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Ground Deformation Associated with the ,**.�,**/ Unrest of Asama Volcano, Japan

Yosuke AOKI�, Hidefumi WATANABE�, Etsuro KOYAMA��, Jun OIKAWA�and Yuichi MORITA�

Ground deformation associated with the most recent eruptions in Asama volcano started on September +,
,**., is reported. The ground deformation observed by continuous Global Positioning System measurements is

modeled by dike intrusion for two di#erent periods ; one is between July, ,**., to March, ,**/, which represents
overall deformation during the unrest, and the other is between November, ,**., to March, ,**/, which represents
the deformation during the latter half of the unrest. We assumed a rectangular dike opening uniformly in elastic,

homogeneous, and isotropic medium to model the deformation field. To solve a nonlinear optimization problem

in which model parameters are nonlinear to observed deformation field, the Simulated Annealing inversion was

employed. The uncertainties of and trade-o#s between the model parameters are estimated by the Bootstrap
method.

The results show that the deformation field is well modeled by a dike striking roughly east-west, strike of

which is consistent with the regional stress field. Shape of the dike, that is, length, width, and thickness, is not

well constrained due to the small amount of deformation, up to +*mm, and the scarcity of GPS sites, but volume
of the dike is well constrained to be 0.2, and ..0- million cubic meters for the whole period and the latter half,
respectively. The estimated depth of the dike tip is roughly + km below the sea level ; the depth of hypocenters is
consistent with a theory of dike-induced earthquakes that they occur near the dike tip due to the stress

concentration. However, the comparison of the location of the modeled dike and the distribution of earthquakes

clearly shows that the hypocenter distribution is inconsistent with the theory described above, that is, the

hypocenters are distributed only in the eastern half of the modeled dike tip. The possible reasons for this

inconsistency are either +) earthquakes exists in the west half of the dike tip as well, but they are not detected due
to the sparse distribution of seismometers at the west of the flank, ,) the western half of the modeled dike is not
capable of generating earthquakes because the temperature is too high for brittle failure of rocks, or -) the
di#erential stress in the western half is so low that the area cannot reach the critical stress field even by the
introduction of dike-tip stress concentration. Current geophysical observations cannot identify the reason but

future development of geophysical observations is expected to solve the puzzle.
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Fig. +. (a) Tectonic setting around Asama volcano.

Triangles indicate the spatial distribution of

active volcanoes. EUR, NAM, PAC and PHS

stand for the Eurasian, North American, Pacific

and Philippine Sea plates, respectively. A rec-

tangle shows the area of Asama volcano shown

in Fig. +b. (b) Spatial distribution of continuous

GPS sites analyzed in this study. The area is

shown by the rectangle in Fig. +a. Circles and

rectangles are the sites operated by Earthquake

Research Institute, University of Tokyo, and

Geographical Survey Institute of Japan, res-

pectively. A dashed line denotes the prefectural

boundary.
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Fig. ,. An example of GPS time series for ASM. and ASM0 with respect to 3/*,1,, locations of which are

shown in Fig. +b. Vertical bars mark the dates of moderate-sized eruptions. (a) Time series for ASM.. The

middle panel, the north-south component, shows that the deformation started in late July, ,**., and has moved

southward by approximately +* mm until March, ,**/. (b) Time series for ASM0 built in response to the

first eruption on September +, ,**.. An apparent jump seen in all three components around February, ,**/,
is due to snow removal on the GPS antenna. Time intervals a#ected by snow accumulation on the antenna

are shown by a solid line in the middle panel.
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Fig. -. Comparison of the observed deformation

field with the modeled deformation field with a

intruded dike for (a) period + (between July,

,**. and March, ,**/) and (b) period ,
(between November, ,**. and March, ,**/).
Thick lines in each panel indicate the horizontal

projection of the modeled dikes. +-s error

ellipses of the observed deformation are also

shown. Dashed line marks the prefectural

boundary.
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Table +. Possible bounds for dike parameters and estimated model parameters.

Bounds Optimum parameters : period + Optimum parameters : period ,

min. max. min. opt. max min. opt. max

Length (km)

Width (km)

Depth (km)aM

Dip (degree)bM

Strike (degree)cM

East (km)dM

North (km)dM

Open (m)

Volume (m-)eM

+4*

+4*

*4+

./4*

!+/*4*

!+*4*

!/4*

*4*

N�A

+*4*

+*4*

/4*

+-/4*

!-*4*

/4*

14*

+4*

N�A

+4./2,

+4,*1,

*4-+/-

134-,.3

!2*4--*/

!24-//3

,4*131

*4+*/-

.40-µ+*0

,4+*.2

.4*3*,

,43//,

+*+4./..

!0.4,+/,

!/41+.,

-4**31

*413,1

042,µ+*0

341123

241232

.423+-

++.4/*,/

!./4.22+

!,4///1

/4/+1,

*43.1/

+*4.µ+*0

+4+02,

+4++/.

*4,1/.

.34+100

!++3412,1

!+*4****

+4-1*0

*4*-.1

*430µ+*0

.4+33+

+4+1*/

-4*0,*

0*40-/2

!3*4.31.

!141+**

04+-,,

*43.+,

.40-µ+*0

34.22+

34,,+0

.422*.

+,24*/.0

!-341.*,

,4*0*3

04/,/3

*421,*

14.*µ+*0

Column + and , : Minimum and maximum possible values for each model parameter, respectively.

Column - to / : Optimal model parameters for the period + that represent the whole period of the activity (July, ,**.,
to March, ,**/).
Column . represents the optimum values estimated by the Simulated Annealing, and columns - and / represent the
minimum and maximum possible values within 3/� confidence intervals estimated by the Bootstrap method.

Column 0 to 2 : Same as column - to / except for that these columns are for the period , that represent the latter half
of the activity (November, ,**. to March, ,**/).
a) Depth to the top of the dike from the surface. Because the altitude of the surface in the area is about ,.* km
above the sea level, the estimated depth must be subtracted by about ,.* km when it is translated to the depth below

the sea level. For example, the top of the dike for the period +, ,.30 km below the surface, should read about +.* km
below the sea level.

b) 3* degrees for a vertical dike. A value less than and larger than 3* degrees indicate a north-dipping and

south-dipping dike, respectively, for an east-west striking dike.

c) Measured clockwise from north, that is, a value of !./.* indicates a northwest-southeast striking dike.
d) The location of the center of the dike measured from the summit of Asama volcano.

e) Calculated by multiplying length, width, and thickness of the dike obtained by the inversion.
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Fig. 0. Temporal changes of the baseline length

between 3/*,,+ and ASM.. Because the model-

ed dike strikes approximately east-west, change

of the baseline length between 3/*,,+ and ASM

., spanning the volcano to the north-south, is a

good indicator of inflation and deflation of the

volcano. Vertical bars represent the time of

moderate-sized eruptions. Arrows represent the

time when the magma injection rate was high.
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