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FRONTIER LETTER

Slip-partitioned surface ruptures 
for�the Mw 7.0 16 April 2016 Kumamoto, Japan, 
earthquake
Shinji Toda1*, Heitaro Kaneda2, Shinsuke Okada1, Daisuke Ishimura3 and Zoº K. Mildon4

Abstract 
An ENE-trending ~30-km-long surface rupture emerged during the Mw � 7.0 16 April 2016 Kumamoto earthquake 
along the previously mapped Futagawa and northern Hinagu faults. This included a previously unknown 5-km-long 
fault within the Aso Caldera, central Kyushu. The rupture zone is mostly composed of right-lateral slip sections, with 
a maximum of 2-m coseismic slip. One of the noteworthy features we observed in the �eld are ~10-km-long seg-
mented normal fault scarps, dipping to the northwest, along the previously mapped Idenokuchi fault, 1.2�2.0 km 
south of and subparallel to the Futagawa fault. The maximum amount of coseismic throw on the Idenokuchi fault is 
~2 m, which is nearly equivalent to the maximum slip on the strike-slip rupture. The locations and slip motions of the 
2016 rupture are also manifested as interferogram fringe o�sets in InSAR images. Together with geodetic and seismic 
inversions of subsurface fault slip, we present a schematic structural model where oblique motion occurred on a 
northwest-dipping subsurface fault and the slip is partitioned at the surface into strike-slip and normal fault scarps. 
Our simple dislocation model demonstrates that this bifurcation into pure strike-slip and normal faults likely occurs for 
optimally oriented failure near the surface. The Kumamoto case, with detailed geological observations and geophysi-
cal models, would be the second signi�cant slip-partitioned earthquake around the globe. It provides an important 
insight into scale- and depth-dependent stress heterogeneity and an implication to a proper estimate of seismic 
hazard in complex and broad multiple fault strands.
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Introduction
�e 16 April 2016 Mw��� 7.0 (Mjma��� 7.3) Kumamoto 
earthquake struck the cities of Kumamoto, Mashiki, 
Nishihara and Minami-Aso from the Kumamoto plain to 
the western edge of Aso Caldera in central Kyushu, and 
brought signi�cant damage to buildings, killing 50 peo-
ple (Fig.� 1). �e 16 April earthquake ruptured a north-
ern part of the Hinagu fault and the Futagawa fault and 
extended northeast to a previously unknown 5-km-long 
NE-trending strike-slip fault within the Aso Caldera. �e 
hypocenter is located ~5� km west from the junction of 
the Futagawa and Hinagu faults, where the 14 April 2016 

Mw� �� 6.2 (Mjma� �� 6.5) earthquake was preceded on 
the Hinagu fault zone, 2.5�km south of the fault junction 
(Fig.�1). In this paper, we de�ne the Kiyama fault, Futa-
gawa fault and Kitamukaiyama fault previously mapped 
in Research Group for Active Faults of Japan (1991) as 
our Futagawa fault for simplicity. Even though possible 
minor cracks at a few isolated locations were reported on 
the Hinagu fault, this foreshock produced no discernible 
surface e�ects.

�e sequence of the 2016 Kumamoto earthquakes 
occurred in the center of Kyushu Island where N�S 
stretching has been ongoing since 6� Ma (Kamata and 
Kodama 1994). Subduction-related volcanism started 
at ~1.5�Ma in Kyushu (Kamata et�al. 1988) and has been 
signi�cantly promoted by the rift-zone activity along 
the Beppu-Shimabara Rift Zone (BSRZ, Matsumoto 
1979). �e BSRZ is composed of numerous EW-trending 
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normal faults synchronous with extensive volcanism. 
Right-lateral motion along the southern margin of the 
BSRZ, also known as the Oita-Kumamoto Tectonic Line 
(Yabe 1925), is thought to have been active since 0.5�Ma 
following the onset of dextral motion of the Median Tec-
tonic Line in Shikoku Island (Fig.�1a) since 2�Ma�(Tsukuda 
1990), involving several caldera-forming eruptions. �e 
Aso Caldera, a part of the 2016 rupture zone, was formed 
by four major catastrophic eruptions from ~270 to 90�ka 
(Ono and Watanabe 1985). Present-day N�S extension 
occurs at a rate of 1�2�cm/year across the BSRZ, detected 
by both decadal triangulation networks (Tada 1984) and 
modern GPS networks (e.g., Nishimura and Hashimoto 

2006), together with frequent small-to-moderate mag-
nitude normal faulting earthquakes. �e Futagawa fault, 
striking N60°E, forms part of the Oita-Kumamoto Tec-
tonic Line and was a predominant part of the 2016 seis-
mic source. �e fault has been accommodating N�S 
stretching on the southern margin of the BSRZ. �is fault 
is hypothesized to be a right-lateral strike-slip fault with 
signi�cant southeast-side-up vertical movement, mak-
ing an E�W-trending graben and contributing to the 
subsidence of the Kumamoto Plain (e.g., Ishizaka et� al. 
1995). In contrast the ~80-km-long and N40°E-trending 
Hinagu fault, located outside the BSRZ, is more favorably 
oriented for right-lateral strike-slip faulting, except the 

Fig. 1 Locations of the surface ruptures associated with the 2016 Kumamoto earthquake. a Map showing the tectonic setting, active volcanoes 
and active faults in southwest Japan. Active faults are shown with red lines (Research Group for Active Faults of Japan, 1991). The source area of the 
2016 Kumamoto earthquake shown in b is enclosed with a black rectangle at the center of Kyushu Island. b Map of the 16 April 2016 surface rupture 
(Kumahara et al. 2016). Previously mapped active faults are shown as blue lines. Focal mechanisms of both Mjma � 6.5 14 April and Mjma � 7.3 16 
April are shown with their epicenters (yellow stars), together with aftershocks since the Mjma � 7.3 event




















