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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 2km 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

2003 and 2004 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

1. FL®IC
SEZWRIT U 7 [F - HFER: O AF 175 GPS st
W 1996 FFICBAG S N, ThETICT L— MES), K&
OHIERIEE), BROAKUP =D KIIESH L L
P THRAE U OGS A E £ H L, HIEREFE ORISR
SCHEBL TV A, EREILOEFEIC S, HA (950221),
BEER (950268), IR (950269) 75 & DRI S ASFKE &
N, HEEERAET SN TE k. INSOET— s »
5, ELO KITEE O THEICMEIR L 7o ifE ok « IX
TR MTIs b, < 7 <BEIDHEICRE L T
WARREE DB W Esb - TE . AT, GPS
7= g &fho KBRS T 2 itk - T, K
FICHROMEA TS EMLOH F D < 7 < 5%
WCikimd %

2. EBILELRD®D GPS EfEERAI
AR (2,568 m) (F, BALAAHNE FE <) 7 Filic
Mo KIL7 B v b OSA ST 2155kl

T, GHRLIRZ < OB KkpiEENTVwS, KT,
2004 9 H OB K S8 % - 72 KILTEBI 28 BE (2005

FoH) FTHOTWA. 1930 FF4 50 o iEE)IH
W, AR TOKEERIE DS DN, ILTERHT DRt %

B 2R bE SN TV A (EiIF, 1990), ThET
@Mﬂ%mm?—&i@%% bEMIBEONTE
0, KITEBC RE S HEZE B OGRS 538 © hic
TW‘%&:iLW\bV:D

1990 AT S B i o ik A 72 - HUFERE © GPS
JHIAE 1, EgluT?i?u,ME@%%Hmm®ﬁ%
IZ 4 HOBISEAEE SN, 1JIFHEEFILD & 1LE 42 HL
DOHEE &3> CTWa, MR ZEMNHEZRT LD
Z 0 KIIEHEE T A Rig & Lis Clifed 2700
Troiirwinnboo, [LTERITHE N km FEEOF
SN OEE AR 5 LicHWERNE, BHIRT
b EEOFHELTRTE 2.

N TCOBAKER S, 1LfEA2 D % < Bl s o
FREEDMHE « FHHE2R OB L TOE T ENAL L L S

15 -

* T305-0811 KIES < @TTALIE 1 F

2@ EE i MBS RE R v 7 —
Geography and Geodynamics Research Center, The
Geographical Survey Institute, 1-Kitasato, Tsukuba,

Ibaraki 305-0811, Japan.

e-mail: mccopy@gsi.go.jp



348

36° 36’

36° 12'

138° 12'

Fig. 1.

A location map of observation sites around the Asama volcano (elevation 2568 m).

138° 48’

Black open circles

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

(GSI).
installed after the September eruption.

The station 03S046 is a site operating since February 2004, whereas 049064 and 049065 are those
The black solid circle indicates the location of seismometer (JMA
station B) operated by the Japan Meteorological Agency (JMA et al., 2004).
and 950268 is the baseline whose distance change is plotted in Fig. 2.

The solid line connecting 950221
The elevations of the GPS sites,

950221, 950268, 950269, 950271 and 960610 are 970.82m, 696.46m, 947.68 m, 820.29m and 748.00m,

respectively.
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Fig. 3.

different for periods.

The horizontal displacements are basically of radial pattern.

Horizontal displacements around the Asama volcano for each period. The regional tectonic trend, which
is an east-westward compression, is already removed in the figures.

Note that the scales of displacements are
The similarity of the

patterns of different periods suggests a common volcanic source that is persistently in activity extending over

individual periods of extension and contraction.
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fo, SN YA 2 OREMMDIE & A EILPE-FEH I
Whii->CWwWa & bfE UROTERZREST 51517154
Blcdhsd, AT, WS > TWa &WnwHHER,

Table 1.
point sources and a dike for each period.

Comparison of residuals of fitting assuming

Period B mogi_1km mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 20
Residual  6.25X10° 6.82X10° 7.27X10° 7.95X10°
Volume (m3) -8.1X10° -8.8X10° -9.8X10° -8.9X10°
PeriodC  mogi_tkm mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 24
Residual ~ 2.06X10° 2.10X10° 220X10° 1.48X10°
Volume (m3) 1.8X10°  1.9X10°  2.1X10°  3.3X10°
PeriodD  mogi_1tkm mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 34
Residual  3.09X10° 3.14X10° 3.45X10° 2.04X10°
Volume (m3) -1.7X10° -1.8X10° -1.8X10° -2.5X10°
PericdE mogi_tkm mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 14
Residual ~ 4.53X10° 4.79X10° 550X10° 3.15X10°
Volume (m3) 1.6X10°  1.8X10°  22X10°  2.5X10°
Period F mogi_tkm mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 3.3
Residual  2.94X10° 3.05X10° 3.20X10°  9.22X10°
Volume (m3) -29X10° -3.0X10° -3.3X10° -4.5X10°
Period G mogi_1km mogi_3km mogi_5km dike
Depth (km) 1.0 3.0 5.0 1.4
Residual  8.95X10° 9.22X10° 9.78X10° 3.89X10°
Volume (m3) 3.7X10°  3.8X10°  4.2X10° 6.1X10°

The depth refers to the topographic surface, which is
about 1000 meters above the mean sea level and is
measured downward. The residual in the table is the
sum of squares of differences between the observed and
synthesized values multiplied by the weights. The

hatch indicates the minimum value for the period.
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R
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Fig. 4. 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 95269 whose northward displacement is

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

5, suggesting that the dike model is more realistic.
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Fig. 5. Time series plots of longitudinal and latitudinal displacements at 95269. 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 950221 and 950268 (Fig. 2) is unclear.
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Table 2. Summary of dike parameters.
Period B C D E F G
Date 1997/04-2000/10 2000/10-2001/06 2001/06-2002/04 2002/04-2003/04 2003/04-2004/04 2004/04-2005/05
Latitude (deg) 36.4252 36.402 36.394 36.403 36.39415 36.402
Longitude (deg) 138.477 138.495 138.467 138.507 138.46885 138.457
Depth (km) 2.0 24 34 14 3.3 14
Length (km) 27 1.9 24 1.4 23 26
Width (km) 2 2 21 2.0 21 14
Strike (deg) 286 317 316 312 308 305
Dip (deg) 91 124 94 70 106 121
Opening (m) -1.7 0.86 -0.5 0.8 -0.9 1.7
Volume (m®) -8.9X10° 3.3X10° -25X10° 25X10° -4.5X10° 6.1X10°
The depth refers to the topographic surface, which is about 1000 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 90 degrees means a dike dipping to the south west.
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Fig. 7. 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 2 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. 2.
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Close-up view of the distance change of the same baseline of Fig. 2.

Before spring of 2004 the baseline

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

months until the September eruption.
month and then the expansion resumed.

After the eruption the baseline length stayed constant for about a
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., 2005).
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Fig. 9. Schematic illustration of episodic magma ascent model.
magma chamber deflates due to moderate degassing of dissolved volatile.
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A: During the deflating period, the shallow
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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