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SUMMARY
Subsurface magmatism in a subduction zone constructs the volcanic edifices. The edifices contribute the disposition of
volcanic structures on the Earth’s surface in the subduction zone. In subduction zones, oceanic hydrated slabs bring
aqueous fluids into the Earth’s mantle and release the fluids by dehydration reaction occurring under a certain pressuretemperature condition. This phenomenon plays an important role in the arc magmatism as it triggers partial melting of
the mantle. Such partial melting can be affected by the physical heterogeneity of subducting oceanic plates. The island
of Kyushu in the Southwest Japan arc lies in a subduction zone, where the Philippine Sea plate (PSP) subducts beneath
the Eurasian plate. The PSP in the Kyushu subduction zone consists of three parts: a relatively old slab, a young slab,
and a ridge. Many Quaternary active volcanoes occur in the northern and southern Kyushu associated with the two
subducting slabs, whereas no volcano occurs in the central Kyushu (the non-volcanic region) associated with the
subducting ridge. Here we present 3D electrical resistivity image beneath the entire Kyushu using inverse modeling of
the Network-magnetotelluric data. Concerning the magmatism contributing to the volcanoes on the island of Kyushu,
we have found two interesting features: conductive anomalies under the volcanoes which converge at deep depths
(>100 km) of the backarc in the northern and southern Kyushu; and a different configuration of only the conductive
anomaly in the non-volcanic region which extends to shallower underground (<50 km) of the forearc side than in the
volcanic regions. Our 3D image detects the two origins of magma sources represented the conductive anomalies in the
Kyushu subduction zone. Additionally, the results reveal that the three different types of the subducting PSP slab can
affect the volcanism at the northern, central, and southern Kyushu.
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INTRODUCTION
The research area is the island of Kyushu in the
Southwest Japan arc, which lies in a subduction zone of
the circum-pan-Pacific orogenic belt. At the Kyushu
subduction zone, the Philippine Sea plate (PSP), which
consists of a relatively old part [45–55 Ma; Hilde and
Lee, 1984], a young part (the Shikoku basin) [15–27 Ma;
Okino et al., 1999], and the Kyushu–Palau Ridge
sandwiched between the different-aged parts, subducts
beneath the Eurasian plate in the direction of N30°E–
S30°W. Many Quaternary active volcanoes occur along
the volcanic front (VF) in the northern and southern
Kyushu as shown in Figure 1. On the other hand, no
active volcano occurs in the central Kyushu (the nonvolcanic region) where the buoyant Kyushu–Palau Ridge
subducts.
Magmatism in subduction zones can be controlled by
slab-derived aqueous fluids because the fluids play an
important role to trigger partial melting of the mantle.
Two-dimensional (2D) inverse modeling of four profiles
across four volcanoes on the VF reveal conductive
blocks under the volcanoes extending from deep depths
of the backarc which reflect magma sources

(magmatism) in the Kyushu subduction zone [Hata et al.,
2012]. A horizontal connection among the conductive
blocks, however, has yet unknown from the 2D
modeling. Here we present a three-dimensional (3D)
inverse model of 72 Network-magnetotelluric (NetworkMT) data covering the entire Kyushu [Hata et al., 2013].
The aim is to identify the horizontal connection of the
conductive blocks under the volcanoes and to clarify the
overall magmatism beneath the Kyushu subduction zone.
3D INVERSE MODELING
We employ the Network-MT method [Uyeshima et
al., 2001] which uses metallic wires (dipoles) with tens
of kilometers long to measure the electric potential
differences. The Network-MT observations of about 300
dipoles were carried out at the entire Kyushu from 1993
to 1998. 3D inversion at the lithospheric scale was
performed using the WSINV3DMT inversion code
designed for the real and imaginary parts of the
Network-MT response functions [Siripunvaraporn et al.,
2004; Uyeshima et al., 2008]. The 3D electrical
resistivity of the starting model was uniformly 100 Ωm
except in the oceanic region, which was assigned the
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fixed value of sea water (0.33 Ωm). The model space
dimensions are 440×360×1,000 km and grid size is
75×59×27 (including air layers of about 150 km:
75×59×36) cells in the north, east and vertical directions
(Figure 2). The cell sizes were set while considering the
period range (480–40960 s) of the data, the lengths of
the dipoles, and the intervals among the 72 dipoles. The
smallest cell sizes in the horizontal directions are 5×5
km and the size increase outward. In the vertical
direction, the cell sizes increase downward from 50 m
for the first at the surface. In the inversions, the error
floor values for the interpolated data of the Network-MT
response functions were set at 5%.

Figure 2. Model space and grid used in the 3D inversion.
The grid consists of 75×59 cells in the horizontal
directions (a) and 9+27 cells in the vertical direction (b).
Solid black lines with blue dots at both ends show the 72
dipoles to measure the electric potential differences. Red
triangles represent the Quaternary active volcanoes.
Green star indicates the Kanoya Magnetic Observatory,
Japan Meteorological Agency.

Figure 1. Distribution of Quaternary active volcanoes on
the island of Kyushu (red triangles). Red dashed line
represents the volcanic front. Orange rings show the
calderas. The arrow labeled ‘PSP’ indicates the
subduction direction of the Philippine Sea plate. Insert
shows plates around the Japan arc and plate boundaries
which are indicated by lines with triangle showing the
direction of plate movement.

CONCLUDING REMARKS
The final 3D electrical resistivity model shows
following features in terms of conductive blocks under
the volcanoes on the VF which extend from deep depths
(>100 km) of the backarc. The connections of each
conductive block are limited within the northern and
southern Kyushu, namely two roots of the conductive
blocks exist one by one in the northern and southern
Kyushu. In addition, the conductive block beneath the
non-volcanic region is shown a significant different
configuration from those beneath the volcanic regions.
The block in only the non-volcanic region extends to
shallower depths (<50 km) towards the forearc side
along the surface of the subducting PSP associated with
the Kyushu–Palau Ridge.
The results from the 3D model indicate behavior of
the upwelling magma sources (magmatism) in the
Kyushu subduction zone. First, the limited connection of
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the conductive blocks shows that the magma sources
beneath the volcanoes have two different origins, which
can be related to the subducting different-aged slabs. Our
3D model can detect regional differences of the arc
magmatism in the Kyushu subduction zone. We have
considered that the differences are originated in the
dehydration reactions on the different-aged slabs.
Second, the different configuration of the conductive
block only beneath the non-volcanic region indicates that
the slab in the region can release almost all aqueous
fluids at shallower depths than in the volcanic regions. It
also shows that the slab-derived aqueous fluids play an
important role in acceleration of the arc magmatism. In
the Kyushu subduction zone, we present a model of
fluids (aqueous fluids and partial melting) generation,
which is based on the 3D electrical resistivity model.

magnetotelluric observations in the Kyushu district.
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Figure 3. Horizontal cross section at depth from 45.0 to
50.0 km of the final 3D resistivity model determined
with 72 dipoles (white line). Black dots are the
hypocenters of earthquakes, as determined by JMA from
June 2002 to May 2006. Red triangles represent
Quaternary active volcanoes.
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