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Magmatic hydrothermal system developping just above a cooling magma
—A case study of Kuju volcano, central Kyushu, Japan—

Abstract
(IJE%}Z&* Kuju volcano is situated in the Beppu-Shimabara volcanic
graben in central Kyushu, Japan. It is one of the typical
andesitic island arc volcano. The volcanic activity started
Sachio Ehara* about 0.3 Ma and in historic times, only phreatic explosions were

recorded several times. An active solfatara field called Kuju-
Iwoyama in an explosive crater shows the most intense
geothermal activity in central Kyushu. The natural heat
discharge is estimated at about 100MW, most of it from
steaming ground and fumaroles. Temperatures of fumaroles
generally exceed 200°C and the maximum observed temperature
was 508°C (Mizutani et al., 1986). The high heat flows ranging
from 100mW/m? to 250mW,/m? were observed around Kuju
volcano. The high heat flows are interpreted in terms of
conductive cooling of the magma beneath Kuju volcano. The
magma began to cool about 0.05Ma. Most of the magma is not
molten at present but maintains temperatures of 400-700°C at 5
km depth. The Kuju-Iwoyama solfatara field exists just above
the hottest part of the magma. The degassing magmatic fluids
mix with the downgoing meteoric water at 2km depth. Then
the two-phase reservoir is formed between 2km depth and the
earth’s surface. The following parameters provide a good fit
thermal model beneath the solfatara field ; magmatic fluid (30
kg/sec) is supplied from below, mixes with the downgoing
meteoric water (10kg/sec) and steam (35.8 kg/sec) and hot water
(4.3kg/sec) discharge at the earth’s surface. The calculated
heat discharge is 104.4MW. The central, high permeability zone
contains two-phase fluids to 2km depth where the temperature
exceeds 340°C.

19934E 10 B 1 HZA.
19944 1 5 6 HH,
* UM RE TR TER
Department of Mining, Faculty of Engineering,
* Kyushu University, Fukuoka 812, Japan

Key words : volcano, thermal structure, magmatic hydrothermal
system, heat flow, thermal modelling, magma

WS B KILMHIE T H 2 BIF-BEMIE (A, 1979

1. JFC bl
Lot e 5 L e L OB 2 AL D 1 58 3 (Fig,

KU OBWIRERE DRI 1L KRR OEBAE & W S kR
FMElE D © b, kil 2 vE—FIHE O S HFRT 7S
flED» S bEERRETH S, LHr LEBNS, RERMERY
d 5 VIR EFER e FUBRHEI N ERBVE (&
Z.13 Gianelli et al., 1988, Traineau et al., 1989), FrED K1l
OEFIEEBERICE S DIc S NFlIRDB Y (&3
Sammel et al, 1988), A{HX TIE R EFEHIRICH 275
KgAK LZEFICEY, ZoBdfEEe 7V ERHT 5.
Ric, BRICERT 2 THA I w2 kKLEOBREICHE
TAERD < 7w WA & OPRICER 2 BT T 5.

2. REA
RAEXKLBARSESRISICAEL TE D, SRR

© The Geological Society of Japan 1994

169

. ZoREKILIZ, HEH 22km, BFIER 24 km ITEH -
TWVW3H 20 D F— sRkLED» Sk E h, LEXLEF
EBMREN D, S 5BBXF 30 FERD S KLUEE %5
L, ZOXBESHEVEEIIS» SETEMTEKRT L E
N TWw3B (Watanebe et al., 1987, Hayashi, 1988), 17 {42
EFE0, HI0EH» S 100 FREOHEB LB ORE
BHELTVWRZEPHONTVEBZEDE L WKESERS
30 IEEEB OERILEHEFE S N B (KEFT, 1984). 1662
EOTEBNCEI L CIEE (199D 1ckb, </ <EATIRE
W& DIERENH B8, ORI SRBEL SO TIRE L,
TDXHIE, NEKLEZEEOEITEDBEAIREL < 7 <K
HIESE L TRk EHEES NS, BEAKNZZ DL
EESBIE R AR - TV 3%, LEKLOERE & Eic

NI | -El ectronic Library Service



The Ceol ogi cal Society of Japan

170 TR E i

— ———————— 35°N
ﬁ%@ﬁreﬁl 5_”R,N~L ~~~~~

+ II Beppu—
l'l Shimabara Graben

125°E 135

Fig. 1. Index map of Kuju volcano. Solid triangles
show active volcanoes.

3% OHBEMEARELTVWA & bic, KE - ATER
WEGERERT CEERHIAE 1277 2500kW) BBEIL TV 5,
Z LT, KLEodEBicd 5 kiliktd 2 BALodbEL
Eicid, EELPETLROEINLEIHMIED 1 2L 0L
A IUERE IESHISESEE L T b (Fig. 2). T OBEKH
BRI ERR 500m OEPRICIEMN - THB D, 19924 11 BEE
BREE ORI} 402°C A TH v, 200°C Y oKL
BEFEAELTVS (38, 1960 ERFE K ESTSEE
508°C Ml S hTW5, Mizutani et al, 1986 ), T DK
M D S S h 2 BEARKBE I I00MW THD, 20
95% Pl L R3ERIC L > ThHishTw 3 TLEIE A, 1981).
BB O - KRENHALOBSED & 3K DR & L
TEIEEKCEE SRS 2 KK E DRELHETE
INTWVWE FRAIERIZ, 1975, Mizutani et al, 1986).,

3. BELDODHB 7T v ERUKTDRENR

3.1 WBEXUEZOBREN G

FUME N O RB B RN % Fig. 3 10RY. Thickhid
JUNFESRRR O ASEREM (50 mW/m2) SN ILFER ® HA
B (100mW/m?) T, HRARCEFEENS -
W3, Ok IR ISR o th e Lt & mEiHY
i 100mW/m? Pl LOEBGEHIBSEELTWS, Th
LOEBERHER E + o — ) —SEEmEEE  (Okubo et al,
1985) DEWVIRAFERFIc L —FKLTBY, ThooH
BORER I - T, MR ERPERTH S EEBGE
L TTW B,

FUNEEER O B BGR B 137 K1 LT d 2 BRI - BEBX
- BB ALEBATE Y, Thbokilo~w s v L BEE
LTWwaEELOLNS, LELEMNS, BRERUIAEER
+aTil, Broklio< s <& OREEIZIHME TR,
—7%, RSO EAGR B ZENLEKLEEEE LS
EAHLTED, NEKUTO= /<2 RMLIcbD EHEE
s, LEKNEALSOESRES % Fig. 4 iRl C

+ i
P PUKUOKA o~
Y X
i
4 ~J ™[] otra
f‘ d"‘ IQUJV YOLCAN
A
Mt.Mimata
e, /
! .. et
; | -
0 1km §~ AL o
L ) 4 Mt.Kuju )
| ;
) A

Fig. 2. Location map of Kuju-Iwoyama, central
Kyushu. Dotted parts show solfatara fields. Open
triangles show some peaks of the Kuju volcanic
group.
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Fig. 3. Distribution of heat flow and Curie point
depth in and around Kyushu. Solid circles show
heat flow stations and Curie point depths,7km and 8
km, are also shown in central and south Kyushu,
respectively. Solid triangles show active volcanoes
and open triangles show other Quaternary volcanoes
(Ehara, 1992).
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Fig. 4. Heat flow distribution in and around Kuju
volcano and local high temperature anomalies (A
and B) due to hydrothermal convection systems.

* The underground temperatures at sites A (Oguni
area) and B (Hatchobaru area) are those at 300 m and
500m below sea level, respectively. Solid circles
show locations of the wells where heat flow values
were determined. Solid triangles show some peaks
of the Kuju volcano group. WT-3, DB-5, KJ-5 and
AS-2 show locations of heat flow station (Ehara,
1992).
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Table 1. Physical properties of each layer used for heat conduction simulation (Ehara, 1992).

Thermal Thermal Density? Specific Radioactive heat
diffusivity! conductivity? (s /mé’) heat? production
(10~°m?/s) (W/mK) g (J/kg K) (10"°W/m?)
Layer 1 0.7 1.3 2350 800 3.0
Layer 11 0.8 1.3 2140 800 3.0
Layer III 0.9 1.5 2120 800 3.0
Layer IV 0.9 1.9 2640 800 3.0
! calculated parameter (=Thermal conductivity/(Density * Specific heat))
2 measured values (NEDO, 1988)
3 assumed values (Buntebarth, 1984)
N S

0 10 20 30 [ 50

Fig. 5. Simplified two-dimensional crustal model for
heat conduction simulation. Layer I =Holocene to
upper Pleistocene Kuju volcanic rocks ; II =Middle
to lower Pleistocene Hohi volcanic rocks; Il =
Pliocene volcanic rocks; IV= Cretaceous plutonic
and metamorphic rocks (Ehara, 1992).
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Fig. 6. Upper: Calculated steady-state temperature
distribution beneath Kuju volcano. Unit : °C. Lower :
The solid line shows the callulated heat flow profile.
The broken lines show ranges of observed heat
flows. Solid circles show observed heat flows
(Ehara, 1992).
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Fig. 7.  Upper : Initial temperature distribution be-
neath Kuju volcano for the transient simulations.
The 1000°C isotherm indicates the shape of the
magma reservoir beneath Kuju volcano. Middle :
The solid line shows the calculated heat flow profile.
The broken lines show ranges of observed heat flows
at some wells. Solid circles show observed heat
flows. Lower : estimated present temperature dis-
tribution beneath Kuju volcano based on 0.05Ma of
cooling. KI shows the location of Kuju-Iwoyama
(Ehara, 1992).
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Fig. 8. Conceptual thermal model beneath the Kuju-
iwoyama solfatara field of Kuju volcano (Ehara,
1992).
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Fig. 9. Quantitative thermal model beneath Kuju-
iwoyama solfatara field. Upper : Block layout for
simulation. Lower : Some parameters for a good fit
model (Ehara, 1992).
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Fig. 10. Vertical distribution of temperature, pressure and vapor saturation in the reservoir. T (A) and T (C) are
temperatures in the central permeable zone and outside the central zone, respectively. P (A) and P (C) show
pressures in the central permeable zone and outside the central zone, respectively. A and C are column’s names

of Fig. 9, respectively (Ehara, 1992).
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Fig. 11. Thermal model of the Kuju volcano group. Triangles and open rectangles show volcanic rocks and
granitic basement rocks, respectively. Solid and broken arrows indicate flow pattern of liquid and vapor
water, respectively (Ehara and Hashimoto, 1992).
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Fig. 12. Temporal variation of maximum fumarolic temperatures in the Kuju-iwayama solfatara field. The
solfatara field is composed of three parts (A, B, and C in Fig. 2).
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