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Abstract

The Median Tectonic Line (MTL) in southwest Japan, a major east–west-trending arc-parallel fault,

has been defined as the boundary fault between the Cretaceous Sambagawa metamorphic rocks and

Ryoke granitic and metamorphic rocks, which are unconformably covered by the Upper Cretaceous

Izumi Group. For the long time span of the Paleogene period (66-23 Ma), the fault movement along

the MTL has not been fully clarified. Based on detailed fieldwork and previous studies, the authors

reconstruct the kinematic history along the MTL during the Paleogene period. The authors proposed in

the previous studies that the Paleogene kinematic history of the MTL is divided into the Ichinokawa

phase and Pre-Tobe phase: the Ichinokawa phase is large scale normal faulting accompanied by a wide

fracture zone along the MTL, while the Pre-Tobe phase is defined as the activation of of the parallel

faults to the MTL in the Upper Cretaceous Izumi Group, which are perhaps connected to the MTL at

depth. In this study, the author has analyzed the kinematic movement along the MTL at the Pre-Tobe

phase, based on the field survey and microstructural analyses in fault rocks. We found that en échelon

folds oriented clockwise for the fault of map-scale were developed along the parallel faults, which are

accompanied by a cataclasite zone of 60 to 25 m wide consisting of foliated cataclasite, cataclasite, and

fault gouge zone. The map-scale sorth-vergent folds in the disturbed zone and microstructures (e.g.

composite planar structures) in the cataclasite zone which accompanies the parallel faults strongly

suggest that they formed due to sinistral and reverse faulting with a top-to-the-SW sense along the

MTL. Moreover, based on previous studies and the K-Ar age measurements of authigenic illite from

fault gouge along the parallel faults and MTL in this study, it has been found that the MTL was

activated at two discrete stages of 60-57 Ma and 41 Ma. A combination of kinematic analyses with

K-Ar age dating of authigenic clay minerals from the cataclasite zones allows us to reconstruct the

kinematic history of the MTL: normal faulting during 60-57 Ma (Ichinokawa phase) and sinistral and

reverse faulting during 41 Ma (Pre-Tobe phase). The MTL as a large-scale, arc-parallel fault records

the movements of subducting oceanic plate relative to continental plate. According to previous studies,

the movement direction of the subducting Pacific oceanic plate relative to proto-southwest Japan arc
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had changed from almost that normal to the arc at the Ichinokawa phase to that oblique to the one to

generate sinistral slip along the MTL at Pre-Tobe phase. Therefore, the change in kinematic movement

along the MTL and large-scale arc-parallel faults in fact reflects the movements of subducting oceanic

plate relative to continental plate.

Key words: kinematic history, Median Tectonic Line, normal faulting, sinistral-reverse faulting,

K-Ar geochronology, Paleogene.
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1. Introduction

The Median Tectonic Line (MTL) is the largest scale arc-parallel tectonic line in southwest Japan, which

divides the southwest Japan arc into the Inner zone (mostly consisting of Permian–Jurassic accretionary

complexes and granitoids) and Outer zone (mostly consisting of Jurassic–Paleogene accretionary complexes;

Figure 1). Because large-scale, arc-parallel faults record the movements of subducting oceanic plate relative

to continental plate [Fitch, 1972; Jarrard, 1986; Chemenda et al., 2000], kinematic studies on these faults are

important to elucidate plate tectonic framework in geological ages. The studies on the movement history of

the MTL are numerous. It has been demonstrated that left-lateral strike-slip dominated along the MTL in the

Late Cretaceous [Hara et al., 1980; Ichikawa, 1980; Takagi and Shibata, 1996], while a large amount of

right-lateral strike-slip occurred along it during the Quaternary period [e.g. Okada, 1972]. However, for the

long time span of the Tertiary period, the kinematic movement along the MTL has not been fully clarified, in

particular, that after the Paleocene period when large-scale normal faulting occurred along the MTL [Kubota

and Takeshita, 2008].

The purpose of this study is to reconstruct the kinematic history of the MTL during the Paleogene. It has

been found that in the Paleogene, two large-scale movements occurred along the MTL. One is the normal

faulting which is associated with the final exhumation of the Sambagawa metamorphic rocks in the Outer

zone, and its juxtaposition against the Cretaceous Izumi Group which unconformably overlays the Cretaceous

granitoids in the Inner Zone at depth [Kubota and Takeshita, 2008]. The other one is defined as the activation

of the parallel faults in the Upper Cretaceous Izumi Group to the MTL, which are perhaps connected to the

MTL at depth. Since the kinematics and ages of the second movement have not been clarified, we analyze

these in the present paper. The central and western Shikoku has been chosen as the study area, because the

MTL was not much disturbed by the Quaternary faulting [e.g. Okada, 1973a,b]. Furthermore, since the

geological units, which were deposited before and after the Paleogene, the Upper Cretaceous Izumi and

Lower Miocene Kuma Groups, respectively, are distributed along the MTL, the deformation, which occurred

during the Paleogene period, can be constrained. The degree and style of deformation of these strata are keys
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to reconstruct the kinematic history of the MTL. Based on detailed geological survey in a wide area, the

present study first documents previously unrecognized map-scale fold structures of the Izumi Group along

the parallel faults. Second, we document cataclasite and gouge zones accompanying the parallel faults in the

Izumi Group, for which detailed structural and microstructural analyses are conducted. In particular, we

document for the first time the evidence for normal faulting overprinted by sinistral and reverse faulting in

the cataclasite along the north-dipping MTL. Furthermore, based on the K-Ar age measurements of

authigenic illite from fault gouge along the parallel faults and MTL, the geologic ages of the two stages of

movement along the MTL have been determined. A combination of kinematic observations with K-Ar age

dating of authigenic clay minerals from the cataclasite zones along the MTL allows us to reconstruct the

kinematic history of the MTL from the latest Cretaceous to Paleogene. Further, the possible relation of these

two-stage movements along the MTL to tectonics in the east Asia is discussed in the present paper.

2. Geological setting

The geological setting and review on the movement history along the MTL in the following section are

summarized in Figure 2, and the geological map and cross-sections of the study area are shown in Figure 3.

The study area extends ~80 km along the MTL in western Shikoku (Figure 1). The Cretaceous Sambagawa

metamorphic rocks are distributed in the Outer zone, while in the Inner zone the Cretaceous Ryoke

metamorphic and granitic rocks, unconformably covered by the Upper Cretaceous Izumi Group, are

distributed, which are juxtaposed against the Sambagawa metamorphic rocks, bounded by the MTL. The

Lower Eocene Hiwada-toge Formation [Narita et al., 1999] unconformably overlies the Sambagawa

metamorphic rocks. The Lower Miocene Kuma Group unconformably overlies both the Sambagawa

metamorphic rocks and the Izumi Group in central-western Shikoku [Kashima and Takechi, 1996; Narita et

al., 1999; Takeshita et al., 2000]. Moreover, the Middle Miocene Ishizuchi Group widely covers all of these

strata unconformably [Tazaki et al., 1990; Takeshita et al., 2000]. While most of the Kuma and Ishizuchi

Groups are distributed in the Outer zone, part of these is distributed in the Inner zone across the MTL

(Figure 2a).
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