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Ground Deformation at Hachijo Island, Japan on 13-22 August 2002
Observed by GPS Measurements and Estimated Dike Intrusion Model

Fumiaki KiIMATA*, Meilano IRWAN* and Keita FukANO™®*

An earthquake swarm was observed near Hachijo Island, Japan, between 13 August and September 2002.
Continuous GPS measurements at four sites on Hachijo Island detected the displacements accompanying the
earthquake swarm. Eastward displacements of 2-6 cm were detected during the period of 13—16 August, after
which the displacements tended toward the northwest. A dike intrusion model is proposed based on the observed

ground deformation. The putative intrusion is located at 3.3 km depth under Hachijo—Fuji, and is a 2.2-m wide
tensile dike of depth 3.3 km and is extended to 4.5 km deep. The dike intrusion model estimated from the ground
deformation is consistent with a location and a dimension of the model based on the low-frequency earthquake
mechanism proposed by Kumagai et al. (2003). We discuss three models of a dike intrusion, a point deflation, and
a dike deflation from the eastward or southeastward displacements detected in the period of 1622 August. From
the ground deformation it is difficult to decide the priority of the models. According to the depth and volume
changes of the estimated pressure source of three models, it is suggested that the deeper part of the first inflated

dike turns to deflation on August 16.

Key words: ground deformation, Hachijo Volcano, GPS measurements, dike intrusion model
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Fig. 1.

The index map of Hachijo Island and location map of GPS and tiltmeter sites on Hachijo Island. The

location of GPS and tiltmeter sites are shown as closed circles and open square, respectively. Contours are
shown as every 50 meter in the location map and it is deduced from digital data by GSI.
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Fig. 2. Time series of station coordinates at four
GPS sites on Hachijo Island and daily counts of
earthquakes around Hachijo Island by JMA
during the period 12-22 August, 2002. Time is
shown as UT time. Daily station solutions are
processed using with GIPSY software and
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Fig. 3. Ground deformations and epicenter distribu-

tion observed on Hachijo Island in the period
13-16 August, 2002 and deformation calculated
from the dike intrusion model. The epicenters
determined by JMA are shown as the open
circles in 13-15 August, 2002 and the grey solid
circles in 1622 August. A dike intrusion model
is estimated from the ground deformation and
epicenter distribution. The locations of GPS sites
tiltmeter site, and volcanoes of Hachijo-Fuji and
Hachijo-Mihara are shown as the closed circles,
open square and open triangles, respectively.
a: Observed horizontal displacement vectors at
the GPS sites. The displacements are referred
toAogashima GPS site. Epicenters are shown as
open circles and grey solid circles in the period
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of 13-15 and 1622 August, 2002 respectively.
b: The location of the dike intrusion model
estimated from GPS measurements and calcu-
lated horizontal displacement vectors from the
model at the GPS sites. c: The vertical move-
ments observed and estimated. The observed
vertical movements are shown as the size scale
of the circles. The calculated vertical move-
ments are shown as the contours of every 1 cm.
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Fig. 4. Ground deformations and epicenter distribution observed on Hachijo Island in the period 16-22 August,
2002 and deformations calculated from the magma models. The notes are same as in Fig. 3. Dikes and a point
pressure estimated from the ground deformation and epicenter distribution in the period, which are shown as
the rectangles and circle. Three models of a dike intrusion (model 1), an inflation point source (model 2), and
an deflation dike (model 3) are estimated. Open and grey solid means the inflated and deflated pressure
sources respectively. The location of the epicenter of very long-period tremors determined by Kumagai et al.
(2003) is shown as an open star. Epicenters are shown as open circles and grey solid circles in the period of
1622 and 13-15 August, 2002, respectively. a: Observed horizontal displacement vectors at GPS sites. b: The
location of the dike intrusion (model 1) and the calculated horizontal displacement vectors from the model.
c: The location of the deflated point pressure (model 2) and the calculated horizontal displacement vectors
from the model. d: The location of the deflated dike (model 3) and the calculated horizontal displacement
vectors from the model. e: The vertical movements observed and estimated from the model 1. f: The vertical
movements observed and estimated from the model 2. g: The vertical movements observed and estimated from
the model 3.
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Fig. 5. Ground deformations and epicenter distribution observed on Hachijo Island in the period 13-22 August,
2002 and deformations calculated from the magma models. The notes are same as in Fig. 4. Epicenters are
shown as the open circles in the period of 16-22 August, and the grey solid circles in the period of 13-15
August. a: Observed horizontal displacement vectors at GPS sites. b: The location of the first and second
inflated dike (model 1) and the calculated horizontal displacement vectors from the model. c: The location of
the first inflated dike and deflated point pressure (model 2) and the calculated horizontal displacement vectors
from the model. d: The location of the first inflated dike and deflated dike (model 3) and the calculated
horizontal displacement vectors from the model. e: The vertical movements observed and estimated from the
first dike and model 1. f: The vertical movements observed and estimated from the first dike and model 2.
g: The vertical movements observed and estimated from the first dike and model 3.
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Table 1.

Location and magnitude of the estimated dike intrusion models.

dike 1

dike 2

dike 3 dike 4

intrusion date August 13-16

August 1622

August 1622 August 1622

horizontal location 139.7650 E 139.7650 E 139.7616 E 139.7680 E
33.1430N 33.1430 N 33.1373N 33.1550 N
length km 3.0 4.0 3.0
depth of dike top km 3.3 12.0 12 5.3
width km 45 16.0 2.5
tensile m 2.2 6.5 —3.0
strike anticlockwise 170 —60 170
wise from N deg.
intrusion volume 30 416 — 140 21
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Fig. 6. A cross-sectional view of location of

inferred sources and epicenters. The epicenters
determined by JMA are shown as the solid
circles in the period of 3—-14 August, open
circles in 15-17 August, and grey solid circles
in 1823 August, 2002. The open rectangles,
solid rectangle and solid large circle mean an
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