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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)
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GK20 Mt Tid, 202143 HIZ90E L 7= 22 GB21 it
WZHEtT LT, 20204F 11 A2 6 12 A9MIC 55 5
WA Gy o =7 ) v RS AW, AT
HI| 5 R MR O N T Tk - kil v Y Mg - BRERER
IZTESREEY TR LT a7 74 7 —FEELTH, K
HHEOWER TERIBICB 4 2 B EHA RS L7z, KT
12, SBPYERICK OIS M 7= b F 5 5N
OWETEBOMEMEEZ LD 5. Wl b 5 7T,
FSHRE L7z b 7 7 FRIEHE R O REE & BRSO 78 &
AL 7=, kb7 vy METIRBERLERNE E 05
TRNTEBEE AT D - 7203, AR TIRRE L
7= HERE R O A 2 HEE K YR SR IS $ % 651 D
T 2B T (IRR) DFEE &AL 7. B
HilTid, KEFEROILBER Ty Py —T RS
NBEHAEMRE L 2. EEMRIEE TS U 7 He Rk
EIEWEIC & 5 TGS 3 7= [tk o g 0 F85& 2300 5

P57z
1. 3UBHIC

b A F B SR RS IR O SN & 4535 KIS 0O [ Sl
BWGEIIZREL, dbr o OZ2B, BIEER, /NileE,
mZE, FE, Ei2lEE, Bah, NES, ®E, K
OBMEHEMT 2 (B 1R). AHUE T2 5 I
20, R T & B IR R (DU, Wi b 5
730, KLE R FICsfEd 5 kb7 a v Mg, BAR-
T Eh S EFERE FET 5 5017 2 HEkiK, RO
A SR N O #HR © b 5 RilahE IR Kk & < X5
XN B (Bl Z1ZF, Ishibashi er al, 2015). T V45 EIE% T
74V VBT L—- A= T7TL—bDOTIC
50 mm (Seno et al., 1993) D X TIHAIAL [TEAIA
AEITHD, UMD 6 EBBIZTH T TDEER1,200 km,
RARKER 7,500 mPl Eick k& 74V VlETL —
FDRBABINEST, =57 7L — b RT3k
e TR T 6 A FERIAZ R ST b, HRERR

" 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

— 235 —



R A

20224 EBT3E W5/6F

ING

e

e

129°E

& ‘:
g ‘@

@?wshi ma 15
e LN

oS &ji

o
I

=T

anls:

3'ls,

o)1) 7

@&fn\‘>’
koatejimalslc) A WA

131°E 132° E 133°E

BN FESABHERHIE X, KX TR U 22 7 — 2103, BREA B ARSI 2

IR >~ & —FTDITOPO30 A i L 7=.
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
EL, BN S HERIlo k7 a v b &R L
TWsEFEZLATHS (Tal - A%, 2007) (GE2[XA).

Bathymetric map of the northern Okinawa Trough. This bathymetric map used JTOPO30 grid data.

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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L Z2WEXOMBE RS, 72, FERE LT gy FOMELS RS (21, Minami et al,, 2021). B. B4 IETE
EREEOHAR, C. KEFERICESOIAR. ARE CHM L 22EEbE T — 21&, GR0MiE THE L= DI
GH11 figi S O'GB21-1 il CHUS L 7287 — 2 A L7250m2 ) » FF— 2 L7z (E FIEA, 2022).

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
23— <)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 8}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 % OCHIZ I & D O ka1, A2 R ORE

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
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WNW §

Facies 4

MRS £ D EME BRI 1 & L < 132 g 5 (58
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
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Fig. 7 SBP profile of Line 2. The location of the SBP
profile is shown in Figure 2A.
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