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Tectonics in the Eastern Margin of
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Diving surveys were carried out by "Shinkai 2000 and “Dalphin-8K" in the Tokara Gap
and by “Dolphin-3K" in the Kerama Gap from August to September in 1993, We found
outerops of Quaternary reefal limestone unconformably covering Cretaceous hard sand-
stone of the Shimanto Belt at the water depth of 1,200m in the Tokara Gap. Limestone
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recovered are correlatable with Pleistocens Ryukyu Limestone by nannofossil age deter-

mination and rock facies. A chimney-shaped, carbonacesus sandstone pipe was recov:

ered from the depth of about 560m in the Kerama Gap.  The result with previous works

strongly suggests that those studied areas were emerged in broad during the lasl Glacial

Age in Late Pleistocene time.

Key words : Backarc basin, Okinawa Trough, Land bridge, Ryukyu Limestana
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% 3 NEHEEMNSYITE. P Fora:Planktonic foraminifera, B. Fora : Benthic Foraminifera, P.F.L.:Flanktonic
foraminifera, fragments, Other ©.: Other organisms, V. gla. : Volcanic glasses, Radio.: Radiolaria. (1} &8

A, (2} WARRRE (EHED, (3) RO (%)

Table 3 Composition of the surface sediments. P. Fora : Planktonic foraminifera, B, Fora : Benthic foraminifera,
PF.F: Planktonic foraminifera, fragments, Other O.: Other organizmes, V. gla. : Volcanic glasses, Radio ;
Radiolariz. (1] Sand content (%), (2} Composition of sandsized fractions {number), (3} Composition of

sandsized fractions (%)

) SR

Sample name Sand con. (%)
3K 147-2-1 _-1?.45
3K 147-2-2 51.96
IK147-2-3 58.78
IKL4T-5-3 78,17
ZKT04-1 80.57
3K 148-2-2 86.91
AR 14%-4-3 78.98
HEGr iz %
{2) RAEER (EHED

Sample name F. Fora | B.Fora. | PF.I. | Mineral |unknown| Other Q.| V.gla. | Radio. | Total
3K 147-2-1 121 5 a0 121 L bl fi2 2 455
3K 147-5-3 145 3 41 262 12 i 1 5 483
2KT04-1 21 7 13 128 25 175 1 a5s
K 149-2-2-(D) 132 a3 13 2 14 141 335
3K 149-4-3-@ 206 ar 54 9 i 266 585
ok d ]
remarks

DAKI4T-2-1 : mineral (DR EMH, G trunca &b HiGEESEHT L.

DIK149-2-2 ; gt gr L,
2K704-1: BF% =19%

D3I 147-5-9 - mineral (3800, 53X HEHEN. BB G s b, PEEALES. DM oMo

HHE=145" 183 (146 + 183) X I00=444%.

(3 EbhidERR (%)

Sample name P, Fora, | B. Fora PFFf | Mineral |unknown| Other Q.| V. gla Radio, Total
AH14T-2-1 26.5% 1.10 6.59 26.58 18.68 6.37 13.63 044 180
IK147-5-3 30.02 1.04 B.49 52.17 2.48 §.55 .21 1.04 100
ZET04-1 5.TL 1.50 3.53 .78 6.2% 47.95 0.27 0.27 100
3K148-2-2 38.40 9,85 3.88 0.60 418 42.09 060 0.00 100
3K148-4-3 34.62 6,22 9.08 1.51 0.17 43,40 060 0.00 100

B (5637
3. & ] BOERBCNI-ISETTWS (RENHES, 1993, &

3, 1 mEF+ELOMBERE
SE b H T Frw THRLEPLLRREDERICD
Wi, CN14-15&TT, LEMakhBEVWLOTH 3
EVIZ Ehibhat, 19024E0 [EEFi) RN-92K
BOFL - 2 TEchERREPEETATVEF /L

3z

EfonffRELhEMANTSEZ, X ERE
(Bl1) oRKEHEENUTED, LibdhicEdEh
ZHERoMEMEL TV, BREADRREICR
TJhy, TUTLE=LHNEER, TOERMERRH
FoE R BT A, carbonate mineral ORFHE &
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Table 4 Fossil mollusca composed of limestons cecovered from the Tokara

Gap.
+ RS {t = i -
£ 4 # 4 F Family Limidae e e
o WA Clenoides lischéai [LAMY) BT 10 m
4% 4 &+ ¥ Family Pectinidae
VR A chERELEE
SHC 1474 Pecten (Serratonola) tricarigtes [ANTON)
7+ & 7 A H Family Trapeziildas AT B
7 & HF A4 Trapezium sp. AT
BEE B Pictathiyris picte (THOMSON)
7 3wt Balanus sp.
7 % 74 B Family Archidae FM (i)~
pSTHA Hui
Samacar pacifca (INOMURA et ZIMBO) — 80~ —250m
A 1 A4 B Family Cardiidae T A Ehlel e
FE14T-5 FF T T YHA Fragun lrochooanum (KIRA) D= l0m
i A 4 B Family Mactridae e
FO sk H A e N
Raeta pulchetla (ADAMS ot REEVE) T
7 3w Balenus sp,
: i o T
2R T04=1 A & - ¥ - % Family Pectinidae
Chiamys sp.

mKlae

2=

B Plusktsnse Foraminifera
[ 2aathic Farsminlfars
B Fprpninifera Fragoéan:
E Hinerales

ﬂunknm-

£ Cicher Qwganisms
Busleande glasses

B Radloralia

[ 13 EerHEREmEa

Fig. 13 Composition of sand size fractions.
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Table 5 Age determination by means of nanno planktonic fossil,

Sample number Material Biostratigraphic zone
SKN4T-4 sediment covering limestone CH 15
SK14T-4 limestone B
K75 limestone B
SK147-5-1 sediment covering limestone CN 15
AK147-5-2 gsediment covering limestone CH 15
BE147=5-4 sediment covering limestone CHM 15
SK147-5-3 sediment covering limestone CN 15
3K147-5-6 aldest sediment covering limestone CM 15
3K148-1 limestone B
SK149-4-1 limestone B
SK149-4-2 limestone B
2KT04-1 limestone CH 14-15
SKI4-1 sediment covering limestone CHN 15

., FESMEESL TV, Dunhum (1962) @4
o, BatcBEEEE- TV D packstone TH B
Lzt =T, SEOHRKIER, 166Makb¥EL, M5
~GITEMObODE NS THEENEE DL WI T L4
TELE, JOL5Y, BEHRERE WL TE 2MERE
24 KELVmAET RS SREBERALI TS
*Ec

FH S Fe o FTRE, BSMEHLTWASLL
EREFHETERRIcLbiERshTVE GRHEED,
1998}, 19024E@ L AHW2000) =& 34 » 7 BRI
mkh, EEEBEMAEE L TVWEIEMERshE, &
ORER, dEEELBELTWERTHFCRL, B
BRECA (1 EEN) oMEThsSEE kR
= (Ghitigd, 1993), 19935F @ K7 ¢ »-3K]) ¥
TR TH LD E R RREERDE T, 19924
@ [LAH2000] FedMcEBohiboLh~3

&, DR OBRMRLEY SFEHCATHINE

BLTW3, £oT, SERRE WAERYE ST
EBETELELLE, FE—HFCBHLTWIEEE
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MR LT O3, LEM-TE6~16Ma icid s oERE
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Bao fofs, & D0E, HERERIER RIS HERAT I @A X

34

NihELodTHELELLNS, O Hutl
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@ E o R E MRS i,
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BohtUREEO s TO S ¥ Fro vickd “CH
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Wi, Zhb b, AREENE FEIHCELLR
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KBOEWES I THBELLEELI LN,
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v ¥y u PR OB L LD ESKEEL
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Fig. 14 Geologic map of the Ryukyu Arc and its vicinity.

WM AR sOamiA Gk, £33 4L, BEET
LERORIFCEREHE-H 3EEHMEI LN
L, bLEETH LT ELE, WEh o LGRS
EHEOEES-TbLWEELONES, T, T
B F 2 oSESEY Shi WEHER, &5
DERIC - ThREIC PSR L A o EER
Aoy hE&ERNEBbha,

COWSIE, ECiEToRBMEEN 5,

D bAF Ko ThRFORBE L, AICEHERN
iRt ofbih~hihomzoThh, <O
EEMEEEL TV ThAIE M LT o f,

& FHFFeo FooRfioEREO oL RES
HeBE CEFERAD Liod, ToOBRB&shi, '

D OBE AR SERR I b L 22BN
HeHReEY, @ OlE R, GREHENEOEEH
BEEPEE bbb REL YL, TS,
BERCEREs iEERRSThbhizE VW IEEFE, ©
TR (EELABBRAAEOTREL WIELE
bhkiidd, Chik20Ti, HESEO ELHiy
LS Bt AR oo T W EW S T Ehb,
FEHGETOSRRIIEL W LEhbh i, BEECOHERS
FEHENRE, @REED Fovevich s EEX
ZOHSENZAZ 5,

BEOCEFERLEDHE L L, EIokS>3GFENL

JAMSTEC J. Dasp Sea Res., 10 ({1994)

MEEMTESMNE, Chick s &, BRETHENGT
5= ¥y 7REE GBS MAE 1979 o—HT
o EEEMEETE BV, BldTRah 3 2 hHio
Fyo FizownwTid, FHOHBETHREERTVAE
B smb LALV, BREBCED SN 3 1.8Ma
CAOOZRBHAREIdERETHSS (HO-X
B, 1980), LidiaT, COIZARED IHEIIMAL
T kly, LisL, FOEISMakbEriziERE
DIEEEHLE VI ERESES NG, Litd-T, T
DL SRV TR EMIWLETEL,
FOTLbEASDER L, FHIHEBOTIIE L5
MallEt OB LT T v iz s, S
ZOARYE= S THBT<ETHES I,

TOENHAREENE A5 Fro TR, AR
EAMEE Eie il - 4, B 5 BbL ATHEESHE L,
BESOFLETOEERLIST, BRTHOEEME
HLEOTHAS5, toikibkL, TOLKEELSL
10,0005E0] LA O FREHERR S HiHERE L 7=, 2 E 07k,
BE D < | FEMEE NS5 &5 L
HIET & - AT, O dERRE R L T
fofn b LitAivy,

3. 2 S -¥yoTOERKERERIC O
T

&@], REFESSAm, —EFELERE (RS- ESH
o AN OFEbL G, [F7 g v-3K]1 LD
kX VSsOTHREEBELNE{EEEENMLE. Zh
i3, BECHEI kLI IRE>TVWRAST=Ea
L— 7 — T TAL I CTRENTE LO0TH
T, FEE(d, 106X15X10em, WX i2415keT, B
(H=-7LARAREELTED, BHERES SR
T, BER= » ¥ rBEDcBEREshBEEBLT
LA, AINRENERT, HEELHEREENELhE,

HEoRFcHVTIE OofET/oEESUMLE
R - EEE i {EGHERohsTE (LA
VE000) HS40MRY) (RihEde, 1992), 4, 1939
OEGRAEECEVTE, HMoERS LI L OH,
coMaviEsbhTng, choRMEL T, BT
B L B EECBH L TV,

SEHLG® B cHRER Y ¥ —F Y REGER UG
FEOHBoht, CHeORShTWLER—BRES
AEr Y 3{LERMEBOAAOTE S, T oOKEIC
EELAEERNWTHEAIS, ER S HEMECR
TEAETEE+ ST 2 EEYhRUERES SED SO
fADTHE, T ORMML BELLREPRKE

a5



ol ] o= eo[-] @=x

Bl 15 FEkR-EGAEET b= s - w7 {1l B
¥ L DERjOME, (2 FEllF 5 7 obRilig, 3
HER T, ) Mok

Fig. 15 Tectonic map of Byukyu Arc to Tunghai Shelf
arsas. (1) Land {0,023 Ma), (2) Central rift of the
Okinawa Trough, () Deep shear, (4) Hydro-
thermal zites.

RBE-UESMOHIMETHES,

O =odd@EAC L2, ThooBRBza438
OREHOIETHLEVITETEH L, TOLEREL
REREGSILIZES,

B cCoTHRROREELMEE, HEGRETEHRE
i, —ERELLERYNE S, O IORE LMy
Lade,

@ rF—FyREIMRECIEREHCMESD LS
CBAB, WHRICOVTH, chETOYrFAOHET
Bbri{fiTtvio¥ HEEBFL=—-HFT53,

bL, COBEPDOLEILY——-PILLE 4D
ETEREUTOLE AN EMBRTES, 10~1275EH
o, #IGKE - BEARS s oMoRBETRANS
LIk, HEFIBoAELRENTEEND, COME
R AR, &L —A S E O e = 2
HEFALOND, COFBENICL DT RO LAE

L. bbb ir—t— 0 hE ST 50HEEME S, C
OMEETHEBERF Ao —KERTEEML LAY
WV, £, SRl TRELRFICLED Fovd bk
Y ZTREEAE T, COFL=—h Fow4 FEE

18

HEZEiTETEAS, £ BEbiThh, BEANEE

L, HEHEEcARRRARNE LD, ToBBici
KMLAZE, HLbBOHEDEM- ZILERMTE S,
iz, HHEMMET LTS L, £S5 0
BEE S, To~ BLOFEAICHERL T8 FIET
bt R v HEh I,

BlE®DE 3 MHRESIRTE 3N, Chidg®LA
Biko ERMSERALEROT 4 v b — 7L L SRl
BEENE, L, BRELGFEBRERFL=-Tah
¥, BROHBTRIHDTORELIWIZLIENS 5,

3. 3 BERELFS b=

BEOCHEEECETH, TR ESErs=
Fr+ 7OEETFHAE BN SEEL LGS B
SV b Ebh I L DOMERNENTVWE, EDHER
BRI EE T 3O RESENS (Y3 vakE) ¢
OHERMO “CERMEIN 4 FFRLEEhTEY, £
OLEAESICENT S ER LS DEHEEY (Fo-0l
B EEOCRECHEILE S35 2 FEHE V3 #H48
SHTWE (hRkHiEh, 1992), chbDTihd, B
BERSHEE 4~ 2 FENC 5, Bl tizsh
FREBEREEAMS R EMRISNE, Fhic
£=T, HBEREMHEHsh, Tol B it
il L & ETDAARR L WERIKSY, WMERRKE
FERCHRL L EACAhE (FS5<RES)N =5,
FOBISFERHO© A LEREHCHBUELEL 2T
HBEME 2L ELh G, COMic, MEEMI-ELLS
Ee, BEMNEC TLEEEI GRS,

SEr 3w - ¥+ 7 THOOEY T, {ERE
ARTTREKAMOTETE S, Chd BHERGKER
EKOLDLARENI, 5= - Fro 7EMLTRE
LERMEER A VA, C s oEebER, BE
HECBELTLELZ 2058254, F>-RE
HEiis e nblBo@aicElshibéotBhh
B BLT, AT Hy o TFLirSe - -¥r 700
FOERESHED L, BTOL I AR, (1933
DRBEFHFTIBEI BN,

O HERAFCSHERTLS~ 1 Maicid, RGN
kit - TELS 302 hicEWRETES - Lo ik
MEZIONE, L LT Tioli<ikiic, bb ik
DA (L5 SkEE R 3IEKE) dMuTVEER
AR,

@ &z, HERAREHENEE S o0REREHL
SEBEMIZL E ool FOBCIE, A5 Ee o T
OHBRPOHRT L IURMBTH -k, TOER

JAMSTEC J. Deep Sea Ras., 10 {199)



1~15kmiE ¥ THEEMh S, BEMNCE,  OFSLE
{biziEViMETE A LMEPTEL,

@ rAF FeuTErsT-Fre7THBHLN
ol hE, Sl 5 7 OER L EELMECS
BT EMFBaNS (RFEh, 19923, IFEOHEK
BEigo HhE R ORR (Chang, E., 1993) L iEMiEnG
Mo s, BBICRENS LANERHTOLT
B Gkl MfiEahd, COENRER KD
dkickh, 2—5v7 7= OHBHMRAEYES
L hitE2DorT - V= vk 3aiENMES
Z, ABEICE, Co2ooTh A BN 5 7
EMfipdE im0 SEAFLTELI, EL
T, bA5  FyoTEFST - Fe o 7OHTEDR
bThEREMmLEZ LD EAUT LM TEEbE LAA
Ly,

4, ¥ & B
@ b A SESLEOKEL2OnFFERR o
hoRESETHIHTHEEEC L HERRICEEYE N
FHLAMICHEHELTVWAI LB E L, HT -
Fy» FORKE R, Mo {itaxSHESilED
RETHD, TRHKEI20MEETRAEOREE T

CHLELERERR W, KEMOEREHERE R L A

CAMEZ LWL, oMLK ERzEENAEL
CEAER) PEHIR BB LBEEOLHRE &
2L {HTWLWE,

@ [LARN2000) STl oEECLD, c0h
FRE R Y] 5 AL — R s AR e) o FE 3k £ OB 05
s,

@ rH3, Fee@¥e v TOHRECLRSOER
I ST & b s baoME{ Eh bk, £D
PBHE LMD ST VWS, SEy 5=+ £y v TOM
EHE, iR shi{bhl, X7 PSOTHETS
ZLETFExH, BHERFESCHR T, 1992
iE, FOMMERG /Y BEOTEED S S{EOMHENE
Hh, TOM/ZLEGSLVHOMBH ORI ERSG,
MEFECEb R OHTEEZELL TV 5 T LR
ki, PlEoc &h s, T oRKEENE, iz
FoulLpEsr@ikshil EHEL NS,

@ DllogRichiTolateHLAER &
g, 2MablRgrk < BBk L oS, 150~5005 50
CARRAKEIE T o hTWAEHEESRE, 312
0 FERE RO R RNEE T b - 5 KB T E{ER
HEEETNTVLAY, FOBCLEHS - Fe o kg

JAMSTECG J. Deep Sea Res., 10 {1994)

Bhb-rmEEEINE, LiL, THEE] kmij#E
OLOTLh b BRVRETH I LMiEEsL
‘5‘@

® AT FyaFirse-Hra TR 1V
FoeFlo—hOffErEEr—5vT » L=+ HEO
HAE~O2ELick sy 7HMEONELMERT I
b L,

SEOoMBALLTR, SERBRBEALLZF -
Fro PORRBRUTTRRERENTVEY S -
vy 7ORREOEHMUBETONHENILEND
B, £, bFASKETOMBIZwT, EEENTO
HEMEL NG, ELT, 557 ¥r» 7OLLRME
s huicimic i, SMobRHER LTy SeiEtse
Wy, Vo REEESNS LS UEBEL{EEHE S AT
B, CHIEEOT(—MRTFELY, ETCEHLS
EtHiayv7Y) v MEERD,

- B
HEicaibh, BFHERE IISEERERILHLETS
FLAML2000], TRA7 . »-3K] OMEE SHHAE
EMESRUEHETE THoL 2] OMREEDFLIC
W, REEBHEECLaA, S0, HERDIREEETIE
EHFE—Ki, TR TRRBESERE ®EEHO
B TRFBEE—RicErwiFue, £ H
BEEAPEAOBSOMMEERT VLGS IO
e b L T AL BRIz v S ws, SRR
SWT i, PERERcEL & CEREE -
EEE o - B ElRoEIBTH OB+ 8
oo NIFFEFAEER UM E LAEERBICR K-8
BRI iR, HEDF AW LIERE S - T

BoBER LV,

EETR

HB— . B E— (1979) : AIPRES B A DGR O KB
BHOSAH &g AEEiTEeE 4 (5, 97-
108.

Barggren, W.A., DV. Kent and J.A. van Couvering
(1935) : *Neogene geochronology and chronos-
tratigraphy.” p £11-260. In : The Neogene ; Part
2.

Dunham, R. (1962) : Classification of Carbonate
Rocks According to Depositional Texture, 108=
121

Chang, E. {1993} : Source-reservoir-gea assemblages

a7



and play type, East China shelf basin. Stanford-
China Geosciences Industrial Afiliates Program,
3-4 June, 1993 (oral talk).

AKEER - ik B - chRHER - RS - s -
AR - NEFAASE - BREFOHOE (1992) : W+ 3
ZHR Y 5w B MkEE— o Lok o BRI
M7 — LA v os afiem 8 107-133,

e - B B ek - FIES - NEFREE
PAERE (1988) : kA SO KRE—ibE
S7ILBOMERO TS =8 A— LAdbvwm
e naeae 0 093907

ZSFERR T (1980) - Bic Ed -y v TH—HiEO A
BTISHE— HE 1980% 5 5%, 46-56;6 A,
G2-T2.

Okada, H and D Bukry (1980) : Supplementary
Modification and Introduction of Code Numbers
to The Low-Latitude Cocolith Bisstratigraphic
Zonation (Bukry, 1973, 1978). Mar. Micro-

318

paleont|, § (30, 321-325.

FELTHE £ - AfNLZ (1980) @ (12 /MEERYIC 5515 5 AEK

HELUOELEIOEINO A3 DT v ia
“ b3 2L DNKCER 19 (2). 7585

Sakai, H, T Gamo. Y Ogawa and J. Boulegue
(1992} ;. Stable sotopic ratios and origins of the
carbonates associated with cold seepage at the
eastern Nankai Trough. Earth and Flanetary Sci-
ence letters, 108, 391-404.

Thierstein, H.R. K.R. Geitzenauer, B. Molfino and N.J.
Schackleton (1977) : Global synchroneity of late
Quaternary coccolith datum levels ; validation
by oxygen isotopes. Geology. 5. 400-404,

(WIBSBY - 190448 & H30H)

UiE) T~ — LI

JAMSTEC J. Deep Sea Res., 10 (1950



b S R OEEIE, () @S SAEARY GRIRYIED
([ Fa7 s »-3K] W 147 #0L SuL 2, (2) HEIE
Hi (ST SR sl & P O S
(ANHERI R Pz < RAas) (ED (SL4). (IlL
ALy 2000) I TO4 BT L - TRALS L NE
FHCERREN (50 1)
Outerop of the basement in the Tokara Saddle.
(1) Owterop of basement (older rocks) and
Quaternary sediment (flat part} (5. 2, “Dolphin
3K", Dive 147), 2] Quaternary limestone (white
part beneath the thin veneer of sediment),
unconformablly covering the basement rocks
(5L 4, "Dolphin-3K", Dive 147} (3) Qualernary
limestone outcrop discovered by “Shinkai 20007,
DiveT04 (St 1),
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Photo 2 Quaternary  limestone  recovered  from  the

Tokara Saddle. (1) Limestone specimen, (2] The
top of the specimen shows an erosional surface
of limestone  bedding, which is  probably
unconformity plane, (3 Fossil mollusca (Pecten
(Serratovela) iricariains) in limestone of D3K
147-5 from the Tokara Saddle.
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Pheto 3 Microscopic photos of Quaternary  limestone
recovered from the Tokara Saddle (2K 704-1).
(1) ZKT704-1 : The view is 11 % 15mm under open
nicol, (2] D3K 147-5: The view is 11X 16mm
under open nicol.
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Photo 4 Calcarcous gravels recovered from the Kerama
Gap. (I} Chimney-shaped pipe (3K 149-4), (2]
Cutting surface of the rock. A conduit is seen
al the center of the pipe, {31 Doughnut-shaped
gravel,
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Photo 5 Picture of chimney-shaped pipe (3K 149-4),
{1} Cutting surface of the pipe. Central conduit
is cleary chserved, [(2) Microscopic piclure of
the pipe {calcareous sandsione).

JAMSTEC J. Deep Sea Res., 10 (1934)
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Photo 6 Dish-shaped calcarcous sandstone (3K 149-4).
(1] Dish-shaped gravels, (2} Microscopic picture
of the sample.
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