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1. Outline of KR03-13 cruise

The KRO03-13 cruise of R/V Kairei has been conducted to accomplish following two

projects approved by the Japan Marine Science and Technology Center.

(1) Opening processes of Mariana Trough

We conduct a geophysical mapping including bathymetry, magnetic and gravity
anomalies using a multi-narrow-beam echo-sounder, on-board three-component magnetometer,
towed proton magnetometer, and a gravity meter in an unsurveyed area remained in the Mariana
Trough between 13°40'N and 16°30'N (Area A) (Fig.1-1). We aim to clarify ridge segmentation,
spreading rates and directions and their temporal and spatial variations, and changes of crustal
thickness. Furthermore, we examine problems such as relation of magma budget and distance
between backarc spreading center and the volcanic front, asymmetry of backarc spreading, and
connection of backarc spreading processes with motions of surrounding plates.

(2) Magmatim and hydrothermal activity in the southern Mariana Trough

The purpose of this study is to understand distribution and nature of hydrothermal
activity in the southern part of the Mariana Trough (Area B), and its relation with magmatism. We
plan to carry out following research items.

1) Collecting volcanic rocks from arc volcanoes and backarc spreading center by
dredge.

2) Exploring resistivity structure of the crust of a backarc spreading segment by the
magnetometric resistivity method using controlled electric current sources in order to image
hydrothermal circulation under the seafloor.

3) Profiling of water column by towing an instrument package including CTD, turbidity
sensor and other chemical and physical sensors to detect thermal anomalies and particulate matter

suspended in the plumes, and water sampling.

The KR03-13 cruise left Apra port, Guam, on 16 Nov. 2003, and arrived at JAMSTEC
pier in Yokosuka on 8 Dec. 2003 (total 23 days). Members of onboard scientific team are listed in
Table 1-1. Shipboard log of the cruise is presented in Table 1-2. The research was intermitted
for two days due to a typhoon, but we could conduct most research items planned.
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Table 1-2

Log of KRO3-13 cruise

Time , .
Date (Loca | =GMT+10) | tem Site & Line No.
11.16 |10:00 Depart Apra port, Guam
14:42 XBT
15:00-15:35 Deploy mooring system
16:30-16:45 Positioning mooring system
18:00 Deploy GTD-RMS system T-01
11.17 |07:40 Retrieve GTD-RMS system
08:45-11:45 Dredge DB-01
12:55-15:50 Dredge DB-02
17:30 Deploy GTD-RMS system T-02
11.18 106:30 Retrieve GCTD-RMS system
08:05-10:35 Dredge DB-03
11:15-14:10 Dredge DB-04
14:45-17:35 Dredge DB-05
18:00 Deploy proton magnetometer
18:54-19:17 “Figure-8" turn
Geophysical survey Line B1, B2
11.19  106:30 Retrieve proton magnetometer
08:31 Deploy OBEM St. 6
positioning OBEM
11:03 Deploy OBEM St. 5
11:33 Deploy OBEM St. 4
12:36 Deploy OBEM St. 2
13:04 Deploy OBEM St. 3
13:36 Deploy OBEM St. 1
14:24-15:03 positioning transponder (YK03-09 site)
15:24-16:30 positioning OBEMs
16:45-17:30 CTD-RMS system test
18:00-18:54 Deploy & Retrieve CTD-RMS system |T-03 (quited by trouble)
19:18 Geophysical Survey Line B3, B4, B5, B6
11.20 |08:45-11:20 Dredge DB-06
12:30-15:40 Dredge DB-07
17:15 Deploy electrode of MMR (quited by trouble in slip-ring of No.1 wintch)
11.21 |06:35 Retrieve electrode of MMR
08:05-11:23 Dredge DB-08
12:40-15:37 Dredge DB-09
17:40 Deploy electrode of MMR MMR_site 1,2,3,4,5,6,7, linel
11.22 |12:18 Retrieve electrode of MMR
12:45 Deploy proton magnetometer
Transit to A region (escaped from typhoon) [Line T1
11.23 Geophysical survey Line A13, A14
11.24 106:25 Retrieve proton magnetometer
Near Tinian |s. (escaped from typhoon)
11.25 Near Tinian Is. (escaped from typhoon)
11.26 08:03 Deploy proton magnetometer
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2. Geophysical Survey (Bathymetry, Magnetics, and Gravity)
(Toshitsugu Yamazaki, Nobukazu Seama, Hisanori lwamoto, and Kazuya Kitada)

Geophysical survey including bathymetry, magnetic and gravity anomalies
has been conducted mainly between 14°N and 16°30'N in the Mariana Trough during
the KRO3-13 cruise. This area remained unsurveyed, but this is a key area for
understanding opening processes of the Mariana Trough. It is because this area is in a
transition zone between the central part of the Mariana Trough north of 16°30'N and the
southern part south of 14°N, which have contrasting spreading features. The southern
part shows characteristic structure of fast spreading ridges like the East Pacific Rise, and
spreading started at about 3 Ma. The spreading is in ESE-WNW direction with a
half-spreading rate of about 3.5 cm/year at present.  On the other hand, the central part
has typical structure of slow spreading ridges like the Mid-Atlantic Ridge, and
spreading started at about 6 Ma. The spreading is in E-W direction with a
half-spreading rate of about 2 cm/year at present.

Total six days were spent for geophysical survey in the Area A during the
cruise. Survey lines are at 6 mile intervals (Table 2-1, Fig. 2-1). Ship speed was 13
knots when sea condition was good, but it was reduced to about 7 knots in rough sea
condition. = A SeaBeam 2112 multi-narrow-beam echo-sounder was used for
bathymetry. Sound velocity correction was applied using XBT data obtained at four
sites. For magnetic anomaly measurements, towed proton magnetometer and onboard
three-component magnetometers (a Tierra technica SFG-1214 system equipped with
R/V Kairei, and a Kobe Univ. STCM system with a ring-laser gyro) were used. To
remove the effect of ship's magnetization for onboard three-component measurements,
the "figure-8" turn was performed four times (Table 2-2). A shipboard gravity meter
(BODENSEEWERK KSS31) was used for gravity measurement.

Topographic maps of the survey area are shown in Figs. 2-2 and 2-3.
Merged with available data, topography of entire Mariana Trough south of 17°N is
presented in Fig. 2-4. Ridge axes occur along 144°45'E between 15°40'N and 16°N,
and along 144°30'E between 15°N and 15°30'N. In further south, ridge axes step
westward as short segments.  Strike of ridge axes is in N-S direction. Topographic
fabric in the western part of the trough changes southward from NNW-SSE to N-S.
Vertical component anomalies of the magnetic vector measurement are shown in Fig.



2-5.  Anomalies corresponding to the Brunhes (<0.78 Ma) and Gauss (2.6 - 3.6 Ma)
Chrons are recognized as positive anomaly zones (e.g., at about 143°50'E and 144°30'E
on a survey line along 15°N), and the former coincides with the location of spreading
center inferred from topography. The average half-spreading rate during the last 3 m.y.
is estimated to be about 2.5 cm/year from the distance between the anomalies
corresponding to the Gauss and Brunhes Chrons. Seafloor spreading started at 4 to 5

Ma. Free-air gravity anomalies along ship tracks are presented in Fig. 2-6.
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Table 2-1. List of survey lines during KR03-13 cruise.

Line Number Start Point End Point Direction
Date (UTC) Time(UTC) Latitude Longitude | Date(UTC) Time(UTC) Latitude Longitude
A-0 2003/12/1 11:41 14°21'N 144°40'E 2003/12/1 18:24 14°21'N 143°10'E 270°
A-1 2003/12/1 20:39 14°42'N 143°35'E 2003/12/2 1:39 14°42'N 144°42'E 90°
A-2 2003/12/2 2:07 14°48'N 144°42'E 2003/12/2 7:42 14°48'N 143°26'E 270°
A-3 2003/12/2 8:12 14°54'N 143°26'E 2003/12/2 14:57 14°54'N 145°00'E 90°
A-4 2003/11/27 14:05 15°00'N 144°50'E 2003/11/27 21:50 15°00'N 143°22'E 270°
A-5 2003/11/27 5:07 15°06'N 143°22'E 2003/11/27 13:30 15°06'N 144°50'E 90°
A-6 2003/11/26 21:38 15°12'N 144°50'E 2003/11/27 4:30 15°12'N 143°22'E 270°
A-7 2003/11/26 9:33 15°18'N 143°16'E 2003/11/26 21:01 15°18'N 144°50'E 90°
A-8 2003/11/26 0:15 15°24'N 145°15'E 2003/11/26 9:01 15°24'N 143°16'E 270°
A-9 2003/12/2 17:31 15°30'N 145°14'E 2003/12/3 1:38 15°30'N 143°26'E 270°
A-10 2003/12/3 2:08 15°36'N 143°26'E 2003/12/3 7:30 15°36'N 144°38'E 90°
A-11 2003/12/3 8:01 15°42'N 144°38'E 2003/12/3 13:04 15°42'N 143°30'E 270°
A-12 2003/12/3 13:34 15°48'N 143°30'E 2003/12/3 18:48 15°48'N 144°58'E 90°

A-13 2003/11/23 2:17 15°54'N 143°38'E 2003/11/23 15:22 15°54'N 145°16'E 90°
A-14 2003/11/22 17:43 16°00'N 145°17'E 2003/11/23 1:40 16°00'N 143°38'E 270°

A-15 2003/12/3 21:22 16°06'N 144°58'E 2003/12/4 1:21 16°06'N 144°03'E 270°

A-16 2003/12/4 3:01 16°12'N 144°20'E 2003/12/4 5:54 16°12'N 145°00'E 90°

A-17 2003/12/4 6:24 16°18'N 145°00'E 2003/12/4 8:15 16°18'N 144°34'E 270°
B-1 2003/11/18 9:37 12°55'N 143°34.5'E 2003/11/18 13:25 12°33.5'N 144°14'E 120°
B-2 2003/11/18 13:52 12°29'N 144°11.5'E 2003/11/18 19:32 13°04.5'N 143°10'E 300°
B-3 2003/11/19 9:18 12°55'N 143°35'E 2003/11/19 13:21 13°32'N 143°04'E 320°
B-4 2003/11/19 13:21 13°32'N 143°04'E 2003/11/19 14:58 13°42'N 142°47'E 300°
B-5 2003/11/19 15:29 13°37.5'N  142°44'E 2003/11/19 16:47 13°29.5'N  142°57.5E 120°
B-6 2003/11/19 17:21 13°26'N 142°52'E 2003/11/19 20:56 12°40'N 143°22.2'E 145°
T-1 2003/11/22 2:36 12°59.8'N  143°39.5'E 2003/11/22 17:30 16°00'N 145°17'E 30°
T-2 2003/11/27 22:14 15°00'N 143°22'E 2003/11/28 4:39 13°18.7'N 143°33'E 175°
T-3 2003/12/1 5:04 12°59.8'N  143°38.3'E 2003/12/1 11:41 14°21'N 144°40'E 35°
T-4 2003/12/1 18:24 14°21'N 143°10'E 2003/12/1 20:39 14°42'N 143°35'E 50°
T-5 2003/12/2 14:57 14°54'N 145°00'E 2003/12/2 17:31 15°30'N 145°14'E 20°
T-6 2003/12/3 18:48 15°48'N 144°58'E 2003/12/3 21:22 16°06'N 144°58'E 0°
T-7 2003/12/4 1:43 16°06'N 144°03'E 2003/12/4 3:01 16°12'N 144°20'E 70°

T-8 2003/12/4 8:15 16°18'N 144°34'E 2003/12/5 6:23 21°34'N 143°00'E 345°




Table 2-2. Summary of "figure-8" turns by Kobe Univ. type STCM

No. Date(UTC) |Start Time(UTC)|{End Time(UTC) Latitude Longitude
1 2003/11/18 8:54 9:17 12°57.99'N 143°32.64'E
2 2003/11/27 21:52 22:11 14°58.86'N 143°21.15'E
3 2003/12/4 1:25 1:43 16°06.24'N 144°02.90'E
4 2003/12/5 6:01 6:23 21°33.75'N 143°00.00'E

Coordinates of B and H matrix calculated

B(L*) B(2,%) BG.*) H()

1.13821 0.00074 0.02261 -5885.8
0.02764 -1.34933 0.01075 -9199.3

0.00372 0.01035 0.83436 -3126.5
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Figure 2-2. KR0O3-13 Bathymetric map of Mariana Trough
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Figure 2-3. Bathymetric map of Area A (KR03-13)



Figure ##. Bathymetric map for Mariana Trough
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Chapter 3. Geology (Dredge)

Harue MASUDA
Miho ITO
Okikatsu TAKAMI

1 Introduction

The main purpose of dredges during this cruise was the sampling of fresh
volcanic rocks from the axial ridge of the spreading southern Mariana Trough to
characterize the geochemistry of the active source magma in relation to the
hydrothermal activities in this area. ~ Also, hydrothermal sediments and hydrothermally
altered rocks were expected to be obtained for detecting the precursor and/or presence
of microbiology in the hydrothermal systems of this area. We tried dredges two times
on the off-axis seamounts, one of where active black smoker was discovered in this
October, and seven times on the summit area of the two spreading ridge segments,
which can be separated into northern and southern segments at about 13°06’N (Figure
3-1). As results, we obtained huge amounts of fresh pillow lavas having quenched
glass rim and some hydrothermal alteration products. In the next section, the obtained
samples are briefly described.

2 Dredge site and recovered samples

The dredged sites are shown in Figure 3-1, and the all samples obtained by the

dredges are listed in Tables 3-1 ~ 3-11. The photos of samples are in Appendix 3-1.
Geological background and obtained samples are briefly described below.
D-1 The targeted area was the summit of the northern seamount of a pair of
off-axis seamounts. At the summit of this seamont, the active hydrothermal black
smokers were found. Dredge line was planned to start from the northwestern slope to
western part of the summit.

Dredged samples were mainly composed of fresh pillow lava, which have
fresh quenched glass rim thinly coated by manganese oxide. Also, much amount of
hydrothermal products were obtained; sulfide blocks and hydrothermally altered
volcanic rocks. The sulfide blocks were obviously originated from dead black smoker
chimneys. Based on the optical observation, pyrite is the most abundant mineral.



Other sulfide mineral(s), such as calcopyrite, galena and spharelite and so on, would be
included as minor component(s). The occurrence of abundant pyrite would indicate
more oxic condition of hydrothermal solution than the black smoker fluids observed at
the usual mid oceanic ridges, where in general calcopyrite is the major phase as well as
pyrite. Many cobble to pebble-size hydrothermally altered rocks, which have rounded
shape, were also recovered. The original rocks are altered to white clay minerals,

which occasionally substituted to whole blocks.

D-2 The site is located at the summit of the off-axis seamount south from the
seamount where D-1 was dredged. The dredge line was started from the slope to the
crest of western part of this seamount. The obtained samples are only glassy pillow
lava, which have thick and fresh quenched glass rim. Vesicularity of the rock are
obviously low among the volcanic rocks obtained during this cruise. Since the
sampling depth is not deeper than those of the other sites, the volatile concentration
and/or viscosity are the lower among the sampled rocks. Pelagic clay containing
autochthonous volcanic glass and iron oxyhydoroxide was also recovered, indicating
that sediment particles were tend to stay there probably because of deep sea current or

topography.

D-3 The dredged site is located on the crest of an axial ridge of the southern
segment. The obtained samples were fresh pillow, which are vesicular and have
guenched glass rim thinly coated by manganese oxide. Low temperature hydrothermal
sediments are also recovered from this site. Most of them are fragments of manganese
oxide, however, large white smoker blocks are also included. It is hard to say whether

hydrothermal activity is occurring at the present or not.

D-4 The dredged site is located on the crest of an axial ridge of the southern
segment. The obtained samples are monotonously pillow lava preserving fresh
quenched glass rim. The rocks are vesicular, and seem to enrich in volatiles.
Occasionally, brown to reddish stain of iron oxyhydroxide, which would be originated
from hydrothermal activity occurred at the same timing as the eruption, coated on the

surface and fractures of the lava blocks.



D-5 The dredged site is located on the crest of an axial ridge of the southern
segment. The location is exactly the west of the off-axis seamount dredged D-1. The
obtained samples are monotonously pillow lava preserving fresh quenched glass rim.
The rocks are vesicular, and seem to enrich in volatiles.

D-6 The dredged site is the crest of the southernmost area of the axial ridge of the
southern segment. The samples are vesicular pillow lava preserving fresh quenched

glass rim, thinly coated by manganese oxide.

D-7 The dredged site is located on the crest area of an axial ridge of the southern
segment, west of the TOTO caldera. The samples obtained were vesicular pillow lava.
A half of the rocks heavier than 0.5 kg have fresh quenched glass rim, while the
remainings do not have fresh glass, suggesting of at least two different ages of eruption.
The rocks without glass, were recovered from the bottom of the dredge, thus those were
from the lower part of the crest and probably older than those having fresh glass
surface.

D-8 The targeted line was from the slope to summit of the southern part of the
axial ridge of the northern segment. Most of the obtained samples were pillow lava
blocks without fresh glass surface. However, smaller amount of the pillow lava blocks
having fresh quenched glass rim are also obtained from the upper part of the dredge,
indicating that those were from the last part of the dredged line. Probably, the fresh

volcanic can be obtained only from the summit area of this ridge segment.

D-9 The dredge site was flat area on the top of axial ridge in the northern segment.
Fresh pillow lava could not be obtained, since the targeted area was old hydrothermal
mound, where huge amount of fragments of dead white smoker and manganese
chimneys were recovered. The largest block was 4kg white smoker chimney
comprising white silica mineral (amorphous silica and/or quartz) and iron oxyhydroxide.
Brownish pelagic clays and white carbonaceous ooze are also obtained, indicating that
the local volcanism has not occurred for a long time. Hydrothermal activity could be

younger than the volcanism, however, it does not seem to be active at the present.



3 Future plan of shore-based study

The rock samples were cut and separated on board for the shore-based
analyses. Major and minor chemical compositions are routinely analyzed by XRF and
ICP-AES for characterizing the magmatism of the spreading ridge. Stable isotopes of
hydrogen, carbon and sulfur are measured to estimate the origin and circulating system
of volatiles concerning the magmatism. Some isotopes (Sr, B, and so on) are also
planned to be analyzed to discuss on the origin of source materials of magma. These
procedures will be carried out under collaboration among OCU, Tohoku University and
University of Hawaii.

Pelagic sediments, carbonaceous ooze, and hydrothermal products such as
chimney blocks, hydrothermally altered rocks and the rocks including hydrothermal
precipitates filled in the fractures among fresh pillow lava were frozen just after the
sampling. Those samples will be used for estimating the organic-related activity of the
hydrothermal systems and ambient circumstance of the studied area. The plans are
described in detail as the followings.

Analysis of amino acids procedures

Sediment samples, which are kept in a freezer for analysis of amino acids, are listed in
Table 3-10.

In the laboratory, the sample is freezed dried under vacuum. The dried sample is
ground using a mortar and pestle to fine powder. Approximately 100mg sample is
hydrolyzed with 3ml 6 N HCI in a sealed glass ampoule under argon gas atmosphere for
22 hours at 110°C. After cooling to room temperature, the hydrolyzed sample is filtered
through PTFE membrane filter (0.45 x m) and evaporated to remove HCI under vacuum
at 40°C. The residue is dissolved in 500 | diluant buffer solution (pH 2.20). 10 u | of
sample is injected in a liquid chromatograph amino acid analyzer to determine the
association of amino acids and those concentrations. The analysis will be done under
collaboration between OCU and GSJ.

Detection of microbiological precursor

Hydrothermal sediments and hydrothermally altered rocks were dredged in this cruise.
First, petrographical study will be done on those samples that contain sulfide minerals at
Tohoku University. Thin section of those samples are optically observed by a polarizing



microscope and analyzed of chemical composition using an EPMA, quantification
analysis will be done not only for typical metal elements such as Cu, Zn and Pb but also
precious metal elements such as Au. Especially, if the abundance of essential elements
for organic activity (Mo, B, P) is determined, we can estimate whether hydrothermal
activity in this research area can support microbial life or not. Second, sulfur isotope
ratios will be analyzed for sulfide minerals (and sulfate minerals). Some samples are
expected to contain biogenetic sulfide minerals. Generally, the crystal forms of
biogenetic sulfide minerals are different from those of inorganic ones and they have the
lower values in sulfur isotopic composition than those of inorganic ones. Thus, the
sulfur isotopic compositions will explain the character and the origin of sulfide
minerals.



Table 3-1

List of samples dredged at site DBO1 in KR03-13

Dredge site No. DB-01
Start poin 12° 55.2264'N, 143° 38.8788'E

17-Nov-03 Off axis seamount (near Pika site)

2003/11/16 23:51

End point 12° 54.9578'N, 143° 39.3399'E 2003/11/17 0:41
Sample No. [Type Scale (cm) [Weight (kg)Remarks Distributi
R-001 Rock 35x30x24 18.9|Pillow lava with fresh glass rim and red
R-002 Rock 32x27x19 8|Pillow lava with fresh glass rim and Mn 0CU, TU
R-003 Rock 20x19x19 7|Pillow lava with fresh glass rim and Mn 0CU, TU
R-004 Rock 20x17x15 5|Pillow lava with fresh glass rim and Mn 0CU, TU
R-005 Pillow lava with fresh glass rim coated by

Rock 23x18x15 Fe-rich mud 0CU, TU
R-006 Pillow lava with fresh glass rim coated by |0CU, TU

Rock 23x18x11 4|Mn oxide UT
R-007 Rock 18x16x15 3.5|Pillow lava with fresh glass rim coated by [0CU, TU
R-008 Rock 18x15x10 3|Pillow lava with fresh glass rim coated by [0CU, TU
R-009 Rock 11x9x8 1|[Pillow lava with fresh glass rim coated by |0CU, TU
R-010 Rock 10x9x8 1[Pillow lava with fresh glass rim coated by |0CU, TU
R-011 Rock 22x24x19 10[Pillow lava with fresh flass rim coated by [0CU, TU
R-012 Hydrotherma Sulfide block mainly composed of pyrite

| sediment [18x13x12 6| (black smoker chimney) 0CcU, TU
R-013 Rock 20x13x13 3|Pillow lava with fresh glass rim coated by [0CU, TU
R-014 17x16x15 3.5|Pillow lava coated by Fe and Mn oxides 0CU, TU
R-015 21x24x12 4|Pillow lava with fres glass thinly coated |0CU, TU
R-016 14x11x14 3|Pillow lava with fresh glass 0CU, TU
R-017 18x11x9 2|Pillow lava coated by Fe and Mn oxides 0cU, TU
R-018 Hydrotherma Sulfide block mainly composed of pyrite 0CU, TU

| sediment |15x15x12 5| (black smoker chimney) UT, KU
R-019 Hydrotherma Sulfide block mainly composed of pyrite

| sediment |13x10. 5x8 2.5/ (black smoker chimney) 0cU, TU
R-020 Rock 16x11x9 1.5[Pillow lava 0CU, TU
R-021 Rock 13x10x6 1lhydrothermal ly altered pillow lava 0CU, TU
R-022 Rock 12x10x9 1.5|Pillow lava with fresh glass 0CU, TU
R-023 hydrothermal ly altered pillow lava coated

Rock 12x10x6 0.8|white hydrothermal alteration clay minerals[0CU, TU
R-024 hydrothermal ly altered pillow lava coated

Rock 9x8x7 1|lwhite hydrothermal alteration clay minerals|0CU, TU
R-025 hydrothermal ly altered pillow lava coated

Rock 12x8x8 1|lwhite hydrothermal alteration clay minerals|0CU, TU
R-026 hydrothermal ly altered pillow lava coated

Rock 13. 5x7x3 0.5|white hydrothermal alteration clay minerals[0CU, TU
R-027 hydrothermal ly altered pillow lava coated

Rock 11. 5x8x4 1{white hydrothermal alteration clay minerals|0CU, TU
R-028 hydrothermal ly altered pillow lava coated

Rock 9x8x5. 5 0.5|white hydrothermal alteration clay minerals[0CU, TU
R-029 hydrothermally altered pillow lava coated

Rock 9x7x5 0.5|white hydrothermal alteration clay minerals|0OCU, TU
R-030 Hydrotherma Sulfide block mainly composed of pyrite

| sediment [7.5x7.5x5.4 1] (black smoker chimney) 0CU, TU
R-031 Hydrotherma Sulfide block mainly composed of pyrite

| sediment |9x3. 5xb 0.5/ (black smoker chimney) 0cU, TU
R-032 Hydrotherma Sulfide block mainly composed of pyrite

| sediment |5x4.5x3 0. 3| (black smoker chimney) 0cU, TU
R-033 Rocks 2.5|Pillow lava fragments 0CU, TU
R-034 TU, 0CU

Ut @
hydrothermal ly altered pillow lava fragment
Rocks 2|fragments each)




Table 3-2 List of samples dredged at site DBO3 in KR0O3-13

Dredge site No. DB-02

17-Nov-03 Off axis seamount (southern peak)

Start point12® 53.7161'N, 143° 38.6660 E

2003/11/17 4:03

End point 12° 53.7322'N, 143° 39.0774'E 2003/11/17 4:50
Sample No. [Type Scale (cm) [Weight (kg)Remarks
R-001 Rock 34x24x16 8|Pillow lava with fresh glass rifOCU, TU
R-002 Rock 20x15x12 3|Pillow lava 0CU, TU
R-003 Pillow lava with fresh glass

Rock 20x12x10 2.5|rim coated by Mn oxide 0CU, TU
R-004 Pillow lava with fresh glass

Rock 20x13x9 2|rim coated by Mn oxide 0CU, TU
R-005 Pillow lava with fresh glass

Rock 14x12x8 2.5|rim coated by Mn oxide 0CU, TU
R-006 Pillow lava with fresh glass

Rock 14x13x10 1.5[rim coated by Mn oxide 0CU, TU
R-007 Pillow lava with fresh glass

Rock 13x13x7 1{rim coated by Mn oxide 0CU, TU
R-008 Pillow lava with fresh glass

Rock 11x11x9 1{rim coated by Mn oxide 0CU, TU
R-009 Pillow lava with fresh glass

Rock 11x8x8 1{rim coated by Mn oxide 0CU, TU
R-010 Pillow lava with fresh glass

Rock 15x9x4 0.5[rim coated by Mn oxide 0CU, TU
R-011 Rock 10x7x8 1|Fresh glass 0CU, TU
R-012 Rock 9x8x6 0.5[Pillow lava with fresh glass 0CU, TU
R-013 Rock 9x7xb 0.5[Pillow lava with fresh glass 0CU, TU
R-014 Rock 8x6x6 0.5[Pillow lava with fresh glass 0CU, TU
R-015 Rock 8x7x6 0.5[Pillow lava with fresh glass 0CU, TU
R-016 Rock 18x13x11 2|Pillow lava with fresh glass 0CU, TU
R-017 Rock 22x15x9 1.8[Pillow lava with fresh glass 0CU, TU
R-018 Rock 9x9x9 1|Pillow lava with fresh glass 0CU, TU
R-019 Rock 9x8x7 0.5|Pillow lava with fresh glass 0CU, TU
R-020 Rock 10x6x5 0.5|Pillow lava with fresh glass 0CU, TU
R-021 Rock 10x8x4 0.5|Pillow lava with fresh glass 0CU, TU
R-022 Rock 9x7x5. 5 0.3|Pillow lava with fresh glass 0CU, TU
R-023 Rock 11x10x4. 5 0.3|Pillow lava with fresh glass 0CU, TU
R-024 Rock 7|Rock fragments
R-025 Rock fragments with brownish

Rock 10[sediments (not washed)
S-001 Deep sea sediment including

Sediment 1|brownish clays and glass




Table 3-3 List of samples dredged at site DBO3 in KR0O3-13

Dredge site No. DB-03 18-Nov-03 Ridge axis

Start point12° 59.2417'N, 143° 37.6643 E 2003/11/17 23:06

End point 12° 59.4497'N, 143° 38.0019'E 2003/11/17 23:41
Sample No. |Type Scale (cm) |Weight (kg)Remarks
R-001 Rock 2bx12x12 2.6|Pillow lava with fresh glass coated by Mn {OCU, TU
R-002 Rock 21x17x9 1.5]Quenched glass crust of pillow lava 0cu, TU
R-003 Rock 17x13x11 1.5|Pillow lava with fresh glass coated by Mn [OCU, TU
R-004 Rock 16x13x11 1.5|Pillow lava with fresh glass coated by Mn [OCU, TU
R-005 Rock 11x9x9 0.5|Pillow lava with fresh glass coated by Mn |OCU, TU
R-006 Rock 11x10x4 0.5|Pillow lava with fresh glass coated by Mn |OCU, TU
R-007 Rock 17x11. 5x3 0.5|Pillow lava with fresh glass coated by Mn |OCU, TU
R-008 Rock 13x11x5 0.5|Pillow lava with fresh glass coated by Mn |OCU, TU
R-009 Rock 12x10x7 0.5|Pillow lava with fresh glass coated by Mn |OCU, TU
R-010 Rock 11. 5x8x6 0.3|Pillow lava with fresh glass coated by Mn |OCU, TU
R-011 Rock 11. 5x10x5 0.3|Pillow lava with fresh glass coated by Mn |OCU, TU
R-012 Rock 11.5x7x4.5 0. 3[Quenched glass crust of pillow lava 0cu, TU
R-013 Rock 11. 5x7x4 0. 2[{Quenched glass crust of pillow lava 0cu, TU
R-014 Rock 1|Rock fragments mainly composed of pillow [OCU, TU
R-015 al Silica and Fe—oxide block (white smoker

sediment 24x19x14 2. 5|chimney) 0CU, TU
R-016a al Silica and Fe—oxide block (white smoker

sediment 20. 5x12x9 1|chimney) 0CU, TU
R-16b al Silica and Fe—oxide block (white smoker

sediment 10. 5x8x8 0. 5|chimney) 0cu, TU
R-017 al

sediment 13x10. 5x9. § 0. 5|Fe-Mn chimney 0CU, TU
R-018 al Silica and Fe-oxide block (white smoker

sediment 12x8x5.5 0. 3|chimney) 0CU, TU
R-019 al

sediment 1|Fragments of silica and Fe-oxide blocks 0CU, TU
R-020 al Hydrothermal seciments mainly composed of

sediment Mn-oxide
R-021 al Hydrothermal seciments mainly composed of

sediment Mn-oxide
R-022 al Hydrothermal seciments mainly composed of

sediment Mn-oxide
R-023 al Hydrothermal seciments mainly composed of

sediment Mn-oxide




Table 3-4 List of samples dredged at site DBO4 in KRO3-13

Dredge site No. DB-04

18-Nov-03 Ridge axis

Start point12° 56.4314'N, 143° 36.4851'E 2003/11/18 2:21
End point 12° 56.7527'N, 143° 36.8621'E 2003/11/18 3:05
Sample No. |Type Scale (cm) [Weight (kg)Remarks
R-001 Rock 29x23x19 8|vesicular pillow lava with fresh gl40CU, TU
R-002 Rock 24x15x12 3.5|vesicular pillow lava with fresh gl{0CU
R-003 vesicular pillow lava with fresh

Rock 19x17x16 2.5|glass rim with grey stain on the 0CU, TU
R-004 vesicular pillow lava with fresh

Rock 15x12x9 1{glass rim with grey stain on the 0CU, TU
R-005 vesicular pillow lava with fresh

Rock 13x12x7 1{glass rim with Fe stain 0cU, TU
R-006 vesicular pillow lava with fresh

Rock 12x12x8 1{glass rim with brown to grey stain |0CU, TU
R-007 vesicular pillow lava with fresh

Rock 13x11x10 1|{glass rim with brown to grey stain [0CU, TU
R-008 vesicular pillow lava with fresh

Rock 13x11x8 0.5|glass rim and thin brownish stain |0CU, TU
R-009 vesicular pillow lava with fresh

Rock 12x8x7 0.5|glass rim and thin brownish stain |0CU, TU
R-010 vesicular pillow lava with fresh

Rock 10x9x5 0.5|glass rim and thin brownish stain |0CU, TU
R-011 vesicular pillow lava with fresh

Rock 10x9x7 0. 3|glass rim and thin brownish stain |0CU, TU
R-012 vesicular pillow lava with fresh

Rock 10x9x7 0.3|glass rim and thin brownish stain |0CU, TU
R-013 Rock 11.9x9 0. 3|vesicular pillow lava with fresh 0cU, TU
R-014 Rock 9x8x5 0.2|vesicular pillow lava with fresh 0CU, TU
R-015 vesicular pillow lava with fresh

Rock 8x7x5 0.2|glass rim with grey stain 0cU, TU
R-016 Rock 9x8x5 0.2|vesicular pillow lava with fresh 0CU, TU
R-017 Rock 8x7x4 0.2|vesicular pillow lava with fresh 0CU, TU
R-018 Rock 10x7x5 0.2|vesicular pillow lava with fresh 0CU, TU
R-019 Rock 9x8x3 0. 2|vesicular pillow lava with fresh
R-020 Rock Pebble to Cobble size fragments
R-021 Rock Small fragments




Table 3-5 List of samples dredged at site DBO5 in KR0O3-13

Dredge site No. DB-05

18-Nov-03 Ridge axis
Start point12° 55.1564’N, 143° 36.0310"E

2003/11/18 5:49

End point 12° 55.6545'N, 143° 36.4295'E 2003/11/18 6:38

Sample No. |Type Scale (cm) [Weight (kg)Remarks

R-001 Rock 26x26x17 3.5|vesicular pillow lava with fresh gl40CU, TU
R-002 Rock 26x17x15 Slvesicular pillow lava with fresh gla0CU, TU
R-003 Rock 22x9x12 2.5|vesicular pillow lava with fresh gl4q0CU, TU
R-004 Rock 16x12x11 1.5[vesicular pillow lava with fresh glgq0CU, TU
R-005 Rock 15x11x7 1|{vesicular pillow lava with fresh gl4q0CU, TU
R-006 Rock 12x10x8 1|vesicular pillow lava with fresh glg0OCU, TU
R-007 Rock 13x9x9 1{vesicular pillow lava with fresh glgq0CU, TU
R-008 Rock 18x8x8 0.5|vesicular pillow lava with fresh gl4q0CU, TU
R-009 Rock 11x10x4 0.5|vesicular pillow lava with fresh gl40CU, TU
R-010 Rock 10x8x4 0.3|vesicular pillow lava with fresh gla0CU, TU
R-011 Rock 9x7x5 0.2|vesicular pillow lava with fresh gl4q0CU, TU
R-012 Rock Pebble to Cobble size fragments

R-013 Rock Smaller size fragments




Table 3-6 List of samples dredged at site DB06 in KRO3-13

Dredge site No. DB-06 20-Nov-03 Southernmost area of the ridge axis
Start point12° 41.0048 N, 143° 23.0058 E

2003/11/19 23:48

End point 12° 41.2544'N, 143° 23.4481'E 2003/11/20 0:22
Sample No. |Type Scale (cm) |Weight (kg)Remarks
R-001 vesicular pillow lava with fresh glass

Rock 30x22x13 5|rim thinly ocated by Mn oxide 0CU, TU
R-002 vesicular pillow lava with fresh glass 0CU, TU

Rock 26x20x9 4]rim thinly ocated by Mn oxide KU
R-003 vesicular pillow lava with fresh glass

Rock 22x19x16 4]rim thinly ocated by Mn oxide 0CU, TU
R-004 vesicular pillow lava with fresh glass

Rock 21x15x12 2lrim thinly ocated by Mn oxide 0CU, TU
R-005 vesicular pillow lava with fresh glass

Rock 17x13x8 2|rim thinly ocated by Mn oxide 0CU, TU
R-006 vesicular pillow lava with fresh glass

Rock 14x10x10 1.5[rim thinly ocated by Mn oxide 0CU, TU
R-007 vesicular pillow lava with fresh glass

Rock 14x8x8 1|lrim thinly ocated by Mn oxide 0CU, TU
R-008 vesicular pillow lava with fresh glass

Rock 14x8x8 1lrim thinly ocated by Mn oxide 0cuU, TU
R-009 vesicular pillow lava with fresh glass

Rock 11x8x7 1lrim thinly ocated by Mn oxide 0cuU, TU
R-010 vesicular pillow lava with fresh glass

Rock 11x9x7 1lrim thinly ocated by Mn oxide 0cU, TU
R-011 vesicular pillow lava with fresh glass

Rock 10x10x7 1]rim thinly ocated by Mn oxide 0CU, TU
R-012 vesicular pillow lava with fresh glass

Rock 10x7x7 1lrim thinly ocated by Mn oxide 0CU, TU
R-013 vesicular pillow lava with fresh glass

Rock 10x8x7 0.7|rim thinly ocated by Mn oxide 0CU, TU
R-014 vesicular pillow lava with fresh glass

Rock 11x8x6 0.6]rim thinly ocated by Mn oxide 0CU, TU
R-015 vesicular pillow lava with fresh glass

Rock 10x8x7 0.5|rim thinly ocated by Mn oxide 0CU, TU
R-016 vesicular pillow lava with fresh glass

Rock 9x8x6 0.5|rim thinly ocated by Mn oxide 0CU, TU
R-017 vesicular pillow lava with fresh glass

Rock 9x6x6 0.5|rim thinly ocated by Mn oxide 0CU, TU
R-018 vesicular pillow lava with fresh glass

Rock 9x7x7 0.5|rim thinly ocated by Mn oxide 0cuU, TU
R-019 vesicular pillow lava with fresh glass

Rock 18x15x10 1.8]rim thinly ocated by Mn oxide 0cu, TU
R-020 vesicular pillow lava with fresh glass

Rock 14x10x7 1.2[rim thinly ocated by Mn oxide 0cU, TU
R-021 vesicular pillow lava with fresh glass

Rock 12x8x7 0.8[rim thinly ocated by Mn oxide 0CU, TU
R-022 vesicular pillow lava with fresh glass

Rock 10x7x5 0.5|rim thinly ocated by Mn oxide 0CU, TU
R-023 Rock 4[Rock fragments (T cobble)
R-024 Rock 6[Rock fragments ({pebble)




Table 3-7 List of samples dredged at site DBO7 in KRO3-13

Dredge site No. DB-07 20-Nov-03 Southernmost area of the ridge axis
Start point12° 46.1821'N, 143° 29.5020'E

2003/11/20 3:37

End point 12° 46.5733'N, 143° 30.2113'E 2003/11/20 4:29
Sample No. [Type Scale (cm) [Weight (kg)Remarks
R-001 Rock 31x25x17 11[Pillow lava coated with Mn oxide, no glass
R-002 Rock 25x17x16 8|Pillow lava coated with Mn oxide, no glass
R-003 Rock 23x19x17 6.5|Pillow lava coated with Mn oxide, no glass
R-004 Rock 22x19x17 6.5|Pillow lava coated with Mn oxide, no glass
R-005 Rock 22x19x16 5[Pillow lava coated with Mn oxide, no glass
R-006 Rock 22x19x15 4.5[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-007 Rock 22x15x14 5.5[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-008 Rock 20x19x14 4.5[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-009 Rock 19x13x13 3|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-010 Rock 18x14x12 2.5[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-011 Rock 22x14x11 3|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-012 Rock 21x14x11 2|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-013 Rock 16x11x10 1.5|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-014 Rock 15x14x10 1.5|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-015 Rock 13x11x7 1.1|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-016 Rock 13x8x7 0.8[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-017 Rock 12x10x9 1[Pillow lava coated with Mn oxide, no glass|OCU, TU
R-018 Rock 12x9x8 0.8|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-020 Rock 10x8x7 0.5|Pillow lava coated with Mn oxide, no glass|OCU, TU
R-021 Pillow lava with fresh glass rim thinly

Rock 22x17x11 3|coated by Mn oxide 0CU, TU
R-022 Pillow lava with fresh glass rim thinly

Rock 18x12x11 1. 9|coated by Mn oxide 0CcU, TU
R-023 Pillow lava with fresh glass rim thinly

Rock 17x15x12 2|coated by Mn oxide 0cuU, TU
R-024 Pillow lava with fresh glass rim thinly

Rock 19x11x9 1. 5[coated by Mn oxide 0cuU, TU
R-025 Pillow lava with fresh glass rim thinly

Rock 16x13x10 1. 8[coated by Mn oxide 0cuU, TU
R-026 Pillow lava with fresh glass rim thinly

Rock 15x12x10 1. 5[coated by Mn oxide 0CcU, TU
R-027 Pillow lava with fresh glass rim thinly

Rock 16x11x7 1. 5|coated by Mn oxide 0cuU, TU
R-028 Pillow lava with fresh glass rim thinly

Rock 12x10x10 1[coated by Mn oxide 0cU, TU
R-029 Pillow lava with fresh glass rim thinly

Rock 13x10x8 1[{coated by Mn oxide 0cU, TU
R-030 Pillow lava with fresh glass rim thinly

Rock 13x8x6 1[{coated by Mn oxide 0cU, TU
R-031 Pillow lava with fresh glass rim thinly

Rock 13x7x6 0. 8[coated by Mn oxide 0cu, TU
R-032 Pillow lava with fresh glass rim thinly

Rock 10x8x7 0. 7[coated by Mn oxide 0cU, TU
R-033 Pillow lava with fresh glass rim thinly

Rock 12x8x6 0. 7[coated by Mn oxide 0cU, TU
R-034 Pillow lava with fresh glass rim thinly

Rock 11x7x6 0. 5[coated by Mn oxide 0cu, TU
R-035 Pillow lava with fresh glass rim thinly

Rock 10x6x5 0.5[coated by Mn oxide 0cuU, TU
R-036 Rock 15x11x10 1.5|Vesicular pillow lava with fresh glass 0cU, TU
R-037 Pillow lava with fresh glass rim thinly

Rock 8x5x4 0. 3[coated by Mn oxide 0cu, TU
R-038 Rock 1[Fragments of quenched glass
R-039 Rock 8[Rock fragments (Tcobble)
R-040 Rock 9. 5[Rock fragments (<pebble)




Table 3-8 List of samples dredged at site DB0O8 in KR03-13

Dredge site No. DB-08 21-Nov-03 Northern segment area of the ridge axis
Start point13° 10.4850'N, 143° 41.9850"E

2003/11/20 23:08

End point 13° 10.8712'N, 143° 42.8422'E 2003/11/21 0:18
Sample No. [Type Scale (cm) [Weight (kg)Remarks Distribution
R-00 Roc| 55x26x24 45|Lava block
R-00: Roc 32x22x22 10]pi1iow lava with fresh glass rim thinly coated by Wn and Fe oxides |TU/OCU
R-00 Roc 30x19x16 11.5[Lava bloc
R-00. Roc 30x23x15 6.5|Lava bloc
R-005 Roc 9x26x10 7]Lava bloc
R-006 Roc| 5x19x18 8|Lava bloc
R-007 Roc 2x20x17 7]Lava bloc
R-00 Roc| 4x17x13 6]Lava bloc
R-00! Roc| x18x14 5|Lava bloc
R-0 Rocl x13x14 4.5|Lava bloc
R-0 Rocl 39x15x 7.5|Lava blog
R-0 Rocl 22x20x 5|Lava bloc
R-013 Roc! 23x11x 3|Lava blocl
R-014 Roc 4x20x14 5|Lava bloc
R-015 Roc| 0x17x14 5|Lava bloc
R-016 Roc| 9x13x14 3|Lava bloc
R-017 Rocl 6x13x12 3|Lava bloc
R-0 Roc 6x13x16 3.5|Lava bloc
R-0 Roc| Tx14x10 3|Lava bloc
R-020 Roc x12x9 .5|Lava bloc|
R-021 Roc| x12x11 .5|Lava bloc 0CU. TU
R-022 Roc| x13x7 .5|Lava blodl
R-023 Rocl 5x14x11 Lava blod|
R-024 Rocl 3x11x9 Lava blod|
R-025 Rocl 3x11x9 Lava bloc
R-026 Rocl 5x12x10 Lava bloc 0cU, TU
R-027 Rocl x11x! Lava bloc
R-028 Roc| x10x12 Lava bloc 0CU, TU
R-029 Roc| x14x10 Lava blodl
R-030 Roc 5x12x9 Lava blod|
R-03 Roc 4x12x11 Lava blod|
R-03 Rocl Ax11x11 Lava bloc 0ocu, TU
R-03 Roc| 5x9x9 Lava bloc
R-03 Roc| 6x10x10 Lava bloc 0CU, TU
R-035 Roc| 7x10x10 .5|Lava bloc 0CU, TU
R-036 Roc| 3x12x8 .5|Lava bloc 0CU, TU
R-037 Rocl 5x10x9 .5|Lava bloc
R-038 Rocl x9x10 .5|Lava bloc
R-039 Roc| x10x7 Lava bloc
R-040 Roc x8x8 .2|Lava bloc
R-04 Roc| x10x6 .5|Lava bloc
R-04 Roc| . 5x8x8 .5|Lava bloc
R-04 Roc x10x8 .5|Lava bloc
R-04 Roc x9x8 .5|Lava bloc
R-045 Roc x10. 5x9 .5|Lava bloc
R-046 Roc| x11x9 .5|Lava bloc
R-047 Roc x10x11 . 8|Lava bloc|
Roc| x10x8 .5|Lava bloc
Roc| x9x9 .2|Lava bloc
Rocl 2x10x9 .5|Lava bloc
Rocl 1x10x7 Lava blod|
Rocl 0x9x Lava blod|
Rocl 3x9x 1.2|Lava bloc
Roc x8x Lava bloc
Roc| x9x7 Lava blod!
Roc| x8x10 Lava blodl
Roc X7x6 Lava blod|
Roc x8x6 Lava blod|
Roc x9x6 Lava blod|
Roc x7x5 Lava bloc
Roc| 6x3 0.7[Lava bloc
Roc| x4x4 0.8|Lava bloc
Rocl x18x16 4lPillow lava with fresh glass rim thinly coated by Mn oxide
Roc x17x 3|Pillow lava with fresh glass rim thinly coated by Mn oxide
Roc x14x13 Pillow lava with fresh glass rim thinly coated by Mn oxide
Roc x15x11 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/I
Roc x14x Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/I
Roc| 6x12x9 2. 5[Pillow lava with fresh glass rim thinly coated by Mn oxide |TU/OCU/I
Roc 6x12x10 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/KU
Roc 6x11x7 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/I
Roc 7x10x8 1. 8[Pillow lava with fresh glass rim thinly coated by Mn oxide |TU/OCU/I
Roc| x8x6 Pillow lava with fresh glass rim thinly coated by Mn oxide |TU/OCU/I
Roc 0x8x7 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/I
Rod| x7x6 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/I
Roc| 2x7x5 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/!
Roc 0x7x6 Pillow lava with fresh glass rim thinly coated by Mn oxide|TU/OCU/KU
Roc 9x7x4 0. 8[Pillow lava with fresh glass rim thinly coated by Mn oxide|[TU/OCU/KU
Rocl Rock fragments ("¢10cm)
Rock 10[Rock fragments (<pebble)
Rock 5|Fragments of rock including quenched glass




Table 3-9 List of samples dredged at site DBO9 in KR0O3-13

Dredge site No. DB-09
Start point13° 20.6350'N, 143° 45.2108'E

21-Nov-03 Northern segment area of the ridge axis
2003/11/21 3:49

End point 13° 21.1747'N, 143° 45.3960E 2003/11/21 4:33
Sample No. |Type Scale (cm) |Weight Remarks
R-001 Rock 25x20x14 4|Chimney block (weathered black smoker chimeny?) |TU
R-002 al

sediment 14x12x8 1[Mn Chimney 0CU, TU
R-003 al

sediment 15x11x5 1. 3|Mn Chimney 0CU, TU
R-004 al

sediment 13x9x6 0. 5|Mn and chimney 0CU, TU
R-005 al

sediment 13x12x7 0.5|Mn and Fe chimney 0CU, TU
R-006 al

sediment 13x9x6 0. 3|Mn Chimney 0CU, TU
R-007 al

sediment 13x10x4 0. 3|Mn Chimney 0CU, TU
R-008 al

sediment 13x8x7 0.5|Mn and Fe chimney 0CU, TU
R-009 al

sediment 10x7x6 0.2|Mn Chimney 0CU, TU
R-010 al

sediment 10x9x5 0.2|Mn Chimney 0CU, TU
R-011 Rock 10x7x6 0. T|Pumice 0CU, TU
R-012 al

sediment Chimney fragments (Mn>Fe) 0cu, TU
S-001 23 (includi

ng 002

Sediments and 003) ocu, TU
S-002 Sediments Pelagic clays 0CU, TU
S-003 Sediments Calcareous ooze 0CU, TU
S-004 18 (includi

Sediments ng 004) Pelagic clays
S-005 Sediments Pelagic clays
S-006 20 (includi

Sediments ng 007) Pelagic clays
S-007 Sediments Mn chimney fragments 0CU, TU




Table 3-10 List of samples taken for amino acid analysis

Frozen samples (Osaka City University)

Dredge site No. (sqType

D-01 (R-034) Hydrothermal sediment
D-02 (S-001) Hydrothermal sediment
D-03 (R-015) Sediment

D-04 (R-020) Rock

D-06 (R-024) Rock

D-09 (S-002) Sediment

D-09 (S-003) Sediment




Table 3-11 List of samples taken for microbiological examination

Frozen samples (Tohoku University)

Dredge site No. (sample N|[Type

D-01 (R-034) Hydrothermal sediment
D-02 (S-001) Hydrothermal sediment
D-03 (R-015) Sediment

D-03 (R-019) Hydrothermal sediment
D-04 (R-020) Rock

D-06 (R-024) Rock

D-08 (R-089) Rock

D-09 (R-012) Mn Chimney fragments
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4. Geochemical, physical, and microbiological study of hydrothermal plumes

Submarine hydrothermal activity exerts an important control on the chemical
composition of seawater, marine sediments and the crust, and also on microbiological
activities in such environment. Investigation of hydrothermal plumes among water
columns would provide important clues to discuss these affects to the ocean.

Since previous submersible studies identified two active hydrothermal fields,
one at the backarc ridge axis 12°57.2'N, 143°37.2'E and the other at a seamount
12°55.1'N, 143°39.0'E, we planned the survey region covering them. During the cruise we
conducted 5 CTD tow-yo surveys (Table 4-2, Fig. 4-5), collecting 24 samples for chemical and
microbiological analyses (Table 4-3). We also deployed a mooring system with two 3D-acoustic
current meters for 14 days (Table 4-1, Fig. 4-1).

The CTD tow-yo surveys located hydrothermal plumes by anomalies of potential
temperature (Fig. 4-7) and of pH (Fig. 4-8). (Unfortunately, the transmissometer did not work
well). The profiles seem to indicate two hydrothermal plumes (one at depth 2700-2750m and
the other at depth 2800-2850m) originate from distinct sources. We did not find sign of plumes
along the backarc ridge axis between 13°0'N and 13°10'N. Onboard analysis revealed
chemical anomaly in manganese of the plume samples, which showed good correlation
with the temperature anomaly (Fig. 4-9). The record of current meters showed that
east-west direction current is dominant at 2440m depth while rather low current velocity
(0.15cm/sec. in average) at 2780m depth. We also noticed significant perturbation
caused by a typhoon (which attacked this region during 11/23-11/27) at 2440m depth.

For future studies, analyses of some chemical indicators such as helium isotope,
methane, carbon dioxide, amino acids will be conducted to characterize chemical
signature of the hydrothermal plumes. Furthermore, molecular and cellular based
microbial population analyses will be conducted to reveal ecology of microbes in the
hydrothermal plumes such as viability, community structures, niches, and to discuss
relationship between microbiological activities and chemical evolution of hydrothermal
plumes.
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Seawater samples were collected in 100mL polyethylene bottles with inner caps
from Niskin Sampler. The sample bottles were capped after an overflow of about 100mL
seawater. All samples were stored at room temperature after sampling and analyzed within a
few hours. Samples were transferred into a closed and jacketed glass measurement cell with a
volume of ~30mL. The cell temperature was maintained at a constant temperature of 20°C
+0.1°C. The electric potential and temperature of the sample were measured for 15 minutes
with an Ag/AgCl combined electrode (Radiometer Analytical A/S, GK2401C) and a
temperature sensor (Radiometer Analytical A/S, T901) connected to a high precision pH
meter (Radiometer Analytical A/S, model PHM93). Tris and 2—Aminopyridine buffers were
employed to calibrate pH electrode. Calibrations were made at the beginning and the end of
set of measurement for every station.

(b) ¥ 17 BRI SRR G R=))

The TCO, concentration in sea water samples was determined by using the
coulometric titration system (UIC Inc., Carbon Coulometer model 5011). Samples for TCO,
analysis were drawn from the Niskin sampler into 125mL glass vial bottles after an overflow of
about 100mL of the seawater. The samples ware immediately poisoned with 50 1 of 50%
saturated HgCl, in order to restrict biological alternation prior to sealing the bottles. All
samples were stored at room temperature after sampling. The analysis of TCO, will be
carried out on land laboratory.
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() T/ (- 22 )

Recently accumulating studies demonstrate the abundant biosphere in the submarine
hydrothermal systems, at where thermophillic bacteria were occasionally discovered. Because
of the presence of abundant reducing chemical compounds to produce high energy for
supporting life, the submarine hydrothermal systems are ones of the candidate places where
the origin of life occurred. The amount of the organic compounds around the hydrothermal
vent must be one of the keys to estimate the scale of the biosphere and probability of the
starting life. We observed the distribution of amino acids necessary for the living body
around the hydrothermal systems.

10ml seawater sample was stored in glass ampoule at sub zero temperature for analysis of
acid hydrolysable amino acids.

In the laboratory, 2ml seawater sample is hydrolyzed with 2ml 11 N HCI in a sealed glass
ampoule under argon gas atmosphere for 22 hours at 110°C. After cooling to room
temperature, the hydrolyzed sample is evaporated to remove HCI under vacuum at 40°C.
The residue is dissolved in 500 u | diluant buffer solution (pH 2.20). 10 x| of sample is
injected in a liquid chromatograph amino acid analyzer to determine the association of amino

acids and those concentrations.
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(Tsuji et. al, Appl. Environ. Microbiol. 1995) CFDA-AM & U< I MR D% P A0 5
Live&Dead cell stain DRI E NNz . — ERFEI)GEB7-1% . FREIOFIKE 10%5R/1L~V 2 AD
T KA Tl [EE 35, fllade sz To7z 7 42— kHE, -80° CIZTHE T
FERE TR BIFY , OGBS T CAEMIE O AR D,

) PRE P EEE LR O iE PR
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Table 4-1 The Basic characteristics of flow

Observed N-S component E-W component Vector Temperature Data Period
Current meter S/N| Depth(m) | Average RMS | Average | RMS mean flow mean T sd
(cm/sec) | (cm”2/s) | (cm/sec) | (cm”2/s) | (cm/sec) (deg) (°c) (c) Data Length
2396
S/N 1733A 3D-ACM 2444m -0.1442 4.4680 1.5129 49166 1.5198 95.4448 1.7670 0.0316
(O-TRKRDEDHE 2003/11/16 16:30~
2003 11/28 07:26:00
2708 (11.2 days)
S/N 1384A 3D-ACM 2756m 0.1460 1.2430 0.0260 1.5506 0.1480 10.0300 1.4720 0.0096
(A—TRKRNLDH




Table 4-2 (a) Operation Log of Tow-yo T04-1

Transponder

; ; N
Date Site No. [Time(UTC) Latitude(N) | Longitude(E) Depth (m) Remark

6:47:16 Start of data recording
8:01 12.52.73 143 37.75 Deploy on surface
19:52 12.54.9550 143.38.9147 2555 Bottle No.1 (No good for sampling)
19:58 12.54.9408 | 143.38.9923 2750 Bottle No.2 (No good for sampling)
20:01 12.54.7356 143.38.8730 2700 Bottle No.3 (No good for sampling)
20:04 12.54.9740 | 143_38.9832 2650 Bottle No.4 (No good for sampling)
20:06 12.54.9713 | 143.38.9712 2600 Bottle No.5 (No good for sampling)
20:08 12.54.9824 | 143.38.9874 2575 Bottle No.6 (No good for sampling)
20:10 12.54.9939 143_39.0023 2550 Bottle No.7 (No good for sampling)
20:12 12.54.9835 | 143_39.0059 2525 Bottle No.8 (No good for sampling)
20:14 12.55.0074 | 143.39.0015 2500 Bottle No.9 (No good for sampling)
20:16 12.55.0146 | 143.38.9863 2450 Bottle No.10 (No good for sampling)
20:20 12.55.0220 | 143.38.9984 2400 Bottle No.11 (No good for sampling)

2003/11/16| T-01 20:23 12.55.0179 | 143.38.9209 2350 Bottle No.12 (No good for sampling)
20:26 12.55.0184 | 143.38.9966 2300 Bottle No.13 (No good for sampling)
20:30 12.55.0180 | 143.38.9743 2250 Bottle No.14 (No good for sampling)
20:33 12.55.0170 | 143_38.9557 2200 Bottle No.15
20:35 12.55.0026 | 143.38.9747 2150 Bottle No.16
20:38 12.55.0059 | 143.38.9809 2100 Bottle No.17
20:41 12.55.0085 | 143.38.9874 2050 Bottle No.18
20:45 12.55.0383 | 143.38.9135 2080 Bottle No.19
20:56 12.55.0163 | 143.38.9492 1500 Bottle No.20
21:07 12.54.8405 | 143.38.9415 1000 Bottle No.21
21:22 12.55.0303 | 143.38.9829 500 Bottle No.22
21:40 12.55.07 143.39.12 Recovery on deck




Table 4-2 (b) Operation Log of Tow-yo T02

. . \ Transponder
Date Site No. [Time(UTC) Latitude(N) | Longitude(®) Depth (m) Remark

7:18:40 Start of data recording (T-02)
7:29 12 52.84 143.32.74 Deploy on surface
12:08 12.55 143_35 CTD Trouble
16:10:59 12.57.15 143 37.17 Start of data recording (T-02-2)
17:13 12.57.1963 | 143.37.1784 2820 Bottle No.1

2003/11/17 102 17:15 12.57.1978 143.37.1808 2770 Bottle No.2
17:18 CTD Trouble
17:43:59 12 57.20 143 37.21 Start of data recording (T-02-3)
18:03 CTD Trouble
20:23 12.57.54 143.37.71 2884 Recovery on Deck

Table 4-2 (c) Operation Log of Tow-yo T03

Transponder

i T ) Depth R
Date Site No. [Time(UTC) CatitudeN) | Longitude(®) ep emark
7:49:29 Start of data recording
7:58 12.55.03 143.34.93 Deploy on Surface
2003/11/18 03 8:27 12.55.047 143.34.993 CTD Trouble
8:54 12 55.04 143.35.13 Recovery on Deck

Table 4-2 (d) Operation Log of Tow-yo T04-1

Transponder

: : N
Date Site No. [Time(UTC) Latitude(N) | Longitude(®) Depth Remark
5:52:12 Start of data recording
6:26 12 58.60 143_36.67 Deploy on Surface
2003/11/28 TO4 6:28 12_58.6004 | 143_36.6589 Bottle No.10
6:30 12.58.5940 | 143_36.6561 Bottle No.20
6:35 12 56.63 143.36.72 Recovery on Deck




Table 4-2 (e) Operation Log of Tow-yo T04-3

Transponder

; ; N
Date Site No. [Time(UTC) Latitude(N) | Longitude(®) Depth (m) Remark

7:48:33 Start of data recording
7:57 12 53.93 143.39.84 3186 Deploy on surface
12:21 12.55.0726 143.39.0472 2790 Bottle No.1 (No good for sampling)
12:24 12.55.0453 | 143_39.0685 2750 Bottle No.2
12:31 12.55.0768 | 143_39.0860 2698 Bottle No.3
12:34 12_55.0891 143.39.0553 2649 Bottle No.4
12:37 12.55.0819 | 143_39.0928 2600 Bottle No.5
12:41 12.55.0852 | 143_39.1001 2503 Bottle No.6
12:48 12.55.0879 143.39.0953 2297 Bottle No.9 (No good for sampling)
13:40 12.55.2948 | 143.38.8321 2875 Bottle No.10
14:55 12.56.1095 | 143.38.1995 2800 Bottle No.11
15:01 12.56.2521 143.38.0619 2600 Bottle No.12
15:05 12.56.3493 | 143.38.2254 2447 Bottle No.13

2003/11/28 TO4 16:34 12.57.1602 | 143.37.4018 2805 Bottle No.14 (No good for sampling)
16:37 12.57.2007 | 143.37.3188 2750 Bottle No.15
16:40 12.57.2149 | 143.37.3262 2700 Bottle No.16
16:42 12.57.2453 | 143_37.2963 2650 Bottle No.17
16:44 12.57.2560 | 143.37.3036 2600 Bottle No.18
16:48 12.57.3907 | 143.37.3198 2450 Bottle No.19
16:52 12.57.2575 | 143.37.2323 2300 Bottle No.20
19:22 12.58.7613 | 143.36.0087 2800 Bottle No.21
19:26 12.58.8020 | 143_35.9805 2650 Bottle No.22
19:30 12.58.8307 | 143.35.9390 2500 Bottle No.23
19:35 12_58.8551 143_35.9437 2350 Bottle No.24
20:21 12.59.01 143_36.09 Recovery on deck




Table 4-2 (f) Operation Log of Tow-yo T05

Transponder

; ; N
Date Site No. [Time(UTC) Latitude(N) | Longitude(®) Depth (m) Remark
7:21:57 Start of data recording
7:27 12_55.69 143.36.73 Deploy on surface
8:57 12.55.9724 | 143_36.8317 2704 Bottle No.1 (No good for sampling)
9:01 12.56.0196 | 143_36.8470 2797 Bottle No.2
9:45 12.56.5021 143.37.0062 2694 Bottle No.3
9:47 12.56.5486 | 143.37.0246 2759 Bottle No.4
10:05 12.56.7849 | 143.37.0947 2594 Bottle No.5
10:10 12.56.8207 | 143.37.1015 2759 Bottle No.6
10:35 12.57.1063 | 143.37.1871 2761 Bottle No.8 (No good for sampling)
10:38 12.57.1412 | 143_37.2008 2756 Bottle No.10
11:45 12.58.0717 | 143_37.4541 2754 Bottle No.11
12:29 12.58.7407 143.37.6173 2760 Bottle No.12 (No good for sampling)
13:07 12.59.3570 | 143.37.7813 2770 Bottle No.13
2003/11/30 TO5 14:10 13.00.2758 | 143.38.1195 2770 Bottle No.14 (No good for sampling)
14:51 13.00.7296 | 143.38.5700 2760 Bottle No.15
15:35 13.01.2355 | 143.39.0471 2760 Bottle No.16
17:27 13.02.6854 | 143.40.2197 2760 Bottle No.17
18:59 13.03.9434 | 143.40.9006 2764 Bottle No.18
19:36 13.04.5232 | 143.40.8102 1000 Bottle No.19
19:46 13.04.5546 | 143.40.7957 500 Bottle No.20
19:52 13.04.5721 143.40.7793 200 Bottle No.21
19:55 13.04.5799 | 143.40.7748 100 Bottle No.22
19:58 13.04.5822 | 143.40.7725 20 Bottle No.23
20:00 — — 5 Bottle No.24
20:05 12.04.61 143.40.93 Recovery on deck




Table 4-3  List of water sample distribution

Kyushu U. Kyushu U.U. Ryukyus Ceres Ceres ORI U. Tokyo U. Tokyo Osaka C.U.
Station Sample

He Nutrients methane pH TCO2 Mn Microbes DNA  Amino acid
TO1 15 - 100mL  380mL  200mL - - 300mL 7L -
16 - 100mL  380mL  200mL - - 300mL 7L -
17 - 100mL  380mL  200mL - - 300mL 7L 10mL
18 - 100mL 380mL 200mL - - 300mL L -
19 - 100mL  380mL  200mL - - 300mL 7L -
20 - 100mL  380mL  200mL - - 300mL 7L -
21 - 100mL  380mL  200mL - - 300mL 7L -
22 - 100mL 380mL 200mL - - 300mL L -
T02 1 - 100mL  380mL  200mL - 125mL  300mL - 10mL
2 - 100mL  380mL  200mL - 125mL  300mL 7L 10mL
TO4 0 - 100mL  380mL - - - - - -
2 200mL 100mL  380mL  200mL  250mL 125mL  300mL L 10mL
3  200mL 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
4  200mL 100mL 380mL 200mL 250mL 125mL 300mL L 10mL
5 200mL 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
6 200mL 100mL  380mL  200mL  250mL 125mL  300mL L 10mL
10 200mL 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
11 200mL 100mL 380mL 200mL 250mL 125mL 300mL L 10mL
12 200mL 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
13  200mL 100mL  380mL  200mL  250mL 125mL  300mL L 10mL
15 - 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
16 200mL 100mL 380mL 200mL 250mL 125mL 300mL L 10mL
17 - 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
18 200mL 100mL  380mL  200mL  250mL 125mL  300mL L 10mL
19 - 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
20 - 100mL 380mL 200mL 250mL 125mL 300mL L 10mL
21 - 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
22 - 100mL  380mL  200mL  250mL 125mL  300mL L 10mL
23 - 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
24 - 100mL 380mL 200mL 250mL 125mL 300mL L 10mL
TO5 2 200mL 100mL 380mL 200mL - 125mL 300mL 7L 10mL
3  200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
4 200mL 100mL  380mL  200mL - 125mL  300mL L 10mL
5 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
6 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
10 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
11  200mL 100mL 380mL 200mL - 125mL 300mL 7L 10mL
13 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
15 200mL 100mL  380mL  200mL - 125mL  300mL L 10mL
16 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
17 200mL 100mL  380mL  200mL - 125mL  300mL 7L 10mL
18 200mL 100mL  380mL  200mL  250mL 125mL  300mL 7L 10mL
19 - 100mL 380mL 200mL 250mL 125mL 300mL 7L 10mL
20 - 100mL  380mL  200mL  250mL - 300mL 7L -
21 - 100mL  380mL  200mL  250mL - 300mL L -
22 - 100mL  380mL  200mL  250mL - 300mL 7L -
23 - 100mL  380mL  200mL  250mL - 300mL 7L -

24 200mL  100mL  380mL  200mL  250mL - 300mL 7L -




Table 4-4  Preliminary results of onboard analysis
CTD Analysis
Station Sample depth T S Pot-T  Sigma-th pH Sio2 Mn NO3
(m) ©) (mM) (nM) (um)
TO1 15 2198.6 1.983 34.637 1.828 27.695 7.546 0.147 n.a. 37.0
16 2151.3 2.009 34.635 1.857 27.691 7.508 0.144 n.a. 36.8
17 2098.6 2.045 34.632 1.897 27.685 7.513 0.145 n.a. 371
18 2049.9 2.084 34.630 1.940 27.680 7.511 0.143 n.a. 37.0
19 1999.0 2.153 34.627 2.013 27.672 7.496 0.145 n.a. 36.8
20 1499.7 3.000 34.584 2891 27.563 7.446 0.127 n.a. 37.8
21 998.0 4580 34.538 4499 27.366 7.478 0.082 n.a. 36.2
22 500.3 6.963 34411 6.915 26.967 7.576 0.037 n.a. 27.2
T02 1 2819.1 1.652 34.665 1.445 27.746 7.572 0.150 109 36.2
2 2769.2 1.666 34.664 1.465 27.743 7.547 0.148 94 35.6
TO4 0 13.0 28.946 34.210 28.943 21.492 n.a. 0.001 n.a. n.a
2 27513 1.681 34.662 1.480 27.740 7.537 0.150 39 n.a
3 2700.6 1.699 34.660 1.503 27.738 7.530 0.149 64 n.a
4 2651.4 1.708 34.660 1.517 27.736 7.530 0.149 69 n.a
5 2600.7 1.716 34.658 1.529 27.734 7.527 0.148 44 n.a
6 2501.1 1.744  34.655 1.566 27.729 7.522 0.148 14 n.a
10 2876.9 1.707 34.663 1.494  27.740 7.517 0.149 105 n.a
11 2798.7 1.687 34.663 1.482 27.741 7.523 0.149 69 n.a
12 2600.8 1.715 34.659 1.528 27.734 7.518 0.150 46 n.a
13 2447.6 1.740 34.655 1.567 27.729 7.518 0.150 17 n.a
15 # 1.697 34.662 1.496 27.739 7.817 0.030 2 n.a
16 2699.3 1.694 34.662 1.498 27.739 7.517 0.148 12 n.a
17 2650.5 1.694 34.661 1.503 27.738 7.519 0.149 86 n.a
18 2600.2 1.692 34.661 1.505 27.738 7.519 0.148 78 n.a
19 24497 1.760 34.654 1.586 27.726 7.515 0.148 22 n.a
20 2300.5 1.864 34.646 1.702 27.711 7.504 0.146 6 n.a
21 2800.1 1.651 34.665 1.446 27.745 7.500 0.148 24 n.a
22 2648.5 1.679 34.662 1.488 27.740 7.502 0.148 98 n.a
23 2497.5 1.727 34.656 1.549 27.731 7.510 0.149 31 n.a
24 2350.7 1.795 34.650 1.629 27.720 7.514 0.149 8 n.a
TO5 2 27975 1.697 34.662 1.492 27.740 7.531 0.153 99 n.a
3 2690.5 1.695 34.662 1.500 27.739 7.538 0.148 59 n.a
4 27579 1.697 34.663 1.495 27.740 7.532 0.148 150 n.a
5 2596.4 1.694 34.660 1.508 27.737 7.534 0.149 42 n.a
6 2758.7 1.692 34.663 1.490 27.741 7.535 0.150 142 n.a
10 2752.8 1.672 34.663 1.471 27.742 7.530 0.149 82 n.a
11 2753.2 1.686 34.662 1.485 27.740 7.532 0.149 33 n.a
13 2770.3 1.638 34.666 1.437 27.746 7.532 0.149 13 n.a
15 2758.8 1.649 34.664 1.449 27.745 7.538 0.148 12 n.a
16 2760.5 1.676 34.662 1.474 27.741 7.536 0.149 11 n.a
17 2760.0 1.656 34.663 1.455 27.743 7.540 0.150 8 n.a
18 2767.7 1.658 34.663 1.457 27.743 7.537 0.151 11 36.3
19 1001.2 4266 34.543 4187 27.403 7.476 0.098 <0.5* 36.1
20 5005 6.945 34.423 6.898 26.978 7.485 0.059 n.a. 33.7
21 199.8 15738 34.622 15.706 25.524 7.817 0.006 n.a. 11.2
22 98.4 26.584 35.021 26.561 22.875 8.084 0.001 n.a. N.D.
23 47.8 28.680 34.306 28.669 21.655 8.126 0.001 n.a. N.D.
24 5.7 28.750 34.262 28.749 21.596 8.124 0.001 n.a. N.D.

n.a.= not analyzed

# T04-15 did not work when it was triggered at deep

* The exact value was not determined onboard due to absence of Mn-free seawater



Design of mooring system in MARIANA [KAIREI] 2003
D SH100

Mooring of Current meter 1
S
TR-120
Total Length TV r— "
639 m H - Single BENTHOS buoy(17in) -24.70
o Bouy Frame 1.74
= SUS ¢ 16mm Shackle 0.39
@ 20 ¢20mm Neutral Rbpe 0.20
E SUS Swivel 1.13
1 3 BENTHOS buoy(17in) -74.10
Bouy Frame 12.18
8 SUS Swivel 1.13
T 20 ¢ 12mm Nylon Rope * 0.50
~ SUS ¢ 16mm Shackle 0.39
No.2 Depth 1 FSI-3DACM (current ,T) 10.44
EL - 596.0 24440
Temperature ~ SUS ¢ 16mm Shackle 0.39
Pressure(Depth) ﬁ%& 200 ¢ 12mm Nylon Rope * 3.20
8 SUS Swivel 1.13
%; 50 ¢ 12mm Nylon Rope * 0.95
§ SUS Swivel 1.13
%f 50 ¢ 12mm Nylon Rope * 0.95
8 SUS Swivel 113
v
1 2 BENTHOS buoy(17in) -49.40
g Bouy Frame 9.57
X
v SUS Swivel 113
I 10 ¢ 12mm Nylon Rope * 3.20
b SUS ¢ 16mm Shackle 0.39
No.1 Depth 1 FSI-3DACM (current,T) 10.44
EL - 2840 27560
item ~ SUS ¢ 16mm Shackle 0.39
Temperature
%% 100 ¢ 12mm Nylon Rope * 0.95
§ SUS Swivel 1.13
1 3 BENTHOS buoy(17in) -74.10
Bouy Frame 12.18
5 SUS Swivel 1.13
I 2 ¢ 12mm Nylon Rope * 1.70
~ SUS ¢ 16mm Shackle 0.39
ﬁ 1 JAMSTECHE RS = 15.31
~ SUS ¢ 16mm Shackle 0.39
;%; 100 ¢ 12mm Nylon Rope * 0.80
~ SUS ¢ 16mm Shackle 0.39
5@3 1 UK (1) Model L C 27.00
~ SUS ¢ 16mm Shackle 0.39
I 20 ¢ 12mm Nylon Rope * 0.80
8 SUS Swivel 113
1 2 BENTHOS buoy(17in) ~49.40
Bouy Frame 9.57
§ SUS Swivel 1.13
I 2 ¢ 12mm Nylon Rope * 0.80
~ SUS ¢ 16mm Shackle
5@3 GBS (A7) Model L D 27.00
~ SUS ¢ 16mm Shackle 0.39
I 20 ¢ 12mm Nylon Rope * 0.80
- SUS ¢ 16mm Shackle 0.39
L] 217.50
Bottom 05  Anchor
3040
fixation force 111.69
Surfacing force -107.39
Case of 3040mDepth
2400 Top Bouy 3040-640=2400m
m/sec m/min  (minute) *
Fall speed 0.77 46.2 51.90
Up speed 0.76 45.3 52.93

Fig. 4-1 Scheme of the 3D-ACM mooring system



(a) Instruments (Left: 3D-ACM, Right: releaser)

(c) Recovery

Fig.4-2 Deckwork for Mooring system deployment and recovery
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Fig.4-3 Time series variation of current velocity and direction, and of
temperature (upper: at 2440m depth, lower: at 2780m depth)
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Flg.4-6 Relationship between potentail temperature and sigma-theta
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Chemical anomaly vs T-anomaly
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5. MMR experiment
Nobukazu Seama, Noriko Tada, Tetsuo Matsuno, Hisanori lwamoto, Kazuya Kitada (K obe University),
Hitoshi Tanaka (Nippon Marine Enterprises), Y utaka Matsuura, Y usuke Sato, Tamami Ueno (Marine
Works Japan), Tada-nori Goto (JAMSTEC), and Masashi Shimoizumi (Kyushu Polytechnic College)

We conducted a magnetometric resistivity (MMR) experiment around a hydrothermal vent site
(12°57.15'N, 143°37.20'E, 2855 m depth; Fryer et al., 2003; Utsumi et a., 2003; we refer to it as Fryer
Site hereafter) in the spreading center of the southern Mariana Trough. The MMR method, which is
so-called the MOSES (M agnetometric Off-Shore Electrical Sounding) method (Edward et al., 1981), is
useful to estimate electrical conductivity structure of a shallow part of the oceanic crust. The MMR
method is a magnetic technique and involves two components; a source and receivers. The sourceis an
electric current between two electrodes; oneisjust under the sea surface (surface electrode) and the other
is near the seafloor (bottom electrode). The receivers are ocean bottom el ectro-magnetometers (OBEMS),
which measure three components of magnetic field variation and three components of electric field
variation. A MMR system, which we used for this experiment, have been newly developed by Kobe
University and JAMSTEC as ajoint research and had been tested at the Alice Springs Field (18°12.9'N,
144°42 5’ E) in the central Mariana Trough during Kairel KR02-14 cruise in 2002 (Seama et al., 2003).

We deployed 6 OBEMS, as the MMR receivers, around the Fryer Site within 600 m in distance.
The OBEMs were launched from the deck, and then sank to seafloor by self-weight. They drifted away
from the position we originally planned on the way to seafloor due to oceanic currents. The positions of
the OBEM s on the ocean bottom are estimated by acoustic ranging. All the OBEMs measure three
components of magnetic field variation, three components of electric field variation, two components of
instrument tilt, and temperature with the sampling interval of 1 second. They have pipes for attaching five
Filloux-type silver-silver chloride el ectrodes (Filloux, 1987). Each OBEM has two pressure-resi stant
glass spheres; one contains fluxgate type magnetometers, voltmeters, and tilt meters, and the other
contains the battery and a transponder unit. The clock of the OBEM was set to the GPS clock before the
deployment, and was compared again after the recovery. The comparison indicates the time accuracy of
the OBEM s during the experiment was kept within 3 seconds.

The MMR source of the electric current was supplied at 10 source sites and along 5 survey lines
around the Fryer Site. The waveform of the electric current is rectangular with its amplitude of 16
amperes and its period of 16 seconds, which was supplied by an onboard power unit. At the source sites,
we supplied an electric current between the surface and bottom electrodes for about 30 minutes. Along the
survey lines, the electric current was continuously supplied, while the “Kairei” shifted with her speed of
0.5 knot. The surface and bottom electrodes are kept at 7 meters from the sea surface and at 20 meters
height above the seafloor, respectively. A pinger unit, which was fixed to the winch wire at 3 m above the
bottom electrode, helps usto keep a constant electrode height from the ocean bottom through control of
the winch wire length.

Acoustic positioning for the bottom electrode is a so performed during the electric current
supply. Two kinds of acoustic positioning methods were used to estimate the position of the bottom
electrode. Thefirst way isto use the “Kairei” super short base line (SSBL) system with a transponder or



the acoustic unit (so called “fish”) that were fixed to the winch wire at 15 m and 100 m above the bottom
electrode, respectively. The scatter of positions by the SSBL system suggests its accuracy of 100 m. The
other way isto use the long base line method with the fish. The fish measured its depth, its atitude, and
slant ranges to the ship and also to each OBEM with accuracy of nearly 1 m. An onboard acoustic unit
communicates with the fish acoustically and controlsiit.

All the data from the MMR experiment will be used to estimate electrical conductivity structure
of ashallow part of the oceanic crust around the Fryer Site. Since the electrical conductivity of the crust
depends primarily on seawater within the crust (amount, spatial distribution, temperature, and salinity),
the results of electrical conductivity structure will lead us to understand overall features of the
hydrothermal system of the Fryer Site.
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Source

Fig.5-1

A schematic of the magnetometric resistivity (MMR) Method. The MMR method involves two
components; a source and receivers. The source is an electric current between two electrodes; one is
just under the sea surface (surface electrode) and the other is near the seafloor (bottom electrode).
The receivers are ocean bottom electro-magnetometers (OBEMs), which measure three components
of magnetic field variation and three components of electric field variation. Changes in distance
between the source and the receivers (top and bottom figures; only one receiver is shown) allow us to
estimate electrical conductivity structure of a shallow part of the oceanic crust.
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Location map of the MMR experiment on bathymetric feature. 6 OBEM positions (triangles), 10 source sites
(crosses), and 5 survey lines (solid lines) are shown with each label. Each OBEM site has three different positions;
deployment position from "Kairei" (white), and two observation positions on the ocean bottom, which are
determined by triangulation method (black) and the least-square method (blue). Three hydrothermal sites (red
circles) were reported (Fryer et al., 2003; Utsumi et al., 2003) and the middle one is the Fryer Site that is our main
target of the MMR experiment.
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An example of onboard monitoring acoustic waveform from a pinger unit, which is fixed to the winch
wire at 3 m above the bottom electrode and outputs the acoustic wave every second. Two peaks are
recognized in the monitor; a left peak and a right peak indicate the direct wave and the reflected wave,
respectively. Time difference between the two peaks is used for estimation of pinger unit altitude,
because it corresponds to the two way travel time between the pinger and ocean bottom.
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Positions of the transponder (red dots) and the fish (blue dots) during the MMR experiment shown on a bathymetric map.
Each position was determined by the "Kairei" SSBL system.



Fig.5-6
Pictures of the unit§ OBEM recovery (top) and of the broken electrode pipe (bottom). The electrode pipe
was broken during its recovery.



Table 5-1 OBEM information

Call Reply
Site Unit Code Frequency Frequency
(kHz) (kHz)
1 8A-2 12.121 14.000
2 5A-2 15.385 14.000
3 11 2B-2 14.286 14.000
4 6A-3 12.738 14.500
5 7A-1 11.834 15.000
6 9A-3 12.500 14.500
Table 5-2 OBEM deployment position
) Deployment Position )
Site Time (UTC)
Latitude Longitude Depth (m)
1 | 12-57.4206N | 143-37.1418E 2880 2003/11/19 03:36:27
2 | 12-57.1988N | 143-36.9715E 2868 2003/11/19 02:36:26
3 | 12-57.3614N | 143-37.0006E 2864 2003/11/19 03:04:50
4 12-57.1145N | 143-37.1200E 2864 2003/11/19 01:33:35
5 | 12-57.1682N | 143-37.2464E 2869 2003/11/19 01:03:11
6 | 12-57.3538N | 143-37.3314E 2856 2003/11/18 22:31:40
Table 5-3 OBEM observation position
Triangulation method Monte Carlo method
Site . ] Depth . . Depth
Latitude Longitude Latitude Longitude
(m) (m)
1 12-57.3918N | 143-37.0779E | 2880 | 12-57.4147N | 143-37.0935E | 2858
2 12-57.1849N | 143-36.9543E | 2868 | 12-57.1988N | 143-36.9269E | 2862
3 12-57.3411N | 143-36.9534E | 2864 | 12-57.3480N | 143-36.9415E | 2858
4 12-57.1077N | 143-37.0697E | 2864 | 12-57.0983N | 143-37.0660E | 2845
5 12-57.1328N | 143-37.2006E | 2869 | 12-57.1347N | 143-37.2089E | 2850
6 12-57.2570N | 143-37.3828E | 2856 12-57.2795N | 143-37.3727E | 2855

Table 5-4 Position of a transponder that was settled during YK03-09 cruise

Triangulation method Monte Carlo method
. . Depth . . Depth
Latitude Longitude Latitude Longitude
(m) (m)
Transponder | 12-55.1306N | 143-39.0399E | 2800 | 12-55.1347N | 143-39.0372E | 2804




Table 5-5 MMR source sites and survey lines

Site or Line | Location Start Time (UTC) End Time (UTC)
2003/11/21
MMR_sitel | 12-56.3N 143-38.1E 2003/11/21 09:43:09
- 11:43:45
. 2003/11/21
MMR_site2 | 12-56.2N 143-36.3E 2003/11/21 15:12:14
- 15:43:30
2003/11/21
MMR_site3 | 12-56.3N 143-36.4E 2003/11/21 16:26:17
- 16:56:33
MMR_site4 | 12-56.4N 143-36.5E 2003/11/21 17:29:34
12-56.4N 143-36.5E
MMR_linel
- 12-57.9N 143-37.9E
MMR_site5 | 12-57.9N 143-37.9E
MMR_sit6 12-58.0N 143-38.0E
. 2003/11/22
MMR_site7 | 12-58.1N 143-38.1E
- 01:07:23
MMR_sitel0 | 12-56.4N 143-38.0E 2003/11/29 00:03:06
12-56.4N 143-38.0E
MMR_line2
- 12-58.0N 143-36.3E
MMR_site9 | 12-58.0N 143-36.3E
. 2003/11/29
MMR_site8 | 12-58.1N 143-36.2E
- 07:17:22
) 12-56.7N 143-36.4E 2003/11/29
MMR_line3 2003/11/29 09:30:56
- 12-58.0N 143-37.6E 13:37:15
12-57.8N 143-36.3E 2003/11/29
MMR_line4 2003/11/29 16:41:55
- 12-56.4N 143-37.8E 21:26:53
12-56.6N 143-38.0E 2003/11/30
MMR_line5 2003/11/29 23:00:45
- 12-58.0N 143-36.5E 03:31:25

At the source sites, we supplied an electric current between the surface and bottom

electrodes for about 30 minutes. Along the survey lines, the electric current was

continuously supplied, while the “Kairei” shifted with her speed of 0.5 knot.




Table 5-6

OBEM recovery

Time of sending a . Surface . Rising
) Take off Time . On deck Time ]
Site | release command Time Velocity
(UTC) (UTC) .
(UTC) (UTC) (m/min)
1 2003/12/01 2003/12/01 2003/12/01 2003/12/01 38
02:44:25 02:56:28 04:12:00 04:20:00
) 2003/12/01 2003/12/01 2003/12/01 2003/12/01 38
01:14:30 01:25:48 02:41:50 02:50:00
3 2003/11/30 2003/12/01 2003/12/01 38
23:35:00 01:00:50 01:09:00
4 2003/12/01 2003/12/01 2003/12/01 2003/12/01 38
00:14:30 00:26:04 01:42:00 01:51:00
c 2003/12/01 2003/12/01 2003/12/01 2003/12/01 38
01:45:15 01:57:48 03:14:30 03:22:00
5 2003/12/01 2003/12/01 2003/12/01 2003/12/01 38
02:14:45 02:28:44 03:45:05 03:52:00
Table 5-7 OBEM data status
. ) . Time lag of OBEM clock
Site Start Time (UTC) End Time (UTC)
compared to UTC
1 2003/11/19 07:04:24 | 2003/11/26 00:11:03 1 second delay
2 2003/11/19 07:04:24 | 2003/11/25 19:57:43 3 seconds delay
3 2003/11/26 16:44:42 | 2003/12/01 01:05:31 1 second delay
4 2003/11/18 09:07:17 | 2003/11/25 00:33:56 0 second delay
2003/11/18 22:43:12 | 2003/11/20 13:12:05
5 2 seconds delay
2003/11/23 15:34:56 | 2003/11/25 05:25:42
6 2003/11/19 07:04:24 | 2003/11/25 22:58:13 2 seconds delay
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