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Genesis and formation of the Okinawa Trogh, Japan

Masaaki KiMura*

Abstract Recent geologic and geophysical data revealed that the Greater Okinawa Trough
consisits of two troughs such as the Old and New Okinawa Troughs. The Old Okinawa Trough
had been formed during Late Miocene to Pliocene time as a big graben in the continental margin.
And then, the New Okinawa Trough, so-called Okinawa Trough, has been formed since some time
in Early Pleistocene time (2-1.5 Ma) . The present time is regarded as a continental rifting stage in .
the Okinawa Trough because of no oceanic crust detected beneath the Okinawa Trough. There
exist central rifts in the Okinawa Trough, which are centers of the magmatic uplifting in both of
the Okinawa Trough and the Greater Okinawa Trough.

The central rifts are most active in the trough at present. There, discovery of a black smoker
was reported at one of active hydrothermal vent systems in 1989. Seismic reflection and submarine

drilling data strongly show eastward migration of the big trough-type sedimentary basins during

Neogene time.
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Fig. 1. Geostructural map of the Okinawa Trough, revised from KiMURA(1985). TS : Tunghai Slope,
TO : Tokara Belt, R-F : Ryukyu Ridge Fault. IO : Io Graben, IH : Theya Graben, AG : Aguni Graben,
KR : Kerama Graben, SK : Sakishima Graben, YE : Yaeyama Graben, KY : Kyushu, K : Kuchinotsu,
AM : Amami-oshima, OK : Okinawajima, MI : Miyakojima, IS : Ishigakijima, TA : Taiwan, I : Iran.
Legend : 1. Early Pleistocene sedimentary basin of Layer B;. 2. Active volcano, 3. Quaternary volcano,
4. Quaternary submarine volcano, 5. Central graben, 6. Active fault. Tooth shows 9 down thrown side.
7. Trench or convergent plate boundary. Tooth shows a down thrusting direction. 8. Anticline, 9.
Syncline, 10. Active hydrothermal area.

Inserted map shows location of Nansei Islands and cross sections X-X' and Y-Y’ represented in Fig.
3. N-T : Nansei-shoto Trench.
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Okinawa Trough
Age (Greater Okinawa Nansei Islands
M a Trough)
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Late B1 - Minatogawa Limestone
0.14
o Middle E’ Naha Limestone
] B2 Ed (3)
0.7 S B o Kunigami Gravel
] Early
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—
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Chinen, Nakoshi sandstone {
2.5 T
Pliocene () Shimajiri Group (2)
5
Late l
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& Middle S s T
15 9 Aradake F. (Green Tuff)
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= Early Yaeyana Group
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Oligocene (1)
37 ® % : T
e Unconformity Nosoko P. (Green Tuff) .
S | Eocene : :
% Kayo Formation Table 1. Stratigraphic
54 e sequence of the Greater
Paleocene J )
64 Okinawa Trough and that
Nago Formation . B
Cretaceous = of Nansei Islands. Pre
100 Pleistocene stratigraphy on
Nansei Islands were main-
Jurassic Motobu Terrane ly referred from Umg
Triassic (1989).
Tomuru Formation
Permian

TTFRoTBBKEOZZRELSITHBELE LI\, s
¥, APFFRO—FIIBZHIRE—BRIFRAT X - 7.

2. MBI TOES

TR D D EEMM e LToHE 57 (Oki-
nawa Trough) & %\ MZIFEARER & BFHFIZH T
BRTE, BT SO MBI TAT L O 5 313 Bk
DEICERTIHBEDOIEATHS. B CzE
500mEEEEME, FFETIE1000m, BFERTIX1000 m<E AR
THhIEFRRBATILTWAS. 213, MBHOED X
5 i B FE D ko RHch 5 (Fig. . ZThi
MBEOWEL 7 7HHVEEROIHELI S 7 LTS, £
O rhlge g (central graben HAHVITEIWEBR E
LT&E B2 A5E0% central rift) 2355 (Fig. 1D ALFI
5). ZOhREIXEI0-20km 12 EH D, LIELIE,
F DTN, marginal swell JRICHEEOE T b BNFEET
5. X5, ToOMERT, BENED ZZ2dhiA s

NELNBEZERD . Zhedhis (rift valley) &3
. Zhik, R 77 - BRCABPHCRERDSh
B,

ML 57 O Al B th 2 T & 520 foth 4
BHAH., ThHRMEBNS 7OBLY 7 b (rifted
margin) &\ x5 . BEAIIEBEMAES (Tunghai
Slope Belt), HEIOWAEIE b » SFBELELDOT I A
SH#LIXND (KMURA, 1985). Zhii, o
70— v xR 7HIREEEEAKILT vt BT A
ETHHETHES. EHIFOTAMNICELEH (mar-
ginal plateau) ANICIRYBAFEM & BRBRAIN (Bidkvg48)
BB, —J, Wil 57 2 REARE L A O
O & EBIRTINE, DL DR RBEG DR A
DEERBBAERE CHHBL S 7 L s, HEEED
W, ZOHEBEII—EHDOLDEHKTEIND (Fig. 2). L
e T, ThidXK$E bS5 7 (Greater Okinawa
Trough) &35, Z3ix “AHBOMHEF S 77 Lo
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Fig. 2. Schematic, geologic cross section of the
Okinawa Trough (no scale). Layers E-A are
shown in the Table 1. White arrow shows the
central rift. Active volcanic activities occur along
the major faults incluiding the central rift. T :
Tunghai Shelf, TS : Tunghai Slope, OT : Okina-
wa Trough (basin), TO : Tokara Belt, R : Ryukyu
Ridge, SL : Sea level, CH : Chinen sandstone, N :
Nakoshi sandstone, NL. : Naha Limestone, M :
Minatogawa Limestone, K : Kunigami gravel.
Legend : 1. Ryoke Terrane, 2. Chichibu Terrane,
3. Shimanto Terrane, 4. Paleogene and Miocene
intrusive rocks (andesite, granitic roks), 5. Limes-
tone, 6. Unconformity.

XTHHS. WHEEENCAS L, KRICIZ, KyhiE
ST ORE, REOHEL S T OFRRBEYHLEL
T, TOREPUOHBIFFRNCMEB LT\ 5. Z OB
I, {0 marginal plateau By7c 7 B S PHE 5k
BEEEFTEIRATHS.

VBT S 7R BRI NTTUL, 184E B IV
1988414747z DELP Wifisgr oftuc X v, &8
By 7 rr R e O FEATIRERZU2 B H it fe - 7o . (KIMURA
et al., 1986, 1989, KX B3>, 1988). FroZh B OhED
HE L HEOMIEZh eSS L 57, Whdh S V2R
7+ — LBEIBO L5 MBS b T iy, FRi
BEARENEIEZB L, BERLEBNTIEVWES.
WA L 5 7 DA T b EO PR BE S 5\
SEREI L T RS B, T T, PR
E## (lheya submarine Graben & % 13 Theya
Graben) XM E#E AT Shicg T, #FEEEM
(Iheya Depression) 3¥gEMBRAT b icBTH
B, ZIZTIE, REASAKEL, TIEHFHOKILUED
BAREDOR, B KBIEBIERTHL (Fig 2).
R T, RILER—VERE T A0S 25 —
_URBEEL, RBEBEBELE IIXhD. LOmEAE

Lk B v M,

BBl s L CHE—EEBERESTEILE Vs - 1
AEETS. X VB TIAELGEREE: Shahh
WENMFET S, ARILEERE L, E5ELUORT
BL, bPFrREGFLTWER, KRWCILIZISERES
BERLTWS, 22 TOEHML, FiahcREEiio
WEBELEDLh 2 EENEREI RBDOONBZLTH
3. ABLEERERCL, KUARD bR, FAR
e, NEUFhREBEBEICLOMOBERDD, &5
CHERTCIIH W WEBAEENE S,

MR b 7dbeov iz, 7 LB, B
ERZ-E 0 LTWIRWEND B, RREORT
ERFDENTORWERID S (k2T KBE»,

1988 ; SIBUET et al, 1987). L L, =7 HvRFIZ I h

W, EERERINTOABED 50, BERIZE
PfeD 7T =N v (M) »ELMCED bR %, Fig
1 oAt oL, ThARIRTWS. H5HWIEL,
ML LTHD LR D, ¥, BB Eh o8 L

WLERSbhA. R L, HHCLED RS &5

oA DRZFIZA DRI, FOETIL, BEORE
B Crh c LB A L ABRA. ‘

ML 7 70, LER LY TIRtER S R
HEIRTWA. P, MBI, BRNEL KE
2000m&BL, BEDOFKEENB . FLT, HEEDOR
ELRV. BRLEW. L, F5-_viLTo#
AEEDZERIZZEA LIV E W o MY RT.

3. G N ST OB HEE)

3—1. ki7E> b

YRR b 5 7 O R & BB E Offic, SRR
KILUPFIRCEF 5. EAXRER L FOWA /NG
E, $—EEEE, 2EMGE, HEGESLHThS
INBEFISFE S ThHDH LR IN D, FHEETE (=
THV) REBE, FRHIZLDEGERED R KL
P IR LD LHB IR, BB KL 2 v}
OV, HEEEKIUNZOBEETEOBEIZIZs
LW Te BFR, KiU7 v v MEE I bR EE
TeBh WS ARG, T UTER T, HBEEXKILU» S
BIHE N T 7 OO KW ETTAE L WS RERD
% (SIBUET et al., 1987). “h % TOR - B PBRET
&, KL 7 v X, HHEEEKILNDLZDE
TR, b T ECAET D WG A T AE A
RETEELTWBEADRD, ¥h, ZOMEN, H
BIEDNOAD L, FIE— =% 7#D100km FIEDOF
JWHYTE. chboZ b, d - bEERE, B
b SR HEBAFLET D LHRDDHN
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3—2. hRHBEOMILE & HEEE

N5 7 O R A I U E LT, KILEE
BERRELBOOND. F04L, BAERILE~RL
BEBERIOBETHS. FLT, HHO—Zn b5
N HWET » T olivine augite basalt £ TR HES
HTOB. ThbRENCEBNICERTH D, HHEH
B TOKBIEE % R %5 MORB s FIzE 5
Tty (KIMURA et al., 1986 ; 1989). 19844 D ¥ 4 v
Vo V2 BRI X o CAEILEEME DO RIS b/
WENDBORERIIY VT A FTHBH, 2hid g
MW DTHB (NEHRE=EE). R ULEE»D> [
Bl Ckh, AERLENSEREE THESRT WS
(KEI3Ds, 1988) Z&d, ZhEREBLT WS, 727
L, HerMaAN & (1978) 1%, NBEILZ S5 —XvioERE
D5 LRF B I XS #1872 & L, LEE et al., (1980)
W, TOTEEEBERNSDE Lic. LirL, (k24
PESITRIR T, 2OR LR E Bbh 2
19885 DELP ¥ DKE, v V7 A 2B, Ly
L, 2hixRiyh Bl E 2 bh b (Ishikawa et al.,
1989). Z @i, rare earth element OB S 3, Jib
BT 7HREREEOERRERDLDTHD E 5K
WHBOLNTHS CREIED, 1987). #2721, HlcE
ODhIcXBE L ARLEDOBEESE (oxygen fugacit-
Y »bid, BIE D bEEEULEEY RET AR
BHEIR TS (EHEEBESHT | [SHKAWA et al., 1989)
EDDL, KBEOERIBEEOEIEED 2 H =X A
FRBLTWA EEPLIA.

SRS OWTIE, 2T LEE et al., (1980) 7%,
il L Z 7B EEEBR OFEE R L., LaL,
DELP #i¥g% DML ORITEMBRE X5 &, dig
TRKEEMBOFET A EXELMC - TER
(NAGUMO et al., 1986 ; DELPSS #i¥5 - HiEBEEE 7/ v —
7, 1989). LT, W 5 7 IR E e bR
HBREEST, BELEXITbhATuwinEns o &
s 5.

3—-3.& Xk F H :

MW Z 7Tk, 1986FEIFFREEMA TEukE~ v
FORRWEIN TR (KIMURA et al., 1988), “h ¥
T, WS Y RTR, REBERBOERGE, £V
BHEREDOC DL ¥84- 108 I R TR/ NEHE R
FEG B M D SR D R AN, RO T b
ANE G EREE O NEL/NEESE THEC T, Bkl
KR, &%, BB F 2= —SRRAIhic. Lo
KHED 5%, FRAWICTIRBKERILILR S S

h, RIEBARTEOND L5 e BUGKNEAEEE I
TWB LD TR E &R (BitiEs, 1988 ;
HALBACH et al., 1989 ; KA, 1989 ; RAHizds, 1989).
CD5H, ANEIGBEBELRTIZTT, HEREe
Biffie v 2 —D [LAD2000] OBKFAEIC L 0IES
FIBOKEEN v P 2VER IR T WS, 19894ED [ LA
2000 OEMHAEILL DT 5 v 2 22— —nNEEXH
7o GBEERMERMN LY 2 — SRk, 1989). AELL
BEAE T, RO \E LI/NEE O KEE000m Iz 3
WTAEH e = —DFRERWKDEDS EHRBMEIN T\
% (Eizh, 1986).

e/ (zena Hole) (FEkhizds, 1987) %, RE
WEHE (KIMURA et al.,1986) OEBICMIE L, 4%
WA UCHRERE 2SS . FRLAENROILEEENS
2, SROMAREE (FERIUER), RAFHARKED
WESNT B 2 DEIRER, BALlEf% 20 g 7elp

BIKE, BB LUK lapill tuff, + LC&FE 7 aphyric

andesite EXE LR TS (KIMURA et al., 1989).
4. 8 b5 7O KR

4—1. 8570505

i~ 57 OREI L » THELREENTFIC X -
T, WO b 5 7 BB S W e R L C I, D
BIFFH P E RO BRER I LI h 5 B
(CB) », BEEZTTRIEL S 7B L0V E S
TDKIF=_vEHBELTWS (Fig. 3). BRERD
HREMITOTENRE THbh T 5. QCBY—HF
EABEMATHELT, EFtuiE Bbhh s EohE
b 7 7 RIZ ponding sediments & LCHEEL T\ 5. &
BEFICALEE, RTMA B BT, ThXOHE
FHDI60-50FEEHDHE L 2 bh 5. Ubhs, Kk
DY@ b 7 7 OB IIESH D2-1.5Ma B 555
Foldibhd, B BOLMND B, BidrhiEHto
50-1277 4R, B: BABRIIEH O 14FEURBOHR &
EEIRS. ABRSEHH. OFRICIK < %3 555k
FRETENE (B, 1988) WA THhLERIL
To. ZOWMATEIZHE 5 7 ORERNE T, KEM
LYOEESh, ROV EhWilBBEI L
B4 THDTHRINEELONS.

BAEOIE Y 7 7 OhRBEOTM S 5\ IZH i L
¥ LT marginal swel IROE % » 2N R & 7 » THAET
H. ThbOWEIRER S HEIREFH OB BRI 5
HERDRRKERHENF LV P& TS, ZThbh
X, BORCEBEOERNFEHTHDL LT AL, B
b T 7R OEE) LD Lic iy, MERAER
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LD FELI R BCERSh DD L ZbRE. ok
Z20E, BEBLUOKEISOmMSAEKENF Ly P8R
TWwa. ThXEREBEEAFARS, FEFEEH (N
21) O FEHHAFI (N. 22) whEFE LB EREILR

(Groborotalia tosaensis) &ty ((KBEIZH, 1988). =
NRBEEAKECRN IR LS. o, {5 7468
DPRASTIC B AT b L ORRE, 1983b) b, 7
SVADY ¥ VY p b3S HiEE (SIBUET et al., 1987) @
B, RERENFVy V&hic., TOhOFEEREILR
% Matuyama  Brunhes DR (FHESHE) &
#Zxbhb (FEBLFESE). 2T, BERAKEE & B
PLEERERELBESRTED, ThALIRRERBRT
WEHEH LS. BERAKED L 5 it AR S Y & Tk
BWisBOA KRR L, BAEESBRCESC s %
ThenwZ bbb, ZTORBIKEILThD Z &7
W B D, BERFISIIKENLTDE I, K
B LR HEEE TS R B O IR
EL, BERORKEXIERI N, LrL, I oN
e R ESHOWEEBRYAEE LTS5 L, Wi
b S IR D D HEE TR, - T EER L
TWb. {8+ 57 OB, LI L cEHBHR E
DREAEC, EFHEFHEE CAKENEEL T D
THAS.

DibEX oy, i 7 7 hllifhaid, B oEE Tl
BETHY, thiUBEaECFEEL L Litih 5.
By 5 EXOEHFIEFHIE, 12IETSHERUBE N 5 7
B O R BT B AS OHEEEN A E 7. FER
WEHEDO KB DEREHZTHLS. Lz, D
HER D2 L FE84-1¥ @, dacitic andesite #30.20+
0.08Ma, HEBWET D, olivine augite basalt?30.42+
0.19Ma (KIMURA et al., 1986) TH5B. Thdbhb, K
WOEARIKIOTEN TR LI DHEVIESL S L)
TEMNHERING. Fho, HINEa (1989) 1%, HEER
BEOWFRND, PEEMOB ARG & A EEHT O IERK
efgbhick LTw5. ThabbhRiE~o KILE
OELBAX, PHEFHUBECThhicLAbRS.
PR O O, BHEHTCHE IS B BN
WBZ X0 LRTHEHRINRTVS., 20T b, B
Frir - IR KA OB A 7e s b RO Mg
BAEATEE WS Z L. 22T, KILEEAIL,
Rl O#E FORKEVRSESFEFEE CThH DL LT
BE, O, {HE N S 7 RSB - KILUES
REGCIEALEE L LT THE. Lrd, ZORME
LRI L 5 72 & TR il hiEis by,
FREEA O KBUA B AP - THRRIE O R RE X

h, PEEHAEAKRMEN S 78RR L, Tibb,
OB N T T EROMRENET Lt Litie s,
Mg b7 7 NORERERE (B, By (X EIC A2y » TEL
o TRy, MIBTEREYZTTW5S. ThbOWEIL
HWREHICAE DTS, Lichio>T, MBRERCIZTT
57 DORRBEOHRAD-cEEZELLNSE. O
Rk, Rl co <2< EARNThhAThiDTHS

5. LivL, KBUEIRIZEAETRTE X FT554F U
CELEADA NV 3BT .

M b T 7 OHEREY) =2 7 DIFIES v = — AT b
RAMY~ECLAEBYORBREDCDEE L5 &,
FRC X his D KERERENDH D, BEOHERIZ,
FEH2~Tmm Wi hhEVEETHE IR
2y, 1989). Lo L, iR OB EEIZ1.3mm 4F
MEBTHBL DB L CRFRE, B . A EEEMF DY
7 b AV— (RS ThHDH [EENER] iR X
FmEDEIOREBYNLHEE LTS, Lichs
T, TOV 7 PAV-RBHIRTHLIEIELSHEE
ElRfcoTnBENWS T EZins., Tichh, HRHE
FROBRBOERIIFEFHEE V> TIW. Thik,
MR DUREA ) SER S h T E PR ER L 7o T %
DTHA>. Zhib, FACHEBEIRTWS S T7E
REER M) —RRCHEBL T B BRBHERH# &
WHZ LI, TRETORELFELR . W@
S THEMONBILBRD =T HY (RAFF 4% VRV
DFRT AN, BEYERLTCWAHRBREOEX
12, PO T—FEL, FZTRIE2km ThAH. Th
B BER OBADHRR CHET S LWI0HE &
th. Thb b7 7BRARHFIIIcThbhicZl &%
XRTD.

4 — 2. HREZOLEL SO

Fig. 3 1%, HEKEM» DM@ I 7T TORER
FHBENERTHS. i, 85 - B8 (1979, &
(1983) B I UE - B (1985) AV vFAF—2DF
BEEMLI2bDTHD. Zhid, RV FF 5 VRILD
REEHBREEGRGFCESLOTHS. @7 74
HEDWTIE, £—V v (Fig.3) R F Vv DI L 5%
BRI TW5 . FEABEICOWTUIRARD B
DWNED, R=V VIF—=ZR1\»hichHD, Thbx
ZRLTWD. EEXEHETL-OREO=AFRBIT
YV I NG e VEADIRNE TIEL NI KRS
LE=V vI2R - BRETHD. <L F v VRS
#FTi2, CB NI—N,4+Q) OX—2DOTESITHE
EBHEh, TRIEA—Y VI THREIRATWS. L
o TRIFHE + 5 7 ORBEOEARHMBERE TP S
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Fig. 3. Geologic cross sections ranging from the Tunghai Shelf via Okinawa Trough to the Ryukyu
Ridge. (A) represents the northern part and (B) soughern one. Locations are represented in Fig. 1.
Interpretation is based upon those by ZHIwU and PEILING (1985) and ZHAOYA (1983) in the Tunghai
Shelf, and Aiba and Sexiva (1976) and KimMura (1985) in the Okinawa Trough. Layers D, C and B are
shown in Table 1. K, : Upper Cretaceous, E; : Paleocene, E; : Eocene, E; : Oligocene, N;! : Lower
Miocene, Ni* : Middle Miocene, Ni* : Upper Miocene, N; : Upper Miocene, Q : Qudternary. Legend : 1.
Upper Cretaceous-Middle Miocene, 2. Upper Miocene-Early Pleistocene, 3. Early Pleistocene-Recent. 4.
Upper Jurassic to Lower Cretaceous volcanics, 5. Upper Cretaceous granitic rocks including Ryoke
Terrane, 6. Chichibu Terrane , 7. Shimanto Terrane. 8. Unconformity, 9. Well site. Broken line shows
the well site which is located away from the cross section, 10. Dredge site.

IRofcbvo Tl KBTI WL, X TE
FTYAFF % VRALFETRDONALZ E, K-V V
7EDORLT, R AKEMOZHEY D5 5EK%ESR

(Taiwan Basin ; WAGEMAN et al., 1970) D ZLAHE#E
BRI RRECIA LTI slc b v o T o, Licdis
T, BELDOBFRELOWTIIAE VIR S D L E
z5.

WA O GEHELIL, LM TmEEMRE, B
TRERMEE O DERIHEBERZTH S . 1E0-100
km D75 —=_XvBHAWEE ST — X v OB E X
10km BO¥EBRYIERE LTS, ChHRBHEER
—EHEEREHTCOHBI L - TEEIRL TS

B, BHIEEL» SR E G L, FHmL» SRl
FTCOMBERBY DT it/ s, Hio, HE=R
NEFRFH B ORZIIFEETHS.
TORFIIL, A - REEET GERBRES) 2
By, TOXBWKET, BEOCKEBAEM?SHEL 5
TRE T 6km U LEOBEIDHEBYLERE IR TV 5
D KEBAHBEIEET S REMNEEELR)
(BEZepigett ; 8 - B%, 1985).  DREEMIRTZEHIcIT
BRI UG OB LT\ 5. WA DR
YD ERBEIAFF D SEEFIEOHERY & HicR B .
EHWEDEFIC, VB Z 7 OHFELE RO b
Z7) BHH. Thik, BHREORERLER I TE
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BENhEE, Tihbh, BEILOBEBZTHS. L
N T, K@ 5 7135 ORI BTSSR, &
BB ST LD 20DHELE (F57) 54T
w%:&mk%.

Libdgednd, ZOWBHEIC L&, AHOR
BERZOREM A EL—P R, BTk
B Qs — e i I h <, #@ >
TOREERLEA > THEIhLE WS LT 5
(Fig. 3). chick s s, FERCA-T, BEHHEN
CHBRIBB L TERI ERELNTHS. FLT,
i b OWEIFE» DRERANEACH LWHERYIC LD
ERIWTELBTRERTSS. —H, SRR
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