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Aso Volcano

Aso Volcano, one of the largest calderas in the world, has an elliptical depression
measuring about 18 km (east-west) by about 24 km (north-south), which is located in
the central region of Kyushu District in Japan. On a broader scale, the Aso volcanic
region lies in a contemporary active tectonic zone that extends westward from Beppu
Bay, through Kuju Volcano, to Unzen Volcano. This zone is characterized by frequent
occurrences of earthquakes as well as many faults with normal and right-lateral
displacements.

Four large-scale eruptions of pyroclastic flows (Aso-1 to Aso-4) sourced from
Aso Volcano have taken place during the period of 0.3 to 0.07 Ma(million of years
before the present). Aso Caldera is the result of this volcanic activity. The present
shape of Aso Caldera results directly from the last of the major eruptions (Aso-4)
at 0.09 to 0.07 Ma. The caldera rim is approximately 1,000 m in elevation, and the
caldera floor ranges about from 300 to 700 m above sea level. Since the last eruption,
the western part of the caldera wall has collapsed with fault movement and subsequent
erosion. At the outer flanks of the caldera, the Aso pyroclastic flow deposits cover
widely the Pre-Aso volcanic rocks.

Many central cones have been formed in the center of the caldera : the highest
peak is Mt. Takadake (1,592 m), and the youngest one is Mt. Nakadake (1,506 m).
Mt. Nakadake is a composite volcano of basic andesite and basalt. The crater of
Mt. Nakadake is composed of 7 craterlets, which are aligned in a N-S direction.
Only the northernmost craterlet has been active during the past 50 years, and has
erupted every few years. The mode of eruption has always been of strombolian type.

Aso Volcanological Laboratory (AVL)

Geophysical studies of Aso Volcano have mainly been conducted by the Aso
Volcanological Laboratory of Kyoto University (AVL) and the Aso Weather Station
of Japan Meteorological Agency (JMA). On a proposal by Drs. A. LACROIX and
A. L. DAY, the Laboratory was founded in 1928 through the intensive efforts of the
late Professors T. SHIDA and K. SASSA, with special support from the Kumamoto
Prefecture Government.

The Laboratory is located on a small lava hill (this hill is ‘a biotite rhyolite
lava dome with a lava flow) at a location about 7km west of the active crater of
Mt. Nakadake.

The Laboratory aims to undertake research on the geophysical properties of the
volcanic activity and structure of Aso Caldera. Since 1974, the observational facilities
of the Laboratory have been enhanced and modernized by adopting new techniques
on the basis of the National Project for Prediction of Volcanic Eruptions. Various
kinds of geophysical observational data are telemetered from many stations distributed
in and around the caldera to the central station in the Laboratory.
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Seismic Studies

To monitor the regular seismic activity, many seismometers with smoked paper
drums and ink-pen recorders are being operated 24 hours a day. When an earthquake
which satisfies a predetermined acquisition condition occurs, digital magnetic data
recorders and multi-channel pen-recorders begin to record seismic signals from delay
units. Since the foundation of the AVL, a seismograph of the Wiechert type has
been operated for the purpose of monitoring long period volcanic tremors and distant
earthquakes.

The major studies so far performed by research staff members were summarized
as follows : (1) Volcanic micro-tremors are classified into four kinds based mainly
upon their periods. The 1st kind of tremor (its period is ca. 1 sec) sourced at
volcanic vent, seems to be generated from volcanic gas flow. Therefore, this tremor
is the most valuable indicator of the volcanic activity. The 2nd kind is characterized
by a long period of 3-7 sec, and its appearance seems to correlate with violent eruptive
periods. This tremor seems to be associated with the dynamic processes of visco-elastic
materials in the uppermost gas chamber. The changes in amplitudes and periods
of the tremors are closely related to eruptive activity. (2) Volcanic earthquakes
are characterized by predominantly “pull” type events, of which pressure axes are
nearly vertical, before the eruptive stage and inversely “push” type ones after the
stage. (3) The occurrences of earthquake swarms beneath the northwestern caldera
rim seem to have a relationship to the volcanic activity.

et 11—

RILtEHR DR B
EREEHME (b)) LERBME ()

Seismograms of a high frequency volcanic earthquake (upper)
and a low frequency one (lower).

Around the Active Crater

A seismic network around the active crater of Mt. Nakadake enables us to
determine the origins of volcanic earthquakes and their focal mechanisms. The events
concentrated remarkably at a depth to 4km below the crater floor. The high frequency
events occur at a depth of 2-4km beneath the active crater and the low frequency
ones are located in a range of 2km directly below the surface of the crater.
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AMPLITUDE VARIATION
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Amplitude variation of volcanic tremors in 1989-1992,
of which the frequency band is 2.0Hz.

Volcanic Tremors

The amplitudes and frequencies of occurrence of volcanic tremors are closely
correlated with volcanic activity at Aso Volcano. The variation of released energies
in the form of the volcanic tremors indicates the variation of the volcanic activity.
The volcanic tremors may be generated in the process of releasing internal energy
accumulated in the volcano. A new type of equipment was devised for the purpose
of measuring and analyzing the spectra of the volcanic tremors automatically and
continuously with more precision and accuracy. This equipment enables us to obtain
both the precise physical properties of the volcanic tremors and the possibility of
forecasting volcanic eruptions. This equipment was applied to obtain the spectral
patterns of volcanic tremors during the volcanically active period in 1989-1992. Some
patterns of spectra at the different volcanically active stages, which are the quiescent
stage, the surface active stage in the crater, the opening stage of volcanic pit and
the strong eruptive stage, were obtained. There were some variations in dominant
frequencies of spectral peaks. The amplitudes of the volcanic tremors also increased
gradually from July 1989 and reached a maximum level in October 1989, and then
suddenly decreased at the end of November 1989.
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Around the Caldera

A telemetrically seismic network around Aso Caldera is composed of six stations.
Several earthquake swarms have occurred at the northern and western regions of
the caldera. The mechanisms of their events indicate a combination of both normal
and right lateral strike-slip type faults. The tension axis maintains a horizontal
north-south orientation. From an attempt to image the upper crustal structure beneath
Aso Caldera using the attenuation of seismic waves and the residual delay times
of P waves, it was confirmed that the attenuating materials are located at a depth
of about 6 to 9 km in the center of the caldera

The Tsurumi volcanic region is one of the seismically active regions in the tectonic
zone from Beppu Bay to the Shimabara Peninsula. ‘The seismic activity is due to
events that occurred as seismic swarms in the zone from east to west of the southern
base of Tsurumi Volcano. These events show the same type of source mechanisms
as events around Aso Caldera.
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Lower hemisphere source mechanisms of earthquakes
near Aso Caldera. Compressional quadrants shaded.
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Geomagnetic Studies

Continuous observations of geomagnetic field are being performed by means of
five proton precession magnetometers and two flux-gate magnetometers at stations
in and around Aso Caldera.

During the volcanically active period in 1989, contemporary routine observations
with proton magnetometers were carried out at five stations distributed very near
the crater. The geomagnetic field observed showed noticeable changes corresponding
to the different stages of the volcanic activity.

The AVL has also installed two lines of the ground’s resistivity variometers crossing
the active crater.

It is expected that the data obtained from those observations will enable us to
reveal the crustal structure beneath the volcano.

APPARENT RESISTIVITY (BHz)

BIE A LT 5 M O LR RS

MT sounding at Aso Caldera, and a
resistivity map observed by ELF-MT. Low
Location of stations with resistive zones were detected near the crater
proton magnetometers. and in the vicinity of hot springs.
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Geodetic Studies

In order to obtain high quality data of ground deformation associated with volcanic
activity, the AVL has constructed a tunnel for ground deformation observations at
a distance of about 1km southwest of the active crater in 1987. The tunnel was built
underground at a depth of about 30 m and with the shape of a horizontal and equilateral
right angled triangle. The length of an equilateral side is 25m.

Observational instruments employed consist of two 25 m water-tube tiltmeters as
well as two 20 m and one 25 m superinvar bar extensometers. Three 25 m extensometers
of laser type are also installed in the tunnel.

Precise levellings and gravity measurements have repeatedly been executed along
the route from the foot of the central cones to the active crater. Through the gravity
measurements, concentrically negative Bouguer anomalies are recognized inside the
caldera.
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Geothermal Studies

Aerial geothermal surveys over the active crater of Mt. Nakadake were performed
several times by employing an air-borne infrared method by the AVL, JMA and GSI
(Geographical Survey Institute). Their results showed that the area of higher
temperature inside the active crater has increased and is closely related to the volcanic

activity.

For continuous observations of underground temperature in close proximity to
the active crater of Mt. Nakadake, two holes were drilled to depths of 70 m and
150 m. Nine quartz thermometers were installed at every 30 m in the holes. The
temperature at depths of 150 m and 120 m points changed in accordance with a
delayed seasonal variation and the activity of Mt. Nakadake’s Crater.
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A location map of AVL’s seismic, geomagnetic, geodetic and

temperature stations.
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