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GEOPHYSICAL EVIDENCES ON THE EXISTENCE OF MAGMA
RESERVOIR AND CONDUIT AT SAKURAJIMA VOLCANO, JAPAN

By Kazuhiro ISHIHARA

Synopsis

Recent geophysical studies and available data confirmed the existence of an active magma
conduit and a live reservoir beneath Sakurajima Volcano during its recent eruptive period.

Analysis of levelling data indicated that a pressure source which induced the ground de-
formation of the volcano had been located in the range of depth from 2 to 5 km beneath the sum-
mit of the volcano. Seismological studies revealed that seismic shear waves were strongly
attenuated in a zone which was located between 3 km and 6 km in depth with a radius of about 1
km beneath the three central cones of the volcano. In addition, no earthquakes have occurred at
a deeper part than 4 km beneath the central cones during the period from 1975 to 1986, and volca-
nic earthquakes with deeper focuses originated out of this region. Thus, the pressure source, the
zone of anomalous wave propagation and the aseismic zone occupy almost the same location at
the volcano, especially in the range of depth between 4 km and 5 km beneath the summit. These
geodetic and seimological studies suggest that a live magma reservoir is located at a deeper part
than 3-4 km below sea level beneath the summit of the volcano.

The spatial distributions of explosion-quakes and A-type volcanic earthquakes illustrated the
location of the active magma conduit and its size. These two events are quite different from each
other in their focal mechanims and in the relationship between volcanic explosions, and a recent
study suggests that explosion-quakes originate in a magma conduit. The hypocenters of explo-
sion-quakes located in a narrow zone with a lateral extent of 0.3 kmX 0.6 km from sea level to 2
km beneath the active summit crater. The direction of the longer axis coincided that of line con-
necting two active vents at the summit crater. The hypocenters of A-type volcanic earthquakes
surrounded those of explosion-quakes in the range of depth from 0 to 2 km, and encircled an
aseismic zone at the deeper part than 2 km. Assuming that the boundary between the hypocen-
ters of A-type volcanic earthquakes and those of explosion-quakes coincides with the wall of mag-
ma conduits, it is inferred that there exist two magma conduits with the diameter of 200-300 m
beneath the active crater and the two conduits are contacted with each other. Furthemore, the
analysis of tilt and strain records indicated that pressure changes occurred for individual eruptions
at the range of depth from 2 to 6 km beneath the summit. These results suggests that the mag-
ma conduits are connected with presumed magma reservoir at a depth of 3 to 4 km.
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Fig.1. Vertical ground displacements around Sakurajima Volcano during
1975 to 1982 (A), and the comparison between the observed values
and the theoretical curve along the line, a-b (B). The two pressure
sources, A and B, are assumed to be located at depth of 10 km and 4
km, respectively {after Eto and Nakarura, 1986).
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Fig.2. Area of anomalous wave propagation indicated by fan-shootings (after
One et al,, 1978)
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Fig.3. A preliminaly model on magma reservoirs and conduits beneath
Sakurajima Volcano and Aira Caldera (after Kamo and Ishihara,
1980). The dots show the hypocengers of volcanic earthquakes, and
the arrows do routes of magma supply. The circles denoted by M
and S are presumed magma reservoirs.
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Table 1. Depth of pressure source beneath the center of Sakurajima
Volcano estimated from ground deformation analysis

Period Depth Authors
1959-1960 3km Yoshikawa (1961)
1963-1964 4km Ishihara and Eto (1978)
19641965 3km
1975-1977 3km
1975-1976 5km Eto and Nakamura (1986)
1976-1978 4km
1978-1980 3km
1980--1982 2km

Fig. 4. The zone in which seismic shear waves were strongly
attenuated (after Kamo et al.,, 1980).
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Fig.5. The hypocenters of A-type earthquakes during 1975 to 1986. Note no
earthquakes originated at a deeper part than 4 km beneath the center
of the volcano.
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Fig.6. The epicenters of A-type earthquakes during 1968 to
1974, compiled from the data by Yoshikawa and Nishi
(1968), Nishi (1971) and Kamo (1976).
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Fig. 7. The locations of volcanic earthquakes beneath the central cones of
Sakurajima Volcano determined by a temporary observation (after
Nishi, 1971). The notations &, @ and (® represent A-type earth-
quakes, B-type earthquakes and low-frequency A-type earthquakes, re-
spectively.
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Fig. 8. The hypocenters of explosion-quakes and A-type earthquakes beneath the South Cone

of Sakurajima.

A and B show the position of the two active vents in the summit cra-

ter, the rim of which is denoted by the encircled broken line.

LT, KEFHET +0.3km BATH S, BRIHEOERBEIKOETOBEIIN LTRIZT—ETH
D, 2OBEEEEE LT, KlES L UBHNAGEORYELEEIC LD EEZ LN, NBOFMOR
ZIZERTALDOTIE LV, INTEBRREFRET HEICHISNDBELR IOV TIRBREHRE RSO
LA BOBE RO 72012, 19804F D 519864E F COHMICLBRS (7 4) CTHBKIHBIAFRIITE 25



68 FARKATERTES  4315B-1 HE63. 4 (1988)

LOLDOBE (BEOHT%) ¥EALTEALY. ZOBSOBREHENERLOAMSWLMEMEEIX 0.1
km IFTH 5, ABBBRBERBST L WOT L ZUETHEIZHEIPEINTE LGS IIOVWTREA
L7 BRSEOBESETE Th 721976 ~1980F 20T RN ET TR L,

Fig. 8 A T4 5 &5, BEABIHEUHOETOBIROmATEDL S 2km ORI DEHTRAEL,
2000, AXKOBIUBAXOOHERRIIE LT, WL - EEEHAICH-BRSHLRT, 2
km DIESETOARBROBIIL, BEABOBRISNGEOKZD 5 VIIIMUISHT 5, BFEREDREE
EETHE, BRUEL ARMEORETHEBOBEFRIEIAHCHAL L S IR L -EE 200~300m @
SAOOABRIC R B EIHFDEMNY 2 ZET AL, BRBLBIXDEETORE L2572 00MER
DUEBHNTRELTWAE VRS, ZDL ) 2EEA 2km LURICOEFTHD LRET A E, BUIRL
ko, ABMBOBREBICHIN - BBOEABER I LITTES,

BREBIIKEATREEL, ARBEIFNGENTRET S L TNIE, BLOITHEXESHOKER,
WTEKOED? S ITITSAEICED, BKELAL2S 2km OFES T TEBEED L VILEF LZ57200M6
(HE1E200~300m) DL %HHEETRL, BE3~4km Tor/vHEYIIDOHR-sTnHEEZLNS,

4. REOERFER SR

Bof, MEBOMEA OILTERKIZHE L ITESEBORERE - HBRIGEHEESKO2S 2.8km iZH5
BHERICRE L KSEME B L O L - THIES 1Y, BITOKR, ERELE L EHRE
DI, HODPLLATTOHBIZHY), EBEIHEAT L & ZOMENFKE 2 LEMMPRD LN (Fig.
9), KOETOHRKNENDOEKERIZL - TEBIF R INIZEREL, 2OEIPHNEOREZH
2km 2 SH 6km OEPEICH A EITREN, TOFEER, T TORFTHESNAKED TR,

_Ae2y gWP —R —
XZu(Mu) o* Y
2 |
|
15 \ T Mot
oS
[1-3 I & T
s 2q
[+1.]
v}
xlo-. 05 [} X 3 (R/0)
20 tr
-05"%
15 4 Rs2.8 km (4/8 ) observed
= v } 204/8
\ '

(b}

DILATATION 4(=tx +En)
(o]

3}

Depth of orlg:"

L)

0O 005 0i0 0I5 020 025 prad.
TILT CHANGE(S)

[o]
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mit crater (left), and estimation on the depth of the pressure source according to
Mogi’s model (right), (after Kamo and Ishihara, 1986).
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Fig. 10. The summary of observed phenomena related with the magma reser-
voir and conduit beneath Sakurajima Volcano.
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Fig. 13. Horizontal displacements around Aira Caldera during 1895 to 1914, and radial dis-
tribution of horizontal displacements from the center of deformation on Sakurajima
Volcano, associated with the 1914 eruption (after Yokoyama, 1986).
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