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Diving Survey in the Tokara Strait : Tectonic Development
of the Eastern Margin of the North Okinawa Trough
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Shirg NISHIDA*® Tomonori QNQ*® Misumi AQKI*"

Wide exposure of Cretaceous rocks {Nago formation) of the Shimanto
Terrane was found on the flat terrace at the Tokara Saddle logated in the
eastern margin of the North Okinawa Trough by the diving survey of
submersible “Shinkai 2000" in 1592, The Tokara Saddle is a ridge crossing
the Tokara Strait. Eyukyu Limestons vounger than 0.91 Ma was recovered
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by dredging from the exposure at the Tokara Saddle during the cruise of
"MNegasaki-maru™ (RMN82} in 1992, Those evidence strongly suggests that
the Tokara Saddle was eroded subaerizlly on late Pleistocene time and
then subsided before 8,000 ¥.B.P. Adding the late Pleistocene uplift of the
Kerama Saddle to this, existence of the land bridge connecting the Chinese
continent through Eyulkyu Are to Kyushu is estimated during the 30 and 20
thousand years ago in Wurm Glacial Age. A major, left lateral transcurrent
fault offsetting the Tokara Saddle is estimated by the diving survey and the
topography surveyed in detail. The left lateral fault may have been generated

by & transform fault movernent originated by the extension of the Okinawa

Trough.
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Fig.1 Index map of the surveyed area. The seabeam map (Fig. 2 ) was made in the box area.
Survey lines X and ¥ are represented in Fig. 6.
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Tablel Samples obtained by the RN91 and RNO2 cruices (*Nagasaki.maru™). Ship positions
were measured with GPS (Japanese Geodetic System) and water depths were observed
by the eco-sounder. BN92D-1: dredge number, EMN91FPCI-4: Piston coring and EN91

QKI1-3: Okean dredging.
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Table 2 Samples recovered by the 2ZEE0% cruise of "Shinkaj 2000" in 1992. Location is

observed with GP5S (WRSE4) and no corrected. Changing to Tokyo datum ;
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Fig. T Tecpography and materials along the diving track of Dive 906,

{1} PDE profile along the crest of the ridge in the Tokara Gap {Tokara Saddle),
surveyed by "MNatsushima". It seemns that a same flat surface was offset by normal
step faults, 2 K609 is listed in Tables 2 and 3. Line A—E is represented in Fig. 3.
{2} Profile surved by “ Shinkai 2000" at Tokara Saddle, The Dive 609 of location
is shown in Figs. 3 and 7-(1). Legend A: Basement rack, B: Fine to coarse sand.
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Voo ot BREN, DY 7l w—
o oEEz, FhodtitE~LhofihTTa
Rt aplLTVE. ChirBETEOEHOmEI
—FLTng, LaL, [LA®N2000] CilH
& N - T OEBORN B SE~RED 5
T 10

Bl s hicy VI LDRRIRIER 2 R L,

5 H 7 NERIRRESE

5.1 HAIEE

[ L AA420000] SB609IT F 4 S&EEL D
18 & h - 2Ke000 v 7 LOBEEE ORI
RDE5Th-7 (R4, THEIER),
2K609- 3 : Brown-gray brecciated metamorphosed
calcarecus arkose,

ZKE09-4 - Brown metamorphosed calcareous

arkosie arenite.
2K609-5 : Gray tuffite.

A & U R, BRoBRTRaTS
L, TheDd I, pEEETEBL T
AEHELHECHE s EhEHE N ah s, &
DOEMEEL, EEEEOME+EEBLT WS,

EMRRNZIETRREHE 6hi, 00
s, Bibais#g i ru LGBt o
i T, ThrodissomEsgEos  higit$ {
EATWE, Fi, CORKBCESEhIEEY -
thayd v/ {EGHCN14E B W iFCNISETRT 3,
FEGHS X TIHEL bE FEGIKS IS H
xhid,

5.2 [LAML2000] 2 KE9D 7
RS

L A»2000) ©E38mm, EE0mmda 7
(K600 ; HREH) MEBohik, TD2T%E
lemBlTBYC LTy » 7 LMBEBMThAl,
o7 ORI LR 2% T, T T

#d4 A FENORSEOMBRET (REAKED)
Table 4 Microscopic characters of samples from the Tokara Saddle by Zhu Guitan.
Humber 2K-B09-2 2E-6049-3 2K-669-4
29 GRT2T"N 29 D8°3T°N 29 08'52°N
Location 130 04°08"E 130 04'09"E 130 047 147E
Water depth 1416w 1408m 1380m
Brown-gray. Brown. Gray.

with strong brecc-
iation.grain size
< lem as a shape
of lentil.composed
of gquartz and
feldspar with
glanular texture.
network veins wid-
ely developed in
the clastic and
calecareous materi-
als between the
lentils, which are
carbonate veins.

Characters

with granular tex-
ture, composed af
feldspar. quartz
and les= metal mi-
nerals. granule are
anguelar inserted
by carbonate veins
and less silicious
velins.

with fine grznular
texture and tuffa-
ceous texture,mai-
nly composed of
auartz. feldspar
and lessz muscovite
and hornblende.

breceiated dalear-
epus arkose

Rack name

arkesie arenite

tuffite
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ELEHTHE (F&5-(3), F8-(1)) BlE
i3 30%HE, dlH 3 A 24 S1I3RTH L,
[EER AR LT oS R » SR BEE
OkiEMIom) Z2RTLS5NSORES LT,
EEREL I LB B W THE A AEC LS
2HFAAIHT 3EERARoRELbREAL
e B, WAoo 7T EBLTRENEL
B ehiEn,

®E
HEES (%), (4)§"0& §UCHRIE

6 G
6.1 F»/{ER
g6t v/ {Ehic A ERAEERETR LIS
Chicid, 199 BENSEREFerf—o [F
W74 v 3K] ETLADBVIN] icxbiEsh
Iy SesFy o 7OHVITRO—EE A>T
., ThiooEPABEIL>WTR, Akidh
(1992)1BMENT W, ¥ I3 T« Fr » 7DH
YLD INTIE, & AR EAC1992) TN
13EEhirbOR2WTEEMEEAL LD,
CCIRTFELELDTH D, CN zone DEEHIT,
Okada and Bukry (1980) # X UMatsuoka and
Okada (1989)iciE5< o
FF, RNOZD-1# ¥ FIICDWTARATH B, T

2 K600-12 7 04T (NFRAER), (DBEHR%). (Ramils) (NERRS

Table 5 Analysis of the core (2K608-1)by T.Ono.

(1) Sand fraction content.

(23 Water and sand contents (34).
{3} Vareous component in the 2K609- 1 core,
(4) &0 and "0 contents of planktonic foraminifera tests.

{1) Sand fractien contents {2} VWater and sand contents(X) (ZEE0D-1 core)
GANPLE WO, . SIRFLE NO.fater cont.Sand cont|
O¢-BOG-2 | 05.69 ~lem IT0RY 77,
G7-B05-6 i 36.79 i-Zcm 28.4] EREY
L-3cm 37.5 8. GE
d-dcam Y g1.06
4-0cm ah. 0 fa-1
~bce 35. T8.83
E-Tea 33.16 6.2
T-Bep YT Th .5
E-Gce 41.11 Firil
(3)  286098-1 core (%)
BIKFLE KU.[ F.F. B.F. :Badio.  Oth.0rg. | Bipe. [ Wol.gl. T P.F.frae. : Ifnknow Total _
i-Ico di.68 ¢ @.71 'T""'E:'ET"FIT' T B.86 TR U1 L0000 ]
i-dee 31.22 44 i 01 (.66  384.8b6 .43 15.94 § 0.44 [ 100.01
4-ben a8 . UE 7.53 ¢ 0 J.04 1 41.77% 15.16 ¢ 253 ¢ 0 99.49:
B-Tecnm 2f.5l1 037 : .17 1.38 1 48.43 4.5 % 16.08 ¢ 01 100.00
E-Uca 4. B5 | O.76 0 2.65 1 49.67F 9,47 ¢t Z.E5 ¢ 0110000
P.F.iPlanktonic Forapinifera B.F.IBenthiec Foraminifera Radie.:IRadiolaria
Oeh.Org.20ther organisas Hine.:Kiperals Vel.gl.:Velcanic glasses
P.F.frag.!Planktoric Foraninifera frazgoents
4 5 01% and 5 C13 centents of planktenic
foraminifera tests{ZKE0%-1 cored
“ou_ 3018 __ V5 PIESCIZ V3 POh
-1 L L
7-3 248 EEE
q-5 -1.588 ]
o =] .60y T
-4 =1.4071 i.941
Sty
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ik B ety Pt AFED (1992) RERAE S,

£2)
Table

+ /P OEH -ER

Manno planktonic fossil,

(1) Correlation table based upon nannoplanktonic data. Nannoplankton was determined
by 5. Nishida. If 2 maternal in the Lithofacies column is underlined, the underiined one
was measured. Part of samples obtained by "Dolphin 3 K" in 1951 were described in
Kimura et al, (1992),

{2} Manno fossil species.

(1) Ko Lithofacies CH zene Correlation
[ el 3 11 )
03 2K609-2 wedium sand B (0.27-0 M=) Holocene
03 2n609-6 fine sand 5 Holocene
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—F, 5w« ¥y 7TOSRMANR, DKIIL-T
AR EA(1902)0 & B h BRED (HHdt—
HIHEERTH) wiftbEn 208, fikd & @ (21.6-0.9
Maicf@ L, &R E) o

6.2 MSERFEELAE

BIEHREE T CRT . HIEREETERFEEN
BIEEHFE v —OF ¥FroricdtbiTh
e HCOALEEIL LTS5 5T0FEEH WTEN
MEE s nt, COMCERBRY.BP.OBENT,
FEEE10505E A BB s~ - 1 EMRETREN, F
fffimigs idone sigma( 1FBHERZE)ER L,
Zhit, B URGTRESI00E#IEL & &,
AR SRR A A RS B8EITS S
LAEENL, SXLBROMEC LS L, RE
Bz A 2B&HBEIICIEE,

® 7O 2KE09-112, [ LAL2000] SH600HHT
&Y b S EE TR L - o TR R ot
HTH Do T L DHEHHOEREB A LE
B, EERAEL 0EELEI R HEE
QERLZMA0ICEWE &h, SldaTls s

Ati, BERR, RaThicgEhTwhdiiE
& A EBEHETE - foo FEHE o 7 O TN
LRBALI Y, MECLDOLEBHLH IR & H
e B, o7ORESR, STOERE NS Sem
& Jem®ED b OHEE N, 149wl Lo
HFFLE6EE (FBEL ), WE0.0168g
RO LA, TR, "CHET80E160Y.B.
Pigodhifs (57 )

RNOZD-UHz-oWwTid, FEhol (EF+7)
KW THEEE N, W4 FELI DB NE
T, TOHfHELTWEES TR+ v
{bRic & BCNI4H 5 WVWIRCNIFE W HETEE &
HFELEL,

6.3 B - EERLERE

I, B « RERIERERRE R T (H 5 -
(4), B8-(2)), BEREBEEE bz, 7L
TARERIELERD Shitv, o7 o
FHfEL i — 1,448 T, = O ITEIRTEE I H
S5BohicEA v o TR ESOME RIF—5
The Ffo, BERENTIAIC & D Emiliani’s stage
THAR» SBEk IR m T, BERR RN
SR +HR (0 %R EEHkT A, kav T
REGHEBMSL & ohiiv, kst -80n &
EIRTHH e e 2 DA, S 58,000 — 10,0004EH]
hokidEhTuwaoiihs, ERRsEE
8,000— 10,0004 & b HWEfiElEdS B,

6.4 KIUFEIEFE

b A SREERDER oK ILA S A AITER IR
DLty 3 ARAEODEXSTE
REVABIE2EETH 5, VAISIHREIED 18
El& Loz 000 sE L, TOEE,
2 K-609-682 7 A+ KRR EE S v 9,
100 FEBHEATATL—2EOKLY S 2H
S 2TWa, + » /{EROFRTHER (R6-(1))

#£T Fr7bericdapfEicERBERR (AR hitis)

Table T "C dating result by means of accelerator mass spectrometry of samples

{analysed by T. Nakarmural.

Sample No. | XM B8 - B HMH

*CHH MEES

ER-608-1 HEfEHI P OBl EL S

T880X 180 Y.B.P. | NUTA-2614

RN3E D-1

ARHBEPOR (B 7)

> 35840 Y.B.P.
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(1} gand fractlion composition(%){2K489-1 core)
1913 :r:;-; E P.F. fr'a.g;.
& B yol, g1,
. H Mine.
e 40 [EE SSsssg=sss oL ggszass B Oth.Org.
\ Op.r.
8
0 &\\\\\\\\\\\\ He.F.
@ 2 4 & 8
core lengthlcm)
(2) S018 & FO3CKEEF-1 cora)
2 o i &
i - 8018
FAp o R - 5013
vs. FDB i
E “"_""__'_'-.__th_""‘--—.._._ &
"“2 .

] 1 2 3 q 5 & T 8
Core lengthicm)

E8 2K608-6 27 Qair(/NEFRRBIC £ 5)

(1) 2K609-1 2 7@k, Al P. F. frag : Planktonic foraminifera fragments, Vol. gl. : Volcanic
glasses, Mine : Minerals, Oth., Org. : Other organisms, B. F.: Benthic foraminifera, P, F.:

Planktonic foraminifera,
{2} 2K609-6= FORMEHH
Fig.8 Analytical result of the core of 2K608 by T. Ono.

(1) Sand fraction composition in 2K609-1 core. Legend P.F.frag. : Planktonic foraminifera
fragments, Veol. gl : Volcanic glasses, Mine. : Minerals, Oth. Org.: Other organisms, B. F. -

Benthonic foraminifera, P. F.: Plankionic foraminifera.

(2) &"0 and &"C conlents of planctonic forminifera {Globigerinoides saccurifer) tests in the

2H609-1 core.

#8  AKbRsl (EESHc L)
Table & Analysis of the volcanic ash in the sample of 2K609-6
{determined by S. Nishida).

00 TORARA SHMPLE:  ZK-500-5
DATE @ G2/07/23 13:21:02 DISKET: E0X RAW 30
RECORD Mo, 2401 ™ 2420 W= 20

NA20 MDD AL203  SIOR Ko G0 TIOZ  FEO

___________________________________________________________

Hin_imum 1.360 0 0.550 9,580 74,600 2.260 1.580 0.120 1.950
e i 24830 1.260 10830 81.120 2.990 3.060 0.500 5.950
Range 102 0710 1.250 4.520 (0.730 1.480 0.380 4000
Hean 2006 0.9 10,266 77.380 2567 2.46  0.378 025
Sun of sgs. L5237 0.526  1.972 &4.107 0.772  3.168  0.269 15264
Var 1ance 0.076 0.026 0.09 2,205 0.039 0,158 0.013 0.763
Std. dev. 0.276  0.162 0.316  1.485 0.196 0.398 0.116  0.87%
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{3) Deep fault (transform fault?).
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Photo ] Features of the floor of the Tokara Saddle taken by Dive 906 of "Shinkai 2000 in 1892,
(1) Well developed ripple mark on clean sand in the deepest part of the Kerama Saddle. The
photograph was taken at 11%26°26° between Sts.1 and 2,
(2) Exposure of the basemental rock. The photograph was taken at 13317 between Sts. 4 and 5.
{3) Exposure of the basemental rocks and numerous cracks. The photograph was taken at 13
447 Near St.5.
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Photo 2 Rock samples dredged from the Tokara
Saddle {RM32D-12
(1) Basement rock {(Nago formation).
(23 Clastic limestone correlated with
Ryukyu Limestone.
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Phote 3 Microscopic photo of RN92D- 1 rock
{Nago formation).
(1) Open nicel,
(2) Cross nicol.
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