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Abstract

The Chinoike-Jigoku hot pool in the Beppu geothermal area, central Kyushu, Japan shows
a bloody color due to hematite (FesQ3s) deposited at the bottom of the pool. We measured color
of the deposits collected on Oct. 1in 1990, on Mar. 27 in 1995, and on Mar. 6 in 1996 with a
colorimeter. The results show that the red deposits became yellowish in 1995 and 1996 compared
with in 1990. X-ray diffraction patterns and chemical compositions of the deposits indicate that
the discoloration of the Chinoike-dJigoku hot pool must be caused by increase of Jarosite(KFes
(SO4)2 (OH)6) content in the deposits at the bottom of the pool.

Subsurface thermal water temperature beneath the Chinoike-Jigoku hot pool estimated
by a geochemical thermometer declined from 199°C to 151°C during past 25 years. Na and Cl
concentrations of hot spring water in the pool also decreased, while SO4 concentration had a
tendency to increase. The temporal variations in the subsurface temperature and dissolved ion
concentrations can be explained by the change in mixing ratio between high temperature-
neutral- Na-Cl type hydrothermal water and relatively low temperature-acid-SO4 type thermal
water. It is concluded that the increase of Jarosite content in the deposit was caused by falling
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in subsurface temperature associated with the increase of mixing ratio of the acid SO4 type water.

Key words : Geothermal system, Hot spring deposits, Discoloration, Mineral compositions,
Geochemical temperature
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Fig. 1 [A] Location map of The Chinoike-Jigoku hot pool in Beppu city, central
Kyushu, Japan. A: Chinoike-Jigoku, B: Kamado-Jigoku, C: Myouban
Yamadaya.

[B] Sampling site of hot spring water and deposits at the Chinoike-Jigoku
hot pool.
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Fig. 2 Results of quantitative color measurement by a
colorimeter (Minolta CS-100) of red deposits taken
from the Chinoike-Jigoku hot pool on October 1 in 1990
(901001) , March 27 in 1995 (950327) and March 5 in 1996
(960306) . Two broken lines are for Hematite and
Jarosite respectively.
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Fig. 3 X-ray diffraction patterns of hot spring deposits collected from the
Chinoike-Jigoku hot pool on Octorber 1in 1990, March 27 in 1995 and March
5in1996. C: a-cristobarite, H: hematite, J: jarosite, K: kaolinite, ?: unknown
peak. [measuring conditions] Target: Fe, 30kV, 15mA, Scanning speed:
2°/min, Divergent slit: variable, Scattering slit: 4.2°, Receiving slit: 0.3mm
(Rigaku miniflex)
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Table. 1

®1  MOMLHROILBRNDILFHERRL

Chemical compositions of deposits from the Chinoike-Jigoku hot pool (wt.%)

Year 19545 19720 1990 1995 1996
Si02 58.1 51.9 51.4 40.1 41.5
Fe203 11.7 7.86 10.7 16.7 16.3
AlyOs 18.2 19.6 18.4 16.8 16.8
CaO 1.25 3.28 0.15 0.11 0.13
MgO — 0.87 0.23 0.21 0.22
MnO — 0.03 0.02 0.02 0.02
Na20 — 6.09 0.34 0.23 0.30
SOs3 — 0.00 1.45 3.89 3.64

— : not analyzed

(analytical method for 1990, 1995 and 1996’s samples)

SiOg2

FegO3

AlsOs

Ca0O, MgO, Na20
MnO

SO3 (SO4) : Ion chromatography

: Gravimetric analysis

: Spectrophotometry (1,10-Phenanthoroline method)

: Chelatometric titration (Cu-PAN method)

: Atomic absorption spectrophotometry
: ICP-MS method

Table. 2 Hematite and Jarosite contents (wt%) and Jarosite/Hematite ratio
(J/H) of hot spring deposits in the Chinoike-Jigoku hot pool during past

25 years
*x2 J}Iﬂ@ﬂﬂi‘lﬂﬁ@%ﬁ%qﬂ@’\V’?'f PESvOH A POEFERSLIUT D v
a4 b/ ~<54 b
Year 1972 1990 1995 1996
Hematite 7.9 6.3 5.1 5.4
Jarosite 0.0 4.4 11.6 10.9
J/H 0.0 0.7 2.3 2.0
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ERD S G, FHROBE X BT DRSS & R, 19954 & 19964 O UL Ay+ @ Jarosited:
HEMAHEMLTWET ERgh5.

B O & it Jarosite AR E RO EH HiE SR T s L O T (Fig. 3), BRI
D4 Tt Jarositelc 3k L, Jarosited Hematitep AR 7o (bF R (FiH) 2 & 5 D& LT, Table.
1 D FesOs D4 ¥ % Hematitele X % 4> & Jarositeic X A0 L TEhEThO&ERE Y
% hHi L, Jarosite/Hematitett% sk 7z (Table. 2). 19724 I S Tl inhs - fdarosite
A, 1990EI I c G Thad L5k (4.4wt%), 19954 L1996FE Tk ErhZhll.6 wtd,
10.9 wt% & Hematite (19954F ; 5.1 wt% « 1996%F ; 5.4 wt%) D 2 5 L& Eh 5 K57k~ 1c
CEMREME. DO ERDYL, BERbhMOMmMROEEILA, BT D Jarosited I
MCXDB|ERBI IR TNEETEDRZYETHS. ok, 19726 F TIHRR B T Jarosite
BBREIRTWEWDT, BRIWBHOEEDIAE - DR & I9TFELETH 5 L HE
EINS.

3.3 SRRKD{bEERM
19724 Hs B> 19964E & T D Il D b IRk D IR 5K D& E B 5 DL HifiE % Table. 3 1”7 75
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162 I R b2

LTHAH. T TlOMmMBROMFRAIIpH 2. 5818 & MO 1=, TR O HEE 1T 1338k M 24
KACHEINIBERT? 2 H 1.

Fig. 4 @b mEEH TR L BUKIRE &R EAKDCL, Na, SO4 BEDORELFLERT. &
NIy, RIRKFDONa, CLEEL, MOMMBOMTICALETLBEKDEEETRK ST
WAL TWBE. —7, SO+ BEIIETOMMEEGA RSN S.

MDA LD F iy, ik TR (250~300C) DNa-Cl Bl o 2k &, (€35 (90~100C)
THEZEBCEUMMBEDOBRD 2HHEORBANKE LT BEHE2 bR TER. AREH
feid, MOMMBRO L3R TN 2 Btk O AR (H-Na-C1-SO4 ) i3, Nal Clp g T Y&
DBIRIC S5 Z &b b, Na-ClED#UK L I DBKIES LTHEURSDE LT3, H-
Na-Cl-SO4 B TH % OB OB F RS R, Na: Clia1:1 &> Th5DT(Fig. 5),
CDMERAKS Fie, ERO2FHHEOBKDOEACIOERINLIDEELORD. 2 THOD
i IEk DR SR UL DAL ERB " -, LLF RS HIETI DB 2 O Z MO %17 - 1-.

7, BABECEVWTRIFMEORVWCLIZER L, 2 fEOBUK (h#ENa-Cl B & Frisis )
DEG 2 MOMMBBRDOERKOCLEE»ORD, ORGSO T T2HEEOBRKDORE &
LTAER S A A IR R KO EEAL¥5 5 (Na, K, Ca, Mg, Fe, Al, SiOg e &) D25
Ll R, ZOHREICE S TROLBE L, KEICEH LTV 5 MOk oR 5K 0k
DD, WMBRWEYE L TIBET 54 D& LTAIOs, FeoOs, SiO B EA2EH L. v,
MOMMIRDIERILBE R H A ) 714 MR ERTW5C &b (Fig. 3), 2 FEO K
DEEHDOWEREHEATTR [(DE@)] DX>5KkF MY TARARH Y 7 ARADBKLEN

Table. 3 Chemical compositions of hot spring water of the Chinoike-Jigoku hot pool:
Concentrations except pH are in mg/I

K3 MOMRDIERAKDIEFIER

Year

19720 19769 19819 19859 1995 1996

pH 2.4 2.5 2.6 2.7 2.7 2.8
cl 1003 1004 900 806 823 781
SO4 570 604 573 702 602 598
Na 700 720 621 543 532 530
K 103 202 115 93 96 96
Mg 17.6 91.2 19.9 31.6 17.7 17.4
Cad2 19.3 50.3 53.5 50.1 53.1
Al 2.8 - — — 4.1 1.4
S Te 5.17 2.7 7.9 — 2.2 3.5
SiOs 230 - = - 202 -

subsurface

tenﬂ;ziz?;re* 191 199 164 151 160 151
)

— : not analyzed, * : calculated by a geothermometer for acid thermal water?
(analytical method for 1995 and 1996’s samples)
Na, K, Ca, Mg : 1995 : Ion chromatography
1996 : Atomic absorption spectrophotometry
Cl, SOy4 : Ton chromatography
Si0g2 : Spectrophotometry (Molybrate yellow method)
2 Fe : Spectrophotometry (1.10-Phenanthoroline method)
Al : 1995 : Spectrophotometry (Stilbazo method)
1996 : Chelatometric titration (Cu-PAN method)



AT (1998) KT I D W H Bk D (2 ZE (LI Bl 2 VRl D SR AK, « TR K DAL D 2L

1200+

1000

800

Concentration (mg/1)

400

200+

200
L180
L160
1140
120
100

1-80

140

0
1970

70

T
1975

T
1980

T T T
1985 1990 1995

Date

60

50 f

40 |

Na (meq/l)

30 ¢

20

10

10

20

30 40 50 60

Cl (meq/l)

70

Temperature (T)

5

163

Fig. 4 Temporal variations of Cl, Na and
S04 concentrations of hot spring waters
from the Chinoike-Jigoku hot pool and
subsurface water temperature beneath
the hot pool calculated from main chem-
ical composition of the Chinoike-Jigoku
hot spring waters by the use of a geother-
mometer?.

Ot FROR R KR DNa, Cl, SO4
REL, MERRERCLYI#EL M
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X 4

Fig. 5 Relationship between Na and Cl concentra-

tions of hot spring waters of the Chinoike-
Jigoku hot pool (A) and other H-Na-CI-SO4
type hot spring waters in the northern part of
the Beppu geothermal area (@) . Data exclud-
ing the Chinoike-Jigoku are cited from Yusa et
al.®

MmOtk & Bl TR 5 DR R K DNa
EClDYERFR

LB AF ) FA FOEFRIERE > T B DEEDRBDT, S0z 2T (1)K LT(2)
DRIGRIC & X OB EZ T L.
2NaAlSizOs (- + ) ¥ 4K H) +2H +9H20—

9Nat+4Si(OH)4,aq+ AleSiaOs (OH)4 (hA ) 4 b)

2KAlSisOs (H V) 7 &) +2H +9H20—~
9K++4Si(OH)4,aq+ Al2SisOs(OH) 4 (H A4V 1 1)

-(2)

A CEADSHEOE SR TV AI9T0ERDER KD T — 2 L LT, Na-CIEOBKDIRET
1k, e E SHUBROE R KDL &, TR O UK TR R LHE DR B KOG T —
29 BFIH LIERIT - 1. chAbLDREKIWTRS MO O FiREcizE S 5 (Fig. 1).
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F ol OO R AL AR, ChERBHOEEDOSHED % H\ 7.

DX UTHEI U AR I TR & SEBE O ifn D bk D T4 DAL AR O HLifs: o i 5
% Fig. 6 IRd. MEDLFEHEAELU L TWEZ &b, [MOMWHE ORI Y3 I A
R 2 EHOBKDBEAS LR, AR LEbDEZELTRWEAS. ZOREIL, LR
I, MO OISR KD SR THEDONa-CII O£k &, SR TFex % < & et BRI
DEKDEAT LD INISDTHD I LR LTS, Ik, BifeEEH2IKIE, Na-Cl#l
BOKD B o UTcHoSDREEIT X D AE B LTcBREE DS, B FKICBTAAL TR EhzdD &
EXAbNRTWA. Fig. 713, ThETRELATLAMRARESHTH W, MOMmBE D
R L OB OB T 5 EETLTH 5.

Actual AlL,O, Estimated ALO,
100 100
- *100 . )\mo
Si0, Fe,05 Si0, Fe,04

Fig. 6 Relative Fe203, Al;O3 and SiO; contents of actual and estimated hot spring
deposits of the Chinoike-Jigoku hot pool. For estimation procedure of the
chemical compositions see in the text.
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Fig. 7 Schematic model of subsurface hydrothermal system
beneath the Chinoike-Jigoku hot pool.
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Lo F 0 (Fig. TICH L TRIEO MO MMRORRADONa, ClE &L 0SOs DRELLY
FHTRTHBE, ChLOELIIBRO 2 MEORRAADRAMAPE L LILE DS
TWBE LT, FEHCRS E<HATE L. DF 0, FHEE L MOBIBOR A LD 5
HONa-ClR R AKDEEDEA L, SR OFBBITIRR KD 28N LTV 5 2 L5152
SRB. i, MOMHEROR FRBOBARES, &0 X5 KRRKDEAHLOELINFET
ETFLis LT KBTS 2.

4. &Y IIC

19724 2 5199648 12 22 T D I D bR DI RILBH DL % B L CHMEROBFIC X D, Ik
Betyrh o JarositeD & BAGEEC I A EMM LT 5 2 LB Lic. —T, MOt
DI K DAL AV THE T OBUKIRE 2 HEE Lic & &5, 19726 H H1996FIT Inid THRR
TE0CET LT 5% &\ D iR NES . Jarositelk Hematitel b~ 24722 (TR 544 T
TRECHLETDHEIRTHWADTY, 0k > Moo TR OBKREENET L
Fr 1= DI R B b D Jarosite i 0 L, MO O AR E b DL HET S N 5.

AEORETIE, WBYWOEEEDORREATSH S &HaE L icJarosited UG g E1C20TD
WL T BT, BRAGTRERT 5 DB NEERNEH I T Wb 5T E
hrote. A, FRLOERYBIRERIC X DRD, Jarosite & L E LB H O L ERHR %
B S L, @EOWEBHITIE T Thich - fcdarosite’, ¥ FIDOWEYICEEIND X
ST DhERLENET H5TETH L.

WY » BRAKDIRE AR SR, oSt BEREREE L TTE 5 oo o ki
G, BT RCEB e LE T, B TORBHREUL BT, @I fo i TR
BRI B M ER B T S e AL — D EB T O L DS L . R, Aika AV hERE
W R TR L ET.
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