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Magma Plumbing System of the Asama Volcano Inferred

from Continuous Measurements of GPS

Makoto MURAKAMI�

Continuous GPS measurements around the Asama volcano, central Japan, show a repetition of episodic in-

flations and deflations of the edifice. A correlation is found among plume height, seismicity and crustal de-

formation measured by the GPS. During the inflation period, increase of seismicity and rise of plume height were

observed. A planar magmatic source situated at about , km depth below the surface was inferred from the GPS
data during both the inflating and deflating periods. It is also suggested that a buoyant bubble-rich magma surges

episodically into the magma reservoir, then it loses the buoyancy through degassing process, and finally drains back

to the further depth. Inflations of the edifice preceding the eruption were registered in the GPS data before both

,**- and ,**. crises, showing the usefulness of crustal deformation data for the prediction of the volcanic unrest
of the Asama volcano.

Key words : crustal deformation, Asama volcano, GPS, magma plumbing system, degassing
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Fig. +. A location map of observation sites around the Asama volcano (elevation ,/02m). Black open circles

with site identification numbers indicate permanent GPS stations operated by the Geographical Survey Institute

(GSI). The station *-S*.0 is a site operating since February ,**., whereas *.3*0. and *.3*0/ are those

installed after the September eruption. The black solid circle indicates the location of seismometer (JMA

station B) operated by the Japan Meteorological Agency (JMA et al., ,**.). The solid line connecting 3/*,,+
and 3/*,02 is the baseline whose distance change is plotted in Fig. ,. The elevations of the GPS sites,

3/*,,+, 3/*,02, 3/*,03, 3/*,1+ and 30*0+* are 31*.2,m, 030..0m, 3.1.02m, 2,*.,3m and 1.2.**m,

respectively.
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is an east-westward compression, is already removed in the figures. Note that the scales of displacements are

di#erent for periods. The horizontal displacements are basically of radial pattern. The similarity of the

patterns of di#erent periods suggests a common volcanic source that is persistently in activity extending over

individual periods of extension and contraction.
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Table +. Comparison of residuals of fitting assuming

point sources and a dike for each period.

The depth refers to the topographic surface, which is

about +*** meters above the mean sea level and is

measured downward. The residual in the table is the

sum of squares of di#erences between the observed and

synthesized values multiplied by the weights. The

hatch indicates the minimum value for the period.
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Fig. .. Comparison of models assuming a point source (A) and a dike (B) for the Period G. Solid arrows

indicate observations, whereas open arrows illustrate displacements simulated by the best-fit model for each.

The both models generally explain the observations well except 3/,03 whose northward displacement is

unexplained. A point source predicts an eastward movement at this site, which is not the case as seen in Fig.

/, suggesting that the dike model is more realistic.
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Fig. /. Time series plots of longitudinal and latitudinal displacements at 3/,03. Eastward or westward move-

ments, which a point source model predicts, are not verified. Episodic displacements to the north occurred

during the hatched periods, but the temporal conformity with the volcanic activity which was seen in the

distance change between 3/*,,+ and 3/*,02 (Fig. ,) is unclear.
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Table ,. Summary of dike parameters.

The depth refers to the topographic surface, which is about +*** meters above the mean sea level. The length

and the width are the lateral and vertical along-dip sizes of the dike, respectively. In this configuration, the

dip smaller than 3* degrees means a dike dipping to the south west.
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Fig. 1. Schematic illustration for the volume change of the magma chamber caused by episodic supply surges with

a constant drain back. In this figure, I assume a constant outward flow (drain back of magma), whose

contribution to the chamber volume is seen as a downward straight line, and episodic magma supplies

repeating every , years, which appear as steps. That we observe through geodetic measurements is the sum of

those two contributions as indicated by the thick line in the figure, which qualitatively simulates the behavior

of length change in Fig. ,.
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Fig. 2. Close-up view of the distance change of the same baseline of Fig. ,. Before spring of ,**. the baseline

was contracting. Then, around May the length change turned to the extension and it continued for several

months until the September eruption. After the eruption the baseline length stayed constant for about a

month and then the expansion resumed. It is suggested that the halt of expansion corresponds to the

extrusion of magma at the summit crater as observed by airborne SAR measurement (Oki et al., ,**/).
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Fig. 3. Schematic illustration of episodic magma ascent model. A : During the deflating period, the shallow

magma chamber deflates due to moderate degassing of dissolved volatile. Small emission of volcanic gases is

observed. B : During the inflating period, a bubble-rich magma ascents from the deeper magma reservoir

causing large emission of gases, the inflation of the shallow magma chamber and occasional lava extrusions.
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