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Fig.13. Fault-slip data collected in the Kikai-jima. Other explanations arc same as in Fig.4.

formation belong to dip-slip normal fault. The strikes of these faults within these

formations are NW-SE.

5. Result

Paleostress fields in the northern and central Ryukyu arc have been calculated using

the Multi-inverse method (Yamaji, 2000) and Ginkgo method (Yamaji, 2003a). The multi-

inverse method with k=5 is applied to most of the data sets. Several data sets are

calculated by the Ginkgo method because the data sets include too few fault data to

calculate by the Multi-inverse method. Figures 16 to 27 where clusters are labeled as A,

B, C ■", show the calculated stress states for every formations in surveyed islands.

Though the strata of collected fault-slip data in the study area are gently tilted, tilting
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Fig.14. Fault-slip data collected in the Takara-jima. Other explanations are same as in Fig.4.

corrections arc not performed for all the data. "Stress state" is sometimes described as

''stress" hearafter.

5.1. Okinawa-jima

Results of fault-striation analysis in the Okinawa-jima are shown in Figs. 16-19.

Calculated significant stresses from the Multi-inverse method are represented by the

clusters of dot with bar symbols. The left side figures show the direction of CTi axis and

the right side figures show the direction of a* axis. The direction and length of the bar

attached to the dot indicate the azimuth and plunge of the cr i axis of the stress state,

respectively. Stress ratio is shown by color.
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Fig.15. Fault-slip data collected in the Tanegashima. Other explanations are same as in Fig.4.
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Pig.lB. continued.

5.1.1. Tomigusuku formation

The stresses A, B and C are identified in the Tomigusuku formation by the Multi-

inverse method and Ginkgo method. The stress A has vertical a,-axis and the a-axis

directs to N30° E. Its stress ratio is 0.1-0.4. The stress B is represented by the clusters of

greenish symbols, which represent a triaxial stress with vertical Ui-axis and E-W trending

d-axis. The stress C is represented by the clusters of yellow and light green symbols,

which represent triaxial stress with NNE-SSW to NE-SW trending and 30° plunging a i-

axis and NNE-SSW to NE-SW trending and 60" plunging a:i-axis. We have judged that

the stresses A and B belong to normal faulting regime, and the stress C is reverse

Faulting regime based on the Anderson's (1951) fault classification.
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5.1.2. Yonabaru formation

The clusters A, B, C, D and E are obtained from the Yonabaru formation. The

stress A is of normal faulting regime with the stress ratio around 0.5 and the o:raxis is

oriented in NW-SE. The stress B is of normal faulting regime with its a.-axis in NE-SW.

The stress ratio is 0.1-0.3. The stress C is represented by the clusters of violet symbols,

which represents axial compression with vertical a ,-axis and with ff3-axis scattering on

a great-circle girdle. The stress D is of normal faulting" regime with its a:«-axis in E-W

whose stress ratio is 0.1-0.3. The stress E is represented by the clusters of orange

symbols, which represent triaxial stress with NW-SE trending and 20° plunging a,-axis

and NW-SE trending and 75" plunging ffs-axis. The stress E is of reverse faulting regime

with NW-SE compression.

Okinawa-jima

Shimajiri Group

Tomigusuku Formation

Legend

Stress Ratio Plunge of Axis
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a

Fig.16. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Tomigusuku formation in the Okinawa-jima. The clusters A, B and C are detected from
the Tomigusuku formation.

5.1.3. Shinzato formation

The clusters A, B and C are recognized from the Shinzato formation. The stress A

has vertical a ,-axis and the a.-axis in N-S direction whose stress ratio is 0.1-0.3. The

stress B is of normal faulting regime with its a;!-axis in E-W whose stress ratio is 0.1-0.5.

The data set OSh3 is considered to represent stress B. The stress C is represented by the

clusters of violet symbols, which represents axial compression with vertical a,-axis and

with a raxis showing a great-circle girdle.
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Fig.17. Stress identil'ied by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Yonabaru formation in the Okinawa-jima. The clusters A, B, C, D and E are detected from

the Yonabaru formation.

5.1.4. Ryukyu group

The clusters A, B, C and D are obtained from the Ryukyu group. The stress A has

vertical a ,-axis and the ovaxis in N-S direction whose stress ratio is 0.1-0.3. The stress

B is of normal faulting regime with its ovaxis in NW-SE whose stress ratio is 0.1-0.5.

The stress C is represented by the clusters of violet symbols, which represents axial

compression with vertical a:-axis and with a:,-axis showing a great-circle girdle. The

stress D has vertical a-axis and the a^-axis in NE-SW direction whose stress ratio is 0.1-

0.3. The stress D is of normal faulting regime with NE-SW extension.

The cxtensional stresses A, B and D are correspond with the orientation of active

faults cutting the Ryukyu group.

5.2. Aguni-jima

Figure 20 shows results by fault striation analysis in the Aguni-jima. The data set

AA yields clusters A and B. The stress A is of normal faulting regime with ifcaOV&xis in

NW-SE whose stress ratio is 0.1-0.5. The stress B is represented by the clusters of

greenish symbols, which represent a triaxial stress with vertical a i-axis and NE-SW
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Fig.18. LSiress identified by the Multi-inverse method with k-S and Ginkgo method from the data of

the Shinzato formation in the Okinawa-jima. The clusters A, B and C are detected from the

Shinzato formation.

Okinawa-jima

Ryukyu group

Legend

Fig.19. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Ryukyu group in the Okinawa-jima. The clusters A, B. C and D are detected from the

Ryukyu group.
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trending a:.,-axis. The stress B is of normal faulting regime with NE-SW extension.

The data set AR yields clusters A, B and C. The stress A and B are already

described. The stress C is represented by the clusters of yellow and light green symbols,

which represent triaxial stress with NE-SW trending and 30° plunging a i-axis and N-S

trending- and 30° plunging a s-axis. The stress C is of strike-slip faulting regime with NE-

SW compression and N-S extension.
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Ryukyu group

Aguni group

Legend
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Fig.20. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Aguni-jima. The clusters A, B and C are detected from the Aguni group and Ryukyu

group.

5.3. Kume-jima

Figure 21 shows results by fault striation analysis in the Kume-jima. The stresses

A, B, C, D and E are identified in this island. The stress A is represented by the clusters

of blue symbols. The stress A is of normal faulting regime with its araxis in NNE-SSW

whose stress ratio is 0.1-0.3. The stress B is represented by the clusters of light blue

symbols, which represent a triaxial stress with vertical a raxis and WNW-ESE trending

<7a-axis. The stress B is of normal faulting regime with WNW-ESE extension. The stress

C is of normal faulting regime with its a:.-axis in NW-SE whose stress ratio is 0.1-0.3.
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The stress D is of normal faulting regime with its aK-axis in NE-SW and its stress ratio

is 0.2-0.6. The stress E is represented by the clusters of violet symbols, which represents

axial compression with vertical u,-axis and with a.i-axis showing a great-circle girdle.

Kume-jima

Ryukyu group

a

Shimnjiri group

E

a

Fig.21. Stress identified by the Multi-inverse method with k«5 and Ginkgo method from the data of

the Kume-jima. The clusters A, B, C. D and E are detected frara the Shimajiri group and
Ryukyu group.

5.4. Yoron-jima

Figure 22 shows results by fault striation analysis in the Yoron-jima. The stresses

A and B are identified in this island. The stress A is represented by Lhe clusters of bluish

symbols. The stress A is of normal faulting regime where ai,-axis is oriented in NW-SE

and its stress ratio is 0.1-0.5. The stress B is represented by the clusters of bluish

symbols, which represent a triaxial stress with vortical a ,-axis and ENE-WSW trending- a:r

axis. The stress B is of normal faulting regime with ENE-WSW extension.
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5.5. Okinoerabu-jima

Figure 23 shows results by fault striation analysis in the Okinoerabu-jima. Three

stress states are identified in this island. The stress A is of normal faulting regime with

its CT;raxis in N-S whose stress ratio is 0.2-0.6. The stress B is represented by the clusters

of bluish symbols, which represent a triaxial stress with vertical ai-axis and NE-SW

trending u3-axis. The stress B is of normal faulting regime with NE-SW extension. The

stress C is represented by the clusters of orange and light green symbols, which represent

triaxial stress with NE-SW trending a i -axis and vertical a^-axis. The stress C is of

reverse faulting' regime with NE-SW compression.

Legend
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Fig.22. Stress identified by the Multi-inverse method with k=5 and Gitikgo method from the data of

the Yoron-jima. The clusters A and B are detected from the Ryukyu group.

5.6. Tokunoshima

Figure 24 shows results by fault striation analysis in the Tokunoshima. The

stresses A and B are identified in this island. The stress A and B are represented by the

clusters of bluish symbols. The stress A is of normal faulting regime where a ■•-axis is

oriented in NW-SE and stress ratio is 0.1-0.5. The stress B is normal faulting regime, too

where a^-axis is oriented in XNE-SSW.

5.7. Kikai-jima

The results of fault striation analysis in the Kikai-jima are shown in Fig.25. The

stresses A and B are identified in this island. The stress A is of normal faulting regime

with its tTii-axis in NNE-SSW where stress ratio is 0.1-0.5. The stress B is of normal

faulting regime with XE-SW extension and stress ratio at 0.1-0.5. The data set KiS3 is

represented to resemble to stress B.
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Fig.23. Stress identified by the Multi-inverse method with k=o and Ginkgo method from the data of

the Okinoerabu-jima. The clusters A, B and C are detected from the Ryukyu group.
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Fig.24. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Tokunoshima. The clusters A and B stand out from the Ryukyu group.
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Fig.25. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of the

Kikai-jima. The clusters A and B are detected from the Shimajiri group and Ryukyu group.
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Fig.26. Stress identified by the Multi-inverse method with k=5 and Ginkgo method from the data of the

Takara-jima. The clusters A and B are detected from the Takarajima group and Ryukyu group.
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5.8. Takara-jima

Figure 26 shows results by fault strialion analysis in the Takara-jima. The stresses

A and B arc? identified in this island. The stress A is of normal faulting regime where

a:,-fixis is oriented in NW-SE and stress: ratio is 0.1-0.5. The stress B is normal faulting

regime, too where a-axis is oriented in NNE-SSW.

5.9. Tancgashima

The results of fault striation analysis in the Tanegashima are shown in Fig. 27. The

clusters A, Br C, D, E, F, G and H arc obtained in this island. The stress A is of normal

faulting regime with the stress ratio around 0.5 and the a )-axis is oriented in NW-SE.

The stress B is of normal faulting regime with its a-axis in NE-SW where stress ratio

is 0.1-0.6. The stress C is represented by the clusters of greenish symbols, which represent

triaxial stress with vertical a i-axis and E-W trending a..-axis. The stress C is of normal

faulting regime with E-W extension. The stress D is represented by the clusters of

greenish and yellow symbols, which represent, triaxial stress with N-S trending a raxis

and E-W trending a:i-axis. The stress D is of strike-slip faulting regime. The stress E is

Takara-jima

Ryukyu Group

Legend

Stress Ratio

0 0.5

Plunge of Axis

0 30 60 90

Ryukyu group

Fig.27. Strcsy identified by the Multi-inverse method with k=5 and Ginkgo method from the data of

the Tanegashirna. The clusters A, B, C, D. E, F, G and H are detected from each formation.
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of normal faulting regime with its Os-axis in N-S where stress ratio is 0.1-0.3. The stress

F is represented by the clusters of orange symbols, which represent triaxial stress with

NE-SW trending a i-axis and vertical a raxis. The stress F is of reverse faulting regime

with NE-SW compression. The stress G is reverse faulting regime, too where a i-axis is

oriented in N-S. The stress H is represented by the clusters of greenish and yellow

Tanegashima

Legend

Stress Ratio

EH

0.5

Plunge of Axis

0 30 60 90

Masuda formation

B

Takenokawa formation
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Data Set TaK
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I Data Set TaT
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Fig.28. Synthesis of stress pattern in the northern and central Ryukyu arc by I'ault-striation

analysis. Stress patterns are indicated by the red arrows. Upside-down image of cone shows

axial compression.
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symbols, which represent triaxial stress with NNW-SSE trending a raxis and ENE-WNW

trending <73-axis. The stress H is of strike-slip faulting regime.

5.10. Stress history by the fault-striation analysis

The detected paleostresses from the northern and central Ryukyu arc in this study

are shown in Fig. 28. It is important to decide the age and order of stresses. However, it

is difficult to determine the age of stresses because the age of stress can not be decided

by the fault itself. The age and order of the detected stresses are fixed by the

stratigraphic relation of the formation where the detected stresses are included. The

direction of stresses are also inferred by the earthquake focal mechanism. Cross-cut

relationships are not observed among the surveyed faults.

In Okinawa-jima, seven stress states are detected. The compressional stress regime

which directs NW-SE and NE-SW is observed in the Tomigusuku and Yonabaru

formation. It is considered that the compressional stress state is the oldest during the

period of the Shimajiri group in the island because this stress regime is not observed in

the upper formation. The lack of the E-W extension in the youngest formation of Ryukyu

group suggests that the stress is older than the detected stresses in the Ryukyu group.

N-S, NE-SW and NW-SE extensions are corresponds to the extensions which are expected

by the EW, NE and NW trending active faults which cut the Ryukyu group of the south

part of the Okinawa-jima (Research group for Active Faults of Japan, 1991).

NE-SW extension is the latest stress regime in the Okinawa-jima, because NE-SW

extension is coincides with the T axes derived from the focal mechanism solution of

shallow earthquake near the island (Kubo and Fukuyama, 2003).

The order of age of other stresses is difficult to decide because cross-cut relationship of

the faults is not observed in the island.

The stress transition is considered as follows from old to new; (1) compressional

stress regime, (2) E-W extension, (3) complex stress state (N-S and NW-SE extensions and

axial compression with vertical Oi) and (4) NE-SW extension.

In other surveyed islands of the central Ryukyu arc, on the whole, arc-parallel and

arc-perpendicular extensions are detected. It is considered that the stress field in the

islands of the central Ryukyu arc, except for Takara-jima, changes from arc-perpendicular

extension to arc-parallel extension because the arc-parallel extension coincides with the T

axes of the focal mechanism solution (Kubo and Fukuyama, 2003).

Takara-jima is located on the volcanic front where NW-SE extension is obtained

from the data of the Ryukyu group and NE-SW extension from the data of the

Takarajima group. The NW-SE extension in the Ryukyu group is corresponds to the T

axes of the focal mechanism solution (Kubo and Fukuyama, 2003).

Eight stress states are detected in Tanegashima. The E-W extension are obtained
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from the data within the Tashiro and Kawachi formation. The lack of the E-W extension

in the Osaki, Masuda and Takenokawa formations suggests Lhat the stress is older than

the formations. The compressional stress regime oriented NNW-SSE and NE-SW is

obtained from the Osaki formation. IL is considered that the compressional stress state is

the older than the other detected stresses because the compressional stresses arc- not

observed from the upper formations. The lack of the N-S and NW-SE extension in the

Masuda and Takenokawa formations suggests that the stresses are older than die

formations. Same as the central Ryukyu arc7 NE-SW and NW-SE extensions are obtained

from all the formations of Kukinaga group, On the other hand, it is considered that XE-

SW extension is the latest stress regime in the Tancgashima, because this NE-SW

extension corresponds to the extension expected by the active faults which cut NW
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Fiy.US). Stress transition in the northern and central Ryukyu arc by fault-striation analysis. Stress
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trending in the island (Research group for Active Faults of Japan, 1991), and by the T

axes derived from focal mechanism solution of shallow earthquake (Kubo and Fukuyama,

2003).

The stress transition is described as follows from old to new; (1) E-W extension,

(2) compressional stress regime, (3) complex stress state (N-S and NW-SE extension), (4)

strike-slip faulting regime and (5) NE-SW extension.

As the result of the fault-striation analysis and considering the earthquake focal

mechanism, the deduced stress transition around the northern and central Ryukyu arc are

summarized as fellows.

(1) The compressional stress stage occurred in the central and northern Ryukyu arc

from late Miocene to early Pliocene.

(2) The E-W extension is observed from the northern Ryukyu arc during the middle

Miocene and from the central Ryukyu arc during the Pliocene to early Pleistocene.

(3) The arc-parallel and arc-perpendicular extensions are obtained from the surveyed

islands of the central and northern Ryukyu arc.

(4) In the volcanic front, the stress before the deposition of the Ryukyu group is arc-

parallel extension and the stress after the deposition of the Ryukyu group is arc-

perpendicular extension.

(5) Same as the southern Ryukyu arc {Otsubo and Hayashi, 2003), various stress states

are existed in the central Ryukyu arc after the deposition of the Ryukyu group.

(6) The latest stress detected from the central and northern Ryukyu arc is the arc-

parallel extension.

6. Discussion

6.1. Comparison with previous studies

Several researchers have studied using fault analysis in the northern and central

Ryukyu arc (Fabbri, 2000; Fournier et al., 2001; Teramae and Hayashi, 2002). Fabbri,

(2000) and Fournier et al. (2001) tried to detect paleostress by Angerlier's inversion method

(Angelier, 1979; 1984; 1990) in Tanegashima and Okinawa-jima, respectively. In Tanegashima,

Fabbri (2000) has detected two stages of extension, arc-parallel and arc-perpendicular

extension. Fournier et al. (2001) have obtained three stages of extensional stress from

about 450 tectonic joints and striated fault planes measured in 20 localities scattered in

southern part of the Okinawa-jima. The first stage is of N40° W to N20° E extension

during the late Miocene, the second stage is of N20° E extension during the late Pliocene

to early Pleistocene, and the last stage is of N20° W extension during latest Pleistocene

to present-day.

Although arc-parallel and arc-perpendicular extensions are concordant with my

result, there are several problems in their studies In the first problem, Fournier et al.

(2001) did not measure fault-slip data in the late Pleistocene deposits, Ryukyu group. They
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assumed that the direction of extension is perpendicular to the strike of the major normal

faults and joints in the Ryukyu group. In the second problem, applied by Fabbri, (2000)

and Fournier et al. (2001) the method (classic inversion method) has several methodological

problems as pointed out by Yamaji (2001). The classic inversion method is assumed that

all faults are moved in a single stress state. Precise stress state must be detected from the

heterogeneous fault-slip data by the Multi-inverse method (Yamaji, 2000) and Ginkgo

method (Yamaji, 2003a). We insist that the stress transition in the northern and central

Ryukyu arc is more complex than that inferred by the previous authors.

6.2. Comparison with southern Ryukyu arc

Otsubo and Hayashi (2003) have tried to detect the paleostress in the southern

Ryukyu arc by the Multi-inverse method and Ginkgo method. They detected 23 stresses in

the southern Ryukyu arc to divide into three zones; MY zone (Miyako-jima and Yaeyama

islands excluding for Hateruma-jima), HA zone (Hateruma-jima) and YO zone (Yonaguni-

jima).

Arc-perpendicular and arc-parallel extensions are obtained within the Ryukyu group

in the central Ryukyu arc. Most stresses are detected as same as within the Ryukyu

group in the southern Ryukyu arc except for Hateruma-jima and Yonaguni-jima (Otsubo

and Hayashi, 2003). Since Hateruma-jima is located near the Ryukyu trench, the stress

state of the Hateruma-jima is affected by the location and is different from the other

islands. The stress state of the Yonaguni-jima is affected by the westward migration of

the rifting of the Okinawa Trough and the collision to Taiwan (Otsubo and Hayashi,

2003).

The stress state of the Yaeyama group and Nosoko formation, which deposited in

almost the same time or before the deposition of the Kukinaga group in Tanegashima, are

detected as extension or strike-slip fault regime. It is considered that the compression is

a characteristic stress state in the northern and central Ryukyu arc. Furthermore, it is

considered that the stress state of the northern and central Ryukyu arc is different from

the southern Ryukyu arc before the deposition of the Ryukyu group. After the deposition

of the Ryukyu group, the detected stress field in this study is roughly similar to the

stress field of the southern Ryukyu arc.

There are some differences in the stress state between the southern Ryukyu arc and

central Ryukyu arc. The opening of the Okinawa Trough is considered to be of late

Miocene (Lee et al., 1980; Letouzey and Kimura, 1986; Sibuet et al., 1987). The southern

Okinawa Trough is separated from the middle and northern Okinawa Trough by the

magnetic anomaly study (Hsu et al., 2001). The paleomagnetic data suggested that the

organization of the southern Okinawa Trough is different from that of the middle and

northern Okinawa Trough (Miki, 1995).

Since there is difference between the detected stresses of the Ryukyu group and the
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detected stresses of before the deposition of the Ryukyu group, the stress field before

deposition of the Ryukyu group of the northern and central Ryukyu arc is different from

that of the southern Ryukyu arc.

6.3. E-W extension in the northern and central Ryukyu arc

The stress states of the Kukinaga group in the Tanegashima and the Shimajiri

group in the Okinawa-jima are detected E-W extension. We think that E-W extension is

the oldest stress among the detected stresses in the northern Ryukyu arc. We suppose

that this extension is related to the opening of the Japan Sea. Hsu et al. (2001) described

that the Miocene extension for the middle and northern Okinawa Trough was possibly

related to the opening of the Japan Sea.

The other E-W extension in the central Ryukyu arc occurred after the compressional

stress field. As the E-W extension occurred during Pliocene to early Pleistocene, the E-W

extension is probably caused by the opening of the Okinawa Trough.

6.4. Compressional stress field in the northern and central Ryukyu arc

Compressional stress field is detected in the northern and central Ryukyu arc from

the fault-striation analysis. Since the compressional stress state is obtained from the

Osaki formation in the Tanegashima and the Tomigusuku and Yonabaru formations in

the Okinawa-jima, the compressional stress state gives development of the faulting in the

northern and central Ryukyu arc during the late Miocene to early Pliocene.

In the Shimajiri group of the Miyako-jima, the mesoscale fold is reported (Kizaki,

1985). The fold axis is oriented NE-SW. It is presumed that the folding in the Miyako-

jima is formed by the same compressional stress field detected in the northern and central

Ryukyu arc.

It is considered that this compression is related to the formation of the Taiwan-

Shinji Fold belt in the backarc. The deformation of the fold belt is dated at 5-8 Ma (Itoh

and Arato, 1999). The late Miocene folding is provoked by the resumption of subduction

of the Philippine Sea Plate (Itoh et al., 1997).

Yamaji (2003b) detected the compression at the lowest formation of Miyazaki group

in southeast Kyushu by the Multi-inverse method. Yamaji (2003b) suggested that the

compression leads the faulting in the Miyazaki group at about 5-6 Ma and this

compression is simultaneous with the formation of the Taiwan-Shinji Fold belt in the back

arc. We support this opinion, and suggest that this compression is continued to the early

Pliocene in the central Ryukyu arc and affected to the Shimajiri group in the Miyako-

jima.
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6.5. Arc-perpendicular and arc-parallel extensions in the Ryukyu arc

Arc-perpendicular and arc-parallel extensions are detected in all the surveyed

islands. Arc-perpendicular extension is presumably related to the subduction of the

Philippine Sea plate which has subducted beneath the Eurasia plate to NW at speeds of 5-7

cm/yr (Seno et al., 1993) to produce "trench retreat" (Hu et al., 1996).

Arc-parallel extension is related to the stretching of the Ryukyu arc in response to

the opening of the Okinawa Trough. This extension is derived from a consequence of an

arc-parallel stretching (Fabbri, 2000). The detected arc-parallel extension is the latest stress

state in the Ryukyu arc. Kubo and Fukuyama (2003) investigated the stress field along the

Ryukyu arc and the Okinawa Trough using the focal mechanism solution of shallow

earthquake. They considered that the opening process of the Okinawa Trough should play

an important role in this arc-parallel extension. The arc-parallel extension is observed in

the entire region of the Ryukyu arc. This stress field is clearly separated from the back-

arc extensional stress field in the Okinawa Trough by the volcanic chain (Kubo and

Fukuyama, 2003).

6.6. Detected stress field from the Ryukyu group

We have obtained many stresses from the Ryukyu group in the central Ryukyu arc.

Most detected stresses in the Ryukyu group are arc-perpendicular and arc-parallel

extensions, while several detected stresses are different from the orientation of the

extensions.

Although we have obtained arc-perpendicular and arc-parallel extensions from the

Ryukyu group, these from Kume-jima show a little difference in orientation. The reason

is that the Kume-jima is located near the Okinawa Trough. The Ryukyu group in the

Kume-jima is tilted 10 - 20°. Structural difference between the Ryukyu group in the

Kume-jima and that in other island supports this explanation.

In Aguni-jima, the normal and strike-slip fault stress regime are obtained in the

Ryukyu group. NW-SE extension and strike-slip stress regimes correspond to the stresses

expected by the NE trending active faults in the Ryukyu group (Research group for

Active Faults of Japan, 1991). The active fault in Agun-jima is oblique-normal fault

(Research group for Active Faults of Japan, 1991). The strike-slip stress regime activates

this active fault. The active fault in Aguni-jima is not active recently. Since this active

fault has not cut coral reef terrace, this fault is assumed low activity and has not been

active in the past 10 ka (Research group for Active Faults of Japan, 1991).

NE-SW compression is obtained from Okinoerabu-jima, which is probably related to

the subduction of the Daito Ridge. The subduction of the Daito Ridge have affected the

state of stress in this island. Global Positioning System (GPS) data (Nakamura and

Kawashima, 2000) suggest that the compressional strain is dominant and its maximum

axis is oblique to the trench.
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6.7. Rotation in the northern Ryukyu arc

Strike-slip fault regime is obtained within the Takenokawa, Masuda and Osaki

formation in the Tanegashima. This stress regime is probably caused by counterclockwise

rotation in the northern Ryukyu arc. Tanegashima undergone the paleomagnetic rotation

of about 30' (Kodama et al., 1991). South Kyushu rotated counterclockwise with respect to

the north Kyushu during the past 2 Ma (Kodama et al., 1995). This rotation started

simultaneously with the rifting of the northern Okinawa Trough, which started around

the Pliocene-Pleistocene boundary.

Miki (1995) reported that the central Ryukyu arc had not experienced any significant

rotation between 6-10 Ma, whereas the southern Ryukyu arc had rotated 25° clockwise on

the basis of the paleomagnetic data.

6.8. Tectonic evolution of the Ryukyu arc

The stress states in this study have a genetical relation to the subduction of the

Philippine Sea plate beneath the Eurasia plate and the crustal extension in the Okinawa

Trough.

As mentioned above, stress transition since middle Miocene is found by measurement of

the fault-slip data in the northern and central Ryukyu arc. The fault-striation analysis

leads the following tectonic evolution in the central and northern Ryukyu arc.

E-W extension occurred in the northern Ryukyu arc in middle Miocene, which may

be related to the opening of the Japan Sea. The compressional stress field occurred in late

Miocene to early Pliocene (5-8 Ma), which was simultaneous with the formation of the

Taiwan-Shinji Fold Belt. E-W extension occurred in Pliocene, which was related to the

opening of the Okinawa Trough. At around 2 Ma, complex stress regime occurred in the

Ryukyu arc. In this time, activity of the Okinawa Trough was resumed and the deposition

of the Ryukyu group was started. In the northern Ryukyu arc, strike-slip stress regime

occurred from 2 Ma ago. NE-SW extension, arc-parallel extension is the latest stress

regime in the central and northern Ryukyu arc. This arc parallel extension is observed in

the whole Ryukyu arc. It implies that there are the major difference in stress regime

between southern Ryukyu arc and central and northern Ryukyu arc before the deposition

of the Ryukyu group.
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Middle Miocene

Late P eistocene-Recent

Fig.3O. Schematic to show the tectonic evolution from middle Miocene to Recent around the northern

and central Ryukyu arc. EU: Eurasia plate, PH: Philippine Sea plate, T: Tanegashima, TR:

Takara-jima, I: Kikai-jima, TK: Tokunoshima, 1^: Okinoerabu-jima, Y: Yoron-jima, O:

Okinnwa-jima, A: Aguni-jima, K: Kume-jima.
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7. Conclusion

The conclusions of this study are summarized as follows:

(1) Using the Multi-inverse method and Ginkgo method, the paleostress field is obtained

which is more complex than that proposed by the previous studies.

(2) The fault-slip data in the Ryukyu group are collected in the central Ryukyu arc,

similar to the southern Ryukyu arc.

(3) The E-W extension occurred in the northern Ryukyu arc in middle Miocene.

(4) The compressional stress state occurred in the central and northern Ryukyu arc

from the late Miocene to early Pliocene.

(5) The E-W extension occurred in the central Ryukyu arc in Pliocene.

(6) Around at 2 Ma, complex stress regime occurred in the Ryukyu arc.

(7) The arc-parallel extension is the latest stress in the central and northern Ryukyu

arc, similar to the southern Ryukyu arc.

(8) The stress field before the deposition of the Ryukyu group in the northern and

central Ryukyu arc is different from that in the southern Ryukyu arc.

(9) Complex stress state in the Okinoerabu-jima is derived from the subduction of the

Daito Ridge.

(10) In the volcanic front, the stress state before the deposition of the Ryukyu group is

arc-parallel extension and the stress state after the deposition of the group is arc-

perpendicular extension.
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