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Evolution of the Escarpments located in the Back-arc Basins T
in the Southern Waters of Japan
—Mechanical Boundary Between Sinking Back-arc Basins
and Buoyant Active Island Arces—

Shigeru Kasuga*, Yasuhiko Ohara**
Abstract

Swath bathymetric data, single channel seismic reflection profiles, magnetic and gravity anom-
alies in the northern part of the Philippine Sea were obtained through comprehensive surveys
conducted by Hydrographic Department of Japan. The surveyed area covers Izu-Ogasawara Arc/
Trench system, Shikoku and Oki-no-Tori-Sima (Parece Vela) back-arc basins, northern to middle
Kyushu-Palau Ridge, Daito Ridge Regions and a part of the northern Philippine (West Philippine)
Basin.

Our survey revealed that the eastern margin of the Shikoku Basin is marked by a steep
escarpment with 500-800m relative height. This predominant escarpment is named Kinan Escarp-
ment and it extends north-south for about 500km in length along the eastern part of the Shikoku
Basin. A large escarpment (Oki-Daito Escarpment, tentative name) trending in a WNW-ESE
direction, roughly parallel to the Oki-Daito Ridge was also recognized by our recent survey in the
northern part of the Philippine Basin. The maximum relative height reaches about 1000 meters.

We propose that the Kinan Escarpment is a large normal fault that was formed due to the
post-spreading deformation of the back-arc basin oceanic crust along the mechanical boundary
between buoyant active island arc and isostatically sinking inactive back-arc basin. The Oki-Daito
Escarpment was probably formed in a similar manner by this mechanism. The location of these
large normal faults indicates that the vertical displacement concentrates along a zone of possible
structural weakness which is characterized by an abrupt change in the trend of the topographic

fabric and magnetic lineations of the seafloor in the trenchward side of back-arc basins.
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Fig.1 Map showing major topography of the
northern Philippine Sea and location of the
Kinan Escarpment and the Oki-Daito Escarp-
ment (tentative name), denoted by (4) and (B),
respectively. Boxed areas show the location

of Fig. 5 and Fig. 7.

> T bihE B IR OFEE & RIS & B
R EVERAFIEICE S F TO—HOBFEIZ DWW T
13, MEECHE, MR =xz—3 3>, BRERH
FOT—FIEDNT, FE DREDPHEINT
W3, —J, PEKET HOTINGREOREEES)
IR AUMERED b ILAAA THIET 5 £ TO#
FRICOWTT, FEFEMITFA LI I N Ty,
AETld, TNFThEVFERSIN Tk
T BTN OMEES)ICEH L CHER%
BEtd 5.

2. MEER L REBEE

WEREE I 7 4 ) B o dtific g § 5 6

5o NERBIRIEEROTINGE TH 5. ek
2> & WU EREAR N 3 R R DREHL & 7 5 AR 72 1l
WEMRREFE VPRI TEBY, T/, B
atHE (IPOD) 12 &0, #EAEMIC Site 442, 443,
444 3B DOPEHIDEI G I Nz, TN b DT —F
IZEDWTC, WHEDIEIBEFZIC DNV T L D
A7 E3NTEBY, (Kobayashi and Nakada,
1978 ; Shih, 1980, 7 &), MU [E ifF 4 o 9% K 1%
30~26Ma B E D), @& 2 BIOILKF HDZEAL
ERECIBMa EIcHT Lo s HEES N TS, &
iz, KEEMIFAZEIC & > TR LNk L VEE
7 WU Stk B D505 o 6, T EREARE O RIS,
) 7T 4 ¥ TRICHERDRIE, LKl J 2L
RV v, T AT 3 YEEM RIS
AR TUEHREINIZ EAFEICH L2 IC k- 72
(Okino et al., 1994), 72721, VU[E #E5EHER
ITE-EBERE O X IITEE)IC & > T, JERRFDIRE
DFEATRINTE Y, MR L HE T W
728, EBGEBIRDFEMITZ H > T,

MU [El A AR DK & ZeREfEUE, s A800m (2
EY 5% L DO BE (TR E) 2 FEL T b
ZEThD FEHIFD, 1992 FHITA, 1994 ;
WEFBEN, 1994). ZOEEE AR, JLES0E
3050 B & BAR13TES0 DITIF 7 4 >~ L&
TL, 26BfhHIFE TH500kn % (21T EEALE~NI0CW
FHICE-EEMEICTPATL TEBGRALETH B
(Fig.1, Fig.2). Fig. 312, dt#&28E305 12 -

— 40—




Evolution of the Escarpments located in the Back-arc Basins in the Southern Waters of Japan

135

AR

km

100 200

| B3 ">

" Shikoku Basin '
IO
%g%w
WY

)
AT BT

HONSHU

S0-NZ1

sSprd ©ICMESE

}

0
-
‘§N£§E
\}é\\ /, EZ\
\ ‘
N

b (8o

2 W
~ D >SEss
AN,

"“‘i.\\w ‘i?’a

140

Fig.2 Bathymetric map (200m contours) of the Shikoku Basin and its margins (from Kasuga et al.,
1992 ; Okino and Fujioka, 1994 ; Kobayashi et al., 1995). An arrow indicates the location of the Kinan
Escarpment. Line AB and Line CD indicate the location of seismic profiles shown in Fig. 3.
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Fig.3 Upper : single channel seismic reflection profile traversing the Shikoku Basin. Lower . 24-chnan-

nel migrated seismic profile across the Kinan Escarpment.
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Upper - The location of the Kinan Escarp-
ment overlayed on the magnetic anomaly map

Fig. 4

of the Shikoku Basin and its margins (from
Kasuga et al.,, 1992). The contour interval is
100nT. Areas with negative anomalies
exceeding -100nT are shaded. Lower : Identi-
fications of the magnetic lineations in the
Shikoku Basin (from Okino et al., 1994).
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Fig.5 Bird’s eye view of the topography of the Oki-Daito Escarpment (tentative name) and its vicinity
in the Philippine Basin.
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NW-SE direction of the topographic fabric to the south of the Oki-Daito Escarpment is oblique to the

WNW-ESE trending Oki-Daito Escarpment.
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Fig.8 Stacked profiles of the seafloor of the Shikoku Basin and a depth-age correlation curve for the

Shikoku Basin derived from an empirical relation between the age and depth of the back-arc basins

in the Philippine Sea proposed by Park et al. (1990) .
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TG BIKD TIC AR ENT 757
CavICEET AWML EZ 5N s (P,
1983 ; Tamaki and Honza, 1985) (Fig.10).
ZD& ) WBED S, PLRMT HROEINE &
Bk E ooEEFsERREE, HB1RICRT LD
P ICH T TA, —ikic, HiINERIZFEND
Rt & HIHHL TR (ELQ) 50T, #il
MWD H B EBHEINE DRI, ThAARIN DA
LRFTWEMICHL LT 25, RREEE (X
FR) 2 oW, IRHHERE % & O KRR D
BEICHBINE > TRES UL 20T, WAKE
MG (BFR) 13 ZNBLERERET 2 2 &h%7% v,
TAVRZT 4w 7 %EBHNTITHT L 2 Wi fE =
(failed escarpment) & A7 &5, o EEHEE E

Kinan Escarpment

\

"Buoyant"

Kyushu-Palau Ridge Izu-Ogasawara Arc

* "Subsiding" * Pacific Plate
Shikoku Basin

Philippine Sea Plate /

% If the field would turn

to be compressional ...

. Izu-Ogasawara Arc
Kyushu-Palau Ridge

Philippine Sea Plate G Pacific Plate

"Incipient subduction"

Fig.10 A model showing the conversion of a large

normal fault in the back-arc basin into an
incipient subduction zone.
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Evolution of the Escarpments located in the Back-arc Basins in the Southern Waters of Japan

Table 1.
back-arc and island-arc.
Stage

Topographic Feature

Examples of the evolutionary stages of the post-spreading activities in a boundary between

Back-arc Basin <> Island Arc

(1) "Failed" escarpment

(2) "Isostatically active" escarpment Kinan Escarpment

(3) Incipient subduction

(4) Subduction

Oki-Daito Escarpment

Okushirl Ridge

Manila Trench

Philippine Basin < Daito Ridge Group
Shikoku Basin < lzu-Ogasawara Arc
Japan Basin <> Northeast Japan Arc

South China Sea <« Philippine Arc

NGRS BAE L BEH 20T, T4
VAL T 4y 7 BB kT B TREMED B B Wi
Jg (isostatically active escarpment) IZ54H & 11
b, 72721, ACEMBREEICIE - CEEEE L ERE)
TXidALNT, Fiz, FCEFHREEIZEMHAAIC
EN=r 77 A MicEbRLTA R (8 -
W, 1994 ; BERIIZ A, 1994) Z &b, BT LD
T7 b=y ZICEBNLRE LT L L L
v, Ziiuzxt L, 30Ma 2 5 15Ma B2 22T T
Tk L 7z & #El & 5 F B4 (Kimura and
Tamaki, 1986) X% Tld, %%SJIK& DIFFI
B> CERFEOIEWGHENTEH D ), TEIKE
T B DM E) % ETEE) 2K L T\ 5
(Savostin et al., 1982). HZE & HAL H AL D
BEFC b7z b HAMGERE CI, HAWED UKD
FAL B A R A A B WEN Y757 g v 8
hE - T b & DREE(H, 1983 ; Tamaki and
Honza, 1985) 2 @iic e D 22H ), HENLE
9K & PRI T OIS & DR OREEEE) -5
7y g TR L 2EM (incipient
subduction) 2% 5. —7%, 32Ma %*517Ma i
FCEIEAL 728 5 > 7 (Taylor and
Hayes, 1980) & 7 4 ) B ik DERICH 2 58
CHMHRAKIE, VT Ty g v (v= T M)
DESELTEB Y, HARMHEBZORIA S HICFER
L 72tk AR ADERE (subduction) I2H % &5 2
£, o3, BERFENY v TR, u—
YNT 4 WAL, TNENY v EVHEE, NXT
VD HIEEI e BIKO TICIhAAA TB Y,
WM & BIKDB RN 7572 9 v F Tilk
ATZERBEICH 5. BT 5L ToOFINERDFEN
#80Ma LT TH Y, PERFFENIBOMa I Kb

BOMICERE N2 TH 5 ) HINERI AL L &

ix, BtE -

WZ 13 (Tamaki and Honza, 1991), ¥EEHLA
z & N IBRLS 72 IR D PR T BRI B
5 BIKD TICIAAA THE LT W & % ik
LTWaandb Lk,

5. #¢®

M EREE DB & 515 & 5 I IR DA

LMEBEFZTH—4.IE, V774> 712k 2B
DHEICIEE - T, ZDHBDWFEIEK % B THIK
MAEDTERE N, & LI T £  ARIEEI<
R NERICE = 2 fEEH)IC & 2 FINER D
LRHHEL, S HICHEFEIME TIEhAAAICHE
9 B % ST BRI IS BRI 7L — + T IC ThAdA
ATHETS2ETO—HDOBIEE LD THA).
VY A I AR AR ES 7 4 ) B
> MERAGIRIC FAE S B RRIEE  (IRFR) |
PEKRIE) VY A7 2 T OWHICAE - TS 2 IR
Mdd & IR O IR W IEBYNY 7 BIK & DI sES)
FEIC & ) FURHEAE D HEPE R AR L C IR
oL VERLEMEEEFZ b1, BIKEHIR
WREDNFHBER L AL TIENTES, ZDk
5 gL, TINEEOIKRFm»rBZET S
V= EOREIER L HIARICIE - TR LA 1
MAiH 5. HARMHEGED L I, IR
KA & DER CTHEMEDFHICE L 1285613, 2D
Wi RE B % 6 L O INERD R 0 BT I A
AOGY 787y s vHICRET AR H 5.
EIl—MER0FEAR £2 T 2 LT, Wik
DT « WEEDOILIBFRICINZ T, PLRMET 14
DFINERN TH U 5 EES) & TR T 5 BB
HbEFEZLND,

49—



Shigeru KASUGA, Yasuhiko OHARA

#

KEEMIFA T — & BARIC % S U JEA [
] OIERLUT R E ok, KEMREZE &
B, RS T — 5 MBI DWW T ERDW T 2 THW
7eH BB, AFREZEOFBEE L L EEHm L CHEW
IR LT, PPEPEETR, FBELHEA
THW22 BN KD FHEEIRIC R B L £
9. Fig.5, 7122w Tix GMT software (Wessel
and Smith, 1991) %#H L CTERL F L 7.

2 £ X M

FRIARAKER - AIHEFHT - PEPET - 2—9> T
NN - fEILFE— - RIBR - ANIB R -
F)ST 7 TAT— - HIME - INERALE
PR3 5 A4 0 RS - ANE RO W A — e
FEMERMTIE, WeRCEEIL, <> A,
JAMSTEC &7, 10, 1-35 (1994)

Hilde T. and Lee C-H.:Origin and evolution of

N

N

the West Philippin Basin: A new inter-

pretation, Tectonophysics, 102, 85-
104 (1984)

Hussong D. M. and Uyeda S.:Tectonic process
and the history of the Mariana Arc:
synthesis of the results of Deep Sea
Drilling Project Leg 60, Init. Repls.
DSDP, 60, 909-929 (1982)

Karig D. E.:Origin and development of mar-
ginal basins in the Western Paciaic, /.
Geophys. Res.,76, 2542-2561 (1971)

Karig D. E.:Basin genesis in the Philippine Sea,
Init. Repts. DSDP, 31, 857-879 (1975)

FHKE - INESESL - ARAMEAN - PEET - KBEMA
FAEE R | AN O BINERER L O
HIER DR — KBS ERIC & 2 HERYE Y.
RO ROMEE, KT, 28,
19-53 (1992)

FH % - IEEELL - T - ERAH TS D HA
F RSO Bk - MR E 74 F 3
7 %, HAFHER, 9, 91-97 (1994)

Kimura G. and Tamaki K.:Collision, rotation,
and back-arc spreading: the case of the
Okhotsk and Japan Seas, Tectonics, 5,
389-401 (1986)

Klein G. D. and Kobayashi K.:Geological sum-
mary of the North Philippine Sea, based
on Deep Sea Drilling Project Leg 58
results, Init. Repts. DSDP, 58, 951-
961 (1980)

ANRAIS T 7 4 ) B iR, HUE R SR,
22, 159-165 (1983)

Kobayashi K.:Subsidence of the Shikoku back-
arc basin, Tectonophysics, 102, 105-117,

(1984)

Kobayashi K. and Nakada M.:Magnetic anom-
alies and tectonic evolution of the Shiko-
ku inter-arc basin, J. Phys. Earth, 26, 391-
402 (1978)

Kobayashi K. Kasuga S. and Okino K.:Shikoku
Basin and its margins, In Taylor B. ed.
Backarc Basins; Tectonics and Mag-
matism, Plenum Press, New York, 381-
405 (1995)

IKEFEEAT - RHEFEA - TARER - KTHRIE - BR
BA - GIREA - PEEA - W B - SF
B - AfEE— | KEIEERISO
HE & bz D W T o—ikam(l), MR,
7, 484-491 (1975)

Mrozowski C. L. and Hayes D. E.:The evolu-
tion of the Parece Vela Basin, eastern
Philippine Sea, Earth Planet. Sci. Lett.,
46, 49-67 (1979)

Mrozowski C. L.,.Lewis S. L. and Hayes D. E.:
Complexities in the tectonic evolution of
the West Philippine Basin,
physics, 82, 1-24 (1982)

AN —BA © H ARG A R O W RENE,  HUEDT
JosEH, 58, 711-722 (1983)

Okino K., Shimakawa Y. and Nagaoka S.:Evo-
lution of the Shikoku Basin, /. Geomag.

Tectono-

— 50—




Evolution of the Escarpments located in the Back-arc Basins in the Southern Waters of Japan

Geoelectr., 46, 463-479 (1994)

IPEPIERF- - RRRAEORER | ACEE MRS R O M &
—5176, 17TTEMOMER—, JAMSTEC #
MERFSE, 10, 63-74 (1994)

Park C-H.,Tamaki K and Kobayashi K. : Age-
depth correlation of the Philippine Sea
back-arc basins and other marginal
basins in the world, Tectonophysics.,181,
351-371 (1990)

Savostin L., Zonenshain L. and Baranov B. :
Geology and plate tectonics of the Sea of
Okhotsk., In Hilde T. W. H. and Uyeda
S. ed.,Geodynamics of the
Pacific-Indonesian Region, Geodynamics
Series, AGU, 11, 189-221 (1983)

Scott R. and Kroenke L: Evolution of back arc

Western

spreading and arc volcanism in the
Philippine Sea . Interpretation of Leg 59
DSDP results, In Hayes D. E. ed.,The
tectonic and geologic evolution of south-
east Asian seas and islands, Geophysical
Monograph, AGU, 23, 283-291 (1980)

Seno T. and Maruyama S. :Paleogeographic
reconstruction and origin of the
Philippine Sea, Tectonophysics, 102, 53-
84 (1984)

Shih T.-C.:Magnetic lineations in the Shikoku
Basin, Init. Repts. DSDP, 58, 783-
788 (1980)

Tamaki K.:Age estimation of the Japan Sea on

the basis of stratigraphy, basement

depth and heat flow data, /. Geomag.
Geoelectr.,38, 427-446 (1986)

Tamaki K. and Honza E.:Incipient subduction
and obduction along the eastern margin
of the Japan Sea, Tectonophysics, 119,
381-406 (1985)

(Eamaki K. and Honza E.: Global tectonics and
formation of marginal basins : Role of
the Western Pacific, Episodes, 14, 224-
230 (1991)

Taylor B. and Hayes D. E.:The tectonic evolu-
tion of the South China Basin, /n Hayes.
D. E.,ed.,The tectonics and geologic evo-
lution of Southeast Asian seas and
islands, Geophysical Monograph, AGU,
23, 89-104 (1980)

Tokuyama H.Kagami H. and Nasu N.:Marine

. geology and subcrustal structure of the
Shikoku Basin and the Daito Ridges
region in the Northern Philippine Sea,
Bull. Ocean Res. Inst.,Univ. of Tokyo,
22, 1-169 (1986)

Uyeda S. and Ben-Avraham Z.:Origin and
development of the Philippine Sea,
Nature, 240, 176-178 (1972)

Wessel P. and Smith W. H. F..Free software
helps map and display data. £OS, Trans-
actions, AGU, 441, 445-446 (1991)

BIREN - A Bl L NERIRO T - HE &1
IEREEAR, HFHERS, 94, 47-66 (1985)

-




