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Fig. 1. High ground temperature zones (at a depth of 1m)
around Atosanupuri dome.
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Fig. 2. Horizontal distribution of ground temperature at
a depth of 1m in an area between Kawayu hot
springs and northern foot of Atosanupuri dome.
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Table 1. Heat energy flowed out from ground surface in
Atosanupuri due to heat conduction.

1 m B iR o §H 1m o FHiE = . 2 3 ;
round temp., Mean ground temp. i A B Ti"F‘“ E 4 dﬁ ¢ #* H ?ﬁﬂ i
at 1m depth at 1m depth rea emp. gradien cat How
(°C) (°C) (cm?) {°C/em) (cal/sec)
80~100 90 5.4x108 0.39 0.36 X 108
50~80 65 13.0x108 0.27 0.60 <108
20~50 35 35.0x10% 0.13 0.77 X108
8~20 14 — 0.03 0.26 X 10%)
2.0 108 cal/sec
Total (12 107 cal/min)
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Fig. 4. Horizontal distribution of
fumaroles in A area.
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Fig. 5. Horizontal distribution of
fumaroles in B area.
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Photo. A. No. 7 A fumarole.
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Photo. B. No 7 A fumarole.
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Photo. C. Steam discharge
measuring device.
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Photo. D. No. 27 A fumarole

(The orifice is made from

sublimated sulphur).
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Fig. 9. Experimental apparatus for estimating mouth coefficient
C of the steam discharge measuring device.
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C=1.05 3o,
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Table 2. Temperature and rate of steam discharge of

fumaroles in A and B areas, Atosanupuri
measured during March 16~18, 1964.

o, | B ECO | KEE el | oy, | B (O | KR E (g
Temp. Steam Discharge Temp. Steam Discharge
A-1 98.0 24 A-26 100.7 396
A-2 98.0 46 A-27 98.7 520
A- 3 975 — A-28 98.8 130
A- 4 977 87 A-29 98.7 B
A-5 97.5 38 A-30 104.0 62
A- 6 94.5 123 A-31 98.1 51
A-7 98.0 63 A-32 98.6 76
A- 8 97.4 22 A-33 103.0 57
A-9 98.7 57 A-34 98.0 98
A-10 97.7 35 A-35 98.2 98
A-11 — 90 A-36 98.4 35
A-12 95.9 123 A-37 975 59
A-13 97.0 235 A-38 98.2 147
A-14 97.6 81 B-1 98.3 19
A-15 97.8 90 B-2 98.0 123
A-16 . 95.8 51 B-3 98.0 167
A-17 98.0 12 B-4 98.7 586
A-18 97.0 81 B-5 97.1 586
A-19 93.6 130 B-6 99.1 235
A-20 98.5 181 B-7 98.2 384
A-21 98.5 26 B-8 100.0 94
A-22 98.6 54 B-9 98.0 196
A-23 97.5 48 B-10 98.5 20
A-24 98.2 520 B-11 (98) 580
A-25 98.7 520 B-12 (112.3) 590

N.B. () Ao LRWESE
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Fig. 14. Histogram of vapor discharge from a fumarole
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BEDHEEHRELLOLEREVCRIEDOBCET 523 EKE ) 400 g/sec LT O B0 B
LxBHITIRL T,

EEEY AKX, BHRHr CEHTE, A MK 37 O &I T 45 kg/sec, Bl
%12 OB KL T3.6kgfsec 7 b, A, BWHK % G317 hif 49 O KFL T 81 kg/sec &
5, 7 F¥X7VLE T A, BRI UEMRR D, E, F, G &t T 7 0o
HEH2nH Y, Zoftt CHIRZ DM S BN BAK OB EMIEHOEMCAbh 30 T,
Ihb¥x A, BREMEO 1EEAY Y O FHEKE 0165 kg/sec # L THETHIE, A, B
Pt o o g8l 1.2kg/sec BEL REON D, T7hbb, 7 427 VLBALH 57
KEIT93kghsec BEL RHXZTHAHS,

BEIL»D OKEBEIOBHEELLC2E—FL Tk 5, BRADDOHIE k42 TH 5
7, WEHEBOTORE20em X 0/ NS WL DOMNEHTH- o, HEEBEO LD D OEK 36.3 cm®
XS % W EV L 5~60 m/sec DHEIFIP TH - 7243, 10~30 m/sec D DD 66% %
BTz,
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3. BMIKIAMSKERELLTHEBENZ BRI RLE~
7 bR 7Y FAOEGI A DB T AREROBE Lk XL 93kg/sec LB I I,
KR PE Ly O KILOIR BV K DB B 99°C i< TH - 1o, JIBERCT KT 5%E
O TFAKIRE 10°C BB L CRBERO b8 = 3 ¥ — Q, #HBT 5 &

Ql=93xlmx{5w+ivxéw—lm}=58xlmcdka

Ly, Tibb Q,=35%X10 cal/min & 72 5,

V. PMRTUDDHEEINIBRIRILFE—

D EDORERRID, 7 427 ) FALOE  OEKI 16 KERE L CEET 28= %
AFE— Q11 5.8X10°calfsec (T 7>t 35X 107 cal/min), BHIEHOHE S ELHEWLICEE,
IR ECT DB = R L F — Q, 12 20X 10° cal/sec (F72d>b 12X 107 cal/min) & HEE Shic o
B, 72TV EEIBHEIREE= R A X — Qq13 78X10°% calfsec T 7o b 47X 107
cal/min & 7 %5, L4ERITIE 25%X10"cal/yr L\~ 5 2 Li27e A%, H O Byt 5,000 cal/gr ©
RBEH L OAROEICHEL Th 5 & 1R 50,000 ton DI R OMRBEEW YT 3,

VL. JISBR—7 b7 ULEh SR
EhHHBHT RILF—

G AN ERINGRBOPE FEEADL, 7 b2 7Y I OB KL & JIBER O
FRB L7 b2 7 VA0 T CEIEL T B2 ExBN, 7 b2 7)o TE L
MHEET O REGHEHADERANS LEAL T, EHOBDC > THlESCEL—HnRL
LTKERE LD, KEKOKBHSEFERRAKSLSEHL CHR B> TEALBSAN:
WERL, WROBRKIMTLIHCHEL JIBRAE L CBEL TV 2D THA 5 LRE
LTw5b, ¥, GRS L L TBET 2RRSH TR LE> T 5883 Qi=365%10
cal/min, JIG-7 b+ % 7Y BB OHFE 2D 22 Kbz e L Ty D BT Qi=16.7X10" cal/
min T, ZhbH D& Qr=532%10" cal/min (8.8%x10° cal/sec) TH % Z & LN T\ %,

CORBREZOED T 2T YORERKR LD, NBERR-T Ty 2TV EEALHK
HERThsB8 =iz d —it Qr=Q4+Qr=16.6x10° cal/sec T 753> 100X 107 cal/min &
78 %, 1AEMTIL 52X 10" cal/yr i2 70 b, $RBER 5,000 cal/g DA R O FCHAE T HuL 1 4H 10
Ji ton DFRARZ BEVC LT B, 7 bR 7Y FICH T A8 EGE Q=78 10° cal/sec
ENBHET 5L T 5 B EE Qr=88x10° calfsec & 2322 [HRE DM TH - fo 2 & ILIE
BETX&Th s,

12) #ih 2)
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VI. ZMIRTUMTICHITEEK - KESOHKR

MBECARLEE AN BEAROT7 b2 7Y EKILEJBRRE OREC D\ TORMICD
ELUTERBIRFZRATAHL Y,

7P TYOMTHIEIC R TKEREBRDTHEL oL THE, TOHHYES
ZT 20l sBRECEREOLERELE 2 RS v, HGRREET b2 T VESALO
ZEFRTORKREOE I I 80m LHEEIN T 20T, HRODEHELXEEL T, EX
L OBERPEOFEZE S, —LAE200m LBEEL TARL S, ZOXRFENOKERDOEN %
Po WBER T, WEX 06 L, IThPENBEE> TESAL T TEFNC LT 585 T8
Q, RiF HBMEHE TR > fe b THE, = oeiFif & Eih B O TH 5 K FC BERNOULLI
DL AINEL THEAT

<) _v b Q,
. +taTl, = 5+ +ez+eT+ ”

8%, BL, ¢ 3KFHKOEHLE, v WHKRH LR T 2858, v IHBEE, 01X
KIEZEE, p ARKHE, ¢ 3EDOMEE, T XEIAOBETHD, ZOXrBEHE L

D&

(%’—%} FelTo=T) = Ly T (12)

/5, WE, JIEMEH,D v=60m/sec, Q,=20%X10"°cal/sec, y=9.3x10°g/sec, T=100°C,
¢,=0.36 cal/g-°C, p,=1 KL L, 2=200m, T,=150°C, p,=46 KFELFEEL TH %L, £
WOE2EELDOE L EXREIMERENTH S, Ticbb, AL EBOERLTEL T
DFHELEGAL TLEZX W EEXEBWRT 5, €->C, Ty #RMEL T (12) XrbRD
B & Ty=T700°C &g h, RN THABEREBKENDEFL QW HEORECHL, CORE
BHEHCLEHRCBE S,

WEOE, BEFTAEIFCIHAT LA TT 200/ LINLIEBREI R, Jhit
KEGD EBOKD, BEZRTREZEL THW DI E2B®RT 5, - T, ZOFEYEEL
BELKIETLGRE To L dd 0L, NEEXYERT L 12) Kok

Q, = Yoo (To— T+ yo—v) I—=(yo—y) c:(To—T)

2B L. BL, %I tZ/»H ERLULESRE, [ IKOEROEBE, i KokETHs, =
@Eﬁﬁ\ro Yo %*3’35 &

_ ___Qz +y{l—c(T,—T)}
% = a—e) (Ti=T) 1)
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T=99°C, ¢;=10, (=539 cal/g & L, MBOMHETRIOEEH 5, HWE B EAEE
O 118°C Th o tepn b T, DI 118°C, 120°C, 150°C » 3 2D HARAL T v 23R
DB EROFERY B,

T, = 118°C; 1y, = 13.0Xx10%g/sec
T, =120°C; 1y, = 13.0X10°g/sec ( y,=13.0 kg/sec
T,=150°C; v, = 12.9%10° g/sec

Thbb, T,=118°~150°C DfER L T ¥, 11i2iF 130 kg/sec D—FEARL T\ 5,

P2, BHEKREX yi=y—y=38Tkgfsec TH B Lrf- 1,

Wi, 7 b7V OMTFEAEIS NEBRRE~E > THBL o #kE x, ##EL X5,
NEFHEAN DL fo Bok 0 ¥FEMTKIE 0 /T 20 8E Qr x> Tw5b, B2, z &
To B XU Qe DBRIIKRAXTEL BN B,

XoCy (To_ﬂ) = Q/c (14)

¥, 0=10°C, Q,=88x%x10°cal/sec & L, T,=118°, 120°, 150°C =3 % x, D% R
b5

T,=120°C; x,= 80%10® g/sec

T, =118C; =x,= 82x10°g/sec }
T, = 150°C; =z, = 63x10° g/sec
72% Z)O

BT, TR TIVMTORRL D IFRMTECITC BT EAT 28uKE 1, 1%
%o = yo'—yl'i'-.ro (15)

THb, HL, v IBEKBETH D, D2, ZRFOBKOERE T, % 118°~150°C & 41X

T, =120°C; %, = 89%10° g/sec

T,=118C; %, = 91x10°g/sec }
T, = 150°C; %, = 72X 10° g/sec

Lish, 7 b2 T VT ORFEPNC RO TIKERE L OBKORE T, 3ED p e+ 5
KOBRECHDEEL LN DD, ThX ) FCBECEREARR RS TULEDDO EF V- KE
KA OBUKIZH T 2 E S ERECHI L T, b HEICHE B L H,S, SO, CO, /e &0 gas
X, KEKIELHFEL R RPRITTH 5, ZOBRICKTHEKOREX 0 LTh
R OBGRISE PR TH S D,

QT= QA“}‘QI::XOCI (@—‘0) (16)

Qr=16.6X10° cal/sec, 6=10°C & L, T,=118°~150°C 5T 3 %, Dfix AN D &
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T,=118C; 6 = 192°C
T, =120°C; 6 = 196°C
T, = 150°C; 6 = 240°C
b,

WE S(T) #FH P(T) wit+ 5 K0MAE T TRWEHE TH - oBok kKRR Lish
HEAL TRKECKT HKOMSE 100°C DIRB LIs -0 b TR KT HREZKOEREL LTI
i, ROBGRARILIT %,

Yo = xoS (@)'—(Xo—yo) S(To) (17)
Yo _ S(0)—S(T)
% = 1-S(T) a8

%ﬁm%?%(#BL%Lt%KEmm%?é%ﬁ#k@%%«ﬁvfiﬁLtm%%%
Yo DEIETH> T T, > THRIUE %, L X F D, 9,=130kgfsec LHEIN T HDTRD
bhbd, ZOffE% (—g&)m L35, %7, D.E.WHTE® X v S(T) BEHEIRT5D
T, SO B S(TY b Tpo p¥l> TohiE kDb h s, f-T, (18) Rz k- f%: DAEA
%%, COffik (;’—)C LF B, B R T Ty=118~150°C & Ttk o R4 5.

7}=n§c;<ﬂg — 1439, (ﬂg — 1479

xo Est. 7{o Cal.

T, = 120°C; (-L’) = 14.6%, (—y°> = 153%
xo Est. xo Cal.

fﬁ=wwc;(ﬁﬁ — 17.9%, (ﬂﬁ — 1999
7{o Est. 7{o Cal.

L@C%LW&C%L%Oﬁ%mﬁLfﬁé&,n=n§C®%%ﬁ%ﬁml<~ﬁL
Twb, COBEBID LD UBCETIERD X —HT 2L Bbh 52, BIFUEEORSE
18C THo 12 nbE LT T =118C R LELZDONBEYTHAL S, €2 T Yo Tor o BILT
O woWTh T,=118CRFAIET X & ANETH 5,

Thbb, Ge Al BAC L AINERROMEERE»OHEBINLINIGREKORRER
U7 b2 7YVESIENEBRE L OBKRIOVWT, Z0EDT b4+ X 7Y OFRERNLD
B L iR, BN THDE ORY B,

T bR T Y O BT BARELR & 0K OGBS 25 16 RIS BT ARL 2245,
F O ORI T O TH 5,

WTFEL AL EROENBENC LA L RE S X% 192°C, K& 91 kg/sec T Cl, SO
I EREML, CO, HS, SO, e &EDAED gas #RLIWMOBK A, EHIBKRECH W

13) D. E. WHITE; Violent Mud-Volcano Eruption of Lake City Hot Springs, Bull. Geol. Soc. Amer.,
66 (1955).
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DESCHTKOWMCTEL, gk
R, gas LKL ORAWELLTER 28 ,,
RS BHH, WA KIERKOBOKCRT 5

K b IREARRO BRI BMKAWAYU
S HOT SPRING
BEE A HEMUBECEKETT 5, RE f )

l H:a'
‘

Xo{Liquid}
Cumy

P3%s & % 118°C IT KT L 7o CLeimic 5
L, & o TKk#ESK (13 kg/sec) k L 8 CO,,
H,S, SO, 7s & D &AHL Bk & 235 HEL,
KBRS XU gas iREIMBEBEWICHEHE <k
ABLT7 b2 700 A, BHiIK X Ol Auwn

o

Cald Groundwater

v

por) o

Wepar)
(W

o
@

BISE 7 ryxSY)OMTIERTBKRER

R DEIAICRET 575 KEZO— 35 X OHKO T O BIR

I (8.7kg/sec) ik LA DBRPTHEA IR T Fig. 15. Schematic representation on

s 5 mechanism of formation of

Y L £ OFf HSO, #B TR %R TL steam and hot water in the

TEboBkLEHT L0 BhbR underground of Atosanupuri
fumaroles.

B, ZERAND IR E A~ - TR 58
KE (82kgfsec) I THIE R, ELBHMTRERBAL TH3km fFEo IBRBEC SV
TEFMRCHEHRT 2L 0L Bbh %,

ek, MESHIEFEROEHEIIKROEY TH 5,

1) BEALLAELAELEL THEIR DB = 2L F — 1 Q, = 5.8%x10° cal/sec
2) TrHRTYALAEEC X YA BB =F ¥~ 1 Q, = 2.0X10° cal/sec
3) T rrTYLEENLH EEE R LF — : Qu= 7.8x10° cal/sec
4 UIBRA-7 b2 7V ILE) BB 5B 2 ¥~ Q= 88X10° cal/sec
5) Mo HESE : oy = 9.3x10° g/sec
6) HTEE»D FATIERE D Yo = 13.0%10° gfsec
7 HWTFRRESLEEILE TOMOBEKE : Y = 3.7x10° g/sec
8) M FZEIR A b JIG R IS IR EY 3 2 Bluk i : o= 82X 10° g/sec
9) HWTZEFEAOKERE L OEKORE : T, = 118°C

10) MTFELS S RFAT B0k () 2l EL RE : 6 =192°C

11) TR 2B R 280K (JH) SR CEN : Py =130 &E

12) TR 25 ERT 580K E t % = 91X10° g/sec
13) #HTEL D EF U B8R AF OB AL F — : Qp = 16.6 X 10° cal/sec

Tiebb, 742 7 VEIABS IONIBRROBEX, 742 7)o THEICH S
R TR DPWHOBEKTH A LR EES I, T, LI BB=FAF-—DKE X
Bh A TIEE CHEIRR SRR EE 26 TH D &0 -1, dLEBHECHLAELT, L
b B DEAL 2 K UTE B U7 £ 0 B 5% IR BT 3517 51558 ORI AR h BRI H
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DEKTHBHZ LW wlfeEzr ne, KWEEHELRRIEE L O ZRIIMTHK QR E KO
critical temperature X O HULMEVLHKH D Z EBRET H X 5B A,

VIII. BEHIUEE

WAFOB84E 11 AL 3943 HO 2@ B W LiBEEME » L7 5 NCH B 7 ++2 7 Vi
BT oW, 1m EHIESTN, HEAAORER L OBKEOWE XTI, TORERND,
BMREIC X D R DG PIERT AR =F L F —, KEZKEL THTO BB FAF —D
BELAHEL, BTCRF 2KEKOBHERE, T CkF 28KOBE, 7 42 7 VHEK
LENGRR & OBRR ECDEEE LT » e, XOBBEXBETHIROKRTH 5,

1) I1mEREBEOREERENS, 7 ry27VEMCIE A, B, C EHoEmiEE S 5
7, ThbOEBRHILEAOEHNBCH > THIT2ADEEL T B KESZ,»H DB FAL T
WhHZE, EFf, AR XE 50 0 OKPDOEKS, BicikrodiiimXe 12 o EorE
SAIDFET 225, CRIBUNETILL FFEL WS &2V -» 1o,

2) BRAOREE, PER384E 11 A o FEE Tk 93°~118°C, 39 4E 3 B o & TlE 94°~
104°C CHhH-toh, WAL LU TIT~99°C DL D T70% LA ETH v, 4 it oFEER
HT AKOPWEENRE Cho fo, AR DWW TIEBERILNC X b 10~580 g/sec DI
TR DEERRLIE, 7 b2 TR OKEKZEOETL 9.3X10° g/sec & BE STz,

3) 7T rHRTY—HOMENDLEREL L) ERPCIEHL T 8= 2 F — OREE
ik Q,=20X10°calfsec TH B = &, HEINLDL KESK E L CHHT 58 5% — OREEIL
Q,=58x%x10°calfsec TH5H &, > T7 b4 X 7 VL TIIEE Q4=7.8%10° cal/sec, T 7¢
b, 47X10 cal/min D= F L F — 2RI E T 52 & AHEE S iz,

4) FIC@EE-ZIERLBRACOWCTOWRERL»S, NBERE T + ¥ X 7V IHg
SALERT + 2TV O TELSCHEET ZRHEOBKICEFEL T 52 E&aRELAL, O
DEOTEHECETHL7 r27UD A, BEMEHFIIBERNST ry 2 7V tici#E
HEMET S BERL T3 2 LR b A, LK, AU TLdH 5 HE R TIRE
COERFT LR, BB ~NOERAL L NGEROBFELEHOBK TH 5 2 L 2 LD, £
DW|E IR L% 192°C, @i 91X 10° g/sec BEE, T DEMT B RELUETH B = L RHEEL 2,

5) 7+ FYBIJIBRRBICE LA L 5= R ¥ — Qp 1 16.6 X 10° cal/sec
bbb, 100X107cal/min TH-> T, KT HBE=FALF -DKRE 20 F LTILHEEDR
RTEBIHRRAMBRC R THE 2 TH D, BEOBBEYR TRbTL V & VI DERC
fEL TV 5,

14) WEEB-BEARRE; Bf26 411 A~274 3 AHO BR[OS OGS, KR YHELWRBE,
3 (1953), 37.

15) T. FUKUTOMI; Rates of Discharge of Heat Energy from the Principal Hot Spring Localities in
Hokkaido, Journ. Fac. Sci,, Hokkaido Univ., Series VII, 1-5 (1961), 322.
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HORERA, RPIRCEL B RILEE X AR ER R R F R E ORI R R B &
B LT 2 LBl s 2 RAOMAEN R ORRIIR” &2 b hCUER IR
LREBCHEZ DRI SCEBERRERC X » Tiilcbhic 2 LR LB RERT 5, ¥, B
WA DB LI A GRS TR ESRRFT O ) < i WB) D e el e, CCRECHEY
ET2RETHD

6. A Geophysical Investigation on Fumaroles around
Atosanupuri Dome in Eastern Hokkaido

By Takaharu FUKUTOMILAkira SUGAWA, Daiji KOBAYASHI,
Eiji TOKUNAGA, Akio WADA and Téru WAKE
{(Department of Geophysics, Faculty of Science, Hokkaido University)

Atosanupuri Dome, situated at the eastern part of the Kucharo Volcanic Caldera in
Eastern Hokkaido, has about 70 fumaroles around the dome. The writers had oppor-
tunities of observing horizontal distribution of underground temperature at a depth of
1 m, temperature and rate of steam discharge of active fumaroles in the neighborhood of
Atosanupuri Dome during periods from Nov. 19 to Nov. 21, 1963 and from March 16 to
March 18, 1964.

From these measurements, total heat energy flowing out from ground surface due
to heat conduction, and total heat energy discharging as steam from fumaroles were
estimated. Mechanism of steam formation in the underground, temperature of liquid
thermal water in the deep, and the relation between those fumaroles and Kawayu Hot
Springs situated at a distance of about 3km from the former were also discussed. The
results are summarized as follows:

1) Three high underground temperature zones A, B and C exist around the Atosa-
nupuri Dome as shown in Fig. 1. These zones may be caused by conducted heat from
steam which is ascending from the deep through fractures in underground rock. About
50 fumaroles and more than 12 fumaroles are respectively found along A and B zones,
but no active fumaroles is seen along C zone.

2) Temperature of fumarole shows respectively 93°-118°C and 94°-104°C at the first
and the second observations (Fig. 6), but frequency of fumarole, of which temperature is
in an extent from 97° to 99°C, indicate more than 70% of the total numbers. It means
that many fumaroles have nearly the same temperature as the boiling point of water
98.8°-99.4°C at the height of these fumaroles. Rate of steam discharge from a fumarole
is in an extent from 10 to 580 g/sec, and the total sum for all of fumaroles around
Atosanupuri Dome is estimated as 9.3X 10° g/sec.

3} Order of magnitude of total heat discharging from fumaroles as steam Q,, that
flowing out from the ground surface of Atosanupuri area Q, and the total sum Q,=Q,+
Q, are respectively given in the following.

Q, = 5.8Xx10° cal/sec
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Q, = 2.0x10° cal/sec
Q4= 7.8%X10° cal/sec.

4) From the investigation of Kawayu Hot Springs, FUKUTOMI, SUGAWA and FUJIKI
suggest, in their papar, that Kawayu Hot Springs and Atosanupuri Fumaroles are sup-
posed to originate from a hot water of liquid phase which is ascending from the deep
to the underground of the fumaroles. It is ascertained by the result of the writers’ ob-
servation that the high ground temperature zones A and B connect with those extended
from Kawayu Hot Springs to the northern foot of Atosanupuri Dome as illustrated in
Figs. 1 and 2. Further, from the theoretical investigation on the underground condition
of water, origin of Kawayu Hot Springs and the fumaroles may be attributed to the
above-mentioned hot water of liquid phase, of which temperature is about 192°C, the
rate of flow is nearly 91X 10° g/sec and the pressure is more than 13 atomospheric pressure.

5) Order of magnitude of total sum of heat energy discharged from the locality
containing Atosanupuri Dome and Kawayu Hot Springs is estimated as 16.6%10° cal/sec.
This value is the largest heat energy but that of Noboribetsu Hot Springs among those
discharging from hot spring localities in Hokkaido.



