccias in
spaces among lobes.

0159 Hyalaclastite to breccias changing into pillow lobes.

0203 4100  Pillow lobes with fragments in space.

0210 Pillow lobes (approximately 1 m across) with sediment cover. Ripple
mark on sediment is evident,

0215 Talus of pillow breccias (30 to 10 cm across).

0216 Pillow lobes on talus deposits, such that they tended to flow down

from the top of talus slope. Alternation of layers of pillow breccias and
of pillow lobes.

0218 4000  Pile of pillow lobes (0.5 - 1 m across)

0224 3980  Pillow lobes, partly breccias

0228 Pile of pillow lobes (0.5 - 1 m across) and sediment cover with ripple
mark.

0234 Pillow breccias (20 - 50 em across), angular to irregular shaped.

0235 Pillow lobes with fragments in space,

0237 Hollowed pillows with thick sediment cover.

0243 3890  Flat surface of pillow lobes with thick sediment cover.

0250 3875  Pile of crusts of hollowed pillows. Pillow size ranging 50cmto 1 m
across.
3860 Hollowed pillow thickly covered with sediments; broken walls of
pillows standing in sediment surface.

0254 , Looks like sheet lava (large elongaled lobes of hollowed pillows).
0257 3830 Pillow lobes with diameter more than 2 m.
0258 Subangular pillow breccias, 20 - 50 cm across, including perfect

pillows of approx. 50 cm.

0259 3800 Pillow lobes (up to 50 cm across) with thick sediment cover,

0303 3820 N-S wrending crack of 1 m wide.

0305 3820  Sheet-flow with thick sediment cover, changing into pile of fat pillow
lobes.

0315 - around summit ---
Aggregation of crusts of hollowed pillows, probably sheet flows.
Sediment of approximately 3 ¢m thick with ripple mark.

0323 Mound of hollowed pillow lobes or lava tubes (50 cm - 1m across).
Aggregation of crusts of hollowed pillows.

0331 Pile of pillow lobes --- still summit area but north of summit in map ---

0337 Crusts of hollowed pillows, lava tubes, hollowed pillows.

0344 Aggregation of lava tubes, like roots of tree, probably one of eruption
center.

0345 3860 Pillow lobes with subsidence structure on the surface, implying space
in the interior (hollowed pillow). Relatively thick sediment cover
(more than 3 cm) with ripple mark,
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Fig. 8-2. Geological route map of DESMO3.



“=* Hollowed pillow lava
—— Sheet lava

— 141 —



hollowed pillows or
lava tubes

sheet-like flows

hyalaciestie hollowed pillows
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Fig.8-4. Cartoon showing geological cross-section of volcanic cones surveyed in
DESMO?2 in the Central Indian Ridge. Talus deposits consist of pillow breccia and
hyaloclastite.
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Fig. 8-5. Schematic geological cross-sections in the Southeastern Indian Ridge and
SONNE area in the Central Indian Ridge.



KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

9. Bait Trap Sampling of Deep-sea Benthos around the Rift
System of the Indian Ocean

Suguru OHTA' and Kenji SHIMIZU'

Y Ocean Research Institute, University of Tokyo

1. Objective

Ragged bottom on the rift system preclude ordinary biological sampling gears, such
as trawl, dredge and grab sampler. Bait trap attract, in general, only the carnivores and
scavengers, it has still an advantage of collecting intact specimens efficiently from vast areas
within a limited time.

Bottom-moored bait traps were deployed twice to collect macro- and mega-benthos on
the Central Indian Ridge (CIR) system. The main objectives are 1) to collect rarer organisms
in this barren area, especially crustaceans to be analyzed taxonomically and genetically, 2)
to facilitate the interpretation of the bottom observations using DESMOS, and 3) to judge
indirectly the neighborhood to the hydrothermal vent fields.

2. Instrumentation and procedure

Three hemispherical cage traps (so-called crab cages) were attached to the bottom-moored,
acoustic releasing system. The system consists of the following units;
1. main buoy unit: 4 Benthos 17 inch glass spheres (20kg x 4 net buoyancy)
2. ballast weight: 150kg iron block
3. acoustic releaser: Nichiyu Giken, Model L-1 (call code 1A)
4. retrieval facility: a flag, deep-sea submergence flasher and radio beacon (43.528 MHz:
JS1012) attached to a pole of a signal buoy
5. trap cages: 150cmj hemispherical cage with an 150mmj cone orifice at a pole, netted by
15x15mm square mesh, baited with minced fish and the heads of bonitos. Small and medium
bait cages were also set within the main cages to retain smaller creatures such as amphipods
and isopods.

3. Basic data

Station BK1
Location: in the axial grabenof the Rodriguez Triple Junction
Deployment
date and time: 04:561, Aug. 19, 1993
position: 25° 35.05'S, 70° 00.32'E; 3,385m
descending rate: ca. 70m/min
Retrieval
release command: 07:26', Aug. 23,1993
popping up: 08:22', Aug. 23,1993

— 143 -



9. Bait Trap

position: 25° 34.81'S, 70°00.77'E; 3,330m
ascending rate: ca. 60m/min

Duration of bottom mooring: 4d 1h 42m

Main catch
Munidopsis sp. 1 specimen

Rysianassid amphipods several hundreds

Station BK2
Location: Small trough on the eastern inner wall of the CIR rift valley,
possible hydrothermal vent field in the ”Sonne Field”

Deployment
date and time: 18:55', Aug. 24, 1993
position: 24° 00.39'S, 69°40.02'E; 3,388m
descending rate: not monitored (probably 70m/min)
Retrieval
release command: 11:03, Aug. 25,1993
position: 23° 59.24' S, 69° 39.27 E; 3,169m
popping up: 12:00', Aug. 25, 1993
ascending rate: ca. 60m/min
Duration of bottom mooring: 15h 20m
Main catch:

Rysianassid amphipods several tens

4, Results

A huge white galatheid, Munidopsis sp. was collected by the first trial. Small rysianassid
amphipods swarmed on and among the bait, and the bonito heads were completely denuded.

Only rysianassid amphipods were attracted to the cage during the second trial. However,
large amphipods were collected in the medium cage.

Half of the samples were preserved in a deep freezer for genetic investigation, and the
remaining half were fixed in formalin and preserved in 70% ethanol for taxonomic scrutiny.

5. Discussion and future studies

Considering the duration of bottom mooring, the poor catch reflect the barren environment
in terms of nutritional condition of the present field.

Empirically, large, motile members such as fishes, galatheids and crabs can be attracted
from, say, 1 mile circumstances within a few days under ordinary bottom current regime. If the
cages were located rather near the hydrothermal vent fields, they (encircling the dishes of the
vent communities) must also be attracted to the cage. The poor catch of larger, motile members
suggests that both sites were not in the neighborhood of the hydrothermal vent communities.

The data will be scrutinized later to be fruited, hopefully, as the papers that titled;

* Ohta, S., H. Watabe and K. Shimizu; A galatheid (Anomura, Crustacea) collected

by bait traps on the Central Indian Ridge
* Ohta, S., K. Shimizu : Bait trap experiments on the Central Indian Ridge

— 144 —



KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

10. Underway Geophysics

Kensaku TAMAKI', Hiromi FUIIMOTO', Chie HONSHO',
Kin-ichiro Korzumt', Maki IT0?, Keiichi FURUYA?,
Mayumi SEKINE®, and Yasushi HARADA*

' Ocean Research Institute, University of Tokyo
2Department of Ocean Science and Technology, Tokai University
3Department of Earth Science, Faculty of Science, Chiba University
4Department of Earth and Planetary Physics, University of Tokyo

1. Objective

The target survey area of the KH-93-3 cruise, Rodriguez Triple Junction, is far away
from Japan, and so the following underway geophysical observations during the transits were
quite important: Sea Beam swath mapping, 3.5 kHz sub-bottom profiling, gravimetry, total
force and three-component magnetic surveys. The objective is twofold: one is to get long
geophysical profiles and the other is to carry out grid surveys at selected small boxes during
the transits.

2. Philippine Sea and South China Sea

As is shown in Figure I-1, the Hakuho-maru cruised along the Nankai Trough and Ryukyu
Trench and passed through the South China Sea during the Leg 1 and Leg 4. We selected the
Ryukyu Trench as the most interesting target, and two small box areas on the Ryukyu Trench
were surveyed as is shown in Figures 10-1 and 10-2. Figure 10-2 covers the area where thare
is no detailed geophysical surveys on the Ryukyu Trench. The trench has been surveyed by
Hydrographic Department of Japan in the northeastern part and by Japan Marine Science and
Technology Center (JAMSTEC) in the western part. Detailed geophysical mapping along the
trench axis has been completed with the survey shown in Figure 10-2.

Three lines of topographic highs running NE-SW are recognized in the seaward of the
Ryukyu Trench in Figure 10-2. The westernmost one is on the trench axis and may be related
to the bending of the Ryukyu Trench here. Several faults running NW-SE are observed to the
southeast of these topographic highs.

The Typhoon No.15 was waiting the Hakuho-maru at Luzon Strait on her way back to
Japan. That is why the ship’s track is off the usual track line. Although ship time at the
Ryukyu Trench was reduced, we could obtain a survey line in the northwestern part of the
Philippine Sea. We found a seamount at 19°30°'N, 12°09’E (Figure 10-3), which had not been
well documented in the topographic maps. We also observed several small conical seamounts
along the track.

In the South China Sea, we passed above the central part of a seamount at 10°6.5°N,
111°14°E. We planned to survey other seamounts, but we had to change the course due to the
Typhoon mentioned above.
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10. Underway Geophysics
3. Indian Ocean

Most of ship time during Leg 2 and Leg 3 was spent in the Indian Ocean. As we tried
to concentrate as much time as possible on the target area, we had no extra ship time for
the surveys during the transits. An important target was the Ninety East Ridge, which is
interpreted to be hot spot origin. Geophysical data of the ridge is fairly limited. We hoped to
get E-W profiles across the ridge, but the ridge was so large that it required much more extra
time to get E-W profiles. Anyway, we obtained geophysical profiles across the Ninety East
Ridge at two different seafloor ages, which will be useful in future works.

Sea Beam swath mapping shows that seafloor topography of the basin in the Indian Ocean
is quite flat. Although many small seamounts are observed near the Southwest and Central
Indian Ridges, very few seamounts were observed in the basin area,
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KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

11. Studies on Zooplankton in the Subtropical and Tropical Waters of
the Indian Ocean and the western North Pacific

Harumi KOBAYASH!I', Hiroshi HASUMOTO', and Makoto TERASAKI'

YOcean Research Institute, University of Tokyo

1. Objective: Composition and biomass of zooplankton

The oceanic zooplankton communities in subtropical and tropical waters are essentially
different from those of the higher-latitude waters and coastal waters. In the former waters
gelatinous plankton, such as jellyfishes, salps, doliolids and pteropods are known to be more
common and abundant than in other waters. However, information on the biomass and
composition of zooplankton in tropical and subtropical waters of the Indian Ocean is scarce
and scattered. The main puropose of our plankton group is to examine distribution and biomass
of the major taxonomic groups in the surveyed area.

2. Sampling and general procedures

Samples for each topic described below were collected by the following methods. Samples
for the study of horizontal distributions of macroplankton and micronekton were collected by
oblique towing of an ORI net with a mesh size of 0.69 mm. Along with the ORI net towing,
zooplankton was collected by the surface towing the same net with mesh size of either 0.69
mm or Imm. Surface smaller epipelagic plankton was collected by surface towing of Motoda
horizontal nets (MTD nets) with mesh size of 0.33 mm. Smaller, epipelagic plankton was
collected by vertical towing of a NORPAC-twin net (mesh size: 0.10 and 0.33 mm) from 200
m depth to the surface. The volume of water filtered by the ORI net or NORPAC-twin net was
estimated with a Tsurumi flow meter attached to the mouth of the nets. Sampling depths and
temperatures were measured with a Rigosha depth meter (RMD) and a Rigosha temperature
meier, the latier occasionally being used only in ORI net.

Most of the samples were fixed and preserved in 70% ethanohol. Live specimen
were occasionally sorted and used for experimental and/or histological studies. A part of
the specimen was fixed and preserved in 4% formaldehyde/seawater solution buffered with
sodium tetraborate for the examination of ultrastructure and gut contents with SEM,

3. Distribution and ecology of pelagic molluscus, especially pteropods

The identification and counting of the specimens were now in progress.The specimens
were sorted into major taxonomic groups, their wet weights and individual number measured.
The gastropods (Mollusca: Gastropoda) are distributed widely and abundantly in the aquatic
environments in the world. Many species are essentially benthic, having close connection
with the sea bottom. However, in the oceanic waters there exist a group of purely pelagic
gastropods, which have no direct connection with the bottom. This study examines the
taxonomy, morphology, geographical distribution and feeding habits of pelagic gastropods.
Pteropods, heteropods and pelagic nudibranchs were sorted from the original samples.
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I 1. Studies on Zooplankton

Although identification and counting of the specimens are now in progress, a total of 25
species of thecosomatous pteropods were identified (Table 1) for the present. It includes one
unreported species referable genus Limacina.
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KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

12. Measurement of Aerosols
(RaA, RaC’, Mie-particles, Condensation nuclei )
and Electrical Conductivity in the Atmosphere
near the Sea Surface

Tatsuo TANIT' and Michio OKINO'

| Muroran Institute of Technology

1. Objective

To clarify the present condition of atmospheric environment we have made measurement
of RaA, RaC’, Mie-particles, condensation nuclei and electrical conductivity in the atmosphere
near the sea surface over ocean while these ten years. As there were few example of the
observation for aerosols over the Indian ocean, it was very useful to obtain the information on
these area

2. Instrumentation and Measuring Method

To measure RaA and RaC’s we adopted a filter pack method in which acrosols in
sample air were collected on a membrane filter (1.0 mm pore size) and alpha events from
radioactive aerosols on the filter were counted by a surface barrier type silicon semiconductor
detector (HORIBA Ltd. 300SB-120L) fitted with multichannel pulse height analyzer (D. S.
DAVIDSON CO., INC. MODEL 2056-C).We operated the system four or five times every
cruising day. The system counted alpha events in the period of 8000 seconds of air sampling
(about 6400 liters of sample air).

For Mie particle counting a light scattering type particle counter (RION CO., Ltd. KC-01)
was used.It run automatically and counted aerosols in five ranges, i.e. 0.3-0.5 mm, 0.5-1.0
mm, 1.0-2.0 mm, 2.0-5.0 mm and over 5.0 mm in diameter. Usually we made it count those
particles every 10 liters of sample air.

As a condensation nuclei counter we used a pollak type condensation nuclei counter
(VIDEX Ltd. VDC-10). This instrument mainly consist of a pipe-shaped cloud chamber fitted
with a lamp and photo cell at one and the other ends of the chamber respectively. It should
operate every seventy eight seconds during all period of the cruise, however, it did not work
well.

We used a Gerdien type conductivity meter to measure a atmospheric electrical conduc-
tivity, and set it at the starboard on the upper deck. Basically it consist of a cylindrical air
condenser fitted with a vibrating reed electrometer( ADVANTEST CO., Ltd. TR-8401). It
operated automatically and measured positive and negative conductivity for every five minutes
alternately after Hakuho-Maru left the port of Singapore.
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12. Measurement of Aerosols
3. Example of Radioactive Aerosols Sampling

In this report we present a figure of one example of RaC’ count which obtained by the
method above mentioned. In this figure, the axis of ordinate is the RaC’ count which is not
rectified still and so not the conceniration of Rn, and the axis of abscissa is the local time and
days. Although the wind direction was almost south or south-east during these measuring
term, the RaC’ count showed the huge peak from 19th to 20th August.

All data on each items contained this figure are going to be analyzed in detail after the
cruise.
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Fig. 12-1 Variation of RaC' Count from 14th to 23rd Aug.

— 158 —



KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

13. The Horizontal Distribution of Background Aerosols
in the Global Scale and Contribution of
Continental Aerosols in the Maritime Atmosphere

Kazuhiko MIURA' and Kei SAITO'

LFaculty of Science, Science University of Tokyo

1. Objective

In previous papers [Miura et al. (1990,1991,1992)] measurements of back ground aerosols
were presented which indicated that the following a), b) and c); a) in the northern hemisphere,
farther off from the distance about 500km from the land, continental aerosols originated from
human work were transported, b) in the western Pacific Ocean (165° E), when the dependence
of Aitken particle concentrations on the latitude was observed, the results in the southen
hemisphere were rather higher than that of in the northern hemisphere because there was the
land near by, c) in a fixed point observation at the equator, it was found that the value of Aitken
particle concentrations changed irregularity, i.c., we did not found a regular diurnal variation
observed the land.

However, our data is not enough to discuss the influence of aerosols to a climate and to
a background pollution at this stage. Further, in the Indian Ocean, there is hardly any data
observed. Thus, it is necessary to observe background acrosols continuously in the global
scale.

2. Instrumentation and Condition
We used the same apparatus as in our previous observation (1990,1991,1992).

2.1 Aerosol particles sampling

mesh (for an electron microscope)............ After the sampling on the mesh by using
a low pressure type of cascade impactor the structure and morphology of the particles are
observed by electron microscope. The sampling was carricd out two times everyday. filter
The composition of the sample is analyzed by an Ion-chromatography.
The sampling was carried cut without interruption except when ship was stopped.

2.2 Size distribution measurement

We adopted a Pollak photoelectric nucleus counter to measure Aitken particles and used
a light scattering type of particle counter to measure Mie particles. The measurements were
made continuously by repeating each run of the time length 30min. and 20min. in succession,
respectively.

2.3  Radon concentration measurement

Filter pack method was adopted to measure the concentration of radioactive substances
in the air over the ocean. The system is operated four times everyday.
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13, Background Aerosols and Continental Aerosols

24 80, NO,. measurement

To measure 50, and NO, the sulfur dioxide meter by ultraviolet spectroscopy and the
nitrogen oxide meter by chemi-luminous method were used, respectively. Through the full
period of expedition voyage, the measurements were carrid out without interruption.

2.5 Atmospheric turbidity measurement
We adopted a Sunphotometor and measured the sunbeams at fine weather in the day time.

3. Observation Results and Summary

As an example variation curves of concentrations of Aitken particle and radon are shown
Fig.1. We obtain radon concenirations by assuming radioactive equilibrium being established
among Rn, RaA, RaB and RaC. From the figure shown in Fig.1, high Aitken particle
concentrations measured like a pulse are thought to be the resulis from air contamination by
pollutions due to ship herself. Thus, on the occasion of the observation by the aid of ship on
the ocean, in particular, we have to pay attention to pollutions due to ship herself at all time.
However, correlation was often found between concentrations of Aitken particle and radon.

The real cause for these events observed was unknown in present moment. We expect that
these evidences obtained should be discussed in future together with the following; variation
of meteorological conditions and air mass trajectories on each measuring spot.
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KH93-3 Cruise Report, Ocean Researach Institute, University of Tokyo, 1995

14. Investigation of Latitude Effect on Cosmic-ray
Intensity near the Sea-level

Masahide FURUKAWA'

! Division of Environmental Health, National Institute of Radiological Sciences.

1. Objective

In the Earths atmosphere, the distribution of cosmic-ray intensity changes as a function
of both altitude and latitude. To estimate the human dose from cosmic rays, it is necessary to
take into consideration these geographic factors. The purpose of this study was to investigate
the actual distribution of cosmic-ray intensity near the sea-level by in situ measurements on a
global scale. Tt will contribute to the study of environmental radiations in the atmosphere.

2. Measurement and Analysis

Cosmic-ray intensity and other environmental radiations were measured with a portable
field system which was developed by Okano et al.(1980) and Kumagai and Okano (1982).
The system consists of 3-in. diameter spherical Nal(T1) and plastic scintillation detectors, an
interface (multi-channel spectrometer), and a stereo magnetic tape recorder (Fig. 1).

The measurements were carried out on the upper deck of the vessel through the daylight
hours every day during Legs. | and 2 (July 8, 1993 in Tokyo bay to August 10, 1993 in
Mauritius, by way of Singapore and Sunda strait). At the same time, atmospheric pressure
was measured during the cruise so that the pressure effect on the cosmic-ray intensity could
be subtracted later. Locations of the measurement sites with NaI(T1) scintillation detector are
shown in Figure 2.

Analysis was made for absorbed energy spectra above 3 MeV by the peeling-off method,
and the cosmic-ray intensity was calculated as the exposure rate (uR/h) from the ionizing
component of the cosmic rays. The pressure effect was subtracted from the calculated intensity
by a method of Minato et al.(1993).

3. Preliminary Result for Latitude Effect on Cosmic-ray Intensity

Figure 3 shows the variation of the cosmic-ray intensity with geographic latitude observed
by the system with Nal(TI) scintillation detector. In general, the intensity decreases with
decreasing geographic latitude. The minimum value, about 2.6 gR/h, was observed at a
geographic latitude of approximately 8.5° N.

From the view point that cosmic-ray intensity is dependent on the geomagnetic field, this
geographic latitude can be considered the geomagnetic equator. Practically, this geographic
latitude is equivalent to a geomagnetic latitude of about 2.3° S. This result approximately agree
with theoretical estimation, and is interpreted in terms of the geomagnetic cut-off energy for
the primary cosmic rays in space which increase with decreasing of the geomagnetic latitude
(Kodama, 1968).
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14. Effect on Cosmic-ray

The latitude effect near the sea-level, the rate of change of cosmic-ray intensity with the
geomagnetic latitude, was estimated to be about 0.016 pR/h/degree in this study area.
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Fig. 14-1. Arrangement of the portable spectrometer used in this survey.
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15. Thermal structure of ‘atmospheric boundary layer
over the Indian Ocean

Shigenori HAGINOYA' and Nobuyuki KINOSHITA'

! Physical Meteorological Research Deopartment, Meteorological Research Institute, JMA

1. Objective

In order to clarify the mechanism of the Asian Monsoon, which is caused through
Air-Sea-Land interactions, the large-scale heat budgets over two different districts must be
estimated by field observations. One of the districts is Tibetan-Himalaya Mountains Area and
the other the Indian Ocean-South China Sea Area. Because of the vastness of the districts
and their unsuitable conditions for observations, observatories or ships in these districts are so
sparsely distributed that the basic meteorological data to clarify the mechanism of the Asian
Monsoon are lacking. Since October 1991, the automatic observation of sea surface heat
budget has been started in the Indian Ocean by VOS (Volunteer Observing Ship) to collect
the above basic data and estimate heat budgets. The ship is Osaka-Maru (31,382 tons, Mitsui
0.S.K.Lines Co. Ltd.). The observation is carried out 6 times a year on her round trip between
Japan and Republic of South Africa through the South China Sea, the Strait of Malacca and the
Indian Ocean. Sea surface heat budget affects atmospheric thermal structure and its motion,
especially in the ABL (Atmospheric Boundary Layer). We cannot obtain enough data to clarify
the mechanism of the Asian Monsoon from VOS observation only. The purpose of this cruise
is to sound the vertical structure of atmosphere making use of aerological sonde observation,
to collect the data of vertical thermal structure of ABL and to clarify the mechanism of
atmospheric heat transfer.

2. Instrumentation and Condition

Omega sonde was used to obtain pressure, temperature, relative humidity, wind direction
and wind speed up to 500hPa (about 5000m mean sea level). Omega sonde is the instruments
which measure the wind using navaid networks. Observation was carried out from 16 August
to 10 September (GMT). Table 1 shows the stations where the omega sonde were released.
XBT (eXpendable Bathy Thermography) observation was carried out to check the SST (Sea
Surface Temperature) obtained from Hakuho-Maru and to clarify the thermal structure of sea
surface layer to the depth of 460m. Observation was carried out from 58E to 120E. Table 2
shows the stations where XBTs were released. One rain gauge and two rain detectors were
installed the upper deck of the bridge to observe the existence of rainfall and the precipitation.
To obtain the radiation data, a pyranometer and a long wave radiometer were also set up the
same place. The recorders of above sensors recorded the data from Harumi to Harumi.

3. Principal Results

The vertical structure of virtual potential temperature, specific humidity, east-west wind
component and north-south wind component were obtained from data analysis. Virtual
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15. Atmospheric Boundary Layer

potential temperature is potential temperature in which influence of water vapor is under
consideration. Figure 1 shows the results of omega sonde observations. Several parameters
describe the ABL's characteristics. Figure 2 illustrates the parameters of ABL. Table 3 shows
the results of parameters. Figure 3 shows the relation among the parameters of ABL. Table
4 summarizes the average quantitative feature of parameters. Mixed layer height in the low
latitude (20S-20N) is nearly equal to the results that were obtained in the Pacific Ocean.

Figure 4 shows the results of XBT observation. It is found that the SST by Hakuho-Maru
is about 0.2 degree Centigrade lower than the surface layer temperature measured by XBT.

In this cruise, the dew point meter did not work well. The dew point meter was checked
by Asman ventilated dry and wet bulb thermometer. The results shows figure 5. Dew point
measured by the dew point meter was calibrated by the empirical relation in the figure.

Heat budget analysis was carried out using the meteorological data of Hakuho-Maru
instruments. Sensible (H) and latent (iE) heat flux of every minute are estimated by the bulk
methodo (Kondo, 1975). Net radiation flux (Rn) was calculated by the following formula. Rn
=(1-a)S+e(L-sTs4), where a:sea surface albedo(=0.06), S:global solar radiation, e:emissivity
(=0.97), L:downward long wave radiation, s:Stefan-Boltzman’s constant, Ts:SST. Figure 6
shows the results of heat budget analysis. Figure 7 shows the latitudinal variation of energy
fluxes. Figure 8 shows the comparison of energy flux between Hakuho-Maru observation and
that of Osaka-Maru, Present results of H+E are two times smaller than that of Osaka-Maru.

4. Summary

It is the very valuable for marine meteorology that the data of ABL over the Indian Ocean
and the South China Sea area were obtained. Parameters of ABL were useful for making the
ABL model over the Ocean.
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Table 15-4 Average of parameters of ABL. () indicates the standard deviation.

area h®v hg ¥ Bvs-Ov | gs-g

m n “C/km ‘C g/kg

Indian Ocean 997 1011 6.15 3.35 7.73
25°5-20'8 (332) (357) | (1.85) (1.04) [ (1.25)
Indian Ocean 788 632 4.87 2.26 8.43

20°5- 5°N (182) (225) | (1.08) (0.90) | (1.10)
South China
Sea 494 488 4.27 2.83 9.08
4°N-20"N (166) (231) | (0.47) (0.74) | (0.64)
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Table 15-1. Omega sonde released station

St.No. Date Time Latitude | Longitude
GHT 0.01° 0.01°
001 993-08-16 | 18:48 25.59 5 | 69.65 E
007 993-08-17 | 00:3 25.34 5 | 69.99 E
003 993-08-17 | 03: 27 75.32 5 | 69.97 €
00 003-08-17 | 06:07 5.30 § §9.96 L
| 006 993-08-17 | 08:55 5.41 § 69.90 £ |
007 193-08-17 | 12:02 5.33 § 69.97
008 993-08-18 | 04:00 [ 25.37 S | 69.98
008 993-08-18 | 08:09 | 25.40 8 | 70.03
010 993-08-18 | 14:00 | 25.32 S | 69.9¢
011 993-08-19 | 02:58 25.57 S | 69.98 E
012 993-08-19 | 09:00 25.62 5 | 69.89 E
013 993-08-19 | 13:04 5715 | 69.68 F
014 903-08-19 | 17:49 5.67 S | 69.73 L
015 993-08-20 | 03:23 5.81 5 | 70.02
016 993-08-20 | 09:07 5708 | 70.23 E |
017 093-08-20 | 13:30 |25.80 S | 70.20 E
018 3-08-21 | 03:05 |25.95 8 | 70.34 & _
019 093-08- 08255 26.13 5 | 70.41 E
0720 993-08- 13:26 26.12 5 | 70.57 E
021 993-08-22 | 03:04 18 S | 70.91
022 993-08-22 | 08:56 B.125 | 71.16 &
023 993-08-22 | 13:15 6.04 5 | 71.37 &
024 1993-08-23 | 03:00 5.76 5 | 70.2]1 E
025 1993-08-23 | 08:57 5.58 § | 70.00 E
076 993-08-23 | 13:26 [25.43 § | 70.00 &
027 993-08-24 | 03:00 [25.31 5 | 70.01 £
073 993-08-24 | 08:57 74.75 5 | 70.02 €
| 029 993-08-24 | 13:14 24.00 S | 69.66 E
[ 030 993-08-25 | 03:08 23.97 5 | 69.63 F |
031 993-08-25 | 08:51 24.00 5 | 69.65 L
032 993-08-25 | 13:21 24.00 S | 69.66 E
033 993-08-26 | 00:03 2.24 8 | T1.11 E
034 093-08-26 | 05:50 1.13 5 | 72.17T E
035 993-08-26 | 11:49 9.935 | 713.27 k&
036 003-08-26 | 18:00 3.66 5 | 74.32 €
037 993-08-26 | 23:5 746§ | 75.34
038 993-08-27 | 05:5 6.2 5 | 76.35 E
039 993-08-27 | 11:5 5025 | 71.42 E
040 993-08-27 | 17:5 3.975 | 78.30 €
041 3-08-28 | 00:01 7.715 | 79.37 b
042 93-08-28 | 05:52 1.54 5 | 80.35 E
043 093-08- 7 1:54  [10.40S | 81.30 E
044 093-08- 7:50 9.33 S | 82.17
045 3-08-28 | 23:59 8.065 | 83.22 [
046 993-08-29 | 05:56 6.81 S 1.76 b
047 993-08-29 | 11:49 5.59 § 5.27 E
018 993-08-29 | 17:42 .55 § 6.721 L
049 993-08-29 | 23:55 .23 § T.37 E
050 993-08-30 | 05:47 .00°S 3.48 E
05 993-08-30 | 11:49 0.38 § 9.49 &
993-08-30 | 18:02 0.36 00.43 E
5 993-08-30 | 23:5 1.5 1.33 F
05 993-08-31 | 05:5 2.57 07.08 E
055 993-04-3 1:5 3.5 92.85 £
056 993-08-2 7:5 5 93.66 £
057 993-09-0 7351 6 106.53 F
058 93-09-08 | 02:53 5.3 07.05 £
059 3-09-08 | 06:00 6.00 07.50 F
060 3-09-08 | 08:56 6.66 08.11 E
061 53-09-08 | 11:58 7.31 08.60
062 093-09-08 | 14:55 7.94 09.16 £
| 064 993-09-08 | 20:49 9.17 0.19 €
065 093-09-08 | 23:54 9.76 0.85 &
066 093-09-09 | 03:03 0.35 1.57 €
067 993-09-09 | 05:56 0.75 2.17 &
088 093-09-09 | 08:53 .22 2.80 & _
069 993-09-09 | 11:59 -73 N .66
070 993-09-09 | 14:54 21 N 39 F
071 993-09-09 | 17:46 .66 N 5.08
072 993-09-09 | 20:47 .15 N 5.83
073 993-09-09 | 73:50 .61 N 6.53 E
074 993-09-10 | 03:16 4.15 N 7.36 E
075 993-09-10 | 06:06 4.59 8.04
076 3-09-10 | 08:55 .05 3.69
077 3-09-10 155 5.82 9.0
078 993-09-10 | 14:53 6.57 N 3
079 993-09-10 | 17:46 7-30 N .65
080 993-09-10 | 20:47 3.08 N 20.08

Table 15-2, XBT released station

St.No Date Latitude |Longitude
X058 93/08/15 : 20-48 S 058-00 E
X059 93/08/15 i 21-1378 059-00 E
X060 93/08/15 i -39 8 060-00 E
X061 93/08/15 28 2-03 S 061-00 E
X062 93/08/15 6: 2-28 § 062-00 E
X063 93/08/15 97 2-53.8 063-00 £
X064 93/08/15 3: 3-17 § 064-00 E
X065 93/08/16 03: 23-41 § 065-00 E
X068 93/08/16 07: 24-06 § 066-00 E
X067 93/08/16 1 24-33 S 067-04 E
X068 03/08/16 4: 24-54 5 068-00 E
X069 93/08/16 8: 25-19 § 069-00 E
X070 03/08/19 2 5-34 § 070-00 E
X07 93/08/19 21 25-34 § 070-00 E
X07 03/08/22 6: 26-11 § 071-00 E
x07 93/08/26 3: 21-30 S 072-00 E
X073 83/08/26 'H 0-13 S 073-00 E
X074 93/08/27 01: 9-03 S 074-
%075 93/08/27 06: 7-54 5 075-00
X076 93/08/27 2% 6-43 S 076-0(
X077 93/08/27 a: 5-35 § 077-00
X078 93/08/28 00 =385 078-00
X079 93/08/28 06: -11 8 073-00

080 93/08/28 2z} -89 5 080-00
081 | 93/08/28 9. -52 § 081-00

082 93/08/29 00: 9-35 § 082-00 E
083 93/08/29 07: 08-21 8 083-00 £ |

X084 3/08/28 31 07-11 8 084-00 E
%085 93/08/29 9: 05-58 8 085-00 E
X086 93/08/30 00 04-47 3 086-00 E
X087 93/08/30 08. 03-40 8 087-00 E
X088 93/08/30 7o 02-35 § 088-00 E
X089 93/08/30 7% 01-28 5 089-00 E
090 93/08/3 00: 00-14 S 090-00
091 93/08/3 06: 01-05 N 091-00
092 93/08/3 132 02-22 092-00
X093 93/08/3 22: 03-40 093-00
X094 93/09/0 04: 04-59 094-00
X095 93/09/0 0: 06-08 095-00
X096 93/09/0 [H 06-06 096-00
X097 93/08/0 9: 06-00 N 97-00
X110 93/08/0 [H 08-57 N 0-00
%1102 93/08/09 04: 09-00 0-01

1 93/08/09 9: 09-52 1-00
2 93/09/09 [H =37 2-00 B
93,08/ [ -117 3-00 E
[ 93/09/09 22 -58 4-00 E
5 93/09/10 2a -35 5-00 E
X116 93/09/10 06: 3-14 6-00 E
1 93/09/10 0: 3-53 7-00 E
93/09/10 £ 4-32 8-00 E
93/09/10 5 5-45 9-00 E
X120 93/09/11 05: 7-58 20-00 E
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Table 15-3. Parameters of ABL

hgq Y Qv q ®vs qs

m C/km g g/ke C /kg

00 043 19 T.47 18.5 6.19 22.7 1.16
00 100 083 6.57 18.5 G.31 23.1 .60
00 0 078 5.93 b .37 23.0 .58
00 0 983 6.44 7 6.44 23.0 .42
006 000 048 £.93 ] 6.44 22.9 1.52
007 078 087 §.09 5 6.96 23.1 1.60
008 1278 304 5.93 .5 6.19 22.8 4.85
009 913 000 7.04 .9 6.26 23.1 1.69
010 798 804 8.00 s 7.27 22.7 1.57
0 657 652 5. 82 20.3 ] B6.52 23.4 9.28
0 313 570 5.52 20. 6.44 22.8 |- 11.66 |
0 00 1400 5.00 0. 7.37 23.0 1.19
0 557 735 7.42 20. 7.81 23.0 .16
015 91 878 7173 20. 7.94 23.8 5.46
018 79 1043 9.278 20.0 7.00 23.8 5.13
017 835 800 7.86 20.2 8. 24.4 5.86
018 1391 1730 3.48 9.4 6.11 24.6 6.15
019 1000 957 8.45 9.5 7.09 23.5 41.76
020 704 126 4.30 9.7 8.38 23.7 5.2
021 696 600 7.73 9.5 6.24 23.1 5.02
072 470 178 6.49 9.6 5.98 23.6 5.52
023 178 517 8.20 20.0 6.70 23.3 4.75
024 504 800 8.51 20.8 5.85 23.5 [ 15.03 |
025 5.23 23.4 | 14.98
026 3.22 23.3 | 14.97 |
027 1.57 1] 14.43
028 787 800 1.54 23.0 0.44 .9 5.41
029 78 522 3.00 23.4 1.08 ] 5.39
030 18 348 | 5.80 20.6 0.05 23.3 1.89
031 869 861 7.45 21. 8.22 23.9 | 15.48
032 1070 1000 6.57 20.6 7.60 23.8 | 15.44
033 700 696 3.6 21.3 7.94 25.2 6.35
034 657 639 1.1 22.2 9.07 25.8 6.99
035 770 00 0 23.2 0.00 25.8 7.23
038 522 22 3.7 23.0 0.75 26.6 7.81
037 917 904 4.7 24.2 0.05 25.2 6.35
038 800 800 7.19 25.0 9.79 27.8 §.95
039 778 709 5.49 25.0 0.36 28.8 9.90
040 609 565 4.38 26.7 2.63 29.0 0.04
041 370 348 4.77 26.3 2.40 29.0 0.17
042 930 6.31 27:1 79.0 0.20
0 657 4.95 2T 9.7 | 20.94
044 700 630 1.12 30.0 [ 14.18 0.1 ] 21.32
045 991 943 1.25 27.3 | 12.35 .0 ] 27.22
046 1.36 .2 | 22.56
047 1000 928 6.49 9.5 4.43 .8 ] 23.23 |
0 3 357 5.41 9.8 5.00 2.3 ] 73.49
01 6 604 6.98 0.0 4.48 32.3 | 23.82
05 913 896 5.15 30.6 3.56 2.7 24.08
05 1000 543 5.00 31.4 5.21 2.7 23.91
05 913 66 5.08 31.2 5.34 2.9 | 24.7]
05 &9 3.37 6.57 33.1 | 24.45
051 526 370 3.61 30.9 5.48 32.9 1 24.34
055 200 3.61 4.00 32.9 [ 23.75
056 435 3.48 6.00 32.4 ] 23.75
057 961 600 1.28 30.0 5.36 3.5 | 24.89
058 652 600 3.66 31.0 5.46 d3.4 | 24.75
059 3.81 3.5 74.96
060 100 301 3.81 29.0 5.98 33.3 | 24.65
081 696 491 .56 30.7 4.15 33.0 | 24.34
062 643 491 .64 30.6 5.98 32.8 | 24.19
064 783 T4 .33 30.6 5.46 31.9 .25
065 652 565 5.00 30.9 5.31 33.0 .34
i 561 47 3.87 31.1 5.75 33.1 .64
087 674 6 3.61 31.4 5.7 32.9 | 24.75
088 126 5.15 5.51 32.9 | 24.35
069 26 335 1.38 29.8 5.1 .3 | 24.73
070 78 4126 3.63 29.5 5.1 .b | 23.75
07 3 5 3.87 30.2 5.3 6| 24.19
07 S 0 3.99 28.7 3.9 .1 ] 24.06
07 7 35 4.05 29.8 5.6 32.7 3.88
07 78 348 4.38 29.6 5.46 32.9 .47
075 196 157 5.03 30.8 5.41 33.1 .09
076 357 .64 5.98 33.0 | 24.63
077 4.10 3 24.80
078 348 535 4.10 29.8 [ 14.43 33. 24.9
079 443 391 5.00 30.3 | 14.77 3. 24.8
080 3 24.8
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Tig. 15-8 Comparison of energy flux. Open circle shows Hakuho-Maru observation.
"9208" and ""9209" indicate the results of Osaka-Maru observation. "9208'" means August
1992 and "9209" September 1992.
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