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5. duiE, BNERR OMABRE

mEEE -BALE AN W
PSRl A 1 < U2 RS 7
(AR IR MR Y B 55
— A1 37 4 9 2 —

I.

i

e EF WA OE)RR I ATEHOWAZ 11 km, B AEEEORAEDORHERA%Z 5km
KH Y, HEKN25km QMBI ENROIRBICTHT 5, BRERRTHE, K-y 7
KEBHO2MRT2805D, BEIIAS~92°CTHs, FAMIILLEHDODYD, BE - EHR
HED CO%EL A%, RENZAMEOMBBREOELET %,

MFHAOHEICEL TR, BhfE? KB ROREIH TEHAET SOoMRRESLD D,
B DR S &AL R & & AT BRI B LTI RZE - B - R O LOBIED
5,

FEFHIEMIB5HE1L A 9~11 B, BERFAEL B RFHBIRO 1 m FEHEOMES TS
>k DT, ZORERDMIEZE RS

. BlamaEohy, HE

AP MG AR I TRBEFAET OB LN, H0kH s, HE=hit
ERCETIHEES LVEAREO LA OB REBOBERUBEHREDELFE> TRA LT
DI OEEBICEN L, B HORELRE —EOBICIFELMBFIERRNEICES 5 Ak
K - BIRERE - BIKEYEELBESHEH L, @ididts i d BRNEET 2 LR
EiREEI TNEEERSENEH LTS, BHOREN %% EIoicid FHruid 8 gt
FAEBTCETA OLBEE - BHEEKERS - CAMED LELEI o RICEH LT
b, RMOEEDTHARBROEHEHFY D0, HIRO Lo Find R < Wit o BE kol
WA TH ZMEARILVEHBEOHR TELN TS, AMNBIRARMERY T 5 WEE
THEbLNTW3,

fHE—HRWHORENE L <, WHNLMOWEZNH 1 KPICROBTR UL, BHCE
1) HOPEFBE HhEEMES 42 (BT 5 ) 497 &
2) RB: MM 46 (B9 4F) 548 5.

ddEE I FROEAERT . RETHER (K 3448
RZEERE - WAHBM - BREBRT: BALTMES 80 (1959), 366.
* BRERABERFKEFRAREEITR Y
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Ntz & DT, AR E O BREEIK
ERFEET LT EDPS, H)laiid Cal
dera &%z oNTn5A, ZHEDEI
12 110~120m T, = ®FH A L5 250 m
frothosETHEN T 3, BERER
FERED, BINEHoKEHED TIE
R O (L O BEA R - THHY UM ki I
TENTNWA,
WA RITD 5 A0 1 #IEK
E—RETBEEMCETHBY, D
W& RIS > THENELEVALHE
CERHNTE->TV D, Chd O
WHIE ST SN B L D T ICH
BONIWIFEPCEE RS EET ST
LERRT S, ChEOBOBOF LN
bOEFE L PICHMB TR L, B4 BIR BENAMTREOF L AR (feiR) Re
. . s . WEME (Koi#R), HRRARSR (Natural hot
AT B 5 2 & OROEMIE spring), cbid 7 2 Wi O (fumarole), ol id
HroHs X5, NWno SE OFN ~ Yy riek bR (Dots are sites of hot
spring obtained by boring)
£ JL; 3 >
& NE 205 SW OO MBE L, B% Fig. 1. Remarkable valley lines (thin lines} and
5L REBINRE DT M & FHETHGRE S geologic faults (thick lines) in the vicinity of
Nigorikawa Basin.
DHoEEb B,

L 1mZMBOSZH

s 0 AR IC BV T, 100 mx 100 m O 1 )& AL D E]A THRE 364 A1
THSRD D 20T I1m EHIRERE Uc, 2 Kk, BARRMSOMUE TZNOICA
PRI BRI TS B, W 10°~45°C ORIDMHE T H - 743, D5 & S iz 12°C, 13°C,
14°C, Kt 15°C 0% EMARBICR Ui, T ORRE & R <#I & mEE (N 42°77.5), FE
B (115 m) KB 2 E@D O 1 m BRHAOMEHEORY Icknid 115°C TH 5, Frb
LD, FHOBLIESTRIZPCULOMBTH T, EBLOBLaEHC 05
HE5PLHELLEAE, $1Rbic XY XU PQ OMOMES TE L 7zdbf OAREKEE LD
HETHE, COXY, POO2HBRIFINTCRLELI S ICMELSHE L ENZE R
TEY->TNE, AL, TNo0HBEEAVT IBETHRINZ BEONE THESEABLD

5)

BEEG: 1o BGE L BREEOWIRY, CRHERYETIZEHS 1 (1Hf0 26 42), 1
6) WEEH:

5) &1 U
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EODTH B, FOBEHIEERITE > THOEY, P ERICEEZOR, oA
LI L COTH T RIES FET 2B HM T KORDBMOW S LEE SN T 5HE,
COWOWTLOHEH U TAMBTAEBRBELTVEERL PO, XY OBETE X EFoN T~
DERABFF SN TN E D TR EEL TS,
RKRBEOBBREERXIGREAZAEHNOE, BSR0CETEHIM, 15°C OZHIER
KA ENDGEMICLSWELEL TN D, R 15°C P ol s 59 RO O &R
AT 5 OOEECHE > 7B CH LR =) FICEAHELTERD, 2B ANVT T HRIED
BABTHY, chiZB->THTHEIPOHM LARRICE B CEERB LTS, fihd 15°C
Pl EoSiEsEdadbfohfich b, HREELSIACHEYT 2 FC RO MR OHH T
BZOBIELEL, TRHBEINEDL B HFAPKEKE FCROFBRRIEIZOM TR D

-

1

H10
H-9 &5 .
S'orS 0
- G HIt \/
X
ﬁ H-2
- Txerll e 2822 H_Ig;\HA
L6T ol 063,4 H-3y SHS
6-5 xd H-6
568 y
- ®H-22 X
(o] g
Ho23 X H-2] 2 -
// 7

%3 BT 2BRBEHORC Y 2B HO 05 1HR

Fig. 3. Geographical distribution of hot springs and fumaroles in Nigorikawa Basin.

AB Ri#i5 (Hot spring of AB-system)

FC %5 (Hot spring of FC-system)

EBC %R (Hot spring of EBC-system)

AB%&E$ FCHE LD 38R (Intermeadiate hot spring between AB- and FC-systems)
AB# & EBC R & oA R (Intermeadiate hot spring between AB- and EBC-system)
% 4% F. (Fumarole)

FKU B (Sampling well)

K U 22 /hIl (Sampling point of stream)

TOECORexO
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1% W N B 2 o W %
Table 1. Result of Measurement of Nigorikawa
FENE o P F TSI
No. | Raine of Hot| PLER B [ stz | s ) gty min T (e
Ot Nume)| Of Orifice) | (Depth) |(Temperature)|" "~ Outpur) | Bofiom | (Pischarged
H- 1} 55 % (s N 1 52.6 6.4 — 273X 10°
H- 2| (B3 21AER) N 0.95 53.0 95 — 409 »
H- 3 ” N 0.63 46.0 10.4 — 374 »
H- 4 " N 1.33 45.0 2.4 — 84
H-5 P N 1.22 49.7 3.1 — 123 »
H- 6 " N — 46.8 12 — 442 »
H- 7| s B B B 44 42.7 17.2 42.9 562 »
H-8| # B &L *x B « 5.5 50.7 il — —
H-9|#% % m B » 85 88.2 5.5 — 430 »
H-10 P N — 75.0 10.0 — 650 »
H-11| th 22} N — 69.9 40 — 240 »
H-12 | = A N — 77.0 3.9 — 248
H-13 | B % A B N 1.4 92.1 3.7 — 304 »
H-14 | & 52 N — 60.5 0.9 — 45 »
H-15 | & | ¥ # N — 69.1 10.0 - 501 »
H-16 P N — 58.2 43 — 207 »
H-17 1 & & (Md) N — 61.0 55 — 281 »
H-18 | gi— @S | B ﬂﬁiﬁl o (60) 83.4 390 — | 28626 »
H-19 | % B B & BEma9| (9~21) 78.8 — — —
H-20 | b &8 ¥ 8 B @ (64) 48.2 205 —_ 7831 »
H-21 |t & E B 7.0 56.8 — 64.3 —
H-22 | % ¥ % f¢ B @ (73~76) 53.4 3.1 — 135
H-23 | # @ 8 & AR B (80) 43.5 43 — 144 »
H24|th 5 & = B o« (90) 432 22 — 730 n
H-25| 5 R % — B N 46.7 10.9 — 400
H-26 p B o« 6651 I 454 6.5 61.0 230 #
H-27 | &+ # o B (110) 64.0 37.6 — 2030 #
H-28 | & # ®m B =« (67) 475 17.2 — 645
G-1| 2w o f@ & — 11.4 — — —
G- 2| BRI 7 2 ) N — 73.1 L — —
G-3! @8 R /i N B 6.0 1 — —
G-4 1 N b29 23.0 ” — —
G-5 (& 2 ) N — 97.0 " — —
G- 6| (/MEE kK i dR) N — 70.8 " — —
G-7) (B PAd ir) N — 54~71 " — —
C- 1| ZERrs @t BaARwd — 10.0 - — —
R-1| N&lo /M — 8.5 — —_ —

N.B.

HHEET 805 //min,

# 7 FF 4.56x107 cal/min
N: R#&#H (Natural hot spring), B: K — Y » 2 (Hot spring obtained by boring), #EM o
* RO IS 0 KiE 10°C %5648 & U 7224 (Heat based on normal temperature of ground
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# R (3511 H9~11H)
Hot Springs in Nov. 9~11 th, 1960

Cl-(mgfl) | SOi-(mg/D) | Ca+(mg/0) i (Notes] #
806 68 121 BHOCE AR, B BWHE (RB)
486 33 123 ” " " % (B8)
709 39 100 H &
621 38 61 S
846 35 105
609 37 88 {HERA B OF D
81 29 91 FRwoy ) it
399 39 124 Ay Sk
2421 44 115 W OEE, BEAE
2668 38 90 p "
2574 57 88 " "
1946 48 104 " "
2327 59 99 " "
1282 54 110 ” ”
1764 42 123 ” ”
1844 46 127 " ”
1228 21 113 " ”
795 56 108 BHA, ficy ) BREY, REBHCRES
818 48 44 FpLy FHEH
548 2 127 {W@g‘j@ﬁ%, j? Y 7{ L, Eﬂﬁﬁmﬁﬁ]ﬁ&') 0, ﬁgﬁﬁﬂh
A& —HE T H T BRI THRIBGICHE B
88.3 69 163 » MRS, B8 108
21.0 22 11
18.0 18.9 46
145 15.5 12
21 21 22
22 16.5 13 H2EL, PUEBRSD
13.0 14.2 20
207 30 76 FRIBEREH VDL
155 292 25 SthEEdY, ¥REH
KL — — B2, HE2, HELEELa L, ISR D
12.0 17.2 11 WREL, BElBRURalEs 0
40 250 27 " SrHE, SR
— — - BOS5sb, HALBERULYHELES D
_ — - ¥R, 2080, DSk
. - - {s_uaw, ko # A B, B~ FRYARS D
BEODE STLE
20.0 12.1 15 FEHE Y FEM
17.0 148 9 JWRFRE A

fE I LR o (Numerals in bracket are depth of wells at the time of boring),
water in this locality 10°C)
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BHTBCEEZRLTD S,
MCP LOMBART RO I P DEHETH 25, LGB AvF 7 ki s ik
FEBOELEEZLRLTINE,

IV. BERORE

HIRRBWINCBY 2N GARTH 5, R Hiiimbia, GeAxxgihin, Cid
WO T AMOHKATRIENKORIRAETH 5, WH LG LBFERIFIERPOFETH
b, CNOEDIERE BT OVTRIFIHOORE-HHEEEIE L, FHOEGEEICZOHRE-
FERE2RMEL, kieo0nT Clo, SO, Catt oS AT ok, HAMH T8It o
T, ZOREAZAEL, HHOKKE®M>TWEEAREE L LTEHEALTEERHRLE
S AT ot BEMBOBNH T AET/NIDFL2 1 HFHIDNT  EEDLDBRE S
BRI, o OREREE 1 RITR U,

HIRAUHE 1P SHE XD, BR800 17 ORARO KB TIA hHIOE
WCHR->THHL, 3O0ENFEHERERRFETHE, Fllcdi~iHic, chdDRHEE
AT 7 ORMOMEERTICH>THTLPSHEET20THA 5, HMORRIVTNE K~
VIREDLBDTHEM, RROAZHBOOXRBS & LICHEBOIELBOEMICEAEL T
W3,

FLEOBBICE > THBNBRAEHEE OO TCI ¢ 20HEREEOBFEEHANTH
BEBARMEONE, RBOESHICOY A HFRIBELZFOESTH 2, B3I, F4Xh
CEM, BROBICHEBRCALOPIRERLE ANcbORAND HvT 7 D MEERIC
BoTHHLTVWEEEZEAONIRRTHEH, FARIKBO TS ABICH->THHT AL
EDD, CNSORBBFERA SMOBREBESHTEBNTHELAOEHAETRELTALK
bDTHADCEMMEIND, HEHR A ZRECRLE, C b 3g/ll OB R
KTH 5 Hs, H-9, H-10, H-11, H-13 DR TH L 5 A F 7 HBMICH > THH LTV 3
bOLEHLNS (BH3RER), WHH B, KITENSE XS, LFAMOHT 60m fzOBE
IR EIR U THERET 5 0°CHQEARTCl B#M/AINTH 5,

HIRITBOTRHPRL S RCEF NELFTOZBAOD L DILCREBICE~Y ¥ 7K
o THHET2EREEHEIHAUF 4 RPICBAKRCEAOPIERTRLULY, 5Dl
RIFARKBNTEB CRUAEBOICB->TAMHMLT NS, 20 DORFERE G 43~64°C
THHH EBRE ABROBBEWIHES D& Bbih s H-28 & H-70 Cl- #3%k 4 207mg/l,
8lmg/l TH20%EKIIE Clm Wb 30mg/l UTORETREICK >TEMALLIZL T &M
HETH b, Xno O EORRZHAT L EB ZHEORRE K-V v 7O
60~110m O TH D, BEEN—-Y VORI EOMICEF~Y v 7OEEPRENVDOD
FEEENEWERMD 2, BB, EBRHEDOERIEZHES 60~110m OFEHICERREZX LT
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Fig. 4. Relation between Cl- content and the corresponding orifice
temperature of hot springs in Nigorikawa Basin.

BT S5 L0 bR SN, H-28 & HT & LENRROMEEMHE S > T BRRT
HALHICELEANTRLTH 3,

Pl ko AB % -EB RE i &8 S 10 i i H-18, H-19, H20 RO H-21 0 4 &
RCEH->THIR - HARGICHEITRLTH B, M S AMWOBL hRICHE LT3, &
REHE T~64m THJIl & LTRIVBEOESO R~ ¥ JiKk-2TESATVS, H-19&
B 9~2lm DHRTH B0, RO D PEBE LT O TERA Y 72 EM LT B, KA K
L7z & € 5T 788°C %R L, MHEICIE A ZBEIMANE L, H-21 ZEEE 7m T 5 CO,
HAMEDEEFE TRABAE 18 4y, BMEMKORE 568°C, FLERE 643°C, &3 3~5m T
H 2, H-18 |3 ZEE 60 m 7 83.4°C OB A RBMIICHF 1 m O X I L% 0B 390 //min,
BIERE—DBENBEERLTOS, BHOICEEKEORBEMNE L, H20d#HS64m T
B 15m A H 0 H S PRE) L7828 5 48.2°C O if/K % 205 [/min (S5-I HE) HH LT
Va, BHOTRERRBATHZ MO TR TALEELTBVBHE FE A ICHE TV
oo H-20, H-21 i Ca** 2B RO WM ESSOBBCET 5, LR~ & i H-19
o H211cdBREPES CO, BEBRE TN TV AL EBHEINIDTH-T, YIE
BN XD BFELORRRIBNOMOBRRTRRERED SN,

ATHEOHRIBTI 36 43K, &0 EXBRICK O HE—E R RERR (H-18) & AuR s8Rz (H-1
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~H-6) & OWg 2 i BERALEE 28 3 e H-29 TR LK) IKHES 94 m, & 75cm @K
— Y v IeFEhh, BB S5°C B E 220/ min ORESM F4Am OBHOALHBE L s
D ETHD, ZORE, MREORRORY - BHEBICHLBRDOEBELERIZL, F—RARK
BEOBRICOELOEMND 520D, CTORRBEBHANRIA B LT il 4 BROR%
KARBDEBHLNS,

FHEARRD Cl WREOMBERARETCHANTALZE, 2OHMBSTBEVOTHEEOH
Belnes, 42RO THARTFCHRIOU ST S, Wb, CORKORMIFR
WEAK, CHTRKOBEAGLE-THELLIOEEZ NSNS, FREERKIEESFCLLE, &
FRIZAEOhMoD80mg/lfERL, CRCOMMOEBICHELET AEMMBTATC1T
RESNZEE 10°C, Cl-=20mg/l DEHHMTKTH %, LEHFLRICBNTFCHE AB#R
EDREED LT, DRBEKIHFEDRSE H-1~H-6) ICHNRE - (LEKFDKTH
BT Eiciss, H29 OfiFictb->BEBRORK» LA Th H-1~H-6 13 FC it b BT 3
LEZLOBHEBLONOT, RPICREIICHBAANTR L, FCREDERIE, ki
B X0, COEZZRBEEATVRLERUERCT AFROHABHOABELEL TS
CErD, gas IO E BERBRE D2 EEZO0 LD, FRIERE gasG 3B 5
THHEBOTE—2ORAKFGAZEBE LTI, FHDERT gas & AELKE DR
MG & gas 2L RICELLLFREBERKF KA Lo TREOMEBEDNG, gasHHOODRE
EZ 6~97°C OILVIEATH 24, WELALTHFOPR 4 AT T0°C U ETHD, il
FH-191GE0 G5 TR I7°C AR LI, #->T, FIRIARE gasC QBB TEL THHE
HICR 97°C Y ETH 2 5 i 100°C L TREL DA BEE L EEZ 1, CORERE
BB XS WBIRRMSORABRERBHBLDLOELITCHEYTH B,

FCRERKRU gas i D I TH 5 F BURAF KT KERE gas G ORAKFG (3% 2
Bl 1 m HHRS G BT, @)@k d g H-18 X i H-19 Aol i o
BEprb bR L, CO, KERKRVF HSEALETEMG & CO, % Ca(HCO,), DILTHITDIE
DUIEAAHT L, ¢ OWHEIBEE R F 3%k ™ 100 m YE KRB L TamBT
KCLELEBALTFCHORBREELD, BIEL Tiniz Ca(HCO,), 0—i3 LR OENET I -
TCO, #H#k L CaCO, DykMiE B L, H X 20~100m @ boring i & - T CO, #:#u i
CO, MMIE R A TR L B 1o D & 75 - C Caldera Wi TiOEIE 5 HM L TIN5 EEALD
Nz, Caldera BIEHROICH TR LOWRET 2 ABRAB—BIEELTOILEELD
ha,

XEBEAHRFG LOAHELASHEG O—BIEHEEC FF U Caidbifdho gas Bl 0% jE
B U, #iD—H ik 60~110m DB & TRFEICHE L T T K Ch it @A L, AHAD
MRS 63°C ik TEY B &I HCO; 24 U, EBC ROEFERK LT B35, REK
EB & -T, Bt~z &S, Caldera WARTEICH » THETEE B B L7 RE A &
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RBELTABZRERI L -TVEEELNS,

VEDEZ RO ERSBOBBRIE OV TEFF LI, 20461E LT,80 i Cl- o
PR R U Ca®t 3t Cl- OBAFA K4 FEERNEUERICR L, NbhoRSHZE 1R E4RER
HwTHb,
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Fig. 5. Relation between SO}~ content and the corresponding
Cl- content of hot springs in Nigorikawa Basin.
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Fig. 6. Relation between Ca?+ content and the corresponding
Cl~ content of hot springs in Nigorikawa Basin.
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PEoEIESHT, BINCBY 2 RBR2EHOBBELENWICER LOBETHTH
%. AB%, FC%, EBC RICET A HAICONT, BRON, BEHRE HHE BHsL
THH LT BME Q, FEERAIOLEAE LTHS EH2RICR L LREEBL, L,
2 FYED BRI R EE OO, BHE RECOLTREL 12 5% TR > TR
L, XHCO; ERICDVWTHEHAZE - B - HIBEZROMFEMRIC L - 1,

100
3 A 3t system
AB-system EBC-system Fumarole
oh 2 s b -
- L Nt 3
” - 5
e ] °
g ek aN S s
-100f G»J‘ , ~ ]
\igee ¢ a }/F @
L Original Hol
- 200 Spring A |
&f;&trﬁ
Qriginal Hot
Spring F G
%7 H RS o0 335 RS o0 IR B B (B TELMT )
Fig. 7. Diagramatic representation of mechanism of formation

of hot spring systems in Nigorikawa Basin (Vertical section).

2% AB, FC, EBC HBELROEE D L

Table 2. Comparison of volume output and heat
discharged from AB, FC and EBC systems.

EARRGE | ooy | RRER | EWE |y oo | o-am | sorge |HCDiEHE
Hot spring | Number temperaiure output Total heat | Cl--content |[SO; -content -3content
system | of orifices | oy (¢/min) {cal/min) (meg/2) (meg//) (mg/!)
AB % 14 92.1 87(11%) | 0.4x107( 9%) | 8l~2421 21~68 607~ 950
FC % 83.4 617(77%) | 37 » (82%)| 88~ 846 26~69 823~1476
EBC % 64.0 101(12%) | 04 » (9%)| 13~ 207 14~30 215~ 876

total 28 805(100%) | 4.6 107(100%)

* HCO; &t AR - 2 - HiRC £ 5,

FLOoEiF, BiE, BHARQERELTELS L, FCHROBRME D HHE TR
R GBI Q, 0 L2 8 #1% 5, AB R & EBC ROELSIABBTEL 1 EPEICEHE
BN ETHE,

A - B - HRD O3 KRIEHFI3LE 7 A & IRF 82 4R 11 A g )R 0 23 BEC DL
TE LWL RATTIS o 12 25, $EBES % 2 W LR R HE R O BF A B L iR,
Clr 4BOAREVERD ClM kD HCOr SROXE VHBRWIEROKITEA L THET 2

7) KREERUNG © WAESEM - WRET: DR,
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EEZ, ClHEOARTE UTkibEREmE LT, ek D48 L7z CO, 2 HCO, B
DOKEEETAEREB 7 THHD EBITNEB,

EELDOHFEFEREILETNE, DE#ERe ClMoKkiZ AFRE, FERRICHEANL,
HCO, M d7kid EBC ZOEFICY > T 5,

V. X HEH

N DAL D ch IR i 7 A BTGB 3 Bic G TR UK) R/MERET 20 367
DOETANH B, ODOREE 6°~97°C, TDFERNT CO, LKERTHLELBDNEH,
Cid HS BAd 0, OAHLICH#EE Bbh s hilke BOlidH b, BHDICTH - KT
SO WEL Db H o720 Clm @I ThHotr, SHHILO®
P HAIC DN CORER AR 1 £ G-1~G7 & LT
A LT,

HABHAO—2OIEE LT Mud pot b 54, il i,
SF2OEPMONTNE, GTItB T, EELOHMARDT
WRZEHROD Mud pot 2D DTz B LTEL,

G-7iREhicH s 5mXTm (OO A K BER
Ot THBMBOKL O HAMBILAEED 1z, REIL54°~T1°C
THote, PIIIEROSmM, EX05m AL DARH > TEICH >
KB O HAER L TOWEH S H o/, —RICI3FHIZER .
HBICH B ZHONLDP LKA T, ZOWAITEE 8 Kic “Tﬁj
REEAR LK I BHEEA45~50cm, FE3~5ecm QMO ~ 1t wmem mlloRKisc
RORBH D, ZDEDNS OFLD S LIRIR D IRAD FIE 4B E Renspkno—H

) Fig. 8. A kind of small mud
LR2BE EFUTE TREASHMER DO LOBE T 2 EEHB jot seen in humarole area
TROBHMN e~ PRADBICH KRB LT sonigy  of Nigorikawa Basin.
Bﬂko—O®K§WK@%LTEkﬁ,G~F%ﬁ®T®D®T@$$ﬂKﬂOTED,D
DF 5~Tcm {TIRKDKEDERD S I iz,

Semi-sp hevical

E28 ‘“\ AL /thin membrane

muddy water

Ground
Surface

Nudd/v water
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Fig. 9. Relation between vertical thermal gradient ¢ at 0.75m and
the corresponding ground temperature at a depth of 1 m. Those
normal values are respectively 2.9x10-2 °C/em and 11.0°C.
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Table 3. Estimation of heat energy discharged by heat conduction.

1 m 07RO (2)-(2), | m ms [s{(32)-(2))

(°C) (°Clcm) {cm?) (°C « cm)
11.0 29x10-2% — —

11~12 0.5x10-2 0.80x 101° 0.40x 108
12~13 1.3 » 151 » 1.96 «
13~14 26 n 0.09 » 024 »
14~15 29 » 100 » 291 »
15< 6.8 022 » 1.50 »

* o0& 1 m EH#E 11°C it 5 . Total=7.01x108

Q> =3.24X10-*X7.01 X 108 =2.27 X 10 cal/sec
=13.6 X107 cal/min
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5. On the Hot Spring of Nigorikawa in Southern Hokkaido

By Takaharu FUKUTOMI, Tadaharu FujJiKI, Akira SUGAWA,
Kiyotaka OHTANI, Akio WADA and Eiji TOKUNAGA.

(Department of Geophysics, Faculty of Science, Hokkaido University)

The writers had investigated, in the geophysical point of view, on the hot springs of
Nigorikawa in Southern Hokkaido, on November 9-11 th, 1960.

The results of investigation are summarized as follows:

1) Geographical distribution of underground temperature measured at a depth of 1 m
in Nigorikawa Basin indicates more or less high values in the northern half of the basin
in comparison with the normal value as shown in Fig. 2. In detail, the more or less high
temperature region is almost a fan-shaped area expanded to north and two straight bound-
aries corresponding to two lateral arms of the fan are coincident with two structural
cracks, directions of which are predominant in the vicinity of the basin (Fig. 1). A mod-
erately high temperature zone runs along northern wall of the basin forming an arc. It
may be attributed to a zone of the ascending hot water through a semi-circular crack, that
is perhaps a fault scarf of Caldera. 17 orifices out of total number of hot springs 28 in
Nigorikawa exist in this area as shown in Fig. 3, and have temperature of 43~92°C and
moderate amount of Cl-. Hot springs of this type are denoted as those of AB-system
and they are natural hot springs except three artesian wells of shallow boring.

The other moderately high underground temperature area exists in central part of
northern half of the basin. In this area, there are several fumaroles discharging water
vapor of 6~93°C in temperature, CO,, a little amount of H,S, and there are also several
orifices of hot spring of FC-system which were obtained by boring of 7~64m in depth
and have temperature of 48~83°C. Several hot springs of EBC-system which were
obtained by boring of 60~110 m in depth and contain a moderate amounts of HCO; exist
in the north-western part of the basin, though the underground temperature at a depth of
1m is low in this area.

2) Relation (Fig. 4) between orifice temperature of hot springs and the corresponding
amount of chemical constituents (especially Cl~) indicates that the hot springs of AB-system
are formed by mixing of hot water B with an original water A which is ascending from
the deep through a fissure lying along the wall of Caldera. It is also estimated that hot
springs of FC-system are produced by mixing of ground water C underlying at scores of
meters below ground surface all over the basin with the original hot water F of high
temperature, predominant water quantity and of abundant amount of Ca (HCQ,), which is
ascending from the deep at the central part of the northern half of the basin. Hot springs
of this system indicate phenomena of geyser-like eruption and of bubbling spring due to
ejection of CO, At the end, the water becomes to hot water D and is discharged as a
group of natural hot springs at the estern corner of the Caldera. The original hot water
F in the deep should have a temperature of more than 100°C and contains abundant amount
of CO,and a little quantity of H,S, and then gas phase containing vapor seperates from
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the liquid phase F in the course of ascending. Principal part of the gas phase ascends
vertically upward and discharges from fumaroles. A part of the gas phase flows horizon-
tally through an underlying aquifer in the basin and supplies heat and CO, (consequently
HCO;) to ground water C and changes it into the hot springs of EBC-system. These hot '
springs have a characteristics indicated by moderate content of HCO; in spite of little
amount of Cl=, SO?~ and of more or less lower temperature (40~63°C). At the end, this
water becomes the hot water B and mixes with the original hot water A as mentioned
above.

Fig. 7 is a schematic diagram showing the mechanism of formation of these hot spring
systems.

3) Table 2 indicates the comparison of volume output and heat discharged from AB,
FC and EBC systems. It may be worthy of note that about 80 % of these quantities is
supplied by FC-system and every 10 % of those is supplied by AB or EBC systems.

4) Heat discharged as hot water (J, and that generated from ground surface through
rock or soil by heat conduction Q, from Nigorikawa Hot Spring Locality are respectively
estimated as 4.6x10° cal/min and 13.6%10° cal/min, and then the total heat energy is
estimated as 18.2%107 cal/min. It is also noted that Q, is about one-thirds of Q, in this
locality, though Q, is, in general, larger than Q,.
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Geographical distribution of underground temperature at a depth of 1 m in the hot spring locality of Nigorikawa.

t: Site of measurement, Numerals attached to dot: Temperature measured at 1 m depth, Curve: Isothermal,

Large white circle and large black circle, etc.: Site of hot springs of various kind indicated in Fig. 3.




