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Magmatism and tectonism in the Ryukyu Arc and Okinawa Trough
revealed by the Japan Coast Guard’s AUV high-resolution mapping *

Hiroki MINAMI*

Abstract

The Ryukyu subduction zone in the Western Pacific, extending from Japan to Taiwan, forms a typical
trench (Ryukyu Trench)-arc (Ryukyu Arc)-back-arc basin (Okinawa Trough) system. Numerous
geophysical, geological and geochemical surveys have revealed the occurrence of active magmatism and
tectonism and this has contributed to the understanding of the evolutionary processes. High-resolution
mapping using autonomous underwater vehicles (AUVs) are not able to survey wide areas compared to
surface vessels, but are necessary for identifying fine volcanic and tectonic features on the deep seafloor
(>500 m depth) in the Ryukyu Arc and Okinawa Trough. Following the pioneering AUV works by the
Japan Agency for Marine-Earth Science (JAMSTEC) and the University of Tokyo in the 2000s, Japan Coast
Guard (JCG) started implementing high-resolution bathymetric mapping using the AUV Gondou in 2013.
Here I review the magmatic and tectonic characteristics in the Okinawa Trough and Ryukyu Arc revealed
by the JCG’'s AUV surveys between 2013 and 2019.
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Magmatism and tectonism in the Ryukyu Arc and Okinawa Trough

revealed by the Japan Coast Guard’s AUV high-resolution mapping
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(Seno et al., 1993) DOHE T ARALIH T L —
MNERTH S (Fig. 1). WM 6HBBICELER
#1200 km O 7% ) O % L 7z WAL 7 i —
EBl—EIEER 2L TB Y, TN
HHE—LERI—IHE - 5 7 EIFFEh T b, &Il
2D ICT B MM b h T e OB B
Fyy FIE o TIHR - i - Wb
(Kizaki, 1986).
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Fig.1. Tectonic map of Ryukyu Subduction zone.
Relative plate motions between the Philippine
Sea Plate and Eurasian Plate are shown by
arrows (Seno et al., 1993). The thin dashed
lines indicate the slab depths (Nakamura and
Kaneshiro, 2000). The triangles mark the active
subaerial volcanoes (Japan Meteorological
Agency, 2013). The thick dashed line shows the
volcanic front. Stars show the locations of
published hydrothermal activity.

. HERILARARGOT 7 b=y 7~y 7. KENZ
AV T L b5 TS L — M
DOAFEBEEZ 77T (Seno et al., 1993). il
M7 40TV — b SRR ERT
(HA - 3Bk, 2000). =fENEEE F GBI 2
KilZERT (KR)T, 2013). KAE#IZXKL7 O
Y MNERT. BEHNIAER I N T S BOKIGE)
ZRY.

L— b LM 90-100 km OSREM LI N A 5
FlEZ &L KILEEL, Kil7a >y b2
LTw2a (hf - Je3%, 2000). HEcizXILE
BHELEBEREBED2Oo0R LY, HEETIE
KNSR SNT, biEH SHEHBICAT < IZ LKL
70y MIAWBEE o TWD. HERH S Bk
BRI COWIKICIIZHOMBIE T ) H3d
D, KLk MEOLFAE, 54 K—VEIO MRS
BB IN TS Z ERHMMEE b 58
ADRRL Yy VENTWDLZ END, IHEERIEEX
G EARIE S, K7 1 > MEHER F TR
FCHfETAEEZONTWAD (WM, 1986 ;
JII, 1990 : Oshida et al., 1992 : ¥4 - i, 1995 ;
Sato et al., 2014). dbEBA S EBFRERINIZ 22 1) C
ERBIEB O ERICE T 2 AP EH S LT
5. B Lo KILE D% (&~ 142155 ik DLRE
WZIGEE) L7255 KINTH B (A - i, 2006 ;
THE - A, 2007). KO KBAEE)IZ OV T
Ml - b (2010) 2SR L w DI X 2NN SA
TR OGH &2I7, ThEchiveEzoNT
W72 O KILAR D TR AE A A 11 58 5 ik LR
WZHR D M REME A SRR L TV 5.

WA T 7 OREESER L LT, IhETH
BOBERDOY 774 v 72T AT 7K SN
2EEZONTEY, V7514 v 738D T
¢ » % (Kimura, 1985 ; Sibuet et al., 1995 ;
Park et al., 1998 ; Fournier et al., 2001). o Hifgx
DO HITEITERE LTt (10~6
Ma) ORIZEAKEED D 25 FEREET 5 &L 9 12
BEL, HEKEL S PATRETAETNT 7
RV E 25 Twa (Miki, 1995). Z+®
%, %52 HEIERE L CRIMER M (2 Ma L
Be) LI 2 S e it (0.1 Ma BARE) 12
MWTF TV T T4 VTR S72EEZLENTNS
(Sibuet et al., 1995, 1998). V) 7 7 4 ¥ 7 DA
EAWIZIZHIEAE D H B Z bR TWAS. i
M7 7oKREZITTELS (~200m), MEb
TRFEL > TWE I E (~2300m), HBHOE
ST TR (BERHEEREE 25 km BL L), FEB
TIIHEL o TWAH I E (BERMEBEEL3-18
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km) 205, HHEIZEY 774 Y I ABHETLTW
5 EEz 5N TWw5h (Nishizawa et al., 2019).
W77 OBIEDOILRKEEIIHEEBITERE L o
T W 5% (Nakamura, 2004 : Nishimura et al.,
2004). V7T A4 YT OMREHZEY T 7
WTIEWE2IER ENTE Y, ZoEMIZILEHT
JEHR—FETH, B TR —TG & 22> T % (Sibuet
etal, 1995). FT7 7WNIZIZINEOWEEIC X
DI 10-20 km, & & 50—100 km o Hui#ais (V)
78 BRESINTBY, MEATIRICESI L T2
(Kimura et al., 1991).

WHE N T 7 ORKIGE) & LCld, HiEsT AT
1 Ma & D HFWERZRTKIEDR FL v VEEIC
ORI E N TBY (Kimura et al.,, 1986 ;
Ishikawa et al., 1991), &\ B3 | 2B & 1L
(Yasui et al., 1970 ; Yamano et al., 1989), Z/K{G
) (Kimura et al.,, 1988 : H - s, 1989 ;
Halbach et al., 1989 : #A4< - i1 2001 ; f1 3K - 1,
2014 ; Makabe et al., 2016 ; Makabe et al., 2017 ;
Miyazaki et al., 2017) dZEMER SN TVWE T &
Mo, HBAEWKBEIGB OFEITREENS.
b7 7 NTHRIE L7z KIE OMBUE R G ~%
g ~RCa SRR <, BN 2 8 2 7R
9 (Kimura et al., 1986 ; Ishikawa et al., 1991 ;
Shinjo and Kato, 2000). ##8 b 7 7 13 KREM B
DOFIMBRTH Y, 2 OWFHERILKRICE 51 O
B CIEEIN 2T E OB L LT, 0BG
)y R0k i S ) [ OF 2 D B i) 242 i) P9 2 o % PR 9
% Z &, RO IR O O3 % B
RPFET S ETEEE RS G 19905 FHE -
A3 2007).

4 REKIROGHENZ 7ICHT 5 AEES
41 wEEB

FAEBICIE A 4 GIBERR e, MR R, R
e, ZREEESESH D, #£iEETORKIGEEO
56 W % vk \ 2 EER 2 AR AT T & 72 (Fig. 2)
(Fukuba et al., 2015 ; Yamanaka et al., 2015 ;
Okino et al., 2015 ; % 4, 2001 : #& A - A,
2001). —77, Z oMo iZB W TEHED T

27°N

26°N

Fig. 2. Shaded-relief bathymetry of the central and
southern Ryukyu Arc and Okinawa Trough. The
faults are from the Research Group for Active
Faults in Japan (1991).

2. RGBS VAR b T 7 O HIEIX. W

JE G W EmFZES (1991) 5.

125740°E 125°45'E

125°50°E 125°55'E

dapth (m)
<700

1100

Fig. 3. Shaded-relief bathymetry of the Daisan-Miyako
Knoll. The grid cell size is 30 m.
3. B3 EOWIKHIEZK. 30m 7)) v K.

EAETTONTES T, KBUGEOBFEAIHEA T
W WL 2015 4FE K OF 2016 45 I B ERIEER N
DO 3E R (Fig. 3) % AUV T4 L 724
B, IMTETICA VT I RO, hIvkOR, &
ai L Vo 72K Z# 2 72 (Fig. 4) (Minami
and Ohara, 2018). &7 lEH I KT R St
5 &9 15 km® OFEPHIZIED > THY, ES
20 m, A 46mIZET L. WS T 712
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125747 5'E 125°48.5E 125°49E

Fig.4. (a) AUV shaded-relief bathymetry of the
Daisan-Miyako Knoll. AUV bathymetry (1-m
grid) overlies the ship-based bathymetry (30-m
grid). (b) Perspective view of the map (a) with
a vertical exaggeration of 2x.
4. (a) % 3 N RETET O AUV KM, 1 m
7Yy ROAUVHITERZ 30m 7Y v KOjl=
AR HENC EE R, (b) (a) O &L
SRIE I % 2 f5 2R

BWTC, WEOHEAROFM L2 mICHEZ 72
WOTOPIE o7z Tz, BB 5 KL
KIEREIZDOWT, MEEIEO KO REOAFFER KD R
DOFEBECEIRESH M- 10mOEAD L) BT
Oy 7 BEESAALTVDEI NS, BETEHE
W95 X9 e (effusive) ZREKDMRZL S
3, BIEN (explosive) 7 MK 237K 800 ~ 900
mOEFHIZBVTREI 5 TW2Z WL 2
ol HIEEHMREIHEKAKLTHS Z LI,
MR K1 7 1 v b OfiE IS HIF 2 5 2
5. ALEBA & IR ERILClE % < OB LKL E O
XY, Kii7a >y bOMEPHETH S0
W2 LC, EEERBRERAC I B B KILE D v, i

JETTKRIL7a Y MI#ERTLEEZ LTV
OO (FEH, 1986 ; I, 1990 ; ¥ 4 - i,
1995), TN F THROD o T DK XKINIIEF
A%, ZOHHRIAWTHY, 7ar o
PLEICOVWTH AW TH - 7. 5 3 E i RIX
BERR KO EOMIEOWIB S5 5, HERY A3
WIIZIERIZA v B S, HBIE WAER
D7 L EBHEMUR) ISR L 2R AKINTSH 5.
Z ORI KINHIEA R S N w2 &b,
W T OXIL7 Ty M 3wl R E @S
LEZLNS.

85 3 e o> AUV FRASAE R 1L, MR Im kol
DRKBAGE) OALFIEREIZ OV T R Z 5 2
5. [l Ca 0 KILE Y O BRI £ 7217H
NTWRVL DD, FEIOMIEIMIRIZ % > T
WL ENL, MEORVERED~Y 7 < A
L7722 &2HE SN b (Bullock et al., 2018 :
Fink and Anderson, 2017). #2124 3 & & i It
TIRIMEDOE R CITEMET F L v V532 [\ 7215
fibhTBY, 7494 MVEBALEA GEZ
(LFHBIIAY]) SRS /-2 & LI TS
% (KB - M, 1988 : Shinjo etal., 1998). # 3 =
w5 3 ACKE, % REgR, 7
KiELAKIT7 0 2 MRWIZAET 575 Zhb
DRIMRIZ BN TITIR GV TRN S T b (E

2, 2000 & 4 - M, 2015 Yamanaka et al.,
2015). F 72, 1924 FFIVEEEILILR THEAK L 72

AL (BAE X FE 2 S Twin) 1k
WACEE (SI0, ~73%) DA %2 K ITHM L

cZETHLNTWYS (g, 1991). K&
ED XS ICHRED 55 KA S —# {55 %
b D® (Fukuba et al.,, 2015), FERFERINTIZ A
7o > M- THREEOKAGE 2% 15
T5. BEESITISOER A= AL E LTI
ERIIHE N 7 7 OWFFED b RIE~ 7 < DL
ERIC X o THEKRENIZE W A H 5 (Shinjo
and Kato, 2000). 7z, & - /NEFEEKOWIZED
SRR EDOE A X ) iAo s R %
CLETHELBLEEZHNTW S (Tamura and
Tatsumi, 2002 ; Tamura et al., 2009). F&. « /N5
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SR TH ), JRERIE RPN EILC
HHEVIEVWEIHLLOD, Sk, 83 E N
TR B BT A 5 AR X b, Bl
DHEES 7Y DOEHE A =X LIZOWTEERN
LHENRG 73N 2T 4.

4.2 hig

2014 A1 R ER IO K I 7 & &~ MiFwiC
P& 3 %55 3 AKiME R (Fig. 2) 128V T AUV il
gL o83 AKERIE, FEEHMR
G TR A 2011 — 2012 4512 G20 U 7= i3 2GR
FIZED, ANVTIE2REOWEKILTHL LR
BV T T PIZBIRIGEI DO ILEA D 5 2 L HFEH &
, RS EIRAAFAET B W REEARIZ S T
Wi (EZEBAN R AT, 2012 &4 - A,
2015). MITIEREETH - 725 3AKIELOVE
A M HL O KA 1400 m #ri (Fig. 5) 128w
T AUV A 2 920 L 724528, 1500 m < 300 m &
WK P72 6 F = — (S3ERE) e

0 ) 20 40 kim

| O — —
2400 2000 600 1200 BOO 400
depth (m)

Fig. 5. Shaded-relief bathymetry west off Kume Island.
The grid cell size is 60 m. The thin white dashed
lines are lineaments inferred from the
bathymetry. The thick white dashed lines are
inferred boundaries of rift grabens.

5. AKEWH OMWEHIEIK. 60m 7Y v F. FHXA

M) =7 A2 b, ARESIIHEN SN S ) 7
MR ERT.

% K L 72 (Fig. 6) (Minami and Ohara, 2017).
TAEITA P AT ONIZT LA = —REIZIE
BOFL==2HMIEZLTBY, HE3H10m 2
RBERFL==b LA o7, FH=Z—D
BICIZIETF & =— X )RR 2 TR A=

7Y FHIEOGFAED ZHMER INT. TAEH Y
4 bPOHIRIZHEL, KOYT Y FTH5DH Gl
~7 Y NIIEE20m &380miliETSH. 2

DGl= v
PRIREZEHT 5 X912

PO HINTHIZ T TEF L =—
HRHIZIEATE Y, B

Fig.6. (a) AUV shaded-relief bathymetry of the
Gondou hydrothermal field. The gird cell size is
1 m. (b) Perspective view of the map (a) with

no vertical exaggeration.
6. (a TAEINA MO AUV EKMIER. 1m 7
Vw Fo(b) (@) OB, SE 7 OER %
L.
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ROT N — 2R K 1.12°C O 2807 KIREH 258
Wahiz, INooRRIE, Gl~wr FIZidk
WIIEFRE R BIKIEEPEFEAELTBY, TAEHI Y
4 FOBKGEEOHLTHL I LR, FH=—0D
B - - ROV A 2 Ve B L THERY Y v
RO S N2 L &R T 5. R TRELS I
T2BHIR= Y Y FORTRARDSDIL, BZLK
PP i O TAG Y~ FTH Y, A 200
-250m, EE50mTHsHI LD 5 (Humphris
and Kleinrock, 1996), TA 9% A4 b Gl <™
YRR TORRBOBKYT V FEF
25,

2016 SEIIEACK BV dh o B oA - F 7 12
BLE 3 B AR BT AUV i 2 90 L 72
(Figs. 2, 5). 1A O FPHTIE, 2016 4E12 Lk
A b EMIEN 5K OKILR (Ishikawa et
al.,, 2016) <, FEMEEILIICZIB WV TIE APA 41
b EIPIEN 5 BOKIGEBE SR ENTB Y (I
- A, 2016), ACKEVE M CIEEIIC b 4w
KIEAGEN DAL T 5 2 EAVRB ST Wiz, i
WX TN T TRIEETDH - 727200 =AM
(] O~V FE— A EENEECHMA L L

-5000 m 0 +5000 m

+
&
=1
=1
S
3

1500
— 1600

depth (m)

A, EIEO S EEATE N T A3 PR L A R
Eh, HERWICEDLDN TR WBES RS O
AR S N7z (Fig. 7). 2 O SR % s
2 AUV JiAE 2 FE0 L 7285 2, MR OB AR b2
%% 13 km’ 1272 Y 2 L7 (Fig. 8) (Minami
et al,, 2020). Wik 3=t LD I THEE O
HRMOMEEAY 15 km® TH 5 Z L%, 2020 FEHAE
HIHFE R K &M, WEZ I LFT A HZED
W EomiRE 29 km® LT (FE P
b - EERZET, 2019), MAEE CIIZ EOR
NN 722 b 5. AR TIE 4TI
HERKIUEBY ORI E 727> Twnievnd o
D, 55 3 RIS I ASHER O T g
XL TWbHIEns, HitEoBVEREDY I~
A L2 RS E 2 515 (Bullock et al.,
2018 : Fink and Anderson, 2017). %7z, % F—
LROEE Y DI L TIHARD 7V — 2R A 7%
KEFEAPBIBENZZEICXY, EROBKIE
BOHFFEATRIE SN, ZDHD JOGMEC ® ROV
FASIC X D 300C %8 2 2 BUKIGEh SR S T
Wb, BRI BKIEB OGS LD, A
GBI K ILTH B 2 LAY AUV RIS
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Fig. 7. (a) Shaded-relief bathymetry of the Nakadomari Hill. The grid cell size is 50 m. (b) Backscatter intensity of

the map (a).
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Fig.8. (a) AUV shaded-relief bathymetry of the
Nakadomari Hill. AUV bathymetry (2-m grid)
overlies the ship-based bathymetry (50-m grid).
(b) Perspective view of the map (a) with a
vertical exaggeration of 2x.
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Fig. 9. Shaded-relief bathymetric map of the northern
Ryukyu Arc and Okinawa Trough. The thick
dashed line shows the volcanic front.
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Fig. 10. (a) Shaded-relief bathymetry and its interpretation of the Daiichi-Amami Knoll. The grid cell size is 15 m. (b)

Morphological interpretation of the map (a).
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Fig. 11. (a) AUV shaded-relief bathymetry of the summit of the Daiichi-Amami Knoll. The grid cell size is 2 m. White
circles show the location of anomalies. Black lines show track lines. (b) Examples of water column
anomalies recorded on raw SSS imagery acquired by AUV Gondou. Black color corresponds to high
reflectivity and white color low reflectivity.
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