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Abstract

In the Oga Hot Spring area in AKkita Prefecture, several hot springs are located along
the Yumoto fault, and travertine has been deposited there by past hot spring activities.
To estimate the character of hot spring water at the time of travertine formation, the
carbon and oxygen isotopic ratios of travertine and the hydrogen and oxygen isotopic
ratios of the hot spring water were examined. The carbon isotopic ratio of travertine is
almost the same as that of precipitate from the present hot springs. This suggests that
the source of dissolved carbonate in the hot spring water at the time of travertine for-
mation is the same as the present one. The carbon isotopic ratio of dissolved carbonate
in the present hot spring water is similar to that of carbonate rock occurring in the
Nishikurosawa Formation around the Oga Hot Spring area, suggesting that the dissolved
carbonate in the hot spring water originates from carbonate rock in the Nishikurosawa
Formation. The oxygen isotopic ratio of travertine is 3.5% higher than that of precipitate
from the present hot spring. From this, it is inferred that the oxygen isotopic ratio of hot
spring water at the time of travertine formation was 3.5% higher than the present one.
Based on the relationship of hydrogen and oxygen isotopic ratios, the present hot spring
water is estimated to originate from meteoric water reserved in marine formation. There-
fore, it is concluded that hot spring water at the time of travertine formation was also of
meteoric water origin and that the difference of 3.5% is caused by the fact that the degree
of oxygen isotopic exchange between the carbonate rock and the hot spring water was
more advanced at the time of travertine formation than at present.
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Fig. 1 Map of the Oga Hot Spring area and localities of sample collection.
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Table 1 6"C and 6'°0 of CaCO; precipitate, dissolved carbonate and degassing
CO;, from the present hot springs.

Dissolved

Scale carbonate

Degassing CO,*
Hot springs

613C, %0 6180, %0 613C, %0 613C, %0 5180, %0

Oga Hotel 2.6 17.3 —2.9 —6.0 27.7

Yuzankaku 1.6 17.1 —1.4 —8.6 29.2

Oga onsen#1 1.4 18.4 —1.5

Yumoto Hotel 10.4 21.7 —1.6 —14.2 27.3
” —5.2 24.0

*Calculated values from the measured values in Fig. 2.

Table 2 Concentration, 6"°C and 6'®0 of CO; in air including CO,
degassing from the hot springs and in the vicinity of the hot

springs.
Hot springs Concetration, ppm 015C, %o 6150, %o
Oga Hotel 5370 —6.1 28.6
Yuzankaku 710 —8.3 35.5
Yumoto Hotel 1140 —12.1 31.5
Yumoto spring 425 —8.9 40.1
air (Yunojiri) 384 —8.0 40.9
air (Yumoto) 384 —-7.9 41.3
8%Cppg,
% m CacCo,
2+ precipitate(scale) --Ca(:()3
" 2.3%o
+HCO,~
O -
A
-2 .49
2 Dissolved 5:4%o
A carbonate
4
LCO,(H,CO,)
B [}
Degassing CO,
-8
[ ]
m
§ < a
[ N c.
3 2 g
=3 [ c
@ z 3
(50°C)

Fig. 2 Carbon isotopic fractionation among CaCO; precipitate, dissolved
carbonate and degassing CO, at the present hot springs and the
equilibrium fractionation at 50°C.
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HCOs , BXUTCO, (KifE) DRITRZARAMESDINNZITEHEIEWVIRREETEC » Tt E AT
WTHA., BARFFIVTIE, BETHIRLZ 2D X4 —vd 6C 7 +104% & —5.2% & K E
CHEISY, FHIHEGERREBEMRAT 245 CO, DEN12.6% & Fild CaCO;—CO, D4R L 0
bREV, THIFES L, BRKOEE, E&EDBET CO, DA A & CaCOs DL HkE L TH
DIRLUEZ D, [ARADBINESEREICE > 2 itk 3 LHEESN 3.

4.2 RIKREQRZRLELNOHE SN S HELBHOBTELIRE

AIREE 18 20k (BAMHIK 2R <) @ 6%C (3, Table 31T/ d &B 0D —3.2~2.7% DEPHIZAD,
2D b K& HANB 2B AR &, —0.8~2.7% OEPHICA S, —7, BIEDIRRED 2 7 —
IS BRERR D 3 5N 1.4~2.6% DEIFHICA D (Table 1), AIKEDEHPHE—HT 5. BAEOR
RITBUT B 27 — IV EIRERRIED 6°C O (29~55%) 13, 4.1 TH#im Lk 2 ICERAD S
CO, i # 2 L CaCOs MILE Y 5 & WV 2 LIS L, fIKHE D HER 2SI b [F] UL G
DT > TV TTHD, AIKELBEFERRIED 6°C KFEEOEND >t EBFELZLN5E,. Lic
DoT, AIRELHAED Ry — LD BC NIEIEFRILTH 5 T Lo, AIRFEOHER Y OAFERK

Table 3 6™C and 60 of travertine and carbonate rock in the Nishikurosawa Formation.

Travertine Carbonate rock*

Samples 6C, % 6%0, % Samples 6C, % 0'%0, % Co%tﬁnt’
Al 1.6 21.4 NK1 —-3.3 27.8 77
A2 1.0 21.0 NK2 —-3.3 21.6 2
A3 1.7 21.1 NK3 —2.6 26.1 32
Bl —3.2 22.0 NK4 —-3.3 28.6 37
B2 —0.1 21.3 NK5 0.6 25.1 16
B3 2.7 21.6 NK6 —1.3 25.6 60
Cl1 1.5 20.6 NK7 —4.0 25.6 41
C2 1.2 20.4 NK8 —6.7 28.9 29
D1 1.3 20.2 NK9 —6.0 28.3 28
D2 1.0 21.1 NK10 1.6 27.3 39
D3 0.6 20.9
El 0.2 19.8
E2 1.5 21.1
E3 1.4 21.1
E4 —2.6 22.3
E5 1.7 21.1
F1 2.5 22.2
F2 —0.8 22.0
G 2.9 23.2

*Carbonate minerals in the carbonate rocks are identified to dromite or proto-
dolomite by X-ray diffraction.

**Carbonate mineral contents in the carbonate rocks are shown in the carbonate
rocks as weight percent of samples dried at 110°C, assuming CaMg (COs), for chemi-
cal form of the mineral.
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TR LB DR REE & 3L L oK ENALTH 5 EHEES NS, BEQRRIKDIEFER
iz D 68C & —2.9~—1.4% DHEIPHIC A B, TOEIZ~ 7 <ilEJHD CO, 2K T EFZ LN 5 KILF R
ho CO, D, FIAIE —T% &b FE<, & LaMK, LMK, &2 VId KSR RIEYE %
BULEZONDIRE, PIARBEEEDIL 70 km ITALE 4 5 5 AREEH G PG #E O /KR
DR (—21~—04%, MER - @, 1989), JLiBEMNHBINFEO LSRR EHEE S0 5 R
(—4.5~—1.3%0, MAEERM, 1978), MURROLAMIKEEZEZ SN2 D (—25~0.4%, FATER(
1980) I EEEUHPHTH 5. Lichi->7T, BEEROBRESREED, KA 2EFETELL, i
IKFF DIEFIREYIE & 5 W I3 Z N SHERK U 7RSI 2 i & 3 2 AlgEEA S . SAHIX o
AKIED 6BC IFBEHIX Z 0 b FMIcEus, FREORFEEEL TIVWTHAD.

5. AIREOEBZERMAFLLIZCONWTDER

5.1 BRIKELET 3 CaCO; BIDEERILIILSF!
AIKIER R — DSk A RFIC, CaCOs & HeO D ERFREINAASSHSIGAS I & 2 56
ESEINENOL G l[ES
(O'/0") caco,=a (1) X (0®¥/0") 0 (1)
DATHA OGNS, TI7T, a () BENMASBIRK TREORKTH 5. dfEICET &, LI
6"%0caco,= 0" 0n,0+10°Ina
:5180HZO+ A (2)
DBIERANL D 7o, (DBLTQIRAVRT L 51T, CaCO; D 60 (3, H.0 D 60 &iEEICIkE

L, BEXNSVIE D DBAEI/NE W,

BHAEDORRTIIAMEIR, A7 —vd§%0 (Table 1) EiRRE/KD 60 (Table 4) DFETH D 24.7
~258% TH 5. TDEE, ERKDEEZS0C & L& =DM 5IDE 24.0% (Friedman
and O'Neil, 1997) &0 & 1~2% =\, T DZEF CaCOy DI SIEA[MEIcHe T -7 2 itk B3Ik
SR, BB VWIREA R FILVOREITR SN 2 ZERESRI—EAInE o T LTk B EHEE
I3, 20X IR S 5 VWIRZERESBIOHS ORE IREKDER, HE0ERICED R
55, AKECHGIARENTH LT, BELD &FHEIEVD, H50IdT DX 5 IEFHE
SRS > t2 & LT, BIELRBEEEZZCLVTH LS.

5.2 AIRED 60 MHHETE SNTBRKD 6%0 LEDERIKD 60 DLEE

5.2.1 AIKIEEHURFOERIRKD 60

TSR D AIKIE (GAMIX ZFR <) OERFR[EN AL 19.8~22.3% T&H D (Table 3), R —v
DFEFRIM A 17.1~184% OFEFHICA D (Table 1), GIKFEDHFN R r — vk LT
3.5%0 & &\, b1 T fz Kk 51T CaCOs P & T iR 7K o [l D e 34 [ A 403 B A8 A IR BT kY
B HECREE T -7cE 45 &, D 35% DEZAIKFE YD ERKD 60 BHEAELD
b 35% Emm ot Z EEENT B, —F, UEEBAETERRKD B0 ICENEh-fcld B L, Y
B3 RIEDMED 5 7o 2 &ITi8 5. 2 DA, 3.5% M Pl Bl OEBEIREIC L 2 &5 &, LoD
RIBIIBEL D & 20CEERVWC EICKE, CO2O0DHFEHD I B ELONRHETHED, b5
WEIEPEE LI bDTH 20010d, AKEORERAREINIALLA 5720 TldHlid 2 2 & 8L L.
Z 2T, BEORFKICOWTKE, BRRMAKLS X OBEHF2REE O RZENALZEF250 012
ZORRNEHEE L, TN AKIEIZRARRIC b Z S TH 20O ZRE T 5. 56, GAMXOAH
JKEED 6"°0 (ZBEEIRRHX O AIKFEDEDOE D S D L 0 PRE0R, HIEMEADIE VO THIKE
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hBERIE T O ), ThE b EiRD 35% OEICHY T 3 EBR PR E - 2 OHIKHZEE L W,
5.2.2 BIEDIRRIKDKA

BAEDORRKD 6D & 60 13, Table 4 1T/R T L D ITEAF F L EEDRFRENCIE EA EEN
. D2 o0EJIKERELETH D, 6%0 FEJIkE b &b 0T 0.2~05% S\, ClEERE I
22~24g/l TH5. BB, BARDEKIZ2 DO EE L RKGFITE S DS, 6D BHJIIKLD &
4%, 6'%0 A% 0.5%0 KK\,

HIRIK DR ZHEET 2 72, FLoOMlEBON-EEE AW T CLRE S 6D OBfR & 60 &
6D ORE%%E Fig. 3 (a), (b) ICIRTRT. OISO X ST, BIEDORRKIZHEKER
IKDIBGBAFRD SH N, HKD 5 VI LAHEKOZ G FERD 5020, B NaCl 23 &3
B3, IKF%E, BRRENALLOBIGRED 513, RRKOEEIZRKEZEZ SN b, KKEED NaCl Ho
HRELTIE, BA, sy —vy 7l 70— vy 780 X 5 RO BIKE 5 g g
KRR E LTHRE SN ABELREZ V. 20 & 5 HiRFEKIE, CLEED 05~3g/l 12, oD 13T D
MU DO RIK EFALL L, 680 13 LIF LIdE A & OEAFRRAHIT L D 05~2% @\ (PIAIE, HAIE

Table 4 6D, 60 and chemical composition of the hot spring water and surface water.

Hot springs Teoénp, pH r{as‘g(t)g?lycoo Chemical composition, mg/!
6D o%0 Na® K° Mg?" Ca** CI° SO XCOy

Oga Hotel 51.4 6.4 —49 —7.4 1480 90 102 262 2370 230 1120
Yuzankaku 51.4 7.2 —49 —7.6 1420 88 103 190 2270 224 700
Oga onsen#1 42.1 8.1 —49 —74 1450 89 104 263 2220 231 760
Yumoto Hotel 49.3 6.8 —48 —17.3 950
Yumoto spring 39.8 7.1 —53 —8.4 131 13.5 10.6 14.8 66 21 250
Yumoto river 5.4 7.9 —49 —-17.9 24.6 2.7 6.5 8.1 34 6.3
Nomura river 17.5 8.3 —49 -—T7.8 27.5 2.2 6.1 6.9 35 12
Yunojiri (sea water) 23.9 8.5 —6 —0.2 10000 370 1300 475 18700 2600

*Dissolved carbonate shown as CO, in unit of mg/I.

(b)

-30 |+ Mixing relationship --30
5D of seawater and C 8D,

’ meteoric water %o
%o

-40 |- 1-40

e B
Oxygen isotopic
5% Q 0 @R e A | 50

O\ Present hot spring Present hot spring
Present meteoric Present meteoric

N | water | water | .
60 e 160

Fig. 3 Relationships of 6D vs. Cl~ (a) and 6D vs. 6O (b) of the present hot
spring water, and possible relationship of 6D and 60 of the hot spring
water at the time of travertine formation (A~C).
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7, 1981). BREERROREIR DX S AT T 5. IBESKIEIC OV T, BEAY 700~1,100
mg/l £E<, 6¥C I —29~—14% TH b, LFLD XS /KD OEGFERBIED 5\ I(2iEKD
IRERIGIIY) 2 Si & 3 2 AJREMEDN S V. 2 DG, IRKPRIKEREZZ 5N 5 DT, KREREIL
IR EZZ 200G ThH 5. BRERIREL OPEERINIE O RIS th O IRFRIESIY O EH & 13 30
~40% Db DWEL, BV bDTII80% ITET 5. T D 6BC 13 —6.7~1.6% DEFHTH b, MHRO
REGIESIM & —Fd % (Table 3). b L, D& MEREEESSBERRBHIBICS 3FREDEMND
b THfid 51513, BERROBEESKBNZ O XS SRIEESICHFRT 2 e S &0,

L, 25 ThhiE, BEERRMD 7 ) — vy 7S OER & ERICHERETICBRIK E LTl
I RKKEFRORRTH 2 LHEEINS.

5.2.3 AIKIEDIZEC YR D IR RKIRIKEZR T &b % nREH:

AIKEEIZRS 2405 D IR SRR DS BAE & [ERRICROKERTH 0, L bHEN OIREORIUC IZKZED
MoteddBE, GIKEITR OGNS 680 O 35% D7 IE M & BHAEDERKD 6%0 0% £, £
DA, MEOEFKIE Fig. 3 (b) 1T858 A TR & D ITHA & DRZEMASESEAEL O bt
AT\ &L 5. oA L iRKOERFRENARSHIT > W T, RIRIGIEY) & DASHH RIS
Y& ok $ARBTHEC 5 DT, BERIROEA T FB DV ERIRE O REEES & DN E 2
oSN s, TG, BERIKPRIEES & ORRERNAHSE-HICH v, < ORBIEIYIN Fu <4
FNThHo-7cEd5E, KEDHHNIL, FHIZI1E50°C Tl 27% (Friedman and O’Neil, 1997) T& %
DT, REREED 2T% &35 EIREKIE 0% 750, KKPOSDFNIR 8% I3, £z, Sk
B2 1F 100°C DIGE, 728l 19% &30, BEIRKIEE 8%, KRN SDTHIL 16% 155, Lic
DT, TODLHIT 4% FEE O FNILREEIG S & OERREIN AL D T AT ES 58D b
DEEZONE. BEORRKICO W TRAFMALDO RKK» S DFTNINS KB - B E LT
13, RIKDOTEE - ISR L L, BRFEINASSEOFRE 2D U T & 72 aJReniZ 2
Sns. L, 20X) BHKOMIIZIZS SICSEROMIEIRD 5N 5.

5.2.4 FREHIT/KIC & 2 AR AJREM:

B 20 & FR LT 2IRKIEAKIEZR SO b0 L[E U Th 508, HFEETRK Gt
TA) Ik TmRENDZ ET B E, FIKIEICASNDS 6%0 O 35% DXEAFHIAST L ENTE S,
HINDEIRKD 680 DSKIKE D b 4% EmnvEd 5 &, BIEDRIEKTIZS0 DI 1id 0.5% TH
50T, WSMHEARINTWE T &ITH 5. TOEE, CLEEIZ20g/l 2D &5 BEEEICS
%, KKEE®D NaCl B @ EEEk s LT, RAEARTRERBEBERAS SEMELEIN D 2 4/
DATHRS»-TEY, ClLEEIHEE S 4g/IEETHS. LrL, Tho0RRIVEFN LS
RT, BFEKD B0 RFKEFIEFCTH S, %7z, {LFHHRIZ SV TIE Na/K Hds 70~100 &5
WG - AIER, 1989). #4115 D Na/K 12k % Na—K AR T3 R o R 1E 100°C LU
ToOREER S, EZABBERRTII Na/K i3 16 TH D (Table 4), Na—K RT3 180°C
FEREEICHY G 5. Licns->C, BRERREDN, KPEe i)l EEEOHEKSRKKTHRREN b0 L
FEZDHDFEEL W,

5.2.5 ZDOfhoAlHeH:

AR AR DR RIKADS, KKV OREIRDIK, I EHKE 723 baik, BiIUKILA 2D
LB~ r=REDOK, H5VIFEERRO XS BHUF TEA &I G U o m ko ROK T F
RencboEEZ L E, TDOHED 6D & 6%0 OBEf%RIZ Fig. 3 (b) IT/RT X DT 5, & DY
D680 FHAEL D b 35% @<L, —4% THEDT, Bil< /< /KEFEEKDESR, ZEALEKX
BN HBIT, ik B0 OFNBHEFNITEHCIZS®0 DFNLHEEAEEBECD
il (PIAIE C) 1?85, Licdi-T, & LIBGT 2 FEERDRIKD 6D & 60 DREFHMEIFED
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AT, P TR, RAMERTR, BAEHE AllR= I RFF

HIZKEE TR SE & WIAREGREKD X 510, BEDERRKD 6D & 6%0 OBtz oD
HKERIKDRETHIHTZ2ThHAH. Lrl, HEDETZA, IhoDEKOGEERTHE
RSB E N TV,

Fr, FAIKEAHERET 2EBE—RITKETH 2 T & SHHEL T, 6%0 @ 35% DEMTITH
IRIERCS R I RIEAMED 5 7. 2 &L 3 6D TH Y, RHICIKEN L ->LEVIEZH 15
OnfEETH 5. L L, AIKEORE SO T OHERRYEORRIGEINHAEL D $BATH - 12
2 &, BRUBFEORIKOLARENEW T &, THOBHNREENSVWI EE2ERZLL L, [
IKIEHERE S IRE O SRR AR o 7o & 3FAHE V. £ 7o, AIKEEHERCUR I BB L 7R K Ak
HFEORIFHICH D2 > TR P20, TOREMETT 20fend 5. T O, GIKED
%0 MBI K H S ARIFERIC[A) 0 » TEA LT D19 TH 5. Lirl, SEFEELC6HETIRE
D& S B LEIRTEIRSNT (Table 3), TORFEELBVEEZ SN B.

6. ¥ & &

TRIEBOEBA M A D—>2 & LT, BERREMIKICEVT, BEORRIEENIC X b HERFL
T AIRIED R, BEREINED & 72 O BIFORRKDRE A HEE L, BIED FE & ik L s
RD T EPIHGMITEI N,

1. BREOEFKIIOOVT, BESKME, BT 5 CaCOs;B L UBA 294 % CO > W ThHE
QAR ARIE U 745 E, 3 H ORI I3 EEERRIc D 5 2 EIA L 2. T 0BG
EFRIRICES S bDTH D, Uit - THIKEREREYRRIC b[E UIRRBICH - 7 EHEE S N 5.
DT EE, LIKHELBED CaCOs LEBID 6" C O Hlgh & G IKHEHER 4 & BIfE O IR E AR
RO PIRETH 5 T L2 EKT 5. AIKIEDORKFED 6°C (£ —-0.6~2.7% D& TH b, —F
BITED CaCOs hBNE 1.4~2.6% DHEIPHTH b, MFFREF T 5. Licnd> T, fIKHEHERE
YR EHET, AERRBEORFEIE L THh s LS N5,

2. BIEOEFBKDEGEEREED 68C 1 —29~—14% Th v, HHROREEEIMAERE T 515
RiICkKRONBETH 5. BERRMEOEERETICE, KGRI % ST RIBES
FAEL, ZOHORMIESIO 6°C 13—67~16% TH 5. L1hi-T, BERSRKEIEIZDLS
1R AR & 9 5 alRErE s = O,

3. PHERFEORE/KIENaCIEITH 375, CliEp & 6D DR FHK & KKDIBEREFRD &4
n, KR LG ORADRIFEME GV, HR/KD 6D (FHIFRAKEF U Th b, 60 idHiZRK
X0 & 05% ZEF. BEEKBIIBRBTOKRBEIY ZRFE T LB 5bEE L
BEORRE, ftho 7)) —v & 7HR OB R & ERR iR EEK E LTl S he oK
BORRTH B EHESNS.

4. BEEROAIKEDOEEFRAAHLIZ 19.8~223% TH D, BAED CaCO, kB DR IA
BEA® TV EERS & 17.1~184% ThH b, GIKHEDHNBIED CaCOs tEEI L © FH LT
3.5%0 E\ . AFKIETZ ARG R O R SRR IS BIAE &[RRI ROKEEIR T d b, CaCOs phiBtd) & SRk DfH
DOIERRINAR DB IKEEER Y E A CRIBEE Th - 7c L9 5 &, 60 @ 3.5% D7 13241
LBEDIRIRIKD 60 DZEELHEE SN B, 3.5% D NIIKIRIGHN) & iR IRK O BRRIE (LA
DEITOREDETH Y, URFORIRIKIEFBIEEL D bIRIRIEIN) & OFERFENASR/DEA TV
7o EARIRET S,
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55 58 % (2008) AR B R R O B AN I IS 5 AIREES & OHRSR D[R AR LIRS

B3

KR AEITHICH o0, BEERIILEREOH 2123, BRKEAIRERBRYORE ORI
BOCHEEZG - CHHW 2. FKHEEERMREEN € v & — T v & —o@EH=ER, B
SO AR TGRS OEBREETRICE, 142787757000 fsE42TEN . X
HARZE THEFEFHBONRAERICE, FMAEICB O TBHEERC >/ 2 Zodpis & PR
ERERBRICBERBPELTEV . U EOH L2 cih o vz LEd
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