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VARIATIONS IN CHEMICAL AND ISOTOPIC COMPOSITIONS OF
GROUNDWATERS FROM THE OTOBARU LANDSLIDE IN THE AREA OF
HYDROTHERMAL ALTERATION, BEPPU CITY

BY Ryuma YOSHIOKA, Koichi KITAOKA and Kokichi KAMIYAMA

Synopsis

The landslide at the Otobaru area, Beppu City, occurred twice in 1943 and 1969. A part
of this area, even now, is affected considerably by thermal activities.

Variations in chemical and isotopic compositions of waters from the Otobaru area and its
vicinity were investigated from 1977 to 1983 and 1986 to 1987.

The results are as follows: (1) electric conductivity data suggest that the two kinds of
low-concentration water and high-concentration water exist in the landslide area, (2) the
existence-of two groundwater aquifer in the landslide area and its vicinity is inferred from
tritium data, (3) variations in chemical composition of waters from the horizontal borehole are
accompanied by the rise and decline of water table, (4) the waters from the landslide area and
its vicinity are in equilibrium with montmorillonite, (5) the most waters under 10~* atm. of Py
are saturated or supersaturated with calcite, and (6) there is no detectable contribution of
geothermal water to the waters from the landslide and its vicinity.

And our hypothesis on the mechanism for the formation of calcium sulfate type water is
also presented.
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Fig. 1. The investigation area showing sampling sites and main studied
area.
(O: spring water and A : well water. The rectangle bounded by
dotted lines is the main studied area. A heavy line is the Asami
fault.
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Fig. 2. The main studied area showing sampling sites. O : spring water, @ : observation
well, A : river water, + : infiltration water (B. G. R. L., Kyoto Univ.), ==*siei a
border line between altered zone and unaltered zone, and ‘:‘ : small-scale
landslide block. The breadth of this figure is equal to the rectangle bounded by
dotted lines in Fig. 1.
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Fig. 3. The map showing sample localities in the BA landslide block in
Fig. 2.
O: horizontal borehole, @ : vertical borehole, (D: boiling water
well, and © : natural hot spring. The area bounded by dots shows
temperatures over 80 °C at a depth of 20 meters in the ground.
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Fig. 4. Variations in the vertical profiles of water temperature and electric conductivity
with time into borehole, BV-24. +--+ : July 1986, A—A : Sep. 1986, @—@ : Feb.
1987, O—Q : Nov. 1987, and ®—® : Dec. 1987.
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Fig. 5. Variaions in the vertical profiles of water temperature and electric
conductivity with time into borehole, BV-23. +--+: July 1986, A—A :

Sep. 1986, @—@ : Feb. 1987, O—O : Nov. 1987, and ®—@® : Dec. 1987.
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Fig. 6. Variations in discharge, electric conductivity and the concentra-
tions of major ions with time in water from horizontal borehole Q1.
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NDBEBHOSND, ZORIZAHSNS *HBEOTEFHNZEE, *HBEOAEREE2HL» LS
bDOTH2, TRRNIET 20D & 512, BE, pH, EC K bELoTD o h 2, BEEEOE Y STHEAT
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Fig. 7. Variations in tritium contents, electric conductivity, pH, discharge and water temperature with time
in springs, S4 and S7.
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i3, BAKREDDRWIRET HBESMEL, BHENSHT L HEBEOBHVWRESELNS, 2REHLT,
HARROR Y S4BATE, Bliddil, ZORHICRL  HBEDETHETSS 082 3BETH 2,

S7 ik, BHEDD R WIRETE, BE, ECHHENNEEL B Tw 20T, 20EAFICE, EEhT
EORTBALTORKOEESHE L THEbDEEFEIN S, 2HiEHBEOEVEEEOADEISH
BIEREERT %5, —FH, S4 Tk, BHEODRWEC EC DEL 2 2EAH 258, °HEEIZ T ST
BEDEABEL TRV, ZHEFHRO Ql DR —Y v 7HEKROE{L LB L T3,

4.4 BK - BBKELUBR—) > I3EKD 0120 DEREEAL

Bk, BEK Qlm) BLUBER—Y > 77K Q) @ 60 BEDORKE{L%: #7-0» Fig. 8 TH % (Table
28, BARKBHE, —HILDbDOTIREL, HATEOHMTERL LD THZ, ZO-MS, BE
KDFFH3, BEAKIZEEART a0 HOEBIIKE W L %bh 3, ZOEHIZ RO & 5 cBAREIZ—R oL
ZEIRL TWR»OT, BAKD 00 IR DOREROEHHELE Z>TwEH6TH L, bL, —F
TERERL TN, ZOBOEBIIREL LY, %5, BEKLEUL E#BBLON-THL S, B
BXRO—EMOBENIE, A—"T7aLbDIHIDT, TRODF—F 2RA—KERT 2D BEYTIER
Vs, ER-U 7K QD) ORRELEALD, BT RO MBOMOEE R~ > ZHARZE DEBEDE
K (8-4, S-7) D "OEL DHED DD 1 DDERELT, TLibDTH 3, BADHRIHIEAD o'
O DINEFEHEIZ—T7.8%0 (6D=—53.3) TH Y, T XOHMADER -V > FHAAIZ—8.5~—7.4%, D&

Intittration

158(mm)
Precipitation

1986 May Jun  Jul Aug Sep Oct Nov

Fig. 8. Variations in ¢'*0 value with time in precipitation, infiltration water and horizon-
tal borehole water.

Table 2. Chemical and isotopic compositions of precipitation at Beppu Geophysical
Research Laboratory, Kyoto Univ. (locality shown in Fig.2).

Sampleing period| Precibi- | Na* | K* | Mg® | Ca** | CI- |SO.2 | pH | EC | oD | 6%0

ton | mg/1) | (mg/1) | (mg/0) | (mg/1) | (mg/1) | (mg/ 1) usfem) | (°/00) | (°/00)
(mm)

860501~860509 63 [0.0810.28/0.03| ND | ND | 0.6 |4.41|21.2 —49.3 7.8
860509~860519 50 10.05]|0.03/0.03| ND | ND | ND |5.41| 5.9{~50.3—7.6
860519~860525 61 10.03]0.11 0 ND | ND | 0.4 |4.65|13.4 |—44.4—6.9
860525~-860530 63 {0.03|13.0 {0.03] ND | ND | 2.0 {4.48|19.2 |—63.3—9.5
860530~860627 262 | 0.03|1.5 [ 0.03]| ND | ND | ND |4.56|14.5|—62.1-9.5
860627~860702 105 | 0.06 { 0.50 | ND | 0.5 | ND | ND | 5.43| 3.9|—67.6/—9.6
860702~860731 388 10.06 | 0.11f ND | ND | ND | 0.3 {4.44 | 17.0 |~50.7—6.9
860731~860919 158 | 0.05{0.20|0.03| ND | ND | 1.6 |6.22|18.0 |—37.9 5.5
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Fig. 9. Predominance diagram for the system Ca0O-Si0,-Al,0,-H,0 at 25°C and 1 atm.
after Tardy (1971).

FRNICAS Z s, AT <) INOKDOFREEHOBERORB AT R, T HETECkE-> 7
Tk iz @BEL, BHULTELbDL#EEENS, &8, BEKOFHHEIZ-8.1%TH> 7,
4.5 B EM RS & URMHFFE

AT D HE R ¥ OB EAREE L FEERCHZ 002 B0, Fig. 9 TH5P, Thod
Bk Ca-EvEYut 4 POREFEBERNR oy FERTw3, & ZRERIFL Twings, Mg0-AlLO,
-Si0;, %8 L UF NaO-ALO;-Si0, RizBWT H, LED Ca0-AlLO,-SiO, REHE, Mg-B L U Na-E >~ E
a4 b OREFEENI SOy BTV, ZOFEDPS, KT DMHOKEIEYEY 0S4 FEF
B Twa LEESND, AFEHMED AA 7oy 7 (Fig.2) a7 XKEEITICL3 LY, A
TEIZYRMNNTA L, BA, BEg, €V ars b, "edH4 b, koA Y4 b BITAVTA
PO SEEMNRIEINTVS, A5 DHBBAEOKR/NERIEZ, AE, €2V uFf b>HINVTAL b, N
a4 ¥4 M>>IV R INTA N, BEET, BEEBIUIAN N4 NS PBETFOBRRFEIVREEN
TWRRETERL, FMRCAVFRRbEYEYur{ MIFEEL, THEDTATREREYEYRFA b
EHAYVES (a4 YAL) BEBICBUNESTWS, BBAINVTA FEBIEEEVE (6~20m)
WEELTWwS, EEE0 2 730 X REITERE, EW0OBRIENEEFEEE» o#EIND T T D
FAYOBFELRIET 20D TH 5,

ZOEBD Sy b OKEIE, CO, DRE (Peoz) #80.001~1 atm TH VYA b & OEHVHE OLEHRA
kD, PofENEWIEY, (log(Ca?*)+2pH) OEIZ/NE %%, ZDEHAE, Fig.10 »>FHCHET
&2, BEKDRED P 13 0.001~0.1 atm OEMEANIZ, SHAEFLKDOREID Peoe 1 1 atm FIEE, 1K
0.001~0.01 atm OEEHWICH 2 Z L BSbh 2, BAB L UER—Y ¥ Z7FKD 2 BEHZ Peo: % 0.001 atm £
FXoEABC oy PERBDI3, pHH85T~983 LEETHL I L ERATEHDTH S,

Fig. 10 iz, CaCO,-CO,-H,0 % B X ¥ CaC0,-CaS0,+2H,0-CO,-H,0% (25°C, 1 KE) B iF 3
CaCO0;, CaSO; 8 XU (CaCO,;+CaS0,) DMBEICAERHERB XIZT CO, 2E (logP2) EpH &
OBEFEERT, MFOREBERIIEREY THY, pH (P, KEFET 3) 12 CO,, H.CO5 HCOs™ B&
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Fig. 10. Solubility and pH of calcium carbonate (calcite) and of mixtures of calcium

carbonate and of calcium sulfate (gypsum) in water at 25°C and various partial
pressures of carbon dioxide, and also solubility of calcium carbonate in water at
16°C. '
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Fig. 11. Relationship between SO,%" concentration and P (Ca**) (SO,%7) in
waters from AA landslide block (data by Yusa, 1969).
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8 Infiltration o Spring
8 A%’ o Horizontal borehole a Stream
4.0 e Vertical borehole A Well
-]
I’\ L o &
ONNT 0%,
(@] ‘g o
[2) | L] o Ksp(casos)
;‘( 6 . ~ < aS04
N n
o} i n
8 Ksp(Cas0s- 2H20) ° °
[a
FAR
L 1 L L H 'l il L 1 il L L A 1 l"x.xiJ 5 1 A -
0 50 100 150 300

S0%™ (mg/l)

Fig. 12. Relationship between SO,*~ concentration and P (Ca®*) (50,*) in
waters from BA landslide block and its vicinity.

U CaCO3 @?g%quﬁﬂb) 6*@7‘2 %) @?E 60

CO,(g) +H,0==H,CO; , log K°=—1.46 B

H,CO, = HCO, +H*, log K°=—6.35 (2)

HCO;- «—=—=CO;*~+H*, log K°=—10.33 €))

CaCO; =Ca**+C0;> , log K°,=—8.35 4)
1~ K&y

CaCO;+2H*=Ca?**+C0,(g) +H,0 , logK°=9.79 (5)
(5) K&

pH=1/2(4.89—log Ca**—log Pcoz) (6)

ZOBD» B, Py DEDI02° atm BE S S CaCO; DEME RABIZ K E {328, CaS0, DBEEIL,
FODWWZ P DIEBKEL RBREODNTHE AT 2, Lzt T, CaCO;-CaS0,+2 HOR BT 3
(CaCO;+CaS0,) DEMEE 1 P, 107 atm ITE» &, BEICKEL RDL I LIBRETE D, %72 CaCl,
BMR DD, CaSO, 2H,0 HERL D, Pu 12k 3 CaCO; DFEEDFEZ, 1mmol/IBEXKEVI L
BWRHoNb, £ LT pH OHIZ, CaCO; DIBEEEL Py WK E {HPTFET % CaCO, 23, CaCO,;-CaS0O,-
2HO% LY, pHOEB 1BEWI L bbd b,

Peor $31071~10° atm OEEFIC A 258 GAER—V > 7FKB L R — 1 > 77k D 5 3D i3 CaCO,
WZBIU CTREAMRETH D, 107! atm DUT DEEHE CaCO, B Cigifaf v LiltafikBic b s 2 &
BRD SN B, Pooy 251071~10° atm DFEFD CaCO, B L TREMREICH 2 FRIZETHRRZAKHD
Ca** t¥itFEBEEONa L DA T VRBRIGKC LB bDEEZBND,

AFEMBEDO AA 7oy 7 (Fig. 2) DI19694E 2 H 5 HEWMa N F 7 —5® %2 b &g, SO &
P(Ca?*)(S0,2") & OBMREH\7-D» Fig. 11 TH 3, £7- Fig. 1213 BA 7u v 7 2 hOFAEL ER
(Table 1) #[EigicR L7723 D TH 3, Fig. 11 5 5 i&, kD Ca?* & SO,2 OEIHIE CaS0, % 7z1% CaS0,.
2H.O o DB L2 bDEEZ SN SEH, 2 7HBO X BEH» 5 &, CaSO, H % if CaSO,+2H,0 %
FESh TR, £/ AA 7oy 7123 pH 2.8 LB TEVWEREEEOAS 1EEH D, LoFEE O pH
134.3~6 . 30EAICH 5, BHEE, FFEO 2 DDBEER S, KF D Ca* ORBFIRHMEPCERIIFET S
ANFA Fpd, F7 S0, OREER H,S EbanTTE 3 H,S0, WHET % b0 & EEMICERRTY
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Fig. 13. Relationship between [HCO, +50,2") and Ca?* concentrations
in waters from horizontal borehole and vertical borehole in the

AA block landslide (data by Yusa, 1969).
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Fig. 14. Relationship between (HCO,~+S0,2~) and Ca®* concentrations

in waters from the BA blodk landslide and its vicinity.

%, —%, pH #%5.8~8.6D#FHIZH 2 BA 7oy 7 2HLIC LREBOE AR ED Ca** 8L U SO 0

BIFHIZ DWW TRETIRET 5,

27, ZOH, Ca* B X US0.2 OiEEIX, H.S0, BLUCO, k3094 FOBECLZ2bDL

RELTRD & > BRRIEK%EE X %,
H,5+20, — H,S0,
CaCO;+H,S0, — Ca**+ 50, +C0,+H,0
(2) RORIGWZ L VEL ] CO, b %72 CaCO; ERIET 5,
CaCO;+CO,+H,0 — Ca?*+2HCO;~
(1) ~(9 A»o
2CaCO;+H,S+20, — 2Ca®**+2HCO,~+50,*-

)
8

9

(10

—7%, HWTER»SD CO, & CaCO; L ORELEZ B2 LHENHD (ERER (9 K@U,

CaCO0;+CO,+H,0 — Ca?**+2HCO;"
9, (10) X5
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Fig. 15. Relationship between ¢'*0 and 6D values.
3CaC0O;+H,S+20,+C0,+H,0 — 3Ca?**+4HCO;~+S0,*" (11)

ZOHRT (11) ROKIGHEBT 5 LRETE, et o Ca?t/(HCO;~+S0,%7) OIEIZEERINCIX
35 %2R TTHD, £z, MDEIRRIGHBETLB LTRIT,

Ca?*+Na—Clay — 2Na*+Ca—Clay (12)
(11) KXo Caz* ® I mmol B Na—Clay D 2mmol D Na L 4 F VBT BT L IZi 3, LI2Ho T,
Ca?* /(HCO,~+S0,) DffiZ2/5&% %,

Fig. 13 i3 AA 7u vy 712813 3KFD (HCO,~+S0,>") & Ca?t L OBFRE#HWI-bDOTH S, $HER
— ) v ZAKRDEE D Ca?t,/(HCO;~+S0,2 ) DfEIZ, 2/5~3/5OEWHWIcH 2 Z L, BN, 2
D7 ay 7 OAhD Ca? B LU SO OEFER, Bbiz (11) RId eI bDeEZSN5, Fig. 413
BA 7oy 2 2B/ ELEKEZED (HCO,-+S0,27) & Ca®t L DMREAIBDTH B, FLEAL
DR D Ca?t/(HCO,~+50,27) DEIZ1/5~1/ 208N H %, BEKEB L UBER—Y ¥ 7 FlKD—E
RAA 7oy 2 LU, BYie (1) R Lo T Ca*BLUSO AT bz 8hTERD DL
Zzohd, FOHOKZOWTIEpH DS AA 7ay 7LD EWIE (5.8~8.6) 5, HITESE»S
D H,S OGRS, CO, DHMBECHRTHMENICDE L, o4+ TG (12) ABFERICBETW
prTnid, HBIROLTHE I,

Fig. 15 BAHFHEROBEAL SICBKEHEDKSBAL THEHEI»ERET 201, 60k D &
DEfFEE7ay FLABDTH S, ThdDHEIZLEMICIE, dD=80"0+10 DR EXFHLTWEDT,
ZhesDXEVHLWEIEABRTH-> T, JINRROBRROEEL ST ATRWI ENERTE S,

6. E5HYIC

PLE, ZR#g D #s X 0% DU TOR TR, #HE, EC, {625, Bk COREHREE L
WHE, RDEIWCR B,
(1) EC QORI L HidAM T XD MR JEZRABEOR K EBVWKL O 2EESFEL TV 5,
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(2) VY FTLEEL AT BIZEFHERBOBOH TR L HEWEVLHT /RO 2 BENEE
LTw3,

(3) BT R HADOHREFLOKDIEERABEOLEC I T RKEOEILICKELKET 208D
%,

(4) HTRVBIVFORABOXKZEVE) O F A4 b EFEREBIZH Y, £ Ca?, HCO,-, SO &
ERBEDABHULSEEL TS,

(5) Peor 810 atm AT DA A V34 B L TEAD 2 WIdBLEfREc b 3,

(6) BT RYHMNOARBIUZOFBOKIIRERERD 2 VLEEKOBEAZZVHDOLEELISNS,

Bis

AEB L UBERORMELEE S/ D MIILKEMBRARHAEL 5y —-DOHTH £, T8 -, HES
BEOSKOEHHIZVZEE Uiz, ZIRELTELHILZHLETE T, &b, XFEO—EIZ, B
F6LEE OB RIEMRE B R K BN (FFRARE - FIEHER) OBB2RUirhbhiz, B
HREMCHEERLE T,
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