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Abstract

The geology, geologic structure, and hot springs in southern Kyushu are discussed in
this paper. The basement rocks of this area are composed mainly of the sedimentary
complexes of the Shimanto Terrane which is divided into two groups : Cretaceous North-
ern Shimanto Terrane and Tertiary Southern Shimanto Terrane. The graben structures
in southern Kyushu have been formed in relation to the opening of the Okinawa Trough
since ca. 10 Ma, and followed by contemporaneous volcanism. Volcanism was most active
in between 4 Ma and 2 Ma which formed the fundamental graben structure such as Hoku-
satsu Triangular Graben, Hitoyoshi basin, and Kagoshima Graben. Since 2 Ma, the volcan-
ism within the Kagoshima Graben became most active involving at least three calderas :
Ata, Aira, and Kakuto calderas from south to north. Active volcanoes also exist in this
graben, indicating an active volcano-tectonic depression.

Most hot springs in southern Kyushu are distributed in these grabens, suggesting an
intimate genetic relation between volcanism and hot springs. The heat supply of the hot
springs from the basement rocks is sourced not only from the present magma, but also
from Tertiary granites.

Key words : Shimanto Terrane, Kagoshima Graben, Hokusatsu Triangular Graben,
Okinawa Trough, hot spring
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Fig. 1 Geologic and structural map of the Ryukyu arc, Okinawa Trough, Taiwan and vicinity (modified
from Kimura, 1985). Legend 1 : central graben, 2 : basin occupied by Pleistocene igneous intrusions,
3 : major fault and fault scarp, 4 : buried major fault and fault scarp, 5 : eastern boundary of the Ryu-
kyu Ridge, 6 : trench, 7 : active volcanoes, 8 : submarine intrusions or volcanoes since Late Pleisto-
cene time, TG : Tokara Gap, KG : Kerama Gap.
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Fig. 2 Geologic sketch map of southern Kyushu indicating the distribution of Kagoshima Graben
(modified from Tsuyuki, 1969). B : Basement sedimentary complexes of the Shimanto Terrane
and the Chichibu Terrane of Triassic to Tertiary ages, G : Tertiary granitic rocks, V : volcanic
rocks, Kr : Kirishima volcano, S : Sakurajima volcano, Km : Kaimondake volcano,
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Fig. 3 Distribution of crustal extension of Okinawa Trough and associated
paleomagnetism (after Kamata and Kodama, 1993). Open arrow with PHS
shows the present subduction direction of the Philippine Sea plate.



5557 % (2007) FATLN OV - M HE S & IR R 15

MRS 2 TRk L 72,

3.2 JLEEQWIZHE i) DIk

FEYL Bt & 3R, BIRE D S AT O AR [h - THIEDE-THB YD, FHS (1997a)
TR E - SN (B EREERE © Arita, 1954) EFFATWS (Fig. 2 218). T olEo bl
RELFEE L, KILiEE % LS HEREZ & 78 > TV B, ROHMANT S OWIEAS 7S W 723, FHS (1997a)
BN=77 5=~y EABLTVWAEY, BRMIZKLE - HEEECHEBsn T, EoHF
I FERE TR T E L,

% U e R OB AT~ 2 BT, BNORREHI A - v J/or—y 28 L. 1§
Hl7— 7 WRRAREE LT, BTAEEEERICEEE SN TV 5, BREOFKENEROIIETIE,
FEARRICRNET 2RNCHEHI AR A TR Y, EMAO#ENsd 2 ErE, 520 FEprdh 108 i/l T
Hoto. 128 LEEHIIC SO 7 — 9 b 325G 13 EREZ 1 S@EL 1.

Fig. 4 13, P Lc HECTRESNI Q2 BAIOE—) v 77— ¥ 2 5R L, SFEEHEA VS
DThH5. LEZLERE—) v 7RI TRAEE A NN—TE R WY, LEFEED 7 — 2 iG>

Fig. 4 Contour line map of the basement rocks in southern Kyushu based on drilling data for
hot springs. Figures in parentheses from Kubota (1986) and Agency for Natural Resources
and Energy (1988). H : Hokusatu Triangular Graben, K : Kagoshima Graben.
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Fig. 5 Distribution of the Kagoshima graben, caldera structure, and Curie point
depths in southern Kyushu (modified from Kubota, 2006). 1 : active volcano,
2 : graben, 3 : fault, 4 : caldera and estimated caldera, 5 : Cretaceous to Ter-
tiary basement rocks, 6 : Curie point depth (contour interval is 1 km).
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Fig. 6 Distribution of graben in southern Kyushu (A) and the E-W cross section of the Kagoshima
Graben (B : Hayasaka, 1982). HT : Hokusatsu Triangular Graben, KG : Kagoshima Graben, Kt :
Kakuto caldera, Ar : Aira caldera, At : Ata caldera..
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Fig. 7 Geologic map of southern Kyushu (modified from Yamamoto ef a/., 2003).
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Table 1 Summary of the geology of southern Kyushu.
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Fig. 8 Generalized geologic map of the Shimanto Terrane in southern Kyushu (modified
from Teraoka, 2004). F is an estimated left-lateral fault.
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Fig. 9 Distribution of Late Quaternary volcanic rocks in southern Kyushu (modified from Nagao,
2001). Solid lines indicate the depth of subducting slab. V.P. : volcanic province.
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e LTV AR, TRERI bW () BTH - 8k, 2003) 7202HMIc > W TIREIE Lz, 272 LiEw
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LWMETH B,

5. HMIEHELRER

BRI, EHCHALEBLTORbORRIM L TEfhs, Bl SEREERHI OBy L, Has
LT 1,000m DIZED R — ) v rsighn 3720, M NKS Z b NISHIEAEIC BE - 12 EE O R
ZHDHTIENTEL LT 7z, BBAR (1992) I EHL hofHENTE LI EERE [X
WER ] & XU, BEE XL THE RS & ORIRE SR L, AmIEAIICIEAR (1992)
KO- &0, BRERO [KWER] EHEOBGRE T 5.

5.1 RO KNBWIISHT

Fig. 10 FFEUNIC BT 2 [ XWIRR] O9h S EMEHSE R LcRKTh S (FER, 1992).
FRWVIRR] oK, BREE, LE=AMEONIBICEEL TR0, BRESKIEE O &%
kKBRS 5 C L ARL TV S, A (1969) OBEREHEOME S, Tai/ZEE, RER
Do+ IREE SIT IR DO NES & AR TR 5 C L LG ROEYTh 5.
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Fig. 10 Distribution of natural hot springs in southern Kyushu (modified from Tsuyuki, 1992)
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TH o, KERBEREHES L CIE = AEONEICFEAL TV 5. )~6) FFRKILEORR &
SHEENTOVEY, TNOORFRIHEL I~/ b2 WIEEE R L EREEEEES N, L
FTRKLUHEORRICEENS. BBSEIOLEHTE, 6) FEHMEL ..

5.2 RERMISIRIR & HUE S
(1) FrAKILEE R
TEKILO K OHE OBSAEERBREF TH v, HEATIC BB EHSEN > TV 5, B
FUTE T3 80°C LI LD EIRREMAFAET 5. BE KM, 515K, BEERMTS ST & ARER
Th5.
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EEHEbAHOoNILV, Fig 11 ofB XKL RERSFFTH O, 1LTE, SR T 26T,
GO EDRIG, RIS OUWE, MNKEDHEFEFICLD, RERRLICENT 5.
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Fig. 11 Genetic model of hot springs at the foot of Sakurajima volcano (after Tsuyuki, 1992)
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Fig. 12 Flow model chart of hot springs in the southwestern area of Kirishima volcano (after Tsuyuki,
1992 and Fujita et a/., 2000)
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(6) ZofthoiER
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R EFSATVD, Wi 5 7 oBEREMWh ORIl OKEZE1,000m) T, BHAETDH
238°C (~310°C) OERBVKAEE L TBY, ELEEEUEBY Gy » oz FL=—n»
ElksnTnsg (TES, 1996). BREERDIKE 200m OFEA VT FE TS, 200C & EDIE
KB O, BERAZABMKAETEN St [ED | LridhTnws (ERBE, 1978).
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Fig. 13 Configuration map of basement rocks underneath Kagoshima city (A : modified from
Hayasaka and Oki, 1971) and the E-W cross section of this area showing the horizon of
hot water in the deposits (B : Tsuyuki, 1992)



5557 % (2007) FAILN O - M HE i & IR R 27

6. BBhYIC

RN OB O & iRR OBGR AR L /2. M UNOESAE (Tl +2EH) (& 10Ma
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<, BBEE0BA» SFENTHEROIEMOEREARD 2 VIE~ /B HLE S -T05E, Zok
S ICEUN OIRIR AT 5 &, KilitkE-FE kil E2 /b, N THKLTES) & B L 7R & &
I ENTES.
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Z - HE - DB 2 BT O HIC > W T IR W 7o i, BERE R ERBE AR L A TS R R
3, BRX—-) v/ F=sofifEHF LTV bbE TSV LEd.
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