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Ground Deformation and Magma Reservoir at Aso Volcano:

Location of Deflation Source Derived from Long-term Geodetic Surveys

Yasuaki SUDO�, Tomoki TSUTSUI��, Makoto NAKABOH���,

Miyuki YOSHIKAWA����, Shin YOSHIKAWA�and Hiroyuki INOUE�

So far the ground deformation associated with a magma supply system of Aso Volcano had not been discussed

because any clear signals in ground deformations and volcanic earthquake activity had been hardly observed near

the Nakadake active crater during its activity enhancement cycles. In this article, however, the deflation source

and magma supply system is investigated by the long-term geodetic surveys. The secular subsidence is observed

in the Kusasenri area about - km west of the Nakadake active crater from the +3/+’s levelling survey in compiled

levelling surveys along the Bouchuu-line since +3-1. While the ground deformation near the active crater has

been obscure. The source of this deflation near the Kusasenri area is estimated on the basis of the spherical

pressure source model through the non-linear least square method with using recent survey data which include the

Bouchuu-line and an extended survey route. The deflation source is located beneath the Kusasenri area at about

/ km depth. However, recent volume changes at the spherical deflation source are smaller than before +3/3.

The location of the deflation source coincides with the low P- and S-wave velocity body in the -D seismic velocity

structure. This fact supports a hypothesis that the low seismic wave velocity body represents a magma reservoir.

Therefore this magma reservoir beneath the Kusasenri area must be connected to the Nakadake active crater.

We inferred a rigid conduit in the magma supply system from the obscure ground deformation in the vicinity of

the Nakadake crater.

Key words : Aso Volcano, ground deformation, magma reservoir, --D seismic wave velocity structure, magma

supply system
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Fig. +. The process of volcanic activity at Aso

Nakadake crater. At the weakly active stage

there is a hot and super acid water lake in the

crater, with a diameter of about ,** m, a

temperature of about 0*², and a greenish white

color. The water level is maintained from

groundwater and fumaroles, and does not

change. The ingredient responsible for the

green color is iron. When the volcano becomes

more active, its temperature rises up to the

boiling point, evaporation is promoted, and the

hot water level decreases gradually, and many

mud eruptions (small phreatic explosions) occur

intermittently, ejecting hot water and old rock

fragments of / m diameter or more to distances

of up to + km outside of the crater. At the bot-

tom of crater many small pits open, with dia-

meters of several meters, ejecting high tempera-

ture volcanic gases and ashes, and becoming

incandescent. After this a lot of volcanic ash

is ejected accompanied by intense rumblings,

flames several tens of meters high, and ejection

of volcanic rocks. So the vents expand, grow-

ing to a size of tens of meters diameter, and

eventually cover the entire crater bottom. In

this stage a lot of ash is ejected to some tens of

kilometers height. The volcanic activity then

becomes even more intense and a Strombolian

type eruption stage begins. For some weeks or

months the volcanic activity is at a high level

with violent rumblings, and ejection of many

fresh magma fragments and ashes. A Strom-

bolian type eruption becomes gradually weaker

and the volcanic activity ceases. The volcanic

ash deposited around the crater is washed into

the crater by rainwater and the crater wall

collapses. Then the bottom of crater is buried

and the floor at the crater bottom begins to

appear again. A lake covering the whole crater

bottom is again gradually formed, as the crater

fills with hot water. The water level goes up

gradually, and becomes more stable. A phrea-

tic explosion can still occur if there is some

power remaining in the volcanic activity. This

is the end of the eruption cycle. In this way, as

a calm period ensues, the lake becomes green

and a cycle is completed. This is one volcanic

cycle at Aso Volcano. And at every active

stage a lot of volcanic ashes are ejected during

the time when new vents are opened. These are

the main characteristic of the eruptions of Aso

Volcano.
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Fig. ,. Index maps of Aso Caldera showing levelling benchmarks and levelling routes with benchmarks at the

central cones. Triangles show tops of notable central cones. In the Aso Caldera map, solid circles indicate

benchmarks of AVL (Aso Volcanological Laboratory of Kyoto University) and open circles indicate

benchmarks of GSI (The Geographical Survey Institute). In the levelling route map, solid circles indicate

significant benchmarks and open circles indicate auxiliary benchmarks.
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Fig. -. Vertical displacements observed along the

levelling route of Bouchuu-line in Aso central

cones. The benchmark of AVL-+ was held

fixed. Displacements during the period from

+3-1 to +3/- were calculated by comparing

results of the +3-1’s survey.

Fig. .. Secular vertical displacements observed at

the benchmark AVL-+. near the Nakadake

active crater during 01 years from +3-1 to ,**..

Each displacement was calculated by comparing

the result of +3-1’s survey.

Fig. /. Vertical displacements observed along the

levelling route of Bouchuu-line at Aso central

cones. The benchmark of AVL-+ was held

fixed. Displacements during the period from

+3/2 to +3/3 were calculated by comparing

results between the +3/2’s survey and the +3/3’s

survey.
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Fig. 0. Vertical displacements observed along the

levelling route of Bouchuu-line at Aso central

cones. The benchmark of AVL-+ was held

fixed. Displacements during the period from

+3/3 to ,**. were calculated by comparing

results from the +3/3’s survey. The benchmark

of AVL-+, had been destroyed during the +311’s

survey and the +32+’s surveys.
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Fig. 1. Locations of deflation sources BCU and BYA and the levelling routes with benchmarks at the central

cones in Aso Volcano. Triangles show tops of notable summits among central cones. The cross mark

indicates the initial coordinate of deflation sources. A large open ellipsoid BCU indicates the location of

deflation source during the period of about +* years from +33- to ,**.. Lengths of each axis represent

standard deviations. The source BCU is derived from the spherical deflation source model by the +33-’s and

,**.’s surveys along the Bouchuu-line. The depth of this source is about / km below the sea level. A smaller

solid ellipsoid BYA indicates the location of deflation source during the period of about . years from +33- to

+331. Lengths of each axis represent standard deviations. The source BYA is derived from the spherical

deflation source model by the +33-’s and +331’s surveys along the Bouchuu-line and the +323’s and +331’s

surveys along the Yoshida-line and the Akamizu-line in the southern west flank of Kusasenri. The depth of

the source BYA is estimated at about /.2 km below the sea level beneath the southern region of Kusasenri near

Mt. Eboshi. The +323’s levelling data were obtained by GSI.
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BCU-Model

Table ,. The coordinates of deflation source for

BYA-Model
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Table -. Volume Changes and Rates of BYA-Model for +3/2-,**.

Table .. Residuals and Errors at each Benchmark in meters (underline represents that residual value is

more than two times of error value )
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Fig. 2. Locations of deflation sources determined without AVL-+-. The display scheme is the same as the

previous figure. The depth of the source BCU is about ..2 km below the sea level. The depth of the source

BYA is estimated at about /.3 km below the sea level beneath the southern region of Kusasenri near Mt.

Eboshi.

Table /. The coordinates of deflation source for

BCU-Model without AVL-+-
Table 0. The coordinates of deflation source for

BYA-Mod el without AVL-+-
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Fig. 3. The seismic wave velocity perturbations modified from Sudo and Kong (,**+). AVL is Aso Volca-

nological Laboratory. A heavy solid line delineates the outline of the caldera. Perturbations are contoured

at +*� intervals with solid and dashed lines indicating velocities faster and slower than the average model,

respectivery. Top : Horizontal P- and S- wave velocity perturbation sections at the depth of 0 km, at which

the velocity resolution is very good. Bottom: Vertical P- and S- wave velocity perturbation sections at - km

X-axis, at which the velocity resolution is very good above 2 km depth.
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Fig. +*. Model of magma supply system in Aso

Volcano. Nakadake Crater is now active.

LPT-Source indicates the source of long period

tremor with a period of about +/ seconds

(Yamamoto et al., +333a, +333b). The magma

reservoir is located from --D tomography of P-

and S- wave velocities (Sudo and Kong, ,**+).

A conduit from the magma reservoir to the

crater is kept to be its shape.
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