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Geometry and kinematics of the Uemachi and Ikoma fault zones
beneath Metropolitan Osaka, central Japan
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Abstract: We present structural models to define the kinematic evolution and geometry of active
fault-related folds along the Uemachi fault zone (UFZ) and Ikoma fault zone (IFZ) beneath Osaka
metropolitan area, on the basis of tectonic geomorphology, surface geologic mapping and high-resolution
seismic reflection profiles. The UFZ and IFZ are active intraplate fault systems defined by 45-km-long
arrays of west-verging reverse faults. We focus on the northern parts of the UFZ and IFZ where we define
the kinematic evolution of active fault-related folds since early Quaternary time. Fluvial terraces folded
across the west-dipping forelimb of the frontal UFZ suggest that it grows above an active, east-dipping
thrust. The seismic sections across the northern UFZ and nearby borehole profiles show that the core of the
basement-involved fold also overrides onto the lower portion of the thick Neogene sediments in the Osaka
basin. Trishear solution for the northern UFZ suggests that the forelimb geometry has formed above the
propagating tip of a 40° east-dipping thrust. Prominent, hindward decrease of structural uplift across the
northern UFZ indicates its thin-skinned thrust trajectories. In contrast, a deep borehole data indicate that late
Cretaceous granitic rocks, uplifted in the hanging wall of the IFZ and forming the stripped cores of
basement-involved folds, override a thick sequence of Neogene sediments in the Osaka basin above a
steeply (about 50-60°) dipping thrust fault. Numerous secondary bedding-parallel thrusts also deform the
Neogene sediments and late Quaternary fluvial terraces, as a result of flexural-slip folding which consumes
slip on the primary blind thrusts across synclinal axial surfaces. High (0.5 mm/yr) uplift rate on the IFZ
between the Osaka and Nara basins indicates its thick-skinned trajectories. Downward projection of the UFZ
soles into the IFZ at the shallower portion of the crust. This suggests that the northern UFZ and IFZ
comprise a larger system of west-verging active fold and thrust belt that accommodates E-W contraction
within the upper crust, and that the UFZ is a leading edge of the thrust belt.
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Fig. 2. (a) Depth, migrated seismic profile across the Uemachi fault acquired by Yoshikawa et al. (1987). (b)
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Interpreted depth seismic profile across the Uemachi fault, constrained by boreholes. Locations of the
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Fig. 1. (a) A shaded relief map based on a 250 m digital elevation model, showing the topography and distribution of active faults

within Kinki region, central Japan. Locations of active faults are from Ikeda et al. (2002) and Nakata and Imaizumi (2002).
Note a major compressional termination of the eastern end of the strike-slip active MTL, which corresponds with the northern
end of higher topographic domains of the Outer Belt. The Kinki region north of the MTL is characterized by an array of N-
trending active thrusts juxtaposed with Neogene basins. Abbreviations for cities are as follows: OK: Osaka, KT: Kyoto, NG:
Nagoya. Asterisk indicates the hypocenter of the disastrous 1995 Hyogo-ken Nanbu (Kobe) earthquake (MIMA7.2).
(b) Geologic map of the northern Osaka plain with locations of active fault and fold scarps, modified from Miyachi et al.
(1998), Miyachi et al. (2001), Nishioka et al. (2001), and Ozaki et al. (2000). Locations of active faults are from Ikeda et al.
(2002). Location of seismic sections and boreholes is also shown. Abbreviations for borehole locations are: HA: Hama
(Yoshikawa et al., 1998). Line of projection of schematic cross section (Fig. 7) is shown as thick, orange line.
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Fig. 3. Trishear solution for the Uemachi fault imaged in the seismic profile acquired by Yoshikawa et al.
(1987). Numerical code of Trishear PPC is used courtesy of R. W. Allmendinger. Uplift rate of the
Uemachi fault (0.4 mm/yr) estimated from age of the key horizon, ramp angle, and the amount of
slip is consistent with those estimated by Uchiyama et al. (2001).
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Parameters for seismic data collection

Total survey line length 2,900 m (1,500 + 1,400 m)
Source Impactor (JMI-200)
Observation system BISON 9060-A
Geophone resonant k

Geophone / station 6

Channels 60

Source vibration / record

Shot interval Sm

Station spacing

Recording time length

Sampling interval
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Fig. 4(a). Depth, migrated seismic profile across the Ikoma fault acquired by Shimokawa et al. (1997).
No vertical exaggeration.
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Fig. 5. Schematic, geologic cross section across the Ikoma fault, based on the interpreted seismic section.
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Fig. 4(b). Interpreted depth seismic profile across the Ikoma fault, constrained by boreholes. Locations
of the profile and boreholes are shown on Figure 1. No vertical exaggeration.
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Fig. 6. (a) Borehole transect across the Uemachi fault. (b) Cartoon illustrating the relationship between a
decreasing uplift rate and a thrust trajectory. (c) Schematic, geologic cross section across the
northern Uemachi fault zone, based on the interpreted seismic section.
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