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Geochemical Interpretation on Hydrothermal Formation
Mechanism of Maruo Region in the Kirishima Volcanic Area
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Graduate School of Science and Engineering, Kagoshima University

Abstract

Kirishima volcanic area lying on the northern extension of Ryukyu arc is located in
Kagoshima Prefecture, south Kyushu, Japan. There are many thermal manifestations related to
volcanic activity in this area. We define chemical features of hydrothermal system of Maruo
region in the Kirishima volcanic area on the basis of Giggenbach’s chemical geothermometry,
mineral equilibrium calculation, etc. Water samples for chemical analysis were collected from
some drilled wells to the depths of about 100-200 m owned by Satsumaso and Kirishima rehabili-
tation center in Maruo region of the Kirishima volcanic area. Almost the collected waters are neu-
tral-Cl type with high Li and B contents reaches to 3.76-10.2 mg/1 and 45.2-142 mg/1, respectively.
The Li/Na ratio of the Cl type hydrothermal waters show about 0.01, suggesting that these
waters are originated from deep-seated volcanic fluid. The reservoir temperature of the fluid is
roughly estimated to be 280-300 ‘C and 250-300 C by Na/K geothermometer and K/Mg geother-
mometer, respectively. COo-fugacity of the hydrothermal system in this region is externally con-
trolled, however a part of the system is kept at about 0.5-2.2 bar by internal equilibrium. The B/Cl
ratios of the sample waters (ca. 0.08) suggest that the hydrothermal fluid is interacted with vol-
canic rocks.
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(AR5, 1990 ; BEH 5, 2000). SN 6DHIRIZ, MAED LTS (FH, 1957) % &tr, FEEEHE
(ﬁ*&%%ﬂﬁ%é.ﬂgtowfuﬁﬁ-@#U%ﬂ,#ﬁﬂ%@&@@ﬁ%ﬁ&é.it
ZILS (1996) 12 & 2 LESUHEEORFEA D V), BEXLILIEHTIZIE, B2 10kmiEIz< 7 <3
WHALTWAZEDPHL2IZR 5T

ZRARIUAE - HBEHX TR, BABROLOOR—) ¥ FBEIBHNIIT bR, BETIIA
X2 30MW R 0 #2456 B 77058 & L C b (Sasada et al., 2000). = DR DHEAEE 12DV
T, BE - #5(1988), Hedenquist and Aoki(1991), Yano and Ishido (1995), Sawaki et al.
(1997) 72 ELHDOBEH D 5.

=7, BEKIFRIX TIE, 0.IMWkOHZ5 BT 455E8 £ h T\ 5 (Sasada et al., 2000) .
Ohba et al.(1997) 1%, HEMBX A SES W 2B OBADOKE, BERMCELLHEL, <27
v#%%@%ht%ﬁ%&ﬁ&@ﬁ%kﬂ?ﬂﬁﬁ%téEtﬁﬁ#%,%@ﬁﬁﬁ%&bfw%
ZERRLT.

B, MEBEEFTRUEN TV BHKIESHI1000mA S Db DFTE A ETH L, HLRH
ROEEERUBERBIVNE) T =23ty 5 —THRLNDLKEGR T X %1k o 7-BKILEE £ 100
~200mMEPS/ONS (BAS,1990). ZD k2, BIROBKIBD THEVE 250 5E LN
é:aﬁ#ﬁtﬁ%%w.it,%@E&@%%UAEU%—&ayky&—#%%%n%%mu,
HEHBXOH TR OIERLBLAHH THONEDT, LRHE 2RETIHAZTHLLEL L
ns.

AT, ARBXOEELER VBB NE ) F— 3 v+ v ¥ —DBKOREUL 0L 254
ATV, MALAHREERT LA PR (Giggenbach, 1988) 7 &% iy, SURHIX A 515 5 1.5 Bk
DERIRE, WEREL EOBKRIBBEEEOHE 517 - 7
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Ve,
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PH | 77 ZABMIL ; Li, Na, K : BEFBREAOMEE 2300 | Ca, Mg : BEFBFES
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Fig. 1 Location of Satsumaso and Kirishima rehabilitation center in Maruo region of
the Kirishima volcanic area
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Table 1 Chemical data of thermal waters collected from Satsumaso and Kirishima rehabilitation center in
Maruo region of the Kirishima volcanic area

Temp. Li Na K Ca Mg B Cl  SO4 HCOs

Description Date "o PH o/l mg/l mg/l mg/l mg/l mg/l mg/l mgl mgl
1 1999/9/13 975 822 848 743 147 120 002 112 1370 537 145
Satsumaso 2 1999/9/13 967 825 878 746 139 132 002 108 1200 542 148
3 1999/9/13 745 826 885 758 145 133 001 80.3 1150 550 156
4 1999/9/13 914 822 843 730 149 115 001 87.3 1090 514 150
1 1999/9/13 851 7.68 3.76 390 603 677 007 769 665 150 657
o 2 1999/9/13 969 756 3.81 381 639 589 005 452 651 145 651
reﬁ‘)?ﬁg&%ﬁ 3 1999/9/13 958 7.67 3.82 386 647 537 003 702 645 145 672
conter 4 1999/9/13 979 835 990 926 166 145 001 116 1450 165 138
5 1999/9/13 963 834 963 907 158 138 008 137 1560 223 159
6 1999/9/13 858 837 102 941 172 137 004 142 1780 17.7 167
o s S i CI [meq]
HCOs#MDE=%1) v %47 072, ZOHEE, Lo
BEINE)TF—varkry—nbE5Nn5
Bk O C1-SO+HCOs ML 12 13 T HT 1Y 72 258 4%
ROl ZORREYEDT, BEYNEY 8
T—=rartryy—noiEsnsEBKO—ET
RONDHEEA + Y LEOBERE LTIE, & . o .
o U (]

B2 Cl/SO4 L K BY 3 2 BEMERRBRIE R 2 & 0
RBADRDLI-OLEZ NS,

O Satsumaso

O Kirishima rehabilitation center

4.2 Li/NaEELH5 R -BKDIEH
EEERUOZEEINC ) F—S g vtk 7 — S, 60%

POBONBEIKDF U LA F iEEL ) HCO,” [meq] $0,% meq]

T LA A VIREOBMRE Fig. 3189 Fig. 2 Relative proportions of SO42-, HCO3™ and ClI-
VT AEEROEMMAICE CEFTNAIL (meq. %) of thermal waters collected from Satsumaso

HOEIROL/NaBESHITE w2 & AT S and Kirishima rehabilitation center

T\ 5 (White, 1957, 1971). EEEERUEE 12

INEYTF—Varery—npbBohsikn) + O Satsumaso

WA oF ‘/‘{)’%E(i 3.76 ~10.2 mg/l b r% < ’ Li/NaE% O Kirishima rehabilitation center

FIZ0.01 2T, White(1957) 12k o THE STV &

B KINEDIEYROL/NaEBH E —%KT 5. Lo

T, TRHOHKE, KIMEORSTBADHM Z o e o

bDLEZLND,

—
(=}

Li [mg/]
o0
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4.3 Na/KRU K/Mg#{b2BESIC & 3 BAKDEE
BEDHTE 2
Giggenbach (1988) 1&, #/k i Na/K J I'K/Mg#i 208 400 N foogﬂ ] 800 1000

a [m,

WD, EA—KMEER ZRE L3P Ec Ly N )

- o re N . R Fig.3 Relationships between Na and Li concen-

AT THS Z L 2/RL, NaKMgD3HADHH  trations of thermal waters from Satsumaso

ED S M T IHETES 2 Bk R OB RIRE 4%+ 275  and Kirishima rehabilitation center
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HEE LT, No/KRUK/ Mg bARER 2 IRE L 72, SO OMILFREICES T 5 801E, #
BRICEREWICHFET2ERR, 7 ER, HRA, ZTVER, YUAEEIN I VL F=—58
L) EEND.

Giggenbach (1988) %, ROMALZERERNC LD, BFEEEEZ KD 7.

Na/K#fbZZRERT ; TNk (C) =1390/[1.75 — log (K/Na) ] — 237
K/Mg#tZRERT 5 Trmg (T) =4410/[14.0 — log (K2/Mg) | — 237
IS OHALFRERHE, RORKIBOFHEERICED L.
(1) albite + K" = KAfeldspar + Na*t
(2) 0.8 K-mica + 0.2 chlorite + 5.4 silica + 2K+ = 2.8 K-feldspar + 1.6 HoO + Mg+

T/, BESNLEY LBAOHET(L), (2) ROFEHERHI Y 2. TI1E, Fig. 4 D5EFH (Full
equilibrium) Z/R I EICT Ty P END, EEERVEEINE)F—Tarkry—hoEbh
LEKRE Ty b L72b D% Fig. 4 1R .

EEERVUBREINEY) T —2arter =080 N0A8KD ) bW + VEEOE VD
DIF, BIRESFEEZRIH LTy FshbZehs, BAEBETAIEER, VY EA, &
A, ZVER, Y)AREDEYLEHKE OB TIRITFEHERIED Lo TWVE I EIREIN
72, 7z, ZORFHIRE I Na/KHALZRER 25132280~ 300 CA2E, K/MgH b#iRES > 512
250~300 CREETH L LHEINZ. TOKRIZ, TNSDOBADIZHOBBEER,SESND
BUK L FRRIC, BRESBUKORBEFOZI L ZRL TV,

A=y 7arvEeERICE L, ARMXOEARLTEE, #BT100~150mTHERHTILL,

Na/1000

O Satsumaso

O Kirishima rehabilitation center

K/100 300 240 220 200 180 160 140 120 100 Mg

Fig. 4 Na-K-Mg diagram (after Giggenbach, 1988) of thermal waters from
Satsumaso and Kirishima rehabilitation center. Full equilibrium line is derived
from chemical equilibria between hydrothermal water and the assemblage of
minerals; albite, K-feldspar, K-mica, chlorite, silica
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FYEVEFAL, -7 VA MSVAEDIINERSE, RA, FRAEFRSN, #T150mU T T
FEALIERASEA, BB E2FE L CHMARAERASR S, #TF200~250ml FTiR74 5%
A b, O=FEX5 4 MR EOBKEIHEROND L RESH TV (BEAS, 1990). Bk cfE L
TIE250 CLULE DT 8 CIZBKIM DT A 55 4 b L BKAITTEHERICH Y, 250°CLUNT DB KRS
B TRBEKLEWOO—FY ¥ 4 N EBADPIEHERICH S 2 EBHSNTVS (Giggenbach,
1988). Tz ki, EEERCBER)NCY T2 3 vk ¥ —2 550528k i EEst
Lo THEIFRIRELZRT I L L) T —HT 5. F7-, HRBR T, 100~200mBEEL V)
CEROFIP S RBOBAIEONE Z L, 4%, ZOHMROBASENFIHEENS 2 L5
FTEs,

4.4 K/CaMmittiC & BEEED CO N ENHTE
Giggenbach (1988) i3, ‘EA—KMEMEH 2 IKE L 2LFFEHIC LY, BkOK/Caltd b e
DCOTEERD L Z ENWETH S L L, KCaMghD 35T DIHHES & i FITBET 5 BAkR
DOYHE, LR RELHENT 2 /L LT, K/CaCOr B ER%RE L 72. K/Ca-CO25MEM I
FIREME, BERICERBWICHEAET S, BEA, 7YER, 7VER, HWE, VU7H(GE
DL ANE R=Z=HEWV)TH 5.
Giggenbach (1988) (&R %E vy, #54) & Bk o B O TR % s 72,
(3) albite + Kt =K-feldspar + Na™
(4) 3 K-feldspar + CO3 + Ca?* = K-mica + calcite + 6 silica + 2 K+
IND DY EFIRDOHT(3), (4) ROFHEHEHAIE D 37> TWiUE, K/Ca-COynER & TS
*Ff#5 (Full equilibrium) 2 /R$# EIZT Oy P&, 20X 2BKkOB Y L4 F v EHN Y Ty
AF Y OBREPLRNICED, MTICHEET BHEDCOSERHL LN TES,
Log fcop = Log (C2k / Cca) — 3.0

EEER BB NEY 5 — 0 0.001
vartery—mnru6E5N 58K O Satsumaso
DK /Ca—C02 S % Fi g. 512 T 1] O Kirishima rehabilitation center 1 001
7. I

BREUINEYT—vartry J 24 . Full equilibrium 01—
Y- DHBONBHANE A, U o )
TEFHERIHRES L IZZED 8§ 3 &8

HBZTEY PENRBDT, Th

bORKEERLMET A E 4] e qo
H, WVER, HEH, VUNR e
L0 E DM TEEERICH 2 53 ) B
- TopcdiE s ) S 5 6 7
CEHHEEENT. £, BEY Log (Co/Cuy

NENTF—=varery—hoig ;
i = Fig. 5 K/Mg and K/Ca plot (after Giggenbach, 1988) of thermal
ENDBAKDEEBDOCO B EE  waters from Satsumaso and Kirishima rehabilitation center. Full

0.5~22barfEEETH B LHEE S equilibrium line is derived from chemical equilibria between
F. %, BEUAVYF— g hydrothermal water and the assemblages of minerals; albite, K-

feldspar, K-mica, calcite, silica
YRV = H/OND —ERDB

KB DBAKIITEE T DI Sh 2 COPEL VERVCENER L. FREOKEIZHBO
WAL 555 h 5 BAR S IE R OMmBK TS R 515, Giggenbach(1988) 13, K-Cail
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B HHEE SN B COFEDVTETFEASHFENL LD L VEVEN 2 RT DI, COBEA
NERL D SAERICHIE SN TR B0 TH B EFHHL TS, &5, ARBROBKRT D FiE
DIENEI->THED, TLERVFIDPLBONLBAKTHLIL LERTDHLLDEZL LN,
72, REBXDOEFHEHIFig. 51CBVT—AO M EICHET 225, ZOEREE 2 0EROEH
BRERIZOWCTIISBOMIERE L L.

45 B/CIEELHI5B5N3EEBEDHTE

EEERVUCEB)NE)T—varkry— 200 :

N1 #h = 7 . O Satsumaso
? éf; SN BRADB/CIERILOBFRE Fig B O Kirishima rehabilitation center
IR

iBCI=1 BCI=0.1 .-

EMBAHOB/CIEE]IE, BY9BE R 0]
TR EEOEE 2 KB L, i CE

O

REBIGAECHARORAL MREREE 2 g0 | 008
ERAROWMBBEICL > COERLTEI LD s 095
HMHON TS (KE - PES, 1981). Fhick 3 ; B/Cl=0.03,
b, (D)ZIE—HBE R EOKIEED B 501 e
EK BB IR BB & 72 o T B Bk T P o ——
B/CIEEi30.03~ 01725, (2)BEk LD Oﬁg,wf” """"""""""""""
EROHRERD 512 SRR L T 525 5 =0 e

EEPIERE Lo TV BRIk, BREBRAT _ S
= . . Fig. 6 Relationships between B and Cl contents of

(EB/CIEZILIZ01~ 1042, (3)#AKHAB\  ‘thermal waters sampled from Satsumaso and
WEEEIHEA TRVLA AR E 72 5 T Kirishima rehabilitation center
HEIKDOB/CIEEIZ0.03U T TH 5.

B/CIEEIIIAT0.08RETH Y, BELERUEB N F—Yarvtr sy —2bBons8
KIZEROFTEICINE(D IS TE Y, RIEL EOKIBESI L BE & %> T3 BkRb
LI EINTbDTHALILIREENS.

5. F & &

ZEXIMBHRBXOEEERUEBI N T -2 a vty ¥ —2oE 0N 28Uk HRILL,

CEGH 2T o 72, BONZHWT— & DHERILFWENT S, DT OBEHISRE ST,

(D) VF T LA+ iBEIE3.76~102 mg/1 L& <, Li/NaBEEHIZ0.01RET, KDLk
DB EFO LD EEZ LN

(2) EILWA * VREOBEWHKTIX, BkONa/KRUK/ Mght2 5, Ea% KT 2HER,
AU EA, ®ieh, HVER, YUABEOGYEEBKE OB TIZITEERRICH L 2 EAEE
SNz, F72, ZOMFEBIRE I Na/KILEREERT 2 513280 ~ 300 CHEEE, K/Mg i bazim e
A 513250~300 CREE LEE SNz, DLEICE Y, RHMOMBEREHDSE SN BBk L FkE
12, EEBEKOFHEROZ LATRIBENT:

(3) BUkDK/Ca, K/Mghtb, AR HRTH2HVER, 7)ER, HEA, ) HkE08Y
LBKE DM TIRITTEBERICH S Z L HEE SN, FEE O CO 5 EIL0.5~ 2.2 bar 2 L
EINT.

(4) B/CIEEHIZ0.08BETH Y, RINER EDOKIEEFEEREL o TWABKZILD b 7>
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