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Abstract

It has been suggested that the spreading of the sea-floor is ex-
pected only in a limited area along the central rift in the southern
part of the Okinawa Trough if it occurs. Therefore, the active ex-
tensional features and the mode of occurrence of igneous rocks in the
central rift were studied in detail by means of the analysis of 3.5
KHz sonie, profiling records and rock samples dredged up during the
DELP 1988 Cruises along the middle to southern Okinawa Trough. In
addition to these data, research findings from various other organiza-
tions were supplementally used. The result revealed that in trending
E-W to ENE-WSE five segments (grabens) of the central rift are
distributed in echelon along the trough axis, which has been active
since early Pleistocene time. The length of the central grabens is
50-100 km and the width is 10-20km. The present central graben
formation is represented by the topographic, central valley first shaped
in late Pleistocene time. Transform faults connecting segments of
the central graben were not found. Calec—alkaline and tholeiitic rocks
showing typical island arc nature were dredged from the Yaeyama
Central Graben, which is the deepest in the Okinawa Trough. The
rocks are younger than 1 Ma., and the oxygen fugasity of the rock
rather indicates initial stage of a rifting environment shown in mid-
oceanic ridges. A black smoker indicating an active rifting environ-
ment was discovered at the eastern end of the Aguni Central Graben
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in 1989. The geologic evidence of the central grabens strongly sup-
ports the finding that the middle to scuthern Okinawa Trough does
not yet reach to sea-floor spreading but represents the back-arc rift-
ing stage. The evidence is consistent with other geophysical one such
as seismic refraction and magnetic measurements during the Cruises.
Moreover, the whole Okinawa Trough is identified as being in a back-
arc rifting stage in the continental crust, judging from previous data
in addition to the present results.

1. Introduction

Recent geologic and geophysical studies show that the middle to
northern Okinawa Trough has a continental nature which has not yet
spread (i.e. JAPANESE DELP RESEARCH GROUP ON BACK-ARC BASIN, 1986;
IWASAKI et al., 1990). On the contrary, LEE et al. (1980) pointed that
the general structure of the Okinawa Trough is continental, with a thick
crust. The center of the trough itself, however, has a relatively thin
crust, with the velocity of the lower crust approaching that which is
typical of the ocean basins. Intrusion and extrusion of igneous rocks
are along short spreading centers, connected by transform faults; it is
sufficiently organized to produce areas of oceanic-type crust that can be
identified by seismic refraction measurements. The strongest supple-
mental evidence supporting identification of the oceanic-type crust was
relatively fresh basalt recovered from the Yaeyama Central Graben.

SIBUET et al. (1987) also suggested that the major parts of the
southern Okinawa Trough is underlain by a thinned continental crust
and that except for the system of echelon rift of the southern Okinawa
Trough, the back-are: basin oceanic domain is limited to a width of some
tens of kilometers or less in the axial portion of the Trough. Chemical
compositions of collected rocks from the Central Graben, however, were
not shown. ,

Consequently, the central rift of the middle to southern OKinawa
Trough would be the crucial area to determine whether the Okinawa
Trough is spreading or not. In order to soclve the problem, we focussed
to clarify the distribution of the central rift, the active extensional
features of the central rift, the nature of igneous rocks relating rifting in
the middle to southern Okinawa Trough during the DELP 1988 Cruises
carried out from the 3-31th of July, 1988 (Figs. 1 and 2). We also made
an effort to detect transform faults connecting segments of the central
rift.

The geographic relations between the volcanic front and igneous
bodies along the central grabens were alse studied. SIBUET ef al. (1989)
suggested the voleanic activity in the southern Okinawa Trough is the
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Tig. 1. Survey lines of 8.5 KHz profiling records carried out by DELP 1988 Cruises.

phenomenon in the extension of the northern Tckara volcanic arc because
they thought that the voleanic are is a fundamental line of weakness
which determines where initial back arc spreading occurs as described by
MOLNAR and ATWATER (1978).

2. Used data

The 3.5KHz subbottom prefiling records and samples dredged on
the DELP 1988 Cruises were used, and they were supplemented by original
data obtained on the 1984 POP 1 Cruise of the R/V Jean Charcot of
IFREMER in France, the KH-87-2 Cruise, Ocean Research Institute,
University of Tokyo and the 1988 SONNE 55 Research Cruise of West
Germany. Data published by the HYDROGRAPHIC DEPARTMENT MARITIME
SAFETY AGENCY (1987) were also available. Igneous rocks dredged during
the DELP 1988 Cruises are petrclogically deseribed in the another paper
by ISHIKAWA et al. (in this issue). Seismic reflection profiling records of
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Fig. 2. Locations of dredge station and survey track of 8.5 KHz profiling records
(D-1—D-12) as shown in Figs. 10, 11, 14 and 15. Contour Interval of the submarine
topography is 500 m, made by MAGBAT program using data of Hydrographic Dept.
Maritime Safety Agency of Japan. Topographic names were mainly take from KATO
et al. (1982), KATSURA et al. (1986), OsHIMA et al. (1988), KIMURA (1983a) and KIMURA
et al. (1986). S-O-T: Southern Okinawa Trough, IG: Igyo Sone, Al: Aino Sone, IHT:
Theya Tai, M-O-T: Middle Okinawa Trough, IZT: Izena Tai, IT: Ie Tai, RY: Ryukyu
Sone, 1K: Daiiti-Kume Knoll, 2K: Daini- Kume Knoll, 3K: Daisan-Kume Knoll, 4K:
Daiyon-Kume Knoll, bK: Daigo-Kume Knoll, 2R: Daini-Ryukyu Sone, 1M: Daiiti-Miyako
Knoll, 2M: Daini-Miyako Knoll, 3M: Daisan-Miyako Knoll, 4M: Daiyon-Miyako Knoll,
5M: Daigo-Miyako Knoll, S-B: Sakishima Basin, Y-B: Yaeyama Basin, K-G: Kerama

- Gap, KT: Kerama Tai, K9: Kita-Daiku Tai, MI: Miyako Seamount.

single and multi channel systems on the DELP 1988 Cruises and published
such kind of data were valid for the basis of understanding the deep
structure and the geologic framework in the study area. The MAGBAT
program of the Marine Geophysics Basic Tool System (NAKANISHI et al.,
1987) was used for data arrangement.
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3. Results

3-1. Stratigraphy
Sediment in the study area (Fig. 8) is divided into two layers des-
ignated as Layers A and B in descending order on the 8.5 KHz and other
seismic reflection profiles (Figs. 4 and 5). They show conformable rela-
tion although the lower layer often shows steep, inclined bedding.
Layer A: This is an uppermost layer correlating with the Holocene
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Fig. 3. Quaternary geo-structural map of the middle to southern Okinawa Trough
and its vicinity. Large asterisks indicate active hydrothermal areas. IH: Iheya Central
Graben, AG: Aguni Central Graben, KE: Kerama Central Graben, SA: Sakishima Central
Graben (tentatively named), YA: Yaeyama Central Graben, Y: Yaeyama Central Knoll,
2Y: Daini-Yaeyama Central Knoll. D-1: DELP88-1 Knoll, D-2: DELP88-2 Knoll. Small
asterisks show topography tentatively named. 1M: Daiiti-Miyako Knoll, 3M: Daisan-
Miyako Knoll, IR: Irabu Knoll, IS: Ishigaki Knoll. 2I: Daini-Ishigaki Knoll, 3I: Daisan-
Ishigaki Knoll. Legend 1: Central deep, 2: Quaternary igneous body, 3: Fault. Tooth
shows a down throwing side, 4: Buried fault, 5: Estimated fault, 6: Escarpment, 7:
Anticline, 8: Syncline, 9: Apparent dipping direction on the survey line.
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Tig. 4. Survey lines of 3.5 KHz in the vicinity of the Theya Central Graben, shown
in Figs. 5 and 6. Topography of the base map is after SIBUET ef al. (1987). Solid
circles represent dredge-sampled sites. Asterisks show active hydrothermal areas. G:
Geological survey of Japan, K: (KH-87-2 Cruise), D: DELP 1988 Cruises. IHD: Theya
Deep, IHR: Iheya Central Ridge, NA: Natsushima Small Basin.

sediment. It shows acoustically transparent pattern but it has fine
stratification on the expanded profiles. Layer A is rather thickly distri-
buted along the central grabens and is very thin, the ordinary sea-floor
being less than a few meters. The maximum thickness of Layer A is
about 80 m in the Iheya and Yaeyama Central Grabens (Fig. 3). The
basic origin of Layer A is estimated to be a hemipelagic in the ordinary
seafloor, as shown by the cored sediment of massive gray silty clay. On
the other hand, the thicker sediment in the central valley is considered
to be turbidite in basic origin. Some turbidite layers showing a graded
bedding were obtained by piston coring carried on in the central grabens
during the DELP 1988 Cruises. The sedimentation rate estimated from
non destructive gamma ray spectrometric analysis is 1-2 mm/yr (1.5 mm/
yr in average) (TSUGARU ¢t al., 1991). The accumulation rate of sediment
in other place in the middle Okinawa Trough axis was calculated as 2-5
mm/yr (3.6 mm/yr in average) in the same way by using samples with
a box corer carried out by SONNE Cruise (TANAHARA et al., 1989).
Layer B: This is correlatable layer showing stratified patterns on
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Fig. 5. Cross sections analyzed with 3.5 KHz profiling records in the Theya
Central Graben. (K-1 and K-8: KH-87-2 Cruise, G-1—G-4: Geological Survey
of Japan (HoNzA, 1976), D-3: DELP 1988 Cruises). Locations are shown in Fig,
4. A: Layer A, Shaded parts show igneous bodies judged from magnetic
anomaly analysis (SIBUET et al., 1987). -
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the 3.5 KHz profiling records. The acoustic pattern shows that the major
ingredient of the upper half should be turbidite. Layer B is widely
distributed throughout the Okinawa Trough, becoming thicker towards
the axis of the Trough. The layer is more than 3,000 m thick in the
center of the Southern Okinawa Trough based upon multi-channel reflec-
tion profiles (AIBA and SEKIYA, 1979; KIMURA, 1985; DELP 1988 Cruises
data). If the accumulation rate has been constant at 1.5 mm/yr, the
beginning of the deposition of Layer B, took place about 2 million years
ago. The stratigraphic correlation ' between submarine and subaerial geo-
logy shows that Layer B began to form early to late Pleistocene time.

The Layer B associating with Layer A is severely offset by many
step faults along the central grabens. The surface geologic structure is
compiled in Fig. 3. Many faults developed on the continental shelf and
slope areas except central grabens. They, however, are mostly covered
with Quaternary sediments (Layers A or B). The active rifting features
are concentrated in the central axial parts of the Trough.

3.2. Central Rift

Five segments of the active central rift were identified along the axis
of the middle to souther Okinawa Trough. The grabens are about 10
km in width and 50-100 km in length. Their directions change from the
E-W trend to the ENE-WSW trend veering towards the north. and align
in echelon along the axis of the Trough. They show the active exten-
sional features of the Okinawa Trough, and all of them produce topo-
graphic central valleys and or rift valleys. ‘
1) Theya Central Graben

This graben almost coincides with the topographically named Iheya
Deep (KIMURA et al., 1986) (Fig. 4). Diving surveys by means of the
submersible “SHINKAI 2000” have been carried out in the Graben in
1984 and in 1986-1990 (UYEDA et al., 1985; KIMURA et al., 1987, 1988,
1989). The deepest water depth of the Graben reaches to more than
2000 m. Survey tracks covering it are shown in Fig. 4. The Graben is
a narrow depression generated by complicated normal faulting (Fig. 5).
There are many volcanic knolls in and around the depression. There is
an axial valley (rift valley) called the Wakashio Small Basin in the middle
of the Graben (Fig. 4). The valley extends from east to west, and its
maximum water depth reaches to 1,770 m. The thickness of sediment
(Layer A) is about 30 m. There are two knolls in it; Natsushima 84-2
Knoll on the east side and Natsushima 86-1 Knoll on the west side. On
the other hand, the western extension of the valley is a transformed
basaltic, voleanic small ridge named Iheya Central Ridge (KIMURA et al.,
1986) (Figs. 4, 5 and 6).
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Fig. 6. 3.5 KHz profiling record (D-3) and analyzed profile of the western
part of the Theya Central Graben. Shaded parts show igneous bodies judged
from magnetic anomaly analysis (SIBUET et al., 1987).
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Table 2. Description of hydrothermally altered samples in the middle to
southern Okinawa Trough on DELP 1988 Cruises.

Dredge station and sample Minerals
DR4 Greenish gray sandstone Quartz, plagioclase, muscovite, biotite,
caleite, chlorite, smectite, magnetite
DR7-1 Dark green soft precipitates Nontronite
-2 Yellowish brown precipitates Amorphous material
-3-1 Dark brown part Birnessite
-3-2 Yellow part Rhodochrosite, birnessite,
amorphous material
-4  Pumice stained with black Volcanic glass, alkali-feldspar
-5* Fresh gray dacite Alkali-feldspar, plagioclase, augite,
hypersthene, magnetite, tridymite
DR8-1  Black Mn erust (10mm thick) Todorokite, quartz, alkali-feldspar
-2-1* Fresh dacite Alkali feldspar, hypersthene, augite,
gray-black flow banding hornblende, plagioclase, magnetite,
cristobalite
-2-2 Fresh black glassy dacite Alkali-feldspar, cristobalite
-3 Fresh glassy dacite Alkali-feldspar, cristobalite
DR10-1* Gray silicified rock Quartz, pyrite
-1  Sulfied veinlets Quartz, sphalerite, galena, pyrite
-1 White clayey veinlets Chlorite/smectite, quartz, pyrite
-2%  Alterd dacite (?) Quartz, Mg-chlorite (IIb), analcite
(light gray part)
-2 Altard dacite (?) Quartz, sericite (1M), albite, calcite,
(green gray part) Fe-Mg-chlorite (Ib: g=90°)
-2 Altered dacite (?) Quarte, sericite (1M), chlorite
(outer white part)
-2 Dark brown crust Todorokite, amorphous material, quartz
-3* White altered tuff Quartz, sericite (1M), analeite, chlorite
-3 Dark brown crust Amorphous material, quartz
-4* Dark gray silicified dacite Quartz, sericite, K-feldspar
-5* Dark compact dacite lava . Plagioclase, hypersthene, magnetite
* Microscopic observation
Acidic augite andesite was dredged from the northeastern wall of
the Wakashio Small Basin during the DELP 1988 Cruises (Tables 1 and
2). The DR7-5 sample (Table 2) is fresh gray dacite and contains phe-
nocrysts of alkali feldspar, minor plagioclase, hypersthene, augite, and
magnetite in a glassy groundmass. Cristobalite occurs in numerous small
gas cavities. Sample DR8-2-1 is a porous, altered hypersthene dacite
with gray and black flow bands that contain phenocryst of alkali feldspar,
hypersthene and minor augite, hornblende, plagioclase and magnetite in
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a glassy groundmass. Cristobalite occurs in small gas cavities.
2) Aguni Central Graben

This reveals classic graben structures, and topographically exhibits a
narrow depression. There exist several central knolls such as Aguni
Knoll (KATO et al., 1989a) in the vicinity of 27°N (Figs. 7 and 8). The
graben continues to the previously described “Kume Graben” (KIMURA,
1989) to the west. The present paper newly defines the series of grabens
as: “Aguni Central Graben”, including the Kume Grabens. The Izena
Hole, where the black smoker was discovered (NAKAMURA, 1989), is
located at the northeastern extension of the Graben (Fig. 9).
3) Kerama Central Graben

Classic graben and half graben structures appear south to the Aguni
Graben (Fig. 10). The northern half of the Graben had been described
by KIMURA et al. (1986). Layer B shows synclinal features in the
northern part of the Graben. Dislocations by faulting become larger
toward the southwestern part. A central valley is also developing.
4) Sakishima Central Graben

The Sakishima Central Graben partly described by KIMURA et al.
(1986) is located to the south of the Kerama Central Graben and trends
on in a ENE-WSW direction. The graben has a steeper wall in the

126°E _  127E

5
S
'S

o

27N

Fig. 7. Locations of cross sections represented in Figs. 8 and 9 in the Aguni Central
Graben (D: DELP 1988 Cruises, S: Sonne 55 Cruise) 1Z: Izena Hole, A: Aguni Knoll.
Solid circle shows site dredge-sampled. Asterisk shows active hydrothermal area.
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Pig. 8. Aanlyzed cross sections of 8.6 KHz profiling records in the Aguni
Central Graben and the Izena Hole. Locations are shown in Fig. 7. A: Layer

A, B: Layer B. Shaded line represent a rift axis. J
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Fig. 9. 8.5 KHz profiling record and analyzed profile of the Izena Hole
(D-8). Location is shown in Fig. 7.
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south than it does in the north (Fig. 11). Layer A develops thicker in
the axial valley.
5} Yaeyama Central Graben

The steep-walled Yaeyama Central Graben trending almost in an
east-west direction is located south of Miyake Seamount (Figs. 12 and
13). It was called Yaeyama Graben (KATSURA ef al. 1986) or Yaeyama
Submarine Graben (OSHIMA et al. 1988). Many normal faults are developed
along both walls, and the width of the Graben is 10-20 km. A fairly

TWO WAY
(SEC)
1.5
SAKISHIMA GRABEN
s CENTRAL GRABEN
- -4 H__j
254 SSW<— i — NNE

[5FAEFAmRs

3.04 7

3.5

0 10km
| WO —— |

Fig. 11. 3.5 KHz profiling recoerd (D-5) in the Sakishima Central Graben.
Location is shown in Fig. 2. B: Layer B.
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124°E

26°N

25°N

Jima

Fig. 12. Location of cross sections of 3.5KHz profiling records in the
Yaeyama Central Graben carried out by DELP 1988 Cruises. Cross sections are
shown in Fig. 13.

thick, acoustically transparent layer (Layer A) is recognized in the Graben.
Layer A inside the Central Graben, is offset by faults but slightly al-
though it is severely offset on the walls of the Graben. Five knolls
were recognized in the Graben. The Yaeyama Central Knoll (KATSURA
et al., 1986) is the biggest one. Two of the knoll including the Yaeyama
Central Knoll had been known from previous studies (HERMAN et al.,
1978, KATSURA et al., 1986, SIBUET et al., 1987). Three knolls were found
on the DELP 19838 Cruises, and they are tentatively named DELP83-1
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N i 0 10km
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D-8 , —
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Fig. 18. Cross sections of the Yaeyama Central Graben, analized from
3. 5KHz profiling records. Location is shown in Fig. 12. A: Layer A, B:
Layer B.
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Knoll, DELP88-2 Knoll and Daini-Yaeyama Knoll (Fig. 8). The pierce-
ment structure reported by HERMAN et al. (1978) in the Graben floor is
at almost the same site as DR5 (Irabu Knoll, KIMURA, 1983b) studied on
the DELP 1988 Cruises, from which relatively fresh basalt was dredge-
sampled. Its chemical compesition, however, was not represented. Island
arc type of tholeiite was recovered from the Yaeyama Central Knoll
(25°14.068'N; 124°24.405'E) during the 1984 POP 1 Cruise. Dacite and
basalt showing island-arc affinity (OSHIMA et al., 1988) had been obtained
from the same Knoll by HYDROGRAPHIC DEPARTMENT MARITIME SAFETY
AGENCY (1987). In the DELP 1988 Cruises, scoria was recovered from a
part of the Knoll (DR3, Table 1). We recovered fresh basalt from the
Irabu Knoll. (DR5B; field name as East Yaeyama Central Knoll in Table
1) The rock is olivine two-pyroxene basalt. Those rocks are cale-alkali
and tholeiitic rocks showing an island arc type based upon petrological
and chemical analytical studies ISHIKAWA ef al., this issue). All volcanic
rocks collected from the Yaeyama Central Graben on the DELP 1938
Cruises and on the other recent cruises show island arc affinity.

3-3. Hydrothermal activity

1) Theya Central Graben

In 1986, active hydrothermal mounds were discovered on the Natsu-
shima 86-1 Knoll prior to other similar findings in back-arc basins around
the world (KIMURA et al., 1988). Hydrothermal biota and ores were found
at the northern flank of the Theya Central Ridge in 1988 (HALBACH et
al., 1989) (Fig. 3). During the DELP 1988 Cruises, three kinds of hy-
drothermal deposits were recovered from St. DR7, which is located on
the northeastern slope of the Wakashio Small Basin in the Iyveya Graben.
On the basis of analysis by the X-ray diffraction (XRD) method (Table
2), they are composed of dark green nontronite, yellowish brown amor-
phous matter (probably iron hydroxide) and rhodechrosite with birnessite
(7 A manganate). A black manganese-crust on dacite of DR8-1 consists
of todorokite (10 A manganate) and birnessite (7 A manganate) (Table
2).

2) Izena Hole

Silicified acidic tuff and gray tuff were obtained from the north-
eastern wall of the Izena Hole (DR10) on DELP 1988 Cruises. Porous
aphyric andesite and altered lapilli tuff were also obtained. The dredge
site is very near the place where the black smoker was discovered.

An active hydrothermal vent system and a black smoker were found
in the Izena Hole in 1988 and 1989 (HALBACH et al. 1989; NAKAMURA et
al., 1988; 1989; KATO et al., 1989b; KIMURA ¢t al., 1989). Sulfide minerals
occur as veinlets in the silicified dacite, based upon the X-ray diffraction
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(XRD) method and the petrologic analysis of DR10-1A in the northeastern
wall of the Izena Hole on the 1988 DELP Cruises. The country rock
consists of an aggregate of minute quartz, due to strong silicification.
Sphalerite and galena are the major constituent sulfide minerals. Quartz,
pyrite and white clay (interstratified chlorite/smectite) also occur in
veinlets. Silicified dacite consists of quartz and pyrite. Several kinds
of hydrothermally altered dacite and dacitic tuff were recovered. Altera-
tion minerals are quartz, chlorite (pelytype: 1M) (polytype: IIb or Ib g=
90°), sericite, analcite, calcite and albite. Fluid inclusions were observed
in sphalerite from DR10-1. Most of the inclusions are secondary in origin
and are mostly smaller than 5 gm. Only one inclusion was suitable for
geothermometry, and a homogenization temperature of 250°C was ob-
tained.

Sulfide mineralization found at DR10 is similar to that of the highly
altered, sphalerite-bearing Keiko (siliceous ore) of the Kurcko type de-
posits. Hydrothermal minerals (quartz-chlorite-sericite) and the tempera-
ture of mineralization (250°C) are comparable with the typical minerali-
zation environment of the Kurcko type deposits in Northeast Japan.
There is a possibility that the sample recovered from the Izena Hole is
equivalent to the lower part of the Kuroko ore. This suggests that the
distribution of the ore is fairly wide.

The complilation of 3.5 kHz profiling records revealed that the Izena
Hole is located at the eastern end of the Aguni Central Graben, where
the Izena Hole forms a cauldron structure. The constituent layer of
this hole is interbedded by tuff, pumice and muddy sediment (NAKA-
MURA et al., 1987). It is likely that the hole was formed by the fault-
motion accompanying rifting. Hydrothermal hot water gushes from
some kinds of cracks. The formation ages of the hydrothermal mound
are based on preliminary results and are calculated by radioactivity
measurements and show that the mounds had been formed within the
last 100 years (KIMURA et al., 1989).

3) Yaeyama Central Graben

KATSURA et al. (1986) reported that a flickering phenomenon of sea-
water occurs over the biological colony on the Yaeyama Central Knoll
in the Yaeyama Central Graben at depths of 2,000m. We could not
recover any hydrothermally altered samples in this area.

3-4. Volcanic Front

Small knolls such as the Daiiti-Kume Knoll, Daini-Kume Knoll, Daiiti-
Miyako Knoll (KATO et al., 1982, UEDA, 1986) and Ishigaki Knoll (KIMURA,
1983b) are standing as a line of Quaternary volcanoces in the survey area
(Fig. 8). The Ishigaki Knoll consists of fresh dacite (OSHIDA et al., 1988),
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and its flank is covered with Layer B. Violent submarine explosions
which occurred near the Knoll in 1924 (KATO, 1980). Igneous pierce
structures were recognized beneath the southern marginal floor of the
southern Okinawa Trough, accompanied by distinet magnetic anomaly in
the Quaternary volecanic zone. They should represent the southern ex-
tension of the northern Tokara voleanic front, although the Okinawa-
Torishima Voleano is the southern terminal of the Tokara voleanic front
exposed above sea level in the Ryukyu Are. On the other hand, voleanic
knolls along the segments of the central rift are distributed behind the
voleanic front in the middle to southern Okinawa Trough region.

3.5, Structural framework

The geologic, structural framework of the Okinawa Trough and its
vicinity are shown on 3.5 KHz profiling records (Figs. 14 and 15). The
geo-structural map is presented in Fig. 16. Data from the Geological
Survey of Japan and the Hydrographic Office of Japan were valid for
supplementing to those of DELP 1988 Cruises. The structural framework
of the middle to socuthern Okinawa Trough region was identified as
marginal plateaus, rifted margins and the central basins including the
central Graben (Fig. 16). This classification is essentially consistent with
the structural framework of the northern to middle Okinawa Trough
(KiMURA, 1985).

1) Tunghai Shelf Belt

The Tunghai Shelf Belt has been determined to be the western
marginal plateau of the Okinawa Trough. There are many faults near
the edge of the eastern Tunghai Shelf. Many of them are covered with
Quaternary sediments including Layers B and A. Therefore, these faults
are considered to be almost inactive.

2) Tunghai Slope Belt

The Tunghai Slope Belt includes a continental slope and a western
margin of the Okinawa Trough (Figs. 15 and 16). It is regarded as the
western rifted margin of the Okinawa Trough. Sandstone composed of
quartz, plagicclase, muscovite, biotite, and magnetite was dredged from
the continental slope scuth of Sekibi Sho (DR4 in Fig. 2; Table 2) during
the DELP 1988 Cruises. Minor amounts of chlorite and smectite are ob-
served in the sandstone. The sandstone may be correlated with that of
the late Miocene to early Pleistocene Shimajiri Group based upon the
stratigraphic correlation between some seismic reflecting records and
dredged samples. Siltstone correlating with the Shimajiri Group had been
obtained from the Tunghai Slope near the sandstone dredge site by other
organizations (KiMURA et al., 1980; KiIMURA, 1983a). Consequently, the
slope is thought to be essentially fault scarp an offsetting of sediment-



‘% "SI Ul UMOUS SI UOI18d0T] g JIoLe] :g
‘v aofe] v (I-qQ) spiossx Surgord zZH Y G'gRAq pejueserded USNOLL, BMRBUIY() O[PPIW oY} JO UOIIDeS SSOI) ‘FT "SI

M. KIMURA, et al.

T .
Z o'k
N3QVHD TVHINID AVM OML
— , N
(39a1H NANNAY) (1138 vHvMOL) HONOHL YMVNIMO
NV3I1Vid TYNIDHVIN ~ NISHVN-G3Ldiy
“A

HONOYHL VMVNINO H31V3HO

200



201

“1eg Jeus reysuny tHS-L ‘4eg odolg reysuny :g-J, ‘neeyRld
[eutdiely :J-W ‘4eg ®vIBNol :g-I ‘[IoU [BIjUS) BWeLeeX VX ‘g I0L®T :g ‘Y I0Ae] 1V °Z pu® T 'SJ1 Ul UMOUS

S UOI800T  (Z1-() Sproval Juijgord ZH G'¢ Aq pPejuessrdal UYSNOoIJ, BMBUIN( UISYINOS Y} JO UOIO9S SSOI) 'GT 314

&

»

s

&

m 0'€

3

.MH 14

M o'l

3 N3IGVHO TVHLINID

m Z : w Aom&

® K el e 3¢ AVM oML

g (HS-1) (s-1) HONOYL VMVNIIO (g-1) (39a1d NAMNAY)

= d-IN NV3LV1d TVYNIDHYIN
e HONOYL VMYNIDO HIlVIyD ——f




M. KiMura, et al.

202

JUOIY OTUBO[0A ATBUIS)ENy) P ‘4jeg USNoLL BMRBUIN( :gT ‘(3]og ONeAI|) o8piy
nAnAY oY) uo (i) djog eIexo], oInjewwi] :z ‘Yog vIvoJ, :TT ‘iog o3pry nANnAY :gr ‘oul] LeAIns o uo
J00g-8es Y} JO UOIjeUIOUL JusIedde oY) JO UOIDLII( :¢ ‘OUIPUAS :g ‘QUINIUY :) ‘quowdivosy :9 ‘ynejy
PoIBWIISH :G “)[neJ porIng :§ ‘Jney 9AIY :g¢ ‘Apoq snosudr ATeuIsleny) :gz ‘uorsseidep [eIquUs)) :1 puedor]
‘od OYBAIN :g-W ‘Yeg o3pry nAynAY :¥-Y ‘Yeg ®IRN0l, :g-J Vg USNoiJ, BMRBULN() L0 ‘99d
odo[g reyluny, :g-I, “BOIB YSNOL], BMBULY() UIOYINOS 01 S[PPIW OY) JO YIOMOWRIF [BINonIlS 9T "SI
3.924 ER 4

L )zwﬂﬂdnz)vw

AN
e <

~
=~

s -
s
ST s .

S .
- = — - N.82




Report on DELP 1988 Cruises in the Okinawa Trough, Part 7 203

ary rocks of the Shimajiri Group.
3) Okinawa Trough Belt

The Okinawa Trough Belt is a back-arc basin. It is a big graben
bounded by the Tunghai Slope Belt te the west and by the Tokara Ridge
Belt to the east. The central grabens develop along the axis of the
Trough. Active faults are concentrated along the central axial region.
Pre-Tertiary rocks such as Cretaceous sediments and granitic rocks are
often exposed on knolls located along both side of the central grabens, as
in the Miyako Seamount. Those rocks are overlain by the Shimajiri
Group in general. Pleistocene Ryukyu Limestone were recovered from
the top of such knolls (KIMURA, 1990).

There exist slight differences in the central rift among the northern,
middle and southern Okinawa Trough. For instance, the middle to
southern Okinawa Trough has a topographic represented central valley
in the central graben, but the northern Okinawa Trough does not often
show this. There are many voleanic knolls and ridges in the middle
Okinawa Trough. In the southern part, thick Pleistocene sediments ac-
cumulate and are offset by step faults to make classic grabens.

4) Tokara Belt

The Tokara Belt is an active voleanic front belt, and is regarded as
the eastern, rifted margin of the Okinawa Trough. Major faults develop-
ing parallel to the Island Arc seem to be inactive, because they are
covered with Layers B and A in general. The Quaternary voleanic front
is located in the belt in the southern Okinawa Trough region although
the Belt does not show clear topographic expressions in the south.

5) Ryukyu Ridge Belt

This Belt is an outer, inactive volcanic ar¢ and is regarded as being
in the eastern marginal plateau of the Okinawa Trough. The western
boundary of the Ridge is Ryukyu Ridge Fault (KIMURA, 1985). A newer
fault is developing on the southern Ryukyu Ridge parallel to the Okinawa
Trough. The western half of the southern Ridge (M-B in Fig. 16) is
bounded by the fault.

The whole area including the Okinawa Trough and its marginal rifts
such as the Tunghai Slope and the Tokara Belt represent a giant graben
structure. This giant graben is called the Greater Okinawa Trough
(KIMURA, 1985). This includes the active voleanic are of Tokara Belt.
This is an Okinawa Trough in a broad sense. The eastern marginal fault,
Ryukyu Ridge Fault, is in contact with the Ryukyu Ridge to the west.

4. Discussion

Recent studies reveal that the Okinawa Trough has formed since




204 M. KIMURA, et al.

about 2 Ma in early Pleistocene time, based upon such evidence that
the constituting faults of the Okinawa Trough is offsetting the late
Miocene to early Pleistocene Shimajiri Group and the Trough has been
buried by sediments since early Pleistocene time (Layer B) (KIMURA,
1990). Layer B is divided into two parts as lower and upper. On profiles
of multi-channel records, Layer B is inclined to the central axis of the
trough to become thinner to the center and is severely faulted in a
wide range along the center (KiMURA, 1985). On the other hand, upper
Layer B is thicker in the central part of the Trough and the faulted
zone is limited very near the axis. There are no transform faults con-
necting the segments of axial grabens. The fact suggests that a crustal
thinning is centered in the axis of the Okinawa Trough during the
deposition of Layer B (early Pleistocene—middle Pleistocene time). The
central graben may have formed at the same time. The graben is con-
sidered to be less extended during the deposition of the upper Layer
B (middle to late Pleistocene time) because it is deposited thick in the
central part of the Trough and shows typical patterns as seen in deep-
sea turbidite.

Later, the extension tectonics again advanced in Late Pleistocene
time. The pulse of crustal movement formed the present central grabens
(central valley) in the Okinawa Trough.

SIBUET et al. (1987) suggested that voleanic activities in the middle
- to southern Okinawa Trough correspond to the southern extension of the
voleanic front of the northern Tokara volecanic arc. This survey, how-
ever, showed that most volcanic activities associated with central grabens
occur behind the Quaternary volcanic front.

Samples dredged from the central grabens show chemical composi-
tion of cale-alkaline and or tholeiitic rocks of Island Arc type and their
K-Ar ages indicate that they are younger than 1 Ma in the study area
(ISHIKAWA et al., this issue). This result is consistent with the geophy-
sical data suggesting that crustal rocks of the Okinawa Trough exhibit
a continental affinity based upon detailed seismic refraction measurements
(SEIsMIC REFRACTION SURVEY GROUP OF DELP 1988 CRUISES, 1988; HIRATA
and KINOSHITA, 1990). The magnetic anomaly shows characteristic fea-
tures in the continental crustal region, and it shows a good correspond-
ence to Pleistocene intrusive rocks and topography (FURUKAWA et al.,
1989). However, the oxygen fugacity of basalt and andesite collected
from the middle to southern Okinawa Trough during DELP 1988 Cruises
indicates a rather reducing condition of crystallization, the same as in
most mid-oceanic ridge basalt (ISHIKAWA ef al., this issue), suggesting
the initial stage of the rifting environment of the back-are Okinawa
Trough. It suggests that voleanic activity simultaneously occurred in
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the Yaeyama Graben and the Iheya Deep under the rifting condition
gimilar to that of ridge formation.

The crust beneath the northern to southern Okinawa Trough shows
a continental affinity (IWASAKI et al., 1990; NAGUMO et al., 1986; SEISMIC
REFRACTION GrouP oF DELP 1988 CRUISES, 1988; HIRATA and KINOSHITA,
1989), and all volcanic rocks obtained in the whole Okinawa Trough show
an island are nature. The evidence shows the existence of a continental
crust beneath the whole Okinawa Trough, suggesting that the whole
Okinawa Trough has not yet reached the stage of spreading.

5. Summary and conclusions

1) Five segments of active central rift were identified in the middle to
southern Okinawa Trough, which are distributed in echelon along the
axis of the Trough. They represent topographically central valleys or
rift valleys.

2) Transform faults connecting those segments were not found.

3) The Izena Hole where the hydrothermal activity was found is located
at the eastern end of the Aguni Central Graben.

4) Three knolls (DELP88-1, DELP88-2 and Daini-Yaeyama Knolls) were
newly found in the Yaeyama Central Graben.

5) Daiiti-Kume Knoll and Ishigaki Knoll are identified with volcanoes
belonging to the Quaternary veleanic front continued from the northern
Tokara volcanic belt. Igneous bodies along the Central Grabens are
distributed in behind the volcanic front.

6) Major faults developing along the Island Arc are almost buried by
Layer A and Layer B and thus they have been mostly inactive in Recent
time.

7) The middle to southern Okinawa Trouth shows a back-arc rifting
stage. Moreover, the whole Okinawa Trough is identified to be in a
continental rifting stage judging from previous data in addition to the
present results.
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