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Crustal Deformation Observed by GPS around Azuma Volcano
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ABSTRACT: Azuma volcano is located in the southern part of Tohoku, Japan. At this volcano, the
inflation-deflation process has repeated several times at intervals of two to three years since 2003,
accompanied by changes in seismic activity. This deformation has been detected by our GPS observation
campaigns. According to previous GPS research, the pressure source was estimated only by horizontal
displacement because the vertical component of the GPS baseline solution includes a larger error than the
horizontal component does due to the inhomogeneity of the atmosphere. In this research, we evaluated
pressure sources using 3-D displacement components, among which the vertical component was corrected to
remove tropospheric and ionospheric inhomogenieties. We then estimated the location of the source of
repeated inflation and deflation, assuming spherical geometry. The location of the source is estimated to be
200 to 600 meters beneath the O-ana crater in Azuma volcano. The depth obtained in the previous study
without vertical component displacement is a few hundred meters shallower than that estimated in this study.
Besides GPS observation, the geomagnetic total force has been measured repeatedly since 2003. According to
this observation, the location of the thermal source that causes the demagnetization or magnetization of the
surrounding area is estimated to be 300 to 400 meters beneath the O-ana crater. This is a few hundred meters
shallower than the pressure source estimated in this study. With regard to seismic observation since 2003,
hypocenters are distributed 500 to 2,000 meters beneath the O-ana crater. Although the locations of the
pressure source, thermal source, and hypocenters do not coincide with each other, they are likely to be
located near the shallower part beneath O-ana crater of Azuma volcano.

Adopting estimated pressure source parameters, we calculated the tilt change expected at Jododaira (JOD)
where we installed the borehole-type tiltmeter in 2010. A tilt change of a few hundred microradians was

obtained, which indicates the tiltmeter will be able to detect volcanic tilt change.
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Fig. 1 Topographic map of Azuma volcano and the
distribution of GPS stations. [I : GPS continuous
observation stations, O :GPS campaign observation
stations.
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Table 1 Description of GPS stations around Azuma
volcano.

site Latitude Longitude Altitude Note

(degree) (degree) (m)
Continuous. Permanent.

TKU ( ®& ) 37.7498 140.3044 837

2-frequency-type.
ITA ( &% ) 37.7958 140.2570 864 Continuous. Permanent.

MAK ( ®B ) 37.6842 140.2435 1346 Continuous. Permanent.

TKA ( ®u ) 37.6998 140.2570 1849 Continuous. Temporary.

TBK (1< 5%) 37.7480 140.2845 1255 Continuous. Temporary.

ISA ( —9#l ) 37.7314 140.2461 1920 Continuous. Temporary.

JOD ( #$t¥ ) 37.7249 140.2551 1647 Repeated.

TSW ( mLm#E ) 37.6926 140.2437 1611 Repeated.

NUR (#B&wW0) 37.7285 140.2606 1539 Repeated.

USA ( ®¥ ) 37.7122 140.2529 1639 Repeated.

AZA ( BEWAR ) 37.7225 140.2756 1343 Repeated.

HOR ( #E3ilu® ) 37.7221 140.2463 1697 Repeated.

UBA ( #~sR ) 37.7231 140.2318 1824 Repeated.
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Fig. 2 Relationship between ground deformation and seismic activity in Azuma volcano from 2002 to 2009. The
inflation-deflation process, accompanied with seismicity, has repeated several times at intervals of two to three
years.
(A) Time series of two slope distances by GPS continuous observation (TKA — ISA and MAK — ISA).
(B) Time series of six slope distances by GPS campaign observation around O-ana crater.
(C) Seismic activity in Azuma volcano. Number of daily earthquakes and cumulative total.

(D) Distribution of GPS stations and baselines.
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Fig. 3 Precision improvement of GPS baseline length
(TKU - MAK) in Azuma volcano by new correction
method.

(A) Slope distance and height without the new correction.

(B) Slope distance and height with the new correction.
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Fig. 4 Estimation of the pressure sources and the distribution of observed and calculated displacement for four episodic
stages.

(A) Inflation I, September, 2003—November, 2004. (B) Deflation I, November, 2004—May, 2006.

(C) Inflation II, May, 2006—May, 2007.
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(D) Inflation III, August, 2008—November, 2008.
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Fig. 5 Hypocenter distribution of volcanic earthquakes
that have occurred in Azuma volcano and pressure
sources estimated by ground deformation. Both sources
are beneath O-ana crater. The seismic region is located
400 m below sea level to 1,200 m above and the
pressure source is located 1,100—1,500 m above sea

level.
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