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Cover Photograph

Marine geological survey around Tokara Islands, Kagoshima Prefecture

The Geological Survey of Japan (GSJ) has been publishing the Marine Geology Map Series for the basic
information of the national sea area around Japan since the 1970s. In this special issue, we report the results of
seismic reflection profiling, bathymetry, magnetic anomaly and submarine sediment surveys conducted around the
Tokara Islands as part of the northern Okinawa Trough Project.

Upper: Yokoatejima Island and Kaminonejima Island, volcanic islands in the Tokara Islands, Kagoshima Prefecture.
Kaminonejima Island is at the right front, and Yokoatejima Island is at the back left.

Lower left: Deploying the multi-channel streamer cable used for seismic profiling

Lower center: Grab sampler for retrieving submarine samples from the sea bottom

Lower right: Dredge sampler for retrieving rock samples

(Photograph and caption by INOUE Takahiko)
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INOUE Takahiko, AMANO Atsuko and ITAKI Takuya (2022) Special issue on marine geology around
Tokara Islands in Kagoshima Prefecture: result of marine geological mapping survey cruse in 2020.
Bulletin of the Geological Survey of Japan, vol. 73 (5/6), p. 193-196, 1 fig.
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Bathymetric map around Tokara Islands.
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Red lines indicate track lines curried out in geological mapping cruises by Geological Survey of Japan before 2019 around
Japan. Box enclosed by black broken lines indicate the study area since 2020FY. Geographical names follow Geospatial
Information Authority of Japan (https://www.gsi.go.jp/kihonjohochousa/multilingual.html, Accessed: 2022/12/20) and Japan

Coast Guard (https://www.msil.go.jp/.
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KOGE Hiroaki, SATO Taichi, YOKOYAMA Yuka, SATO Yusuke and MISAWA Ayanori (2022) The
bathymetry survey around Tokara Islands during GB21-1 and GK20 cruises. Bulletin of the Geological

Survey of Japan, vol. 73(5/6), p. 197-209, 8 figs, 1 table.

Abstract: The high—resolution seafloor bathymetry was observed using Multibeam acoustic profiler
(MBES) as a part of an ongoing geological mapping of the southern region of the Tokara Islands region.
As a result, intricated two lineations (N24° E and N73° E) were observed in this area. The structures
could be related to the formation of the Okinawa Trough and Tokara Gap, respectively. From the cutting
relationship, we considered that the gap formation occurred after the trough expansion. In addition, we
discovered a group of knoll chains in the N73° E direction in the southern part of the Yokogan Knoll,
which we named and described as the Yokoate Echelon Knoll Chains. Based on the dipole—type magnetic
anomalies and seismic reflection survey results, the Yokoate Echelon Knoll Chains are inferred to be
volcanic structures. Therefore, these linear structures should be related to the rifting of the Okinawa
Trough and the formation of the Tokara Gap, and this area might to be important for understanding the
history of the back—arc rifting in the northern Ryukyu Arc.

Keywords: Tokara Islands, Okinawa Trough, Bathymetry, Submarine volcan
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Fig.1  Survey area and Track lines of the GB21-1 and GK20 cruises. The solid yellow line represents the GB21-1 and
the solid black line represents the GK20. The red circles indicate the locations of the sound velocity observations.
Bathymetry data was used the 250-m integrated grid (Kishimoto, 2000). The east-west slice line at 30° N is not a

topographic feature, but a data boundary.
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Fig.2  The cleaned bathymetry of GB21-1. Grid space is 50 m. The contour interval is 100 m. In the background, the 250-m integrated

grid (Kishimoto, 2000) is drawn in gray scale.
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Fig.3  Backscatter image observed by the GB21-1. The white suggests stronger reflection.
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Table.1 The list of sound velocity observations during the GB21-1 cruise.

GB21-1 U GK20 #2361 % b 7 5 FRENHHSEIC BT 5 i EMEEHR (B TIED,)

Site Name Equipment Latitude (N) Longitude (E) Depth(m) Date(JST) Time(JST) Note
XCTD-GB211-1 XCTD 29° 51.49 130° 05.22 596 2021/3/7 9:29:53 -
Midas-GB211-1 Valeport MiniMidas 29° 04.82 128° 59.94 771 2021/3/9 16:16:16 K-grab g62 (double data)
XCTD-GB211-2 XCTD 28° 49.42 128° 25.51 - 2021/3/12  9:39:24 Failed 283.3m
XCTD-GB211-3 XCTD 28° 56.16 128° 22.59 430 2021/3/12 10:41:58 Failed 429.6m
XCTD-GB211-4 XCTD 28° 52.82 128° 42.13 1000 2021/3/14 18:16:36 -
Midas-GB211-2  Valeport MiniMidas 29° 18.69 129° 13.86 482 2021/3/16  8:37:37 K-grab g141
Midas-GB211-3  Valeport MiniMidas 28° 54.46 129° 35.46 485 2021/3/18  7:30:59 K-grab g24
Midas-GB211-4  Valeport MiniMidas 29° 0.17 128° 26.19 1092 2021/3/20 16:30:44 K-grab g107
Midas-GB211-5 Valeport MiniMidas 29° 36.10 129° 34.96 883 2021/3/24  6:55:35 K-grab g197

Midas-GB211-1_1st. Midas-GB211-1_2nd. Midas-GB211-2
A Sound Velocity (m/s) ‘ o e ™ s o e ™o o e i
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Fig4 Sound velocity profiles obtained from the GB21-1 cruise. Fig.4B is the index map. Fig. 4C
shows each profile individually.
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Fig.5 The cleaned bathymetry (A) and backscatter image (B) of GK20. The space of bathmetry is 50 m. The contour
interval is 100 m. In the background, the 250-m integrated grid (Kishimoto, 2000) is drawn in gray scale.
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Fig.6 Integrated bathymetry at the GH11, GK20 and GB21-1 cruise. The grid space is 50 m. In the background, the 250—
m integrated grid (Kishimoto, 2000) is drawn in gray scale. The broken line is the interpretation line of the cliff
which is assumed to be the boundary with the Okinawa Trough and the arc.
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Geomorphon (Terrian forms) image analyzed by QGIS plugin (Jasiewicz and Stepinski, 2013) with integrated
bathymetric grid for the GH11, GK20, and GB21-1. The topographic search area was 200 m, and the slope threshold
was set to 2.5 degrees.
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WRIDAFEIZIT DN TG WY, ZOEIEZFDEE
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GB21-1 RV GK20 fiiig (hHZFERADEE) (ICH T 3BREBHAOBE

BF ME"-kF K—'-#U HEY-EF ENHP-ZE XE'
KOGE Hiroaki, SATO Taichi, YOKOYAMA Yuka, SATO Yusuke and MISAWA Ayanori (2022)
Preliminary results of the magnetic anomaly survey around Tokara Islands during the GB21-1 and GK20

cruises. Bulletin of the Geological Survey of Japan, vol. 73(5/6), p. 211-217, 3 figs, 2 tables.

Abstract: The magnetic observation was observed using shipboard three-component magnetometer
(STCM) as a part of an ongoing geological mapping of the southern region of the Tokara Islands region.
In this cruise, we used the data of the STCM for the calculation instead of the cesium magnetometer. We
tried to conduct the corrections with the existing data Magnetic Anomaly Map of East Asia (CCOP 3rd).
As a result, because the data observed by the STCM was very accurate, and the total magnetic anomaly
analyzed by this method was almost the same accurate as the cesium magnetometer, and was free from
errors at the intersections that usually appear. Therefore, this correction method could improve to also the
observation of cesium magnetometers. In the island arc area, many dipole-type magnetic anomalies were
observed. With bathymetrical observation, it suggests active volcanism. On the other hand, the trench
side was almost flat magnetically. On the trough side, the significant positive magnetic anomalies were
observed. This area has a small knoll, but it is not so distinct, which might reflect large-scale igneous
activity beneath the seafloor that is not currently visible on land.

Keywords: Tokara Islands, Okinawa Trough, Bathymetry, Magnetic anomaly, Submarine volcano
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All track lines of magnetic anomaly observations during the GB21-1 and GK20 cruise. The yellow and light blue
lines indicate the GB21-1 and GK20 survey lines, respectively. The red triangle indicates the position of the figure-8
correction. Bathymetry data was used the 250-m integrated grid (Kishimoto, 2000). The east-west slice line at 30° N

Fig.1

is not a topographic feature, but a data boundary.
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14 GB21-1, GK20 dHARMHEIZ 51 2 8 DFHE .
Table 1 List of figure-8 correction during the GB21-1 and GK20 cruise.

Time (UT)
Site name Longitude (deg.) Latitude (deg.) Depth (m) Date(UT) Start End
FE21-1GB 131°21.45’E 31°00.07'N 162 2021/3/7 1:45 2:06
FE21-2GB 130°22.03’E 29°50.98’N 188 2021/3/21 15:15 15:33
FE21-1GK 129°42.91'E 28°50.51'N 427 2020/11/25 2:43 2:56
FE21-2GK 129°45.03’E 30°19.77'N 632 2020/12/1 16:49 16:59

THENT ) vV T v FBADIA Vv FIL— LADEME
ICRRIE U 72, & 7-GK20 FARMINEIZ F6 W T EE R
Ty VT FITERE L. W CIIAMAR SR ECE
D 72912, 8 Dk B A F AWK Tt 4 M 56 L
72 (1K), SOFEMUEIIIEARMITHERA 155, 8knot (14.8
km/h) THEF2047, $EEIME L LTI 1EFED450% %
WELLTHERELTHAS.
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WO 7 a b YRR 2 AR & B 2N
BUAME & MBS B W T2 OREEICERDH B, 7277 L,

M b = A3 Mk I E TR 5 15 SRR ORI 2RI,
GK20 fijiifi & GB21-1 it & TEAMERIN T 5 Z &
5, LOLAEDFERIZ K0, (EEZS AR B E % oK
WEZEMNUKDLEE LT

ZZTCHEMNET Ty 2 A5 — b RAR L = i T
2555 N7 R IBIHE 2 o - W 7 P 7 xR
i 5T iR %8 3 MR (Coordinating Committee for Geoscience
Programmes in East and Southeast Asia and Geological Survey
of Japan, AIST, 2021 ; LL'FCCOP and GSJ, AIST, 2021) %
FHEIZL, VLARLIEAFREL 72, KBHE - KET VT
T ST XIET IS 3T IE D 7 — 8 & L XL
AbELT, 20RO v FTF—2 AL TH S.
L ALHIED BARR 25 FhE & UTIZLLT 00 2 Be g o Lt
AR TIML 72, $FO28MR T L IcBll Eh iz
I ERC 7 1 7 7 4 LDCCOP and GSJ, AIST (2021)
ICK @B EEOSM e #5128, 2OML U
BBz RIZOBLNZ ML Y FER LSBT — 25
5Ly FERFEEIML 72, AELIZIdMatlabDdetrend 2
7Y P HWTEREZIT- 7. ZONPRROFGRIZD
W 3IHITIT .

& 52 RELO L AV IE & AR T S 7 AT O &
WHR D 2 f S R F A &K A L, GMT (Generic Mapping
Tools ver. 6 ; Wessel et al., 2019) Dsurface 7 2 2" 5 4 %
WYy FRERE L kmDEBNIRFE S ) v F 7 — 2 &4k
L7z ds, SRIRHIEDEDIEFITNZIN2ZDR
RAIEIZEEL ThEWn, 2556 8 B3Micilkamairo.

2.2 &I LEAHE
2.2.1 BRRBRUOT— 2838

b S A B BUINC IS BE AR O WA & > AT )
&1 (G-882%Y, Geometricstt#d) Z i L 7=. AFHA T
AT D S B A T B 728012, W15 & AR ZE AR 2
589300 m#E A IZHRML L, HIREE &[RRI AT &
15 7. 7— 2 §kldGeometricstt D 7 — Z gk 7 b
(MagLog) & FWWTHhid 5. Maglogllidt > v AN
Ao M S B0 - 2] - 7PVl - &
Y —RET — 4 LADIAKGPST — % (NMEA 7 #* —
7w M) 201 BRI TR A IZE DA Eh B, Maglog
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Table 2 List of the 12 constants of the ship’s induced and permanent magnetic moment from figure-8 correction of GB21-1 and GK20.

Induced magnetization matrix

Permanent mangetic field Standard deviation

Site name

Byy By B3 By By By3 B3y B3y Bs3 Hpn Hps Hpy Oh O Oy
FE21-1GB 1.0393 0.0449 -0.079 0.0252 1.1891 0.0803 -0.148 0.0387 0.8544 -12885 9495  -16874 91 176 286
FE21-2GB 1.0485 0.026 -0.131 0.0591 1.1806 -0.031 -0.164 0.0461 0.9674 -9841 15763  -23744 98 249 222
F|3EI5221ilfGBl38( 1.048 0.0347 -0.124 0.043 1.1852 0.0153 -0.166 0.0439 0.9608 -10280 13231 -23193 237 276 308
FE21-1GK 1.0112 0.1204 -0.173 -0.035 1.1883 0.0594 0.1054 -0.092 0.7477 22153 4944 280 486 643 124
FE21-2GK 1.0075 0.1215 -0.191 -0.034 1.1891 0.0481 0.1036 -0.09 0.7328 23501 5310 1346 598 706 183
FEEZZli]-ZGgK& 1.0308 0.0954 -0.005 -0.039 1.1946 0.0142 0.1201 -0.11 0.8699 15351 6794 -4659 575 673 210

ICIDAENS2DODFT — & ¥ v b ldGeometricsth D
T — 2 @Y 7 b (MagMap2000) & W THREG L, #RE-
B L 2R IMEOXIS 21T 5. MEMEIEr — 7LV RHAIE,
Wl S0 HELDORIE & & 28T, EFEFEEUERS (IGRF
13th generation ; Alken et al., 2021) 22 LA5[< Z & T4
JIREMEIRET 5. S HI3IGB21-1 F AT T3 Hink
DEHDEM Y > AESFHI K 2 27— 2 0%
ozl &h b, WHOFMIIANET 5.

2.2.2 HBHBTMAICEALT

GB21-1 # &M TIE, RO & B DR S T A
WHENC X 22T —anfBohhhr -7z £V UL
WHEF ORI A 202143 H 7 HOBIHIGIH DR ABE % IS
REL 220 TH 5. HIEMNIZIZSignal lowh ER S 1,
g OME P A IREIZG-> 72, BERMKO LT T
LThBREMEESE, T —TLORMOD S A%
Fhi L 72 pERICZE IR A A 5 72, 8 HIZTBERMBD 1
WD 7= JPHEROBIE AR L, EXRMITIEHE TH
BZLEMRLE. BREMIZIT Ny S E— FTHkEHE
fEL 72 ZAMEMEEAERNTOENT MR 0h -5
7o, OHICIB BN DR AT - 72 1%, HEERALLS
REEAEE L 2 h o 72720 B0 & & L 7-.

HLE ICD Geometrics 1L TORMIRBER £ ¥ 3 — D ik
BFIZEDRFL 7V 9 R 2 ORESEAEROERER
RTHBZLnnholz. BETIEIYZDMIMA, IR
PR DA, O ¥ DA MAE S N M
WANSIZ BT B K CHEFBIZE L TRMET > TW 727,
BART v F CR#EEOBLxh=zR%2£< &8
¥, VT AP EFEICEHEL TWBRLATS
Signal low2E/RENTLES. ZD®, ZhETO
FRTIESHOMEREICEL TIMRMT 5 Z &8 TE
T\ EhoTz.

ZDEIIZBNTORBRDATERT G TH720T
BB &I & 7= D B B i s & ONERI O 20 B
Sb (B SEFZE B AT L - BT - WUz 3 r 2 i D Whs
WPEITZEERS) T O SMBl A3 L, EFEIZEHHTH
52 LEMRLE Z0%, BHE%IEN S N/2GB21-2

AR Fo D TARSGE 2 O TR 21T 5 72
3. BREEE

3.1 MEESHRE

F §°GB21-1 % U'GK20 F# £ i ¥ 1= 35 1F 5 8 D F ik
25 HH U AR A B 2R IR T, 8OFHUE
FE21-1GBIZ 5\ TUE, SRR DIEUER S (ov), L
By DREHENRZE (o), MRE BT DFEHEMR 25 (on), ODIET
KE V. 8DFMIAEFE21-2GBTIE, 45 %K 75 D 1% ¥
7% (o), SAMLEL Y DREMERRZE (ov), ME BT O REHE(R 25
(on), DIETKEL Eo5TW3. 200D 8DFMiAEFE2-
IGBEFE21-2GB% ik 4 % &, fEUE(R 25 0 K/ R
BN DB, BB ErAMEMIE-HL TS, miEN
I LEIE & 208 H D8 DF DK R & IR T & i
L7z, GK20ICBHL TR E2RICE LD, 255613100
H -2l H & &I SR 5 OEYERZE (o), AERSO
TEUENRZE (on), FAALEL 3 OIEHERZE (0s), DIHTARZEL,
72 SRR oy D EEHERZE (ov) MIERIT/ANE W, 25563
RARIIZIZ1BE &2 HD8DF DR 2R T
EEELZ. EB550MHEEBI, B2, B33X11ikL,
F 7% DDA 012V, Wb B BATFHIEN
A FeNTE D, 5 EIEEICHEAN S REB /o h
7=.

3.2 ZRAWNEICK B2 LBHEEDOFEER

el U7z & 512 R b 2 & < ke §
BZLIFTEDLD, ZOMMEIZ DWW TIT Y 7 A48
JIEFD &5 R TIdskE &5 &2, GB2I-1AT#E Tld
O AR L TR T - 2 nMfE ek 5 7
Z &, GR20MiHE T Z R IE L 2R L Tk h >
72 ENOREDORWEK NG TN, 22T
Wi & a3 A AN £ 9 SRR ClllbE S iz T —
ADORERFE 175, Hile LT, HIHE 1002 DREHE %2R
(5 2XISTCMtotal, MFROMEIZE 1 KIART). #HIE
il D A2Hh 1 38 (STCMtotal) % R % & GK20 & GB21-1 i
WE S B AN - B 2 EICHUS X s X h
7= RSB A R — R T & S 72 ZE L &2 LT,
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Fig.2  Profiles of the total magnetic anomaly at line 1002.

Z#ECCOP and GSJ, AIST (2021) IZ X AR EHIE L &
AN D B (52K CCOP and GST, AIST, 2021). X -
Tl 7 — & 2 #1E U 72 280 2R 300 mTRE & Ik L
7z, 7Lk, &7 - 2MICA Ty P HTEHE
THZEN6, W2I28THALZ ML Y FERE - LR
MFERBETH B, 4 HIZCCOP and GSJ, AIST (2021)
DA I % Fede & U CHLE % 47 5 7= (55 2 [XISTCMtotal
detrend) .

Bk, Z0OX S IZHIERTO RSB EAREE & < G
ShZBHE UTiE, SEA - 5 VR TIE SR
T OBEMNERR P 5722 LT, MRBACERE D KEE
KR TR, Zh g oI
SATBUEATHRIR I 2 - S @i ISR T o Wi
BFEFAEM A Tirbh Tz, A CIEERE T
ORISR 6N TH 57, WEDLZDIZZK
IR OBREN EORB B EETbh T (2L
ek - 11K, 2016). — 4T, B2k - EHELTIZS
#% % GB21-1 RU'GK20 & [F] U 3R e i CHUE & i o 5 75
PEELLLBHlTE2EEI6N 5.

3.3 2HAHERER

FEEIT > T =426, 1 kmD 2 IIRE 2
Uy FF—22FERL, 2MITRERICEED 2 (E3
X). —W%0 g BB TE, RO R MEEER T
IEIEFE CBINME AR 913988, MLl T — & DFRER
[EFEMEORFME L & ORET, BIHEIIESRBEL,
MR L U THRROBERIETEXIET 5 (il 2 1Xccop
and GSJ, AIST, 2021). X 62K HEHZ X B R
P OVEL T M IR AL O R EIZEAL (FRPL - L, 1997 7%
E)SBlEIcKRE LA ER L. Thbld /4 XD

—MTH B2, WHEIZGMTDx2sys/ v 7 — 2 (Wessel
et al., 2019) THIIEL T4, & iﬁﬁmwﬁ%fﬁ
EROWREEMIZEAER WG, 572 (FHE3X). =%
ﬁ@?—&ﬁ#ﬁt;#ot@mkbf,ammm
GSJ, AIST (2021) DF — 2 IZFDW7=HfiiEE2 T T3
k3 EeZEA6N%. B2, ThETORBMT
2RO LR THEA TR TVDERE, E556DfH%H
ETBIEFEICH LN TCA D, BRIC-HT B &
I SAHIEITEEL 225 7. S EIZBI L TIZCCOP and GSJ,
AIST (2021) D ARG A KHEL L THIE# T > 722 &
T, REEHAOT -2 TEENMFAE LRV E D BRLED
TETWELEEZ TS, ZOMIESEZEY Y A10N
FrOMILETEIAL FIHT X 2 oJBEMEA &,
WATIHENZ I 1F BRER T ARIZ DN TR B,
OBINB > THAIE, dEBED & A4 K- LRIDfER
BENLL ALNS, b SIERICHE T 5. G2 HE
B, BOEEEREBAEBRATEA E-ALBEBREINT
néﬁ%#%eht &ﬁiwmwfhnmkmﬂem
kmTHB. —HCINEE &R EEIT & [FARED & 14 4 —
NIRRT SR 5 N5 & DDA FKIZALE OB o R
DOFIZMELTED, &2 o0 &38Rk 35K
WA > TR Z DL 5. £72, ZOILIEHIZH
FE@&ET%W%&%&%+—»N XU ATEAE L
Twn5, Hi ﬁ®@%é@ﬁ&%é@ﬁfiibmé&
i&—wkmmm®a4+—w#ﬁméhfué iy
W TN B AT =L DX A K= LIRS R
ENBEDD, ZThETALNLL A R ILAIERET
DI —REAFIER I TS, Zhb504
A F = VRS T N 7 5 A I TR 2 KLy E)
(5 21327k, 2008) Ik 5> TIER I R TWB Z A& L
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CCOP and GSJ, AIST, 2021) is drawn on the background.
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BiER - Report

M A SFIEREBEPICH TS GB21-1 fBO R ESHIEEHME

A% #F' -2 XE'-AXT M'-HLE =B

ISHINO Saki, MISAWA Ayanori, ARIMOTO Jun and INOUE Takahiko (2022) Seismic survey of GB21-
1 Cruise off southwest Tokara Islands. Bulletin of the Geological Survey of Japan, vol. 73 (5/6), p. 219—
234,11 figs.

Abstract: A multi-channel seismic survey was conducted off southwest Tokara Islands by GB21-1 survey
cruise for marine geological maps. The seismic stratigraphy and geological structures were compiled
with reflection profiles, which were obtained by high-density spacing survey. West of the volcanic front
is characterized by four sedimentary units (OT1-OT4) divided by unconformities. The faults found in
the west of the volcanic front were divided into two types: normal faults affecting vertical displacement
in the OT1 unit and affecting cumulative vertical displacement in the OT3 unit sediment layers. The
former faults were recognized east of Nishi-Yokoate Knoll with NNE-SSW trending. The later faults
are developed widely west of the volcanic front, and found with NE-SW trending along the east edge
of Okinawa Trough and with ENE-SWS trending southwest of Takarajima island. The normal faults
affecting cumulative vertical displacement in the OT3 unit are considered to be formed by intermittent
NW-SE extension related to the back-arc rifting in the northern Okinawa Trough after formation of the
OT2 unit. In the east of volcanic front, the sedimentary units are divided into four (TK1-TK4) based on
unconformities and acoustic facies differences. Two types of faults were found in the east of the volcanic
front: normal faults that trend E-W and affect cumulative vertical displacement in the TK4 unit sediment
layers in the northern margin of the Amami Trough, and normal faults that trend WNW-ESE and cause
vertical displacement through the TK3 and TK4 units in the southeast of Takarajima Island. Combining
fault characteristics based on seismic stratigraphy with analysis of sedimentary age will provide further
discussions on tectonics in the northern Ryukyu Arc.

Keywords: Ryukyu Arc, Tokara Islands, Okinawa Trough, multi-channel seismic survey
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WP E K O/ER E B E LT, GB21-1fitiix b 7
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Fig. 1 Bathymetric map with the name of islands and main undersea features around the survey area. The topographic data is

based on Kishimoto (2000).
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Fig.2  Seismic survey lines observed during GB21-1 cruise. WNW-ESE and NNE-SSW survey lines were set at 2- and
4-mile intervals, respectively. Dredge points conducted in GB21-1 cruise are shown in D01-05. The topographic data

is based on Kishimoto (2000).
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Fig. 3 Distribution map of faults observed in seismic profiles. The characteristics of Yokoate Echelon Knoll Chains and
high-resolution topography observed in GB21-1 cruise are shown in Koge et al. (2022). The topographic data used
in this map is based on Kishimoto (2000). Blue lines: Seismic survey lines. Dashed lines: Normal faults that do not

reach the sea floor.
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Fig. 4 (a) Stacked seismic profiles on the eastern Okinawa Trough (Line 1001a-gb211 and 1001b-gb211) and (b) their
interpretations. Normal faults and flower structures are developed on the north and south part of the area, respectively.
Black bold arrow: The knoll located at the west of Yokoate Echelon Knoll Chains. Red line: Reverse faults.Black

lines: Normal faults. Blue arrows: Onlap.
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Fig.5 (a) Stacked seismic profile across the southern part of Yokogan Sone (Line 14b-gb211) and (b) its interpretation. Normal
faults are developed over the area. Black lines: Normal faults. Blue arrows: Onlap. Red dotted line: Chaotic unit.
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Fig. 6 (a) Stacked seismic profile across Yokoate Echelon Knoll Chains and south of Yokogan Sone (Line 1007a-gb211) and (b)
its interpretation. Small sized knoll bodies, which compose Yokoate Echelon Knoll Chains, are recognized in the OT3 unit.
Black bold arrows: The small sized knolls of Yokoate Echelon Knoll Chains observed in this cruise. Black lines: Normal

faults.
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Fig. 7 (a) WNW-ESE stacked seismic profiles
off west of Yokoatejima Island (Line
7-gb211) and (b) their interpretations.
Normal faults are developed over the
area. The Subunits OT1-2 and OTI-
3, which suggest volcanic products
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Fig. 8 (a) WNW-ESE stacked seismic profiles off west of Yokoatejima Island (Line 6-gb211) and (b) their
interpretations. Black lines: Normal faults. Dashed lines: Normal faults that do not reach the sea floor.
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Fig.9 (a) NNW-SSE stacked seismic profile off west of Yokoatejima Island (Line 1005a-gb211) and (b) its
interpretation. The volcanic product (the OT1-2 subunit) distributed on the top of the OT1 unit. Black bold
arrow: the knolls of Yokoate Echelon Knoll Chains. Black lines: Normal faults.
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(a) NNE-SSW stacked seismic profile (Linel012a-gb211) off east of Takarajima Island and

(b) their interpretations. Normal faults are recognized in the northern and southern parts of the
profile. The volcaniclastic deposits (the TK4-3 subunit) are recognized on the top of the TK4 unit.
Black lines: Normal faults. Thin dashed lines: Normal faults that do not reach the sea floor.
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Fig. 11 (a) WNW-ESE stacked seismic profile (Linel2-
gb211) off east of Takarajima Island and (b) their
interpretations. The volcaniclastic deposits (the TK4-
3 subunit) are distributed on the top of the TK4 unit.
Black lines: Normal faults. Dashed lines: Normal faults
that do not reach the sea floor.
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MISAWA Ayanori and SUZUKI Yoshiaki (2022) Shallow submarine structure around Tokara Islands
based on the high-resolution subbottom profiler survey during the GK20 cruise. Bulletin of the Geological
Survey of Japan, vol. 73 (5/6), p. 235-248, 10 figs.

Abstract: The GK20 cruise was conducted using the research vessel Kaiyo-Maru No.2 (Kaiyo
Engineering Co., Ltd.) around the Tokara Islands area from early November to early December in 2020.
In this cruise, a high-resolution subbottom profiler (SBP) survey was conducted to clarify the shallow
submarine structure in the Okinawa Trough, the Volcanic front area, and the Ryukyu Arc area around
the Tokara Islands. This paper reports on the shallow geological structures around the Tokara Islands as
revealed by SBP profiles. In the Okinawa Trough area, the structure of well-stratified trough-fill sediments
of the Okinawa Trough and the development of normal faults were confirmed. The bathymetric features of
the volcanic front area can be roughly divided into islands or topographic high and flat plains. The internal
structure of the islands and the topographic high was unclear, but there was a well-stratified sedimentary
layer on the flat plain. On the flat surface located on the south side of the Takarajima Island, the
development of the Yokoate Echelon Knoll Chains, six slanting lines organized by submarine volcanoes,
was identified. In the Ryukyu Arc area, sand wave-like faces were recognized on the northern rim of the
Oshima-Shin Sone. In the Amami Trough, the well-stratified sedimentary beds and the graben bounded by
the normal fault were identified.

Keywords: Tokara Islands, Ryukyu Arc, Volcanic front, Okinawa Trough, Subbottom Profiler (SBP)

Survey, Submarine shallow structure
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" R AT AT B R AR A £ v 4 — WS EIFZEE M (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
" Corresponding author: MISAWA, A., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: ayanori-misawa @aist.go.jp
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Bathymetric map of the northern Okinawa Trough. This bathymetric map used JTOPO30 grid data.

Fig.1

N T S OB R RS & 0 AEHER, hEER, M
FERD3 DO ) 7IZKB X UNWE, 1965), 5 nlFH4
AT - 72 b A I B SRR RLE T 5. JEE
R REEROBERIZ b A S E TS N T F vy
TEEbh, BOEEEEOBIZNEL, HEkdEEH
ARG & ORGSR RIS U, 2 D4 FE I
b 3 [EHERISHY 4 5 (IBARIES, 1996). b7
T B 5 R S IR D 5 4 EAE T B %, R
ORI, PEEERTERE, TAREE, D28, ek, M
i Wi, BRYE, 7L CREER &V 2 kIES R
FEL, UMD S KL HERIlo k7 a Yy b &KL

TW5EEZ5NTHS (TE - A, 2007) (GB2[XA).

BTy, OZE - h2E - WEiZEEm ke LT
wHXh, S0 KUEHOE N BRI IEE T
W3, kilizay r EHKT 2554 OWEENCIZEIRY 7
T4 VIR A EIEEOWM b T T A MEL, B
TEW ) 774 V7 OREIZH B LEZ LN TWS
GK20#i#E (2020411 H5 H~ 12 A2 H) TiF, ERE
L b 5 R Tl A A T, Sk
KR THEIEX AT 57 (K- 5 7) R UK
a7 7 — e P s 4 8 2 kg 4 rhois, S
By TR bR T 745 — (LIN, SBP) T, Whsth
A, ZRIIENC & 2 BN A2 AL 72, K
FCIE, GK20 i CHUS U 7-SBPIW I M O HIE 5 —
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20X B RASEE X OEAHRIK. AL WX M O HRIX. X o B a2 R L, B ARG T
L -G oM E 2R, $7-, AL 7 oy FOMNEERT @41, Minami e al, 2021). B. K47
FERRAOIEKR, C. KEFEMRILERONAR. KRN CTHH U 72 7 — 213, GK0 M CHIF L =& DI
GHI11 it S O'GB21-1 il TR L 728 T — 2 2B L 7250m2" ) v R F— 2 2L 7= (B TIEA, 2022).

Fig.2 Bathymetric maps around the Tokara Islands area. A: High-resolution bathymetric map around Tokara Islands area and GK20
cruise survey lines. Black lines indicate SBP survey track. Bold black lines indicate SBP profiles in this study. Dashed bold red line
indicates the position of the volcanic front (ex. Minami et al., 2021). B: Close up bathymetric map around the Yokoate Echelon Knoll
Chains. C: Close up bathymetric map in northern rim of the Oshima-Shin Sone. All bathymetric maps used integrated 50 m grid data
made by integrating the data acquired in the GK20 cruise with the data acquired in the GH11 and the GB21-1 cruises (Koge et al.,
2022).
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2 EFNT, b 7 5 SRR OO U T R O S B
BIZOWTHRN LR E L 0B,

2. HWHELE
N1 T B SRR SR DS % BFEL, ZD%

KBRS THS. b A 7HFIZR SN B MEAILE,

FME N7 7 b KUHEERSEETOT 4 VY VT L —
b DIPAARIZPEONER S kil v v F ok lEE)
ICHER D B, N T BRI O KILEENE, #i
FEFTTH (4 Magii$%) & PIISEHT 0.7 MallF®) % b & L
T2HEHNC S LT B 28, A Lid B i e 5 1 DR &
THkRE L T2 BEME € & B (BEHEIE 22, 2010). M 5
SO KIEFIRE ST 2 BhR L U, K54
ISP R ENBH, BV I VA TR LT
W3 (BEHIE A, 2010). KB4 TEIS I 250 3 HEK
OFEARYD 6h, OZBTRARARIE, h2ET
FARATA 4 N ROWERAT A4 34 b, BeE RO
NN TIRARIARILEN L TWE. —Jf, Ei-
INEE - NEANETIE, Rt e e < h s ks 6
RN EERHSFEL TS (hEFIZA, 2008).
b 2 F S IR O W B FZE I B L T, S
IR 2L A SHIC B 2T 0.k
W7 ey Mg St T 72T TR EROBIE KL
DHEIE LR A BHREDS T Eh T3 (Bl 2, Bz,
2010, Minami et al., 2021) ((52[X]). AWK O WA (L
I BAE T & R oM LIE 2 & 0, Gl i
A IS & b, FlA S AERERO IS TR S L
T 7 DAAAERHHUHRE T b (Minami ef al., 2014) .
b 7 7 5| SRR O REIT - ERHE B U CREE
72(1989) TS X h, HERERG A EH7 R ICIX oy L, SRR
$To-ka-1 & DI & D THD 2 J& % BHERE & X L rThE
e OMEREE L, LOSHEBHEHLDHL
WEH DR & L 7=, Arai ef al. (2018) T, vl
T T GKILT B Y kA E S I GHE A AR A
WL, kb7 oy METIREAREIZES Bk -
7Y FOFERLHM L 7 7Ty 757 4 V27
RO O EWTRE OB TR RO FAE A SRR L 72,

3. HEHE

GK20 it ¥ 1%, 2020411 H5H % 52020412 H2H
OHBIZHEWT, WLy =7 ) v rRkASHiE
OUFTEFRAAN 58 BV (842 b ) | &I L¢3k L
2. IS H o L, BRI I 2 TR
M AT BT 74 7 — (Subbottom Profiler ; LI, SBP) T
& % Kongsbergft BLOTOPAS PS18 % il L 7=. SBPHEHF
23z — <)L F ¥ — 4 F8HGEEE (Multibeam echo
sounder, LA FMEBS) T & 5 EM304 O [A] BRIk & 1T - C
W5, FEEMRIE, ARWIRIZ BT 5GB21-1 Ml LI D
RAHEME A 2 & OFUEBIANICE R & W Bkl &

122 5 1A U] 2 PG AL PG — S0RE S T B OSBRI P47 7
AEAEH — R P9 T A O JRR A F L 72, FRIS, PR -
FHATAORBIC DO TR A ISR E SN T D
R T O A B L, ABFS OO —i8 S HA
EFEML = (EE2XA). FAEROMEIZS /v F EEA L
L, WHICIE U THI% X+, SBPT — & BV I & fif
WME L7 Ak, BBFEMICIZSBPEMBESO T i%
b < 72 IR E MR S T B 5, RBEE E2 v
7o 5 — A HSFRBR & 1T - -4, mEELzEHxEsZ
EIZE D SBPORIEMEAEL 55 Z L AL 1 ITk 5
7z. ZD7=%, SBPWrHE #KEK T 5 b L — 2D 7% <
55 ZEPEREIN728, REWREGEIIEHL 22005 7.
AFHA T U 72SBPEEE T & 5 TOPAS PS181%, /55
A NY 2 ADSBPTH B, ZDHADSBPTIE, HiF
» 6 —KE UL (Primary High Frequency ; LLF, PHF)
& WKARSE L (Secondary Low Frequency 5 BLF, SLF)
O2FEMOF AR L X, Z02200OERADYES
Z & TORMNZZEDKSY (SLF) & MIOR S (SHF) % A%
T5ZLT, HEHHPICKIDESEBRTE SPHEEDSLF
%SBPIZ, SHF % KB & £ Owater columnfif# Hr
WAL Twa Bl 2, HFE», 2017). SEIEEH
L 72TOPAS PS18 T %, PHFiX15-21 kHz, SLFI%0.5-6
kHzO#igk = H LT 5. 7 — & iZKongsbergtt DI H
T = b (all7 74 L) TIERE N 72$12, SEG-YE
RITEM L 72, BB DSEG-YT 7 4 L3, Chesapeake
Technologytt# D SonarWiz 7% FAWT T — & DER KT
W F&orEiT-7.

4. ¥R

4.1 BEHIBE

AU O HIZIE P2 5 B A, JRE N T 788 - K
7wy bk - Bkl - miralRmsk (B 213, Ishibashi
et al, 2015) 12X XN TWBH, SO FAE TIEHE -
S 78 - ki 7wy M- BERIA R & L= (B2
A). AFETITFEHFHIGRO MM ~ 5 7 IR TRAKE
91,150 m, — 7 F 2 % H A E OSSR L T ROk
TR 1,200 mO#EIPHAFE L 2. &k, GK0MiEE &
AWHK O W ERER O L T, ETER
(2022) # 2 iz,

MR NS 705 B, KFETIEIM L 5 7 HRE A E
IZHEET > TS, ZOT) 7 TIRMH b5 7 &kl
7ua v OEREBMICHIENEE D OFFEIZLDETS
NTOBHEE 525, HABLAER L) 7 7L
T 5 (E2KA). MEE L T 7EIEIATEELETH B
2, SRk EE Z 5 A ENE E D AT
LTW3, RIZ, MR 2 7 B0 5 BIMES O [ o &
gmhkilzay METH B, kil T v v MRO KIS IE
BEAQER 2 ICVEIEAL E U < 3SR L 7= FHE1E A S fEK
EhBN, KlE»L & b EEEEEKLEELZ NS
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SBP HRALIZHES < b 1 TSR O RS (S - #R)

HENEE D BEEL TS (E2KA). £, BED
WEHE T — 2 TRE# X Tkl d 25T
FTHRZENMREINDG, 205 b, wpEEYE LMY
MEORAFIZIZ I E TREDEO6HIDOMTERNE £ D
DR NVGFAETHZENHLICHRD, ZOHED %
AT R S ARFR L T 3 (B FIED, 2022) (552
[XIB). Ik, Bl BRERGNRIC 13 e i~ 4H 25 s g &

% HEEMIRBEANFET 5 (F2XC0). EEMREE
DI B, KEHEROIARIB 5 TIIBEAIL R - FE PaE 1A
D OHYDEED R L B &5, ZOMEIEYy v F
vVr—T&ELENS.

AU OIS (V=7 2V M) BED 6 h
5 (SE2[XIA). A AL v 1 0D i s v AR X O Bk e v
FEORAE cidgAamlEm e U< i3dedes -mErE e
BOY=ZT7AY FBRFELTWS, £z, HIBE28DF
MO r 5 725 kb7 gy MROZAIZIE, Bt
F-mvEERS U< EHEIEE-WREERD ) =7 X v
FARLETEEL T B, BRERGIND HH ¢ 13 2 53 1238
SRNCERTNEEROY =7 X v PR 6N S,

4.2 SBPEZE#R
KA TIE, M IHEEE xﬁﬁlwéﬁ%ﬁiﬁ
R OWERE 304K, A 7 HNEIEAT 2 JLAL R -

%ﬁﬁﬁwﬁ%ﬂ$,nﬁﬂ$®Mﬁ THRIZ 170,

92,060 miles (93,815 km) 3D F — ZBUE£475 Z & 4
TE 72 (EE2XA) . APE IR F AR 100 mEsr
DORGEIZB T 2 BB AHG T2 Z &N TE .

AFETHR L 7-SBPIT A & C#k § 5 12 H 720, JEM
XA B U Cid s IE A (1990) O EIE A (2017) 12 i
7. WEIEA (1990) TlX, MWIEKEHORH S22 -V %3
INE =, NEHEED RS S8 — v &35 — VIZR 5
L, ZhoDMlAfdbEn» o T ENEHEs Y4 — i
XLz ZD8/84 —IZMAT, HEiEH»(2017) T
BN & 7= SFHEE S 2R & B IR O [ 8 23 JE R
IZHWEDEIDHDHFERNEMEE L THDH- 72, 9

88— v DOEBEREEIZ D % SBPIWIA & IR L 7= 45 5R

KA HPH T3 (Facies) 1, 2, 4, 5, 7, &@wm
NG — VGRS bz RFETH S N 7=SBPWIH IC

I U 72301 F 42 (1990) K O EiE A (2017) O dﬁﬂﬁ—
YOEENREHICOWTLINICE &8, FRO &M%
FIXNTINT.

FER1 : WIS CTO ML, NS IE R Z &0
LOD, WFEHE DOARA T L,

FE#H 2 « WIS CO R ML, PEPMEIE R Z v
DD, MHEFORAMEE A E LWL 0.
FEfH4 : K< BRE L 2R AR L, RO o B2 %
%E DT, WERMIZFHEA S 0.

FEfHs : K<BJEL M ERL, Juy s REET
33 0T, WEMIZFHE TS 35, 27 v TROMIF

ERETHIENE . EEO BRI,

JEhE 7« WIS db B\ E R 23/ & 2 RUHRRIR % 2
L, AUHIHREE T O PGS 13580 6 NN T & Z N,
SO TNDOWENRALNEZEEDH S,

JERH 9 : SFENE Y ISR & N B IR O G 2385 <,
INERARE & R 7 & 0.

FAR A 6 HoXE, WEMOILE - il - B %
WA AR LA - KA HOWETH 5. Zhb
O Wi 2 DS, FE 7 5 B RS AH 0 43 A1 R0 MR T
OWEREIZOWT, TV T7ZELIZZOFMEZ LD 5.

4.2.1 #HELZT7H

M N7 T RIS A AR LT v B (52
KA). Z O TIIREH 4 ORI & R A sl 5
(SBaKA - BSKA - FeXA)., ZOHREIZN T 7L
HHERIETH B L EZO6N5. LHEHREOFZHIZIE
WA EPEAFAEL, b 7RE kLT ey Mgk
RTTHD, ZOFSTIIEHEL JEH2 RUREH 27
oD, JEH KOk OET IR E £ D &5
2 RA6h, HIBMNEZE D O E KX g4 DT
H 5 (FoMXA). FEH O CId AR IC & O WA
< 8572 2 LIZHRIKT 5 (BB4XA - ZBSKIA). 300
JERZ & & ICHIERE £ O OPIRRGSE I U TR
Tholz. &£/, AERHRBICMET2H25E T
i, FHESR B PR 6 h 35T s &5 (B 7IX).

b7 7 FesEE R R O NSRS, BEAIBE T & OSP4T
THGED RO NTB SR CREBAT O 6 h, W T
100 mEA LD 3 A LA TV B A & FET 5 (Bl 218,
FARA) . HERERE R IIEER 53 0 12 AR 20 AN BEA T D FRAE
LR LN (F4XA). HERAOFELTIE, +77
T LEHE R 12 HEE Y 100 mARE DHIERE £ 0 235 AE

WA RO AR T Z & h 5, 25T

WEAKILTH 5 Z &R SN D GE4XA). WL 7
7 ekl vy MROBEREBFIZE, EAMIZEE SO
EWREORE L GESIXA), 2285 I B Rk o ft
MZ S V%S DIEWEOFESRD SN S CGETX). %
7z, b T 7 FHEHERERE Y C IR 3 W12 B S IR A AN LG 12
5 EMAED 5, ZOWSITITIERELIEGET S 5B
SRAROE TR . Zhs o IEkE ,Wﬁb?7®u
T T4 Y ZIES SRS OB S 8RB & h B (Bl 4
MedﬂJ%m.&h,ghB®E%Ed@Eﬁ_J
LTWn3s 3 LIFRD 2 <BEMfEETEEL TS
D LI ROR O Wi g iR B 23R Ie X 5 A%, 2 O RAREM: &
EIIAHTH 5.

4.2.2 Xx70Or Mg

Kili7 vy MROMIL, BB OE R 5 L O iR
BED L SR I N TS, BTk E
18 L IZEH2AEBT 5 (GE4X] - 265X - HeX).
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0Z0Z 9}y 9} ST "ON P¥y

...ozoz v

F3X HEIHR TOFENEBHEX Y. A B, B:EMH2, C:BMH4, D:JEMS, E: M7, F:REH9.
X313 W IE A (1990) KOS LI1E A (2017) I2H#E U 7.

Fig.3 Typical cases of each acoustic facies. A: facies 1, B: facies 2, C: facies 4, D: facies 5, E: facies 7, F: facies 9.
The acoustic facies classification is based on Ikehara et al. (1990) and Inoue et al. (2017).

7z, BFhEHRA TR EH 2w e hE, —
H, B CIIHEREE A RE L, FICEH4PRD 6N
35 (SE4XB - H6XB), HAMICEH2 2RO 5N D
e » 5 (E4aKIC). MAT, WEBNEE D OMIZE
FIRNCHERE B FAE L, B4 2R (55 5KB).

S O & £ 0 O E e 1, 2 KO

MHonwRD 6N D720, NFMEIAWTH S, —,

SEHIIC R E S B HERE RS CIE, R K T 100 m
BEOR T EEA TS WAL, F4XB). FHE %
MR B HERIRE I, B L 72 T 12 AT 2 e ek o
RO RS THRENT T 5 h b (Bl ZE, F4XBR O
5B). EEMAOFHED S B, BEYIET LR (KR
DO TIIHERGIZ T2 6 OBE AKX DR S hiz &
ZZ o250 5 & 3 WIBE £ ) B EERED 6 h
% (H8IX). Z iRy CidEH2 8 L<IdkEHE9
NROOENDZenb, RETOHMBOWHEIZD LW

tDEFEZOND. 7z, VHm AR 5 HERRE TIE
AN A A EAPRD 6N, ThoDDHT
BIEWEAGFET 58D EEZ 5N 5 HXICKUES
KC). ZhoolEidkiizaey METOMT»50D~
Y EAMTEE L ZMER I LD ER STz 0 LHE
Z6h, PHE/NEFIIOEIRY 7 b TAS N 2 WiEimE)
CHRPILZ3DEEZ NS (WA, FMAIEAH, 1991).
Bk, THhEOWREIIMEEIZENEL T35, WEm
BORBMEALZAHTH S, LirLAENSE, FH6XC
D WS TR T ZE4Y 60 mFR I 0D WHINE 74 1B e 2 23 B (7
T 5729, WERNGEEDOWREEHIZ L DK EhzED
LEZIO6NS.

4.2.3 LBk
FRERDINE 3212 B s 5 o b s M OB IRV 45
EWEL TS, BEOFHEE 5 & OEERILE KT %
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Volcanic

Okinawa Trough area

front area

> <

=
=z
=
AN UOW

HEME Z DSB8 U< IZBH2 4 5 (8
S). —F, EEMREET S I EE BT S (GRS
K - E6X). KEHEMROILEIL 3T EH 7235380 5
h3 (HEIX). ZoHasTid, KEFEROILES ;I
WK 18 km, FEALT AN 11 kmDHFP T, Wz
200~300 mCIRIE 1 mfEE DS ¥ F v = — 7 2K
RTRDENDBZ L6 (F2XC), ZDREHTDOEIE
YU R —TEEATZEDEEZ OGNS BIX)) (B
AlEH, 2022, & FIiEH, 2022). Y FYoxz—-TDH
ATidmEitE Loy P2 —70fllizd, GB21-1
Wil TEBE LN BETERZICENTY) vy TR, —
EOFRMOEREFIZ TN TRET 5 /U v TO4ESE
Hix Enpisah, ZoI1EeAENILN 5 FBRIC A
5, RMIOWEITIZHE S KO AL 2 R8T 5 (8K
7, 2022).

AV E TII RS 2 WK 5 5 HERUE % i JTa T i
KTT70 mFEE DI & THA TV 5 (F6XID). HERGR
W, B U 7 g D AT A O B O N TR T
Bgfthr o h, K L7 5 TR S iz & 5 R
B EDIXTITEEL &, HERE O M I3
X LI HAIR 2 2 55080 S, A DMIHUIR D HIE A TR &
T 5, BEOHES TIIHERRE O Wi WIS i F& it L
TWBZEREFELONS. £72, ZOREOKIZIIMALE

71X HIEE2 OSBPUTIEIX. PREHEROMEIL, 5
2XIAITRT .

Fig. 7 SBP profile of Line 2. The location of the SBP
profile is shown in Figure 2A.

ICEAT A IEWEARET 2720, 2o DRI ER:
EEZO6NBEEI0K). Zh b OWEEIZLER 110 m
~ 150 mOEEEDS S O, HERNEHEO W RGN L b
EREhtDeEZONhS., FIOKATRED LN E
PEGE L THFHELTWBEEDTH S5, TOERIEIN
13 kmfEEIZ 2 5. SHBIEHE T — 4 ORAE %D
T ZET, ZOWERIZET 5 & 0 4 iamos T
ElC e L Eh 5.

5. £&8

GK20MiETIE, b 7 SRR b 5 7 55 -
Kz ey M- BERIRO ) 7 218 & L CErHEE
SBPYERL & 4TV, AU O MG T RERIZBY 3 % MU 1%
WAERG U7z, SO EE O+ 7 7T, &
KERBL7Z-MHE N 7 70+ 7 7 FHHERERE & HERRR NI
RETHMME S 70D) 75 4 YIRS FIEIG SIS
Ko TR EhEEWBEAED Sz kKiiza v b
I TS RS M Y 55 & 0 83 TR IR O I 4 i <
NEBREE IR TH - 72—, FHEER TIkiE L
7= HERERE ORE R B, A N~ DY s
BAIZKDIBREh7zEEZ 6 h BRI EIET 5.
BATY, BEREAICEHEYETELE BRSNS 6
B2 5 75 %M ERFO AL FEGE U 7228, 1L R ERE
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BEHl - R - Note and Comment
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AR R -AF PFC-HAK =H-#EL BHE
=& XEB’-Hxt #°-8F #E’-HL =B°

ISHIZUKA Osamu, ISHINO Saki, SUZUKI Yoshiaki, YOKOYAMA Yuka, MISAWA Ayanori,
ARIMOTO Jun, KOGE Hiroaki and INOUE Takahiko (2022) Submarine rock samples recovered during
GB21-1 cruise in the southern Tokara Islands area. Bulletin of the Geological Survey of Japan, vol. 73 (5/6),
p. 249-265, 6 figs, 3 tables and 5 plates.

Abstract: Dredge sampling to recover submarine rocks was conducted in the southern Tokara Islands area
as part of an ongoing geological mapping campaign for the region. The sampling targets were submarine
volcanoes found by bathymetric survey, and sedimentary rock units revealed by seismic reflection survey.
Dredge sampling at 2 volcanic edifices mainly recovered rhyolitic pumice and lava, and basaltic spatter.
Sampling along the major fault scarps recovered mudstone containing microfossils, which are useful for
age determination of the rocks. Whole rock chemical compositions of basalts recovered from the edifice
near the volcanic front of the Ryukyu Arc show similar alkali metal element concentrations to the basalts
from the front. Rhyolites from the edifice in the Okinawa Trough show higher alkali metal element
concentrations than those from the frontal arc volcanoes.

Keywords: Tokara Islands, Okinawa Trough, Submarine volcano, sedimentary rock, dredge sampling
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Fig. 1 Locality map of the dredge stations during the GB21-1 cruise in the Tokara Islands.

2.1 DO1 (H4iEm)

D01 TIE, BEMEILAITAIET 2 IEE093 km, HEH
400 mOBEY & FAETRE L2 GBI, F2M). 1L
TEESIZ ISR T H 5 23, NI U 72 kDR
EHD. KEEHI 800600 miZ Sl 7 #HE & H .

F Loy DR BEB O KGR 700 mDHEA» 5, B
FEHTCRE 2B D A 61T -7z, Wbz (k4
ton) NEKME D - 722, BHFTEFL v Y v —2FhANIZH
Hah, Mz KEELTRY v Yy —2WED S/
a2 e X258 857 BEXV Y —DF—2h5
RS0 mIZFHAIT L » ¥ v =\ X h, HgH
NN 100 m, BlEZE FL o Py —2RELEZ L
MBS 2T 572 (ESK). BELZOEE, FLy Yy —
MRERL A=V EZY, HEERD, BT E 72508
BEAR—DDATH 7. ZOERIZONVTIE, B
HOREFTHZ2HWTE VD, SHRODH, R
WL 20, RO BAREAIC X
D WIEMYE OHSFIZ I L 72,

2.2 D02 (H#FZ7RDERL)

DO2 CHEN R L L=DIE, FEEHOMME N 5 7N
ICAE T 2 B2 kmid, HEFI300 m OWETH 5 (58
1K, #20X). D02 iE kDL SR KR 1,030 mD
M A S ILTEER A TR ZICR L 72 (B2 [X). B
i 1.4-2 tonfEE D472 D AHRDIE L b > 7=, & Hh
72BN 25 kg T, EIFRTHMNETH - 72, ko
WAPEIE35cm, IAERIZ82kgThH 72, BHED X
KFEBLA-FE L THAERA, SEAEZEDLRICE (X
iSa, b) Tdh 245, D mBESFEYITIRR 7 H FVaE MK
WASR & BN & 7z (GB21-1D02R17 %) . MgEsmL{gic
13, < HERIC W X M TRCE B R LTV B
FAA SN T2 (XA . FREGUR O TR D A
B AN A R (KM Se, d) Th o722, Al
BIRAE & OBRIIATH 5.

U EORER? S, ZoOlEX, WS~ <Oz
DR EhIZKLUTHEEHFEIONS.

— 250 —



b ZANSFEROWIERE A (RIKIE)

D02

29M 2'N*;ﬁ -

29°01'N

29°11"

29°00' F——
"

29°10" Frtpi:

28°59'

29°09'

128°55' 128°56' 128°57" 128°58'E

29°02'N

29°01' 4—

29°00'

28°59'

FoM B Ly VRIS T AWML — b SP: P Ly VHEIK
REOARRE. EP = F L v ¥ BEERIFOML.
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Summary of dredge operation during GB21-1 cruise.
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R A

ol-cpx basalt spatter, rhyolite pumice blocks
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Fig. 3 Dredge system applied during the GB21-1 cruise. a) Satsuki-type dredger, b) Cylindrical-type dredger.
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Fig. 4 Seismic reflection profile along the dredge track. Since the dredge track of D04 is not on the seismic survey line, the

track is projected on the closest seismic survey line. TWT: two-way travel time
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Fig. 5 Depth sensor profile for each dredge operation.

— 258 —

2021/3/19 13:12

BIAEEL Y —F—2 (FL vy Yh X IHE)



CIRE B =Y ETy s 0k ey (A= i 12'S
Table 3

b FHEFEER OIS A (RIS

Whole rock composition of dredged volcanic rocks.

Major element (wt.%)

Sample No. latitude °N)  longitude (’E) SiO,  TiO,  ALO; Fe,0; MnO  MgO CaO  NaO  K,0 P,Os  Total L.O.I

DO2RO1 29.175 128.585  76.19 0.21 13.48 1.75 0.06 0.27 1.55 4.42 2.98 0.03 100.93 2.70
D02R02 29.175 128.585  75.98 0.21 13.42 1.76 0.15 0.28 1.53 4.37 2.99 0.03 100.70 2.69
DO02R03 29.175 128.585  75.66 0.27 13.78 2.50 0.06 0.39 2.23 4.28 2.40 0.05 101.61 2.85
D02R04 29.175 128.585  75.75 0.20 1341 1.73 0.16 0.29 1.53 431 3.01 0.03 100.42 2.79
DO2RO5 29.175 128.585  76.49 0.21 13.51 1.78 0.06 0.28 1.52 4.39 2.97 0.03 101.25 2.81
DO02R06 29.175 128.585  76.09 0.20 1341 1.78 0.06 0.28 1.52 4.38 3.03 0.03 100.78 2.73
DO2R0O7 29.175 128.585  75.99 0.20 13.40 1.74 0.05 0.27 1.54 4.41 2.92 0.03 100.56 2.59
DO02R08 29.175 128.585  76.25 0.20 1349 1.77 0.05 0.27 1.53 4.36 2.98 0.03 100.93 2.95
DO02R09 29.175 128.585  75.62 0.21 13.48 1.80 0.07 0.27 1.54 4.35 2.98 0.03 100.34 2.85
DO2R11 29.175 128.585  60.10 0.74  16.20 7.28 0.14 3.82 7.60 3.70 1.40 0.12 101.11 0.97
DO2R12 29.175 128.585 76.04 0.21 13.45 1.74 0.06 0.25 1.52 438 2.98 0.04 100.65 2.98
DO2R13 29.175 128.585  73.69 0.23  13.99 2.76 0.30 0.44 1.73 4.79 2.83 0.05 100.81 3.33
DO2R 14 29.175 128.585  76.27 0.20 1344 1.76 0.06 0.27 1.52 4.39 2.99 0.03 100.93 2.75
DO2R15 29.175 128.585  75.66 0.20 1341 1.78 0.07 0.29 1.53 4.37 2.97 0.03 100.29 2.92
DO2R16 29.175 128.585  74.30 0.24 1397 2.48 0.13 0.41 1.64 4.69 2.99 0.04 100.88 3.57
DO2R17 29.175 128.585 74.53 0.23 13.92 2.44 0.08 0.38 1.63 4.84 2.86 0.04 100.93 2.51
DO2R19 29.175 128.585  74.20 0.24  14.00 2.52 0.08 0.39 1.67 4.87 2.85 0.04 100.86 2.77
DO02R20 29.175 128.585  74.07 0.23 13.86 2.47 0.08 0.40 1.66 4.75 295 0.04 100.50 3.05
DO02R21 29.175 128.585  74.73 0.21 14.00 2.27 0.08 0.31 1.60 4.86 2.93 0.03 101.02 2.93
D04R02 29.008 128.923  49.75 0.87 17.61 10.93 0.20 6.63 12.21 2.20 0.25 0.09 100.73 -0.18
D04R04 29.008 128.923  49.88 0.87 17.54 11.04 0.20 6.76  12.18 2.20 0.25 0.09 101.00 -0.05
DO04R0O5 29.008 128.923  49.80 0.85 17.75 10.95 0.19 6.80 12.27 2.16 0.24 0.08 101.09 -0.16
DO04R06 29.008 128.923  49.69 0.87 17.68 10.92 0.21 6.63 12.13 2.15 0.27 0.09 100.63 0.04
D04R0O7 29.008 128.923  49.89 0.86 17.66 10.95 0.20 6.76 1222 2.16 0.26 0.09 101.05 -0.04
DO04R08 29.008 128.923  49.82 087 17.62 11.02 0.19 6.75 12.17 2.19 0.25 0.08 100.96 -0.12
D04R09 29.008 128.923  49.73 086 17.68 10.92 0.20 6.73 1222 2.20 0.24 0.08 100.87 -0.11
DO04R10 29.008 128.923  49.63 0.86 17.51 11.03 0.21 6.93 12.10 2.13 0.26 0.08 100.72 0.32
DO04R11 29.008 128.923  49.81 0.86 17.67 11.01 0.19 6.82 12.17 2.20 0.25 0.09 101.07 -0.18
DO04R12 29.008 128.923  49.84 0.87 17.72 11.03 0.21 6.64 12.06 2.16 0.27 0.09 100.88 0.12
DO04R13 29.008 128.923  49.40 0.87 1746 11.01 0.20 6.67 12.28 2.21 0.25 0.09 100.42 -0.18
D04R 14 29.008 128.923  49.81 0.87 17.71 10.96 0.20 6.67 12.18 2.21 0.25 0.08 100.94 -0.12
DO04R15 29.008 128.923  74.89 0.23  14.50 3.27 0.13 0.28 2.03 4.99 1.88 0.06 102.26 1.90
DO04R16 29.008 128.923  73.41 0.20 14.49 3.13 0.11 0.26 2.14 5.06 1.87 0.05 100.73 1.62
DO04R17 29.008 128.923  73.13 0.21 14.29 3.11 0.11 0.28 2.10 5.01 1.94 0.05 100.24 1.51
DO04R18 29.008 128.923 7298 0.21 14.30 3.16 0.12 0.28 2.12 5.05 1.87 0.06 100.14 1.61
DO04R19 29.008 128.923  72.97 0.21 14.50 3.16 0.11 0.28 2.20 5.07 1.85 0.05 100.40 1.84
D04R20 29.008 128.923  72.46 0.20 1449 3.16 0.11 0.29 2.21 5.10 1.83 0.06  99.90 1.77
D04R21 29.008 128.923  73.34 0.20 14.35 3.07 0.11 0.26 2.09 5.06 1.88 0.06 100.42 1.55
D04R22 29.008 128.923  73.50 0.21 14.43 3.11 0.11 0.27 2.11 5.05 1.90 0.06 100.74 1.66
D04R23 29.008 128.923  73.31 0.21 14.40 3.12 0.13 0.29 2.12 5.02 1.89 0.06 100.54 1.93
D04R24 29.008 128.923 71.85 0.19 14.14 3.04 0.18 0.27 2.08 4.93 1.86 0.05 98.60 2.00
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georoc.mpch-mainz.gwdg.de/georoc/H)IZ & 5. a) MgO- K,0, b) Si0,-Na,0+K,0, c¢) MgO-TiO,.

Fig. 6 Whole rock composition of the dredged samples. Compositional range for the volcanic rocks from the volcanic
front and Okinawa Trough are shown from GEOROC data base. Compositional range of the volcanic rocks for
the lo-Torishima and Yokoatejima Islands. a) MgO- K,0, b) Si0,-Na,0+K,0, ¢)MgO-TiO,.
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N Z AT OIS A (RIgIES)

GB21-1 D02

BIER1 F Loy VHiEGB21-1 D02 ORERI 2 MR T OB T
Plate 1 Selected seafloor images observed during dredge haul GB21-1 D02.
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GB21-1 D03

BRR2 KLy UHiEIGB21-1 D03 DRE N & HIE i Ok T-.
Plate 2 Selected seafloor images observed during dredge haul GB21-1 D03.
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GB21-1 D04

- e
A L

fEs

BRR3 KLy DHEZIGB21-1 D04 DRE N & MK O bk 1.
Plate 3 Selected seafloor images observed during dredge haul GB21-1 D04.
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GB21-1 D05

B4 R Loy P HRIGB21-1 D05 D FK M 2 S D b
Plate 4 Selected seafloor images observed during dredge haul GB21-1 DO0S.
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N Z AT OIS A (RIgIES)

a) b)

hb

X5 AHARBOENEE. a, b) DO2R19, a) & —7F v =)L, b)r 2 A=3JL. ¢, d DO2RII, ¢)*—
Fv=ak, d)ruaZx=3)L, e f) DO4R03, e) X —7 =)L, )7 uRA=T), ol: NAbAH,

opx : M, pl: #HRA, hb: ARG
Plate 5 Photomicrograph of rock samples. a,b) DO2R19, a) plane-polarized light, b) cross-polarized light. ¢,d) DO2R11,
¢) plane-polarized light1, d) cross-polarized light. e,f) D0O4R03, e) plane-polarized light, f) cross-polarized light.

ol: olivine, opx: orthopyroxene, pl: plagioclase, hb: hornblende.
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Bi#R - Report

GB21-1 i ICHEWVWT b A ZIERALBHRTHERM S W B/ E LV
HREOARERIEAICED { FRHEE

X M- FHRE ES'

ARIMOTO Jun and UTSUNOMIYA Masayuki (2022) Depositional ages of sediment and sedimentary
rock samples obtained from the seafloor around the Tokara Islands during GB21-1 cruise, based on
calcareous microfossil assemblages. Bulletin of the Geological Survey of Japan, vol. 73(5/6), p. 267-274,
1 figure, 2 tables.

Abstract: Calcareous nannofossil and planktic foraminiferal assemblages were examined to determine
the depositional ages for some seafloor sediments and sedimentary rock samples obtained during GB21-
1 cruise at around the Tokara Islands, northern Ryukyu arc. Seven samples from three localities, one in
the forearc side and two in the back-arc, were prepared for biostratigraphic study. Unconsolidated and
partially consolidated muddy samples from the back-arc sites represent the depositional age younger
than Middle Pleistocene (0-0.29 Ma). On the other hand, the depositional age of latest Early to Middle
Pleistocene is indicated for calcareous microfossil assemblages in the sedimentary rocks dredged at both
forearc and back-arc sites, most likely constrained from 0.9 or 0.8 Ma to 0.43 Ma.

Keywords: biostratigraphy, biochronology, Quaternary, Pleistocene, calcareous nannofossil, planktic
foraminifera, Tokara Islands, Ryukyu arc, GB21-1
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Fig. 1 Map showing sampling localities for this study and ship tracklines (blue line) during GB21-1 survey. Water depth

contourlines (in meter) are based on Kishimoto (2000).
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H1E GBI CHRELE M7= HERY) - HERUE AR S L 2RI S 2 A, EEHEEE IR D & 5127875 A: abundant (%
o

PE), C: common (@), F: few (AFE).

PRIFIRREIZIR D & 5 12897 3G: good  (JR4F), M: moderate (FHFESE), P: poor (3

W) EEIRIUERD &S ITTRT 5+ BRI ASERE S 7, R: PRHERE & T & A2

Table 1 Distribution chart of calcareous nannofossil identified from GB21-1 samples. Abundance; A: abundant, C: common, F: few.

Preservation; G: good, M: moderate, P: poor. Occurrence; +: present; R: rework.

Sample ID

g83 D03-R01 D03-other-A D03-other-B D03-other-C D05-R03 D05-others

Abundance A A A A A A A
Preservation G G G G M G G
Calcidiscus leptoporus + . + + + + +
(Murray and Blackman)
Emiliania huxleyi (Lohmann) + +
Gephyrocapsa oceanica Kamptner + +
Gephyrocapsa parallela Hay and
Begugry peap Y + + + + +
Helicosphaera carteri (Wallich) + + + +
Helicosphaera wallichii (Lohman) + +
Helicosphaera hyalina Gaader + + + +
Helicosphaera inversa (Gartner) + + +
Pseudoemiliania lacunosa

(Kamptner) + + + + +

Syracosphaera sp. + + + + + + +
Small placolith (<2 um) + + + + +

Umbilicosphaera spp. + + + + + + +
CN zone (Okada and Bukry, 1980) CN15 CN14a CN14a CN14a CN14a CN14a CN15

FNEFNIZONT, FIRERE3-14 of2E 20BN
7=, RRRH L RN oW TR, ARG & R TR T
1-2 cm A £ THEX, Ko vk (Hanken, 1979) 12 &k 0 HE
TR FRIDBRED S RA M X B2, Z0%, FO%63
umD i L TAEL, 40 COIEERE RN T B Ll _L§Z
JEX Az KB OW Y A TR & B LSO
DR b NIz f, WMBROR % TA IR T D F L Vi
AR E BT & A EEBEICHER L 72 BT, St
(40 kHz) # W TIS ML, BREO®REET -7, —
75, RERSOHERERBHI DO W TSR D%, [FIbk
ZBHOfR63 umDf_ TR, WL THRELL 2. 5
SENFRED S B 125 yumPl LD 4 ORI TFIZ DWW Tl
Ho#EIL, FEEBEME T2V T200MfAL EE H %I
A LR LR AR U 7= BRSO W TR, BEt
53 N OHERPIR 112 8 % il A LRt o #Ele %
FHHE & U T, Dominant (>50 %), Abundant (>30—50 %),
Common (>10-30 %), Few (>5—-10 %), Rare (>1-5 %),
Present (>0—1 %) 35 & U'Barren (0 %) @ 7 B¢FE CTEMli L 7-.
ZFHZ & N 2 (RO N  RIEIRAEIE, w8
FRZEED  IEME - kR - JmFDOMEIZ X D Very Good,
Good, Moderate, Poor, Very Poor® 5% JEA L L C
FHE L 72, il U 72 T OfERIC DWW TREL X)L & TR
WL, M IR AR L. 20, {thmskm
ICRERHRFIC K2 E RO N 5L, FLL
RIFIRED B NAARIT BN G 2T > 7. 512, B
A 3D 2 KB RUERE A B D ZIF X v kD, Bk
BWEEDOIA-I2TEEIZEEN 5180 yumPl EO Y 4 X
DR TIZONWTHREEIT > 7=, BEMSHEIZH 25T,

mikrotax 7 — & X — Z (https://www.mikrotax.org/pforams;

Young et al., 2017) 5 X UY T — 4 RXR—=Z2{I5|HEhTn
% B E 2L 7=

3. ¥R
HalbHC o B EE R, RFINRE S K UREI L 72 1bf
FHEOBR 2, DIKEF /th &t A fLRIZ T T

ITNTNHIREF2RITRT.
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F23  GB21 AW THRELE A7 HERW - HERUA AR A & PEMY U 22 Pl VA fLR A, PEIAEIE I3 D & 5 127575 D: dominant (5
), A:abundant (%PE), C:common (W53@), F:few (D), R:rare (Mzd TAPE), P: present (FifE), B: barren (FEMH & L).
RAERIBIZIRD & 5 1278 F 5 VG: very good (KD TRAF), G: good (B4f), M: moderate (F1F2)EE), P: poor (#\Y), VP
very poor (Fx&d TV . EEHADUZ, EREMENZ B\ THERR X Nz lfkEE 7 7 € 7 BT, >180 pmDIRE D E M
HIBATCOMMER XN DV TR LA iE, R ERAFRIEO ¥ L < O AEITCHE > T L 7.

Table 2 Distribution chart of planktic foraminifera identified from GB21-1 samples. Abundance; D: dominant, A: abundant, C: common, F:
few, R: rare, P: present, B: barren. Preservation; VG: very good, G: good, M: moderate, P: poor, VP: very poor. In the case a species
was missed in the quantitative count and only qualitatively checked by rough scanning, it is represented by the signature +. The
number of apparently dirty specimens (e.g., heavily coated by some kinds of minerals) are separately indicated within parentheses.

Sample ID g83 D03-RO1 DO03-other-B DO03-other-C D05-R03 DO05-others
Abundance C D D D D D
Preservation M-P VG VG G G-M M
Candeina nitida d'Orbigny + (1)

Dentoglobigerina altispira (Cushman and Jarvis) (1) +

Globigerina bulloides d'Orbigny 2(2) 5(1) 9 7 7 (1) 17 (11)
Globigerina falconensis Blow 21 (73) 58 (5) 60 (2) 27 (3) 64 (11) 33 (27)
Globigerinella adamsi (Banner and Blow) +

Globigerinella calida (Parker) + + 2
Globigerinella obesa (Bolli) + 1(1)

Globigerinella pseudobesa Salvatorini 2 1
Globigerinella siphonifera d'Orbigny (2) (1) + + (2)
Globigerinita glutinata (Egger) 10 (19) 35(3) 58 (1) 28 (4) 50 (6) 38 (30)
Globigerinita minuta (Natland) (1)
Globigerinita parkerae (Berm(dez) 2
Globigerinita uvula (Ehrenberg) 2 2 2 3
Globigerinoides bollii (Blow) (3) 1 1
Globigerinoides conglobatus (Brady) + 2 + 1(1)
Globigerinoides elongatus (d’Orbigny) (5) 1 1 4(2) 7 5 (6)
Globigerinoides eoconglobatus Stainbank, Spezzaferri, Kroon, de Leau and (1) 1
Globigerinoides extremus Bolli and Bermldez + 2

Globigerinoides cf. italicus Mosna and Vercesi 1

Globigerinoides kennetti (Keller and Poore) 1(5) 2 2 (1) 2(2)
Globigerinoides obliquus Bolli + 1

Globigerinoides ruber (d'Orbigny) (17) 22 22 (1) 19 (5) 17 (3) 38 (17)
Globigerinoides tenellus Parker 1(10) 3(1) 5 9 1(1) 8 (3)
Globigerinoides cf. tenellus Parker 2)

Globigerinoides sp. 1(2)

Globoconella inflata (d'Orbigny) (2) 2 3 4 (1) 4 (1) 3(1)
Globoconella puncticulata (Deshayes) + 4 3 3

Globoconella triangula (Theyer) (1) 5 5 7 2)
Globorotalia bermudezi Régl and Bolli 2

Globorotalia crassaconica Hornibrook +

Globorotalia crassaformis (Galloway and Wisler) (+) 4 6 + 2(2) +
Globorotalia cf. crassaformis (Galloway and Wisler) 2

Globorotalia hirsuta (d'Orbigny) + +
Globorotalia limbata (Fornasini) (1)

Globorotalia margaritae Bolli and Bermidez (1)

Globorotalia menardii (Parker, Jones and Bradt) + 2 2 + (1)
Globorotalia cf. merotumida Blow and Banner +

Globorotalia pachytheca Blow 1

Globorotalia ronda Blow 1
Globorotalia scitula (Brady) (+) 7 10 1 6

Globorotalia tenuitheca Blow 1

Globorotalia tosaensis Takayanagi and Saito + + + (1) +

Globorotalia truncatulinoides (d'Orbigny) (1) + + + (+)
Globorotalia cf. truncatulinoides (d’Orbigny) (1)
Globorotalia tumida (Brady) (1) + + 1 + 1(2)
Globorotalia ungulata Bermudez + + 3 +

Globorotalia viola Blow 2 2 2 (1) 2

Globorotaloides hexagonus (Natland) 1

Globorotaloides variabilis Bolli 1

Globorotaloides sp. 1 3

Globoturborotalita cf. connecta (Jenkins) 2 1

Globoturborotalita decoraperta (Takayanagi and Saito) 6 (2) 3 7 11

Globoturborotalita cf. nepenthes (Todd) (2) 1(1)
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W2k M.
Table 2 Continued.

Sample ID g83 D03-R0O1 DO03-other-B DO03-other-C D05-R03 DO5-others
Abundance C D D D D D
Preservation M-P VG VG G G-M M
Globoturborotalita rubescens (Hofker) 4 (1) 4
Globoturborotalita woodi Jenkins 2(5) 8 9 19 (2) 21 (3)

Globoturborotalita cf. woodi Jenkins 6 2 4 3 6
Hastigerina pelagica (d'Orbigny) W
Neogloboquadrina acostaensis (Blow) 2(1) 1 1 (1)
Neogloboquadrina dutertrei (d'Orbigny) 1(6) 3 5(4) 7(1) 6 (8)
Neogloboquadrina humerosa (Takayanagi and Saito) (2) 1 2 1 7 (1)
Neogloboquadrina incompta (Cifelli) 2(7) 22 (3) 22 (1) 13 29 (4) 14
Neogloboquadrina pachyderma (Ehrenberg) 3

Orbulina universa d'Orbigny 3 + + + +(2)
Paragloborotalia contiuosa (Blow) (1)

Pulleniatina finalis Banner and Blow (1) + +

Pulleniatina obliquiloculata (Parker and Jones) 2(7) + 1 11 (1) 3 6 (3)
Pulleniatina cf. obliquiloculata (Parker and Jones) (1)

Pulleniatina okinawaensis Natori 1(5) 3 2 4 (2) 6 (1) 5(5)
Pulleniatina primalis Banner and Blow 34 1 3 1 2 1(2)
Sphaeroidinella dehiscens (Parker and Jones) + + + +

Tenuitella fleisheri Li 2

Tenuitella iota (Parker) 3(3) 1 9 2 5 1(2)
Tenuitella parkerae (Brénnimann and Resig) 2(1) 4 5 2 1
Trilobatus immaturus (LeRoy) +(1) 2(1) 1 2(3)
Trilobatus quadrilobatus (d'Orbigny) 1(1) 2 1 2
Trilobatus sacculifer (Brady) (3) 1 (1) 2 2(1)
Trilobatus trilobus (Reuss) (7) 2(2) 2 2 (6)
Turborotalita clarkei (Régl and Bolli) 1

Turborotalita humilis (Brady) 2 1 2 (1)
Turborotalita quinqueloba (Natland) (1) 2(2) 1 2 1
Total examined PF specimens* 277 221 259 232 339 358
PF identified (non-stained) 69 204 252 195 294 210
PF identified (stained) 208 17 5 36 41 147
PF indet. (non-stained) 2 1

PF indet. (stained) 4 1
Bulk sample weight (g) 14.1 11.4 11.5 3.3 8.3 5.4
Total PF density (#/g) 157 4982 2891 4545 5145 8427
PF zone (Wade et al., 2011) PT1b PT1a PT1a PT1a PTla PT1b

*Not includes specimens with occurrence "+". (EH#"+"DEKIEEELLY)

DD VEFYNC K 2P FE L, RAFIREDE N

it & IR TE b 5 72, IRFIREDE KRR, &
PERREHC K DO AR SN 72FEE &, ke

LCIR73MnEE & hre (2K). EEARHERE

U TidDentoglobigerina altispira, Globorotalia margaritae,
Gt. tosaensis¥s X UGt truncatulinoides 358 b 7273,

FTHEEMIEIWTH - 7.
Gs. obliquus, Globoconella puncticulata®s X (N Tenuitella iota
s EERHEEDSE LR 2MAEN L. 2o, &
A £ DR ETB CTGlobigerina falconensis, Globigerinita
glutinata, Gs. ruber, Globoturborotalita woodi ¥ & T
Neogloboquadrina incompta BEHY U 7z, BeES iR I 28
U 72Gs. ruberi3 &= THE D 5 WITMEADHEIKRTH > 7.

ZF 7zGlobigerinoides extremus,

4. HiR
ARUEALAT D FE 3D < EFRREEAL AT & ORI
WY TR L, M5 OMERER &

ERL, ZOWERHERICOVTHBEISRNS. 4
JK'E F /7 AbA1Z2D\W T, Okada and Bukry (1980) 12 & 5
WX (CNY ) =) WM L7z il a LRI a
DWNTIE, Wade ef al. (2011) 12 & B #1X % (PL/PTY ) —
) # W2 ALAHEER R OAthod 7R #E il o B AF 1R
BRIEIE, JEH] & U TGeologic Time Scale 2020 (Raffi et al.,
2020) 1€ - 72, Z O, Kameo et al. (2006) 12 & % T34
Bk HbIR CHil S WA KBS AR —) v /a7 D7 — 4
X, Lam and Leckie (2020) {2 X 2 ALPH KSFEEEY v Y F —
WEIZBITA0DPATDF -2 H5EL L.

4.1 AREF/taw

Rkes3 (77 THRVe, KE I ) L D0S-others (I
Loy ViRt EEER, REE) (dEmiliania huxleyi &
Zens, WEOYIFEN (029 Ma) & FHRE$ 5CNISH
IZxtlb e b (5 13%). 831213 Pseudoemiliania lacunosa
BHEPITEEND A, [FFEORE I EYE (0.43 Ma) &
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). 51T, CNlaffifiy B (1.25 Ma) (4% 5E H Rg HE %
& DKID Gephyrocapsal@ (T3 ) 2 DEAZHS5.5 pmlL
k) &, CN14adfidiy PEICASPE L EYE (~ 0.9 Ma) & & D
Reticulofenestra asanoi’EH L2 &5, TR 5D
AURHEEIXCN 4l O EEFIS R e &, HEREAAR R RRIZ
#90.9 MalZHilify & h 5.

% 7z EEdilkl o 5 5D03-R01, DO3-other-B¥s & U-CIZ
I3, Helicosphaera inversa® pE W, S HERE & N7z, AfdIE
CNl4daifit EEICPEH§ 2 Z A6 TS, 2D
PE M T BRI R & 15 WO TP B W I T RY 0.8 Ma, L
RVG AR R C U 0.51 MallF & %010 J54F- 0 ik 22
MdH, WRBE LW TIE S A AR A F o ATEO A RE
s X R & Ty B (Maiorano et al., 2013). A3
AW 5O TARMO PN FEROERIIH] S A Tan
2, WHEBRREN K Z 7 — 2 (MIS) & DBRHH] 5 »
SN T3 FEBHTHIEOR - V7T 70
T, AREOEN TRRIZMISI6 ($90.6-0.7 Ma) & Eh %
(Kameo et al., 2006). AFAERTUEE LTHWS KRS
1, DO03-RO1, DO3-other-B¥ &k U-COHERH1R1Z0.8 Ma
KDFWEEFEIONS.

4.2 FEMEFILREAT
SIS 5 =GO O il A LML R Ic 5 < 4y
IZBWT, BmAEHELRD T & & 5 DidGloborotalia
tosaensis@%tlj“(“a*o 5. [AlFE O PE G HE I PTIbAR Y T
FRZwEF L, k83 B & UDO05-othersid [FIFED BE ) & K
L ZEMSPTIbEARICHILE NS (BE2K). RO E
AT, ACTE RSP RSE O BEBRIIC BT, B
£ %204-06Mak RFE S 54 T3 (Lam and Leckie,
2020).

— /D03 ¥ Y — X K UDOS-ROIFARHIIL, DTk
M6 Gt tosaensisDOFEHNBD ENB T L L, ZOKEL
HPTl1atfiny D TR % 789 5 Globigerinoidesella fistulosa
DEM LN 572226, PTIalif I tbX h 5 (5
2%). TIROMRE LR AL LT, &2TOFRBHC
Tenuitella iotaHh PE T 5 (552F) 2 n3E TS, K
TN FOREE L TR S hanwd oo, b
PEAT-PErE R T PIPE O FRR (1.3-1.4 Ma) 23PT1adli
TAHY RIS BT B Z LS 2Tk 5 T B (Lam
and Leckie, 2020). % 7= FEEHH (BEUE(L A4 DPL6

HVLEE) IZWIEEH B HE A & DGt truncatulinoides?’, D03-
other-BE < 2TOMRBTRO LN B (F2R)Z L8
BEWNTH 5. bW EROMFIZOWTIE, RN
Ko THEMKRIIZL S H 5 8 DD, Globigerinoides
extremus, Gs. obliquus¥ & U Globoconella puncticulata’s.
E, wWihg TEER PT1aliHF) I E HEE &
DR 6N B (H2k) ZLIZLDXFEn 5.,

Z Oz, TR —HEREEHTIC AR & & DEBELUR
{42 C & B Dentoglobigerina altispira, Gt. margaritaeifs
& U'Globoturborotalita nepenthesSH{LITEZ & b A2
»oNzn, HHERICKARAL TSNS,

4.3 HBERELHEFNESR

S HABRET U 72 30BHI DWW T, ¢83 % & USDO0S-othersid:
CNI15#F/PTIbMMH IR b X N, KB T 7 LAE. huxleyi
D REH A & HERHAEIRIZ 029 MallBRICHI S h b, —H
12 A DODO5S-othersiZ DWW THE, ARIDOIREED 5 & HE
AP SN2 DTIdAL, KEBYCHELE
AbNB. g83RIDARAEER & Rk ICRIFHERY & &
Zo6N30, RAREERE L TRPRERL - E et
THEEIRETH B, LirLEDNE, AREMILEEHE
123\ CHHATE i DLRT OMEMAE I & 2012 % < I3
b, ZOZEmD, e83ikPHIERE & 5 Wik
HHHLEOHEYI T H 24, 52 OFKIZ X 5
WA A & 2 EAE2EST L7228 O Td 5 uffetks
bHb.

—7, FL itk EohHEERD3 v Y —
Z (-R03, -other-A, -other-B, -other-C) ¥ & U'D05-R03 i,
W S CN14allfi/PTIali AT I b & N 5 Z L 288 5
B, BUEFERIZH0.43-0.9 Mad 511 150.43-0.8
Ma& BAEEE 5N 5. ARHERIOE R I & O& R (%
AORHREUEHE) DA BIERIE, TIREMILAOBLE, 5
AL, LA L, #IENAH08 MallfETH %
KB F /b He. inversa®D FEH, DA A 5, D03-RO1,
-other-B¥5 & U'D05-R03 $RHU & UE 13 D03-other-A ¥ & U8-C
K0 EAICRET B RN B 5.

Geologic Time Scale 2020 (25D < e D HABIF X 53
Ti&, SEE S MRS AR oAU EE i 5
70 7 v HORM 2> 5 T Y= 7 v BlodeEIC
HH24 U (Gibbard and Head, 2020), J7#a3: 8 dific 5 M
T 5 F =7 RERIR ORI & A LRET L
8 (Suganuma et al., 20181 %*) & EIRFRICIER hiz b
Wi b, BEEINCE T 5 AKE T 7 {LACNI4allif o &
=yl i E’E%f? 5 SIBE S JEEIZ 2 T DO ERER
N3 %ﬁbfué ERREIATHS (F
%E,mw,mm% B BRI B de 12 1 [R) o A 2
%@&Lf,%w%ﬁ$%®%ﬁﬁfﬁmﬁmﬁtﬁﬁ
LTWBZERHMEN TS (Iryu et al., 2006). T ab
B A5G S SRR OB 2 AL, FREL
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2351 B FE— T & RS 2 Bt (Pt
JRE) &Rtz 23 G L ) & LThLE R
BZLNTES. Z LT, HERINDRE-MIZIA < B
N B [RIFDOHERIAE, ACFERRORRAEA IS HE S s
O KR ZEFE (Mid-Pleistocene Transition : MPT ;
Elderfield ez al., 2012(%7%*) Z#5t & 2 BREABH P,
b 35 EHZAEE) (KK, 1980 ; T, 2007) LD HRERIL
T b= 2 - HRMER 2T 2 7-0ICEHETH B &
WA B,

5. £&&H

N H 5 BSREEMRIC B W T HEE X 7z, GB21-1#i
WTHELNIE - FL o VRBo—#izonT, AIK

AT/ bh s L OTEEEA LRIEATEFEORGE 217 - 72.

3HETEIN N5 73RO H 5 Wik T L N ED
HER - HERDE ICIE, Wohd BEIChRIKEMLA A &
FNTED, FRICFL oy VB OHREIZE Eh 51k
AREGERESRIFTH 57, FL v VHEDOS (550
M, P s 7 7 HRBER) Ik W S WY, b X
U fRehh i3 (Lo, VEA% 4 e ALER) 126\ T 5
NHERAREHE, AIKEF 7 (LARCNISHH 5 K O PR
A fLRIEARPTIbE A IS 3 X h, FRHHE H i (5

< & 4029 Ma) LIEBHZ T COREI L IR E N 3.

—J, Pl v UHifD03 (R, K ERMEEET) B
K UD05 T 6 M 7= HEREA RS, TEB— I sEHiE (4
5797 VHIRE-F =7 v HIH ) 1Y 3 2 CN14a
Wi LB K OPTIam o b &, HERF-RId B & % 0.9
Ma (—FBEAEHZ 0.8 MallFg) 20 5 0.43 MadDBIZHlK & h
B EBEEA I, SIEER D & 2 & 7 o 2 HEREE R
OIYFEHEaL, FiBRilPES I & ORI AR A
LTk, HHMLBEOHERINEIIZ ) 2 RS -

TN AR EWL ARG S ETHELEA SN,

BT GB2I- 1A E A - REFHEOR T TH S
AW ENIRE - $SRTEIARIRR I, R K OHE
Riaa 2 ZIRftW =2 2 2 L 2080 EmEA
1213, BIXOREXIT® % MiEhds & OFORHREU EX] %
TRt ExE L2, RIMAGERMEEZIICH LTS
YRENDOFME b L ORI FFEEEDOER, F KN
RGO TR H I L OB DERRIZIE, FHEDOEN
ICBELTCIRWEZ2F L. B Th 5HPH—
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- Article

ESERCHIZHERNBROEE S & TOFIEHER

#$k WA -MRAK BT AW E-#ETF osE -l M-
#m 1&%°- T HEFES

SUZUKI Yoshiaki, ITAKI Takuya, KATAYAMA Hajime, KANEKO Naotomo, YAMASAKI Makoto,
TOKUDA Yuki and SENTOKU Asuka (2022) Submarine sediment distribution and its controlling factors
around the Takarajima Island and the Suwanosejima Island. Bulletin of the Geological Survey of Japan,
vol. 73(5/6), p. 275-299, 11 figs, 3 tables.

Abstract: As part of geological survey cruise GB21-1 around the southern area off the Tokara Islands, we
conducted surface sediment sampling at 61 sites and sediment core sampling at 2 sites. Muddy sediments
subjected to strong biological disturbance were found at depths of 800 m or more. Core sample analysis
revealed that this biological disturbance extended to at least 2 m below the seafloor. The distribution
of sandy sediments, gravel and outcrops were not necessarily limited by water depth. Rather, sediment
distribution appeared to be influenced by the existence of submarine volcanoes, which can act as sources
of sediment under the seafloor, in addition to sediment from islands in the region. Bedforms such as
ripples, local concentrations of biological remains, and the distribution of outcrops and gravel deposits,
which were frequently observed around Takarajima Island, suggest that the meandering Kuroshio Current
has a marked effect on sediments in the area. To the southwest of Suwanosejima Island, muddy deposits
were found below a rippled volcanic ash sand layer. Based on assessments of sediment particle size and
composition, it is possible that these muddy sediments were deposited by geological event(s), such as
slope failure from Suwanosejima Island.

Keywords: Tokara Islands, East China Sea, Northwest Pacific, Sedimentology, Event deposit, Bryozoa,

Planktonic foraminifera, Coral

®F

N A 5 B EEER YR 2 d Y T IS U 7= VI R S A
WGB21-1Tld, 614l TR, 24T THIIRER
BReEFENL 72, FITrdaKRKE 00 mbl o> F-3H 2 s
IITTREHERI A A L, £ < O T A YIEEL %
ZFTWA, a7 L, EMERLO MBI
P L WETH 2 BB TRONS. WEHERY
R, BEOHMIE, BT L EROVKFEIIIRE S ik
V. 29 LEERESAITESMEBIIN A TR T OHEREY
MR E 2 0 S 2RO FFEICHBI AT E & -
bhad., ERHUTEZRALNE) vy TLEEDRY F
Tk — 4, EYEBRORIN S RE, BIECEEHERY

DAL, AU THEAT S 2 OO E 2 RIRT 5.

WL WS T Y T T, ISR ) v TR Bk
LK ERD R O PR YR EHERE A FAEL, ZORifET ~

b5 AN RRTHIRA 6, R R &R O A
5, WA EFhmE L L ARFEE LTA NV PRICHERE
L7-TTREMED b 5.

1. 13UBHIC

N1 Z A IR YRR IS & AL - rhER - RIS T B
WA D S BALE L P OBIRTH 5[+ 7 7
¥%%ﬂ®%LKﬁE?é%@ﬁgﬁ@T§?%iﬂ

ZJABOERAE & LTI, W2k, Wiz,
Vi, WL, NEB, FESRTEN5.

b I BIEDE % D% < SIS GBI O R 5 320
ERBKIESTHS. B2 m hok Wi
EBUET & ISR A IEB O B 5 IEKITH 3 (F 7l -
FilR, 2007). %7=, BWEBOPEHE PO L RO A
THEL TR D, AWEOWRAILAS < (FHET 5 ik
TEHD. HETE, FMAMERIET — & O &
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2 5 R S FrEl RS X Ty B (Minami et al.,
2014 ; Minami et al., 2021). ZH 5 Dk, wEEXILEE
DIEFEWEENC & 0 KILEFEREY A RIC 720
fffgEhTnwdeFE26Nh%. LarLIhsoklir
58725 SNBHERMDN, KRB NTEDLSITh
AL TOWE2OFEMIBAED L ZAWENIZE > Tk
V. ARIEEIC I B KILGEEIFEHERI ORIE Z & D3R
Z DRI & HERE ORK - A3 AG RN HIRER O
SISO TRAT 2 Z A TEL, RiEiZk )
ZKITEE 21 U & LR SE ) 2 2 OFHE 2 Rk
THIEMNTZS.

b 1 7 HN SRR O, MEEREREI LT & Rk
2B KEHEES 2 T 5 OMBARIFERAHE %883 3 5
WO TH 5. BT KBIICIIEY Flr bl L
TRFEECHD I D, A FHEEETRE L fitig
TUTKEREAIN T2 Z e BMbhTn5b, b5
F S5 B R 2 2/ X W O O R O R T
EL Lo T3 728, EBEIOWITRIIIZH 2 H% I
o THEOHM, FRWRIROIEE, Tl ToRmFEx
BLIR DI & & DRk % R BIRPBIHl < Th (i 218,
Tsutsumi et al., 2017). U» L, BB 5 &, oF
RIIMPEREEBIZEH L2 0% <L, 1 F5EEI
TOMWES T TOLMN LS KEROFHFEER, Xy
74— &, HEYIOMEAMIZE 2 2B ONTD
N o Ty, 72, BEESEE LT 3y
T NTUE, 797 KEOE LR %45 £ B
NN & ZRmOMIIIAKP L0, REEIHE SN TEHD,
FBILARHUK & SN 5 5k 2 KB & 2 L Ty B (Kim et
al., 2009). HMIOWER E L CTH Y 7O T il D
IRLE T 2 b AR G Z 5 U 72 KB R
KROFBETIZH Bl E . 29 LzBMomRke
EW2EC TG I N2 WE IR Z DL DICMA TS
WS YRS MO D 5228 % 32 THEMEIC A L T % & &
Abh, ZORHNIAMHTSH 3.

[b Xy T IREABERBOMIIMNEL, P
WA T <, NERL L il - |BEHSOEM
% XY 5 [ & WHEh 3 B R Xl & h T
V1% (Komaki and Ebach, 2021 ;5 A4, 1996). B kT
WX T B &S IS5 T B B RS,
W, WEAERICEVWTED XS IHETEDL, &
2 VIIIFE L OO AR I I 1) B LY B Lo
HELFETH 5.

2D &SI, b A FHBEEEEIT B Y, W,
AW h ELL DHITRIMOBEE L GO TH 5.
HOEEN Ze Wi VB B A 12 & 2 RIEHERM O FREL - /3%
ZRIZE TN LW EOMAT, KIS O E BT &
Wo 2T -2 2 BT EZ LT, 25 L-EE R
WITBZLITRELERTZ S,

PEEFMR AR T, HARIMRIZI T 5200

oy D 1P X O RN 2 MER & HY & U 72 s s
K7ayxz bO—BE LT, 202143 AIZHHEKRED
FAAFZEM B A B LT b o 5515 R ks
W RS HANTE (GB21-1) LML 7-. HNES
IZBWT, BAE - T EMUILR USRS LI D%
EEF 2 B R SE T L TR D, REHMERK 2 &0
WHVEK O MR HEA TS (Bl 2, W, 2014 5 F)
K, 2015). KIHETOMELEITH> I & T, MAEMKET
DREWTH) 5 WIRWEFREN T T §5. b F 7 HERAIC
BT 3 i E FH 132020 ~ 2022 - D =AMz H 7
DEfETHTETHD, GB2-1AHIZDOIHEHE LT,
[ A1 =95 BN 3 A YRR S o = VA P 3 R e AN R o
R e UCHBE N KWL TR, GB21-1#iiE T
PRELL 72 RN DWW CEBELRIRBE & 2 DfE, Thb
EHILTO B EFZ 5 h B HENT DL T EICH LA
T — & AR O SR RIS D W TRET 217 - 7=,

2. HE - MTE

2.1 REHRBRE .

N T HIEFEERICALE S B EE, MR K OE
ik &, AR WS IR BT, RIEHERII oM
R EitiET 5728, KTX7 7 7HREdHR K- 5
TNk BEERRE 61 S THEIEL 72 B1X). K-
STICIRMES AT, = Z2F VIFAKSE, CTDEEEML,
WS O WS, RO, KEF — 2 O
RBET 572 K77 713 FREROBFEIC & D 5K
ISHERIT AASN S 5. Thali<iw, B@Eiley
A& B U TR L7 mTERR & h 5 BN OFRIEE)
Biilb > 2 5 & (BKR, 2018) #XER L7z, MBS X J i3
FHRER L ) X @, R L2 mTEEL, W
DEBEERET S, = 2% VKRS RRCESESE
Fresig L, WmER EImTEIHAE S LIy LA
I OBEREER LT 2 RER LMo, BT
HOKE T — 4 & HGINA T 5720 ICCTDE R E L 72
(BAIZ A, 2022). F72, BT - LSRR PR
DHEHE] &0 5 72 A DO ERJE#5 D IRTE R ORI U 7 HERit
PIoWRE EO N & RS 5 720 IS A ERIF % R
L7z, —8 oM Tl E @ E dMidas 2 85 L, K&
W OWEEBI A 1T > 72 (B T IEA, 2022).

K-35 7D, BUS L - HERIM 18 0O B E i
o7z, WRMIB T BRI Eh 54613, &S h:
RN T 7 25 v 28OS cm, #6 cm, & & 30 cm
DHHEHAAREERABEAL, R BTy 7a7) %
BRLZ 472373 1A D 2 2RIL 72 1K
B EL, 39 ~AREEBEFIZH WIS (JF&
lem®D AT 7Ttk e, 5 cemDAERE) U7z, AR
W A BT U 221, GEfRE & AIRECE, CTREE
IZHW2, 25 TERRHIERXHR B B & B HE R S AT
WAL 37 a 7RRHREL LR T L, BAT &Ry
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A& GO O BB U T - 72,

C ETORE SRR O F 2 — TR B T LFEEREL
KRBT B OSHBERE B A O3k & LT, &g
PoR2emE ZNF 2T TT T AF v 7 BKIHZERE
CPRELL ZZERBICIR U, HERIDNA, 37 AV FE, 4
vy OM, miEEA LR, EBAELR, HER, v
VA X NTHORE & 2 h Zh 278F 2 T THIR
AL ¥ = — LA EREL

IS OB A FE L 721, 1o 2ilk 2K
MBS’ DT I AF v o0y MIBL, Bk
X ZORBABEEMRAL . N7y B LERE
BF5mmA v Va2 EHOWTAEOL, 5mmk D K=
BERE R, CWRH, BH, BN M v
TR EICBEAGRD ML T = — LSICERINL
To. = AR VK& B A EREAKE, pHOHIE %
11 - 7%, $EIREENIE KUK - R BRI AN
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(A)Location of the Tokara Islands. (B)Sampling points of K-grab and gravity corer on GB21-1 cruise. The analysis of
planktonic foraminifera is conducted on red circled points.

Sea-bottom topography is based on Kishimoto (2000).

2.2 HREFFER

AU T D YWY 75 HE R B 0 ME IR, HEREBRIR
OHRZELZIET 5720, Wb I THEOY A b
1 EEE S DWBREIAET 294 be05SIZIWTKRO
BT 47— OSLILESm) & HORERR

RIEZIT 57 CR1IX) . BREURHISRIET % 3 7 i L%
L SBRIE 57280, /S ay P e LTt~

TNa7 7 — (7Y a7 ARREE) sV 78
TAATT—ERKEKDT Y =T 5 = )E3mIIHEL, N

FERICIE ARG A 255 L 7z,

BHRL7=2 77 4 a7 RHNEM ETT =4 T —
TET—FUIN=TIZHEIL, T—FVIN—Th
SATERXHBUGIRREIZ K 2 WERIREE T D 728, JEE 1 em,
%5 cm, £ &20ecmD X5 TRk A FKELL 7z, ZDHL
T VIR EMAEDEZLLTF v ¥ X E W Z—
15 cmD AT ORI E, EHFEDF 2 — Tk
25 (BABKUITTZR RO EAKE, Mg S EERlEIZH
WB) AL, KEEF 22— TRBOBERIZHHET

— 277 —



WE MRS 20224 B T73% H5/6 %5

22 cmEECTHER LUz, 77— 4 T Hh—7 3K mE2E
Bk, FRENTEERY, WIRLE, 2fllEasiz=
713 /L ZCM-600d% 72 1 emlbE O @M %17 -
7o, Fa— TS B 1FNLIEEE R & SRS
K BWEREAE L, AARRKUGE, S FEE 25
L 7.

7 Va7 RERTERE CHYF L 23RO R BHERI o 7
D35, 1ABEZT—H4 TRUOCTHREMFH E LTH—
NIATOFERELZ2KHE T -4 T =T LT —
FUTN—TIIHBEILT, T—F Vv IN—T»5IERF
TRBHRIR & GRE - W CEEHEHOF 2 — T
BHEE AT > 729, 22 cmBfCAS4 A L7 7—7
4 Tn— 73R EEE%, 77T 43708 & Mk
ICEBRENTOE RS, WIRGCH, 1 cmfTOEGH
EET->7 3ARBIIEX 1l emT 254 AL Ta=/3%y
JIRE L7z, 7272094 be05 TIET ¥ 2 7 NERJEE
BE2L2KOAT LI RoNEr 572728, 1ecmZX 74
ZAXFERE L b5 7=,

2 7 ABHEERE, EEIBICARE O LA TN AZER %
23570, foExE—ETEEL, HlAEFa—
TEEBHCEE L 72[37 F v 72 5100 cm] & @HlE
o[ 7 by 756100 cmJIZ[F—EUETH 5 & I1ZR
SV, ZZTHRBKRUT — 2 OBRBMMEIZDONT,
LBNGURHBT IR 2 10 cmBIBE T - 72y, a7 by 7K
Va7 &EDOBOMEXH LM ERERELET 52 &
T, s mmPL FORE Tkt s k5i1cL7 25
4 2B RO 2 — TRB O E, 67— 2 OllE
M iE Zh 6 O ELEHIFHED W TEEIREIIZE DA
ATZAT —ITRE L2 D& W7z,

2.3 EX#BERUCTHRIE

75 TRE SR L 22 AR Y 7 3 7 R OREIRRR
2 HEALL 72 2 5 Tk A VLT, HERDREE 2 03RS
2 7= XS A L 72, U EER 1.5 mA,
BHEAOKVE L, BRI 2023 E L 7~

%72, HERWIO PRS2 X TICItR Y 2 201
XHRCTHEE (Supria Grande, H 37 BUEFATEL, PERAT 3
TRA Y v 4 — HEFIAEBRE) % AW 2CTIR IR % 5
faL 7z, CTEREICIARRYy 7a 7 ko nElL -/
HiRpe, a7@Bo7 -4 7 nN—7 (FS5EeTF 42
TIROF =N a7 TRibhi-727 v 2 7@k &0k,
PRI ER 120 mA, TS0 kV, ¥ 90 mm
L7z, B{RERIZH 72> T A T4 2840625 mm,
FY O ABESIZXSI2EREL, KT 4 g —&
UTHER 7 4« L& — (AR - NIREISE ) % Fv 7z

2.4 AT LVEMMR
PRI LIS E =1k, K9100 ceD HERIAEORE
ZHLL, WA L 72, PRI R U B R > 72 505

BoB#REBRTIE, FEAEORBIZar 2 U EIRIE
GENTWEIHS 7.

HHBIER T r 4 VBB 5 N 7zg39 K657 m)
120V, R A BT 0.125 mmOER TR L, fi L2k -
TR A ESRIE L 72 SR L 720 5 BT 4 mm
O THEM AR OB E, 25 gl E5.0gkiiE k5 K55
o - FHREL, BEERE LA ZoRICEEhs oy
LV D R YR ARSI B A B ARSFRBEMEE T TV L
2. AT LAVEHOREERTI L &8I, I T LVERD
AHERZNELT, #EWThOa T A0 BREAES
HHL 7=

2.5 FEMBEILRIN

UK T ORI A LR O S5 OBEE £ U84 5 720,
FERDAHO § I E A 8w U il fLER O i
MET-72EE1K). REHIIRK-2 7 7T Eh %
JEHER DERIEHI 1 em&53 % O 72 GORHIERE:, A
TEBIZ T — XY IOVGEENE & I U e I R
L7z, ZOREWEITAEBARTHR L7210 % -0~ ) v
BIRIZ05 gL — XXV FHILEMA, MUAYEEF b
Y L THEELI-BKRTH 5.

BIZFE B it - 7278 2 B 63 pmDEs - TAEL
WErEREL, fi LORKTFICfE L RS ET — X
VAN EBRET B 720, WK #40 C) THAICAKEL
7o, ZDH%, TNTHOKEE WM LIZOIL, 60 C
THIEE S B 72%%, 63 umPA EOR IO TITA LS
Wi E UCEREZRIEL 25 2 CHIE E 7213 3aitic i
L7z, KilkHIba A3 T aHIL, %125
umBl VR FLHUZ DWW T EF 200 (K A H 221 4]
ABHIZEEN D TRTOMGEAEB BT L, FMORE -
AT - 72D B BFEOENVE (%) ZFLHI L 7.

2.6 U dEMMh

K- 712 &K DRPE L =261 thpivh, HEREMEUR 2
T EDH 5747 HRIZ BT v THHIZ 500 cofd
DOHERE & PRI L HRTTE L 2248, Hidl-72. 20tk
FEREIZBE W TR L 2 4R % 4 mm, 2 mm, 500 pm,
74 um®D & H AW O & F O TIERAKSE LiRE TR 2 6 4
TOY Y THEERKRU =, 72, B EICHEWTHFEST
FCHERE & 3B L 7258 0 OHEREW % 5 mmD HAWT
KoL T, ZORREN S HIFFETOY v Ik % FRE
L7z, ERSBHI D W i3 kptkizg & 8, ki
F vy ZRICANRE L2, BREEh=4 3 v T
DWTIE, ZDETIZOWTHIREARSARM ST % F R
DREEIT - 7=

3. HEFEWERM - MR

3.1 XEHBEVEIRER
GB21-1 FAE TIXEF 61 Hupd OKEE 173 ~ 1169 m) IZF W

— 278 —



GB21-1 M= 36 1F % REERIEFARTER  (iKIZAH)

TK-7'7 712 & 2 RIGHEREAR O BRIUZ BRI L 7=, HL
U RIS DWW, BREURERRIE, B IEREO KFE
FPRESFRGER, 7 a7kl &y S —5 0RO IR
BIEICED <M RECEAE R A B 1 RIOR L2, 72, 6l
MR D S B 57 R THBIEEHEOHRFICHRIIL 72, 44
62, ¢87, gll5, gll7 TOFRARIIIFIER S X T HEH)
B, BHEARY TE &b -7z WIEGE RO ER
A2 5372, KK ROV EXY2 miZ I B ERVER
B (BEdEA & ORgEHE ) AR THKL), GEL S HFITE
BIRBERCY v FLOHEMEF2RITINT. ¥4 g62,
g83, g87 TIE s I TRIEMMMEB L A 572728, %
hzheml, 2Ml, 3WMOBAEIT 7. ZhoHRA%E
2 U 7= 3t T OFEALC & 0 BUS L 28Rk R 5
2N TR ABE A D, g62-2, g83-2, g87-3& L7z,
27 TAEBO R RNIL[HRIEAE LDz OBkIR » %
Fi< 7200 1 72 T 2D 1589 &, 275 T DAE
BABHEL =] [RAERRG I SE R & R xh B
BIEDHY v BB L DT B o725 ETH D,
INENT LRO—EBEYIRL THIE5D B, Voo
IV D 728 2" ) 2 2B T 55 EDORIBEFHEL 7.
P4 b g62 TIEY T TAMEB O K S iR BB 1L RE O
AEETH 7. ZOH A bgo2 Tidi#HE itMidas %
ML COR/AEZHEBL THD, BEBHHILEBORE
HOIRK & U TMidas & 8 &R E G GBI L7 mTHRE
P IERE & R % @G L O T WP BE S iz,
2 [ H DA TG IE R E % & 5 2 U RR L 72
RETIREBRRA LT 72, &k, fiicMidas% 2l L
72 RV & 2 U 7z 4 3th 0 (g24, g107, gl4l, g197) Ti
O &S KRB EET, SAEEIP IERE R AR
BIL7272%, H 4 62 TORMEHILEEDOREA I,
HRORREE RNy 7 ) — OB & RO KFIA
TRAELZEEZEZENS. gled K Ug223 Tid—MH®D
BERSIE IR BT OZE LR Z UL, REEAMERIL T
WHBEMEN B - 72728, BEED» S FmEE LiF-0 51
MEERI Y. ThoOFEAZO LHEEEFHL
TRHIEIZDWT, BRRhE, SRR, A0 E0RHE
HUZ RN U 72 BRI A B O S Ol gk % 71 L 72,
F2RNTIIMR R R CMBIR GG SR A I Y
Wr, MU 7= 37208 (FR0H, B, RDRRDE, ok
WE, MRE, B ERT. MATY v TL28@9
SNBZHICIZRAITZEOWIME MR L /2. KB EED
WA, 79 TR THRINTE 20 EHEEH Ho T
HEOHIRME TS 5 Z DL, ZOBEMITE2X
ORI [ F 7228 | & UG B s R ()
ERHALE. K79 TI2X 0L 3B 618, FE-
BREEMDFTIZLAEDHL TS mmPl oA WL
A E EER & T ARENRE N Thbs
mmbPL FOFE D EEREEM IZ DOV 2P OF
IZHE), [D) (WEEER), B (CEYER) O 7 TR

L7z, BRERTL AR, 508 E8ohkhr -
PR CAR L. BEREL BONED 5 72 013g87-3
DAETH S, ITICAREBRIZK T 2 IEREDSM%E, $RE
B OBE RN, RYEHER, JeEHERNIC A HL Tad
g 5.

3.2 BERUVEEHED

PRI BT B BIEE L LT, 2R,
SHuS A B HERI & X . BREUK BRI I3 7R UE
23173 ~ 1034 m, BEEHERM323 ~ 714 mT, #4255k
WIS LT 5, BVEHERY XK OREHIE, £R, IE
BERADOEHE O, B2 6 RO KIS HrE ARk
M L, FEPEO%E D BRI A S AR L, Lo
B, o AR A RTORE T RIS e B AR RIS oA
T5. EYEEREITOMIEN A& D T EEN
Banh-.

BHEREINZR2MED S B 1A TIXEHEDE
% %O, Wi, EEEMP L OEBOABERRNE
FRUAE MR T 2 SR URHE PRI T & A 5 7228, MIKE
BHOBGICHD W THREIEERE L7z (A b5 Dffl : 5
3IXA). WM ER S DY 4 L e83D A, T TERYE
PHEBIRE IC TR © I L 72 & 7o B LRSS
F AR S hz (53XB). &ds, T OHERARIZEE
WA LR R OVRIKE 7 7 LA BRI K hud 029 -
OMalZHERE L 7z & ¥ 2 h 5 (A0 - 86, 2022).

BRI EE ~/NEER (4 beod, gl14,
gl17) B ORE A o e iR AR (4 4 b gl37, g138) 225
B X, WTRE T8I 2Bl TERSET 5
(#3XIC, D). ¥4 bgl37, gl38 THELE W=D ik
K@ 6 IR EIZE G L Tvd. Y4 bg6d THE
EN7-BIIREEEICEE L T3, £7/294 Fgll7T
BRI XN72/8 3 2 EBIZRNVEE 22T, 2k
WEEIZEGL, M Mhedv, 4 Fgll4 TGS
CBUTAE L 728 3 ZBEICINA THEMBEA BRI S h 7z,

3.3 BEHEY

LRI BT B ELBRE L LT, 26523 WE
HERE & = S B 5 S AN RBGHIDRE ~ HIDR. #0L
(K705 ~ 932 mCTEREY) , 15 doRiE (K416
~ 868 mCHREL), 6l AYHDRE ~ MR DB (K3 222
~1071 m) T 3. Wiz FISkLK, 783 2501
2.2 TEOKLIEREY, Zofiibs, EEe, Zh
EMv U H OB AR T AR, v, AR, B
Hie & OWARENY), WREIM L & AR E 3 5 4 P
B EBRER X D, WYEHERI & B L 22 1S o
ATTS mmll LOEEA BN Iz, FKEX IR
ZF O E O T LK 5D, K~ IKEEaD /s
IZB VL, BEa~Baoz2a) 7, W5, e,
ZhoWnv v H U EER I 728K (KX TidZhs

— 279 —



i}

WE MRS 20224 B T73% H5/6 %5

a3uodg

a3uods ‘||ays

sulewsl ojuesiQ
podolyoeig
wiom3ey ‘[eio) ‘e3uodg ‘eozokig ‘pioutid ¥sn|jop

sulewal oluegiQ ‘esuodg

a8uodg
93uodg ‘enjealg ‘podoisld
a3uodg

a8uodg

sulewsal oluegIQ

sejoeUIRg ‘YSI4

|ei0) ‘e8uodg

|e10) ‘a3uodg ‘sajoeuieg ‘Ysi4 AYsn|oN
a3uodg ‘sa|oeuleg ‘B1RISIUBIS0D NSN||ON

ASnIIoN

|e10) ‘@3uodg ‘podoiyoeig Ysn|jo
210 B35 YYsn|jop
sulewal o1UB3IQ ‘|e10)

|e109) ‘podoryoeig ‘ssjoeuleg *

8100 j1eug

|eJ0) ‘aguodg ‘podolyoeig ‘sajoruIRg ‘PlOULID HSN||O|N

|e10) ‘@8uodg ‘||ays ‘podoieid
|e100
|el0) ‘podolyoeig ‘ulyoin eas ‘Yieys ysnjjon

1eug ‘podosald

sulewai oluesiQ ‘[elo)d

anpisal ojuegiQ

S|aAeIS pue pues 9s1e0d AIaA 213Se|901q PAJUBWDD

(wo ZT) pues oiseoolq auly A1oA 03 851802 AI8A peyios Aiood
(wo g1) pues auyy 0} wnipaw Ayjis Aq paddejiano [aaeis
(wo £7) pues auly 0} 851200 PaI0s Al100d

(wo §'0g) pues 8s1e0d paios Ajiood

(wo g7) Aepo Ayis

(wo gT) IS Apues auly A1oa

(wo 1) Ke|o Ayis

(wo /1) pues auly A1on 03 duly Ayis

(wo G) pues auly 0} papios Ajjood

(w0 g) s|eneIS pue pues aulj AIaA 0} BUl} O11SE|00Iq
pues aulj 0} WNIpaw 213se|o0lq

(WO ZT) pues auly 0} 951800

(wo zz) s Apues auly pue (wog doy) Ae|o Ay|is

(wo gg) s Apues auy A1an

(wo 12) Aeo Ayis

(wo,T) Aejo Apues suly Lion

Ke|o Apues aulj A19A pue (8U0IS)PNW PalepI|OSU0d-IWes
(wo 12) Kepo Ayjis

(wo 0z) s Apues auly Aion

(wo gg) y1s Apues auly A1an

s|oAel3 ao1wnd pue pues 8s1e09 A1aA paios Ajjood
s|aAei3 Apues 8sie00 Al pajios Ajiood

S|aAeI3 pue pues 8s1eod AIaA 213se|o0lq

(W0 ) pues auly 0} wnipaw

SISe[00Iq pue s|ane.s

(wo T2) 31s Apues aul} Aq payoled yjis Apues aulj Aion
(wo 12) His Apues auly A1oa

(wo 17) Kepo Ayis

pues auly pue sa|qqad

(Wd 0g) pues 9s1e0d AIaA 0} 951800 AQ PaPPagIalUl pUES 9SJe0d 0} W

(wog) s|eneld sojwnd pue pues auly 0y W

(wo gT) pues aulj A1an 03 auly

(wo $T) sa|qgad e1109S Yim pues aulj 0} Wnipaw

(WOGT) S[oARIS BLIODS Y}IM pUBS BUl} 0} Wnipsw

(wo 9T) s|eAes3 8ojwnd pue pues Wnjpaw 0} 851802 AIBA D1}SE|00I]
(Wo ) pues 9S120D 0} WNIPaW d13sejoolq pue A|qgad eriods

(wo TT) pues 9sieod Aian pue pues Ajggqad snosoeiods pspios Ajjood
pues wnipaw 0} 851202 AISA pue sa|qqad snosoeliods

(WO GT) pues aulj 0} 910D PoYIOS A100d SN0BDEII0DS

dDA U0 paseq jusuodwod Jofew

81
14
1€
1€
9€
9€
9¢€
Le

91
9¢
9€
9€
9¢

9€
1€
9€

€1
0
9€
9€
9¢
0
9€
6
124
81
81
ST
6
€1
4
124

(7) awnjon

s|dwesg

9¢e
9€8
8
0¢6
¢G0T
0L11
7N
1801
€E6

79€
vie
¢0L
1888
9'168
256
0.6
658
¢96
€66
706
979
EVS
665
6’86/
cLL
¥'Sv8
G'€68
996
[410
€18
8L
€TL
¢1L
S.9
8'€0S
6°059
98y
6.9
8€8

(w)

N0 BJIMN

(343
8¢8
9€8
616
TL0T
€911
6911
L10T
26
808
€6€
8¢
669
€88
L8
44
856
¢S8
44
EV6
968
8€9
¥2s
18§
9L
6GL
18
678
096
G00T
198
GEL
S0L
¢0L
LS89
687
EVS
ELY
¢LS
€¢8

(w)
yideg

8¢8Y'6-6¢1

¢S€CE-6¢1

L0€0°LG-8¢1
€6¢/°06-8¢1
¢c09°Gy-8¢1
¥1¢SLE-8¢T
G9¢E1E-8¢T
8¥61°9¢-8¢1
89Y1°9€-6¢1
1908'6¢-621
600L°€¢-6¢1
¢L6Y'LT-6¢1

90T'6-6¢1
1876'69-8¢1
9111°16-8¢1
¢T16'97-8¢1
€69€°07-8¢1
EVLT'vE-8CT
8690'8¢-8¢1
9.18°¢E-6¢1
1LEL°L¢-6CT
SY6Y'GC-6¢1
¢G8€°0¢-6¢1
T¢i-6¢1

9L€0°L-6¢T

8861°0-6¢1

¢0TL'vG-8¢1
1969°06-8¢1
10L¢7¢v-8¢1
¢0ET'9€-8¢1
CCGG'EE-6CT
€10¢'L¢-6¢T
160¢°1¢-6¢1
¥¢90°GT-6¢1
¥106'8-6¢T

€60L°¢-6¢1

99¥¥'95-8¢1
G097'G€-62T
Evvy'6¢-6¢1
616T'€C-6¢1

(unur-39p)
apn}iSuo

102.°11-62
10L0°0T-62
¥9¥'8-6¢
¥61'9-6¢
1v1.°9-62
¢89'1-6¢
8950°0-6¢
16.1°0-6¢
¢818¢1-6¢
6€90°'TT-6¢
§L¥56-62
G196'L-6¢
679'v-6¢
1828'1-6¢
16€59°65-8¢
66€L'65-8¢
86.0'86-8¢
9¥0¥'95-8¢
L18L'75-8¢
982'6-6¢
€€G9'/-6¢
18ET'17-6¢
96L2'7-62
€660'65-8¢
1602°65-8¢
19°,9-8¢
8606°G5-8¢
GE98'LG-8¢
€8G9'¢6-8¢
1600°1S9-8¢
€18€°0-6¢
1099'859-8¢
86€0'L5-8¢
€68Y7'65-8¢
€10L°€6-8¢
G¥50°¢G-8¢
68G7°06-8¢
S09Y'76-8¢
EV9E'€G-8¢
G665'16-8¢

(uiw-Sep)
apmne

€2/¢/1202
€2/€/1202
6/€/1202
6/€/1202
6/€/1202
v1/€/1202
v1/€/1202
02/€/1202
91/€/1202
91/€/1202
€2/€/1202
€2/€/1202
61/€/1202
6/€/1202
01/€/1202
v1/€/1202
02/€/1202
v1/€/1202
02/¢/1202
91/€/1202
£2/€/1202
€2/€/1202
€2/€/1202
61/€/120C
6/€/1202
61/€/1202
01/€/1202
01/€/1202
02/€/1202
02/€/1202
81/€/1202
81/€/1202
81/€/1202
61/€/1202
61/€/1202
01/€/1202
01/€/1202
81/€/1202
81/¢/1202
81/€/1202
(aa/
ININ/AAAA)
aiep

"UMOUS OS[E oI8 W § Uey) I195Ie] ONPISAI & St POJId[0d surewal [ed130[01q pue ‘dunjoa ajduwes ‘uoreAdsqo o1doosoroew uo

qess-y
qes3-y
qeis-y
qeis-y
qei3-y
qeis-y
qeis-y
qei3-y
qeis-y
qe.s-y
qei3-y
qeis-y
qe.s-y
qes3-y
qeis-y
qeis-y
qei3-y
qeis-y
qeis-y
qes3-y
qeis-y
qeis-y
qes3-y
qeis-y
qess-y
qes3-y
qeis-y
qess-y
qei3-y
qeis-y
qes3-y
qes3-y
qeis-y
qeis-y
qei3-y
qeis-y
qess-y
qei3-y
qeis-y
qess-y

Jo|dwes

paseq syuouodtods JofeA "own Surpue] oy} je Jno o1m pue ‘Ydop 1ojem ‘uonisod SUIMOYS ‘OsINId [-17gD 29Ul Sunmnp pajoajod sojdures 2100 pue qeis Jo IsrT [ 9[qeL

B — QAR S R hiE 221 2 BT
SAUR MM HAUY 12D F I

WS N E > O BEINN 3 S

H—X b o koS B H ORI LC - Lok

7118
€118
ans:
1118
0118
6018
8013
L0T8
268
163
068
6838
888
€-188
983
683
788
2-¢88
283
198
998
G938
798
€938
2-298
198
098
663
868
163
%
Az
198
0v8
63
8¢es
L€8
728
(4
ze8

|)S

— 280 —



SHALRE R (BARIZA)

Jé

7

%

LRIV RE I

GB21-1 fiftiE!

a8uodg ‘eozofig ‘elewispoulyol ¥sn|jopy
|10 “ysnjjop
a3uodg ‘eozohig ‘ejelaius|20) ‘UIYdIN Bag Ysn|oN

sujewsal o1uegIQ

aguodg
a3uodg ‘ulyoin eag ‘enjealg ‘podolald
wiomgey ‘|eso) ‘@3uodg ‘sejoeuleg ‘||ays ‘podoisld

sulewsal oluegIQ
12ys ‘podoislrd
a8uods ‘|lays

a8uodg

sulewaJ oluediQ ‘podoryoeig
ASNIIoN

anpisal oluesiQ

einyse wWogGe + Wog8e :yidus| [eo] “Aejo Ayjis

einyse woGg + Wo/zz yidusl [e30 (¢Yse) yis Apues auly A1an Aq payoled Aejo Ayjis

(Wd QT) puUES WNIpaW 0} 3SIB0J D1ISE|I0Iq
(W B) pueS dUI 0} WNIPAW 11S]201q

(WO pT) pues wnipsw o11se|o0lq

(wo ZT :y18usj |er01) pues aul fian

pue (Wo6-§ :y3dap) 1jis Apues auly AIoA pajeulwe] {(Wdg-( :y3dap) pues aulj 0} 8s1e0d

(wo gT) pues auly A1 Ayjis
(wo 6T) Aepo Ayis
pues wnipaw 0} 85102 AJ9A pue S|aAeI3 ‘s}sejoolq Yol

pues 8sJe0d 0} w sw

(wo 12) Aepo Ayis

(wo gT) Aejo Ayis

(wo §) s|eAeI3 pue pues 8sie00 A1oA

(Wwo Qg) pues wnipaw olsejoolq

(WO TT) S|2ABIS B1I0DS YHM pUBS 8S180D 0} WNIPaW 013Se[00lq
pues wnipaw 0} 8512092 KA pue s|aAeI3 ‘s)se(oolq you
(Wo €T) pues wnipaw 213sejoolq

(wo 9) pues 951202 AIdA 0} WNIPaW payios Aliood
s|anelg 9o1wnd pue pues auly 0} WNIpaw 213seo0lq
so|qqed

(wo 1Z) Aepo Ayis

(wo /) pues wnipaw pue (;8dlwnd pawliojap) sjane.s
(wo /1) 1s Apues aul} fian

dDA U0 paseq juauodwod Jofew

‘ponunuo) [ 9lqel
RY ¥

ST
0
91
S
8T
0
9¢
L
€€

(7) awnjon

a|dweg

[44%"
08
9¢y
689
TS

788

GE6
€GTT
081
€69
[4108
€ETT
189
€69
€8y
9T¢
S1.L
cclL
689
00T
9611
¢19
0€9

(w)
N0 B

it
€18
91¥
€96
606

898

¢€6
GY1T
€LT
¢89
€00T
6Tl
699
€89
SLy
[444
60L
V1L
L19
€01
1611
91§
¥19

(w)
ydeg

86¢1°6€-8¢1
¢96T¢-6¢1
12/8°16-621
€6EY'GY-6¢1
889¢°6€-6¢1

T196'7€-621

80¢L°T-6¢1
GG/2°Gr-8¢1
106L°6-6¢T
1¢85°659-8¢1
9G€¢Ly-8¢1
G976'7€-8CT
€€12°9¢-6¢1
626'61-6¢1
98'€1-6¢1
¥6.5°L-6¢1
16.v'1-6¢1
€¢¢€'65-8¢1
1LL0°6¥-8¢T
vv.8'¢y-8¢1
7509°0€-8¢T
L1188¢-6¢1
6879'GT-6¢1

(utw-8ep)
apnyisuo

96vL'1¢-6¢
L€GG'6-6¢
69€€°97-62
1€9'vY-6¢
GEC'EY-6C

1901°9€-6¢

¢E6Y'vC-6¢
L190°€¢-6¢
16G65°¢¢-6¢
8€16°0¢-6¢
¢G9'L1-62
YSIY'v1-62
¥.66°1¢-6¢
808€°0¢-6¢
1269'81-62
19v0°LT-6¢
8YEY'ST-6¢
YIy8'€T-6¢
¢G¢'¢l-6¢
80¢G°0T-6¢
8G8¢'L-6¢
€099°91-6¢
C6EEET-6C

(ulw-8ap)
apniijeT

L1/€/1202
€2/¢€/120¢
v2/€/120¢
v2/€/1202
v2/€/120¢

v2/€/120¢

§1/€/1202
L1/€/1202
§1/€/1202
§1/€/1202
§1/€/1202
L1/€/1202
91/€/1202
91/€/1202
91/€/1202
§1/€/1202
§1/€/1202
§1/€/1202
§1/€/1202
L1/€/1202
71/€/1202
91/¢/1202
€2/¢/1202
(aa/
ININ/AAAA)
oiep

SV /09
SY /09
qeJs-y
qess-y|
qeis-y

qes3-y

qes3-y
qeis-y
qes-y
qei3-y
qeis-y
qes-y
qei3-y
qels-y
qe.s-y
qei3-y
qe.s-y
qe.s-y
qei3-y
qe.s-y
qe.s-y
qei3-y
qei3-y

Jo|dwes

119
G0°
v22¢38
€ees
cees

1618

0613
8818
G918
y918
2918
0918
k]
Zy18
718
ov18
6£18
8€13
LETS
9¢18
yE18
LT18
G118

9YS

— 281 —



R R AL

aj't_'::ﬂ:

B 20224 H/U3E H5/6T

o2k U7 THRIEEEIRKEO L, (R OUREEA 5 2m b (2m asb) TOHRLT — & &, WHKGEIC
& o TRY 5 N Kb DR OFFHL

Table 2 Orientation, inclination and orientation data at 2m above the seafloor (2m asb) at the time of landing of
K-grab. Seafloor characteristics at each point recognized by the seafloor photograph are also shown.

Direction X-tilt Y-tilt Direction flow direction
Station (bottom) (bottom) (bottom) (2m asb) characteristics of seafloor based on ripple
(degree) (degree) (degree) (degree) (degree)
g22 116.3 6 3.65 117.5 rippled bed 149.5
g23 244.2 8.33 -3.47 238.1 outcrop
g24 30.8 -1.19 0.69 29.4 flat bed (sediment)
g37 334.2 -1.43 2.64 347.4 flat bed (sediment)
g38 107 -1.77 5.43 104.4 flat bed with gravels
g39 201.1 1.93 3.08 201.6 rippled bed 336.6
g40 80.8 0.36 2.29 75.6 rippled bed 81.6
gal 262.8 -1.72 0.46 259.3 rippled bed 50.3
g2 333.6 -10.32 2.57 333.8 outcrop with gravels
g43 170.7 4.88 -8.51 161.5 rippled bed 1415
gh7 305.8 -32.32 -0.86 293.3 outcrop
g58 3.9 0.19 313 8.4 flat bed?
g59 233.7 0.32 1.9 254.5 flat bed?
g60 33.9 0.42 4.6 38.2 flat bed (sediment) with rich burrows
g6l 106.2 -4.43 -2.54 103.0 outcrop
g62-2 62.2 -12.75 5.52 61.1 no photo
g63 279.7 -0.24 4.14 274.3 outcrop covered by gravels
g64 241.5 -8.23 6.49 264.2 gravels
g65 16.3 5.95 2.14 284 outcrop
g66 141.8 -0.45 0.72 150.6 flat bed (sediment)
g67-2 169.2 0.52 2.54 166.4 flat bed (sediment)
g82 256.1 0.66 1.48 263.6 flat bed (sediment) with rich burrows
g83-2 168.8 -2.36 1.29 166.6 outcrop
284 246.2 0.47 4.23 244.0 flat bed (sediment) with burrows
g85 265.4 -0.18 2.84 263.1 flat bed?
286 114.1 -1.69 -0.76 125.3 flat bed (sediment) with burrows
g87-3 241.8 2.26 3.9 246.6 no photo
288 3447 1.09 3.64 346.3 flat bed (sediment)
g89 40.5 2.36 3.36 57.2 outcrop with rich organism
290 230.5 -7.63 3.54 225.6 outcrop(?) with sand and gravels
g91 161.7 1.42 1.8 163.6 flat bed (sediment)
92 166.2 0.1 2.24 169.2 flat bed (sediment)
g107 25.1 0.48 0.84 26.1 flat bed with burrows
g108 135 -0.72 0.33 140.3 flat bed?
g109 37.3 2.44 243 40.9 flat bed (sediment)
gl10 232.3 0.2 11.06 2271.7 flat bed?
gll1 24.9 -0.08 -0.01 34.5 flat bed with burrows
gli2 298.5 -0.38 2.85 302.0 flat bed with gravels
gl13 285.9 0.96 1.28 287.5 flat bed (sediment)
glld 66.3 1.41 3.12 61.8 gravels
gl15 60.8 1.92 -3.17 87.4 no photo
gl17 359 -2.02 4.62 356.5 no photo
g134 66 0.86 1.87 72.0 flat bed with burrows
g136 255.4 0.56 -6.03 252.9 outcrop
gl137 89.5 -6.35 0.15 91.4 gravels
g138 139.9 0.94 1.2 155.8 gravels (outcrop?)
g139 300.1 0.12 -1.52 312.2 flat bed (sediment)
gl40 245.8 1.49 2.55 250.9 flat bed with rich organism
gldl 40.5 -0.23 4.6 28.9 flat bed with gravels
g142 2775 0.58 8.5 271.2 rippled bed 47.2
g143 237.1 -0.65 0.87 268.6 flat bed with gravels
g160 212.2 0.21 4.79 207.3 flat bed (sediment)
g162 38.6 0.71 1.11 42.8 flat bed (sediment)
gled 317.8 53.61 -11.05 315.6 outcrop
gles 246.4 1.35 1.35 267.3 outcrop with rich organism
g188 11.3 -0.45 2.43 341.2 flat bed with burrows
g190 775 0.94 6.54 98.6 flat bed with burrows
g197 0.9 3.28 -2.93 31 rippled bed 168.1
g222 340.2 1.5 0.45 325.3 flat bed (sediment)
g223 190.3 -0.35 2.02 184.9 flat bed (sediment)
g224 151.5 1.95 2.61 148.1 rippled bed 137.1
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Fig.2 The distribution of major sediment types in the survey area of GB21-1 cruise. Major sediment types are

classified mainly based on the visual core description of sub-core samples and observation of seafloor photos.
Red arrows and their directions indicate positions and directions of rippled beds. The orange and black dashed

lines indicate the areas where pumice and dark-colored rock fragment deposits are found, respectively.
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L TRl 5. JBEHERY 2B 7220805 5 194
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T e N P — ot

H3X FRH, MPEHERY & RE SR OB, EREEIC 3RO 6L (BAL - TN, #dE - MN) &8 L7z (A) (B)§&

Fig. 3

BHERRE I NIz A be6s, g83DMREHEKRV Y 7 TREMEHE. (C) BYEHERY & R SNz A beod DIFIREE K
VS mmA v ¥ 2 CHREHROKETH. (D) BEHFY ERE S, HEEICEE L3I 28 TS ET59 1 b
g7 DY T TREMEFEKZV S mmA v ¥ 2 THIEHFHEDIREFIL

Seafloor photos, grab surfaces, and residues (>5mm) taken on the sites of outcrop and gravels. Arrows on seafloor photos indicate
true north (TN) and magnetic north (MN). (A)(B) Seafloor photos and grab surfaces of site g65 and g83, classified as the outcrop.
(C) A seafloor photo and residues (>5 mm) of site g64, classified as gravels. (D) Grab surface and residues (>5mm) taken on the site
g117. The major component of site g117 is crushed pumice gravels with their color turning to bright brown.
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HaX WEHRY, JEEHERM LRE SN HEDOWIREHE, 77 7 RMEEL T SmmA v ¥ 2 THRFRORETH. K5

Fig. 4

B3 eiE 0 AN (EAE: TN, Bdb:MN) &R L7z (A) ~ (D) IYBEHER) & 38 S hrzgd3, gl13, gldl, gld2 DBH,
ZINTIRAGTHIZBE TE 2 K512, 7SI E, WEAE, I 2B LR EORS, AVEiEYE T8 x
KAk e 5. (B) REHERM L REE XN 72gR2 DEH, HEEHE EICRIRREAEAY P BIE SN, Rl L U TRE
EgpARE i G (A

Seafloor photos, grab surfaces, and residues (>5 mm) taken on the sites of sand and mud. Arrows on seafloor photos indicate true
north (TN) and magnetic north (MN). (A)—(D) photos taken on sites g43, g113, gl41 and g142, classified in their major sediment
types as sand. Residues indicate that their major components are pumice, dark-colored rock fragments, the mixture of these two,
and bioclasts. (E) photos taken on the site g82, classified in the major sediment types as mud. Burrows and benthos are found in the
seafloor photo. Sponge spines are collected as residues (>5 mm).
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R, K800 m&k D O HIS A SR E N, 2D
5B ITHIRUIIRE T VR, FEEIE, ESICHENL
W SRR b T 7 IZAe S A BRIZ ML TERD,
2B EEREE S 5 b FTWBERICHEL S, FE
FHOWEOVERE I E T 5. JeRHERY % 15 /-l
DD BAKENG0 m&k D EEH > 7=DIE T T T A
Fglls (K614 m) DATH B, 72721, K800 mid
LOFRETH 5> TY, ZOETORMBHESICEHERD
EWVI b TIE AL, 32, 33MiTIEBLZED, KD
MR WEA -2 EHE L TREIR S 5 5.
TEHER % 5 6 h - S OWKREETIE, TEeY
¥ EOREEYR, BEEMO R I ERBIE I N2,
F - AIRBIE T B REAV Sy F LITHR{L L T B8k
FE<BE SN, CTHE, KXBMEIZ B W THEE,N TR
TEHEIRT VBRI N (B4XE). AXT7A54 F&H
Wzg TERERICENE, IRBEHEY KT 50133
ICHE G, Kidgid, Kby sz, AmflEE E Ok
MR TH o7, SmmA v ¥ 2 TEIIHITZREIZED
Hipdi TR RIS N HERII RIS LT T TH % 4,
I8 AE D UGG P EOBER MR $E A % < Db
TR X N, —HOMS TIRASEORRL B % L & @it
Ehiz (34 XE).
AFEIZBOT, HRER A 23U THRILL 72 R
FRBHRIEY 4 bcoSITRE T v iR, RS, FEICH
FNAWEINEL, IT7RE27mD 75T 4 I 7R
R 7EcmD 7Y 2 7B AL 2= (555 K).
ZOaTREHZFICHTE L P A SRR X N, BEE 95
~ 102 cm, 189 ~ 224 el I3 MRS 2L |+ e
PBEPAET 5. F i FEO%E 224 ~ 227 emid KILIKE
OBHIRBETH 5. FhllrHz g a7 2IChz b M
MRSy F 225 &8, CTHRBISRICEhE, a7
i E3RA 6 TRZ 185 ek TIXAEIEA R E T BT A8
Eh, Zh& D T TIREROFZ T, FEE106.5
~ 106.8 cm X UEREE 108.9 ~ 110.6 cmlZ )L | ~Hoki i
A ZOKILKE AT 5.
FEREORHERYE 4 bellidnifl b 7 7 AL L,
a7 K389 emD s I T 4 I TR T T 7 E35 cm®
7Y a7 ERELL 72, 203 7 REHZIEIE A TAIL
IRV LB A G VL MR LT h
THD, 380~ 389 cmiZiFKILKE DRMIRE > L b
AR ENSE. MK E L b O A 10 emiZid B
FHRALDIEIE AL TE 5. 3 7 L2 5 %E 190
emE CTIEEENIRETIMHRTFAR LN S (E6X). Z
& TR TIHAEROFEEIZT <, CTHI{H & UHXHR
1R TIEARAIR A RIS N B S N b, £ %K 160.0
cm, 1955 cm, 310.8 clZIXKILKE DEERFED 51
5. ZOMARTRAETE AL > 2ARMAE D & &%
& (XHRERE MG, CTH{E L TIdAL RA %) Zvikg
PEA &Iz

Pl RIS 7z 20 M s D fth, FEH &2 WESTE Va4
Fgl97 (T BRE & Uik 82058 T,
JE DOWEHERE O AR & 5 cmFLE DRI & I8
BOHRMMAR SN Z OO 438iTHh
FERE

3.5 AT LYHHESTHER

H 4 39 (PRE, AKE657m) T, 18J@5FED
FAVEEBN L. ZLPEE - BREL TIRGEOEN
RETH S8, FL L ETORTIZHEL S DRE
Bainsz. ar sy ataos it o 2 EEIE, 2.9
%THotz F7z, WRKOBIETIEY 1 bgldao O
WE, KZE222m) &4 4 bgles (55, K173 m) iz
TALVERPEEIZEEA T 2300, oL kE
BB ST2728, T LY HRBOSEL 433 FlE
LTy,

3.6 FEMHFLRSMTER

A G AW D 8FRE (B 71Xla) 20 & pE MY U 72 VR M
AARF1B3E29MTH 5. 10 %L EOHE % /8§ Fd
1% Globigerinita glutinata (Egger), Globigerinoides ruber
(d’Orbigny), Neogloboquadrina dutertrei (d’Orbigny),
Pulleniatina obliquiloculata (Parker and Jones), Globigerina
bulloides d’Orbigny, Trilobatus sacculifer (Brady) @ 68T
H5EETRo~g). FINEOFICMA, Globigerina

falconensis Blow, Turborotalita quinqueloba (Natland),

Globigerinoides tenellus Parker & Globoconella inflata
(d’Orbigny) A i K4 ~ 9 %D HHE TREH L 2. KFE
HE 2RO %58 & UG glutinata, G. ruber, G.
bulloides & N. dutertrei® ATENZET 64, FREEA fLHR M
PEMIS 2§ RTOMRBTHED 68 %% ¥ 5.

3.7 A Y IEAMAER

FRIEZAT 5 7261 OKEE173-1169 m) D 5 5 1731
MTA Sy THEIRESI N GESX). ARFEIKIC
Bi+5, 4 ¥ TH(Cnidaria: Anthozoa: Hexacorallia :
Scleractinia) O FRIETRIE 13473 ~ 868 mTdH - 7=. R4k
ENTeA v TR ERET L Z28R, B3R17E 175
NEE SN (E3R). FEINLA VL TEETH
HREHTH > 7. KRNSO TEHRE S 72 A4
YV ITOREAIR G KE Do I 4 b 38 (K
489 m) TH D, 10| I0MEARE SN I
A% Y TOMEREBRARTD > 720FH3 4 Fg24 (K
HAT3 m) TH D, 29 KR sz, ¥4 bg24 (K
Wale m) IH BT OKETH 55, HEMEA ¥
# > I (Meruliniidae gen. et sp. indet) %% 1 FEAEREE X h
7z. %7z, & Fu¥ v TfHFamily Stylasteridae (Cnidaria :
Hydrozoa : Anthoathecata : Filifera) 13 4 4 b g24, g38,
239, g42, R HRE X, FZY A 38 TIREL R
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Fig. 5 Cross-sectional photograph, CT image, column chart, water content (wt%), dry bulk density (g/cm’) and L*-
a*-b* values obtained by colorimeter CM-600d of the gravity core sample c05.

Db Fayy THEIMERI N~ FEIhZe Fay
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FHIX b 2 9~ TF} Family Isididae (Cnidaria: Anthozoa :
Octocorallia : Alcyonacea) & & % 6 15 HElD—E2 4 4
hg24, g42, @ oREINT £, HA 23,
224, 63, 85, 89, ¢l07, gll4, gl64 D % i &K 5. K
2BV, ROy v IR SNz A4 b

224126 2IEEHE TIE 2 RITHN S B 2R3 A
v TH 3HHARGED bz, T 5 OBKTEZRED T
A FIRIEFEBRD A AN TE D, 2 OFHARS & E
R B EARDOEILA S O IXIREFHA ) 12328.7 +£4.0°
(mean + SE; N =3) &, (ZIFAALPE - RS HTH - 7.
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Fig. 6 Cross-sectional photograph, CT image, column chart, water content (wt%), dry bulk density (g/cm’) and L*-a*-b* values obtained

by colorimeter CM-600d of the gravity core sample c11.
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Fig. 7 The distribution of six major planktic foraminifera around Takarajima Island. (a) Sampling points of K-grab. (b)—(g) Relative

abundance (%) of major planktic foraminifera.
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Fig. 8 Map of the survey area of GB21-1 cruise with localities where corals were collected (open circles) or identified (open
squares) on seafloor photos.
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FHEREMBRETLELZONS. 7272083 ZBEOM
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Table 3 List of coral species with sampling sites

ORDER
Family
Species Collection locality (St.)

SCLERACTINIA

Meruliniidae
gen. et sp. indet.
Fungiacyathidae

Fungiacyathus (Fungiacyathus ) paliferus (Alcock, 1902)
Fungiacyathus (Bathyactis ) turbinolioides Cairns, 1989

Fungiacyathus sp.

Micrabaciidae
Letepsammia formosissima (Moseley, 1876)
Stephanophyllia fungulus Alcock, 1902

Anthemiphylliidae
Anthemiphyllia dentata (Alcock, 1902)
Anthemiphyllia sp.

Oculinidae
Madrepora oculata Linnaeus, 1758
Madrepora sp.

Deltocyathidae
Deltocyathus vaughani Yabe & Eguchi, 1937
Deltocyathus heteroclitus Wells, 1984
Deltocyathus stella Cairns & Zibrowius, 1997
Deltocyathus cf. taiwanicus Hu, 1987
Deltocyathus sp.

Caryophylliidae
Caryophyllia (Caryophyllia ) sp.

Caryophyllia (Caryophyllia) ct. marmorea Cairns, 1984

Conotrochus ? sp.

Goniocorella dumosa (Alcock, 1902)
Turbinoliidae

Cyathotrochus pileus (Alcock, 1902)

Deltocyathoides orientalis (Duncan, 1876)

Idiotrochus kikutii (Yabe & Eguchi, 1941)
Gardineriidae

Gardineria ? sp.
Stenocyathidae

Stenocyathus vermiformis (Pourtalés, 1868)

Truncatoguynia irregularis Cairns, 1989
Flabellidae

gen. et sp. indet.

Flabellum (Flabellum ) pavoninum Lesson, 1831

Flabellum (Flabellum ) sp.
Flabellum (Ulocyathus) sp.
Flabellum sp.

Truncatoflabellum cf. vigintifarium Cairns, 1999

Truncatoflabellum dens (Alcock, 1902)
Truncatoflabellum sp.
Rhizotrochus sp.
Dendrophylliidae
Balanophyllia sp.

2224

224, g222

222, ¢40, g41, g197

glal

24, 290, gl41
238, g224

238
224

238, g64
g43

g24, 238

gl41, g222
238

g37, g40, g64
g,24, 239, g141

224, g42, g224
224

224

223

224
238
2,24, g38

g24

g64
238, 2222

38

238

290

290, g224
g24, 239
37

238

239, g40
g43

g224
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TTICHEE L TCEEIRTWAEEMZICINA T,
AT B THUG S AoEBR T — 212 L4k, BE
TFOMWEME T — 2 TIEIMA Eh Tk b 5 2K RED
WEKILG ERAEAETHZEIRB IR TS (ETIE
M, 2022). L7223 -C, SMHE7Z3EE L L TR
BRI X M= H Iz BT &, RREIRTEDOFHERIE (R
6~ A4 IL) k0 & FRNHPHTHE TSR E 2 5 A0 L
TWBHEEEMEA . 295 LR EEE D8Iz
Wi, 7R bMAT T 74 Tl kB EREEER
DAERRCMBEME 7 — 4 #BR T 2 IcHoh b v LT
Y — A FERO S FEELRE 2 L, S & R
DR HE L W ERIEA T — 2 &, BRIGAR T
IO LT IR AN EREL L <, T AR
WHERHRET — 4 #llAAbE S Z & T, HAEEREA
IZDOWTIHMIZRHTZ 2 L EZ 5N 5.

4.2 EEFMOFHERA?2 : BHICHIEEBR
WEHERM O TR L7280, HOEIR, 43500k
Wk, NEHERIC» T ToOmEE, HGH 22,
REBRBEHOFHEIZINTY v TR HERI N
IN6DY » TP XN B M DKL, 22753823
m, g3923657m, g4043702 m, g41 23705 m, g43 23861 m,
2142723583 m, gl97 43868 m, 222443416 m& - T3,
ZOKETIHHHOMBIZE 212K L, £l L~E&
Y v TLNDBERBIERIHREEFED. fE->TIhb5D
Yoy FnThy, Midicksy -7 v TLTIE
B, EWERICXOBREINIZALY M) v T EEZ
bNhd. VU y FADPBIE I NS HTIZKES00 ~ 800 m
IR L TR (B2M, H2K), ThEDKETIES
LY MYy TLEEL S 2 EDERRAFET 5 Z
EWRRBING. )y TIADBBIRINSZMNEETLD
AREENFRNHT T, F-2EE L U CREPHEHER
ML B EN. Thbb, Uy TILOBEHKE
D RN TIIERROWES S SICEE D, IXITK
AW UREBERAAEBRT 2BE A ->TnEEEL 5
N3, F72, VILFU— A FEHERIC X DEUS L 721
I T — % (B FIED, 2022) R OSBPIC & 5 &Sk
FEOREER (=3 - #K, 2022) 12X, KEHFERD
AL X A 18 km, FEAEA AT 11 kmoD
FHIZHZD, PWHE200 ~300 m, HREIG1 mBEEOH ~
FYx—TORENPRDENS GEIX). v Fox—
T O B AL B B R & FmH
T, KEFERILRO SR TIIHFERERE T Th
, RIS ERERSATAET 5 Z L ARET 5.
Wk A AL AL - R B VY IS L T % b A FBIE D —
HThBERERVAOWERIZENT, 275 LV HEEE
EYREOBEIRR A 7 & O S3HTRER & B 7 hucfk
I EEF OBV EARE L TS0, UTFIZHZEY
5.

37 A VHHD S EERE L 72g39 (KEE657 m) I8 %
N3I7 LVEAKDERHE2 %, TOKREIZHENT
BEWHHES A5, 2L1EG - BREL TRIFOHE
WIRRETH »72. ZOHSTRY Y I ar oV HE
[FlkE, EEEAZ@EREL THD, B0 0HE
LTWB 5 EMRIETENL 7=, 25 LR, 2hs
DLEYEEGA T F 7 X RIERICEIL L TnwzZ
EAERLTVWS, ZHIEARMAIZE O TRERIZY) v 7
ARBEREEINI=Z L L BENTH B, RFEMWBOER
TeH IR 300 mPIETH D, IravHIZZ0 &
I e ARETIIICA D EHE R H 5. — ), KEH100
~ 300 mT, JEEHAHFRB~HEEDO XS Ll nT
par sV X a7 WE, 20k R
BCikar avEPEENBRESEOS, RO
PR E U TOEBOFMAKE Y, OHERDRE 23K % W
MR ELR L V) s 22 BT h 5. [
PE - SEEEO Ty A VL, KFESETES L EENT
=9, HEREMICH I NS EAEFANE R B720TH 5.
K100 ~ 200 mE DIRTERIEZ DL < NFHEUEL D LI
BHMMERZINTWEZ A5, a7 sV HEOKR
HIZOERBOKFHRE S RKENZ L IHKT5EE256
h3.

F 7z, A LR ORE & FERE L 22RO TEE
1, WG AV A 5 & RO BT (Be,
197N IZ& > TR XN T3 2, BEEZHHEO T 5N
dutertreiX®P. obliquiloculata (Xu & Oda, 1999 7% &) NEE
WHDH A4 bgo0, g91, g2 TL LY 5. Z OfEMANI,
AR TR T AFER (R VS 385 ) 12 & TR D3¢
BRBLATVWBEZLEREL TS,

B THIIY A bg24 (K473 m) RO H A4 b g38(K
WA89 m)TEEL 7z, L LIZH A P24 DWKREHETIZ,
ZOWERMICEER E B RL RO 5h, Tl 2Bk
e A TR T AR D Y v T 3R FIZ[EEE LT
AT RO SNz Fh o 3FHADOBHRIEZED
i, IRERBEO AN TE D, 7 ORI xt
T A ERIIFITAALE MR AR L7z, ZDKS
BIVRY v I TIRBEENICH RO E 22 E B 2 &
TEEL WA, BEAREOWR T, R HBET 2RO IA
IR U T USROS 3 AR $ 5 Z & AWK
ENTWA (& 213, Grigg, 1972). ZDZ N5, W
4 bgalcts VT, + Y TORKREDKET»S, &
FEERBEICH 0, LI -FER A IS Hilkd 5
ISR (SR) 24 2 SN A S £ h LIt
LTW3EEZLNE., 1 245 E0LHIBGEZD
OJEHEBIFER F Tk, ABLZB0 Y Y Fy 2 —T Ol
R B HRBEZIN S BV A & F A E ORISR (S5
W) OIFAEDRIE S h, WIKGH TR S W Uy v
IS5/ ONZHRMNOFREEENTH S, 1 bg24
BV FY 2 — 7 OB L D & KENERLS, KD
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Fig. 9 (A)Index map. (B)Seafloor shaded topographic map acquired by a multibeam echo sounder during GB21-1 cruise and
GK20 cruise around Oshima-Shin Sone. On the northeastern slope of Oshima-Shin Sone, surrounded by the red dotted
line, Sand waves are prominent. Red open arrows indicate flow directions estimated by the form of sand waves. Red
arrows indicate the flow directions estimated from the form of rippled bed observed at site g43 and from the orientation
of coral observed at site g24.
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WA TV B eI N5, RS v Tickn
TIX, WHED02 m/secfEEDHNTH->TE, —HAk
CEofEE =TSV o L v EDHM AR ATRE T H
% (Patterson, 1984). Zh5DZ M5, ¥4 Mg24lld
i BV ERIE, MR AR AR W2 T
L, T390 bURTF MV AL EEZDFBIMGL
TWBEEZONS. FTO-OHERYNIETS %Y v T4
X, FEEOZDIZZomVERBRRMEN S L) L4
WHALTEHEERLTED, ZOBEBAY A P42
LTS aaeMrd 5.

REIN AV vy THOLEEPREKEL, »
DRIAED X Fady TESLKIRE & zg380K
489 m)id, BEMEE b MR EICH E I A &
T 3O BADAD OB ET 5. BEGHET
3, ZROEIRD SN, BEEAPRMEIZA 4 v T
DFlabellum sp. DB BRO 5N 5. ZOEKITERKIC
GEMERD, BRELEEZDFDRED NN, Tk
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hize Fay Yy ORI REORWE DOMIIFHEL 72
72, HA MBS THREINL Fuody IHITaETHE
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BISER MR E 550, WBETHEN LY A Fg38iliwn
TIRBEREIZZBOB L -EIRDHoh, e oy v
THOBEZRMBEEDS>2EL 005, RERICE
WTEARY A P OIS 504 Fg39 T3, IR
DYy TG, B EILIZED D BRI HEE
ENB. A g3tV T MO L 5 % & 513,
MO8k < BEEIR & 2 B¥EERIS, & BRSO TRAA
U, Y VYITOREEXADT IV VR T MY 4R
REMIEEIND., 72, HEbIck T s 5dtmE O
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EEZOLND.

Y4 bgll4TREERDOE Fa+ v IHRE I HE
L TOWARTFHPBREEL DR 5N/, ZOHA4 b
gll4 BN AIE T 2 F 5 & LR O FEE RO M6
B AHENERTH D, A be3sLIEERIC, ZOM
WEMEEZD Ed L IZBICERT L5 De Fay
v ABHBIERITEE L TS EEEA E .

Az BT, £ O A b TY Y TOMHEEHBE
RN D BFERPENER NN, J VIR LET
594 MIRENTHS. ZOZ i, ZoHRIAER
T %4 v THOBEHARE DGR 2 kDI ANC AR

KB OMIE N EE L RE AL TWDE I EERET
5.

M SHIBREATIE, By FilEIEEL T 2 EEo
RT3, AEREEG TR N 7 7 (R
HEVHD 2 d 5 2D, BABES TIRITL, AT
M (REvEREE M) IS8T 5. 2 oRBSICET
3 b SRS IR oRE & L s, iRk
F&Cik b I 55 &M 5672 5 B EA & Ofihus
HHT 5 Z &AW K 0 s T B (H AW
TR v A=, 2021 5 WEF, 2021). Vv TR
VEYz—-Th ol Eh A B hdtibfilr o
BN EES 2 HAERLTRD, 25 L7-BlH4s%k
EEANTH D, ) v TILOIRY b H#HEE & N BRI
RohziE5 213, ERWROFEMZKRIICIZEEO
RO ELZ1T OO, BEESRWR % & OWFIKbE
IZHR ST, RECIIERECE L T 2 L AR
B4 3.

F72, )y TP E NI, a7 A VER
LM EN7ZW D ERBH O A4 b e39, Kl
P VLS 2 S OEYNER: REHA I U &3 50k
YA E) BRI E N EERI ST OH 4 bgla2&hz
BHEADOY A be24d GEND. T LKW A HE
TR, R > TRE ORI E %
ORF (26 DHROEAE, KRN 4 X2 KEL
B P E IR E ) RSB U, o EPIZ R L
TWBHBEVE AR T 5. F72, dREhZMEALT O ¥ A
b 224 (K416 m) IFTENEUTORETH %5, HEE
A >4~ T (Meruliniidae gen. et sp. indet.) 23R8 & 7z,
BEMEY v TR AT 2 RS AR AT 7=
o, ARIIHEDE L EBBICOAER TS, FD20,
P A b 2241203, BEMA VY TEREH L EE
ATERIPROHERI & B LHERIL T3 Lt X N 5.
Pl &5 G CHE R 2 5, Bl % iR &
T 5OEREIL, HREECRESRZ T ThL, K
TR L TR IIENICRE R EE G2 W5 &H
Abhb.

A CEEE A HUS U - B T b 3 EEEY
1IZDWTC, 22Tz &5 e HERERGE S HER LR
FEMAOIEITIZBIE LT AL & 5 A& —HOMRA T &
% (E10MX). OFMIEERTILT» 5 7 75
WA W A K, LA X A o A X 12 R Rt
T5. @QZ0LE, HHEHAXICHKL ZBERSASO0 5
N T SIS EA ORI RO AKRETIE, RO RS
2 ES U TR g L, M EOARKI NS
HERTBRBE L e . BT OB, WA VREE H#iPH Ol 2 HL 5
L, VTN BEDRBNENY P71 — 20 BREN
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Fig. 10 The distribution of bottom sediment and sedimentary structures around the Takarajima Island. The strength of the bottom

current estimated from these properties are also shown. Red arrows and their directions indicate positions of rippled beds and
directions of bottom currents inferred from the form of the rippled beds.
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Fig. 11 (A) The sea bottom photograph acquired at site g197 southwest of the Suwanosejima Island, (B) cross-sectional
photograph of sub-core sample acquired from grab sample, (C) soft X-ray image, (D) sketch and (E) visual core

description.
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ITAKI Takuya, SUZUKI Yoshiaki, IKEUCHI Eri, OIKAWA Kazuma, KATAYAMA Hajime, [IZUKA
Mutsumi, SUZUKI Atsushi and TAKAYANAGI Hideko (2022) Oceanographic environments around
Takarajima Island and Suwanosejima Island. Bulletin of the Geological Survey of Japan, vol. 73(5/6), p.
301-311, 8 figs and 1 table.

Abstract: CTD observations and bottom water samplings were conducted at a total of 61 sites in the
waters surrounding the Tokara Islands during GB21-1 cruise (February 28 to March 30, 2021). The
survey area is located in the pathway where the Kuroshio Current flows out from the East China Sea to
the Philippine Sea, and is divided into the Kuroshio water, North Pacific Subtropical Mode Water, North
Pacific Intermediate Water, and North Pacific Deep Water from the surface to the bottom. The surface
layer around Yokoatejima Island is characterized by low temperature and high salinity, which is thought
to be the effect of vertical mixing caused by topographic high. Off the east coast of Takarajima Island, a
high turbidity layer with several tens of meters thick is observed near the seafloor, which is thought to be
caused by sediment suspension due to currents on the seafloor.

Keywords:Tokara Strait, Kuroshio Current, North Pacific Subtropical Mode Water, North Pacific

Intermediate Water, North Pacific Deep Water
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Fig. 2. Relationship between CTD salinity and measured salinity from Niskin bottle sampling in the bottom
layer (a), and depth distribution of corrected CTD salinity (blue) and measured salinity (orange) (b).

K, 2018), FRELX M 7=¥EESE K2 61, pHEMES A
HE X7z, pHIE, WMEZEIL AR BILKEE DKL
BIRIBIZ K > TERIZELT B 729, pHA — 4 — 2%
% FOTEROKIE BRI HE L7, M IZ G20
X, Ji% BERT (HORIBA) 8D 3 /37 FpHX — & —
(LAQUAtwin pH-33B) T& 5. WipH* — % —1&, pHIZ
YEVA R 3FRSH (pH=4.01, 6.86, 9.18; B L 7 4 )L &l
et A 2B 12 & 5T, 285 F 213 HARIE &

i@ aed bl /), HEEOMHRE L 7.

IAPSOREHEVA ik (pH = 7.41) D#E D 3B LHIEIC & % ApH
OHEDHERE - FEEIZ 741 £0.02TdH - 7=, KHiouE
KOpHIE, pHA — & — 2@ & H W T ZEhZh3m$ D
DR UHEL =R (67— %) DL L %
7z, MEoyREFERNE, BRAKR% T I 2 F v 2 RTHEERR
fFEh, FEREICHS - T BTSRRI mEE 555t
(DIGI-AUTO MODEL-5, #RAZHH#5 FREH) % Fv Cat
M-

3. BREZE

3.1 CTDIEEZDOHHIE
CTDDIf £ v — &, FERDIRIr &3 R IZ

BEAERTHAN S0, WAKOHEME K L CHlilEd
BUENRD D, FODIC, WEE FEAROERES % K
JEDCTDHE Sy GBS 5 ~ 7 mDFH) & ik U Tk
FTHZLE L7 BUERBLZYPIO3H9~10HD
FAKIE, FRREBORY b (BRIOIAEED D 572728
EwERASHRS, F—2203KM4 L Z0OLET
JESJg D CTDYE 43 & S2IE 73 D BEHR (552 1Xa) 2 5 LA T D
WEXAMEL 2 A, WEOHEREKE=093T
H o7z

#HIECTDYES) = 0.9096 x CTDI&E 4% + 2.9852

L Z AT, KEOCTDIE /3, FlliE s &3 &
0 1DRTT Ty b BFEL T3 (52Ka, b; CTD
By & IR D DFEHERZ2£13.0.05) . KEE 500 mBLAE
1236 1) 2 SRR D FERIE A E I RICRE L T3 Z
EM6, ZOMEULCTDIRE & v % — DOFEEIZ £ 0.05F
EORENHDZEERLTWS, % Z CCTDIE T &
FHE G E OEERSITLHET 5L, ZOEMP1H
L 72 0 FE590.02 T T4 2 @A D 5z GE3IX).
CTDIfE /& v % —DELRZEK LI, BB OBt

— 305 —



WE MRS 20224 B T73% H5/6 %5

0.25 -
e °
’ °
0.2 g o
[0} ) °
=] °
= ®
B L
1 ® ' [
E 0.15 e o .
= .
£ 0.1 - ° °
© ° '
n [ ]
< )
[ ]
0.05 4 ®
°
O T T T T T T T T T T T 1
[ep) < Te] © ~ [ce] ()] o - AN o < Yo}
i v i i v i i Q Q Q o Q Q
[e2) [s2] o [s2] [s2] o [s2] o [s2] [s2] o [s2] o
< Q Q < Q < Q Q < Q < Q Q
— — — — — — — — — — — — —
[aY} [aY} A [aY} [V} [aY} [aY} A [aY} [V} (s} [V} A
o o o o o o o o o o o o o
N N N N N N N N N N N N N
Date

$ 31X CTDIESY & FHIE /M & D34 (A salinity CTD-Bottle) DHERAIZEAL (F) & HiEDF-1 (18)
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Article

Export and dispersal of coastal macrophyte-derived organic matter to
deep offshore sediment around the Tokara and Yaeyama Islands, southwest Japan:
Evaluation using quantitative DNA probing techniques

MIYAJIMA Toshihiro", HAMAGUCHI Masami’, NAKAMURA Takashi’,
KATAYAMA Hajime* and HORI Masakazu’

MIYAJIMA Toshihiro, HAMAGUCHI Masami, NAKAMURA Takashi, KATAYAMA Hajime and HORI
Masakazu (2022) Export and dispersal of coastal macrophyte-derived organic matter to deep offshore
sediment around the Tokara and Yaeyama Islands, southwest Japan: Evaluation using quantitative DNA
probing techniques. Bulletin of the Geological Survey of Japan, vol. 73(5/6), p. 313-321, 3 figs and 1 table.

Abstract: Vegetated coastal habitats such as seagrass meadows, macroalgal beds, and mangroves
export large amounts of organic carbon (OC) to offshore regions. The exported OC may be consumed
as a food source by various pelagic and benthic organisms, enhancing secondary production, or may
settle and be buried in offshore sediment, contributing to carbon sequestration. Hence, OC export is
an important ecosystem service of coastal wetlands supporting connectivity from coastal to offshore
habitats. We studied the dispersal of detrital organic matter derived from coastal macrophytes to offshore
sediment around the Tokara and Yaeyama Islands (subtropical western North Pacific) using DNA probing
techniques and compared the results with the bulk OC concentration and granulometric properties of the
sediment. The results showed that dispersal of macrophyte detritus was constrained hydrographically by
the strong Kuroshio current flowing near the study areas. Mangrove- and seagrass-derived organic matter
exported from coastal habitats of the Yaeyama Islands was detected around the Yaeyama Islands and
accumulated in deep-basin sediments (>1000 m) of the southern Okinawa Trough; however, its dispersal
seemed to be confined by the Kuroshio. By contrast, sediments around the Tokara Islands often contained
macroalgal materials that were rarely found in those around Yaeyama Islands. Most of the macroalgal
organic matter found in the sediments of the Tokara area likely originated in coastal habitats of continental
China and was transported by the Kuroshio across the shelf of the East China Sea to the northern Okinawa
Trough, where it was trapped within sediment. The bulk OC concentrations in the sediment of both areas
were constrained by the granulometric properties of the sediment, such as specific surface area. However,
the abundance of macrophyte-derived organic matter did not correlate with the concentration or stable
isotope ratio of the bulk-sediment OC, implying that macrophyte OC represents a minor fraction of the
bulk OC stored in the sediment of the study areas.

Keywords: Blue carbon, Carbon sequestration, Coastal wetland, Environmental DNA, Kuroshio,
Macroalga, Mangrove, Outwelling, Seagrass

1. Introduction oceanic carbon cycle due to their prominent capacity to

capture and sequester organic carbon (OC). It has been

Macrophyte-dominated coastal ecosystems such as estimated that mangroves and seagrass meadows, which
seagrass meadows, macroalgal beds, mangroves, and occupy only about 0.2 % of the world’s ocean area,
tidal marshes play quantitatively important roles in the sequester OC in their sediments at an average rate of
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Fig. 1 Regional map (a) indicating the locations of the two study areas and the Okinawa Trough, together with the flow
path of the Kuroshio current. Sediment sampling sites are shown in local maps of the area around the Tokara Islands
(b) and Yaeyama Islands (c). The maps were generated using Ocean Data View ver. 5.5.2.

more than 100 g C m? y' (Alongi, 2018), that is, two
or three orders of magnitude higher than the average
OC burial rate in open ocean sediment, which illustrates
the disproportionally large contribution of these two
habitats to the entire oceanic carbon budget. Furthermore,
because net primary production in macrophyte-dominated
ecosystems largely exceeds consumption and respiration
within the ecosystems (Cebrian, 1999), the export flux
of OC from these ecosystems to the outer ocean can be
quite large and represent an important pathway of energy
and carbon from the coastal region to pelagic realms.
The export of macrophyte-derived OC may influence the
pelagic marine ecosystem in two mutually exclusive ways.
First, exported OC may be consumed as a food source
by heterotrophic animals and microorganisms, thereby
enhancing secondary production and the complexity of
both pelagic and benthic food webs in the open ocean
(Heck et al., 2008; Queirds et al., 2019). Second, a portion
of the exported OC may be stored for a long time as buried
OC in deep-sea sediment or refractory dissolved OC in the
water column and thereby contribute to increasing carbon
sequestration in the ocean (Reichardt, 1987; Jennerjahn
and Ittekkot, 2002; Santos et al., 2021). The recent advent
of molecular biological tools such as deoxyribonucleic
acid (DNA) metabarcoding and quantitative polymerase
chain reaction (qPCR) has enabled researchers to trace
organic matter derived from specific primary producers
and exported outside their original habitats (Reef et al.,
2017; Queirds et al., 2019; Ortega et al., 2020). However,
available data are still insufficient to constrain the spatial
extent of export of macrophyte-derived OC to the deep
ocean and evaluate the importance of these two roles
quantitatively.

In this study, we compared the spatial extent of
dispersal of macrophyte-derived materials to offshore
sediments in two different subtropical waters with
contrasting hydrographic settings. To detect and quantify
macrophyte-derived materials in the offshore sediment,
we used specific DNA-probing techniques based on gPCR

(Hamaguchi et al., 2022). One study area surrounding
the subtropical Yaeyama Islands, southwest Japan, is
characterized by abundant mangroves and seagrass
meadows in shallow nearshore habitats (Nakasuga e al.,
1974; Tanaka and Kayanne, 2007) that are supposed to
export a large amount of OC to the surrounding offshore
area. The other study area, the Tokara Islands, is located
to the northeast of the Yacyama Islands, where coastal
macrophytes are relatively sparse (Kawano et al., 2012;
Terada and Watanabe, 2017) and the oceanic environment
is directly influenced by the Kuroshio (Chen ez al., 1992),
one of the world’s strongest ocean currents, which might
have a strong influence on the dispersal and accumulation
of macrophyte OC. We compared the abundance and
composition of macrophyte-derived materials between
these two areas. We also examined the relationships
among macrophyte-derived materials and bulk sediment
characteristics, such as OC and granulometric properties,
to infer the quantitative role of the exported OC in carbon
burial in the offshore sediment.

2. Materials and Methods

2.1 Sample collection and pretreatment

Seven surface sediment samples were collected around
the Tokara Islands (28.85-29.72° N, 128.51-129.66° E;
Fig. 1b) during cruise GB21-1 in March 2021 using a
grab sediment sampler (40 x 40 x 20 cm). Portions of
the collected samples were packed in prewashed plastic
containers and immediately frozen. The samples were kept
in a freezer below —20°C until they were freeze-dried.
Additional 17 surface sediment samples collected around
the Yaeyama Islands (23.99-24.80° N, 123.27-124.24°
E; Fig. 1¢) during cruise GK19 in June and July 2019
were used for comparison. However, the latter group of
samples had been stored at room temperature for 5 months
prior to freeze-drying, which might have resulted in partial
degradation of delicate organic matter, including DNA,
and possible underestimation of OC concentrations and
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DNA copy numbers.

After freeze-drying, the dried sediment was gently
crushed and passed through a 1-mm-mesh stainless-steel
sieve to remove pebbles and shells. The fraction of the
sediment < 1 mm was homogenized using an agate
mortar and pestle, and then stored in precleaned and
tightly capped 30-mL glass vials in a desiccated room for
subsequent analyses.

2.2 Analytical methods

The concentrations and stable isotope ratios of bulk OC
and total nitrogen (TN) in non-carbonate sediments (<
40 wt.% carbonate) were determined using an elemental
analyzer—isotope ratio mass spectrometer (EA-IRMS;
Flash 2000/Conflo IV/DELTA V Advantage, Thermo,
Germany) after acid decarbonation. A 20—100-mg portion
of each homogenized sediment sample was weighed into a
silver cup for elemental analysis, and 2 M HCl was added
dropwise to remove carbonate as CO,. Then the silver
cup was dried at 60°C and packed into a tin capsule for
elemental analysis before being subjected to EA-IRMS.
For carbonate sediments, OC and TN were analyzed for
acid (4 M HCI)-soluble and insoluble fractions separately,
according to the method described in Miyajima et al.
(2015). Concentrations and isotope ratios of bulk OC and
TN were calculated as the sum and the weighted average
of the values for the acid-soluble and insoluble fractions,
respectively.

To determine the carbonate concentration in sediment,
a preweighed (ca. 100-mg) portion of homogenized
sediment was dissolved in 1 M HCI. After appropriate
dilution with ultrapure water, insoluble materials were
removed by centrifugation (2000 g, 20 min, 15°C), and
concentrations of major cations in the supernatant were
determined by ion chromatography (881 Compact IC pro,
Metrohm, Switzerland). The content of (Ca, Mg)CO, in
the original sample was calculated from the measured
concentrations of Ca?" and Mg*" after correction for
porewater-derived Ca and Mg, assuming that the measured
Na* was derived solely from porewater.

Analyses of sediment granulometric properties, such
as specific surface area (BET method) and mesopore
distribution, were performed via N, adsorption measurement
(BELSORP mini II, MicrotracBEL, Japan) following the
preparation protocol described in Miyajima et al. (2017).

The concentrations of macrophyte-derived DNA fragments
were determined in clean laboratories at the National
Research Institute of Fisheries Technology (Hatsukaichi
Station) using qPCR techniques applied to the freeze-
dried sediment samples (Hamaguchi et al., 2018). The
specific primers and probes were designed based on the
deposited or originally determined internal transcribed
spacer (ITS) region sequences for detecting and
quantifying DNA fragments of three dominant mangrove
species found in the Yaeyama Islands (i.e., Rhizophora
stylosa, Sonneratia alba, Bruguiera gymnorrhiza), three
subtropical (Thalassia hemprichii, Enhalus acoroides,

Cymodocea rotundata), and one temperate (Zostera
marina) species of seagrass commonly found in Japan,
as well as six groups of macroalgae that commonly occur
or are cultivated around Japan (see Table 1). Among
the macroalgae groups, subtropical and temperate
Sargassum are represented by the subgenera Sargassum
and Bactrophycus, respectively (Stiger et al., 2003), and
the Ulva group, cultivated Porphyra, temperate kelps,
and Saccharina group were defined based on published or
originally determined ITS-region sequences for Ulva spp.,
Porphyra yezoensis, Ecklonia spp. and Eisenia bicyclis,
and Saccharina spp., respectively. Details of the design of
probes and primers can be found elsewhere (Hamaguchi
etal.,2022). Triplicate qPCR runs were executed for each
combination of samples and probes. The detection (30)
and quantitation (10¢) limits of DNA fragments were
tentatively defined based on the standard deviation (¢) of
the log-transformed copy number of E. acoroides gene
fragments determined for three representative samples
with eight repetitive qPCR runs, and these were 190 and
890 copies g, respectively. It should be noted that the
detectability of specific DNA fragments from sediment
depends, to some extent, on the choice of probe sequence.
In our experience, the detectability of tropical seagrass
DNA using probes specific to the ITS region of the
nucleus DNA is somewhat lower than the detectability
with probes specific to the region coding maturase K
(MatK) of the plastid DNA of the same species. Therefore,
our abundance data of tropical seagrass DNA may be
considered conservative estimates.

3. Results and Discussion

3.1 Spatial distribution of bulk sediment properties

The concentration of bulk OC in the surface sediment
did not exceed 1.0 mmol C (g dry weight)™" in either the
Tokara or Yaeyama areas (Fig. 2a). OC was depleted at
sites shallower than 700 m but increased with increasing
depth (= 0.653, p = 0.006). By contrast, concentrations
of inorganic carbon (IC; calcium + magnesium carbonate)
were quite high (> 70 wt.%) at sites shallower than 700
m and decreased with depth in the Yaeyama area (» =
—0.858, p=0.005; Fig. 2b). In the Tokara area, carbonate
concentrations were always lower than 50 wt.%, and did
not correlate with depth. TN concentrations were closely
and positively correlated with OC concentrations in both
the Tokara (= 0.999) and Yaeyama (r = 0.965) areas. The
OC/TN atomic ratio varied between 7.1 and 11.4, and it
was negatively correlated with depth (» = —0.677, p =
0.019) in the Yaeyama area.

The bulk carbon stable isotope ratio (3*C) of OC in the
surface sediment ranged from —23 %o to —19 %o, with
most samples falling between —22 %o and —20 %o (Fig.
2c¢). This range closely coincides with the range of §'*C
of suspended particulate organic matter (POM) collected
from Sekisei Lagoon between Ishigaki and Iriomote
Islands (Fig. 1c; unpublished data). The nitrogen stable
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Table 1 Concentrations of DNA fragments detected in surface-sediment samples collected in coastal waters of the Yaeyama and
Tokara areas (arranged from shallow to deep sites). Symbols: +++++, > 30,000; ++++, 10,000-30,000; +++, 3,000-10,000;
++, 890-3,000; +, 190-890; &, 1-190; —, < 1 (unit: copies per gram dry weight of sediment). See text for a detailed description
of the macroalgal categories. The tentatively defined detection and quantitation limits are 190 and 890 copies per gram (see
text), respectively.
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isotope ratio (3'"N) of TN ranged from +4.8 %o to +6.8 %o,
with three outliers between +7.2 %o and +9.3 %o. The 8"°N
values of sediment TN were higher than those of the POM
collected from Sekisei Lagoon (0 %o to +3 %o; unpublished
data). The isotope ratios did not show a significant depth
trend and collectively imply that the majority of the
sediment organic matter in these areas originated from
autochthonous suspended POM (i.e., phytoplankton), and
was affected to some extent by post-depositional bacterial
reworking (early diagenesis), as indicated by the increase
in 8"°N values.

The specific surface area (SSA; Fig. 2d) and total
mesopore volume (TMV) of the sediment, as determined
by N, adsorption analysis, were commonly low for the
samples collected from shallow (< 700 m) sites (< 5
m? g and < 0.02 cm® g', respectively). Both SSA and
TMV were positively correlated with depth (+ = 0.800,
p =0.001 and » = 0.761, p = 0.002, respectively). Mean
mesopore diameters (MMDs) were generally higher for
carbonate than non-carbonate sediments and therefore
correlated positively with carbonate concentration (» =
0.832, p = 0.001) and negatively with depth (+ = —0.602,
p=0.010). These results show that sediment granulometry
is constrained by water depth, with the average sediment
grain size becoming finer with increasing depth.

The concentrations of bulk OC in the sediments
depended closely on the SSA (r = 0.888, p = 0.0004;
Fig. 3a). Such a relationship has frequently been reported
for continental shelf sediments and has been interpreted
to indicate a close association between OC and mineral
surfaces as a principal mechanism for stabilization of OC
in sediment (Keil and Mayer, 2014). The ratio of OC to
SSA is usually close to 0.07 mmol C m™ for non-carbonate
shelf sediments (Mayer, 1994) and a bit higher for shallow-
water carbonate sediments (Suess, 1973). However, the
average OC/SSA ratio for our samples (0.034 mmol C
m?) was only half the typical value of shelf sediments.
We also found that the bulk OC concentration of our
sediment samples depended even more closely on TMV

(r = 0.936, p = 0.0002; Fig. 3b). The OC/SSA ratio was
not always constant and clearly depended on MMD (Fig.
3c), which implies that the bulk OC is not only associated
with mineral surfaces but is also embedded in mesopore
spaces present on mineral surfaces. Assuming that the
bulk OC in sediments has the same density as glucose
(1.58 g cm™), the average OC/TMV ratio of 8.7 mmol
C cm™ (Fig. 3b) indicates that about one-sixth of the
available mesopore spaces in our sediment samples were
filled with OC. These findings imply that the sediment
OC in the study areas is preserved in close association
with the steric surface structure of sediment minerals,
although the exact mechanism of the association might
be somewhat different from the well-known cases of shelf
non-carbonate sediment and shallow-water carbonate
sediment.

3.2 Detection of macrophyte-derived DNA from
sediments

The existence of macrophyte-derived materials in the
offshore sediments was successfully demonstrated by
detecting DNA sequences specific to macrophyte species in
both the Tokara and Yaeyama areas (Table 1). The original
samples from the Yaeyama area (GK19) were stored at
room temperature for several months before freeze-
drying, which might have resulted in DNA degradation
by bacteria and fungi. However, the abundance of total
macrophyte DNA detected from Yaeyama samples was
similar to or even higher than that from the Tokara samples
(GB21-1), suggesting that the storage temperature did
not seriously influence the detectability of DNA in stored
sediments. Based on the correlation of OC with SSA and
TMYV, the bulk OC in the analyzed samples was preserved
in sediment through interactions with mineral surfaces and
mesopores (Fig. 3). It is similarly presumed that DNA
molecules contained in these samples were also effectively
protected from microbiological enzymatic hydrolysis by
sorptive interactions with sediment minerals (Cai et al.,
2006).
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Mangrove and subtropical seagrass species were
detected in the surface sediments of the Yaeyama area
but not in those from the Tokara area. The mangrove
species Rhizophora stylosa and Bruguiera gymnorrhiza
and the seagrasses Enhalus acoroides and Cymodocea
rotundata were often detected in relatively high abundance
in sediment samples from deeper than 1,000 m in the
Yaeyama area (Table 1). This implies that the deep basin
of the Okinawa Trough to the north of the Yaeyama Islands
represents an important offshore sink of OC derived from
the coastal vegetated habitats that are abundant around
these islands. By contrast, DNA fragments of macroalgae
were frequently detected in sediments from the Tokara area
but were relatively scarce in sediments from the Yaeyama
area. The abundance of macroalgal DNA fragments did
not correlate with depth. DNA fragments of Bactrophycus,
a temperate subgenus of brown algae, were most abundant
around the Tokara Islands. Notably, traces of cultivated
Porphyra and Saccharina were also detected at some sites.

The abundances of DNA fragments of the groups of
macrophytes listed in Table 1 did not show significant
correlations with the bulk OC concentrations or SSA
values of the sediments. Although the abundances of
DNA fragments of the mangrove species R. stylosa and
the seagrass C. rotundata were marginally correlated (p
= 0.04), no significant correlation was detected for any
other combination of macrophyte groups. The ranges
of 8°C values typical of seagrasses and mangroves are
considerably higher and lower, respectively, than the
typical range of pelagic phytoplankton. Therefore, the
contribution of these macrophytes to the sediment OC
pool might be evidenced by the variation in '*C. However,
the 6°C values of the sediment bulk OC did not correlate
with the abundance of DNA fragments derived from any
group of the macrophytes examined. This implies that the
fraction of macrophyte-derived OC in the bulk OC pool
in most of the offshore sediments is consistently small.

The sediment concentration of DNA fragments derived
from a specific plant species or group should be correlated
with the concentration of OC derived from the same species
or group. For example, Hamaguchi et al. (2018) found that
the concentration of Zostera marina DNA fragments in an
eelgrass bed sediment core showed a significant positive
correlation with the concentration of seagrass-derived
OC estimated by carbon isotope mass balancing, being
approximated by the following relationship:

[DNA concentration (copies (g dry sediment)™")]

=4.7401 [seagrass-OC (umol (g dry sediment)™")]>07,
Assuming that the same relationship can be applied to the
subtropical seagrass DNA—OC relationship in offshore
sediments, it follows that 0-34 % (average, 9.4 %) of OC
detected in sediments of the Yaeyama area originated from
detritus derived from seagrasses (Thalassia hemprichii +
E. acoroides + C. rotundata). However, this estimation
is still at a very preliminary stage. More reliable and
extensive datasets of relationships between macrophyte-
derived OC and DNA preserved in sediments are needed

to quantify the contribution of macrophyte-derived OC in
the sedimentary OC stock.

3.3 Factors constraining dispersion of macrophyte-
derived organic matter

The contrasting distribution of macrophyte-derived
DNA fragments between the Yaeyama and Tokara areas
evidences strong control by the Kuroshio current of the
dispersal of macrophyte-derived detritus to the open
ocean. The Kuroshio current originates from the tropical
Philippine Sea (Gordon et al., 2014), flows northward
between the Yaeyama Islands and Taiwan, enters the East
China Sea (ECS), and then turns eastward to the north of
the Yaeyama Islands (Fig. 1a). It then flows northeastward,
passes through the Tokara Islands leaving the ECS, and
enters the Pacific Ocean, hydrographically isolating the
Yacyama as well as the Miyako, Okinawa, and Amami
islands from Taiwan, continental China, the Korean
Peninsula, and the main islands of Japan (Ichikawa and
Beardsley, 1993). Therefore, most of our sampling sites in
the Yaeyama area were to the south of the Kuroshio, and
many sites in the Tokara area were just below it.

Our DNA data (Table 1) imply that mangrove- and
seagrass-derived material dispersed from vegetated
coastal habitats around the Yaeyama Islands is not
extensively transported by the Kuroshio current but
accumulates mainly within a confined region to the south
of the Kuroshio, likely due to hydrodynamic forcing
typical of this region (Hasunuma and Yoshida, 1978; Hsin
et al., 2008). Because mangrove and seagrass detritus are
typically relatively dense and fibrous, it can settle rapidly
to deeper layers and accumulate in sediment before being
transported long distances by ocean currents.

By contrast, DNA fragments derived from macroalgae
were found mainly in the area around the Tokara Islands
and were relatively rare in the Yaeyama area. This implies
that the source of macrophyte-derived materials in the
Tokara area is in the vicinity of the Tokara Islands or
somewhere upstream of the Kuroshio current. In fact,
small patches of subtropical Sargassum spp. are present
around the Tokara Islands (Terada and Watanabe, 2017),
and these may have been sources of the DNA fragments of
this group detected in the sediments of this area. However,
temperate Sargassum and Ulva groups rarely occur in this
area (Terada and Watanabe, 2017). The other macrophyte
groups for which DNA fragments were detected from
Tokara samples, such as Porphyra, Saccharina, and Z.
marina, are absent in the Ryukyu Archipelago, including
the Tokara Islands. Porphyra is an edible seaweed that is
cultivated extensively near the mouth of the Changjiang
River, as well as on Penghu Island to the west of
Taiwan. Therefore, it is possible that detritus and DNA
fragments of Porphyra were exported by the Taiwan warm
current from these aquaculture areas (Zhu et al., 2004),
transported by the Kuroshio across the shallow ECS, and
eventually trapped within the deep Okinawa Trough near
the Tokara Islands. Direct hydrographic connectivity from
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the coast of Taiwan to the area surrounding the Tokara
Islands has also been supported by model simulations
of particle dispersion (Horoiwa et al., 2022). Similarly,
Saccharina is an industrially important secaweed that is
cultivated extensively along the northern Yellow Sea
(Bo Hai) coast (Yang et al., 2009; Hu et al., 2021). It is
possible that detritus derived from cultivated Saccharina
was transported by a surface current flowing southward to
the east of the Shandong Peninsula toward the area near
the Changjiang River mouth (Beardsley ez al., 1985), and
then carried northeastward by the Kuroshio and eventually
trapped in sediment of the deep basin near the Tokara
Islands (Hu ez al., 2021). A similar pathway could also be
assumed for transportation of detritus of Z. marina.

In fact, naturally occurring brown algae such as
Sargassum species are much more abundant along the
coast of continental China than in the Ryukyu Archipelago.
Thus, it is likely that most of the DNA fragments of
temperate Sargassum that were abundant in sediments
of the Tokara area also originated in continental China
and were transported as drifting algae by the Kuroshio
(Mizuno et al., 2014; Xiao et al., 2019; Yuan et al., 2022).
Thus, it is evident that the Kuroshio current is the principal
agent determining the dispersal and accumulation in
sediments of macrophyte-derived organic matter, at least
in the northern part of the Okinawa Trough near the Tokara
Islands (Fig. 1a).

Although our carbon isotope results suggested that
macrophyte-derived organic matter represents a relatively
minor fraction of the bulk sediment OC in our study
areas, it is still possible that the offshore sediment is a
quantitatively important sink of the excess OC produced
in coastal macrophyte-dominated habitats. Macrophyte
detritus exported from these habitats and accumulated in
offshore sediment may be an important source of carbon
and energy for benthic organisms living in the sediment.
The origin and composition of such macrophyte detritus
clearly differ between the southern and northern regions
of the Okinawa Trough due to the dominant hydrographic
influence of the Kuroshio. Such a difference may not only
influence sediment organic chemistry but also affect the
abundance, composition, and metabolic activity of benthic
animals and microorganisms in deep-sea sediment. This
is an interesting problem raised by this study that should
be addressed in the future.
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IKEUCHI Eri, SUZUKI Yoshiaki, IGUCHI Akira and SUZUKI Atsushi (2022) Microbial community
structure of surface sediments in the deep-sea area around the Tokara Islands, Japan. Bulletin of the
Geological Survey of Japan, vol. 73(5/6), p. 323-328, 2 figs, 1 table.

Abstract: To accumulate distribution information for microbes around Japan, we analyzed the microbial
community in the surface sediments of the marine geological survey in the waters surrounding the Tokara
Islands, Japan (GB21-1). DNA was successfully obtained from 42 of 47 samples collected, sequenced
by high-throughput sequencer, and analyzed by R. The results of the analysis showed that many DNA
sequences were identified as belonging to Gammaproteobacteria and Alphaproteobacteria of the phylum
Proteobacteria, followed by Actinobacteria of the phylum Actinobacteriota. Microbial community
structure tends to be grouped according to the depth zone and the type of substrate. It may be possible
to compare geographical differences in microbial communities by increasing the number of sites. This
study is the first comprehensive and quantitative assessment of the microbial community structure in
the Tokara Islands and is expected to be used as basic information for future understanding of deep-sea
communities and environmental impact assessment.

Keywords: Tokara Islands, Deep-sea, Microbial communities, Metabarcoding, Sediments

® B

HARJEE OGRS 35 V) 5 RIGHER O WA 5 G
WOFEWD =8, b F 55 R 0% TINE L 7= ik
WHEHA (GB21-1) 12k W, REHERMOWMEDORE
BT 21T 5 72, BRELL 7= RIS HERE M 47 80K D 5 5 42
alFt 2 & ODNASIIIZK DI L, /N 2L =T b ¥ —
YA =2 KB HEIERSIOWE, R (R Core Team, 2021)
12k BN 24T - 72, AT D KGR, Proteobacterial™] D
Gammaproteobacteriafli] & Alphaproteobacteriafii|, K\ T
Actinobacteriotaf"]D Actinobacteriafif| |2 [F] 7& X 11 5 DNAHAL
A% < iy iz, MAEMTHERGE I ARTER R OEE
DTN =T B MBI 5 5 Z LIRS,
RFEL BB ICHE 2T 5 REMEIRE S 5%H
A A B3 Z & THA TR ORI 20380 & TR
TEBHEMELH 5. AW b FFNBIHEIZI T
H16 THEFREN) 70D 58 S0 V2BV D Tk Wk S i 2 Al
L2 CHEELMETH D, SH%OUEERDO AW %Rk
DOHHER, FREEME 175 L TR s E#RE LT
WHEhB Z MG Ehs.

1. FUBHIC

BRECP ORI ERERHES RIELEET S Z & 13,
AEREER I, (REEWIEN B 5 S EE L
METH B, BERICBWTY, KA s SRR
ENBLERERDPEKD - TH D, ZOBIRIUER BB
BRI FIOEEE A TE L L, B
W T OEAE A O BRI & 2 TEREA IR E 13 RER A3 2
20, FELHMAESLETH B, EEOBAT N
i ORERIZ K D, MR RIEGHEREY) 7 £ O BRGNS
BAFT ADNAZHNI L4 5 Z & T, BREPRIZAERL
T3 AMMEO AT % U RE L, Wb W 5 BRIFDNA
AT 23 H X Ty B (Jackson et al., 2016 5 Pawlowski et
al., 20201% 7). WMEEFOWEMIZBWTE, BREIDNA
fEE T 2 58 U TR IS $5 1 % 2 RRMERTAf 23 5L &5 1 Tk
ATWS (Wu et al., 2013 ; Lindh et al., 20171F5). &4
WBZOFkE, TNV 9F I TR MREBAZ N
4 FL—bEEDWHETINF — - SIMEIROMF IR
BERN— 2 T 4 VP R ORI A S S A
REHEDTNBEH, HAREIEEIC B 5 SO XRE
R OWED O LB RMOBERITIZLE AL KL,
BTl AT 5 L TofEE ko T\W5,

" EEFERATR AT ER AR A X v 4 — WETSHIIZEIEM (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
" Corresponding author: IKEUCHI, E., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: e.ikeuchi@aist.go.jp
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WE MRS 20224 B T73% H5/6 %5

WHEM 7 0P 2 b THERML TS MR EHERYIERE
A TTIE, PIE A BRVEROBLE, ABELOGUOR ORI,
AKEE - Kl - R - HERTPIRLRSE D FEFE U 7= Bl PG 7
&, BUNDNAMTIC s 2 slR AR 5 s, AifFFE T3,
MR B 7 R SRR O —BR & LT, b I 7 5l il il
WA MBI, RIS B 2 RIGHERI OWMAEM O % hk
PEREHROEEZ HIGE L2lE 21T 5 72,

2. F&k

2.1 REKE

R RFMEOLENEMML, 202143 H6H» 5
325 HIZ2 T A 7 SIS RN 5 Tl i s
FAMIEGB21-1 2 FEhE L 72, AKHFEAE TORBIRIIZFE1
EZRCEIFNIRT 61 HEIZBWTA TR Y 7 7HeE
(K-35 7) # T - 72 (BARIE A, 2022). DNAFEHT
FDEHT, TAROEEARIAMEINT X 22471510k
W, OB TORERAT I AF v 2 27—V EHN
Ta2=/%y ZITWERE 10 gFEE 2 BN L 72, EEIIAR =
TOZ 7 7 RBREONIRBISIC D &, 0, JeD3
FEXAIC i 2 L 72, BRELL 72 50RHEARN O -60C
DOHHENTRIE, FHEFZ-15CLUN TfH LU Tk
UIFZEIcH bR - 72,

2. 2 DNAHH

W28 312 CIEVE FUR ODNAS AT 1, DNAeasy Power
Soil Kit (QIAGEN, Valencia, CA, USA)% i\ 7=, flih
DEEHEAETE Y P OFIREFIHK - 2. MAE OB
ik v b {8 DPowerBead &, FastPrep Beads Beater
(FastPrep-24 5G, M. P. Biomedicals, CA, USA) % H »
7o, BB AW, EOSEICX D EEAERIL T,
g VS EEN, 73 VEORERELTY, 2V
NTLTANE—IZKDBERETH 7. 1551 72DNA
1210 uLOTEA# (10 mM Tris-HC1, 1 mM EDTAMD #4&
7% :pH 8.0) IZVAH L 2. Qubit207 )4 1@ X — & —
(Invitrogen, Carlsbad, USA) X U'QubitT v £ 4 (dsDNAF,
ThermoFisher Scientific, Waltham, USA) % fivy, F v b
HEDFNEE IZHE > T AGHDNARE #JE L7z IRE
HEOFR, BohMl% d 212, 0.5 ng/uLODNAJRE
ELTHEL, b4 2PCRHADKTAR L TO0.5 ng/uL
IREEDDNABWEE LT 72,

2. 3 PCR (Polymerase Chain Reaction)

PCRIFAEN HENA AN =Ty by =7 v H =12k B
Hr &£ T F % T3 Takahashi et al. (2014) 12 & - 7=.
1 R O IR 0 168 rRNAEAR 1355 BCF V3 R % K iR
T35, 43 FtMiseqv =7 V¥ —H7 &7 & -4l
EELITIA4A~—Thd, 77— FTIF74~<—
Pro341F (5 -ACACTCTTTCCCTACACGACGCTCTTCCG
ATCTCCTACGGGNBGCASCAG) & Y /N— 2T 5 4 ¥ —

F1& A#EHE (GB21-1) TK-' T 7 & AW TEE R & %
JiE U 7= 38 5 OO REPE AR & KR

Table 1 Latitude/longitude and water depth of the sites where
surface sediment sampling was carried out using K-grabs
in this survey (GB21-1).

Site latitude (°N)  longitude (°E)  Depth (m)

222 28.515995 129.231519 823
223 28.533643 129.294443 572
g24 28.544605 129.354605 473
237 28.504589 128.564466 543
238 28.52545 129.27093 489
239 28.537013 129.89014 657
240 28.554893 129.15624 702
g4l 28.57398 129.212051 705
g42 28.586501 129.272013 735
g43 29.03873 129.335522 861
857 28.5151 128.361302 1005
258 28.526583 128.422701 960
259 28.578635 128.506561 849
260 28.559058 128.547102 841
g61 28.576100 129.07988 759
262 28.592091 129.7376 746
263 28.59953 129.121000 587
g64 29.42796 129.203852 524
865 29.41381 129.254945 638
866 29.76533 129.277371 896
867 29.92860 129.338176 943
282 28.547817 128.28658 942
283 28.564046 128.341743 852
284 28.58798 128.403693 958
285 28.597399 128.465112 942
286 28.595391 128.517776 847
287 29.48281 128.599481 883
288 29.46494 129.51060 699
289 29.79615 129.174972 248
290 29.95475 129.237009 353
g91 29.11639 129.298061 808
292 29.128182 129.361468 924
gl07 29.01751 128.261948 1077
2108 29.0568 128.313265 1169
2109 29.16820 128.375274 1163
gl10 29.67410 128.456022 1071
glll 29.67940 128.507253 915
gll12 29.84644 128.57307 836
gl13 29.10701 129.32352 828
gl14 29.117201 129.94828 323
glls 29.133392 129.156489 614
gl17 29.165603 129.288117 576
gl34 29.72858 128.306054 1151
g136 29.105208 128.428744 1034
g137 29.122520 128.49771 677
g138 29.138414 128.553223 714
g139 29.154348 129.14751 709
2140 29.17461 129.75794 222
gl4l 29.186921 129.138600 475
gl42 29.203808 129.199290 583
2143 29.219974 129.262133 669
g160 29.144154 128.349465 1125
gl62 29.176520 128.472356 1003
gl6d 29.209138 128.595821 682
gl65 29.225597 129.57507 173
2188 29.23617 128.452755 1145
2190 29.244932 129.17208 932
2197 29.361061 129.349611 868
2222 29.432350 129.392688 509
2223 29.446310 129.454393 563
2224 29.463369 129.518721 416
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Fig. 1 Map showing the location of each sampling site. Map showing the location of each sampling site. Modified from

Kishimoto (2000).

Pro805R (5" -GTGACTGGAGTTCAGACGTGTGCTCTTCCG
ATCTGACTACNVGGGTATCTAATCC) % i\ 7= (Takahashi
etal,2014). PCRIHDOEEF & LTI, Mighty Amp® DNA
Polymerase Ver.2 (Takara Bio Inc., Shiga, Japan) v, 1
ngDEFHFIDNAK 025 mMD T I54 v —+ty bEINAR
(Takahashi et al., 2014). 1st PCRD Y —~<ILH 4 7 LD
b LT, &9 F &Y YPCRIEEE 2 Muyzer et al.,
1993). ERMIZI1X98°C, 25 TR AWML X & 72
DB, BN (98C, 108), 7=—1 v (158), fil
EIG (68C, 30) %4 2 0D3 5, RYIOF A4 2
N7 ==Y rBEesCTHIEL, DRIy A2 LT
EIZICTH A 556C E TTY, WNTS5CT254
AN &FEL 72, PCRIGIRIZ K /54 7 2 2 4liET %
HHYT 1st PCREUMI 13RI B 72 0 2K & [l TYTW, 3
MDA A 7 1 — 2 7 VBRI TR, 2K
FORBEIARICE LD THOH -2, 5K Y -
Zik#EAgencourt AMPure XP (Beckman-Coulter, Villepinte,
France) I K D KEHL, %% 2nd PCRD 728 DFHEIDNA

WAL L7z, 2nd PCRTIE, NA ANL—=Fy by =Y
Y — TSNS 2 BRI L B ARG OR 2 &Sl o 4 2 Fd
5] (Index) % AL 72. 2nd PCRDFE5F 1%, 1st PCRD
LEEFMkE L &b, KRETE, 77V avyo
7 47— FIKOY 23— 2O 12 2 2 6ds) % 54
ZR7IYFEEL, 27EAZT 47— FHATLY
YN = Z O J TRAEIZE L S X ICHASDE .
2nd PCREEMNZ, B ¥ — X ik 3Agencourt AMPure XP
(Beckman-Coulter, Villepinte, France) {Z & D fE#IL, %%
T4 T TV EAaMIZE D X ITIRERAEL T, 1KD~
fraF1—TIlF L.

2. 4 NARWV=Ty b= H—Ei

NAZN =Ty by = v H—RIZEARL =T v 7Y
AVET—NLIT7ATTY)EHNT, 437 MiSeq
12k BIERBHI N A FERE L 72, BITHOF v M
Miseq Reagent Kit V3 (600 % 4 7 JL ; Tllumina) % vy, F
VIOFX )T 4 —DREED 28 IZPhix Control V3 ([llumina,
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FJ w7l (AU) 28T, R8Ty PO TOKEOEIEIZT v VK S &R T.

Fig. 2 Dendrogram based on the similarity of microbial community composition between sites. The water depths at the condition of the

grab surface are indicated by different colors. Numbers above each edge indicate multi-scale bootstrap values (BP; green on the

right) and approximately unbiased P-values (AU; red on the left). Gray numbers below each edge indicate the edge number.

San Diego, CA) #FB L =7 v 7)) a v T - L L %ER
ALz ZhEEREEN bpOXRT—FIT YV Fy—7
v 2 & U Tlllumina Miseq Sequence System (Illumina, San
Diego, CA) THEA|%HfS L 7=.

2. 3 T—H4mBIR
4L I FMiSeqic &K » T, HERSEZD I X ) T 4

237 M & izfastq7 7 4 L &= @RHBEICH I U 7=,

7 % U — FESIDfastq7 7 A MIZDWT, YT b7
2% r — U Qiime2 2021.4 (Bolyen et al., 2019) IZFEE X h
7zCutadapt (Martin, 2011) & H\CT 7 5 4 ~ — | Dk %
%47 > 72, DADA2 (Callahan, 2016) %\ T x5 —fid
Hl - AKSYEELY (QfE < 20) - F 4 7 EdF - RS DR
FHrfio7z Bohl7 v 7)) 3 VESIZE YA (amplicon
sequence variant, ASV) 125 LT, 16S rRNAE(R T DAELS
7 — # X — Z Silva 138 SSURef NR99 full-length sequences
(Quast et al., 2013 ; Yilmaz et al., 2014 ; Robeson et al.,
2020) SR L, B~ A 25358 (Bokulich et al., 2018)
EHCTEMLOHE D Y TEIT> 72, QIME2 TH I X
NG EASVEZ LD zcsvT 7 A L EHNT, VY
7 M = 7R (R Core team, 2021) 12K % 7 — 4 LB %

To7z. BMET — 2 IO THELIIREZRZ, FHU
L BHEDOY Y T v 2T 5 — O F CHERM
O IE TR % WA L 72 £ T, {KHUE (0.1%) DASVE
HIFR U 7=, BFEOTHDE 2 iR 2 72812, Wardikic
32728 —@MEFEBL . £z, KEE100 mZ
ClZHhTTY =L, KELEREEFHEKE L
Permutational analysis of variance (PERMANOVA) I & % &
E AT o 72,

3. BREEE

BLA 23 P oE U 7242308 2> 5, 4,479,105 DASV A 13
SNz, BT DORER, 4T o H S TProteobacteriaf™]
D Gammaproteobacteriaffil & Alphaproteobacteriaffil, IX
W\ CActinobacteriotal™ M Actinobacteriafiil 12 [F] € X 1
SDNABLSI 28 % < Bty & 7z, Actinobacteriaf™] } UF
Gammaproteobacteriafil (2 MHETEH K< RSN TWnW 3
INT T )T %G8 RET & % (Blackall et al., 2015 5
Ainsworth et al., 2015 ; Bourne et al., 2016). RIZ & %
728 — T AT o AR, R 7 22— LT
BT 2 L2007 —TRER SN, FEREs 7 2
A—DHBREIBEEIDDI T A4 =17z (2
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X). ¥, HEHLg23L022413ZH0563DOD0 F 2
A—DERIZEBIEVWNEILH >/ £/, 752X
H— 132 FRELETOREAIBETHD, 75
A8 =28 WHEEMETH -2 72, 7725111
TR ARER L, 7 T 2 4 — 213 KR ER EH >
7=, JERERE 2 5 2 & — RN THHY X hf:ﬁ“)b—?t’l 1213

Gammaproteobacteriafii 73, ") — 72 (FIZFE 2K D 2

5 Z & — 2) 1213 Actinobacteriotaf 1 S R % < B & 7=,

PERMANOVAIZ & 2 ME & 1T - 72 45K, AEMRESE K
HERBE CHRBAZR/ BRI &N (p <001) 28, KE
EREOTHAEMBEIIER TIEA» 572 (p>0.1). Dk
DORER KD, FEORFHEEDOMEMRERE, K
HRREICHEEZIT TSRS RIE I W X5
12223 & @224 13t o> FAE Ik & HexCAEMliZ i@ L ¢
B, SHEEOMEER AR TZ & THEMHED
HPER 2038 B IR T X 2R D 5.

AREE200 mPh ORI, HER ECHERM - mE &1
RROEMOERBMTH 25, 77 2O 26
EUBEE RS 2200+ 05T -2 OEMMTE T
W, REFFEIE N A T HIEIERIC B5)THI0 TREZERN
2D E RN EE O YITE RS 4 57l L 72 M CHEH
BRIZTH B, SOOWRERIE, SHOFEBEWRE
OHIER, BURMEH AT > LN A ERE LT
WHENZZEhHEEN S,

SRR AW, E LR TR B AR A ST -
HEFERS LY 4 -1 X 3 [HRHER 70 Y 2 & |
D—BRE LT, 72, ESLAITRBHIGEAE LR AHT
ZeRT - BREGERANTUBE SEFRIIZE 5 R (E-code) DB % 5%
CHEENZEDTH S, FENMBIZH 2>, HE
TH 3 EREMRT I —-TRIZIZEREZTWHH, &
TEE N0, ﬁﬁki@@ﬁ%ﬁﬁWWW%Eﬂj
DOifRZ 6 CICRME, WEE, FITREDF 412
ﬁé&%ﬁ@%#&@&ﬁ&%ﬂiﬁ%ﬁéLftn«
ABMEEIZ 572, 72, BIZFFEBEOFHEIZOWTRE
W7 2 = AN 24 v 7 OWNEERLHE L, 720
i 3R prR st e B oKL safdibic THeEhn 7272
Wiz, ZOuEED TESEILHL B3,

X

Ainsworth, T. D., Krause, L., Bridge, T., Torda, G., Raina, J.
B., Zakrzewski, M., Gates, R. D., Padilla-Gamifio, J. L.,
Spalding, H. L., Smith, C., Woolsey, E. S., Bourne, D. G.,
Bongaerts, P., Hoegh-Guldberg, O. and Leggat, W. (2015)
The coral core microbiome identifies rare bacterial taxa
as ubiquitous endosymbionts. The ISME journal, 9,
2261-2274.

Blackall, L. L., Wilson, B. and van Oppen, M. J. (2015)

Coral—the world's most diverse symbiotic ecosystem.

(HbNIE )

Molecular Ecology, 24, 5330-5347.

Bokulich, N. A., Kaehler, B. D., Rideout, J. R., Dillon, M.,
Bolyen, E., Knight, R., Huttley, G. A. and Caporaso, J. G.
(2018) Optimizing taxonomic classification of marker-
gene amplicon sequences with QIIME 2’s q2-feature-
classifier plugin. Microbiome, 6, 90.

Bolyen, E., Rideout J. R., Dillon, M. R., Bokulich, N. A.,
Abnet, C. C., Al-Ghalith, G. A., Alexander, H., Alm,
E. J., Arumugam, M., Asnicar, F., Bai, Y., Bisanz, J. E.,
Bittinger, K., Brejnrod, A., Brislawn, C. J., Brown, C.
T., Callahan, B. J., Caraballo-Rodriguez, A. M., Chase,
J., Cope, E. K., Silva, R. D., Diener, C., Dorrestein, P.C.,
Douglas, G. M., Durall, D. M., Duvallet, C., Edwardson,
C. F., Ernst, M., Estaki, M., Fouquier, J., Gauglitz, J. M.,
Gibbons, S. M., Gibson, D. L., Gonzalez, A., Gorlick,
K., Guo, J., Hillmann, B., Holmes, S., Holste, H.,
Huttenhower, C., Huttley, G. A., Janssen, S., Jarmusch,
A. K., Jiang, L., Kaehler, B. D., Kang, K. B., Keefe,
C. R, Keim, P, Kelley, S. T., Knights, D., Koester,
I., Kosciolek, T., Kreps, J., Langille, M. G. 1., Lee, J.,
Ley, R., Liu, Y., Loftfield, E., Lozupone, C., Maher, M.,
Marotz, C., Martin, B. D., McDonald, D., Mclver, L. J.,
Melnik, A. V., Metcalf, J. L., Morgan, S. C., Morton, J.
T., Naimey, A. T., Navas-Molina, J. A., Nothias, L. F.,
Orchanian, S. B., Pearson, T., Peoples, S. L., Petras, D.,
Preuss, M. L., Pruesse, E., Rasmussen, L. B., Rivers, A.,
Robeson II, M. S., Rosenthal, P., Segata, N., Shaffer,M.,
Shiffer, A., Sinha, R., Song, S.J., Spear, J. R., Swafford,
A. D., Thompson, L. R., Torres, P. J., Trinh, P., Tripathi,
A., Turnbaugh, P. J., Ul-Hasan, S., van der Hooft, J. J.
J., Vargas, F., Vazquez-Baeza, Y., Vogtmann, E., von
Hippel, M., Walters, W., Wan, Y., Wang,M., Warren, J.,
Weber, K. C., Williamson, C. H. D., Willis, A. D., Xu,
Z. Z., Zaneveld, J. R., Zhang, Y., Zhu, Q., Knight, R.
and Caporaso, J. G. (2019) Reproducible, interactive,
scalable and extensible microbiome data science using
QIIME 2. Nature biotechnology, 37, 852-857.

Bourne, D. G., Morrow, K. M. and Webster, N. S. (2016)
Insights into the coral microbiome: underpinning the
health and resilience of reef ecosystems. Annual Review
of Microbiology, 70, 317-340.

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W.,
Johnson, A. J. A. and Holmes, S. P. (2016) DADA2:
high-resolution sample inference from Illumina amplicon
data. Nature methods, 13, 581-583.

Jackson, M. C., Weyl, O. L. F., Altermatt, F., Durance, I.,
Friberg, N., Dumbrell, A. J., Piggott, J. J., Tiegs, S. D.,
Tockner, K., Krug, C. B., Leadley, P. W. and Woodward,

G. (2016) Recommendations for the next generation of

— 327 —



WE MRS 20224 B T73% H5/6 %5

global freshwater biological monitoring tools. Advances
in ecological research, 55, 615-636.

FEARTETT (2000) #FEA ADHE 72 HARREED £ o & 2 11
7 — & OAERK : Japan250m.grd. H1'E FH A T 22 &
FHE, no. 353 (CD).

Lindh, M. V., Maillot, B. M., Shulse, C. N., Gooday, A. J.,
Amon, D. J., Smith, C. R. and Church, M. J. (2017) From
the surface to the deep-sea: bacterial distributions across
polymetallic nodule fields in the clarion-clipperton zone
of the Pacific Ocean. Frontiers in microbiology, 8, 1696.

Martin, M. (2011) Cutadapt removes adapter sequences from
high-throughput sequencing reads. EMBnet. journal, 17,
10-12.

Muyzer, G., De Waal, E. C. and Uitterlinden, A. (1993)
Profiling of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA. Applied
and environmental microbiology, 59, 695-700.

Pawlowski, J., Apothéloz-Perret-Gentil, L. and Altermatt, F.
(2020) Environmental DNA: What's behind the term?
Clarifying the terminology and recommendations for
its future use in biomonitoring. Molecular Ecology, 29,
4258-4264.

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T.,
Yarza, P., Peplies, J. and Glockner, F.O. (2013) The
SILVA ribosomal RNA gene database project: improved
data processing and web-based tools. Opens external link
in new windowNucl. Nucleic acids research. 41, D590—
D596.

R Core Team (2021) R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/
(BI%H 202149 H 25 H).

Robeson, M. S., O'Rourke, D. R., Kaehler, B. D., Ziemski,
M., Dillon, M. R., Foster, J. T. and Bokulich, N. A.
(2020) RESCRIPt: Reproducible sequence taxonomy
reference database management for the masses. bioRxiv.
2020.10.05.326504. doi: 10.1101/2020.10.05.326504

SRV - BRI - il B - SR - Lo G-
TEHISA - TRAH A (2022) 55 KX O Z S
JEIAHR O IR E 53 A & 72 ORISR, B FR A2
W, 73, 275-299.

Takahashi, Y., Nagata, N. and Kawata, M. (2014) Antagonistic

selection factors induce a continuous population

14

divergence in a polymorphism. Heredity, 112, 391-398.

Wu, Y. H,, Liao, L., Wang, C. S., Ma, W. L., Meng, F. X., Wu,
M. and Xu, X. W. (2013) A comparison of microbial
communities in deep-sea polymetallic nodules and the
surrounding sediments in the Pacific Ocean. Deep Sea
Research Part I: Oceanographic Research Papers, 79,
40-49.

Yilmaz, P., Parfrey, L. W., Yarza, P., Gerken, J., Pruesse, E.,
Quast, C., Schweer, T., Peplies, J., Ludwig, W. and
Glockner, F. O. (2014) The SILVA and “all-species living
tree project (LTP)” taxonomic frameworks. Nucleic acids
research, 42, D643-D648.

(%2 f:2021412H22H ;5 =2 B :20224F9H6H )

— 328 —



WE AT, 55 73 %, % 5/6 %5, p. 329-335, 2022

Bi#R - Report

FOZFx vy TRDBRKICH T HZHEEARREE (FH)

FHF KB -EE I3V -8K REC-RA AE- AR OB E4k BE’

NAKANO Taiga, IWATANI Hokuto, SUZUKI Yoshiaki, ITAKI Takuya, KUBO Nozomi and SASAKI
Satoshi (2022) Preliminary report of recent ostracode assemblages from the adjacent sea of Tokara Gap.
Bulletin of the Geological Survey of Japan, vol. 73(5/6), p. 329-335, 3 figs, 2 tables.

Abstract: We studied the spatial distribution of the recent ostracode in the adjacent sea of Takarajima
Island, Japan. This is the first study to report the recent ostracode assemblages in the study area. We
examined the ostracode faunal composition in 5 surface sediments collected by GB21-1 cruise (AIST). As
a result, at least 60 ostracode taxa were identified. Most of the assemblages were subtropical and tropical
water species that have been reported from the East China Sea. Three ostracode bioassociations and two
biofacies were discriminated based on R-mode and Q-mode cluster analyses. Ostracode bioassociations
and biofacies were correlated with the water depth and the mud content. Thus, it is likely that recent
ostracode assemblages in the adjacent sea of Takarajima Island were affected by surface sediment

variations accompanied by water depth changes.

Keywords: Nansei Islands, Tokara Gap, biogeographic boundary, ostracode

® F

KW H IR A AR OWEHRNHE I N TN 5
NEE, BOSMICE YT 3EEREYHOZE N E, B4R
FFHREEFLEL TR T B EICE A TX v v TA
W A BAEHERTEMELAHO2IITHZ L%
By E 5. WBHTITIZGB2I-1 MBS & > THRELE I 7z
FEHEMY SR A W, b S HBICET B EEHN
WS B B BE RO/ G & g L7z, iR
L, figeiss & BR300 TR 6h, 0@l L
ZRIEL. ENLZEBRO% IE, WAV~ 3G
WICAEB T35 TH >72. R-modeZ T X & —43fr D
TR, 3DOOHEHRMEIFICATHE N, Q-mode” 7 X & —
ST T2 OO HERENEE SN, ZTho OFERER
HERMIIAER ERB L HBEARGRERL 22 &2 5,
EEEIEO B RBHE I AREIEOCEN T 2 EEDRE
AR5 LHEllcns.

1. FUBHIC

BV, 7Y T RBELE HAFEZIIRIZDESE
BETH 5. ZOPRIBIZZ VIS Ery T, o~
Fy oy FEMRINZ200@KME LOBERDSH D (551

K), ZhoD“F v v 7%, KEHE1000 mz# 2 5 BB
KX DRFEDT 5N D (KA, 1996). P HTF v v T,
FIeX vy T, TR, BEEREMEHh
3B OEYMXBIR E —HT 52 BHoNT
3 (Komaki, 2021). & I/PNFBELEREOBIA®E
THLEINB M ATX v v 7 LICEI NS EEE, B
HRAEY DAL & B R O REFR % [X 5§ 2 BB R
PR OER e UOA Biksh Tt 2 A, 2
M, 1931; AFt, 1996). L A LKomaki 2021)IZ% 3 &,
O TIESCHRGATE DAE R,  VEHERR O Hil T | R 2 AR 3
RYENT, X5z, XAty (HH RAH
WARKE, edE, BMH, WD) O iE A SIS R
PR RANT & AT - 7285, PR o Fa AL T REREBI AR
MR a2 i e Xhb, $abb, Wl EDH
HIXOBERTIE WIS ER S hTh 3.

PEWERE, —ARICEEREMNSEIG X h B AR B X 5
RThb. LrLERS, EEES, FI5Fvy 7L
MBS IC K D Bl S 2 DL L, W EY O
PIAAIC 8 A 5 2 TSR s d 5. RIS,
MR TR vy ST, EEEESHO R BRI —B0T
BEEXNTEHD RFHIEH,, 2005), FHMEEE S U -
TUIE - ARINACEEE RIS 200 TR E ST ety

U IEREEREBRRBIEEZER (Graduate School of Sciences and Technology for Innovation, Yamaguchi University, Yamaguchi, 753-8512, Japan)
? BEEFAR AT B FEARA £ v 4 — WEISEIFSTEM  (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
P BIRAFRFEFHR AP T 7R AP T TSRl - MBS 2 — 2 (Interdisciplinary Graduate School of Science and Engineering, Shimane University, Matsue,

690-8504, Japan)
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MHAEES 2 LCHEEANEICHS. LrLAENS, M
VOB 230 B EM O MBS A & 7 OIBHERE D RE
HZOWT, ZhETHAICERIATELLEEE AL
V. 2R, MO ZRIN iR D Ut XIS
T3EEZONG. HlAE, WwEEWO R TS BEER
EWEEEZL X, A B EORRB AR 5 2 D
ZEFHEL WV, KEE1000 mE A BWBESTH - TE,
HEABETI D & 2 WEEEI T d UL, BHIZZ Ok %
DBZTLE Y. £/, EMICEEEOEIRRE &
3 HJHA & QR REHESIO L <13, Wik EDORE
LK DRG IR E L, FOEERMEIKRT S Z &
T 5 (B, 2009). L7225 C, WMot b
FEERT 5700003, N - WK AE R A R 2
WRRE I DR B A W T 2 BT H 5.

Z ZORWIZER, bR A ] A F 7 RO S Y
ok dh s HER (RFE, 2007) 27 LEHE LT
v, b9 vy TRAOUEFEYI & 2 OB 546
IZOWTHET L7z, BIEHRE IR E0S5—1 mmbl T
DARKEDBR = HT 2 sHBETH D, FET 55
BUIZIE U T2 OFERERC S8, D= D2t
Hohb720, BEOBEOEREE - AW e LT
HEh s BlZE, ®HE, 2007 ; Irizuki et al., 2009 ;
TR FIEAH, 2010 5 Iwatani et al., 2016 ; HH, 2016 ; Fi,
2017). LA2ALAERSE, FHIFry FRNEBEIZE T
LZBAEHEROMBIIINETITDATE ST, 2O
PR DOREHINEIH & i X hTunvieo,

BIX MEESEMXE VT -
TvX vy TAER. HXIE
Ocean Data View!Z & D E K
(Schlitzer, 2021).

Fig. 1 Entire map of Nansei Islands and
location of Tokara and Kerama
gaps. Map was created using Ocean
Data View (Schlitzer, 2021).

AL, AT F vy TR 5010 CBA R
BRoOEHZHRETELOTH 5. ARk 254
HIPHOREEZIH S 245 2 &iX, BlEROWEIRE
YIS AG & 2 DIEERE A S 212355 2 THEE R
EEER e 5 5.

2. AMEFHE

AT, EEHTRAIRIERERS Y v 4 —
12 & D FEHE X N A2GB2L-1MUHEIZ T, A T IS R P
IZRLE Y 2 5 5 R C PR & 7 R HERE Y % SO
E LT, RO T 72 3KE & U TR EHERE
MW EHE R O, KILPEOEE R &R X 7z (8
K, 2022). KTFR2Z 5 7THRER & W TRIE h
7-HERE 2 b EIBELZ S F 2 FIZ K D EEH 1 emEHLD
A, WFEREEE U7z GB21-1 Wi THRELE Iz 61
RED S B, 49 k& B fradkt & UTHmL 7-.
ARNFZETIERE IR 36 0 % KBS O B R O R
R 5 72012, R, 5 AKHE200 miFISEE L 7=
SaARE [GORHRIUb AT : 90 GORHRIUKER 1353 m), 64 (524
m), 42(735m), 190 (932m), 108 (1169 m)] % B R4y
HrcHW= (GB13%).

RE S L - BEROBEMEE 5 22T 5
DI ERE (H), ¥atE (Eq), BEMVEE &5 ML
7o, BRI, VWS OENTITIIHE T Y 7 DPAST
(Paleontological Statistics; Hammer et al., 2001) % Fi\» 7z,
ZRREIERNE, RO K S IZEFK X 115 Shannon-Wienerdd
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F12 SURHRHUE GO REN & ETRROHREER. WDIIRORMRIU R DK (m) 273§

Table 1 Sample information and results of %mud analysis. W.D. :water depth (m).

site no. latitude (° N) longitude °C E) W.D.(m) sampler bulk dry weight (g) sand dry weight (g) %mud
42 28.98 129.45 735 K-grab 90.44 83.08 8.13
64 29.07 129.34 524 K-grab 52.42 42.87 18.22
90 29.16 129.40 353 K-grab 80.21 80.41 ca.0
108 29.00 128.52 1169 K-grab 50.40 2.52 95.00
190 29.41 129.03 932 K-grab 59.92 4.59 92.34

Hok BBROBELY 2 (77 24 =30
384 7).

Table 2 List of ostracodes from the adjacent sea of Tokara
gap (The table displays 38 taxa used for cluster

BAEHWE  H= =3 pilnpi, ZZ Cpildikkhi®HD%
FHORAETH 5. HFEIE, SBHI S TERER E OFE
BHFIEENTOE»2RTHETH . K% TH
W 72 Vo185 5 Eld Shannon-Wienerdi§ $(H & 43 FARE £uS % FH

TE= e H/STRENS, WEHIBRAI SRS 512 amllyses).
DN OEIZEL 2D, RKEIZ1TH S, FEAE site no. 2 64 90 108 190
i, BOEENANEETH > 7288 % &1 - imER Ez;iﬁh% WD (m) 735 524 353 1169 . 932 g
B g 72 0 DAL UTHRIIL 72, Argilloecia 2 4 2
WA A RN L 72 i &, 2 OIS 5 Higd Aurile 7 16 10
DR & OFEHBIE IS DV 5 5 2 L — 71 o ' R
SFT 720, Q-mode”Z T A K —S3HTIC &k B REEMMT Bythocypris 4 24 5
B o7 & IZFEOSHCRE L 7z Pl 4 2k g S, .
BIZHERIT 2 70— T2 L, EhEhOos L —T D Cardobairdia 2 7 6
FHRUZ I B AR & B 5 20123 5 72 ® IZR-mode eamte ! ’ 5 :
25 AR =& T o7 WThD o 52X =05 d & Cytherois 4 3 1
M, &2 7%k 5 HPRofEkEs%4Ke LTH gzz’]‘zf’”" 6 8 ! 2 22
Wiz, ZORIZQ-mode X UR-modeZ 7 A & —4p#fric & Eucytherura 3 1 2 2
D, WEZEOEPE, L 0MPUE A+ Hed 5 Fik Hemicytherura 5 2 L
i E s O RRAIR % 3P0 12 S0 5 B — A 1= FiL e A,
ENBFETH S AL, Iwatanief al., 2011). Kotoracythere 3 1 6
SYHTIC AR AT Y 7 b DOPASTZE IV, 1Rt K A S o e oW
5 3R DL L EEHY 9 5 38 D JHEE 2 X RICHET # 17 - Loxocorniculum 4 1 3
72 (82K). 27 A4 —AHOBEEICIIEHEE K Zi‘;’j;;:a o 6; !
(Horn, 1966) & V>, S & 7= JHRUEE % FE MR A5 A% Omatoleberis 2 3 4
(UPGMA : Unweighted Pair-Group Method with arithmetic :: :Z/t’; ’:, s 1? 12 13
Average) IZ& 0, FPIEDENES 2 SIER Y T 2 4 — Paradoxostoma 2 1 1
ARER L7 Parakithe 3
- oL
2.1 &R=:E Pontocypris 5 3
AR O EGREEF S 72012, UTOFIETRHED ZZZZZ;;’Z: . s j .
W AT 572, 9, WEREORE 25 1-4 o2 Saida 3 2
DOHERY) 2 EAREHE I AHLL 72 GO O~ 74 ;ij;{;fzre ° 1; z
BIKE RS 7280, EYERL E XA S5 & %k Xestoleberis 50 63 60 6
F, SABOHLE S S FVBE DA EFREL 2. AFELL 72K 2:;:;15 2; zi ;Z 12 12
BHE, ZOMMEREFHELZOBICHE0CIZFRE L total number of valves 264 415 348 33 145
PR RN TR AT M X o, TR R A AR L7 total ostracodes (/1g) 233 574 14860 024 085
s o . %fragments 2500 771 2126 4848 2.07
Rl M7= EE L ZREEDOEN S, I 72308 Shannon H 282 259 289 2435 240
DEKREEEB L7~ Evenness_e"H/S 0.46 0.32 0.42 0.94 0.48
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K, ARtk OMME R 2 5t K, 63 pmDEi
oAk, R A4 XK DMK A E s A B, 2
DYZIEE R [Sand_dry (@)%t L7z, JEIZR/ 5 hzEK
i 5 AR RO KPERT O VEIEE R [Bulk_dry (g)]% 5iH)
U, R 7=a0R Atk O KUt T O vz R & ik 1~ & 0

W 75 W5 D B R T L A PR C GEE [26MC & B L 7.

Tabb, AMRIZE S EFREOFHKRIRAUZE 5T
MEND -

%MC=[Bulk_dry (g) —Sand_dry ())/[Bulk_dry (g)] x 100.

2.2 BB

AT, FRFEIHICHO 2RO 5 5 Kift63
pmd O KR Z& il oy 2 HE R i EORHZ v 7220 BB
BT HEORHC X, HIERBOE 2, B s ED
KMOEWEHS % < GEN Tz F 72 6%E» N

LEENBHREZ T — ¥ HYIHBRE O BUE itk (LI,

2007) RMMAP VR RS Z <D 5N, Thb &<
eIz, EHIER AR L, RE125 umPl B2 D500
umBA T O % 3 Hric v 72, sl & ho-aokRhiE,
Syl O THEEM D L, 8-50Df5FRICHE L 72
RHRFZARSATSE T C 2001 & % H &I BB R o fhh %
To72. &k, ZZTOMEKIIER -
FNFNIUMEEE U, W2 2fkE UTEHEL - #%
DWHENRF L L, FREBARATRETH > 725513 “HhH” &
LT, RETHETS - =k & 3PNz -

PEM L 2 BB HUE, FETE IS E T 2 KEOR ST
W GURHREUh A - 108, KB : 1169 m) 2 6 60
ﬁlﬂ%%%hfﬁﬁ%&&@%w%ﬁ%féht@i
RSN, IFFTRTHEERTH 72, Lizho
T, KWK T i, RIEREORHICHE D XEEZ 1T - 72,
i & e BT HUISM R A S BE L, FEL L[
ERRHETDH - 72720, AMETIIEL NLORTEICH
7.

3. BREEE
3.1 &RFE

S L 724 SR O &R, #90-95 %DIRIAME %
B2 ZENWAL2ITh-72(GE1K). FEMSRAE GR
RHEEUH AT © 42, 64, 90) TIX, &TBEIX20 %L N DMK
WEAR L, SRS TI290 %Ll Lo B WMl AR
L7z &I & sORHREGh A 0K L, EVIEDHB
(r=0.89) /"L, KEPHES BB IZEERENELS &5
aREED B B

3.2 B=H

KWFFE T L 2250 E A 5, §H1205ff kD
HigHug &t U7z, BOAAHT S - 7 RR s
A, D LB e0BEOEIERMAIHER I N FEH
LEEROLL 3, ®Y FET—RNICHREINT

ﬂf )5: Eé}ﬁfa

W BB A S BUFIRICAE R T A AT H - 2 (Bl 2
!¥, Ruan and Hao, 1988 ; Tabuki and Nohara, 1988 ; Hou
aMGw 2007 ;5 Iwatani et al., 2013). —J5C, MMM

2 VR C & - T ¥ afm ko 73 38 IR, 2007) 1,
i< RN LN o7 B LHEL DL, Neonesidea
THO, AR 17.7 %% D7z R TXestoleberis,
Loxoconcha’d % pE L, ZNENDEEHMHEI1Z149 %, 6.1
%Tdh 7.

3.2.1. HERE
AHOREREHE2RITRT. SHREIE, 2.40-2.89 Dl
ZELD, FEHEIZ2.62Th - 72, BHEEIE, 0.32-0.94
DIEVEERL, ZOTF¥MEIZ052Th -7z, EHHE
DONF-¥MIE31.55 (lEl/g) TH VD, % DfiFii%0.24-148.60 (f
/g) LMRIAVEIF 25D, ZREIE, GURHREUR S o7k
LRV EZ R L (r=-0.77), KESBIN$ 512406
VY, BRERIRAD TR ZEBHS Ik 5 BEI
AKEEFOEDOHB AR L (r=0.83), KESBINT 3
IZREV, I RN B Z eSS MITE 5. —
FEHAEHIE I, KRS OBIZR®D S hish - 7.

3.2.2. BHFHL£YMHE
Q-mode? 7 2 & — M DASIR, FMUER 0.7 & BiFHC
2 DO HEHM (A, B)IZX & (20X). HFdH
AlZ, AREPM RTINS TR S W =&
TEEOM N3G (42, 64, 90) K DMK N 3 (E3X).
HZRAEBIE, AEXTRIZ PR A & BRI E M7= B D
VO 2E0kRE (108, 190) K DA & 5 (B31X). R-mode
7T AL = ORR, FHPUER0.7 % 51123 D OFEfE
(a, b, ) IZXFF &7z (B2 [X). fEffald, Paradoxostoma,
Xestoleberiss & DFRERPTIKBEDOERMMIZAEE T E S
557 5ARE (51 212, Yasuhara et al., 2005 ; Sato and Kamiya,
2006) R, Aurila, Loxoconcha, Neonesidea’s £ O %i#is
oot &R BIBH (Bl 21X, Zhou, 1995 5 #6554 -
M, 2007) & &L24 54 7 IS k> TRBT B 5.
TERfbIX, ArgilloeciaXSaida’d&E N5 54 7 ¥ K DR
I Nh b, Ffffcld, CytheropteronX°Bradleya, Krithels £
DEMEIHNZ A O 0 EFDBIZ R (Kl 213, Whatley,
1983 ; Zhao and Whatley, 1997 5 #i#, 2006) 12 & - THt
HoTFehs94 093 K0%%. D0, FEr oY
MG SRR, HIBEHRMHAR» S ZEEL, FilMES
FUIZ K - TRBO T 5 2 FEREch, HERMHEBIZZ <
@fi N5 (EE3X). Lad->T, FAfdso I
ISKEEAL DB E I TSR RIE S 7.
*7?’(, FREbIE, KL BERHT &0 5 A EH % 7R
otz FEEFbDRERTE T H B Argilloeciald, K&
T A W D HERT 2 5 s & 41 (Cronin,
1983), KMIEEBEDOEEEE 2 5 T 5 (Alvarez
Zarikian et al., 2009 ; Angue Minto’o et al., 2015 ; Iwatani et
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%2X Q-mode¥ & U'R-modeZ 5 2 & — Hfifs R,

Fig. 2 Dendrograms showing the result of Q-mode and R-mode cluster analysis.
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Fig. 3

D HH R B o5 A, WD EUREER
U sl D KR (m) &R 9. S5 R
1Z0cean Data View!Z & 0 1E K
(Schlitzer, 2021).

Diagram showing ostracode biofacies
and relative abundances (%) of
ostracodes in each bioassociation in
the study area. W.D. :water depth (m).
Bathymetric map was created using
Ocean Data View (Schlitzer, 2021).
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al., 2018). L7235 TC, FfFbid, KRELITHIOREHE
FRITHB N T B aBEER & 5.

HIERMHO 5%, EWEICHRLKITFT 5 Z &AL
BT3B (b - 5, 1993). AWFFED 3tiitiiic ¥
W, HEREMIOETER L REITE O IEOMB AR T 729,
KEORINZ N JEEHER S A -2 sk b, il
PEDVEIEFEA B N EE 5 K SISk - 2B &
3. DFD, FEESO ERME, KECEOELT
BIRBIZE > THEIEh T BBt Lr» 5. 72771,
AWFZe 0 BIEHRATIZHG =0 b 5 7 5T O
% K300 ~ 700 mB) & b 7 5 P65 O (K
%900 ~ 1100 m3) IZ TR L zid kT h v, FHE
EREMRIN G L Z2b Tk, Le->7T, 4
Wit Rr» 61585 h 7= HBHRBHED 5 mas, KEZ T Th
<, Bz EAL R 2 & ORI, iR, Sl
e & L O A MERR A EICEDER SR Tn D
ATREME & I T E o, WEEEHERIE, X & F AR
G L2 T80, P H7F 9y TDES X
WY L OREED, HEROSMmICHEL 5 2 5 nhE
HEEFcELbN5. 5%, BEECRZENL T2k
BEBEMC B 2 B &t 5 L i, nlay
MRRGT #E D, FElEBICHIOh THWE“Fy v 77 H
WHMHOBRME A S 2T AN ETH B,

BAEDO NI X v o7, ¥IvF v v FI3AKE1000
mEE A SRS TH BH, FHHAL (2 T 46T X
BICIRBUEL D & KELED 5728 B (KK, 1996).
ZD7-HFEHEEIE, KMHOWIL Iz & > THEX
PeL HARL 2BE, B LEMORE 28 5L LT
FERE L T2 TREME 23 B & T B ORK, 1996). D
T0, MEHEEOF v v 77X, WEEKREZEU 2L
PRI AN DI N Z fakE & U CIAEL T zb i Tl .
S, MEEOBAHEROEHIRE Ehb I &I
K0, “Fy T LI BREREC X O R E
DESIIHELSZITCE-O» 4T3 L CEELTF
B LB ZEnHFahs.

BEE L EEDR AR OH EEZR, X UR
HELUITIE, AFROEE 2TH\ 2. LREAIFHE DO ERE,
A NIRRT B OERRICIE, SOBHREUC W TEH K%
5 ZRNEEN. &7z, EHOAERGEL» L 3ARL D
fafi 2 T 72, AR, IR 2 T 77
TR K OIERZERES N A T 4 MRS & % 5k
w27 LLEO®EE, B X UBIREBIC O & D L
LEFET.
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b hSFIERDEE (GB21-1 i) THRIE hi-BEREHEMOILFEER

AREH M"Y -KH FKE'-AE FF-RA -
Bl E'-88Kk m=EH'-ER

KUBOTA Ran, OHTA Atsuyuki, TACHIBANA Yoshiko, ITAKI Takuya, KATAYAMA Hajime, SUZUKI
Yoshiaki and MANAKA Mitsuo (2022) Chemical composition of marine surface sediments around
Tokara Islands (GB21-1 Cruise), Japan. Bulletin of the Geological Survey of Japan, vol. 73(5/6), p. 337—
347, 4 figs and 5 tables.

Abstract: The concentrations of 24 elements in the 56 marine surface sediment samples collected
from around Tokara Islands, were determined, and the characteristics of the chemical composition and
concentration distribution were investigated. The sediments in this sea area are rich in T-Fe,O; (converted
total iron concentration to Fe,0;), MgO and MnO, and the CaO concentration is relatively low, suggesting
that the contribution of terrigenous clastic materials is greater than that of bioclasts. The analysis results
of the relationship between the ALLO; content and the CaO, K,O, and T-Fe,O; contents revealed that the
contribution of terrigenous clastic materials is large in the shallow-water areas around Suwanosejima
Island and Takarajima Island. The considerable enrichment of Mn, Ni, Cu, Zn, and Pb in silt-clay samples
in the off western Takarajima Island, can be assumed to be due mainly to adsorption to particle surface by
the early diagenesis.

Keywords: simultaneous multi-element analysis, clastic material, bioclast, mafic rock, early diagenesis,

accumulation of heavy metal element

2 F

N T HNE R 6 BREX L 7= I 2 FE HEARE P S6
AREHZDOWT, FRA TR LK UMBEILK 24 LR EE
HLUZRERERL, (LR ORISR AR I D0n T
MET #1772, RPEEWEHEOWIRHERTNIE, #MEICHE
U 7 P A 5 R D YR IS HE R I LR, T-Fe,0, (&
PR A Fe,0 12 L 728 D), MgO, MnO¥EE #3 <
CaODIRIE AVMEFI A A S, AEPEER T & 0 FER
P ER FOHFENRKREVWEEZEZL LN, ALOIEE &
Ca0, K,0, T-Fe,0,iREDOBRA 6, FHHEIZ S B
X OEBEIOER O CIRER - OFGRAkE N
ENG Do Tz REEEHERO v b R EERRHZ D
WCMn, Ni, Cu, Zn, PbDIRENFED &N, WIHAKK
TEFNC & D iR B R T TR RmICRE Lz 0L H
AZbhe.

1. UBIC

FH O, [N AR E R L X | DR B
T 5 HRERFE Ak L Tl D, PR 204FE & b A
SRR O MR R GBI OIS 2170, 208
RERAFLZGFRIEA, 2009, KHIEA, 2010, 2011,

2013, 2016, 2017, 2019, AfRH, 2019). GB21-1#iif
T, b 7 HEREIMEEO 61 i (5 1X) TA TR
77 TR (K-7 7 THe) 12 & 0 iR EHE Y
DRI X N (BARIZ A, 2022), 2D 5 B 56HE DK
IZDWT 3RO A& 1T - 72, ABEEHE T,
GB21-1 i TEREL & N7 M PEHERE R o, FR LR
(Na,0, MgO, Al,0;, P,0;, K,0, CaO, TiO,, MnO,
Total (T-) Fe,O5(& &k & % Fe,0; I E L 72 3 D)) & 11 <
DO OMEILE (Li, Be, Sc, V, Cr, Co, Ni, Cu, Zn,
Rb, Sr, Y, Mo, Ba, Pb) % /# L 7z #55R & LR
iz oW THE T 5.

2. AMRERUMITGE

K-2" 5 7HReds TR S hzidkto 5 5, ZEE0-3
emZEE I L 72, BEE QMRS DO W TE, 1T
B2 PR O 1B 2 MR O HERIY & AL L 7=, GOk & SB0R
THEE L 721%, AIRD O 5 P THI80 X v ¥ 2 (39
180 um) DU ISR UTortadit & U2z B U 72508
0.2 gZfiffE3 ml, MWERE2 ml, 7 v LKKEES mORE
VT, 120 CC2l¢MIMEA L THfiRTR, 512145 C
TN R %247 5 72, 2 D%k, 200 CLIT THEFW
[l U 7= $%, 7TMIEEES ml%& DA CHIMREAE#E L, No.ScdD

' AR AT B AR A £ v & — BRI SEE™ (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
" Corresponding author: KUBOTA, R., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: ran-kubota @aist.go.jp
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Fig. 1
based on Kishimoto (2000).

JEARTHRE Ry 2 P U, @K THRL TRUBHA K
(100 ml) & U7z, A8 OBIE Tk, EHIER (NayO,
MgO, AlLO;, P05, K,0, CaO, TiO,, MnO, Total (T-)

Fe,0,) & Sr, Ba % ICP-AES (Thermo Fisher Science iCap-
6300) T, ZDIE2»DMWEILHK (Li, Be, Sc, V, Cr, Co,
Ni, Cu, Zn, Rb, Y, Mo, Pb)IXICPEE/ &l (Agilent
7900) & FHWTHIE L7, iR E 1R K UH2E
IZE e, SHTHEDREEIT > Tk, i
ROMBE RS 2T ANa,0ld B E & L TORL TN 5.

3. BREEE

FHSFBEDLEBRICE T B2REHRBEYOTERIE
EDHE

FIRICFRSICE, F2RICMEILRO SR
FLHTWD. GB2-1HETIE, hZiEEk L2
WS, EE X ONEERIWEE,» S RIS h
—EOREHE, RERPHREEEIC»2b 6, Kk

3.1

WEHZ RN A (2000) 12565 <.

Sampling locations of marine surface sediments around Tokara Islands (GB21-1 Cruise). Submarine topographic map is

FRERM  EARYEBER 250, TRIRE I

Ca0 (2.72745.32 wt%) 25 <, IRV TT-Fe,0; (0.456-29.1
wt%), ALO; (0.741-15.8 wt %), MgO (1.10—7.89 wt%)
DNEWVIREHP AR L 2. MEITTRTIE, Sr(148-2,834
mg/kg), V (12-895 mg/kg), Ba (19-604 mg/kg), Z

(13-332 mg/kg) A E <, MOMEICIIZ 100 mg/ng\—F
Th DI ENL\0. MHEREHERYIE— AR I R IR
DRBIEFIMDBER S TH B 0%, ZHEZD
fHASHER SNz 72771, 30 wt% Bl EDCaOl s %
AL 72D 5BD A (20 wt% LA EDCaOEfE 2 /R L 7=
DIEFR2ABOA) TH D, BEOMMEEL L & OAHEK

B EAWSER O AR R (SEEIE 2, 2009, KHIZ 2,
2010, 2011, 2013, 2016, 2017, AfRHEIE», 2019) &

R U 72358 ORISR O R & LT, T-Fe,0;, MgO,
MnOYRE 2 E <, MHXIZCaOBMENZ ENETF 5 5.

3 RICIZHAMR A 411X 43 U 7=k i) o0 0 2
JE SVl A R U 7z, WX o 13 5O 5 222 - 43, 260
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Table 1 Major element composition of marine surface sediments around Tokara Islands (GB21-1 Cruise).

Location water depth  NapO MgO Aly03 P305 K,0 CaO TiO, MnO T-Fe,04
no. m wt% wt% wt% wt% wt% wt% wt% wt% wt%
g22 823 2.99 4.36 13.1 0.147 0.793 12.1 1.01 0.203 9.54
g23 572 3.13 3.23 13.6 0.163 0.960 15.0 1.04 0.175 8.65
g24 473 2.04 4.26 6.96 0.141 0.253 32.9 0.452 0.111 4.70
g37 543 3.11 5.40 15.8 0.097 0.741 10.2 0.643 0.180 9.21
g38 489 2.78 7.02 14.4 0.211 0.563 10.1 1.10 0.287 13.2
g39 657 3.40 3.91 14.2 0.150 0.580 16.7 0.631 0.172 7.11
g40 702 2.84 4.66 11.6 0.491 0.502 8.37 3.98 0.400 24.8
g41 705 3.17 2.56 12.1 0.139 0.766 19.4 0.570 0.155 5.49
g42 735 3.01 4.43 13.4 0.335 0.433 9.01 2.81 0.350 21.8
g43 861 3.39 4.71 15.5 0.274 0.413 8.23 1.41 0.291 12.5
g58 960 3.65 2.31 12.3 0.181 2.28 15.0 0.442 0.859 4.80
g59 849 3.16 2.37 12.7 0.160 1.80 16.1 0.538 0.779 5.30
g60 841 3.27 2.55 13.0 0.145 1.49 15.1 0.551 0.462 5.73
g61 759 6.31 1.61 11.2 0.184 1.64 4.0 0.523 0.710 7.16
g62 746 3.38 2.33 13.2 0.146 0.858 17.5 0.602 0.154 5.77
g63 587 1.82 6.99 7.62 0.644 0.231 14.9 3.55 0.587 25.2
g64 524 3.19 4.49 14.0 0.224 0.447 12.4 1.55 0.273 13.0
g65 638 4.05 3.76 14.7 0.244 0.825 7.69 1.56 0.260 12.5
g66 896 3.75 1.96 10.4 0.144 1.72 18.8 0.432 0.227 4.10
g67 943 3.19 1.87 9.95 0.117 1.29 21.3 0.447 0.153 4.52
282 942 3.58 2.13 11.2 0.157 2.11 16.9 0.440 0.797 4.36
283 852 2.31 3.07 13.9 0.150 2.98 4.69 0.777 0.237 7.51
284 958 3.73 2.33 12.0 0.169 2.29 13.7 0.503 0.684 4.72
285 942 3.78 2.38 12.3 0.174 2.24 13.7 0.524 1.32 4.74
286 847 2.92 2.11 11.3 0.145 1.59 18.9 0.480 0.425 4.62
287 883 3.17 2.26 11.9 0.166 2.15 15.4 0.484 1.18 4.63
288 699 3.74 2.92 14.9 0.251 0.708 11.5 1.07 0.223 8.68
g90 353 2.05 3.65 4.68 0.119 0.434 42.4 0.231 0.167 1.83
g91 808 3.17 2.96 12.2 0.144 0.970 17.7 0.813 0.171 7.08
g92 924 3.42 2.12 10.8 0.124 1.23 20.6 0.496 0.174 4.61
g107 1077 3.92 2.28 12.5 0.161 2.44 13.5 0.515 0.660 4.70
g108 1169 3.95 2.34 12.8 0.161 2.53 11.7 0.515 0.846 4.81
g109 1163 4.27 2.48 12.9 0.167 2.56 9.38 0.522 2.30 4.88
gl110 1071 3.72 2.12 11.5 0.150 1.90 18.9 0.457 0.486 4.48
glll 915 3.38 1.82 11.0 0.147 1.61 20.3 0.462 0.361 4.31
gll2 836 3.51 1.72 10.6 0.140 1.34 20.7 0.543 0.256 4.53
gl13 828 3.41 1.34 9.02 0.121 1.25 22.5 0.363 0.254 3.16
gllb 614 3.22 2.22 4,93 0.138 0.850 34.3 0.213 0.549 2.13
gll7 576 2.23 6.10 10.7 0.402 0.222 8.03 3.95 0.451 29.1
gl34 1151 4.17 2.58 13.0 0.174 2.63 8.70 0.571 2.23 4,93
g136 1034 4.77 1.10 11.6 0.200 2.53 2.72 0.255 0.277 4.01
g137 677 2.76 2.36 8.95 0.179 0.590 26.7 0.708 0.165 5.73
g138 714 3.60 1.42 9.71 0.131 1.13 19.5 0.447 0.155 3.67
g139 709 3.80 1.62 10.1 0.130 1.05 18.5 0.586 0.126 4.30
gl4dl 475 1.79 6.57 7.47 0.142 0.382 21.1 1.59 0.279 12.5
gl42 583 2.02 1.71 3.87 0.074 0.456 37.8 0.200 0.109 1.76
g143 669 2.44 5.26 9.92 0.169 0.591 14.6 1.46 0.283 12.2
g160 1125 4.02 2.44 12.7 0.164 2.51 9.42 0.527 1.21 4.79
gl62 1003 4.22 2.50 12.8 0.179 2.53 11.4 0.511 2.13 4.95
g165 173 1.43 3.54 0.741 0.107 0.164 45.3 0.051 0.028 0.456
g188 1145 3.90 2.40 12.8 0.165 2.48 11.2 0.537 0.845 4.90
g190 932 3.73 2.25 11.3 0.172 2.17 14.0 0.470 0.960 4.33
gl97 868 3.11 4.20 15.0 0.094 1.13 9.53 0.593 0.144 7.20
g222 509 2.79 5.27 13.9 0.086 0.816 13.5 0.517 0.151 7.53
g223 563 2.62 5.28 13.4 0.092 0.857 10.7 0.862 0.187 11.1
g224 416 2.22 7.89 11.3 0.095 0.545 10.3 1.01 0.289 15.4
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Table 2 Trace element composition of marine surface sediments around Tokara Islands (GB21-1 Cruise).

Location water depth Li Be Sc N Cr Co Ni Cu Zn Rb Sr Y Mo Ba Pb
no. m mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
g22 823 15 0.8 34 181 22 23 11 14 105 26 520 23 0.5 122 8.5
g23 572 20 1.0 26 202 21 20 12 18 103 30 486 26 0.7 125 16
g24 473 6.9 0.4 15 95 16 13 12 7.7 54 6.6 1305 13 0.3 39 11
g37 543 12 0.8 35 216 23 30 15 40 79 23 246 23 0.6 105 8.3
g38 489 11 0.8 48 274 26 37 15 23 131 17 256 28 0.5 86 7.7
g39 657 11 0.8 26 125 12 17 7.2 14 78 17 599 21 0.5 93 8.5
g40 702 9.0 0.7 47 553 16 40 6.8 11 269 14 237 32 0.9 85 7.2
g4l 705 13 0.9 20 82 10 12 8.1 10 75 24 948 21 0.6 134 15
g42 735 9.1 0.8 35 586 19 37 7.2 11 227 11 331 23 0.6 78 8.6
g43 861 9.4 0.9 33 247 10 24 5.1 8.2 144 10 252 22 0.4 78 6.5
g58 960 53 2.2 12 112 68 17 70 41 110 110 586 19 6.0 512 49
g59 849 37 1.7 17 138 53 20 52 44 95 88 544 23 3.4 387 31
g60 841 29 1.5 18 138 37 18 33 41 78 62 487 22 1.8 299 23
g61 759 29 1.5 14 55 9.2 8.4 30 21 94 51 167 38 4.4 211 23
g62 746 15 1.0 20 121 14 14 11 22 69 30 528 22 0.7 138 13
g63 587 6.6 0.4 63 393 14 50 13 11 297 5.8 870 35 1.0 40 19
g64 524 11 0.7 33 312 14 24 7.8 11 163 12 455 20 0.6 79 11
g65 638 12 0.9 30 306 11 23 5.2 12 161 23 262 25 0.8 122 8.9
g66 896 31 1.3 12 96 45 12 35 39 85 71 646 19 2.1 409 28
g67 943 21 1.0 13 103 29 13 21 25 67 49 608 19 1.4 285 21
g82 942 48 2.0 12 107 66 17 69 38 104 109 595 19 7.4 471 45
g83 852 69 3.0 16 149 104 21 73 23 120 152 172 20 2.0 424 37
g84 958 52 2.2 12 110 70 17 68 38 106 112 537 19 5.1 482 46
g85 942 52 2.2 12 109 65 16 68 37 106 105 549 19 9.5 505 44
g86 847 33 1.6 14 110 44 15 41 33 81 72 596 20 1.6 333 27
g87 883 50 2.1 11 98 62 16 63 35 97 99 601 17 6.8 497 42
g88 699 12 0.9 26 127 8.9 16 7.1 11 117 23 357 24 0.5 126 11
£90 353 12 0.3 5.3 49 14 5.0 24 13 96 12 2179 11 1.3 336 70
g91 808 16 0.8 20 175 40 17 18 18 91 34 564 19 0.8 249 17
g92 924 19 0.9 15 109 26 14 23 29 72 44 590 20 1.3 254 22
gl07 1077 51 2.0 12 102 69 15 64 39 114 113 511 18 4.7 503 41
g108 1169 53 2.0 12 100 65 14 63 38 113 108 468 18 6.7 515 41
g109 1163 57 2.2 12 113 73 16 74 44 126 118 432 19 14 566 44
gl10 1071 40 1.7 11 90 50 13 50 33 92 81 587 17 3.2 408 35
glll 915 32 1.4 11 87 39 12 41 28 82 67 605 20 2.1 338 29
gll2 836 25 1.2 14 84 29 11 30 23 78 54 585 22 1.6 269 23
gl13 828 22 1.0 10 56 22 9.2 29 20 62 48 692 21 1.8 242 19
gll5 614 21 0.8 5.4 49 28 8.1 32 20 51 34 1686 10 2.8 252 25
gll7 576 7.3 0.6 48 895 40 52 14 12 332 5.0 262 25 0.9 49 16
gl34 1151 58 2.7 13 120 79 17 66 42 132 126 410 19 9.4 604 49
g136 1034 33 1.9 5.6 33 18 6.9 28 12 64 89 148 19 3.7 336 21
gl137 677 12 0.8 17 96 18 13 14 9.4 78 20 833 16 0.6 105 15
g138 714 19 1.2 12 58 18 8.6 18 14 66 43 691 23 1.3 196 21
g139 709 17 1.1 14 72 14 9.2 12 11 70 37 653 23 0.9 184 18
gl4l 475 11 0.5 38 379 49 33 19 8.0 142 12 900 22 0.8 65 14
gl42 583 9.1 0.4 4.5 36 9.3 5.4 19 7.0 33 14 1494 13 0.7 64 16
g143 669 14 0.8 29 317 43 31 24 11 132 18 439 18 0.7 109 21
g160 1125 57 2.6 13 111 74 17 69 48 127 120 407 18 10 518 49
gl62 1003 68 2.5 13 114 75 17 77 42 131 119 482 19 22 550 54
gl165 173 3.1 0.1 0.8 12 21 1.1 12 2.4 13 2.7 2834 3.9 7.9 19 5.5
g188 1145 60 2.5 12 107 69 15 63 36 116 112 443 19 7.9 511 46
g190 932 51 2.1 11 94 65 16 52 35 103 100 559 17 3.8 478 49
gl197 868 16 0.8 27 198 43 23 21 47 74 32 366 20 1.8 164 13
g222 509 13 0.6 31 207 44 27 25 49 78 24 507 18 1.1 149 12
g223 563 12 0.6 30 198 43 26 23 48 75 23 359 18 1.0 132 12
g224 416 13 0.7 32 369 39 32 21 32 106 24 441 17 1.2 79 12
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3.2 bMHTIERAE
Eil0): FET

BSEIZ, K K ORICRIRE O RIE bR O HE R
KaF LD, KRELILRIREORIZIZIHIE & EOMHER
BAfRIZFED 6572 DI, K,0, Be, Rb, Ba%THh 3. —7,
REMERTIZE L EENBHAL0;RTIO E E L DILR
IZBWT, KEETTRBEEOMICIIEE A L EE LM
BIfRIZRBD S hish -7 F2XIE, ALO;, K,0, CaO,
MnO¥RE & KEDOBREZR L7288 DTH B, CaO, MgO,
St IR T I ONER 212D L, CaO% FIK
oy & B AEYNERR T (R ERIESIY) 2 ERIEERIZ % < F7AE
THZLERETS. LrLAMS, RBIESMOIFK
LR OMHBIERE RTA S &, CaO-SriREMIZH
W IEDOAHBIBIR A & % A%, CaO-MgOIRE M, MgO-
SrRE I OMBIRRIZAD S, 72, AFHA
RPHICaOTRE HME L (30 wi%ll EdiRHI Atk 14]),
KOS DRI S KEDEK & & & 128§ % i % 7§
Z s, MERTRAMEEN T LN DOFGAREE

N4 2ZEnEZLNS.

WIZ, ALOIRE & EEAMITRORE OBFKREFEIX
IR L7z, ALOS IR IZXS 5 CaOURE & DN 1T HAR ¢
BHOMBBEGR2ERD 5N (F3Xa), CaOFFE LT H4EY
R T GRIRIESEY) & ALO, & E & T 2 WE MR T (7
A BRIEH) O WM A IRABERSRD 5 b, ALO IR
L K0 IE DO RBIR (55 3 KIb) TILAER A 25 1E o0 HH B BE £
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Table 3 Average elemental concentration and water depth by sea area.

CERES

Na;0  MgO  AlLO; P,05  K.0 Ca0  Ti0;  MnO T-Fe,04
wt%

water
depth

(n)

Sea area

wt% wt%

wt%

wt% wt% wt% wt%

wt%

9.64
7.10
4.92
10.31

0.31
0.31
0.92
0.19
0.50

1.13

0.90
0.

15.70
23.31

0.87
0.87
2.20
0.84

0.21
0.16
0.17

0.

12.14

3.65
3.07
2.28

5.66
3.24

3.23

702.65

23
11
18
4

56

Southern zone

Around Takarajima Island Northern zone

8.03
12.14
13.41

2.83

646.27

52
75
86

13.49
10.99

3.68

993.33

Western zone

0.

09

Around Suwanosejima

2.69

589.00

Island
All the samples

7.67

16.15 0.

1.30

0.18

11.42

3.26

776.89

Pb
mg/kg

Mo Ba
mg/kg mg/kg

Y
mg/kg

Sr
mg/kg

30.18 586.66
33.34 981.39
101.19 494.71

Rb
mg/kg
26.07

Sc \Y% Cr Co N: Cu Zn
mg/kg mg/kg mg/kg mg/kg meg/ke meg/kg

mg/kg

Be
mg/kg

Li
mg/kg

(n)

Sea area

17.71
20.77

38.97

173.44

1.27
2.11

22.73

119.63

19.29
14.87

34.75

17.00
23.76

21.02
16.77
15.53

26.71

21.70

30.79
60.98

201.85

26.03
16.87
12.64

0.93

16.54
18.07

48.07

23
11
18
4

56

Southern zone

Around Takarajima Island Northern zone

175.25

17.93
18.90
17.97
20.22

98.36
105.37

186.56

0.89
2.07
0.70

6.65 448.13

1.26

58.17

106.11

Western zone

Around Suwanosejima

12.11

130.98

83.30 417.98
108.28

44.06

22.48
31.95

29.73 242,98 42.13

20.19

13.63
26.77

Island
All the samples

24.75

3.16 259.06

53.33 622.59

25.16
X Southern zone: g22-g43, g60-g67, g87-g92, Northern zone: gl12-gl117, g138-g143, g165, g190, Western zone:g 58-g59, g82-g86, g107-gl11, g134-g137, gl160, g162, g188,

18.83

37.57

171.01

27

1.

Around Suwanosejima Island: g197, g222-g224
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Table 4 Median elemental concentrations by particle size.

Gravel coa\lfsegy and Medium \I:ér;ser ?i?lg ssaargifycslla{;,
Elements coarse sand ~ Send sand silty clay
n=4 n=9 n=9 n=14 n=20
Na,O wt % 4.41 3.01 2.79 3.38 3.73
MgO wt % 2.58 5.40 4.26 2.22 2.33
Al,O4 wt % 11.4 14.0 12.1 10.3 12.4
P,0s5 wt % 0.192 0.224 0.119 0.145 0.163
K,0 wt % 1.23 0.447 0.766 1.01 2.26
CaO wt % 5.86 10.2 13.5 19.2 13.9
TiO, wt % 0.389 1.41 0.570 0.594 0.513
MnO wt % 0.269 0.289 0.155 0.199 0.821
T-Fe,04 wt % 5.59 13.2 7.20 5.13 4.76
Li mg/kg 20.4 10.8 12.5 18.3 51.7
Be meg/kg 1.18 0.762 0.640 1.02 2.11
Sc mg/kg 9.54 34.7 26.9 15.7 12.3
v mg/kg 44,2 312 181 99.7 110
Cr mg/kg 14.3 19.2 15.9 25.1 65.6
Co mg/kg 7.68 31.7 22.5 13.2 16.1
Ni mg/kg 20.3 13.2 19.1 18.7 63.5
Cu mg/kg 12.0 11.9 13.3 17.7 38.3
Zn meg/kg 79.1 144 74.8 80.2 106
Rb mg/kg 36.9 11.5 23.2 35.3 109
Sr mg/kg 215 331 520 596 540
Y meg/kg 21.9 23.0 17.8 21.5 18.9
Mo mg/kg 4.02 0.612 0.883 0.856 5.56
Ba mg/kg 167 78.7 132 190 489
Pb meg/kg 14.8 8.62 12.0 18.6 42.8
DGR TIEOHBBR A HETE 5. F3Xa, b, d LS BUAREMEY B B.

126\ TiE, ALO;—CaO, ALO;—K,0, ALO;—T-Fe,0, M
BIEE B OO 2 fEfms 5 A fEIc T ey b &h
Bk (B T - 72) S —AFEL, ZDIZE A E 1T
WL Tz (g22, 223, ¢37, 38, 239, g40, g42, g43
g63, gb64, g65, g88, g91, gl17, gl4l, gl43, gl197,
@222, 223, g224). Zh 5 DR BHIT-Fe,0i8 FE »17
wt%l L #Rd & & $12MgO, ALO,, TiO,, Sc, V, Co,
Ink EDTEHR# L&A, K0, Rb, BallZ LWEH#A
bb. F, Ihs3hzE-WEiZBSRLE LUES-
INFEBREA» DB TR E N =B Th D, T
A Th 5. H2BIEHHER T ORE RIS DR E
KILThH D, LW BRI 200 Use kit o f
ARG ER—-Z LT A3FEPEOEVEALTHS. *
7o, EER/NEBIRH OGRS REER) 25
WREh32EBREHEZRE L, ThEaRNEATES P
W F O E GRERET) b K Owditokiky v o
filtls L O EHERI 2B > T 5 (FFEIEA, 2008). 7
D=8, ZNEDE% 75 E NSRBI YE

ALO;—MnORE [ TIIMHBIBIRIZFED 5 s (583
Kc). —H4 T, Ni-MnO¥ZE M, Pb—MnOWEE M TidiE
WIEOHBEREERT (BS5K) 2,5, Ma ok
BUSTEONIRPh A E IR D SAA Z T REE R b 5. —
B ALO IR FE 25 10— 14 wt% D & T0.75 wt%ld LD &
MnO#EE % RT3 5880 5 h, Zh 6 I1dE S I
B2 i 5. EEEHEEeSs Db » & mvE
FHCH 10 k@ 72 0802, S EBORIE B O Jk s 23 iR
ENFFEIREROEA D B Z L5, KFEMBIIZHO
THEKTEHHEIFEOMBILY 23 LT 3 iTREME 2V
ZoN5. BOKIFHOMEIZOWT, TO,BEIZHT 3
T-Fe,0: RS DR AW TEERE1TS. F4XaTIER
WHHBEBIER AV 50, # R KILSEE R ORI D
HE5AET. TO®, ZOMHBESRY? S Ak X ETh
b B850, BOKEENC &k 28k~ v 7 v BLHER O W HE
MREZOh, EEIZE 4Kz T L 22Ok
ThEMBEIC Ty &Rz LirL, Zhsoikkc
EOMnOBEE IZAD SNk h - 72, X 512, T-Fe,0; &K
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Table 5 Correlation coefficient matrix for studied sediments (n

Al O3 P,0g

MgO

Depth (m)  Nay,O

b T H S RS CERALE I 7 IR R HER DL (A PREIE )

HOBIR (52Xle) 2 RTH, A 850 mLAE TEBEUZE

2 MR MOk I3 A AR LTWS. ZhAED
) ZenD, KA CREKIEENC X 3 BRI &
5% Ei6N5.
. B 5 728 TMnOE IS R DR A Mt S 2 &, 20
$33 E L AL D B ERILE N O bR O HERY
gz MIcdsZLhnhd, 20T Lh oG AE R

IIRBIZ K OMnOD HIREL L 2 REM A ZE A 5N D
(CKHIEA, 2013, 2016). L b —KiHERBHI BT S
BRAMEH OB AZFNS 7280, MnOIRE L EEEILR
3 RIEBOMBEBERIZOWTRE 2175, £ 3FMnOIRE
T ECulE OBItRE A B L (H4Xb), YL K HER
25328923 BHI R EIREMNO - FiRECuTH 5 — 4T,
‘ 2 fHEARA MR 3508 6 vy, Ni, PbZs & & AR OKER
SEEEEEE Y ERT (H4le, d). 7z, AKH00 m IZEOMIKHER
o B (2110, gl11) & 2L b —KsFE AR & L L 2= {1 A
3188358553 BB, MnOWKIE bk CCUE 4 VAR A (EAE S B 725,
S ZNG RS HEEEY (9197, 222, 223, g224) B Xk
2355835885 U b/ BEBAHE (g37) THRIRE Wik T b, B
BOWEEBRIZITITNBEEELONS. RITMnO—Zn
SEEEESEILRE BIEHOBIRE RS & (B4, D0 b LY kAR
TE 3., — D3R - SRR OMnOIKIREIRIZ B
B IEDOMHBIER, &5 —2id i bR ERROZn
IR, (70— 135 mg/kg) 12 3613 B 0 Zc IE DB
THb. ZhoDBERMEL? S, ZnBBELIZFRIERD
Ceiessase WS 555, BEILERROTIFIE 7Ol £
3833853897533 KELSZITOBZ ENELDOND.
DEoERE2Z L0 5. FIHHEIERAICE Ty H
TTeTeeTE Y ERALI SR X W BB, Ni, Cu, Zn, PbEOELIE
NeE3Z8283288358¢85% LR~ VAV BAEYNC S S IRE T 22 5
TecTTesssTesress %% (Chester, 1999), AFEAMES,CIE 7 OMEANILHEE T3
88888388883885%¢8 sV, $hbS, VLR EEERHZ B SMn, N
I Cu, Zn, PoOWEHEIR, HIHIHERAEHTIZ & - C B
223, G S N2 26 OICRA, HERUE RS TR 1Rl
. SN LTItk b ELOND.

4. £&EO

b A FHEDORZEB & OGS RS, 5
B X OUNE SRR A & FRELU 72 # K2 R HE R 56
BREHZ DWW TSI LR DL A 21T, ERATLED
K U EICHE 24 TR DAL O R A Rk 12>
WTRRET 21T 5 7z, RAEBTIZ, PERE OMREAR S
&R & e U T, T-Fe,05, MgO, MnOWRE &<,
A YREER T IR T 5 CaOD IR MM WVETI A A 5 h
7. PAEWE 4IRS LT B &, FREMIRE
Bk KOG RS R R T R R T ok & F
Z 5N BALO;, TiO, T-Fe,0:HDLRBEENEL, F
BV TIEK,0, MnO, BaZDICRIRE ME» - 7=,
ALOJRE 1259 5 Ca0, K,0, T-Fe,0,1RIE DBR T

45
Bold face type means that correlation coeffecient is larger than 0.6 smaller than -0.6.
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