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Cover photograph
Aview of the northern side of Kuchinoerabujima and GPS observation stations.

Kuchinoerabujima is a volcanic island located 12 km west-northwest of Yakushima, Kagoshima
Prefecture. Shindake crater is recent active center, which erupted on August 3, 2014 after a dormant
period of 34 years. At this area, various phenomena have appeared after 1999, such as the increases of
volcanic earthquake, ground deformation, magnetic anomaly, discharge rate of volcanic gas and so on.
We have observed the ground deformation from 2004 by GPS networks including the location near the
Shindake crater. Valuable data which suggest the preparation process of steam explosion were
obtained from the observation.

(February 2010, Photograph by Nobuo Matsushima and Caption by Eiji Saito)
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Eiji Saito, Masato Iguchi and Nobuo Matsushima (2015) Ground deformation revealed by GPS observation
for 10 years before the 2014 eruption in Kuchinoerabujima volcano. Bull. Geol. Surv. Japan, vol.66 (5/6),
p-103—141, 20 figs, 1 table, 1 Appendix.

Abstract: Kuchinoerabujima is a volcanic island, which is located 40 km south of Kyushu, Japan. In
recorded history, phreatic or magma-phreatic explosion occurred repeatedly with the dormant period of
about 30 years. The recent eruption occurred on August 3, 2014 at the summit crater of Shindake, which
is the youngest edifice of the volcano. Various phenomena, such as the increases of volcanic earthquake,
ground deformation, magnetic anomaly and discharge rate of volcanic gas have occurred from 1999.
These indicate the change of underground condition before the eruption. In order to evaluate the volcanic
activity, we conducted continuous GPS observation from 2004 at two stations located at 230 m northwest
(SDW) and 480 m south (FDK) of the summit crater of Shindake. The data sampled every 30 seconds
are sent to our institute by telemetry system using mobile phone network. For the reference station of
GSI (GEONET of Geospatial Information Authority of Japan) which is located at the northwestern foot
of the volcano, stations SDW and FDK show the continuous trend of westward movement at the rate
of 0.4 cm/year. Intermittent events with sudden increase in the movement overlap these continuous
deformations. We have observed the remarkable ground movements (2—4 cm in total) at 4 times; June
in 2005, September in 2006, September in 2008 and October in 2010. These events lasted for more than
a few months at respective events. They are characterized by the cumulative northwestward and upward
movements of station SDW, and the slight southward movement of station FDK. The ground deformations
at the summit area are explained by two sources; the intermittent ground deformation indicates the
inflation of the source just under the summit crater of Shindake, and the continuous westward movement
shows the deeper source which is located south-east of Shindake. The number of the volcanic earthquake
increased at the same time of first and second events; however the increase of the seismic activity was
sluggish at third and fourth events. The interval between the events had been prolonged gradually and
another event of minute movements appeared on the continuous deformation after 2009. The movement
due to the shallow source at the crater changed from dilatation to contraction, and another type of
the deformations appear after 2013. These phenomena indicate the change of the deformation source
condition just before the eruption.

Keywords: Volcano, Eruption, Phreatic explosion, Ground deformation, Kuchinoerabujima, GPS
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Fig. 1 Location map of GPS stations.
Circle with a letter “T” is the station where data are telemetered to Geological survey of Japan. Open circle is the station
where data are recorded by data logger. Triangles is GEONET station of Geospatial Information Authority of Japan. Base
map was created using Geospatial Information Authority of Japan (2015b).
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Table 1  List of GPS stations.
GPS Station Direction and Installation date GPS Receiver Comment
Horizontal Distance
from Shindake crater
Furuno MG2110/
SDW NW 230 m April 2004 Telemeter
LeicaGeosystems GMX901
Furuno MG2110/
FDK S 480 m September 2006 Telemeter
LeicaGeosystems HMX901
SDSW WSW 150 m January 2013 Furuno MG2110 Data logger
KUC3 ENE 260 m January 2013 Furuno MG2110 Data logger
FDSW S 960 m January 2013 Furuno MG2110 Data logger
KUC7 WSW 1450 m April 2004 Furuno MG2110 Data logger
KUC9 ESE 1670 m April 2004 Furuno MG2110 Data logger
KUC11 NE 2290 m April 2004 Furuno MG2110 Data logger
GEONET station by Geospatial
GSI (960725) NW 2370 m March 1996 ) )
Information Authority of Japan

GPS receiver

1 Geosystems G

H2[X SDWOSME & 2.
Fig.2 View of GPS station SDW.

OARMVGHEL S A 7 OERIZE D L, 128525574500
=V CINTEE Z B S EO LIS AR T X S (54
M, fEEXRRELER - Bl 5 — - EREM
JREA, 2014). Z DRG] E FOMA [BIHR O U)W kg% 43
+S5HLUNTH S Z L6, WBHIAIEZ OWMEE
7RIS K o TR A 2 7 aTREME A E . BB 4 IXITIY
527 k512, WRKIEOKOHEORIUIEIZ K > THfE
RTEY, 5By — VIZiiE Sl nwD LR L
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Fig. 3 Time schedule of the telemetry system, which shows both

the contact with stations SDW and FDK are disconnected
from 12:25:41 to 12:25:50.
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Fig. 4 Photo image of surveillance camera located at Hon-mura

Nishi area (JMA, Fukuoka Regional Headquarters and
Kagoshima Meteorological Office 2014).
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Fig. 5 Changes of the signal strength of the GPS satellite (left figure) and a satellite constellation diagram (Skyplot; right figure) which
shows the location of the satellite when the eruption occurred.
The signal strength of station SDW was rapidly decreased at the last record. Shading of the circles in Skyplot represents the
decrease. Skyplot diagram was created using the program and Almanac archive data of Japan Aerospace Exploration Agency (2015).

EH) WEF K IKE D GPS TR J7 1 & LI s i oD B k.
AR RN GPS i 2 5 DIF 5 BE M ik & K
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Fig. 6 Relationship between the location of GPS satellite
and the observation site at a time of the eruption.
Dashed arrows show the direction of G23 satellites

from station SDW which shows the largest
decrease of the signal strength. Topographic map
of the background uses Geospatial Information
Authority of Japan (2015b).
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Fig. 7. Hourly three component relative change of FDK-SDW from July 1, 2014.
Right figure is enlargement of the enclosed area of left figure. Cross mark represents the last position.
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Fig. 9

Tracks of the horizontal displacement of FDK-SDW on August 1 (a), August 2 (b) and August 3 (c).

Each figure shows the track during 30 minutes just after the noon. Lower figure shows the tracks during a short
period of (c). The dashed circle of gray shows a rough concentration range. Just before eruption (c) appears to
have displaced slightly north. However, it is within the range of variation.
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Fig. 10

Monthly average relative displacements of each component among stations SDW, FDK and GSI.

Thick arrows from event I to IV indicate the intermittent cumulative events observed at station SDW. Bar graph

shows the daily number of earthquakes.
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Fig. 11~ Comparison of four events showing the intermittent cumulative displacement and associated seismic activities.
Graph scales are identical to all figures. Displacements are measured along the maximum displacement

direction. Numbers in each figure indicate the total displacement and total number of earthquakes in each

period.
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Fig. 12

Residuals subtracting the long-term trend from the north-component of the GSI-SDW, and the time

intervals among the intermittent cumulative displacements.
Dashed circles indicate the period in which the displacement varies along the long-term trend. T1
and T2 show the apparent displacement in quiescence period. Bar graph shows the daily number of

earthquakes.
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Fig. 13 Tracks of horizontal displacement of SDW-GSI and FDK-GSI in total period.
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Fig. 14

INTEFICB I L 7257 — & v 4 —EHNc X
D156 N7FDSWIZXTS 2247 (2013 4F-2
H~20144-1H).

DI EEN BRI X 7z o HE
X3 3 PR (2015b) A L 728 DT
H5.

Horizontal Displacements around crater
relative to station FDSW from February 2013
to January 2014.

Stations SDSW, KUC3 and FDSW are
newly installed stations which are operated
using data loggers. Slight deflation was
observed in this period. Topographic map of
the background uses Geospatial Information
Authority of Japan (2015b).
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Fig. 15
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Temporal variation of the ratio of vertical to
horizontal displacement observed at station
SWD.

I to IV shows the intermittent cumulative
displacements. V/H ratio shows the increase
and decrease alternately.
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Fig. 16  Horizontal displacement revealed by the repeated GPS observations (SVO, DPRI, Kyoto Univ. 2014).
Small allows indicate the direction of displacement.
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Fig. 17  Horizontal displacement of FDK-SDW at event III of the intermittent cumulative

displacements and Gompertz curve approximating the displacement.
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Fig. 18

Relative change of the baseline length and two horizontal components of GSI-KUC9.

Baseline length of GSI-KUC9 was continued expansion at a rate of 1 millimeter per year. The rate of change of the
south-component was increased around the time of events III.
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Comparison between calculated displacement
and observation.

Fig. 19

Black arrow is the averaged displacement
vector observed at stations SDW and FDK
(Fig. 10). Dotted arrow is the composed
displacement vector of station SDW and
FDK calculated from tow dilatant sources.

360

Gray arrow is the displacement vector due
to single dilatant source located at Shindake
crater. This simulation shows a displacement
of west-component by the deeper inflation
source of the east side. Topographic map of
the background uses Geospatial Information
Authority of Japan (2015b).
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Fig. 20  Temporal variation of the three components observed at stations SDW and FDK from 2012 to the onset of

the eruption.

Single-headed and middle-sized arrow indicates the duration when stations SDW and FDK show the same
motion. Double-headed arrow indicates a slightly inflation period in the shallow part beneath the Shindake
crater. Bar graph shows the daily number of earthquakes.
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