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exploring the features of arc magmatism
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SUMMARY
Our 3-D electrical resistivity model show volcanism/magmatism associated with subduction of the Philippine Sea Plate
(PSP) in three regions: a southern and a northern volcanic region, and a nonvolcanic region on the island of Kyushu,
SW Japan. By setting a previous 3-D model, which was obtained by Network-Magnetotelluric (MT) response function
data of a longer-period band (480−40,960 s), as an initial model, we inverted geomagnetic transfer function data of a
short-period band (20−960 s). We aimed at enhancing model resolutions at shallower depths in this study. In order to
examine the model resolution enhancement, we performed sensitivity tests to compare respective model resolutions by
using actual measurement configurations (such as the spatial distribution of observation sites and sets of data periods)
for the geomagnetic and the Network-MT data. Checkerboard patterns at shallower depths were more clearly recovered
using the measurement configuration of the geomagnetic data than when using the configuration of the Network-MT
data. Finally, in addition to characteristics of the previous model, the present model reveals a conductive block on the
back-arc side of Kirishima volcano at shallow depths of ~50 km; the block is associated with hydrothermal fluids and
hydrothermal alteration zones related to the formation of epithermal gold deposits in the Hisatsu and Hokusatsu zones.
Keywords: Arc magmatism, geomagnetic transfer function, Network-Magnetotelluric response function, Comparative
verification of model resolutions, 3-D electrical resistivity imaging

INTRODUCTION
Observations of geomagnetic variations in Japan have
been used to investigate subsurface electrical resistivity
structures associated with subduction systems since the
1950s [e.g., Rikitake, 1969]. For graphical
representations of geomagnetic variations, induction
vector analysis [Parkinson, 1962] is widely used, as the
induction vector (arrow) in the Parkinson convection
points to an area of electric current concentration
associated with a conductive anomaly. Induction arrows
on the Japan Islands generally point to the Pacific Ocean
of deep-sea in a large sense [e.g., Yukutake et al., 1983].
However, induction arrows in northern and central
Kyushu point to the relatively shallow East China Sea
[e.g., Handa et al., 1992], rather than to the Pacific
Ocean. In southern Kyushu, induction arrows derived
from short-period (less than several hundred seconds)
data on the western and eastern coasts point to the East
China Sea and the Pacific Ocean, respectively, whereas
arrows of long-period (greater than several hundred
seconds) data are oriented parallel to the coastline [e.g.,
Shimoizumi et al., 1997; Munekane, 2000]. The complex
behavior of the induction arrows observed on Kyushu is
considered to result from the complex subsurface
electrical resistivity structures due to e.g., subduction
related arc magmatism (Fig. 1).
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Figure 1. (a) Locations of plate boundaries in the Japan
arc (toothed lines). Red stars represent the Kakioka and
Kanoya Magnetic Observatories (JMA), whose magnetic
data were used as areference and a remote-reference. A
blue box represents the range of Fig. 1b. (b) The tectonic
setting around the Kyushu Island is characterized by
active Quaternary volcanoes (red triangles), calderas
(orange rings), two grabens (blue dashed lines), lava
plateaus (pale orange shaded regions), and a volcanic
front (red dashed line). The arrow labeled ‘PSP’
indicates the subduction direction of the Philippine Sea
Plate. The figure is taken from Hata et al. [2016].
3D INVERSE MODELING
Geomagnetic transfer function (TF) data were
introduced to improve the resolution at crustal depths of
an electrical resistivity structure model obtained
previously using only Network-MT data (black lines in
Fig. 2) [Hata et al., 2015]. Observed three-component
geomagnetic variations are converted to TFs, expressed
as Hz(r, T) = A(r, T) Hx(r, T) + B(r, T) Hy(r, T), where
Hz(r, T) is the vertical geomagnetic field, Hx(r, T) and
Hy(r, T) are the horizontal components of the
geomagnetic field, r is the location of observation sites,
and T is the period. The geomagnetic TFs A(r, T) and
B(r, T) are complex values. The electrical resistivity
structure is determined using the two TFs of A(r, T) and
B(r, T), which are sensitive to the distribution of the
gradient of electrical conductivity [e.g., Rikitake and
Yokoyama, 1953]. To obtain the 3-D electrical resistivity
structure beneath the whole Kyushu Island, we utilized
data from 136 sites on the main Kyushu Island and three
small islands, as shown in Fig. 2 (red dots in orange
outlined islands).

Figure 2. Spatial distribution of geomagnetic
observation sites (red dots) and Network-MT
observation sites (black lines). The black lines denote
dipoles used to obtain electrical potential difference
values. Pink triangles indicate active Quaternary
volcanoes. The 136 geomagnetic sites and the 72
Network-MT dipoles, located on the main Kyushu Island
and the three small islands (region outlined in orange),
were used in the 3-D inversions.
Sensitivity Tests for Comparative Verification of
Model Resolutions
The goal of this study was to obtain a 3-D electrical
resistivity model at shallow depths with a resolution
higher than that of previous 2-D and 3-D models, which
were obtained solely by the Network-MT RFs [e.g.,
Hata et al., 2015], by introducing geomagnetic TFs. We
performed sensitivity tests to compare respective model
resolutions by using actual measurement configurations
(such as the spatial distribution of observation sites and
sets of data periods) for the geomagnetic and the
Network-MT data. Eight inversions were performed
using synthetic data, to which a 5% Gaussian noise was
added to estimate the model resolution; this was
accomplished using four checkerboard patterns in Fig.
3a−d. Four of the eight inversions, (a′)−(d′), were
performed using the geomagnetic data configuration,
whereas the other four inversions, (a′′)−(d′′), were
performed using the Network-MT data configuration. In
addition, the conductive and resistive blocks are
interchangeable between (a)−(b) and (c)−(d). The
conductive and resistive blocks of the checkerboard
patterns were more clearly recovered using the
measurement configuration of the geomagnetic data (Fig.
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3a′ and b′) than when using the configuration of the
Network-MT data (Fig. 3a′′ and b′′).

sections, (a′)−(d′) and (a′′)−(d′′), of the inverted models
show sections 2–5 km in depth [(a′), (b′), (a′′), and (b′′)]
and 20–25 km in depth [(c′), (d′), (c′′), and (d′′)].
Volcanoes (red triangles) are shown in each section,
while the 136 geomagnetic observation sites (red dots)
are shown in the four sections (a′)−(d′), and the 72
dipoles (black lines with endpoints) are shown in the
other four sections, (a′′)−(d′′).
CONCLUDING REMARKS
The well-determined electrical resistivity model beneath
the island of Kyushu, based on a previous large-scale
model [Hata et al., 2015], was obtained through a 3-D
inversion analysis by introducing geomagnetic TFs as
additional input data. As expected from the resolution
tests, the final 3-D model using the actual measurement
configuration of the geomagnetic data shows higher
resolutions, especially for small-scale structures at
shallow depths, than the previous model. This result
shows improved resolution at crustal depth using
different data sets, without any joint inversion.
In addition to characteristics of the previous model, the
present model reveals a conductive block on the backarc side of Kirishima volcano at shallow depths of ~50
km; the block is associated with hydrothermal fluids and
hydrothermal alteration zones related to the formation of
epithermal gold deposits in the Hisatsu and Hokusatsu
zones.
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