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An Isotopic Study of the Hot Springs in the Kuroko District

and Adjacent Areas, Akita and Aomori Prefectures
Osamu MATsusava, Hitoshi SAKAI and Akira SAsaki
Abstract

Some 40 thermal and surface water samples from 21 localities (Fig.1) have been analyzed
for hydrogen-, oxygen-, and sulfur isotopic ratios of water and dissolved sulfate (Table 1).
For comparison, the data of the spring waters from Yashio and Isobe, Gumma Prefecture are
also presented (Table 2).

The thermal waters from Green Tuff formations around Odate Kuroko area have
narrow ranges of 6D and 60 values (6D = —60 ~ —70%, 6* 0 = —10 ~ —11%), and are
considered to be the simple recyclic meteoric waters (Fig. 2). The %S and §°0 data of the
dissolved sulfates are similar to those of sulfate minerals from Kuroko deposits (Fig. 3). The
dissolved sulfate is very likely to have been derived from the fossil seawater sulfate in Green Tuff
formations. '

The relationships among hydrogen and oxygen isotopic ratios and chloride contents of
saline waters from Yatate and Yunosawa, and also from Yashio and Isobe strongly suggest that
these saline waters contain fossil seawaters contemporaneous with Green Tuff formations (Figs.
4 and 5). The oxygen isotopic data have evidence of remarkable isotopic exchanges with wall
rocks during the hydrothermal processes (Fig. 2). It is suggested that the ore solution of Kuroko
mineralization may have some similarity to these thermal waters. The saline water from Mori-
take may also be related to fossil seawaters. However, according to their oxygen isotopic ratios,
the waters may not have been involved in any hydrothermal process in the past. The sulfur
isotopic ratios of dissolved sulfates in the Moritake thermal waters indicate that the sulfates are
the residue from bacterial reduction of fossil sea water sulfates (Fig. 3).

At the Goshogake geothermal area, the relationship between hydrogen and oxygen
isotopic ratios of thermal waters show an excellent linearity extending from the meteoric values
(8D = —67.4%, 6*O = —11.5%;) to the highly shifted values (6D = —28.1%,, §°0 =
+5.4%0), of which the slope is about 2 (Fig. 2). This is similar to the feature observed for the
acid type thermal waters which have been considered to be meteoric waters modified by isotopic
fractionation during kinetic evaporation processes (Craic, 1963). However, such a linear
relationship can also be explained by mixing of a deep thermal water with appropriate isotopic
compositions and recyclic meteoric waters, though it is not certain whether such a deep thermal

water exists at Goshogake. The origin of thermal waters at Goshogake and the processes of their
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isotopic shifts thus remain unsolved. On the other hand, the thermal waters at Tamagawa may

be of meteoric origin judging from the extents of the isotopic shifts (Fig. 2).

The oxygen isotopic ratios of dissolved sulfates at Goshogake show some correlation with

the isotopic data of waters (Table 3).
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Localities of the hot springs and surface waters of the present
Numbers in the map are those in Table 1.
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Table 1. Isotopic ratios of water and sulfate and composition of some major elements of thermal
and surface waters in Kuroko district of Akita and Aomori and adjacent areas.
Isotopic ratio, %o Chemical composition, ppm
No. Sample t°C} pH water sulfate
oD 9O ¢S 50 Cl SO, Ca Mg

1| Owani (Komin-kan) 574 6.8% —69.4 —11.1 +21.7 + 6.9 | 1,170 599 233 9
2 | Owani (Akayu) 68% 6.9% —69.7 —11.1 +21.1 + 6.6 | 1,030 516 — —
3| Owani (Aoyagi) 75%  7.1% —69.9 —11.1 4-21.2 + 7.2 950 531 —_ —
4| Owani (Oyu) 70% 7.1% —68.0 —11.0 4+21.0 + 6.4 910 448 160 5
5| Owani, tap water — | — —57.1 - 9.2 — — — — — —
6 | Taira River — = -55.7 — 9.1 — — — — — —
7| Asaseishi River - — —65.1 —10.8 — — — — — —
8 | Nurukawa 59 | 6.74 —71.7 —11.5 — — 286 495 — —
9| Lake Towada e —52.7 — 8.1 — — — — — -
10 | Furutobe 41} 6.5] —59.0 — 9.6 +21.4 + 8.4 | 1,340 807 367 122
11 | Sakanashi (SN-2-1)** 47| 7.4| —63.2 —10.1 +20.8 410.4 293 452 — —
12 | Sakanashi (SN-2-2)%* 4| 7.4] —62.2 —10.2 +20.5 +10.2 304 491 — —
13 | A branch of Taira River — | = —57.2 — 9.5 — — — — — —
14 | Yunosawa (Hakuryu-kan) 54 6.2 | —44.2 — 3.8 — — 6, 340 18 523 218
15 | Yunosawa (Akimoto-1) 46 | — —48.4 — 2.2 — — 4,840 20 396 199
16 | Yunosawa (Akimoto—2) 46 | — -50.3 — 1.0 — — 3,230 1 314 86
17 | Yatate 30| 6.0 —39.7 — 2.0 — — 7,910 16 794 486
18 | Toranoyu** 39| 8.3| —66.3 —11.0 +21.2 +10.4 114 1,170 — —
19| Yukisawa 49% — —62.3 —10.3 +22.2 +11.8 68 1,610 — —
20 | Oyu (Kaminoyu) 60| 7.5 | —66.2 —10.0 — — 610 130 — —
21 | Oyu (Kawaranoyu) 63| 7.6 | —65.9 — 9.9 420.6 + 4.5 880 144 91 1
22 | Hachimori — | — —50.0 — 8.8 — — 48 42 — —
23 | Shiohama — | — —49.4 — 8.1 — — 43 17 — —
24 | Yoneshiro River — | — —54.5 — 9.2 — — — — — —
25 | Moritake (No. 1) 62| 7.4 | —34.2 — 4.7 +28.9 +11.0 | 13,200 266 2,740 16
26 | Moritake (No. 2) 58| 8.2 | —33.6 — 4.8 +32.6 +13.1 13,100 245 2,770 11
27 | Ogura 15% 8.6% —58.4 — 9.4 — — 217 18 — —
28 | Futsunai River — | = —46.5 — 7.7 — — — — — —
29 | Taya 13| 7.8 | —41.1 — 6.5 — — 1,480 15 31 8
30 | Goshogake (Chubozu-jigoku) 86% 1.8 —60.5 — 8.0 — 0.6 + 3.7 17 1,450 110 122
31 | Goshogake (Mud Pot) 93* — —41.6 + 0.8 — — — — — —
32 | Goshogake (Oyu-numa) — | — —28.1 + 5.4 + 3.5 + 4.4 11 343 72 67
33 | Goshogake (Konya-jigoku) 94¥ — —34.6 + 4.4 — 1.3 + 7.9 27 1,840 8 14
34 | Goshogake (Oname-Motome) | — | — —57.3 — 7.3 + 3.4 — 6.3 14 370 12 14
35| Goshogake, a stream — | = —67.4 —11.5 — — — — — —
36 | Tamagawa (Obuki) —| = —55.8 — 7.9 — — 3,020 1,050 136 29
37 | Tamagawa (Kagamisawa—1) — = -54.9 — 7.2 — — 20 603 — —
38 | Tamagawa (Kagamisawa—2) —] = —43.2 — 6.2 — — 10 1,220 — —
39 | Tamagawa (Kagamisawa—3) — | — —41.9 — 5.8 — — 9 667 — —
40 | Nyuto (Karabuki) 51*% 5.2% —64.5 —10.6 — — 17 64 — —
41 | Tama River — | — —58.0 — 9.7 — — — — — —
42 | Lake Tazawa — | — —61.7 —10.3 — — — — — —

* Data supplied by the owners of spring.
** Drilling wells by Dowa Mining Co.
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Fig. 2 6D wvs. 080 plot of thermal and surface waters in Kuroko districts
of Akita and Aomori and adjacent areas. The data of Yashio and
Isobe, Gumma are also plotted.
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Fig. 4 6D vs. Cl plot for saline waters of Yatate, Yunosawa, Moritake,

Taya, Yashio, and Isobe.

Those of California Coast Ranges

(White et al., 1973) are also plotted. The line shows mixing of

sea water and meteoric water.
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Table 2. Isotopic ratios of water and sulfate and chloride concentration
of thermal and mineral waters at Yashio and Isobe, Gumma.
Isotopic ratio, %o
Sample water sulfate Cl, ppm Remark
oD 80 %S %0
Yashio area* . A
Jinsui-kan —28.2 + 2.8 +27.9 +16.6 10, 800 ok
Urabe-kan —20.6 + 6.0 +28.8 +16.6 14,700 W oE A
Yashio-kan —27.6 + 2.1 +28.8 +16.3 12,100 A O
Tenjin-yama —56.0 — 8.6 — — 237 X o4
Isobe area**
Isobe —23.3 + 2.1 — — 11,900 ] id
Kaminoge, R-12 —19.7 + 2.9 — — 13,600 E %
* BB RSEERAN A
RS R THE LR
y Yoo
+5 +10

: Yatate, Yunosawa

: Moritake, Taya

B X O

: Yashio, Isobe

® : Caiifornia Coast Ranges

Fig. 5 6D vs. *80 plot for saline waters of Yatate, Yunosawa, Moritake,

Taya, Yashio, Isobe, and California Coast Ranges.

Dotted line

represents simple mixing of sea water and meteoric water, and
solid line is for mixing of modified sea water and meteoric water.
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7—( 7))




HEREFRAR E26F 15

%o) BRESKR (FESHPOLER) XX SPOEY 77
AlicFhTW 3, ZhiZBEOER LKROBIA AR
Tk Y, Kiz B0 REHEEh, Wb B oxygen shift
(Cratg, 1963) LE X HILB. T D oxygen shift 23K
Z DL DOPBKIL LIBRici > 72 b D2, BBV
BRKLBA LIBICE 7 b O, TFE, BEHREK
DI L L THAROBAKLEFTABRELZ DR 22HBZ
CLBELCHELAMETH S ESRICA hD X
i, BHOBERMEER CERETRT &0, AR
oxygen shift {8 L7z BIZRKKEBAELLEBEXD D IT
HHETHS. LrL, HFOERE 6D =0 %% TH
HTaL, 00 = +11%icbRY, —BOEFR LEK
PEIR CRALAESHBEM I R - e e i S h B3E L Y
B2V EL RS, 2T, HRTERA & FAHERHRYE
BichBKD O fHL LT REL AL +8
%ok & B L, HHOERHPSZD D HEIZHK—10% & 4
3, ThiEdERBBk{LT 38T, T TR BBERK
DREAZIT TN LERTRTZE9CBRbh3. &
BV B & DRFERMAGRHIZ LD, #AKD 6D
ER <A F 2l FRFIERE b » 5 (Warte @2,
1973).

BHSROGIENRZ D X 5 7z, YWAEBREORKI &
DAECRRKLELHLZLOTHAS I Z LiREL TR
TTIRBLLATWDS (JFEFH:, 1974; Sakar and Matsu.
BAYA, 1974).

4.3 #E HE

HEIHEREEOEDOE—Y VXV a2 bR
ebDT, SV —vyF7E (ERERE) »6BHLTY
%5, iz, HBEE A ZHRT, MIED
REEPLBEHL TN S,

#E, HEOKD 6D EL Cl- BEOBIRIRRT, &
ORBEPFRIERLEE-FHLTRY (F4K), 2k
VHEAMBBERLTVWE LELX OIS, LZB), DE
& O HORBRIE, BEOUEKERKDESGERDY
mESRPOER) LBE—EL, &, BORARY
RN X5 BREUKILIC X % oxygen shift T A ¥
BoTWhiaw, Z0X 5 RAKIBREOTERERCRL
na53, HFE HEXEFRIVEE 0 AR b
Y, WECHAMBEALTHNS EEZZLV R, B=K
FEHROMEEKCERT 5 L EZ BRI S IE
bhs, Z0IR4E, oxygen shift BRfE o TN T & 2
bAHT, FhbRBEEBNTHEKIL LIz Lhikedo
rborEZLND.

BREOWFRERA 4 D 84S [E L 80 fED BRI,
EIRIZRT L I AD LD EHNT S E N EL

K 75 2 ThTw3, B2 EMIEch 3R
Rof#Eiz>0wThb AL (F3X), 8Z b LA
DB A2 TV 7ORBERIT LI LERLTNS
PO LEZBND (Sakar and MaTsusava, 1974).

4.4 RUEBERE

ZOBIOBRTFEEILOKIIES & HECEEL TR
Y, FORKIEAEREEZ DN B, 6D fE, 50 &
L iz LiF LT isotopic shift ZE LTWBZ & B4 b
T3 (Matsusava (22, 1973). SEORE T,
HAH, E), LEXZOEIZET 3.

441 8 £ #H

AT U FHEMFH O T LEBOEA RFTO—
DT, KMEL RBEOESR, EERDB. TOPTK
XNL D5 IFHIEOWTHITEITo . Zhbixwvwih
LIEEOEVRBEBRIEDO L OTHS. 20 X ) 21k
SHBROBETIE, ThETEI, BB, T, EHEm
BRETHLATHWE X YT, ZThizEKE7% isotopic
shift #E L TW53 b DixRv (JHH, 1974; Sakarand
MaTsuBAYA, 1974).

LIAW, BRCRT X O BEHROE Gk D
oD fE & 00 fHITFKDOER» B 7T A fillic PO 3 HEL
20EBECERNIZEY, BLBEWEOKBR T
0D = —28.1%, 60 = +54% IZbELTWE. =D
Bf%i% Cratc (1963) =X ¥ 7 2 U & OREEERMERICS
WTR2T bR (AE3) LRIEITWS, i
ZOBERE, KOBFEOBOIEHERMESIIZ LS
LOLARLTWS, LhrL, BREDOKNEEALEAK
ELTVolcBx 5L, TOX)RECRMEL EE
Lcb D, HOREELTWIKOKRESPEBLT
LE-RED LEXOR, BRNRATCHE DS LS
Hbhs, T, H. Craic 2 D. E. WarTe [3H1 T DO
TR & ER T LT E ok BE0— B MR ME Tl
WL, X HIBREBEVWRAMELERE X 12/
BLEZTWHLEST 555 (D.E. Warte X 9 0 F,
f8), Z DB SEEHE LI KOBRLRNMESFIOKRE &ic

TEERBES X icBbha. LaL, WFhickk,

DR GERAEHOBIRAKIC OV TiRE—RRITHSI >
Tk, ZhbDEREKRIT BKE LEEEORMNAL
RRrEEOBBIC LV RHEh TWEZ L 2HRL
TRY, SBRELRELIBN SN AHERD 5.
RERERBRRTOLHEERH L2 L 5% D L §°0
EOBENED LN TWENR, Z0EAE, HTicl—
REARRSD Y, FRBEL OFE TREREAK LIRS LIk
BThD LRI TWS (MAaTsusava i$7s, 1973; &4
ERED, 1979). REBOPE, F - RESPLEMR
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KEE, FRAROBEHES X U2 0 AT OBRAIC DT ORME(LEGTIE (BRERE-BEHY L2 KE)

DX 5 ICEHEDS WEE TRKICE VW D E B L O
PO ERRLND (FBLIR) b, SEOER K
DERABEZEZ O, F2ROERBRITER LRRCE
BArsbordEZLNG LML, HECHAIXE
FHEEZ W TLBAKR I AFRICL > TFERLHH
TEHDIHL, BERCIBEFEERIC W TERAD
RERERERED O, ¥, BAEEFTVERE
Hiedb TROERE, WoBuk: UTRMELSKREE
D (0D = —28.1%, 0%%0 = +5.4%) LY bHLFF
2z Fhib DR EET D L, ZOHEBELKERL
FEEOHER L OOFEENE(, MR TEA LR

LR L TRV ICETER L5 B bh 3 (F1
%).

—7, Warre E2» (1973) 24V 7+ v =7 Mo
Coast Ranges [ZBHT38EROEL T, FAE i
Zh b ERERWR ClIm BEDIKY (BE ppm) L0 R
HBHILEROU, BHER» DML IKEINEEREL
LD LFEHAL TS, BEBOBEDL, KL, HOR
DX BRHEKEREOBAPH TESICHY, ThAHHS
BEL TR SEE LTV AR E 2 bh B,

ZOHIROHMBREER £ FHFIC@FA LA STy
ROR, &ELLTHENE, SV — v 272D ETE
E=ERPHRORBEEERL L, ThLEE=FRID
FEIRICPT TOEHEAENE> TWBEELLNS.
g (1967) BBENRZOSV—vE7 BB O TIL b
Y, 2L ERFLTELBARS Y — v 2 7RBFT
ERAKEBELEKLTWE LD LEZTWS, BED
LZATE, ZOKDBRICOWTIZ- &Y Licihz
EFZ LR TEhnn, T ERICEREDCBKSTEE
LTWT, ZhMBRBRLICTTETNEDR, HEWIE
BT TS, BA L ORMESSHRPLER DR
DERLESBIZ Eiz X Y isotopic shift ZE L TH N T
TL2E52bsBOEERBIZR > TNEDME, K
DFBFSEE D b OBOBEDEEREE 2 5 LTHED
BHEETH .

M OWRTERREEA A D 08 i X —1.3~ +3.5%

OEFHIZA Y, supergene sulfate (KIIEDHRLK & 23
HTEFCRILEN TTTERRBRAAY) THBZ L
FRLTWS., Z 0L 57 supergene sulfate @ 620 &
TEER T b icREDAKk D 60 fHizikl BE IR 3
ZERMmB TS (Lioyp, 1968), = D4 b 43
RITRT L9z, BHEMICEAKD 620 EREWS D
MEA AL D PO ELEHL RoTWB. Lirl, Hif
EHR L HEBHRO L 5 ChiER A 4 VBEORW S O
WiEg A A LKD 0 EOERKE VDI, -
AELRKBED XD CHigA AV BECENSOEED
EIUNEW, EREED MSE (Bl1R) £ b iko-&
D L7ERRBOORE, ZDZ i, ThbdOREEA+
VORBENR2EEHZZLETRLTVWEE > cE bh
5. EDHE, FBA A VEEORWLDDOHBRKDOE
CEBINLRNLDEZELEATWBE Z L LR 3.
Lrovp (1968)iz XX, 6O fEMR — 8 %oD/KkD H T
EBEBIEHEE A A D 00 iz — 1% &%), +5
%oDKTIE+ 8% & e B, ETHIERA A v L ARSI
WHOEHGIZ HaviE, 200 ~300°CTi3RbEe A 4 > D 2310
~5%E<7%5. L, WFhicLTLESROEE

CRFERLHEHT A LIITEY, S0LIAEo%Y

Licfwme 2T 2 Lz R#Ech 5.

£4.2 F )

Ehzix, BlinnoRkEz i e Lk C-S0, Blo
iRy, 2RUAOHIBOER A4 v RIELAEEE
ROREBBIERY b5 GERE, 1963). SERAN L KH
RIBWO SEB I W THHEfTo/. 2h b o kD
oD fE L 08O EDBFEE A B L, KEL EHBROTE
DL (F#BR—1) Tik Matsusava g2 (1973) o
BA L FREICIRAD (0D = —65.0%, 6°0 = —11.0
%) NOHE2DER IR, LIBH, FEROL
FOLEE (FHR—2, —3) BoBBRID 0%
oD ER 77 ZAlicFhTn5s (FE2). 2hdbixng
BRI isotopic shift #FZ LizbD L Exbh 5.
BERBOO EFOLORRR - BRERTOR, &
ROBEDENESBIRER L ORI ERH: EREE -

Table 3. Difference of %0 values between sulfates and waters of the

thermal springs at Goshogake

Sample I(;)I())rrrlltent of SO,, 5050, 0,0 59050, — 00,0
Chubozu-jigoku 1,450 + 3.7 — 8.0 +11.7
Konya-jigoku 1,840 + 7.9 + 4.4 + 3.5
Oname-Motome 370 — 6.3 — 7.3 + 1.0
Oyu-numa ' 343 + 4.4 + 5.4 - 1.0
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#EREFRAR B226F% 515

TCRIB TR > TV 32, &3V TROKFROZE (GE
BE, 1963) k3 nLBbh 3.
WRAZVRBEAEEERVEBBER T, BF
TiER A A v D 6%4S fE1% 0 %oiziE £, supergene sulfate T
HBZERRLTVS, LTHRB, KEX+28% 0%
W S EEFFOZ LM Db AT Vv 5 (MaTsusaya &
2, 1973). —fgic KiED Cl-SO, BHRIR TR, 6*S{E
B+20%FHOBNMEELFFL, ZORELZS>WTIEWD
WA LEZ BN TW 5. Sakar and MaTsusava (1974)
17V — v & 7 RREPOBKEIROTRERER £ OEIK
ThdLBEXT. KBEORBAAVZOW TR, £0
BSENRFEL 7T 2 TR TETNWBIZ LBRELTHL
hTBY (PHEZ, MR, £7ItBE O R
H LR (1000~20004E50) IhhEofck W 5 #iE
(-8B, 1972) LHoRY, TOEBEBLUEEIL
Hkh2METH S,

4.4.3 H, TH

ZERISHEBE O RV HBIERTH D (FPRHZ, 1960),
DKo SDEL 8O0 ERRADEL &L A VEPR
WZ ERBART, ERAVEIZED bhibo LBbh
5.

KEEHT & Wl & 3 5 BEHUR 0P E =P Fi B
LEHLTWBERIZ, &Ko DEL M0 ERTHE
=60~ —70%3 X —10~ —11% DFFHEHIZA D,
ZOHIRD SV — v x 7 EE LT AMERIC, FALfi
DY — L RKKEBROKBIEL FAHLTNEZ L ERLT
W3, —JF, EEREEA A D S L 600 BB
SRR OREBEGH BT EE—FHLTRY, ZhbDi
BT 2HAKERORBE I b0 L
ZAbiB.

RIEBEICEORIZ, FDko D EL 60 fER X
O ClrBECEFGIL, Y —r 2 72BPEGAEN
TALREANBEKIE Lich D b EBEZBRD. HELREE
CEZROWEKEREEZ DN BN, MO RS BT
BECEKLLIEZ LdbtbELONS. HEC
X, YBOUWKERORBAA VRN FY TICLVE
TENKEY LBRbRE2LOREENR TS,

BAEHTIX, Ko DEL 620 fHIZRADHE (6D =
—67.4%, 00 = —11.5%) & &b BV FEALE % B
L7z KRB (0D = —28.1%, 6°0 = +5.4%) £C, 18
JEWEHEIZhbY) Afd2 O EHEBE R %2 R $. Crawc
(1963) 13 = » X 5 %2R & BREOEOIEFHE 2 RS
BMicX 3 ETHHAL TR, BHREhEIEORE S

PORTHOARE 5L Bbh3. ZOL5RE
MRBRIE, BT IEYREKEEZEZNE, ZhERK
EFEOFRAKLDOBATOHATHIZ LA TES. L
L, BESRHOEA, MTREKBPEELTHENE 5
4oL ZAHLATRY. B UAEEHEME BT
3FENTL, Ko oD fEL 60 HEOMIiIZFR2ER
BRLN BN, & 0OEA 2 isotopic shift DR E X2 b
RTRABELBERLTRNTSSH.
BAEBOBRHEREBRA 1%, D S fEL Y super-
gene sulfate THBHELEX DN 5. D 0 E i3kD
SO EDHELZITTNWBZ LRRDLNEN, EE
RISBICIZ 22T — #8544 TR,

BE AMEO—FICHH UERRUER X UBRO
BRAK, SRR F R SN KB RERFTEROR
WH—BEELIC S 5.

(S2fFE ¢ 1974,11.19 5 23 : 1974.11. 28H)
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