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Geothermal Island-Arc Genesis at the Plate Margins
—On the Similarity of the two Geothermal Island-Arc Genesis
in Southern Part of Kyushu, Japan and Sumatra, Indonesia—
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Abstract

Geothermal island-arc genesis are found in graben and caldera along the big-fault
systems of Southern part of Kyushu, Japan and Sumatra, Indonesia. The magma of ig-
nimbrite and welded tuff (‘Shirasu’) might be originated from the remelt of oceanic plate
and/or crustal materials, when the front of Philippine and Indian Sea plates is subducted
to nearly 110 km in depth. These oceanic plates are subducted obliquely to trench axis.
The volcanism of these ignimbrite and Shirasu is so violent as to make a big caldera, of
which Bouguer anomalies are about 50 mgal lower than those of the surrounding area,
and the big caldera has the diameter of 15~20km which is disturbed the big-fault sys-
tems.

After these activities, the dacite and andesite volcanisms occur, which make the cen-
tral cone of volcanoes. The magma of these volcanoes is quite different from that of ig-
nimbrite and welded tuff in the genesis. The magma must be originated from the partial-
melt of the upper mantle under the volcanic belt of island arc. There are hot-springs
within 15 km distance from crater of volcanoes.

Acording to a plausible model for the migration of H,O and the generation of basalt
magma in subduction zones, the hydrated peridotite is formed by addition of slab-derived
H,0 beneath the forearc region and should be dragged downward on the slab by the sub-
duction of oceanic lithosphere. Amphibolite and chlorite in the dragged hydrated peri-
dotite layer decomposes to release H,O at around 110 km just beneath a volcanic front.
When the front of migration of H,O from the hydrated peridotite reaches the region with
solidus temperature of hydrous peridotite. Partial melting takes place to produce initial
magma. Successive addition of H,O to the region expands the partial molten zone up-
wards in which the degree of partial melting increases upwards. From the top of the
partially molten zone a mantle diapir starts rising to make a volcanism.

The different two types of volcanic activities with geothermal activities are found at
the volcanic belts in the dragged downward slabs of the around 150 and 250 km depths.
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Fig. 1 Distribution of earthquake epicenters indicated the depth of upper part of
subduction slab in Kyushu area (modified from Takahashi, 2000). Solid lines
indicate the depth of epicenters. Arrow is shown the direction of subduction
and its figure is subduction rate (modified from Taira, 2001).
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Fig. 2 Distribution of ‘natural’ hot springs with calderas in Southern Kyushu (modified from Tsuyuki, 1992).
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Fig. 3 Generalized geological map and Bouguer anomaly map of Southern Kyushu (Kobayashi, 1988).
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Fig. 4 Distribution of earthquake epicenters indicated the depth of upper part of
subduction slab in Sumatra (modified from Hamilton, 1974).
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Fig. 5 Volcanic and geothermal areas along Sumatra fault zone (Nishimura, 2000).
Arrow is shown the direction of subduction and its figure is subduction rate.
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Fig. 6 The F-A-M diagrams of volcanic rocks from (a) southern part of Kyushu and
(b) Sumatra (Nishimura, 1980).
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Fig. 7 The K;O-MgO diagrams of volcanic rocks from (a) southern part of Kyushu and (b) Sumatra

(Nishimura, 1980).
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Fig. 8 The model of geothermal genesis, in Kirishima area (Fujita, 2006).
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Fig. 9 Geological sketch map around Suwoh and Liwa (modified from Sidarto et a/., 1994).
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Fig. 10 A plausible model for migration of H,O and the generation of basalt magams in
subduction zones (modified from Tatsumi, 1989).
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Fig. 11 A model of subduction system across Tohoku area, Japan (modified from Nishimura, 1997),

using Plume Tectonics conducted by Fukao et a/. (1994).
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