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Synopsis

Widespread ground displacements have been observed around Sakurajima volcano,
mainly due to the volume change of magma chambers under the volcano. In the eastern
part of Sakurajima volcano, the local subsidence has also been observed along with the
widespread displacements described above, but physical mechanisms of the local
subsidence have been unknown. We thus extracted the local subsidence in the eastern
Sakurajima from the leveling data collected from 1975 to 2010, by extracting the effect
of the volume change of the magma chambers from the leveling data. The local subsidence
was largest at the S36 leveling point, and the subsidence rate at S36 was 8.04 mm/yr from
1975 to 1991 and 6.67 mm/yr from 1991 to 2010. The temporal decay of the subsidence
rate at S36 can be explained by the consolidation of eruptive deposit, which was triggered
by the loading of the lava flow due to the 1946 Showa eruption. The ratio of the
consolidation parameters is estimated to be c¢,/H? <1 X 1075 day™', and the thickness
of the eruptive deposit needs to be H > 45 m if the typical value of 250 cm?/day is
assumed for the consolidation coefficient c,.
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Fig. 1 Ground displacements observed around Sakurajima volcano during the periods (D (the eruptive period
from 1975 to 1991; the panel (a)) and @ (the volcanically quiet period from 1991 to 2010; the panels (b) and
(c)). (a) Rate of vertical displacement from 1975 to 1991. (b) Rate of vertical displacement from 1991 to 2010.

(c) Rate of horizontal displacement from 1996 to 2010. In panels (a) and (b), black circles indicate the reference

points of leveling survey lines.
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Table 1 Optimal parameters of spherical pressure sources under Sakurajima volcano, and minimized

root-mean-square (RMS) values.

Period @D (1975-1991)  Period @ (1991-2010)

AV [m3/yr] —8.0 X 10° -3.3x10°
Shallower d [m] 4200 3000
source lon, [deg] 130.65 130.66
lat, [deg] 31.59 31.58

AV [m3/yr] —4.1x 10° +6.0 X 10°
Deeper d [m] 8000 9600
source long [deg] 130.70 130.67
lat, [deg] 31.63 31.63
Minimum RMS [mm/yr] 0.879 1.303




130.50°
31.75°

(a) 1975-1991

130.55° 130.60°

130,65

130,70 130.75"

370

31.65°

31.60°

31.55°

o1
km

— — — — — — m—
" 130.64° 130.66° 130.68" 130.70° 130.72°

I Cal. —

130.0°

130.80° 130.85 130.80° 130.85° 131

00"
7178

BM2786
(Ret))
[ ]

31.70°

31.85°

31.80°

31.55°

ISI,Z"

0 10 20 I31 o
km

— — — — — — — —
130.2°

Obs. ——

5 mm/yr

Fig. 2 Ground displacements around Sakurajima volcano during the periods D (the panel (a)) and @ (the

panels (b) and (c)). Blue arrows and black circles indicate the observed displacements and the reference points of

the leveling survey lines, respectively (see the caption of Fig. 1 for details). Orange and yellow circles in each

panel indicate the optimal positions of the deeper and shallower spherical pressure sources, respectively, for the

corresponding period (Table 1). Red arrows indicate the vertical (the panels (a) and (b)) and horizontal (the panel

(c)) displacements calculated from the optimal source parameters (Table 1). Note that the vertical displacements

at the eastern Sakurajima are not shown in the panels (a) and (b), because the vertical displacement observed at

this region contains the effect of the local subsidence (see Chapter 4).
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Fig. 3 Residuals of vertical displacement rate at the Kurokami area, the eastern part of Sakurajima volcano. The

residuals were obtained by subtracting the vertical displacement rate calculated by the spherical pressure sources

(Table 1) from that observed by the leveling surveys (Fig. 1a—b). Panels (a) and (b) show the residuals during the
periods @D (from 1975 to 1991) and @ (from 1991 to 2010), respectively. In both panels, red and blue vectors

indicate that the residuals showed uplift and subsidence, respectively. The name of each leveling point is shown

between two panels.
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Fig. 4 (a) The variation in the consolidation rate U against the time factor T, (Eq. (7)). (b) The variation in the

ratio of vertical displacement rate uj/uj against the coefficient ratio x = c,/H?. A dashed line indicates the rate

ratio observed at the S36 leveling point. Red circles indicate the rate ratio calculated based on the consolidation

theory.
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