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Abstract

South Kyushu is geomorphologically located in the edge of north-western

part of Philippine Sea Plate (PHS) and that, in the edge of south-western
part of Nankai-Trough related to recurrences of great earthquakes (M=7.8)
which have a return period of about 100~150 years. In this region, the
subducting plate has the following characteristics;
(a) a thin plate (about 30~50 km in width) steeply descending at a high
angle, (b) no double seismic zones, (c) large earthquakes (M=7.5~7.6) at
maximum, (d) volcanic arc that parallels the Nankai Trough and its south-
ward elongation coincides in map view with the intermeadiate-depth earth-
quake zone that typically occurs at depths of 90-150 km in descending
lithosphere, (e) this thin bending plate descending benearth the South Kyushu
is not a continuous uniform one but is split into three blocks of north, middle
and south parts at boundaries perpendicular to the Nankai Trough (Naga-
mune and Tashiro (1989), Kakuta et. al. (1991)), where the volcanoes of Aso
and Sakurajima forming the great calderas are likely to be located above
these splitting two boundaries. (f) negative Bouguer anomaly (~ -100 mgal)
located in Off Miyazaki along the Nankai Trough and its seismic gap in and
around this anomaly. In this place, earthquakes occur so as to break this
anomaly (Tanaka, 1993).
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For this, volcanism and its crustal movement are very active in and
around this volcanic region. Then, detection of secular change in three dimen-
sional precise crustal deformation by Interferometric GPS (IGPS) including
the detection of the geoidal undulation is very important for making a progno-
sis of the present state of crustal activity and predicting earthquakes and
volcanic eruption. Especially, it becomes a very important problem whether
the Kagoshima Graben (Kagoshima bay) is spread or not by two plates
(Eurasian or PHS plates) from a symbolized point of view.

For this purpose, the Laser distance measurements and interferometric
GPS observations have been carried out monthly since August in 1992 in and
around Sakurajima volcano.

The results obtained so far from this investigation are as follows,

(1) Detection of horizontal and vertical deformations by IGPS.

At the present time, secular variation of horizontal deformation shows
stationary state, on the contrary, secular variation of vertical deformation
has shown an increasing upheaval state since the end of 1993. Then, the obser-
vations which cover a wide area included the Kagoshima bay and its vicinity
are requested.

(2) Detection of horizontal deformation due to thin plate motion steeply
descending at a high angle toward the land from the Trough.
Considering the characteristics of the plate motion, IGPS data in the

South Kyushu district relative to Usuda VLBI-GPS station were analized over
the past three years. As a result, macroscopically speaking, contraction and
elongation changes in about E-W and N-S directions of the Kagoshima bay
were detected, respectively. In their details, secular change in contraction was
large in the direction of NE-SW included the Sakurajima Volcano. It is neces-
sary to continue watching the progress of this variation.

(3) Detection of the geoidal undulation in and around the Sakurajima vol-
cano.

The undulation pattern of geoidal height which was related to the magma
ejection was precisely detected by IGPS using the triangulation and the level-
ing points data. The result which agrees well with the profile of volcanic
underground structure determined from the gravity anomaly was obtained.
Including this, geoidal undulation gap was detected between the eastern part
of Kagoshima City and the western part of the Sakurajima Volcano, which
suggests the graben-like normal fault patterns having a steep slope structure
of the basement rocks.

These observations are now in progress for widening its investigation area
and determining the caldera’s underground structure or the geoidal undulation
pattern related to the formation of the Kagoshima Graben.

Finally, a new model inferred from the detected geoidal undulation
anomalies regarding the formation of the Kagoshima Graben is proposed.
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Fig.1l. Observation net by IGPS in and around Sakurajima Volcano. (a) Observation net based
on the KAGU~KAPR baseline in the western part of Sakurajima (b) Observation net by
NOEV and others around Sakurajima.
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Fig.2. Secular change in baseline length in main IGPS observation points (D~
®). This corresponds to (a) of Fig.1. KUV1 and KAGU are almost the
same point. The secular change in elongation between KAGU and H1l
relative to KAGU is pointed out.
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Fig.2. Secular change in baseline length in main IGPS observation points (®~
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Fig.3. Secular changes in respective ellipsoidal heights of KAPR, NOJI, SA02,
MC5D, H11, H9, and HKMH. Upheaving tendency is seen in the respective
ellipsoidal heights. These suggest the recent active variations of the Aira
caldera and the Sakurajima Volcano.
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Fig.6. IGPS observation points for detecting crustal deformation by plate
motion in the southern Kyushu.
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Fig.9. Geoid height in Kyushu compiled from the Geodetic Framework of
Japan 92 by the Geographical Survey Institute (1994).



GPS THHEIMICL 2E L ZOEBIIBIT 2 BEMBRER & V4 4 FEROMR 101

DD, MELFOBBIIBWTHMT— ¥ 05 -=A 5 ETo GPS TRl 2 £
L, BT+ 1 FEZRD THR,

EIOMIX, ME L ZOFEBIZBITAEAAETHS (HEP - i, 1995), & B TIZKILMEX
WX AEETESAREL, BEO (HBAKS (IGPSI2LoTELGNS) —El GHHEEC
LoTHELNG)| Tk, V44 FEIZERD SN\, GPSHlE & HHEIE % (3 IZFE B ICER
T2, HREESHVERTELIZENITNTRVA, KETIZ=ASRER (19704£H) L
BOESEENPAZ VO TEOFENE) LTOLEL LS, EELEIIEIIKIIRT, Bt
R (ZH - BA (1988)) & T ABSHF - i (FLEE (1989)) ICXAWMEDHEREZAK L
bOTHB, MEDXENILH - A (1988) 12 & A KIENEA =T, VL (1989) ® 2 F
NBEETNVOREREIZOMEBIETELR S, FIHPLEIETIV2T 4+ 4 FEIZEL2K
(He (1997)) THRENDB, ZORER, V44 FEEIKETIZI0~20mDEEI 2R T Z L 2% -
720 ZDZEBjE Yokoyama and Ohkawa (1985) IZL AENEENSRD - TFHE & LB
LzDOD B3N TH D, MADOEEIZX Lk EBIEEBTERETTE OB TREMDESLA
ADVROSNE, BIK - KA (1971) ICL A HEEBOELAALERBZ KB LERERT,
19144E 4B M 7.1 OHBERELH Y, EWBHIEHBOREEEZRIET S,

10K, #BLZOREBDIZB T HreMAERE (HF - fiz, 1995),
XEMNI19I4EEKERDO M 7.1 DRIFMEZRT

Fig.10. The ellipsoidal height in and around Sakurajima(Tanaka et. al., 1995).
X mark shows the epicenter of the earthquake occurrence (M7.1) just after the

1914 eruption.
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FIK. BKEKILE ZDOFBIZBIT 2 EELE

Fig.11. Secular change in the orthometric height (1987/88-1974/75) in and
around Sakurajima (Tada and Hashimoto (1988) and Eto (1988)).

unit:cm

F12B. #EXKILDOT A A Mk (HH, 1997)

Fig.12. Geoidal undulation in and around Sakurajima Volcano (Tanaka, 1997).
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F13K. M2 6/ O NBKILERDO Y 4 4 FEROMEME Yokoyama and
Ohkawa (1986) & 2 TFHEERTE (A-A’) & DHE

Fig.13. Profiles of the geoidal undulation (A-A’, B-B’, C-C’) (upper and bottom)
shown in Fig.12 and the subsurface structure along the A-A’ (NE-SW) by
Yokoyama and Ohkawa (1986) (middle).
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Fig.14. Observation net and its geoidal undulation around the northern part of the

Kagoshima Bay including the middle part of Satsuma peninsula.
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5515, KREEFBILRMOBAMX & 24 1 M2k
EDVA A FER;EREHE (M14) L AROERILHMAETROH o7,

Fig.15. Observation net and its geoidal undulation in the northen part of Oosumi peninsula.
The positive geoidal undulation anomalies were found in Kagoshima City and its vicinity
shown in Fig.14 (c) and the northen part of Takakuma mountain region in this figure (right).
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Fig.17. The relation among the geoidal undulation anomalies (thick solid circle)
(Fukuda, Shi, Segawa, 1993), the shallow earthquakes (J. M. A., 1994) and
the active fault in the Kyushu district (Active Fault in Japan, 1980).

From these results, earthquake are expected to occur around the geoidal
undulation anomalies.
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Fig. 19. Precise geodetic survey result by laser distance measurement
(Nov. 1991-1982) (Geographical Survey Institute 1993).
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