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Abstract: At the Shraoi area located along Pacific Ocean between the west and central parts of Hokkaido,
geothermal water of ca. 40-60 "C has been regionally produced in a large amount by 400 to 1,600 m
deep drilling since 1960's. A study of geochemistry and isotope geochemistry for characterizing the
hydrothermal systems distributed at ca. 1,500 m depth and down to ca. 3,000 m depth, and understanding
their origins has been conducted not only at the Shiraoi area, but also in the three regional areas
surrounding it (the Quaternary volcanic area to the west, Ishikari Lowland and the Paleogene area to the
east) using surface, ground and geothermal waters. The results could be summarized, on the bases of the
results of previously-reported various researches for these areas, as following (1) to (4):

(1) The Quaternary volcanic area, corresponding to the eastern-most mountain area of the west part
of Hokkaido, where the Quaternary volcanic activity is prominent on the Nogene formations and pre-
Neogene basement rocks, is characterized by the various kinds of hot springs naturally discharging.
Especially at the Noboribetsu area, where high-temperature fumaroles and acidic alteration zones are
observed, the contribution of the magmatic fluids has been estimated to the high-temperature high-salinity
acidic to neutral Na-Ca-Cl type hot-spring waters based on the high §D and §'°0O values of the waters
and others. Around the Karurusu hot-spring area, a hidden deep high-temperature (higher than 200 C)
hydrothermal system was discovered by the exploration-well drilling of the Geothermal Development
Promotion Survey.

(2) The Shiraoi area is located in the west part of Hokkaido and corresponds to the coastal plain and hill
area along the above (1) the Quaternary volcanic area, although also corresponds to the southwestern-
most part of the following (3) Ishikari Lowland. In this area, the above geothermal waters of low-salinity
neutral Na-Cl type (enriched in SO, at the west part and changing to Na-HCO, type at the east part), and
the apparent geothermal gradient (the discharged-water temperature divided by the well depth) reaches as
high as 90 "C/km at the west part. The above geothermal waters (especially at the west and central parts)
have been estimated to be derived from the hidden deep essential high-temperature hydrothermal system
which has been formed from the meteoric waters precipitated at the above (1) mountain area to the west
by the conductive heating of the magma chamber and hot igneous body located deep underground, based
on the close distribution of the Shiraoi area to the Quaternary volcanoes, the above chemical and thermal
characteristics, the isotopic compositions of the geothermal waters (ca. +1,0 %o of the §'°0 value sift), the
various high-temperature values (ca. 200 to 250 'C) estimated using the geochemical geothermometers
(Na-K, Na-K-Ca, and water mixing model using SiO, concentrations), and others. It could be pointed out
the similarity between the deep hydrothermal system and the one discovered around the above Karurusu
hot-spring area, which is located fairly close to the Shiraoi area. The contributions of the magmatic
fluids like the ones at the above Noboribetsu area seem to be small to the hydrothermal system at the
Shiraoi area based on the water isotope data. Also, the contributions of the lake waters of Kuttara-ko and
Shikotsu-ko, and the seawater and fossil seawater seem to be very limited to the system.

(3) Ishiraki Lowland is a large-scale subsiding region where the thick marine sedimentary rocks of
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Neogene to Quaternary periods are distributed, and the geothermal gradient is low. The geothermal
waters obtained by deep drilling in this region have been classified roughly into two types, namely, the
high-salinity neutral Na-Cl type originated mainly from seawater (and fossil seawater) and regionally
distributed at the depth, and the low-salinity neutral Na-HCO, type originated from meteoric water and
distributed at the western part and others at the relatively shallow levels in Isikari Lowland. The low-
salinity-type water from ca. 1,000 m depth at the Chitose-Rankoshi area, in the western part of Isiraki
Lowland, shows specifically low 8D and 3'°0 values, suggesting that its water origin is meteoric water
precipitated at ca. 1,000 m a.s.l. in the above (1) mountain area to the west (possibly at the colder period
in the past). The low-salinity-type and high-salinity-type geothermal waters discharging from shallow
wells at the Umaoi-Matsubara area, in the eastern part of Ishikari Lowland, have been estimated to be
produced by the water up-flow from the depth along the active reverse faults and folds distributed at the
area.

(4) The Paleogene area, located east to the above (3) Isikari Lowland and being the south and west
marginal hill area of Yubari and Hidaka mountains, is characterized by the distributions of thick
Cretaceous and Paleogene marine sedimentary rocks with numerous complex reverse faults and folds.
The Hobetsu-Murakami mineral spring of low-temperature high-salinity neutral Ca-Na-Cl type water
with high 8D and §"0 values is probably dominated by the fossil seawater of the late-stage diagenesis
for the water origin. At the Yubari coal field located north to the area, the geothermal waters with the
similar chemical characteristics have been developed by deep drilling (ca. 57 'C at ca. 1,500 m depth),
and the fluid inclusions formed above 200 "C and distributed surrounding the large thrust faults have been
observed in the core samples by the National Oil and Gas Exploration Drilling. These suggest that the
geothermal waters with fairly high temperatures migrating from the depth are distributed, at least locally,
at and around the Yubari and Hidaka mountains, which have been uniquely in an uplifting and fracture-
developing environment due to the oblique subduction of the Pacific plate-slab, although the area is
located at the forearc region of the Chishima (Kuril) arc.

Keywords: Hokkaido, Shiraoi area, Ishikari Lowland, hot spring, geothermal water, deep drilling, water
chemistry, isotope geochemistry, electronic Earth-sciences information, synthetic analysis.

=
(=]

= H7=% %, ALHEEEBIZAE L Tk

it (1) D2 UAC KL

AL D VeI & R ORI AL E T B AR D
FE g T, 1960 R A & B 400 ~ 1,600 m DL
HHRHNZ & > T, W 40 ~ 60°C DIERA D RIRIIZ £
HIZEHI L0 3. AR A& 0 A 0 3 AR (V4
JOFEMRKIIR, HHOLFHER & 55— Rik) %
GOT, T FRHIHEE~ 1,500 m % E TH LU~ 3,000
mFEET) IR T 2 BACROR B & RIFE A S 22 ¢
5 HIYT, kA - T K - RIS DWW THIER L -
RN ARG 5 4 - PR A T 72, 2o oIz D
WTDRERD BRI R OB A FMEE LT, Z ORI
DFOoO)~@okricFwohs.

(1) SRtk (B E P O T Il & 72 0,
FHE S RERMBE UTHE R0 mL, Bkl
WMEIAEFR) T, SMAEESARHEH LTS, R
12, BAX (BRI EES) T,
R R CREME~ 1 - Na-Ca-Cl BUDIR R A 57
L, WEADOENSD A - §°0 iz E2 6~ <k
OFRAEOF G R X 5. HEBIRIEEFA O
TIZK 5 THUNL ZMWIXEATIE, FEBICFRE & 7z S
BokR (~200CLLE) OfFERHEER TS,

(2) [ (TaC (3) DA FHEK i O M FE I &

—144 -

WS 27 P8~ e bEk) <3, (KIERE ok -
Na-C1 & (F§#TiE SO, I2&E A, HEB Tk Na-HCO, #!
& B1EA) OWRAKS FEL K ST L, EETIE
05 90C /km (239 2 MR KO WHITRE 12D < mo
R o [R]85, AKHug RRCiass - i)
DWBARNZ DT, Sdkd 2 8IS0, k-
LA R - R 2 R, SRR DRI ARHLR (~
+1.0% D 80 > 7 b)), HERAL2EIMEREE T (Na-K i
JE5t, Na-K-Ca & 5t IRAKETNIZ & B Si0, &G
12k B EOHEETE (200 ~250C) HENS, (1) O
FILHAN DA &R E U T FERD~ 7w {E h ~
TR B A 2 (R 20 BGR & U 72 TR SAIE D AR 7
EREGKR (B ERE Y 5 BRIV L Z X
JAI TR S 72 & DIZHR) AR & 7 - T 3 lhE
HamoefElE s, D - §°0 MO AE EN 6,
FEEHUB DO FOKRIZ DN TIE LB D & 5 5~
72 EIERAON GII/NE L, ELEW - XmiHo
WA, WA AR AROFLIIIEFITNEIVWEF R S.

(3) AFFIK A RN EE = A~ 28 DU AC oD Y B HE R 5 S
JEL BT B KB A Ve €, a2 Ky) T,
[RVREEMR R | (IR ZREBIC Al U S g - ok -
Na-Cl Bl DK~k FEERFEE T8 DL,



A, FEiia & o RRK] o1 - RIRRR 2R e IR (5KE)

VEEB 75 & ORI 35 A RIS - WM - Na-
HCO, BIDFEAK A EIF & $ 5 & DITHIERIZ 255 & h 5.
BRSPS O T B X DS ~ 1,000 m A 5 D
CIEIRIE O & DIF, FREMIZIO sD M - 30 il H5 5,
EEE (1) oI O E ~ 1,000 m DREAK (0%
WHOWEEMES D) #RJEE L TwaEitEashs. —
U7, AFFHEIA R O B AR X O Fe Wi & DIk
IR & SRS ORISR AL, S iR - #ith
2K > THETRER 2 HRIR AR EH LT 2 Z & &R T
(4) HE =R (BAC Q) ORI O d T, ik
(DRI — H S LIRO R O bz 720, H
A~ H728 —AC D MR HE R SEAYE < 04§ 5 1HE 2e
Wi - FEHE) 1SV 3 2 R BB iR R K, (KR -
TR Ot - Ca-Na-Cl1RITE 8D il - 80 fii &
Fib, HAKE UTHRIER A 2L RiAKICE D &
Zzohb. LHOVERBMETIE, FEOLHGRE
BERS [REERR] (FE~ 1,500 m T~ 57C) 8
P& 2 & & 81, f - RRAT AR ED [
ke ] o3 7B &K - ¢, i LR ORIz~
200C YL LA L 2R el ma o A sl T hTtn
5. IhbDZ &, KFETL— =27 TORDIK
BIABIZ & 5T, TEINOATINBIZ N E S 5 B FFR R
it - W REREEIC & 5 &7k 1L — H &Lk & 2 o Jfd
Mgk T, HWTERA 6 L5 2 24 ) SR ORI A
S EHRMMICIKITFL TWB Z L ERIEL TWh 5,

1. FUBHIC

ACHRE D K-ER, /N OB IS AL E S % EE T
(LT, AEHlg e E8) Tid, 1960 400 5 %R 400
~ 1,600 m OYUHHEH] (K—1 ¥ 2) 12X 5T, BlgH
(2 40 ~ 60°C DU IRADNAIRINIZ L JRISHH L T
% (B2, fEIEA. 1970 5 G 7 e N A
i, 1977:3i F, 2001). &M AR & & &1,
Va7 OACuEE T (HL H AR AL 8 o A L k)
& U O FFHE A LU (TS aIRATR o 4 14 38 o FEk
itk 5 A7aRiliit, HEnlilRza L) L oRGEIZs 7
%, ACHEE P CI SR~ R O L A B R R
FARMEH L Chs 0, AR T3 1970 SFALRIC TR
WE (D) iR BB S, ZORTTO LR
s Ty R (EHD R 2—EEIh T3
NS DL IO A R RAKRORE R, I, A
BIfRZA EI2DWT, BRAR-NDEZATHS.

&TC, 1970 RO T x ¥ — (Fi) faoriz,
W AL F —FIHO—BRE LT, @Bk - ZZRDTE
BHH DAL 5, P~ OFKRDOEE B S H
(B 20, e, 60, S, hakbz, FEhnace
TH¥xL) ST 2 2 A MANISED 5hiz. HA
T, IR OHERTE (NS 2 PRI
H72%) & EOHFEIBIZHRATS 2T A - HFEKZ

=145 -

[RIEHEOK ] B BT & @4 U, KB 2 HIFIH
T3-008E - R frbhz Bilz i, WEHE,
1980b, “4HE, 1982 ; %P, 1982 ; /Mk, 1981, 1985).
LEoAEBHE S, AR O E LT [EREEUK]
OIRAFHERICE S, FE S (C4IE, L3EEhbE it
BARAAT) 1% 1976 ~ 1977 RIS Bl A 2 170y, Kt
HRALZW 2 30T - T & 7z, L L, ZORROA
FIZEEP - BIES (1977a, 1977b) OLIEFERIZHE 5 C
W7z,

WA, RRIZ 2000 SFRDIRE, HARICHWTE ZMaE
B - HERFPEE RO AR D & & 312, SHOER
ALPE D RN ) I ZFATATRE & T > C & 72, 2 Do
T, PEERRR AW T R R BRI b
V7 BT - HEREL S A R U 7oA — R
HEETEFHME (722 4> b)) OffFEO—BELT, %
P (2004a) - HWEHERA L Y 2 — (2007) 1XIERAK
% HUIC AR IER{L 22 T — # D SR AR LY 25 4
ERTE - AL, 2OV 2T ADOBFEEPERED L D
WA LT, KXY (2004b) 1 LALO P HUKD T — 4
A FHRAT - TG L, BCROITEE R 217 - 7.

ZOHEHIZ, K% (2011) & 3 XITHAHDETIE 4
EDOABETIEMARNM LT, &0 IEEC R
& X DORBAERO [ REERSR] DLk & T IWE O
3RIL AT DM £ 17 - 72, KFtE, ThoOFEER]
LT, BELE-> Tz Eito &k 2 DRAD
3 IR D AR HERAL 20T 25 2, FHEAT - FRRRET L THL
DNELDHHEDTH .

¥, BRI WS (hot spring) ] % [HRRAK (hot-
spring water) ] I ZHRIRETHE L T3 3D AT,
HAR TG %8 C T8 st o h 2 ol
A - Bk (geothermal water) & E & [WR] - [HEAK]
EMFENTHARBDEICRH S TR D, 7B - 112
B ZIT ARG TS, TR ST LR
BTRBVAH, KRHTLHUIDOE DA EFDTEL L DY
BICHEEE LT [WRAK] 2@HLE £, KXFHOK
HoXZETIE, BENEHEHRLBEORELRHD, £z
INERTE b 572, IHHARMMRZFEHL 72, &KED
(MRS | 1220 T, RIS IBHERO Z A0l
IRE (B Tikilize & & &) 2 5 BT (1897 F-LIBE;
B% M MU /ME) , MRS (1922 - LIR),, MR A
IRELSE N (2010 FLIRE) ~DZEAL2 b B0, REE
IZOWTEAMBEWDICHIICES S D, 72T
WIS A& 58 &> T, KFTIIREDOLFRE W
7=.

2. SHEMBOLIE

ARBOFAEM L HIZIZ DN, R AHE 1K (A) -(B)
IRY. AR O BRI, #9100 km Td 5.
ARFIZAT U CBDEERAED £ &9 72%% (2011)



HE

13, BEEOAFHE TIHEL - HERRF AR AL T, JE

WHED I =7 b 7 2% alfE - /Y 5 LR, RSO
AR (RS, ARHEH) 1ISOW TR AR L 72,

DI oI Z AUifn,
BTG LUK (2011) 2 hin, 1 RIS

I, 52 X% EOMFRISHH U 78 3P - shEkF
MO EEERT (Thoid, KFEREOIHA S

4 ® 45.3333N
=) R 2104 =
o : i-n )
S A\
N\ T e 2
al et S
W s O
| ERES
hoos ke
» =
£ i o e T8
Mawratts 1
el /Ei“n/ 7
) Z N\ /
N T s '
\} 5 \\
" ¢ 46
HMEER B :
T smx o (O 453333 N (B)
[ ws=% X
[Caw=% g A
- BER o ‘\'_‘.(
B e ER ) e :il:;ﬁﬁ:ﬁ"l!
B s atams s N Ty e 0 ;
1 3
. AF
N Ny co ) ‘
ol atsils ik LY
o | =@ @ o
OTUETRIL WL 4. AT NS e »
: ‘o S y o A %
mams e a ey e s
() il o PR o 8 M R e R
8‘ A '9% B 7 2
: o S|,
. BRER
e il \ (dog ©)
g O 90 < <=100
3 J 7 O 60 < <=90
e o © 42<<=60
gl LmEeRy 02
© © 0<<=25
139E . 41.3333N 146 E

81X SREHE O ZRG ([X]. JLiE OB BB AR & LT,

JIFHEE, (B) Gl R OMILEE & & g ichE

B DA 53 & AL E O B EE KX 53 7R,

5 2 MO & A O TSR T, BRI 1 Kk £ v

Vo B CRT. ERICHA L 28 o 57— 212
DV, F1ERESH

Fig. 1 Index maps of the survey area. Electronic Earth-

sciences maps of Hokkaido: (A) topography, and

(B) discharge temperature of hot springs, and
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The area of Fig. 2 is shown by the rectangular with

shadow, and the standard first-order meshes of

Japan are shown with grid lines. Refer to Table 1

for the data sources.
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Table 1 List of the electronic Earth-sciences information used in the present article.
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% & PR — R L A B & IR O B R
W2 PP (B P — S0 TE) <, Rt () - (2) &
TRC (4) O 2 B HIE T H 5. ibﬁﬁm'i %
AL H AR A & T Eala15E 00 FE Pa ik & DFfy
mhﬁ H1=35. $ﬁ@ﬁ%ﬁﬁi6ﬁﬁ%w@ﬁ#$

RSN B, ARHuSIE, B A~ B I O HERTS A
JEL A5 B IO HSE T, TR I HR 2 pid Rt
WEGEMEN T & TR 6 h b (%8 (2011) O
51X . MR EIZIE N-S ~ NW-SE Al EE
R ENNMHL, KEETL — F ORI ITRAARICIE
A U 7= T E AT O v 5 N ORE T WA D 5h R & -
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2011 4F ZE62%& H3/4H

T, WHwWilrRE - FAREEEDVER L T AL KRS TIZE AR
WA S TV A, ~ 1970 4R LLRE 0 VE s 4
HIZ & > TEEOWE (& S50CHERE) 2EH L T
3 (W AE, 8 (2011) O 5 X2, Al cix
El O - KIAH A ENFREHAEIZ & > T, SO
BEE ZBOM TFER (3,300 ~ 5,500 m) ~O [FHE
e Airbh B2, KRBT 2GS - KPEMaH
FFEWE, 1992 5 SHHIEA, 2007), 1990 47 5134
ANECHIZ BT EEA - 4 R (B~ 5,000 m) A3HH
FEh T3 BlAE, S, 2004).

(4) H 8 =R RE T I T, W O AT (1
i (3) EHA DA RN — HE ik (LRco T ik
ISR D P R & - THR U 72 KR 70 1l L ki)
EOMDEBEMAICH 720, W25 HE =R HE =R
BIATRASEL ST g TH %5 (K5 (2011, 55
1 [X) &) . HERSER 1212, N-S il - SO 53 e -
o (LR - B A Ed) HERFEL TR0 IEE
IHEMECH B, AMugiE, i (3) & EBRICIEXINMED
sk (T-HIErOFEERK) <, F2HT — 23440
PSRN | R ) Bl R s B BN & X v Tn
3 (). S RoONRHIROIET IS 5 4Rk T
IR TIE, HE R K OHER Y B BN SR AL
MR OWA (FREH I X UNE 0 R SEOHUE R fF
B) #74CTH D, 1980 FAKRLERICIEHEIX & &
TIRARHEE ~ 1,500 m OIHINC & > THEIERE ORI H
WL Tw 3 (B2, M& 1994 ; %&i# 1994).
Bk, ALHOVIE, ﬁﬁ@%% %% %W&amrm
b o 2 R, Eido [FEEERE] A ISk 5T
BIE 4,000 ~ 5,000 m SROFETIHIFE L rDh T\ 3

AL 38 O U R 53 A O MR RF IS DT, IR IE A
(1999, 2000) % 18 DK X 3 #EL Tk, HES
A, WG, SUFIREIERE, AR rMR, HirE
P (P RS RR, R 2 2 88D R E0EWE
FLHTD, FB2RIRT LT, KD Q) UKL
KL, (3) AFFIKHAE, ( ﬁ%*+ﬁm ZhZEhAm
Wi (1999, 2000) O XIa HHIE— BEMET Oy o
W, X A — BRI, Ve B 0 e B s |y 5.
BB, Q) FAEHIZOWTIE, BEIEA, (1999, 2000)
X OfF—-SHHERRE O e LT3, Lidoth
B TR OERICHESNT, F2ETIRX & Xla
DRI E UTRL 72,

3. AAEF, AT E SMERBLVRE
ESZ)
3.1 SR

1976 27 H9~ 15 HB K 1977 6 H2 ~ 7 HD
At 2 |, EERIRIZ O TRENEE A 5h 2l
A, HEEK kK, KO AL 22 &7,
DL IR I IR = DT 8, Wk (— BN

-
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A, FEiia & o RRK] o1 - RIRRR 2R e IR (5KE)

A, WK, KO A FRELL 72, 1976 i3 31
[VRREEOK | EME S h7zilmK &5t R & Lzh, 1977
T HIROD 7= I H R T 2 KO SRR R IZ D0
TERRE LU GOREREUE, HWRFHAN OEREA S
REEHEVPIFETHEIEL 72

AFHRHUE R 28 2 (X (A) - (B) 12, s —TE% 5 3 &

(A)-(B) 1=/, 2 3 ZOGRHCANZ B 5, A, WK,

JEFAK AR, WEAK (ERRofEizcky, 2 AEit
B, Q) AFHKHAE, (4) HE SR, (1) skl o
JI6) DNERE & 7> Td (BAIZDWNTIHARIZES 6
HFAES]) . SRS S 3R 5 2 2%/ (1976 -1
no. 1 ~40, 1977 #it no. 101 ~ 129) T, FRHUEFD]
R LA & TS B KOV T — & RITIZAE 2 7Z3k
FHIRFE L > T\ 5. 3 ERTIE, MAEREEDORE
ME B, Hithr o DRFAIZ OO TUIEY (Name)
EENEAL U7z, 7272 U, dGipdE S TR AT (1977,
1979) DORNFEIZREER A & SR & 725k 0 43 FrfiEi 28
WEINTWBEDIZDONWTIE, Xk (References) il
IZZDOFFHER L. 3 ROMBOMET, FE 1
BEATD 2 T3 5 T4 D 1 Mg » 65tA N> 724 D Th
5.

H3IERDOTHW (no. 32 ~37) 1%, 1976 F i/
E—4—K— FEPHEML, BRI ckpERARER %
N TEITIIC R K BT 5728 DThH 5. PRARE
13, MO E AT Hif CRE I - SE T o —
IN=HIDEDT, BREF3I1EETCH 72 74 Y —
JEVRICHUD (P 72 R AR &2 T L o A v F LR
V= (T4 Y=o LEEGHH) #HWCTERET
L, PEEETIA Y =28 L TKPITE- =8B
(XY y—) OEBIZKDRAEGOMIGN AT 7
%, VAV —%5E LY TRYL 72, BUHERAKIFIC AR —
M ARG - B & > Th ZFEERE) L 72h, IR AT
BHE - FETEN L 572 D7D, AR ER
IZPEEEICENE Lz W SRERE AW, 3 &RICIE
WG OFHAMD A S EME UTUR L. &k, KR
AR L2 B 0 A EREGRR R OB HIEETH 54, Th
L2 EME L TRL .

1976 ~ 1977 FF- D FE LI, AFFKHE ~ 55 =
SIS DO TIEBHIHNC & 2 R RIZIER ISR &5 h
Tz (e FEIRFALA (1977, 1979) ).
H3EDOKLE (no. 31) &, BUti#&EO—BRE L Cil
I 2 H O HhF Ikttt ~ 3t 2 D PR A A PRl FE T,
BIAT (BAEL 22 DAT) O{EA» 5 FLR DAL L ZFRIC
DNTEREMSTHRML 28D TH 5. ZOMEIE, ~
2000 fELIFRIH X v 3 A [RHER 13< & |
(B 2%, AcigeE S B AT, 2008) O PE K 2 km
IZH 720 [ERE 274 S OWEETDH - 725, ERAG L2
554 TR E N Tz, Eﬁ{?—igd)ﬁﬁ%%ﬁd: H7-B
Z OHIX T, 1957 ~ 1968 -1 Fiti HL e 8k T ik D BN

—149 -

Bz frbh Tl WEFAREH, 1973 ; s th'g
WEZEir, 2002), Huk{ER & B 23R RT3, 3
HIERB ORI EZWH S »Tid A, &k, ALE v i
TEIEEHAAT (1977, 1979), Jbd s B RFZE AT (2002)
5 EDOXHNIZIE, RREIZ DOV TORRIE A,

B I, i, AR, pH, A FLtLr vy -7
NAVE, T2 /)—=NLITALA Y- TLAVE Tx/)—
NT a4y - BERERIEL, B LEHR, KO
KFE - MR RN AL D 25 AT FH O RRRE & il 4 12K ) =
F L v EERRHBIZERELL 7=, Na', K', Ca¥, Mg”, To-
tal Fe 72 E O HERHZ D W TIE, BUthTHEE 100 ml
Bz 6N) 21 mlIlA, MU TEBEEAR
B> 7z,

32 PRAGE

AR RO, pH & & OVAFAL ML O 3 Hridid ik
DEDTHS. Thbid, FEIES (1979) OB L
—Tb5.

W BIRKEHRE R B LU — 3 2 2RSS

pH @ BB L UG

T.S. M. (&AFEIZY) « Rk

Cl': E— Lk

SO2 S v AlZ X B EEE

free CO,: 7=/ — L7 X LAY - [BED»LFHE.

HCO, : AFINF LYY - TILAHY Eh S

CO>: T x/—=LTHALAY - TILHYENLFH

Na', K', Ca”, Mg™ : Hift2 b a v F o 2 %A T,
JER TR

Si0, : H Rk

B:~vYy=vy MZkaiiEk

Br, T : FAWEES MY o AREE

Total Fe : 0- 7 =+ ¥ ba ) VI KB NE .

EAHLSER O b, VBB AT ORI E A IR
KoTHEIN. K, ZOMIZCu, Pb, ZnZxED
WIRIE G i S22, HRISEOIRE 278 L7238
HIHIX DR IRAKZ EIZR S iz, SRIOME TIEE
%L 7z,

AR AR DK - B R RN AL D 73 B 7 13k D3 D
Thb. Ihod, EHIES, (1979) OEEEFE—TH 5.

D/H : Sl & TCEIC K 2 BB TG 72 ARR A 2 %,
B AT CHlE

P0/°0 : AR — & A APHEIAIC & B AL TG 72 R 8 77
A%, HERINEFCHIE.

AFEERAME I DWW TIE, TR LR (KRIL)
DR TR OFEREDOFAED ORilERE 5 L OHE
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Table 3 List of the collected samples and the analytical results for the Shiraoi area and the three regional areas surrounding it

(1/2): Sampling points, temperature, pH, isotopic compositions and others.

No. Name Area  Refer— Longitude Latitude Elev. Depth Date Temp. pH T.SM. ) D0  Sym-

& _ _ _ ences * (deg. E) (deg. N) (m) (m) (deg.C) (mg/1) (per mil) (per mil) bol #
21 EZ 2 GHIBE) BZHT  —— 141174 42491 257 01976.07 175 7.1 71 -487 -697 Kk
125 B2 GHBE) BEET —— 141174 42491 257 0 1977.06 129 7.0 73 -489 -711 %k
37 XHMOmZE) Fmm  —— 141328 42749 248 01976.07 150 74 184 -538 -8.14
32 XHHMC2 mE) Fmh  —— 141328 42749 248 2197607 152 75 182 -530 -823
33 XFHM(1I0 miE) Fret -—— 141328 42749 248 10 197607 147 74 170 -541 -805
38 X7 (20 miE) Fikm  ——— 141328 42749 248 20 1976.07 14.0 74 183 -56.3 -8.16 %
34 XHH(50 miE) Frkth ——— 141328 42749 248 50 197607 120 74 183 -530 -8.11 %
35 X ZM (150 miE) Fmh  ——- 141328 42749 248 150 197607 108 7.3 175 -534 -820
36 X (300 miE) Fmkth  ——— 141328 42749 248 300 197607 114 73 178 -529 -805 %
104 ZH#CGHBE)  Frkm ——— 141407  42.769 248 0197706 6.3 7.4 166 -532 -840
127 12011 (E35R) ZRIm ——  141.003 42454 240 0 1977.06 135 6.8 110  nd. -1027 | 1
117 BFN (ZR)  KEH $1 ——— 141118 42642 720 0197706 6.6 6.9 70 -707 -1142 @ 2
20 RAENI(LER) BEET  —- 141153 42539 320 0 1976.07 108 6.9 75 -621 -10.18 3
16 BE)I(EH) HAZEET  -—- 141186 42652 380 0 1976.07 105 7.1 86 -626 -10.14 4
19 FREN (FFR) BER -—— 141266 42513 0 01976.07 116 68 111 -60.1 -894 5
114 AN (FHR) BHEBR —- 141266 42513 0 0 1977.06 149 6.8 101 nd. -951 5
101 ;&)1 EEW  —— 141288 42817 510 0197706 6.7 6.6 74 -734 -1237 6
22 BEII(TFHR) BER —— 141346 42542 0 0197607 156 68 133 -599 -887 7
111 BENI(FR) BHER  ——  141.346  42.542 0 0 1977.06 173 65 111 nd. -1019 7
5 HFFK-A BER -—— 141300 42552 0 200 1976.07 138 7.1 188 -557 -9.12 8
113 HFK -A BHEBE —— 141300 42552 0 200 1977.06 146 7.4 186 nd. -884 8
3 #FK-B BEE  —— 141371 42556 0 200197607 123 74 142 -553 -930 9
110 #F K -B BHEE  —— 141371 42556 0 200197706 136 74 140 nd. -891 9
30 BK(hERZA)  FE/M&i ——  141.457  42.621 20 0197607 87 67 158 -536 -835 0
15 ZRIEEE ZRT  4.B.1 141184 42462 40 745 197607 554 7.1 1801 -583 -923 a
122 & REGiE ZR™H  4.B.1 141.184 42462 40 745197706 544 71 1770 nd. -927 a
14 BRUE 1 BER -—— 141203 42456 20 825 1976.07 475 80 3511 -652 -908 a
121 FEHUE -1 BEBE  —— 141203 42456 0 825197706 480 84 3530 nd -913 a
25 FERUE -2 BEZE  4.D.3 141211 42453 0 419197607 473 80 2298 nd. -899 a
26 i -1 BEBR —— 141229 42470 0 534197607 488 84 1026 -679 -982 b
116 7758 -1 BEE  ——— 141229 42470 0 534197706 491 84 1056 nd. -987 b
12 ¥7il -2 BER 4E5 141244 42481 0 650 1976.07 456 86 640 nd. nd. b
13 4738 -3 BEE  ——— 141246 42476 0 589197607 452 85 1132 nd. nd. b
11 11t -4 BEB  4.E 10 141264 42497 0 600 197607 290 87 253 -67.7 -10.19 b
115 775 -4 BZB  4.E 10 141264 42497 0 600 1977.06 292 89 265 -69.0 -1054 b
10 #7i@ -5 BEE 4.E 11 141266 42.499 0 1200 197607 547 87 795 -66.8 -993 B
9 bHFR -1 BEE 4 F 1 141276 42511 0 1258 197607 557 83 1248 -645 -916 C
7 EFR -2 BHER —— 141284 42531 0 1300 197607 441 85 508 nd -1028 C
24 JtER -3 BER  —— 141299 42518 0 590 1976.07 294 78 178 -652 -947 ¢
8 FE BHER -—- 141295 42529 0 1300 1976.07 555 87 866 -647 -998 D
4 A/ -1 BEE  4.G.7 141300 42552 0 1300 197607 584 82 1985 -645 -929 E
112 A& -1 BEZE  4.G.7 141300 42552 0 1300 197706 620 86 2003 -60.8 -933 E
6 Al -2 BEE 4G 2 141303 42536 0 1500 1976.07 580 84 2360 nd. -946 E
27 AL -3 BEE  4.G.9 141329 42545 0 1500 1976.07 455 82 743  nd. nd. | E
18 B& -1 BEE 4.H 1 141315 42583 40 1480 1976.07 537 89 596 -643 -1003 F
2 8% -2 BEZE  4.H.3 141371 42556 0 1340 197607 450 87 951 -614 -9.00 F
28 & BEB  4.H6 141396 42563 0 1450 197607 460 78 1613 -602 -952 G
109 & BZE  4.H 6 141.396 42563 0 1450 197706 490 79 1550 nd. -981 G
17 %% BHER 411 141278 42622 166 350 1976.07 345 74 1457 -569 -878 h
23 &/ ERRE ENVT 401 141482 42611 20 1520 197607 36.0 7.4 14080 -382 -6.10 I
108 75 /M ERE T 401 141482 42611 20 1520 197706 359 7.5 13985 -384 -6.07 I
40 TR Fmm  5.E.1 141607 42813 20 1026 1976.07 302 87 348 -77.7 -1134 K
105 Fi% s FrEm 5.E.1 141607 42813 20 1026 1977.06 30.7 89 326 -76.7 -11.76 K
39 b4 ENET 4K 1 141.697  42.697 0 1300 1976.07 309 82 3888 -59.1 -9.11 J
107 #3F -1 Fmm 8. E.1 141726 42910 20 331977.06 254 81 1131 -67.7 -1079 |
106 #AH -2 FiEm  ———  141.726  42.910 20 110 1977.06 27.3 80 11447 -436 -6.20 |
31 FE FERIET §2 —— 142143 42.870 180 0 1976.07 11.0 80 18520 -475 -502 m
126 )1 % ZRIT 4 A1 141003 42454 240 01977.06 330 90 1725 -608 -9.88 A
119 dbi5%iR -1 KiEF $1 2. A3 141026 42613 300 0197706 860 86 824 -66.8 -1049 O
118 dbi%iR -2 KiEF $1 2. A2 141028 42619 300 210 197706 920 86 837 -674 -1050 O
123 AJLILA HR®H  —— 141111 42516 320 40 1977.06 476 7.1 708 -625 -985 ©
128 &7 -1 ZRIT  3.B.17 141.148 42492 160 66 1977.06 86.7 7.3 6140 -53.7 -592 @
129 &5l -2 ZRlIH —— 141148 42492 160 01977.06 736 6.6 11500 -472 -242 @
124 Z 3| (KIE#IE) R —- 141151 42499 260 0197706 945 42 11397 -354 196 @
102 A% Fmm 5.B.1 141.284 42768 248 0197706 434 65 1497 -619 -996 V
103 H.59 Fikm  5.C.1 141314 42778 248 0 1977.06 461 66 1260 —626 -973 WV

&, No. [FEAFEREFF DL D (2HTIX 19765, 3HTIX19774F) THS. Rn(E, KDIEEPERIMIE EICREIRTHS.
#, K (LK, 1~7 [FANIK, 8~0 (FHFK-BEK, a~mlTBRKGHREZ, 1000 mLLFE/NXFT,
FULZERXFTRY), A~VIFELRLKILEDRERKTHS. 2010F1R7E, $1TFER, 23T DETHS.
* LB T ERRAEN (1977, 1979) DEFEREMR2ODTE—EROEHAMESITHET 5 (FXSR).
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Table 3 List of the collected samples and the analytical results for the Shiraoi area and the three regional areas surrounding it

(2/2): Major and minor chemical compositions of waters and others.

No. Cl SO4 H2C03 HCO3 COs3 Na K Ca Mg  SiO2 B I Fe RpH Sym-
& (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/I) (mg/I) (mg/l) (mg/1) (mg/I) bol #
21 3.6 6.0 3.1 229 0.0 5.2 05 34 2.1 55 00 000 0.00 0.00 7.1
125 3.6 5.6 3.1 229 0.0 5.0 05 34 20 7.5 0.0 000 0.00 0.00 7.2
37 16.7 32.7 3.1 51.9 0.0 19.0 2.1 15.6 47 125 0.3 000 0.00 0.00 14
32 16.7 30.9 3.1 549 0.0 204 24 17.3 48 140 0.3 000 0.00 0.00 15
33 16.7 34.2 3.8 53.4 0.0 19.8 2.6 17.3 47 135 0.3 000 000 1.90 74
38 16.7 34.2 47 53.4 0.0 20.4 25 175 49 110 0.3 000 0.00 0.00 14
34 17.0 34.2 3.8 53.4 0.0 19.8 2.1 17.0 47 143 03 000 000 0.00 74
35 174 34.0 47 53.4 0.0 195 24 17.0 47 165 03 000 0.00 0.00 74
36 17.4 32.3 6.3 549 0.0 204 2.4 173 47 15.0 03 000 0.00 0.00 74
104 17.7 34.2 3.1 38.1 0.0 14.0 2.3 15.8 47 185 0.5 000 0.00 0.00 7.7
127 1.8 22.0 1.8 12.2 0.0 3.1 04 8.5 1.7 120 0.0 000 0.00 0.00 6.8
117 1.8 2.7 1.5 16.8 0.0 25 0.7 3.6 0.2 8.5 00 0.00 0.00 0.00 71
20 25 2.6 3.1 214 0.0 41 0.6 3.9 08 120 0.0 000 0.00 0.00 7.0
16 2.8 41 3.1 244 0.0 41 0.8 5.8 1.3 16.0 00 000 0.00 0.00 7.3
19 43 3.7 7.8 29.0 0.0 5.3 11 5.8 1.2 225 0.0 000 000 0.00 70
114 53 3.7 3.1 229 0.0 5.1 1.0 5.0 1.1 285 0.0 000 0.00 0.00 7.2
101 21 124 3.1 15.3 0.0 25 0.3 7.0 0.9 8.5 0.0 000 0.00 0.00 6.9
22 50 25.3 47 16.8 0.0 5.9 0.5 10.4 1.7 250 0.0 000 0.00 0.07 6.8
111 3.6 14.8 2.1 15.3 0.0 3.6 0.3 6.1 1.5 270 0.0 0.00 0.00 0.50 6.9
5 4.6 0.0 125 1281 0.0 18.0 6.4 14.1 57 340 0.0 000 0.00 0.00 7.6
113 5.3 0.0 3.1 1159 0.0 185 6.1 13.8 55 310 0.0 000 000 0.22 7.9
3 4.6 0.0 7.8 854 0.0 144 2.9 12.2 36 310 0.0 000 0.00 0.00 7.7
110 43 2.3 3.1 76.3 0.0 14.0 29 11.2 34 180 00 000 0.00 0.00 7.8
30 17.7 11.7 9.4 42.7 0.0 10.0 2.0 13.2 3.3 320 0.0 0.00 0.00 0.00 7.0
15 1702 5485 69.0 5736 0.0 450.0 17.0 58.5 11.7 158.0 51 027 021 044 71
122 166.7 520.6 474 5644 0.0 460.0 20.0 57.0 12.3 1525 49 013 000 0.50 79
14 12588 735.6 94 2593 0.0 1150.0 50.6 15.3 1.8 95.0 6.7 205 064 0.00 8.0
121 12588 7323 0.0 2258 9.0 12000 50.0 154 1.9 86.0 6.8 173 042 0.00 8.4
25 851.0 301.2 3.1 3188 0.0 775.0 335 8.8 0.8 101.0 55 115 030 0.07 8.0
26 3972 40.5 00 1974 7.5 3425 154 40 0.3 102.0 1.1 045 021 0.00 8.4
116 407.8 37.5 0.0 161.7 13.5 338.0 17.0 44 03 795 20 032 0.00 0.00 8.4
12 1950 24.3 0.0 1205 10.5 180.0 9.0 3.9 0.2 108.5 08 0.17 021 0.00 8.6
13 461.0 26.8 0.0 186.1 15 362.5 13.0 6.3 0.2 1210 23 080 0.21 0.00 8.5
11 44 0.2 00 1190 15.0 51.3 40 3.9 0.3 520 0.0 000 0.00 0.00 8.7
115 25 0.0 0.0 1205 13.5 49.8 3.7 3.8 0.2 505 00 0.00 0.00 0.00 8.9
10 283.7 253 00 166.3 16.5 225.0 94 2.8 0.1 1340 1.1 000 000 0.00 8.7
9 416.7 0.5 00 3814 9.0 402.5 225 3.6 0.3 1370 7.3 053 0.21 0.00 8.3
7 77.8 3.5 00 183.1 15.0 120.0 6.3 40 03 132.0 0.8 0.13 0.00 0.08 8.5
24 6.2 9.1 3.1 77.8 0.0 24.0 43 6.3 20 545 0.0 0.00 *0.21 0.00 7.8
8 2305 3.9 0.0 2502 19.5 2325 16.8 6.3 0.1 132.0 26 053 0.00 0.00 8.7
4 9503 2.9 3.1 2258 0.0 625.0 50.0 27.8 04 1320 10.7 266 042 0.00 8.2
112 939.6 2.3 0.0 189.2 15.0 625.0 55.0 26.0 04 1375 107 280 043 0.00 8.6
6 11525 3.9 0.0 2487 13.5 745.0 40.0 475 10.8 158.0 94 232 013 0.08 84
27 1613 12.8 47 2654 0.0 190.0 244 40 0.3 140.0 1.7 045 000 0.00 8.2
18 1126 0.0 0.0 1709 33.0 150.0 9.6 20 1.1 140.0 1.1 035 0.08 0.00 8.9
2 3085 0.2 0.0 2593 19.5 281.3 22.8 7.8 1.2 116.5 26 020 0.10 0.00 8.7
28 1472 0.0 31.3 13730 0.0 540.0 455 9.3 34 1020 16 1.07 000 0.22 7.8
109 287.2 0.0 29.1 9458 0.0 504.0 415 8.0 22 1100 16 107 000 020 8.0
17 7003 10.5 18.8 2059 0.0 4475 21.0 34.5 8.8 840 58 093 0.21 0.00 7.8
23 77923 95.1 90.9 1009.9 0.0 4800.0 1925 190.0 1538 770 3.9 1588 144 360 14
108 7676.4 94.2 61.2 9153 0.0 47700 1894 1855 1500 68.0 42 1260 093 4.00 8.3
40 7.1 0.0 0.0 183.1 135 75.0 4.3 1.7 0.2 605 0.0 000 0.00 o0.01 8.7
105 3.6 0.0 0.0 161.7 225 75.2 46 20 0.2 670 06 000 000 0.02 8.9
39 19147 0.0 6.3 701.7 0.0 1315.0 373 1150 13.1 655 48 388 030 1.12 8.2
107 46.1 0.0 9.2 9763 0.0 177.5 5.0 1.8 0.8 455 26 000 0.00 0.28 8.3
106 6311.4 0.0 275 431.7 0.0 3850.0 116.9 140.0 900 420 188 1185 296 246 8.2
31 11130.9 0.0 18.8 38.1 0.0 34250 7.0 3375.0 55 130 162 8.66 18.81 0.23 8.0
126 7.1 10734 0.0 10.7 3.0 725 1.9 3700 25 185 0.0 000 0.00 0.00 9.0
119 173.0 2339 0.0 458 3.0 2125 6.0 23.0 0.1 830 33 013 0.00 0.00 8.6
118 1773 2354 0.0 32.7 5.1 2125 6.0 230 0.1 875 33 0.13 0.00 0.00 8.6
123 521 202.7 15.3 157.1 0.0 140.0 11.1 295 40 700 11 000 000 0.00 7.3
128 29429 48.6 413 1324 0.0 1350.0 1400 420.0 295 2175 658 253 1.90 20.00 14
129 61553 42.0 915 48.8 0.0 29250 2625 810.0 8.0 179.0 1403 413 233 030 7.0
124 58504 1440 1529 4.6 0.0 2475.0 4000 890.0 45 5065 1105 573 106 1.00 43
102 356.3 260.1 143.7 3493 0.0 275.0 48.5 74.0 31.0 1375 7.0 0.40 0.00 224 74
103 2826 227.6 994 2548 0.0 232.5 315 58.8 240 1285 0.00 0.00 0.30 74
&, No | XA FI RIS DL (2HTI & 19762, BHTIE19775) Cpo. Tonld, KDIE %Exb&aytw_ CIREIRCoho.
#, Yok LK, 1~T7 [FEAIIK, 8~0 [FHFK-BEK, a~mlTRRKGIHEEZ, 1000 mLLFE/NXFT,
RULEERXFTERY), A~VIEELTALEDOBRKTHS. * FTEEENSVNT—2ETT (AX-FEIR(C)SH).

*
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B4R KBS L dumE o s EH GEHEIE2 M, 2009) OHERIC—EER (K (2011) 2HH).
Table 4 List of the geologic units of Hokkaido based on the basement geology data (Yoshida et al. ed., 2009) used in this article

(refer to Shigeno (2011)).

&5 HhEET g4 Vp Vs p HERT EB/NSA—4E
EREHLESOSE $1 EHTEH BEEENSS km/s km/s g/cm’ BS RiE GfE BiE
1 T~ P EEHHR (B%) (B%) 176 040 198 H-Q2 220 255 220
2 TEREHH (B&) (B%) 209 072 198 Qi 220 255 188
3 EEEH EVIIE leEAE 262 120 206 P 255 255 190
4 FE 2B THRE-BRER 321 173 227 M3 255 255 130
5 HhERRETHE BOREB-EAE FADNE JIWHE-RERE, FEOLB(LE) 407 235 241 M2 255 250 0
6 JU—2AT7(TEHhHH) TIWWER (T —247) EDOLE(TE) 542 313 257 M1 224 254 61
1T HE=R ERRE fIELE, mREE, 341 200 236 PG 255 220 92
RNE, ANEH
8 tHOER-HLEER - BB, LEp-hERUREEERE 467 270 258 UC (+FZ) 188 255 156
9 EREH~22SYFE [RAR 7 FE 7% TEMERER, [RIBRERE, 578 340 277 Basement 236 0 255
THIERH, wEGEERESE
BEEREE
10 OYSYRE~ERE - — 670 375 290 —- 220 0 156
11 ERE~FEE100 kmE — — 770 430 325 — 255 0 127
12 EEE100 kmiE LLR - - 810 450 337 — 255 0 O

EZ AROED7HITHAIFH (2007), FHEIFH #7(2009) IZH D ADAFNEESF(2011) (285, $1ZFLRAERLMEED.
INEMEHT, RMAERLIVEENER - HBEEDIC, ThLUBROEMER - RRERLGEEET (FHIFED, 2007).

o #ET (Micromass #1#L 602C ) ZffifH L CFH 25
i U7z, BERFN A DWW TR, WEHEAT (4
e, I TSR FET) CEHHEDELE L gL & %
L, RREETROFEBREOEE G (H L8 Emr
BLRMU-6RS ) ZfEH L THENFEEL 2. WEIZH
7oL, BEMELIROFEEE TR S h 7z NG EEHE K
—EAHE T - g A & LRI, MK iR
Wier (=5H) oW HROFEFETIER S 21
SO N EEUE A 22 EIZDOWTRABE - 3 &iT->C, 7
HrRERE DS HENE % fECR L 72,

3.3 HMTiER
AR D MRS & LT, AR, KOAKE -
1% F IR AR 2 & AP L T8 3 £ (A) - (B) 1T
KF - BRFEN ML, K (SMOW) O
AFE - B RN K & FEdE L UL22DIT o sl (T3
T4, %o (VS I V)) THEIR L 72, B do, A DMIE S (20)
1%, BEREHNZAKFE T 2%, BRETE02%Th 5.

8Xawra = R Reyow - 1) X1000 (%)
(7=7L, X=D %7212 0, R=D/H %7-1% '*0/"0)

GHOFHHRERIE, AL ARBIZ DWW TIEEAR I
SR DOk (ALUEE 7 b N & IR A A (1977, 1979)
L) EXu—Femd. KR - BRERAMBIZ D0
TY, BHMX A EIZONWTOMERIZ, (1978) k&
DAL, HEARRIZ R —3ZRd.

3. 4 AEROREERT

H 3K (A) - (B) DHIRERIZHEDNT, BFHOKDIE
RET-7. 83X (A) ~ (C) 2B DGR & bt
HEE, pH, T.S.M. & OBE%RERY. H4 RN, @

— 1562 —

BRD EEEAFACEMIR DS 8= 24 775 4 (F—
X) &R§. 72, HKERE LTHSX (A) ~ (D) 12,
MEAKDBEFMRDO A% 2T 4 T XA T 7T A
(NFHH) HEEHCTEREMA - WifXIOR g, kb,
X DIEMEAL % 8T 2 72012, 2 4RBE 12 - TEREL - 437
L 72R—5R 2 5 ORI DWW TIE, 1977 5D A%
FRNLT2EN D 5.

FO6X (A) - (B) T, FURIKDAKE —BERIFER AN
ROMBEMZRY. 72, £ 7XA) - B) I, B
DRI A & PRECHE RS O FHBIME: %, 58 8 X (A) -(B)
12iE, SRR DK - MR RN AR & ClRE DAHEE
L e

—J5, HIM (A) ~ (C) 1iF, FBKD MK
EOMEEERT. Zhoid, (A)HACI—B, (B) #8
Cl—Br, (C) A Cl—IDRREE>TN3

X512, 10X (A) ~ (D) 113, WFEARNDHERAL
FOREREF RO R ERT. Th5iE, (A) B
Na-K - K-Mg ® 2 FHOWE G & 2850 = AR % H
WA R, (B) A Na-K-Ca #% — Si0, (QC) iwEZ D
HHBIZOR, (C) - (D) 23RKDOIFHGRE — Si0, IRIE IS
KO IRAKEFTLRELRRE B> T3,

FEHOBR TR, FI3EITRLELE - BEEHWT
KR E R RN L. T abb, Ak - HTA
3 FEFICIX Ay L, HEEEW - Kl OWIKE S %% -
*C, WAKE1~77T, JFEAK-TFAKE 8 ~0 T/RLZ.
MR 4 WK DX 7312 - T, (2) HEHIKTIZ A ~
H, 3)FAMHGRFTIZI~L, @) HE =2 LTH E
PR A M, (1) Euidkligcizs, O, O, @, VT
R (2) ~ @) IZonTiE, ABKEFRELL =850
PR 1,000 m YA EOBAIF AT (A~M) T, 1,000
m U FOESINLE (a~m) TRT. &b, F3X
HETIE, MRS ICRA TRADE - HELERL
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B 1, BB 5 m, BERIA R E). 72, 4,
BeXAETIE, HROEDIZRED XA 5 D5]H
T a4k EhREDETERRL.

LR RHEOKOMERIE, K (2004a), HUEHHE
ot v 24— (2007), 5% (2008) & EDHEIZL-
Tfio7z. Thbb, T2 L7+ -~y bIC
WoTEHEY 7 by 272X TETTF— 24— 2L
L, H#EiRbyr T — 2 0fi5#&nY 7 7 = 7 GPGG
S (Microsoft #£® Visual Basic v.6 D1 ¥ & =7 ) & —
BRTIEEI L, SMEOWZENTHE) &2 WXL 7.

FESK, BILIKAETE, ANV 7 My
7 QMM % (FE) W CTHFOARE - - HhEk
Bl g WA P - WXL L, Wik gty 7
Y x 7 EHOCTEALZ, AL ZEFERICONT

{it
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853X FRKROERIGEE & HUHFRE, pH, T.S.M. & O
BIME. (A) S ERHGERE — BUHFRIE, (B) I3 BRHGERE —
pH, (C) IZFRHGEE — T.S.M. (#FXI#L) O&B
fRERT. KO FIRE 3 FE2BM. (A) Tt
SEIZ, HWREE % FA RO IR ORI 25 47
PR (7.0C), M OREAEE —E & E L
T, HRABOERE 2R

Correlations of the collection temperature to
the well depth, and the pH and the T.S.M. of
the sample waters. (A) Relation of the collection
temperature and the well depth. (B) Relation of the
collection temperature and the pH. (C) Relation

Fig. 3

of the collection temperature and the T.S.M. (in
logarithmic scale). Refer to Table 3 for the sample
symbols. Reference geothermal gradient lines are
drawn in (A) on the assumptions that the surface
temperature is of the typical averaged annual
temperature (7.0 C) of the plains in the survey
area, and the geothermal gradient is constant for

each line.

i, Wl REZHEIN0, RS, T OWESMmIZD
Wi, HHIER (2007) - HHIEA i (2009) (24X 3
JLifgE OB 7L 3 RO E 7 — 2 L 2. 20
PRI, K (2011) 12HEEDWT RELO QMM R A
REFFHA U7z, B4R, A L 72 T —ER AR T,

4. RIFMIELZROFERCEDCEE

Z T, MBI A S RO B - GRS
FonT, UTolEFchatzlmi 5. (1) EEEFL
SR - PR SO K N R Q) KFE - #
FEN AR D < Kol I & ORAZEFE L7z
Ui SRR DT S DB L. (3) AIEVER Sy ORI IS
S ARDER - B ER L EIZONWTDOEE. (4) K
D HERAL2E S GH TR O 3D < i F OEKR O
g DHEE.

IhookaENE, £< O5AIC R 2. © 4 Mgz
T - 72728, HBEOREICEDEIRITNB-TOHA
M, (3) LRI, (4) HE SRR, (1) B
KUK DONERE & 75 > T B, Mgk - R A (FEH
& IR KL A BRI 1I2DoWTiE, HHZR® T
WARTz ek, RSO FEEIRIIWEKRTH 5720, H
ZK - P ARIZOW IR A B L 22580 b 5.

41 EEBFLEEK - BHEEICED(ER
411 BEHIZOERK

HEHIE ORISR AK (a~h) &, BEREHIZEHREE 2
30 ~60C, pHA 7 ~9, HEURIE A 500 ~ 4,000 mg/1
T, HAMIZEA A v TIEClL & HCO,, B4 A v T
Na 28k d5 (F3X-BIX-FA4X-HE5X). A,



SUVEECEROIE

AR IR I A B OO P TEREL - b X sk o
WCOEDTHY, KDMEENAHE - 7 — 2 mE (L
W SR IEFE A AT, 1977 5 AR, 1995 5 MV A
WHYEY &2 —, 2002) T, < —HICRRAIZEME
(~ 10,000 mg/1) ZENWE SN TS, iDL H

2011 4F ZE62%& H3/4H

FetEix, — Mokl & 2 OREIMISRIC 5T, Rk
AIROH R KA FIZEMREIZ L D M S THEKT % 5
W~ AR T & O (Bl A1, White, 1970) 12—
T 5.

XA OR#HE LT GE4X, 5K B)- D) 5L

CL+SO4 » CA+MG

30%  20% 10% '
CA NA+K 02 CL
NA+K
S04
&
6 Q
h:g
I' V a
Mg 20 % a S04 20 %
Y %/s °
i o et/ EppBh
CA ca20%NA+K CO2 co220% (CL
AVAVAVA CSYAVAVAVAY. "
VAL iV
CA ca%NA+K CO2 co220% G
S04 20 %
CA cazouNA+K CO2 coz20% CL
Mg 20 % S04 20 %
AVAVAVAY-XYNYAVAVAVAVA™
CA T Ca0%NAFK  CO2 co220% " GL

4 RORAKD EEEHCAHIK DS 3= 4 775 40 (F—=IX). LEESREIOSHERERL, & LB Eh

Fig. 4

35 NatK ¥t & Climil & Ik UOnd. BBRRDEES I35 3 £A2 2. oD (A) - (B) - (C) 121, JREED SR
TR (W0, 1993, 1994, 1995 $5K - 45MH, 2007) OFHEE - B4 4 > O =M OFEE % AR D 729789, (A)
3. RENE, (B) iZAtimEHEE O, (C) IBFRVOER TH 5 (K (2011) ZH).

Piper diagrams for the major chemical components of the sample waters. The upper part shows the analytical results
of the present article. The corners of Nat+K and Cl, where the samples are concentrated, are enlarged at the figure top.
Refer to Table 3 for the sample symbols. In (A), (B) and (C) at the lower part, main parts of tri-linear diagrams of the
major anions and cations for the saline hot-spring waters from Hokkaido (Matsunami, 1993, 1994, 1995; Suzuki and
Shibata, 2007) are shown for comparison. (A), (B) and (C) show hot-spring waters from the coal fields, the low lands at
the central part of Hokkaido, and the seacoast areas, respectively. Refer to Shigeno (2011).
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AER (SO,HCO; A GEr) . o filtX (E) <
1E, EEBOIERATHR I - I T U 2
Na-Cl A BT 2. —F, FHOAE - (A (F -
G) TIEM I HEES £ TR T, HCO, IZE AHEYD
IR (7 I ViR) EHEE SN2 E~1BEE 2 B
AR,

[AIBEIS, Pk CIE X 2 58 U C a7 D AR 298
WRAKDALZHPEIRD 2570 3588 &, HCO, 12 H A ikts
B 2T 5 RRARTHIBOTH~PEBO ALK (b ~
E) Icg0fL T3, ZoKIIZ, ik (1992) &
PG T 5 & S5 IR O M T I2I3 Rk BB O R
KONEAERE B AE A % R AT, 3 KTTHNZHIMEZ 2 ~
4RERE (BB WEZTh L) FHELTWEZEIZH D
el B,

FEE R O 337 & B 7= B X OWR A (h) 13,
A pH AMEWIII) 7 Na-Cl1 Bl e 5 TWvs. L
»L, jt%ﬁi.iiﬂ%jf%g@@ﬁ&%ﬁﬁ (1977, p.93-95) I2&kh
W, skl BRIl —F ek al) oI
BEBI& Ly, WMRIZHMT S5 ) — v &2 TEANDW
SLRFEE & AL A B 2 TR HIIX Tk, EHRWEH O
HARK & OFRED (REEEC100 m) (& DT R
KROMMFMBIEZHETH D, BRBEE LW, L -T

’
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555 X B DAL AR D3 AIX (20 1).

Fig. 5

(A) 13,
B O & pH ORI 304G 2R d. I
Nl % S pHIZIRIKEA 3 ~ 6, KT 6 ~
9 &Y. BRIS, FIALO s & IGWkE O 5y
fi (AT —23F1RE22H) Lofah- 72
Moo (afie, 2004) 2R3kl
FA I D 4 X5y &R T, BT AL D 5 mic o
W, BIKRGIIET L VI ROESE~ERED
KilraH %, keI 283, (B) 3,
FHC BB ORRAKIZONT, 2574 7XA4 T Y
T L (NFHR) ORI AT, G0
KOFFITHE 3 EKE2H (A—Hifir 5 0k
1977 4RI & D % oK)

Distribution maps of the chemical compositions of
the water samples (1/2). (A) Plane map distribution
of the temperature and pH of the samples. Refer to

the legend for the temperature. The pH is shown
with dark gray and light gray for 3 to 6 and 6 to 9,
respectively. The distributions of the Quaternary
volcanoes, the active faults (refer to Table 1 for
the data sources) and the Yufutsu oil and gas field
(Japanese Association of Petroleum Technology,
2004), and the four divisions of the survey area are
shown in the background map. For the distributions
of the Quaternary volcanoes, non-alkaline mafic
and felsic rocks are shown with dark grays, and
pyroclastic rocks are shown with light grays. (B)
Enlarged plane map distribution of Stiff diagrams
for the geothermal-water samples at the Shiraoi
area. Refer to Table 3 for the sample numbers
(only 1977 data are shown where 1976 sample was

collected from the same location).

KB TIEBIHXIZONWTOHRITZELIEZ 5.

I3 (A) TIE, AHUKOFE SR R TRENE
7C (REJT - [AREH ‘L Y 24—, 2001, 2002)) %
MR & L, PO AR A 2L LT, g
MR O MR A HE L T RIS L. Zho ol
REEL, B HUR O &5 R O BUREE &g & o
AT 5 &, BIEHICHETIE 40 ~ 90°C /km FE1
BT 25 ~ 40C /km FEETH 0, WEEA & FEHAD
SRR 22 UK O R 12D < RN o [ B
DI FMEFmARD b s, ZofdEmE, wE (1992) %«
ENERMT D& D12, H5K(C) - (D) TR XN B HENUL
OHFEMOREIE GEkEIZ L 5) LEHFMNTH 5. T
XTiE, PHE0E FRRICIRE KO HRRE 12D < [HiE
L] K E W,

kB, WEAKSH TR, SYi AL T RIZE -
b XNBWLAITIE, EIBIEM T AROIA, X5
EDRBMATE 250 FT8, LAgh Tk K
DJRHANOEYRERIAZ & - THRAADBEK F 24T
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IZEHR IR TR EARD L V) K /& &ffic
KoTWwbeELoNh5.
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412 AREHE EHE=ZRBORERK

FFHE A & &2 = RIEOERAK T~m) &, A
MR LD B IIRIE MK < 10 ~ 35°C, pHA 7 ~ 9,
M A 2 fr b LT~ 1,000 mg/1 LN &% 7212~ 10,000
mg/1BLLE GE3X) T, fiE K-1 (~30 m&)) &
Na-HCO, ®l, #% % (I-(J)-1 (~110 m %) -m)
Na-C1#ITH 5 (H4K). ThooiRkix, HEH
B O AKDEE L FRS, GHEEE (7 3 Vi)
EHEE S kB~ B s 23 2 A (2720,
FEIAT | (m) ZBR<). Zods, SRS AR 2 flo
MR () IZDWTE, BIRIRE TH o 222D IZhUF
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%55 X G ARDEAAERL DO 3G (20D 2). (C)1E 2
TATEATIT L (NFHH) DM A %
AL, HRICEHEIEA i (2009) OF bz
T = SAZHED TR - TS 1,500 m OIH
DATERT. D)EAT 4 TEA T T 5 L (NFH)
O 252 5540 (e, MO R Iid 30) 278 L,
TRICHEIZE2 W (2009) 12D CHUE WA X]
ORGHF RO X &R, Wmsg (U-V 58X
W-X-Y-Z) OfiiEid (C) %2, SHBAROFES
H 3K ESM (F—HE2 6 OFEHE 1977 RO
L DOELIR). WEHHILOMSIIE 4 K& 2 M

Fig. 5 Distribution maps of the chemical compositions of
the water samples (2/2). (C) Plane map distribution
of Stiff diagrams of the samples. Geology
distribution at 1,500 m depth from the surface and
sea bottom is shown, as the background map, based
on the electronic geology data by Yoshida et al.
ed. (2009). (D) Cross-section map distribution of
Stiff diagrams of the samples with the vertical/
horizontal scale ratio of 30. Cross-section of the
geology distribution is projected to E-W direction
in the background map based on Yoshida et al. ed.
(2009). Refer to (C) for the cross-section lines (U-V
and W-X-Y-Z). Refer to Table 3 for the sample
numbers (only the data for 1977 are shown where
the sample was collected in 1976 from the same
location). Refer to Table 4 for the abbreviations of
the geologic units.

PHLD R X N THIE 600 ~ 700 m 2> & W IR K 23 PREX

NTh O (mE i MR, 1977), AR

BBFECFETSEF L6015, FRCHSE ZRIRORAF L

(m) &, BIERETCallBL M TRENTHD, Ca-

Na-Cl & e 5T 5.
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R - IR CEEMEEIN O Na-Ca-Cl1 &Y, JbiN
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Fig. 6 Relations of the hydrogen and oxygen isotopic

compositions of the sampled waters. (A) All samples.

(B) Enlarged part for the Shiraoi area. Refer to

Table 3 for the sample symbols. In (A), gray squares

are of the hot-spring waters from the Noboribetsu

area after Matsubaya et al. (1978), and cross is of
the geothermal water from the Hiyoshi area in the

Yubari region after Matsunami (1994). In (B), pale

gray circles and gray squares are of the samples

(small ones, river waters; large ones, geothermal

waters) from the Shiraoi area after Urakami (1996),

and from the Noboribetsu area after Matsubaya et

al. (1978), respectively. Small dark-gray circles are
of river and shallow ground waters from the survey
area and the adjacent areas by Mizota and Kusakabe

(1994). Refer to the text for details.
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Fig. 7 Relations of the isotopic compositions of the sample

waters and the sampling elevation. (A) Relation of
the sampling elevation and the hydrogen isotopic
compositions. (B) Relation of the sampling elevation
and the oxygen isotopic compositions. Refer to
Table 3 for the sample symbols. Two straight lines
for (A) and (B) are based on the regression analysis
for the elevation effect to the isotopic compositions
of river and shallow ground waters of meteoric
water origin (w/o the no. 6 sample). Refer to Fig.
6 (B) for pale gray circles. Refer to the text for
details.
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Fig. 8 Relations of the isotopic compositions and the CI

concentrations of the sample waters. (A) Relation

of the Cl concentration and the hydrogen isotopic
composition. (B) Relation of the Cl concentration
and the oxygen isotopic composition. Refer to Table

3 for the sample symbols. The area between the

two straight lines is the mixed water region of

the river and shallow ground waters of meteoric
water origin around the survey area, and seawater.

Refer to Fig. 6 (B) for the pale gray circles (small

circles for river waters are shown with 0 mg/l of

Cl concentration for the values not reported by

Urakami (1996)). Refer to the text for details.
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Fig. 9 Correlations of the concentrations of the 'soluble components' for the sample waters. (A) Relation of the Cl and B

concentrations in logarithmic scales. (B) Relation of the Cl and Br concentrations in logarithmic scales. (C) Relation of

the Cl and I concentrations in logarithmic scales. Refer to Table 3 for the sample symbols. In (A), the estimated various

regions are based on Shigeno and Abe (1983), Shigeno (1992b) and others. Refer to the text for details. In (C), (¢) is

data with less reliability (refer to Table 3).
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(2D 1).
(A) 1% Giggenbach (1988) 7z & 123t < Na-K -
K-Mg midi g s g o AKX & 2 MEFnR, (B)
I3 Fournier (1992) 7 E 1255 < Na-K-Ca W& —
Si0, (QC)‘IEE@*QB@%%T&% Rk DL 1

Appllcatlons of the geochemlcal geothermometers
(A) Combined
presentation of the Na-K and K-Mg geothermometer

to the sample waters (1/2).

temperatures using a tri-linear diagram based
on Giggenbach (1988) and others. (B) Relation
of the Na-K-Ca and SiO, (QC) geothermometer
temperatures based on Fournier (1992) and others.
Refer to Table 3 for the sample symbols. Refer to

text for details.
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(C)IFRAEET I (FHHIRE — Si0, IRE) ODFRRT,
(D) 1% (C) DLETEDIAZIRTH 5. sABAKRDE
FIEE3E£ESH 5 AKOHhiRIL, 5D Sio,
SV DVEIRIE DUEMRAFYE A, Fournier (1992) IZ
HOWORT. B, 300CLITF CidEkotT
VALK — LR SRS D B 20,
SN AR L A2 2 AR (BESR - S58) &
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N I

Applications of the geochemlcal geothermometers
(C) Mixing model

based on the discharge temperature and the SiO,

to the sample waters (2/2).

concentrations. (D) Enlarged bottom left part of
(C). Refer to Table 3 for the sample symbols.
Five curves are of the temperature dependence
of the solubility for the SiO, minerals based on
Fournier (1992).

used, in convenience, for the horizontal axis based

Temperature of hot water is

on the fairly linear relation of specific enthalpy
and temperature below 300 C. Two straight lines
(broken and solid) show the simple mixing line and
the more probable corrected mixing line of the
geothermal water from possible essential deep
reservoir with the ground water of meteoric water

origin. Refer to the text for details.



A, FEiia & o RRK] o1 - RIRRR 2R e IR (5KE)

HEEAG. IR DT &iE, ARG O RE A,
(IR OAL 2SS E S EOBRBICHIE L TR D, B
DIFRIZ K > THIE—A AL FHEISEL Tosn
7212, L U 7 B RO HIER L0 Tk & 2 e
X BIIZD M T B — VRIS D B RS LIS L T e
WATREME A RIE LT 3. &k, 10X (C) - (D) Tl
AFHCHAE OWRAK B RAKETLOERIZO - TED,
HEO RPN B BOKOFIEERE TS, L, SR
FE L ARIIRIE OB APMREL T, RATETLOHE
M3 s e FgEEL 5.

— 4, B S RBOMREAK (m) IZOo0WTE, F10
M (A) TR RIFHRER L 0 & EAICFEREh
% (~50CLL RO Na-K i & b &~ 120C D K-Mg i
FED A ENY) . TSI (1994) &, AikHE X
® Na-Ca-Cl BIDEFEAKIZ DN TRIBEDFER 4 HiE LT
W5, —J5, $10 X (B) Tid Na-K-Ca A~ 20°C,
Si0, k23~ 50C LW FHHEMEAL L, 25 10 X (A) D
Na-K#ED~50CU N2 & T, M FEE~ 1,500 m
TREOHEBEORE L L ThE DY el 55T
W5,

JEARHIIZEE 10 X (A) - (B) OMERIL ER IR 3 T3,
KL O i~ TR O BAGRIZ B 1) 2 L2 -l % NUE
L728DH 0 (HA1E, D’Amore ed., 1992), {L2EKIG
PENEROBAKR (FFIZ~50CLLF T, #WAk~{tH
WK & EERIFEAK & U, SEPIRE RS 6 e HERE S %
kg e T 556) ~NOEAIZIZERRH 5. Lzi>
T, T Z TR AR — H7 28 = RIEOURIR KN D
WHIZDOWTE, TN EMEHCD 2L &T 5.

4.4.3 BB X LIFOZFRK
BISCKIIROEREADOFRTIE, BHl (@) DORFEM
MWEAE T, 170 ~ 280CFEE D EV Na-K %, Na-K-
Cailf¥, SiO, AR T (B10X(A)B). ZThbid,
BRlX O TIC~ 7 < EfA (Sl g 2) 0%
A KREL ZTERBARRB ML THBE E NS
KO (213, MIESIEH,, 1978 LFR T, 1991)
EFMNTH B.
ZOMOALER (O) - Hnz (O) - Xambdtrhs
() - NI (&) oRSEAR, WEXZEIZH 10X (A) -
(B) T 100 ~ 250°C P2 ® Na-K i, 0~ 210CFED
Na-K-Ca #J%, 60 ~ 160°CTEZ D Si0, g DO HPFAN T
s BlEA A . HIERE 2 E OISR (O) oA,
MRy — 3D KB ) il B RAE A n L, 120 ~
150CHEE DEK R A 6 & 725 X =alREME A & &
AZbNhB. AN (O) DEEITIETHR (G5 10 X (A))
ThHD, KRIFERZEERECKR OB OKROERIPEA SR
BEFEE LT BRSO EHEE SRS (it
F— - FEERAR A BITEERE (1991) DU HIEE A S
RESH). ZHdtrE (V) &, JEFEN B 101X

—165—

(A) ThaAKDEVIRERREMA/RL, &l (200C
FEE) DOWBOFAR AW E LT, M HRIEE T
AR —ALFZ 22T TS WA R S h b, ik
SN (&) &, FERICEROVETTHRE 2R L Tk D, K
MWmCOR—EARILTHERL TS EFEZLNS.

5. BMKROBZHET VL

ZZTi3, Eid4. OFARMERILFN 2 ERE X 512
e, AREINTVBRRMEOERE G TEDREMIZ,
R EEE ~ 1,500 m DIRICHRAE S 2 80KkR Q& LT
BUERATE - FIH) & KD EEBICIRGTET 2 (BB W0IEZD
TREMED & 5) BOKRD AR - Btk - AR FER OBEET
BETMEEITS. I (A) - (B) 12, FAEHULOM
BN EEKRAMET N %, P - WX & UORT
F7z, BURRAMET N ORIEREZN 5 RITRT.

LITO&ELRTIE, H11X(A)-(B), 5 RIZEDET,
Va7 5 HANEID 4 Hikic O W TOBRN S, 5.3 DA FFEH
T D BIKCR TR TREREE - BB R OMmX (2D
T, %7254 OHE = RIBOEACR TRBESA X 5
5 X DIRIIZ, RRHEIZABES S BB HBETREL
<#kimd 5.

5.1 MK ILIEDOEK TR

A OV TT O (Lt (LHEE Ve EB D HEA%ER 5 AL
FErgl &  E R 2) 12DV, JedE = R4 g
BRHE UTHE o UEE - RS2 T % 1
12, BIURLOEBKIL (KBS L T 5 5L & &) 2
ERAAL TS, ZD78, AR TIZEKROTEE
IR TH S LIRS, 2HTHE EE11IX(A) ). L
ML, ATz oIEE DR S, Bkl
Bk RIZOW TR RSO B TIED A & B\ 3,
F11IX(B) OWrifiX &5 5 £ Tk, s ZEhEGE
FAEREBNIX DA ETLD FiF7. BRHIX T,
RO KR R, AR A BUA R L &L i,
VR - BRVE~ 1 - Na-Ca-C1 Y, (KIS - Wk -
SO, M7 & DL A SRR PIAEL TR D, FHEIURLD
Mmookl BRlkbE &I 3) O FERD~
THEEONSOELE L BIZ, BIROREY (KO H X
B BT s TBAFREA X Y ORIEE 5 5) HMIE &
NTEREBKRIMNFEEL TWB AT, BERIED,
1978 5 &fa T, 1991). BRIHX DM FE AP RT v 7~
IR A OE WV SD il - 80 i (il 21X, Giggen-
bach, 1992) &, ZOEFILELHL W3,
AHIEOILER, A2, TR E D XD
5 - EOIRE (Na-C1-SO, %, Na-Ca-SO,-HCO,-
ClEIZE ;%0 MDY 7 b & kb 12, BHRR
2 U CERRD B O 52V NI TH O, H 3
O~ 272 W0 ~ % O ERS RS R A SR K >
TR SNBBOFGTRREVEBESINIDS (11



SUVEECEROIE

X (B) Tld#Amg). —77, KON OWTIE, K
AR T K & iR - BRALA SRS R =k e D
RISHAERJEE 5> Tk D (413 23), WTIEEH»S
DI 75 s BMEE N A T Z D RS EA A B 0D —
o Twa Mt e g (RIS, 55 111X (B)
TIZHM).

2011 4F ZE62%& H3/4H

BER™MTbN7z. AL ZEREOEATHH &7z IB-5 -
NB-3 @ 2 HTH TIE%E 700 ~ 1,000 m PA%EIE 200°C 2L
b (R~ 270C) A>Tk O, Fis =R & MBS b
RO KMIRE) OFICERREKRAREL TS
RS E VW E VI RBB O THwE (oL ¥—
WA THFEERE, 1983a, 1983b; %%, 1986;Hr— x )L ¥ —-

PE SN B JE RS, 1991 5 AFrhr, 1991). AFTIE
%;Hi%gz_’:ﬁi, b EAGH FE M AR A AL o [HPL -
[Pl 4@ | WX TEEEENTH D, Fric [EP] e

Aypigid, EREREORHEIEEEZE LN TEH
0, BHA L 72 &5 IZE O EGH RO E S A [HR] - 5
Bl 2 &> THE 1,000 ~ 1,800 m DA EF 13 KDY

w8 ()

7: PG, | i
i ﬁi;i‘:lmJJ: g
" CalNalCl

. (C.Sreem,wL A i
T oL 4. M3

e il e
PRGN TR 7

4. M3

BLse-

i

nent
T o

AD A7 N
8£.9000 N

1422 E

11 XEHAMRORAR A OBEET LR (2D 1), (A)IFFEEE LT, BEEHIZ AR THRE~ 1,500 m & TIZ0is
MEINSE FHAEKRERL, ZOWRREKDIFEREN~5 o/l ITOHAILEHE L, D EOLAIIIKEGETEHEEAT S
&I, FEARRAKOFARE L 72, BEONMIE, FICAHOFEZ ISP S BN WEFAERA LY
s — (2002), %% (2011) M) (CBETRHEE S MART. RIS, 5K (C) Db - W T A 1,500 m OIE

AL S 5 X (A) OFEIUACKIAEHD MM #EATORT. FELLIEE 5 R (RIHR) BIUOARLESIH.

Conceptual model for the distributions of hydrothermal systems in the survey area (1/2). (A) Plane map showing the

estimated distributions of the hydrothermal systems down to ca. 1,500 m depth with rectangles. For the distributed

geothermal waters, T.S.M. is show by the inner color (transparent and gray for lower and higher than ca. 5 g/,

respectively) of the rectangles, and the major water-chemistry type is also shown. The rectangles with the broken rim

Fig. 11

lines correspond to the system related to the geothermal waters developed after the presently-reported survey (refer to
Geological Survey of Japan (2002) and Shigeno (2011)). Distributions of the geology at 1,500 m depth (refer to Fig. 5 (C)),
and the Quaternary volcanoes (refer to Fig. 5 (A)) are shown as the background map. Refer to Table 5 (summary table)

and text for details.
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THAMPEE SN B EREBKRERL, ZOWRKRDIFRIEN~5 g/1 ITOHAIENL L, D EORAIIIKET
W5 L &3, FEARMKO A RE L. BN AIIHEE NS REOBKRRE, FHZ 135 RO
PUFNZ AR RLE S DO CAEFMEA SO BURR 2R3, RIS, 5 X (D) OV W X o J04 5 m D PEREIX] & 31
PR UORT (72720, SHIE2 M (2009) (2HEDWT, 58 = RIBEOD KR 7 flif_L W R <0 Mo hg O widin i3 R BL S h
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Conceptual model for the distributions of hydrothermal systems in the survey area (2/2). (B) Cross-section projection
view, with the vertical/horizontal scale ratio of 10, showing the estimated distributions of the hydrothermal systems
with rectangles. For the distributed geothermal waters, T.S.M. is show by the inner color (transparent and gray for
lower and higher than ca. 5 g/l, respectively) of the rectangles, and the major water-chemistry type is also shown. The
rectangles with the broken rim lines show the hydrothermal systems estimated at the depth, and especially those with
scattered lines show the ones whose concrete distributions are less certain. Cross-section of the geology distribution
projected to the E-W direction (refer to Fig. 5 (D)) is extended to the depth as the background map, but the huge thrust
faults and reversed formations distributed at the Paleogene area are not shown based on Yoshida et al. ed. (2009). Also,
the distribution of the Yufutsu oil and gas field (Japanese Association of Petroleum Technology, 2004) is shown. Refer
to Fig. 11 (A) for the cross-section lines (U-V and W-X-Y-Z). The hydrothermal systems far away from the cross-
section lines are not shown, and the position of the system of the Noboribetsu hot springs is slightly modified. Refer to
Table 5 (summary table) and text for details.
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A, FEiia & o RRK] o1 - RIRRR 2R e IR (5KE)

KiZOWT, DIFOfAEME 5. (1) HRADOwH
WD < K E 2 [HRAEL] (G 90C /km F2E) (R
3H(A). @Q#FTDS®0MEDY 7 b (+1.0% L) (G
6 X (B)). (3) & T\ 8D A3~ 3 st A b T 7Kk
O RPEEERE) (557X (A). Q) R B/ClLELL
DORT, WAGREARDIER G- & TS E O
(I (A) , (B) @ Na-K % LU Na-K-Ca & 51
FE (200 ~ 220°CHERE) (55 10X (A) - (B) ). (6)iRA

ETFICK D HEE B RFEEOKD G S10, FE &
W (250CHEE) (B 10X (C)-(D)). ZhoDHT
2 (1), (2), (5), (6)1%, AN 2 @B ROWEAE %
R LT b FRZE,

11 (A) ISR T & 512, RO
M~ T d %25, VWa~dLP i iEE I3 o
BRI K & A husdkil (HE%E, ko —fEsen
E) A MHL TS, ZThoDOHUEOH T (&5 <
PRI 5,000 m ) 12iE, BUES ~ 300 CHL LDV~
W E D ~EEKBCE R A LT B ITHEE A E O
N5 Z{RERN R EPEE U, KR HHIRE N O R % 7K
DR E LT, il OARER 2 SilEok R (R 1,500
~ 3,000 m FEE) HRS < HEHUSO P ~ILPE Ao
BESRIS, FRICUERERIC P NE-SW S AIRHE AT 5
NW-SE HIao Wik - Wi isig - TIHREL TV 5 1] EE
MrRENEEZLONS. ki, HEHIRORIESO R
PEC SO I E IR AIZOWTIE, BELFRTE LT
LR (#5<, BRNER ORI - @E R EiR &
EINTWDB) 2o OFTOv 7 vi@ERAR~ Kl H Z
DFGPEAET B A REMER Ev. Lo L, sDi - 80
O A 5, ABHIROERAKIZDOWTIE~ &7 < ki
WKDZF 53N E L, FELHW - oK, i
K- AL ARDRBAIZIEFITNIWEFZ 5.

AR U7z & 912, Bk E 3 2 2 E ko
VEEEITAE LT B AL 23R TI3, M F (e 3
EOYUFRAEIC & > TEERF DRSS EAK RO ED (~
700 m DIVE 5 el = RAE ) 1S, & (2002 L)
DEENEAKR RO AN SN TS (Fro e ¥ —-
PEERRIR A DI HERE, 1991). Lo L -k (FF
IZPEER - RER) I X B BEEREVKGRIZ, 2 AL
2 X D iR R B & OB X O SR EOK R A &
JiNERR A A 7k (58 5 X1 (B) 1R 2 5550 0 iz
~Jtidhk & 7 ORI OIS L TR D, HAR
IR D < 7~ — KILRIZED N 2 EREOK R TH %
nREMERE O EHEHI X N D GE 11X (A) - (B) 23).

—J, AEHIEOHEIE, Na-HCO,; IO IE KA )
Mg AEACH D, FERKOHHEE IS [H
AR A 40C /km FEE & ZhFERE < E AL, &l
ﬁ*%@%%ﬁﬁcuﬁih&nﬂ%ﬁfén.:@%
WoALHIZZ, X% T 7B L ORARIEE - /L
BHT D, L L, HTOY 2 vE D ~E RSk

—-
—
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PPEEERICEEN TR Y, 469 % 2 2D ICAKHUROEL
KANOEIE (FRZBYRE O AR & LToRR)
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DEGKRIE, Fisdb~IEvE o KLk O LD AR %
R e Lz P ARICK > TS T, TITH PR
B2 5 OINBN S R EYRE A BJFE LT B LHE LD
h5.

X, L BLoIcTiiRAz& S 1D, FERIEARHE
MO E LT [HEEK] Ol & g S h T
&7 (B2, HEFEAH, 1980b s MUEHARA £V
% —,2001,2002). LA L, EidL =& 5o (b
VTR - hER) 1d, BRFISHAEN &0 S kD & b v
EOEIRK IR 2 0 e~ Ik TH 0,
HFOBKRIZDONTE BEAERFEAE LT, BT
FIGRLAKILDBEDE 52 KEL ZITTWEEFELLNS.
[BEREEOK] (2oWTid, Eb U724k 512 1970 402 E
WHNZHT = 2L ¥ —HPHOF Y KO HK Tith iz
BN DD, ZOERMNAMMNCLT LA TIE A0
(Bl 70X, i, 1982 ; %%, 1982) A%, HE&HUE (R
2P - ) O FOBUKRIZDOWTIE, dalkd
AR 2 [PRREEK ] ORI IZEABNTHSS.

5.3 AFEMHEOHKR (FICTHEE - BERE
DBRKIZOVT)
5.3.1 AIFEHHEDOEHKR

ERE 4. TR L5112, KFTHRE L 2AFFKH
WS OWERICOWTIEL IO S 5. (1) SR
J& 9 Na-C1 B & KGO Na-HCO, Bz KAl X 5. (2)
W& B2, EAEAKOWHREICES < [HEAE] &
FERHIZ 20 ~ 30 C /km P2 L/ &, (3) [ERLARIC
RIS O Na-Cl A3 K~ K& FE A E L,
GRS D Na-HCO, B[k % JEE 4 5. (4)B/Cl
o7 & B RIS 0 Na-Cl Bz i3k~ bk o3
LGAWIRTH 5. (5) HERLZIRIEFHC & 2 #EEwE i,
A e ARTEERIR & Rk 4 5.

HIZ 412 TR &S, KE (2011) EALEETR
A% G T RS O AN iR SR K D 3R IZ DN T
LRI L T 5. ZOMBRE»EDEHETH %72
W, KBEOLFHEIF SO TSR - THHMIL L, 2
KRAD M B 5 MET LA 11X (A) - (B) IR L 7=,
Thabb, ARFKHI OEFE - LT3 LRC O SRR
JED Na-Cl BI040 U, 3% - #0058 CISIRIRE O
Na-HCO; B2\ 05§ 5. Zd, /K% (2011) OERA
DA OB T, BISAYICHT# (X, (B)-(C) fHIIC,
#%HE I3 (D) IS RE M T 5

R U 72 & 512, AR i3 4t H Ao e &
T E5IRE P ORISR & DA T, K & vefak (H
IR & RRE — AR ORI AE T 5) Lo
Tk, F11X(A) - (B) 2R LS IZHUAR~HH =
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F (ZOEEBIITHE =R - AWR) O FISWERHERS
FRIEFIELS LT3, ZD70, M FEEESIEh
KR~ bt IRO H G K A il § 2 B IC 2 > T B
RIS, A IE IRk Og & 2 > TH D, %
DO FIZIEEIARE D K~ ~ 7 v BENIARIET, AN
BHGRB(REN T 5 L E 2 5 h T b, Al
OHRAENE, HAOHER A O hTIRIER I/ X < 1%
W% 20 ~ 30C /km Th 3. ZOFKEILTLEWL LT
WA, HFBITHT U < i 2z W HEREA B B AR 1
B CHERES B L AR, SRR A © o AR
KDL N ERER~TRER N DIE - WA E R T,
2 6 OIRIEI BAREIZ K B BRI AT E N B Z &3,
Big ERFRRDO—ERIZH > T B LRI E 5.
AFHEHIAR 12 D WO T DU~ B 58 A D HERE A FH A
JEL A LT D, MPIE X h - MU 2 [VER UK |
RO MEEIF ORI LTS Z &8 TES. KIS, £
FHICHD AR 13360 S O ALiiEE O AR KR ERIRIZ 5 720,
TPk 25 [RIEEOK ] ORI ICHIEAFE NS, LaL,
EiR U 72 & S5 ISR AE AN 2 W /=912, 50C LI
AR~BoK %15 5 12 IZHEG R IZ B ~ 2,000 m BL_Eo¥i
PHI 2SR E 20, [REEOK] ©% H ORISR
PEORFIA R Z N (B2 1E, RiE (1982) &), BIfE
AHSRT [VRREEOK] ORI RGN 4 [RVREE IR
IIFIFRONAHHIE, ZOfIChIEELOND.

5.3.2 TR - BEREDRERKICOWT

T L, AR ACHEE PEE O LAY 5 O
ARSI AN E FSRICIED I ic s 20 (1K
(A) - 52X (A) 2H), TFHERSE ORI & IEBOR O
T ORERBICNET 5. TREETIE, 1970 £
IZHEERY 1,000 m QBB & > TIEFIIKIERE O
Na-HCO; BIOMSEA A L7z CRFIH) », 2o
PRI/ NI 72 £ T OHUHEANC X % SR Na-Cl
RIDWEIRAK LG IER IR > TE Y EH S hz (Jbimd
ST EFRA T, 1977). 2 0%, AL o dtiEE
PEEB O A Lt & A FHEH AT & OBERIE RIS W T
&, RE~ 1,000 m OHIEHNC & - TTRERHBHX &
FABLOMCIE IR - Na-HCO, BIOHIRA DT X T
3. % (2011) 1F, 4.1.2 TBN7z & IS S b
— B RO [ R ] 12 DWW TR A MET &
TV, RO R & & &I (D) Hbisk, BIA
WNZBEARIERE LT &7,

TR ORI DN TSRS L 72 8D fli, §°0
6 (=77%o , -11.5%0) &, ZBIOGKIOHTITRERIIC
K<, BAGRFEOMIIAK - Fhght RO 8D i, §°0
ANDOEEDIR» S, EEAEOHE (~ 1,000 m a.s.l.)
THWEIN-EEZEZONS. £, BEOFEGHORAK
ARPEE LT RN ERE S, AuTLrii—%
AR O ML, KRB0 L 07 O TI

—170 -

FRREAREI RS 2L (KRBT -[REEHLEL v 54—
(2002) 1= &AUFE~ 2,000 mm/y B k), —AEANIZREN
DENMEANIZ S 2 KIEHEP I T2Z2E8H 0,
I ORRAGEIEM FK2 N2 2 Bicis) - IlGEL ¢
WAHEEERENTH A S,

AR IZ 351 % _EAD 5.3.1 ORI IR O R I
SRR & SRR O W AR ~ LA AR IR SR AR D 73 A 1,
W F O ADZERRE - BAKED A, BN 2 KB G
DAL 12, KOEE (EIRECHERE KRG O5Th
ko THEENTED, HIFThA DB AER% &
LT uEEMLRH 5. 5K (C) - (D) AENRT XD
I TR BB DR ITF O VUSRI T (3. P) 4147
LTS EHEIX D5, &5 < WHOKg 5
DIEAGEIFEDOH T ARDIE - WP EA L L, SHEREO
WAR~CABAGRIEOH TR PR3 5 & & & I2JRm
75 MR BRI K T X T, (RIS O A
BT R & I8 DEELENS (K, YHHOD
~ 700 m PV IZIZEOWY L MERGMG LT D (WEHE
AT, 1980a), W fEOTREME SV &b H, F
WA RKERBECTHER{ L - EME e BT & 4vy). ki
DALV T OMSERRE OISR S, kD BEE > & [FlkkD
WETHELTWS WEREREG Y 24—, 2002; 1%
¥, 2011).

—Ji, MR L7z k9512, M mBEOMERR T, *F
FLEIZH VRIS ~ 30 m 2 5 RIERE Na-HCO, Bl (~
25°C 5 TREBN K 0 & RIEIRIE), ~ 110 m 2 & SER
% Na-Cl BIDMERA (~27C) HBEEL TEHL T3,
BRI L, KBS N-S B - e} o 16 i
JE (RIS AR ) OB RIChiE L Tl (i
AL, ALiE S E NS, 2001), ZAUSHIBIE T
HWTER? 5 TN 6 DIRAKNR A LT EEL 6N
5. BB OBHEE IZEEDTIE, B3I (A) 251
W& L2 1 R 500 ~ 1,000 m FEHE 2> & DR EAKD 5
BHEE SN S, Ik, BBREOIKIEIRE R KD 8D 1,
SO MHI%, 7 DACFEA TR T & DK OB
THhDHILERNLTED, WHOAE LM — H & LR
MEBH0 SN EEZ 6N 52, HiFHYE —K
PEREXEMIZIEVE 7 O IUALAIEE A & & 72 5 S /- TTEE
MrEnEZEZS6NS (11X (A) - (B) 2.

54 HE=RFBOMKFR FEFIH LD S K VIEERY
2)

RHOPAD E N FITAD L 72 & 5 IcaE (~H
FHEH) TH 0, EAO 2 RSz OV Tk kS
WO HI TRURHREL - 3T &7 5728 DTH 5B, Lol
Z 0%, EHE=RIICOWTEEO - KR H 2 EN
FEEIRAT D[RR ] 2 [RVREMR | DORTE A &5
fibh, BHEOT— 2 OFHPAHEL 5> 7. FRHESE
o3 O = S 21 VAR L N 7 2R [ | 3 MY LK 2R )



A, FEiia & o RRK] o1 - RIRRR 2R e IR (5KE)

FeAr (HiE 2 5 2001 FFI28G/H) 12k - ThE A il -
W ITbh, BFEOERSEH - A TE .

Z ZCARITIE, B E (m) ATET B EE R
W TREERR] 12o0WTE, RENaEE,» 55T
DYERNGHERmET> T Lz 22T, Wi
ARG, WML 3B IS T, L D&k
~H 5O BRI & AT TS8R 3.

541 BE#HE

A 38 oD /A Bl R0 Hs B i 1S D T, AR T
V&R (1995a), HUEFAAHT (1999), Jt¥w
SV MFZEATIE A (2008, p.116) A EIZK S TT—4»
With - A S, WEHREAERAS Y 4 — (2004) Z2&-
TETEMEAR SN TWE 2, ikt — HELiko
DI T YIE O ENC & 2 BEEE 7 — 4 K%
LTW3, 20770, WFOLAFHEEHE I & O
D+ 10517 PEEB O H i A Bl 1 5D T, TR IS
R AEE (20 ~ 30°C /km) DAAAHEE XhT\W3
L2L, ZHEBTLEELL AWML S 5.

BEBS 13 Ma IO KEHET L — b — 25 70Dk
AIAAIERE LT, TEINMEESEOFIUR (2 /3-)
W ANERTIEB 2175 Th D, ZOuugko A%
LR — 475k 1L & 2 D FE 3k st D Sk e iige - B5
WMERSTWS, LEn->C, RT3t FESE T
D b5t - I, KB wi R - RO R, IR
JIBREE, ZRAERNC & 5SRO 2 & 2K & L
T2V & DA ESFIZ & - T, N ORI BRI
& 503 FRtk D 225D kE v (30C /km
<) WEEMEAERE NS, ZHISH LT, TESROGHT
U 3G 36 & O-HIS U P o HE A B, T LV
R DMK 7 HERE e LRI b3 & D 72 Wi R KR
FOMBEZIT TWE DI EnWEEZ NS, il
TELA, R R O s~ HERIC i L ¢, %
ORI OB TR 0K WER (B2, S8 (2011,
FIX(C) #2M) 1%, FiloaREtkE L 0 s
LEbhb.

FAPHE A (1994), L7 T & WA (1995b)
mEIT MR, FERTEO H & X T3 1986 ~
1989 4FIZVERE 700 ~ 1,500 m OHFHHEIZ & 5T, &
Tl & U CHURIRE T~ 57°C, WURmHIEE T~ 46°C,
MR AE T~ 49C /km I T 5. R, [FlH
X0 2 FIHTAMBLOHREFICEE LT, 20k
MOEE RO —FBIZRS IR A b & U ClRRAK
BIMFEL TV EHEEINTWS., LESST, ER:
W24 A % % 47 a1k — H s IR oD rhoC sk~ & 5205k
2BV, LAl OEWERE - K& SR A A 2
D OFPIZIEA > T D, &5 WIFHOSIIZ 0 m LT
UM ELZ NS,

ARFED P TEREL - 81 %47 - 7= FERRT 0l R Ak
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24

W, R (LSRR L BT AR
BiPZ, N-S EROKBANE (EHEWRE) HEbh
THIE BRI B =R (FRERER TECHRE 4 &
£ 1R & BRI 5 & ORI A CHd 3 IRA 3 [
< BRI L 2 EAME) 2 B Mk (T AT
1073 5 I VBT, 2002) W LT H O I
FROBRBICHhBLEZEZ6NS. kB, mhbhL7zkd12hH
FEHRHEAS AL RT3 55, 1ROBTEA 6 OEEUK PSS
TR R A R FE IR, TN - R AR
FBERERE (55 SR AU TR B R L
BY, FEMOBBIC S 5 L S h b,

X DICHIREG T &1, [HERERSE] O (4] (R
~ 4,500 m ; BIEDOHE AN~ 22°C /km) TiE Eito
FIHR L 155 = 00 3 1 S LA TR b T
BLCHY, WS- THBIY 5 BRSO A - Jf
WG O A O T RGRE 1, T 20000 F (%
B~ 1,000 m, ~ 3,000 m#&HBXV~4000 m) #R~LT
VB (RALMER, 1999). 0 Z &k, L il
ONBET B IR AEK L, 7 A0 T 5 EE
DFhA LT B BT S < BB D, 7 DI
B WAL T AN L 72 2 A RIE LT B
LAROSEAE, BN L, EEREE, IS0
BEI, B3\ ORIHROBIEIZES LT3 &S 1
ML AR X h 5.

5.4.2 BrEEEE

YOFHR NS & 2 AL & o Fri B T8 R iz D v T,
—ARA IR B AR R AKNAK T 25 E 12D T
LHEINTT—4anFLHohTE, HREY 2
ELTHiHO bR (EERE KK NROL 1/
min/m) 7% & OESMR B N TH S (IRKIE
22,1997, 1999, 2000). AF L O TIE, SMDE
BRI, AT (— ), SRS LIRS
KARIET 5 VIile FuBH M FA7, X AR — B0k
% Xa JHIE—#ERK 7T a v 2z onT, ishE
A H 6 DXL IZEF Lo TS, X LFF—FIA
HEREZENE, ARGIMEREZE, HISHEREA & IbA TRV LRI
FHSR (1~ IV) O 80% LU E% 5 5k TdH
D, AR - PR - SRFOBINRE S E Ok & W Z B,
—H, W SRIBICEEY TS Viie mdkH SRR
DNWTE, HAEEOFVILENEOHIIEHONTE
D, ALHEE N O IR O M TId i~ L A E T RATF
il (556 &G, 6 2 ZBHOHEA GRRFRY 2 2 850
A%, 18 X BT OF Ml 50 12xt L€ 29 &K<, Kb
B ERBEROTERMEN) LhoT0d, &k, K
TIERYUHEEIE A A 5 <, YIRHEICK T % Lo
EHREOMBBROFEGNRKENZ LIZHRETIDELD 5.
W SRETIE, HE SR (ZOEEICITATR) DK
R AR~ TR < 4340 L Cds D il Rk D B g
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56 4 ALiEE OB 3 X ORI O Mg R & Ol (RREIEA (1999) 1255 <).

Table 6 Comparisons of the specific capacity class of geothermal-water wells in the three districts (related to this article) in

Hokkaido (after Matsunami et al. (1999)).

X X £ HHY |HEHERE ([EHEREHR  (LREHESRE  |[REHERER [MEAER
5 00~0M i+ I~11 ofiHF |1~V O5H [00~0DFEE
B M % @ H Q@ 1)/ ((2)+(3))
_ N N (h) N () N () | x 100 (%) (°C/km)
Vile mabR=@ELH 9 2 1 18 0 0 29[ 30 LLF
X A - SBHHER 88 3 12 14 13 83 4] 20~50
Xla BEiR—%EMEID VI & 91 19 43 47 29 32 26] 50 pLl.E
— duigEsE (18H#X) 495 68 130 26 297 60 16 -—
—— WRZEHMELE-FYE  (8#K)| — — 30 — 43 50 —

AR, WIRIEA (1999) OFE2R IFHEX (FIX) " BRADLBHERR” OEHEIE) hotkE - HEL.

HBHE (I/min/m) FE#RIE, 00, 0.10LLF; 0, 0.10~0.32; I,

0.32~1.0; I, 1.0~3.2; I1I, 3.2~10; IV, 10LLL.

HIRIEMN (1999) (2&nE, REOHERS O (1) FmITKLED Xla 12, (2 BE#EE Q) BIFEMFI X I,

A EE=REIF Viic [2HT-5.

ELTHEEE LM, HE R - AIRIHE Rk
U CPRERIZ 2B - BARMEAKLS, EdLL512
WSROI DN T T OWRRD 734012 K 5 Thl
SHllEh T2 (WRIFEN] To ) WREME, &
v (R, 1994). L7=A - T, E = RIS T %8
AKRDFEZIZOWTUIRAE L TS EetEr <, s
128 72 > TN RIS OHA - A A AR TH S 9.

s, VIRHEMXOYIHTIE, =R & AR
BEFUBANL A ISR EI L T s, &7z, [ L 7z
KO TREBIR EOWRIR G, W =R & RO M S AR
BRHIMELTWSE, ZOo—8»rb, MERDMmE
& RIS, KRELWEEREBOWE - kORI MR8
ez J@IRE DS, BT OIZRICEA 5 LT 5 Ll 5.

5.4.3 Atz

AR O = R 530 sk DU SR AR DAL EHR IS D
W, B (1994), AL i IR AT (1995h)
BEWZK > TEEXATHS., ZoHIKTIEA - IH
IREEITN AR 25 E 3 B AL PR &R (IRIRIE 2,
1994) », ZiEHERXOECYH 2 5 OISR AKIE, &
YEURIE - FhE-Na-Ca-Cl Bl & 72 5 TV 5 (A%, 1994) (58
3 XI2H). Na-Ca-Cl %~ Ca-Na-Cl ZIZ, i fEMA
HEA 7B O A ARIEO AL, HAMIZHRD 6
N30 TH5 HlA1E, Collins, 1975, Davisson and
Criss, 1996) .

A7 H # i X O R K o 8D fili-5'°0 fifl (G5 6 [X1 (A)) 14,
EHITKRZF YT b ARTHEANCH D (B, 1994), (F1
Ml ~) W AL BRI O Pz & - Tk —
WAL DET L 722 & AR LTS, K (2011) (3,
AR L72& 912 CallFBL ZOBIDIERAD, (A) HiH
=R AR B L, REIM WAL S bAoA~
ZAERE (i fEH) A ZEBRET, CO, DG4
%< SO, MEE TN 2BICH A BIRIZH VT, MgiR
EOIKT R bsioIgm) Lahan» 56D Ca DEH (#
BAOT AN MME) 12 &> TER L 72 iTREME % fadi L
TW53,

S AEREL - 3B %47 - 7Rk Eo A, HE~
11°C OESEIREE - btk - Ca-Na-C1 T 8D i - 80 i
DOREEY T FEABOOER, EBLEVERSORERA
EHERIMES E. AR EI RS O A s 5§ H @il
HROJEAMIR T &, KA (i 7 3 & 5 3 AT
(1997), &K - HEAR (2000) % & A& BH) & 50 Iidk
FROEE, ZOXS BMOGTELE 5 BTEDOBAEL
T30 TIE BV X h, ZOREOM I
AR 0 &SRO & D IRE A EOERASIRE L Tn
BHREMEMEL BnE EZ 6N 5.

—7J5, White et al. (1973), Collins (1975) Z& &2k
L, HERSHOGRIEH A X S ICEBER & % 5
B CId, WHIS{KHERE O Na-HCO; BIDHiHR K — 25K
K (TEMR S TH B BIZEA, SPOMHDY 7 &1
) MEKTEZENMEIN TS, 2D XS BHik
m—%&m&&%&gaa%zeaaw%*@%ﬁw
HATEHHEO Al (RESEAES) 5L TH
HERTED Wz, ZEH#E, 1967 ; Shigeno and Abe,
1982), AbifsE b Y oo AL 00 KIE - Bk 0 HERE 712 4y
19 % Na-HCO, BUD3tfg A - iRIRAK (EERBEEES)
&, ARk A RO TBREEA Sy (s 3t ¥ I
AT, 1979 5 KA, 1993 5 #hk - SEH, 2007 ; K%
2011). 5 SRIKOH FEE, X722 ORGFOIAES
Ho ik (H&Ik— 2L OT Tk, Zo
& 9 HARKEIRIE D Na-HCO, RIS A DM RIZH -
TS, & 5 WIZIRRIIZ A6 LT B afagdk 2348
fiEhs. & 5ICHMEIEA AR ISR I3 IE R R
HRBERAEH R ESIA ML TE D, Bl &EA:
BT N2k 24 S0 — IR RISIZ & - T, (L&
W IEE IS Bk AR - IRTF - BEIL T 5
AREME DS B B .

6. £&H
AL E D PaER & rh gL O BRI AL E B R
DHEWIKTIZ, 1960 A2 5 T 400 ~ 1,600 m D
HUFHEHNC & > T, W 40 ~ 60°C D RAA LI I
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5 KEMH).

(1) B0kl (b @ s o gtz b 72 0,
Tl = RERRLE UTHE =10, X% - 1%
D2 AT T ELROBENULLKILOWE 2 EFE) T
3, BRRGIRRSEHRG LTS, RS, BRX (5
RSB A D) TIE, Sl SEIRE T
M~ - Na-Ca-ClBIDWREA 3 L, WFEAKOE
WD - 880 filizs & 2 & v & 2 IED Tk D 5 h
EEND BlAIE, MESIEH, (1977), R (1991)
ZH). —J, LHIUbX OER - (RERE b - Na-
Cl-SO, i, FLv Z HuIX, A0 vE 7 X o> & 0 Kk -
(G Tt - Na-Ca-S0,-HCO,-Cl 17 E DIRR T
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TOHFGIINXNEHERI SN B, MG RITEHRA [H
) - [0 OFUFEE o 2L — - ESERAR
HeRE (1991) &£ 8) 12Xk -T, AL AKX EATIEHE
Ik S 7z SR EUKR (~ 700 m DIET~ 200C L L)
DI ST 5,

(2) FERIR (Fig (3) Db O M VE S IZ &
BH7=5H, JLEEEEEBICALE LT LR (1) Okl
BUCHe T 2R P8~ ) T, (R o -
Na-C1 % (J§{8Ci3 SO, I8 A&, HHTIZ Na-HCO, Y
1278 BEIA) OIS ERRO L SIS L, ST
i 90°C /km 12T 2 KOOI IZIEDS < K&
HEENT O [THRWEL] &85O, AR (RRCeEEs -
i) ORI OWTIE, T B IR ILEED 75,
FECOALAN - R R, IR K ORI AL (~
+1.0% D 80l 7 1), HIERL#AIREET (Na-K i
g5, Na-K-Ca 5t IRAKETNIZL D SiO, &
) Ik BaEOHEERE (200 ~250C) HERS, W
F OFENASA IR D LN DA FFE LT, %
WO~ 2R E O ~ SR AKBUE R A (R R Bi & L 7z
TEURME D AFI 22 RSB AR RS, 2 OEIRE 85T
WAIREE RSV Sl X B, ZhiciE, FEgic
Vfd 2 LAt /7 VoL 2 X JEICHlifE & 7z iR EOKkGCR
EDMAMPESER X B, 8D il - 80 MO En b,
FEEHUR DO B R DWW TIBRIIX O & 5 7~ & < i
TWIRDZGZNE L, F2BLHM - LW OBk,
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(3) FiFHEHhAr (2R — A~ S VUAC D W BHE RS i 8
JEL AT B KB 2 Pk ©, MR AEd 2/ h &) T
13, TR ] SRR ISR IS 0 A0 U SRR -
H - Na-Cl B0k~ LAl KE FEERFEET5 8
DL, Pk & O INERIBIZ A USRI - ik -
Na-HCO; RO REAK &I & § % & DTz 2 55 &
N5, FFHEHA VRO TR X O PR ~ 1,000 m
6 OIIEIRED & O, FFERAIEV D fE - §'°0 &
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Hem & ha, —0F, A EER o BB AR I M X o
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IO R — HE ROV O ez 5720, 1
AT~ #7258 —AC DU BCHERT S JH AT < 204§ 5 BE s 3
Wrkg - #HEH) IR WT, IV IC AR &S SR
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AR Ot - Ca-Na-Cl1BITER 8D fili - 80 fiti %
Fib, EFEKE UThEIERZEA ZURKICE T &
Fzo6h5. ALHFOLYERHMKO 05X T, [FRk
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T2 BREE 12 & 5 &7k L — H @ Lk & 2 0 500 sk
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ks, ARPOFAE - 2L, 1970 FROT 3L F —
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M »REND. SO ERRICH 725 T, FEFELH
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