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RE R 1990 4 LA e s v 48 Mg 1 b i BR ) TR A X A0 B S M BT R, AR B A BIE R
SR R BIITSHHR. ERINE . KRR GRS AN, FaENIMEE SRS
R AE BB, 3 R T S BT T 5T, B M T E it (D rPEEE R —
MM ETEKMEREDE ASRATR. L THAFHBEEAR B R
HVEBIRY RIS B IEESRE. QBREBAREXRE. VLRSS A AR EH ST, o
BEENRLCERH VK WIERE, CA AR EEEPRELRE T REMF. hEEHE
B R ThEm AR, G)mENMEEN—MREBRRHEF BT, ERTES 6Ma. 1
H—TRERE, HES 2Ma IRF BRI R HNE S, BE P RFKAME (P ES
2Ma DRFFIRTE BB H AR, TRKBNBEANAREERAKT (Ma, B, FhAEHE
R MEEW. EEESNNER AN,

XREIA  MPAEN HSREN RE MRS

ENFEST P38

MNTHREBEYEAEAGZHGRBE R T ERERMb AL, AR ERRENR.
EMMRGREMBREBEEZHBERET 7T ES LI (rhmm ki), R T T KiE 5T
S IE L GRERINER), MREBEFE XA KRN ZEBEBRIN, hAEE
REA - PMRBYEFERF NS, BRI MR & TRAERA BRI,
BRY KB AN INEESIE, TRBEHE-T2REFLWHEEIH. 45K
I, FEERNEENMRGEHT T KEREWR, BHTHFERENGL. HE, B
ERROEA, FRERABEHERBRY, X THBENWHEEHWREFRESHATMZ —
(Kimura, 1985; Letouzey er al, 1985; KK BUH, 1990).
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2 MIRER
IR R, BE R AT R, R KB, AT RS ERZNRN 5HER

NP BN 2 MR, HEIH TS 100—120km, L E T L 180—240km. B LI rhR Mg
A TR LSRR, TR NG, BT Sk me ol VR R R 6], R —
M 60—90km, R H LR EHKBMEMR T K—FAE KRB, R EHE,
RE” 8 5 — M 10—20km, B, MABEAE N AREEN BE HE (& 1), WA
TEANARFBRRA AR AT,

b Kp R e
R &I R Y2

X
*
b 3

o S e

A1 REFEEREEANERIBE (G.5kHz) B E [ # Kimura er al, 1991); YALAF: /s T
TR Y e e / B, B 2,3 [[]]
Fig.1 A sub-bottom profile (3.5 kHz) across the southern Okinawa Trough
AB HUIBHEZ (H 2,8 5 RF); YA AR FREE;

2.1 HABHEMMESEA
211 BEANTERBE KREPHUBHERAR, WRABENESSFERZ ERXEETT=
EUHH)Z (F 2,3). HEEEERAN 3000m, LHEEEK,

AR NBERBHESFAENKIEY, ESWKRESY, ZESEEE N 1.8—1.
Okm/s, B AR ILKZE LK, BAEEE ORI KN E P, B 5K, £ b 3
WA R AN R A\ Ll % P B SR 9T 35 30m (Kimura er al, 1991), 3 B8 B sk
TUR R4S 1E .

BE HEMHARABHEEXSM, \FHmERLEEREK., RIEHLENHERE, ZEE
BEERAKRNMEANREELI0mU L., ZEMEFFEEAN1.9—2.1kn/s, TE
FMMUTRARIKE VIR GRBRKE), y—~EXBRBESFHNOIERZE, — R TRk,
TG E I E W8 L 1 050m L BE K A UL B & S 57 i i 3R e 4 1L R (Groborotalia
tosaensis). TEMGHILEMEIL ERE B B RIIBEY TR HELR, SN IL 545
BEMHHAMHE GEF M) RN B, 1990).

CR EMABHEEFAAREELf, FERREMES, ¥4 K24 LR (Kimura,
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FRUERE I SE

B 2 SE 55 2 i L BB i Bl R 5 o R %) 1l

Fig. 2 A single channel seismic profile across the northern Okinawa

Trough in SE direction

1985)., ZEHMEEFHRBSHR ISR, TE N EHiHHZE, HIERTREFLOEFH
HERWFARY, HTRTEHEFELCBEEFRHMAIEY. AZHE L TREE XM
ARASHE,EHBHE LBRAERZEE. ZEEEETRES N 1 000—2 000m, H il EHK
R 2.2—3.5km/s. WABEAEHHLERN -HAEN -HABEEFFEZERLZR. %
BEMFITHRSI, ZEKE A LEEESEFHER AR 0BE. ZZEN—
EXBRHNNBREESE T THARSEARNRYERZ., EPRABEX, ZEZTH
RETEH PR R,

NW SE 6.0

GRI $RT LR R g ]
Fg. 3 A seismic profile across the southern Okinawa Trough
212 BEANZRESS  ErESES XN FRAESZREBZTRAEH, W
1984 42 POP-1 ffi YR 7E ¥ 18 55 ¥R 1 o 7B R A5 B &£ ) Z & (Sibuet et al, 1987); 1984 4 H
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AKERZTKBBESHESIREUREBLRERET EEES,1986); 1984 £ H &
DELP-1984 MK ZE B P B EB/B KRR S MEBHE X R H A (Kimura er al,
1986) ; 1988 4F H A& DELP-1988 i {K TE i A8 5 75 /\ B L 3 48 9 /N 1L A SR L AR U Ay —
AN | (Trabu Knoll) RBH & X R A (Kimura er al, 1991). M4b, H A H FA & T4
Y5 R B R BB R X R A AR A< (Shibata e al, 1984) , & A ) H FR 5 72 &5 b 48 548 V8 25 BA
M EMNEREFETRIBY RIS ZTRERA., BRI EE NI, RIBEASGIRE, X
RERAEERANELHE FFEREN, UF —KREKAREHE, FHik, R
ARERBRZIRSBEEBOE, RATEAEEEERE TN /ANE LSS IFHFER
WEAN, BEXEMMEAXREBARNEENEG, BARASE RLE. BUs BEX
RA, AR —E—KEN AN ERERREENEA. Hib, AREH BT, U
RERABRAENETRERRT, BN F N HEN NN ER#TESHH, BB
HEABRRERUSD BEEARL. RBEEMHWAERES, BATHREEEEHHA
HIMBEANYABLTREGLANEEPHEFFEHREANFTREEE AT T oK
WZRER. HHARRZELMEETE2RE - PMEREE, HN 19844, " SE K
ﬂﬂ&/\im H oL L TR AR ROK A SRR A N FE R, W RB RN (EEE
%,1986). DELP-1984 ik EH 215 A
BO3MD-7THHLREBRETFARA
(Kimura et al, 1986). ¥ % &5 HE & 4 i
SRt EREK, DELP-1984 il REK K
! A E RSB RYSMARNELRE
O rAes  RARMRE ] (Kimuma er al,1986). DELP-1988 ik R4
S %i‘)/kmo T5o Tio 160 100 W EREHRERNEMAI GMANHZ
” KA (Ishikawa er al, 1991). POP-1 ik $ki5
e e 0 BYRE M4 40772 5 9170 KR (Sibuet
B et al,1987). FEPEREBHETRITREMN
Fig. 4 Velocity structure on the basis of OBS #%@ﬁﬁﬁﬁﬁ#ﬂﬁﬁf?ﬁ%n
measurements from the DELP-1988 cruise 2.1.3 (;{:ﬁf@*@ﬁ@ﬂﬁ%@ﬁ (*é@]&jﬁﬂg
WREEBERGEEMBIRGIMA T EE, FHEMNEAN (Lee er al, 1980) TEFH A VFHE B 3B
VAT ARG BEEARETERRRLAN 17km. BREEHFEEMEE (MET 25, 1989),
RiGRESE X 7R 26—30km, PR IEHE X A 19—22km, BiEk S X X 24—28km.
DELP-1984 “Z ¥ AL ALK A 10 M &3t B X (OBS) 1 4 Ik 2 78 v 28 14 v 3B 47
EHER ST T HREHER. %R KW (Nagumo er al, 1986), B {132 i BE B 15 3|
130km, L ARFEWMBR A RETMITHE. XTHBEENREHREBATRRDIRL,
EEABR—RMEMMTAE. (HX K OBS HMIEH T# T 5—10km KEE N E ERE
258 Skm ML KA 2 (Nagumo et al, 1986), HHi Bk # 5 6. 0km/s.
DELP-1988 “58 1L ¥ T A" ALK E IS B SR B F N L L B 345 ) 19 ) OBS, [ F& W
11km, P £+ BE S 195km, 1 A FEZ5 B AT T RIBS 125m A 175m M ELEBRUE. ERE
B, S AR R R B/ DRt A T 16km, TIEUZ BB BB M .0k, b
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4.5—6.4km/s B B2 G A Ly, THESE 7.0—7. 2kmys MR E R EE R —, Tk
AK(E4)., B, GEREBEDIELRET TREHT, MRKXKE T 4—5km BEH 6.0km/s
MEER ERERER).
22 MEBERTER

R Y5 VA P 5 A R0 LU R R AR DL 4 A, BE S 9—6Ma Y o BT R A B — > 3 ik
B, AT RE R R KRR A . AR 35 K S 7 b 0 ¥ S v R g e P 1Y
% 5 — H (Toka—1) & 2 900m BEMIRBEZ T HE RLIE RS, T 2 900m B ILEE
FERILFASRBMES). SRABEBABRPHE ALEERE X KArERY
6Ma(Nash et al, 1979). AR E W 5 7L MG 8 F & 8k N K E & —H (Miyako-1)
MIEL B FBZ TAH—FME, BATERPHIEZ AN ESYRS O\ELE), XILFT
BEHKVRBIER (Letouzey et al, 1985). HEBEETMME HEIL EHEPMRERIERS
FLBEZ T AEI%E =80 % (Kimura, 1985). E L, F ¥ AN EEPABE KX E — MR
BMRmE, HEN EHABEEEARNRMEHEZ ., BEESEETRBEA RN
ZONBELBEURERABEMEBILA, FREES. B, TUHEE LHFHZH
(>6Ma) RIETE ‘WA X ME /KBS WL BOKE ., BT R R R R R T8
B F R (B4 6Ma).

0

Hs Boslitimm LRl 2% E (B Kimura, 1985)
Fig.5 A multi—channel seismic profile across the northern Okinawa Trough

AB,CHEE;B2 Y BREE_TR

2.2.1 BEAKEGER B 80 4E1Q A3k, 75 V48 PR HE W BT R A3 M K B B it kiAo
BRE NGE ELE RILEMKRE. FIEVIE, 0P RS HTHEES AHEM
ZEPIEMRGIE PR, TR EARAE, R ERRECE P HEMEE, LG R ES 78,
FH A E B W AE R 3R A P i K BUE 8 /DT 1Ma.

H 238 7= 4 e S A & AT e g A P 3R TR EE b Y 398 S RABMAEMZERE,. |
PREE K K-Ar 888 0.79£0.39Ma, 7 S W RB FILE  BREEMZTREWA, H K-
Ar B4 B R/NTF 0.4Ma(Shibata er al, 1984). DELP-1984 ffi YK, 7E 51 = 35 ) 5 35 b
EREBHMMTRETAE, EK-ArFER70.2910.78Ma; ER FEHERSHMEEL X R
ERET, H K-Ar #5042+ 0.19Ma(Kimura ez al, 1986). 1984 4E, H Z<#) “B i 2000”
SHEEEEFLREMNE 584 %10 LA SUS491303 MR RIBE A ME LA ##
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fs H K-Ar £ #4 0.22 £ 0.08Ma(Kimura et al, 1986). 1988 4£, H A< DELP-1988 fii
W, TR R TR\ L b B\ E L A I L AR KA B B L A AR, B K-Ar
SEW R 0.505+ 0.453Ma; EF L EHEMBM DR- 7T RE X T AN, HK-ArERH
0.112+ 0.019Ma; & DR-8 ¥ R 45 & LU & FE 5, H K-Ar 4F #825 0.496 + 0.380Ma (Ishikawa
et al, 1991).

222 BENRTEREENBEER BEXRENXEARE &I, 1992) Rk T
EEBEHES, LIEH TPRABER - EEGSININEREAH, B—7E, BIK
AR E TSN, X R BRI N IERAEE R EE . BIEh R0 TR (K
6), F| A Parsons % (1977) M F A B R M AR AR 0=437.1t 1/ *xf 1 48 15 18 1 b 5T 4E 18 8

1nr 119° 121° 123° 125° 127° 129° 131° 133° 135°E

O >500 O 500-100 () 100-70 O 70-400 < 40(mW /m*)

Be haa gl K& 4 X Rt A6 B

Fig. 6 Heat flow distribution over the Okinawa Trough and its adjacent areas
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TTEE, EBTA AR FHME Q = 695mW/ m* (ZETIE, 1995), M ¢ = 0.4Ma; &%
146 3P HIFIE QO = 459mW/ m* I, W ¢ = 0.9Ma, XEFFFI/MEREFE, AT
AR EFE DS, ERMERMEENHEER SEANESEREA 3,
23 MAHHEMMFTEA .

XTHBBHEOBTEN, ARMEERERARORBEE TARKS S, BE

REMAENEREERIEEZANFE: (NEEEEPRKUBEARTRET T AR

HFEH R, BAKHIDE, S8 R BB EAR T AEEBE T TR EROKEREZ RS
HIEEG QISP RENBFENREFHNRSFETBELAEHAE; Q) BEETES
KETRERECETFH T VK WAE, X =750 A 8AHE X B B A EHE, 5493
LG H T S M R R
2.3.1 KEHOWTHE HERK WEABEEEESEREEZ FAE T ZERHBE,
IR R T T RKEHSTIH IR R, RER—EEHH. ZEXER, WEN PR
KRR %R B AR LR AL, B KA L. Bk, Rk R TR RN
ZENHEELTTRYRE. TEL PR BE LT TRENIRY, HIRSF K
MRS B P I G s R A, TE P R R AN RELAE ML T 3 000m(E 2,3).
232 KAPLMHZRE  BIERILD 1994 ERERHEREE R, HIEEX NS
BAPMP RN EARE T —EBENZTREE, EREREE LT RO KEE TR
AEKREPORE, ERBRESENKRTOEET T RENRZ REHE,
233 XA BRHTFLE HNHY TR , DELP-1984 “# 8 3L” LK OBS 17 41 #b /B A 2 iE 52
BETPHEB TS~ 10mWEERNEETEASKKmMW R SR HBEEN
6.0km/s (Nagumo et al,1986). DELP-1988“55 FLi# T IL" ALYk OBS 1 1 #b /B iiF B9 5 M B
BMEE T 4—Skm BHERFEE (HE N 6.0km/s). %MK E A2 BORHB R 954
B AR B ALt K F 16km (Hirata er al, 1991)., B, B BRI R IE M Db BiEHEE
SRE T REMFTHHYNERE.
24 HEBENEREZR

FRHER A, BE A 9—6Ma, BRI i b X — I Dh3A, T R T R it K B9 R
AESHE. BES 6Ma, WHRBHEITHE R, TR S IS K ER2R 2 HFF G h kG,
BRT —MRIEEH, B2 THRBENREBHEDRAETR. XA HRRAE B RMA
P4 6Ma FFEFIIES 2Ma 5. 7TEXBBTRIAN — PR EBHN R EEATE R, §RBEHN
JEBEIRE] 2 000m, HE M PATTHRIRSG I, KEEB ARG, ERNEYEEXRETHE
MrPEXRE. B EHHER,ES 2Ma £4, hAE X IR 7RG KIS,
E&HBHELA 2000m K S AREEBE P RESHE, ARHEHRHNE L (E 5)TLE
BEEN, BAM (CR)ESERE LMK A%IE 2000 22X, m4E .0 B E#EME, 24 ki
B, HRE RN, ULk, MR, B SR (B JR) A R0 ) oo Bk
AP RKNMEEFRLR, HHES MaZh, BT RERE (PR FHER, R
RENEETEFTE AR, TUERRSNERE TEREA EAZHRAEYWHE W, TR
BT RBHMBEE, ERTEFABRIKEEE (FHRKS).

B RKNMFERRZ G, hEEENRNESIH— SR, FHE T - ERNREE
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BHAFAE. 4B REEA —H TR, WP R IR R AR T SR U K B I B ISR 3
FKFE B, X E T G Bk T P I A X R T 2 BRI LA B AR AR AE. O, B
FRAHT, A SCA B IS T R I 2 8T, HEE B B R R S N A BRI B A Y
B, MRS L, hanEE - A EERISSNINEHRE,
3 &g

S b o 1o R 0 A M R R 5 T B B B A AT, AR I I TS g
31 WMABEE-MMANEEESNIIGRAZM, REXTIINEEBN - EERE
BB, R TERHAZ N,
32 MABESSH VIBERE. H5E5 %I EAT, RSN R E 2P 5K ik
., REAETREEAEHTCEEPRELSRE TAHENE, MABENHESEHNRET
P B R R B
33 MEASENHEREALTERNESEE VKIS FRITNBERERERENR
.
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A STUDY ON THE NATURE OF CRUSTAL STRUCTURES OF
THE OKINAWA TROUGH

LI Nai-sheng, JIANG Li-li, LI Chang-zhen

(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstrsct The Okinawa Trough which lies at the southeastern margin of the East China Sea,is an
active back—arc rift and a part of the Ryukyu T-A-BA system. Many geological and geophysical
studies have shown that the Okinawa Trough is associated with an extremely high heat flow,strong
submarine hydrothermal activities, frequent earthquakes, strong volcanic eruptions, well-developed central
grabens and active faults,and a thin crust and lithosphere. Up to now, the crustal nature of the
Trough is still a key debating question.

Based on the new geological and geophysical data collected since 1990,includ ing, single and
multiple channel seismic reflections, ocean bottom seismometer (OBS) refractions, gravity —and
geomagnetic measurements, water depth sounding, submarine sampling and sea bottom dragging, the
authors have underaken analyses of the crustal structure of the Okinawa Trough. The conclusions
obtained in this study are listed below.

1. Except the Andaman Sea with a complex oblique opening,the Okinawa Trough is the only
example in the world of an active marginal back-arc rift opening along a continental boundary; it is
formed by continental crustal extension,at a special high evoluting stage of a back-arc rift,near the
end of a rfting period and the beginning of a spread. Hence the Okinawa Trough is tectonicly a
modern active rift valley.

2. Analyses of igneous rock distribution patterns,sediment thickness and crustal structures,show
that there is no oceanic crust in the central graben of the Trough and the Okinawa Trough has not
begun to “spread” till now. The crust of the Trough is still continental in character because of the
continental extension.

3. Based on an seismic profile interpretation,the K—-Ar dating for igneous rock samples and heat
flow calculations,as a submarine “Trough”,the Okinawa Trough was formed 6 Ma B. P.;however,as a
back-arc rift valley,it has become strongly active since 2 Ma B. P. The central rifting graben of the
Trough has been formed since 2 Ma B.P. and is well developed. The age of igneous rock obtained
from the central graben is younger than 1 Ma. Therefore,the Okinawa Trough is a young and active
back-arc rift.

4. The Okinawa Trough is a typical active zone in the marginal area of the westem Pacific. The

study on its crust nature and tectonic activity is of great significance for many key questions about
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continental marginal tectonics such as back—arc rfting processes,influence from the subducted slab,
mechanisms of the back—arc hydrothermal activity, mantle-crust interaction in the active back—arc basin,
relationships between the volcanic activity and back—arc rifting, differences in crustal fluid activities
between mid-ocean ridges and back—arc basins,the tectonic evolution and geodynamics of active back—
arc rifts, Themfore, it is required to carry out an ODP driling more accurate and more detailed
geological and geophysical investigations for the Okinawa Trough.

Key words Okinawa Trough  Crustal structure Central graben Geological structure
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