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Ground Deformation Sources Preceding Increase in Eruptive Activity of Sakurajima Volcano
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Synopsis

We analyzed GPS data during 1998 — 2006 to make clear process of magma
accumulation and movement of Sakurajima volcano prior to eruptive activity at the
summit crater in 1999 and eruptive activity at Showa crater resumed in 2006. Obtained
deformation rate was not constant. Large deformation rate was obtained prior to eruptive
activity at the summit crater in 1999 and eruptive activity at Showa crater resumed in
2006, and we obtained a pressure source at depths 6-8 km near the northern coast of
Sakurajima accurately by assuming a spherical source. In those periods, magma was
thought to be moved from Aira caldera to Sakurajima volcano prior to eruptive activity
at the summit crater in 1999 and eruptive activity at Showa crater resumed in 2006. In
addition, in phases A (January — December 1998), B (December 1998 — September 1999),
D (November 2004 — March 2005) and F (November 2005 — March 2006), magma
accumulation rates estimated from volume changes of the pressure source and the
amount of ash fall thought to be reached to 1x10” m®yr, which is average magma
accumulation rate at Sakurajima.
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Keywords: Sakurajima volcano, ground deformation, GPS, magma chamber, magma

accumulation rate
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Fig. 1 Annual numbers of explosive eruptions at
Sakurajima volcano (1955 — 2012)
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Fig. 2 Locations of GPS stations. Blue circles denote continuous GPS stations installed by Sakurajima Volcano
Obsevatory. Yellow circles denote GEONET stations. Red triangle represents the summit crater of Minamidake.
Stations in the dashed circle on (a) are excluded in estimation of extensive ground deformation.
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Fig. 3 Relation between horizontal displacements
based on ITRF 2008 (dx, dy) and calculated
extensive ground deformations (F,, Fy) for each
component during the period of Apr97-Dec06
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Fig. 4 Daily holizontal baseline lengths along baseline between 960719 and 960720, 960720 and 960721, and
960721 and 960719 during the period of April 1997 — December 2006
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Table 1 Displacement rates for each baseline and phase
960719-960720 960720-960721 960721-960719
Phase A (Jan-Dec98) +1.8 cm/year +0.7 cm/year +1.2 cm/year
Phase B (Dec98-Sep99) +3.4 cm/year +1.2 cm/year +1.6 cm/year
Phase C (Sep99-Nov04) +0.7 cm/year +0.0 cm/year +0.1 cm/year
Phase D (Nov04-Mar05) +3.9 cm/year +2.0 cm/year +2.9 cm/year
Phase E (Mar-Nov05) +0.5 cm/year -0.3 cm/year -0.3 cm/year
Phase F (Nov05-Mar06) +2.8 cm/year +1.8 cm/year +1.8 cm/year
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Table 2 Parameters of grid search
Range Step
x (Easting) +20.0 km from summit crater 0.1 km
y (Northing) +20.0 km from summit crater 0.1 km
f (Depth) 0.0 - 20.0 km 0.1 km
AV (Volume Change) 0.0x10° - 50.0x10° m* 0.1x10° m®
Table 3 Location and volume change of the sources
Phase A Phase B Phase C Phase D Phase E Phase F
Jan-sDec98 Dec98-Sep99 Sep99-Nov04 Nov04-Mar05 Mar-Nov05 Nov05-Mar06
X 0.6 km 1.7 km 2.9 km 0.2 km 3.3km 1.3 km
y 3.8 km 5.0 km 6.5 km 4.8 km 11.6 km 4.5 km
f 9.6 km 6.6 km 9.7 km 6.1 km 4.9 km 7.8 km
AV 8.8x10° m? 7.1x10° m? 24.1x10° m® 3.2x10° m? 1.3x10° m? 4.1x10° m?
1.0x107 m¥/yr 1.0x107 m¥/yr 0.5x107 m3/yr 1.0x107 m¥/yr 0.2x107 m¥/yr 1.2x107 m¥yr
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Fig. 5 Locations of pressure source for each phase. Orange circle denotes location of the source. Black and

magenta allows are observed and calculated displacements, respectively. Error ellipses are 1. Red triangle

and magenta star represent the summit crater of Minamidake and reference station (942004), respectively.
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Fig. 6 Distributions of pressure source for each phase. Orange circles denote location of the source for each

phase. The sizes of each circle correspond to volume change rate. Error bars denote 95% confidence intervals
estimated from F-tests (Arnadottir and Segall, 1994). Red triangle represents the summit crater of

Minamidake.
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