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CONTINUOUS MAGMA SUPPLY INFERRED FROM DISCHARGE
RATE OF MAGMA AND GROUND-DEFORMATION RATE
AT MT. UNZEN, JAPAN

By Kazuhiro IsHigara

Synopsis

The current eruptive activity at the Fugendake, one of the central cones of Mt. Unzen started on
17 November in 1990, after the 198 years of dormant period. Dacitic lava has been extruded at a rate
of 10° m®/day from one of the summit craters since late-May of 1991. The cumulative volume was
0.12 km® as of November, 1992. Geodetic survey detected gradual inflation prior to the extrusion of
lava and subsequent deflation after the onset of lava extrusion around the western foot of the
volcano. Tha analysis of the ground-deformation data suggested that a magma storage is located
several kilometers deep, a few kilometers west of the eruption center. Quantitative relationship bet-
ween integrated deformation volume of the ground surface and the amount of discharged lava sug-
gests continuous supply of magma from a lower-crustal magma reservoir into the shallow storage.
The supply rate during th past two years was estimated to be (1~2) % 10’ m%/year.

Some andesitic or dacitic volcanoes which have erupted over a few decades commonly indicate a
similar discharge rate of magma (and its supply rate) as the rates at Mt. Unzen, and the estimated
supply rate of magma also satisfies the condition of constant magma ascent deduced theoretically by
Fedotov. Therefore, the volcanic activity at Mt. Unzen may presumably persist during a few
decades.
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Fig. 1. Levelling routes, around Mt. Unzen, along which precise measurement has been repeated and the
location of pressure sources inferred by Kamo et al. (1992). Four triangles denote central cones of
Unzen volcano. At Fugendake, dacite lava has been extruded from one of summit craters since
late-May of 1991. Three dotted circles denote the approximate location of pressure sources, those
are, A, B and C, which are estimated to be situated at depth of 1.5 km, 5 km and 7 km, respectively.
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Fig. 2. Vertical displacement of benchmarks along the western coast of Shimabara Peninsula since
November, 1986. Each displacement is calculated, assuming BM 4271 as a reference point.
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Vertical displacement of benchmarks on the northern flank of Fugendake since March, 1991. Each

displacement is calculated, assuming BM 14 as a reference point.
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Fig. 4. Vertical displacement versus horizontal distance from the pressure source C in figure 1. Theoretical
curves are obtained, assuming the depth of the source to be 7.5 km.
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Fig. 6. Deformation rate of the ground surface during five periods from Nobember, 1986 to September, 1992,
and discharge rate of lava.
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Fig. 7. Deformation rate of the ground surface versus averaged discharge rate of lava during correspon-
ding periods.
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Fig. 8. Schematic illustration on the magmatic system of Mt. Unzen and subsurface magma flows related
to the recent activity.
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Fig. 9. Cumulative volume of extruded lava at Mt. Unzen during the historic time. EQ. denotes the
destructive earthquakes (M = 6.9) originated west of Shimabara peninsula in 1922.

TiE, 1974FLRE, 107 m¥y O KILKZ T 5 IUTEE KBRS I9ECh » TRV T 5, b ECESN
OREOHEFNLHT, SEOEMED L 5 RRIUEE~T 1 14 P EOERKIUS 107m’ly 0= 7/<0
BHEZR LHE, 10'~10° b BB T 5 THEM A B 5 & L A RBRIYICIE T X 5,

Z ZC, Bk Santiaguito D1922~19724E0 < 7 ~HEHEBOEL % Fig. 11 itiR$, Rose® iz X g,
1922~ 25 DBRFOBE ¥ — s RRHILIEE, BE V- sEBY 4ERHELTV5, TOMCEEORHE
B CTw B, T, KBROEAASEECRE LTV 5, B Lic~ 7 ~OKR¥E (8HILLE) 25E ¥ -
ALWERC I BIOTH D, 1922~25FOHEME 0.2km® TH Y, YF)D 3 EMOFHHEHELL 6x
10°mYy ERBEOR T B, ZOfER, EUFEOLSEMOBFEBHE (1.2x10° m¥1.5y=8x10"m¥%y) & X
W—FHRT, %7, Santiaguito D19224E5519724 % CH0E/ D = 7 = DEHEHEL.4 X 10" m¥y i,
AR CREE - ENEOBET N LD~ 7/ <R L 13iIF—HK LTV 5b, o8B, kE® St. Helens kit
1980 E R A X A& Uictk, 5 F - 2ORRLRBRH 6 FRICHLR VR DE LAY, X910 1 E/0
BERHERIG 2x 107 m¥y Th D, BlE H~THEWY,

AR TRBE>HENGO < 7 <RI, WE -BEILF SBT3~ 7/~ RLIBITALTH S,
BOEHII00FEDM, BRALT T OHBNT, 191443 L O 1946 O LB K OB 2 8B ic kX R L, &
KEBOKRIERIRNE (1~2)x 10" mYy DE& TREER T T2, ¥, BRHOHBBOBEEEE
B EET, BEEFHICILEK AL B KUK S 5T 2 197448 DA ORI 94 B 2 itk O e E 8)

_9_



228 HABKBAFFE®R 5365 B-1 F5. 4 (1993)

10" kg
10+ 20 X 10° kg/y 82y
5 10 X 10° kg,/y 15y
iar 7
[¢)
‘c 308 vy
© S
9
S 703 v
% 5F J
[/
172}
©
s
()
2
£
s
3
E
3J
(&)

e e— i Sl A Sl bt Mg T Y T T T
700 800 1400 1500 1600 1700 1800 1900 AD

Fig. 10. Cumulative mass of extruded magma at Sakurajima volcano during the historic time (Ishihara, 1991).
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