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Fig. 1. Topography in the vicinity of Akayu hot spring.
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Fig. 2. Frequency distribution of fault in Rhyolitic Tuff
in the neighborhood of Akayu hot spring locality.
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Fig. 3. #r-a curves along the lines of resistivity inv-

estigation (I}, (IT), {III}) and (IV).
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Table 1. Result of analysis of ¢-a curves.

B I W W B I J
7 & B Oi& He W& i S B fe W
(Depth) (Resistivity) (Note) (Depth) (Resistivity) (Note)
{m) (2m) {m) (2m)
0~0.45 84 HEEOE SR | 0 ~05 62 W O 13
0.45~5 42 FHERICED 522 18 Je P mle)
5~ 14 69 22~18 12
14~ 50 386 | o 10 o5
§2~ gg Err@;bmib/\ 40~100 EHEEXOHROK) mEmke &5 #
O~ 0 EEREODEOM gy 2 | 100~ |[EEEXopmoN] E
90~100 [EEEE Dm0 | E
100~110 [EEB&X Y 720N
B W O3 o8 R T
B = B #® #ie "W E I O e woF
(Depth) (Resistivity) (Note) (Depth) (Resistivity) (Note)
(m) {@m) (m) (£m)
0~13 28 HEEoE s 0~1 23 HREoE xR
1.3~4 14 1%)’(‘&?(%’)“ S 1~42 345 %f&‘q’;ﬁ)’“ s
120 0 42~5 600
20~30 BEEX LA ‘ S~ % 12
0~40 | WEExbA |y BOREERRL 5050 | memEEvA ‘
10~8 | EEREOA S0~ 70 | HEEKbK || OECEAHE
70~100 EEEX /AN

WiE U p—a iz REENCE 3 Beh (I, AD), (1), AV) & LTRL, ZORITHRES
1RiRLEe, BlIUBRTREHBEEP SHMEBOEIEINLLZ 0m THEC E84H->TH5S
2, BERHUNE»SREHENICUIEBBTEL bo, R, BIEERKBEOHETR~NS X
SUHRBUBY 2 BREEURKEEOLER 0 0ER5~122m THEL LBH->THBD
T, MO LRICED 11 2m ARTE Bbh s HE,DOES 25 [~V M 0BAK
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B KT T AT Ly B HHTIC X o TR - T - BRE» 5K M85 ik 2 0
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Fig. 4. Groundwater in the shallow layer
of Akayu hot spring locality.
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Table 2. Result of investigation on shallow groundwater in the
Alluvial formation in Akayu hot spring locality.

s AES Beptt | s | A | A @
(Owner’s (Weg below (Gr}(j)u_m}ilt (er1ghtt (WaterA pH Cl;l) SO{,’Z W
name) number wolcr | peigh) of vowen empe| | | e Nore
(cm) (m) *C)

BIE Al 1 98 214570 | 214.350 17.3 6.8 10 7 |gomHELVEY
BHIEFE 2 — — — 17.0 6.9 9 4 | HoEE X DEHK
B & # 3 211942 | 211.712 12.0 6.3 62

ERRES 4 70 213.163 | 212.960 14.0 5.9 8 32

i M & & 5 110 213.760 | 213.656 16.0 6.0 11 37 R

= B I 6 — — 213.758 1.0 | 68 9 | 33 |%100m o His
oM H 7 132 | 214735 | 214635 | 130 | 58 | 104 | 13 iﬁ?ﬁ%ﬁ;ﬁfﬁmﬁ
iR R 8 100 | 215169 | 214.609 136 | 6.0 25 | 40 |4 =
ERGR R 9 59 214916 | 214.256 12.8 6.3 38 8

& W\l 10 259 — — 14.3 6.2 109 | 27

£ o B 11 — | 215319 | 214679 — — — —

VA AV NS 12 89 216.779 | 216.019 12.6 6.4 67 38

P 2 K HR 13 8 | 216.880 | 216120 | 128 | 6.1 51 1 32 |4 &

5% P B — BB 14 81 | 217669 | 216.779 12.7 6.1 8 | 35

Es o 15 63 | 218143 | 216.948 14.1 6.1 33 | 35 | mEmoRE
HRAH#HE 16 108 | 216516 | 215996 | 148 | 7.9 8 7 @%{gg‘ééf‘f%
AN R AR 17 128 | 218836 | 218326 120 | 65 69 | 33

R S 18 139 | 221.305 | 218740 | 136 | 80 16 | 11 %W%EP@%*
B OB K 19 63 219.254 | 219.164 16.0 73 8 8

WEES 2 KENRBICE > THELTTE 2/, CCEEIEBHOBEERT 2,

AR, BRENE L HEORETHD, Tho o3 mRERS 2 ETOHT OF
B s, ANRAHFORTATROES b oiE Lt FREOSERTH B, BTKIC
DEHGICERICATDE N F b EAH > TR TN AETH 2705, HE /IO
S OREETE, HhdHs LS, HEIowmEEHE L s ERICH->THLTNS
Cicts B, FLBON & EEHBORBBBED TR, WENDLE X CZH SN,
BEHLTA XS THY, —ICH TKEDOES &R O & 3P BRE 1> T B,

T AR TR L R O A 2R 1, 51 (M4 KR 11°C) 1285 200 m 10
PR 12~13°C TH 47, 2hEDICHEND & KEAR4 F8 LILT7 LD T i 16~
17°C e BT b b 5. deF LR, BB~ E DI, PHORRTEZEREBHSEL L
CNBFTHD, ZOHRICEAT 3 aMOWEREE-> TR FRROEENSORATO B
HTHAHD,

EEHIEOE, KABOHMTKICOWTRAEETEOE o, LEEREBHAEY
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OB X > TRETORENRERICENE, BFTHEo k RAHMEEICEY 25 #0
R, BT TELOBENR D B0, HEHILD 6~8m T TKELLSBALXRERENS
D, ZOTOBIREINLIBABTCTHT 20 EroKESALBEREELTVE LS T
H5,
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1. BRECCORBLFARRELEADOSH
W OB LOEE, BT LE 3 BFFORRBHORRND > TRIE 3 FHE
ETHO . (B 5 RhA), KiE3EMDLKRIE 4FERPT TZOEF ICHDO THE T _FEE
Tk BZH (RE 30~114m) BES NRASEE L, BEDOE « 25 - &5 - MBS - KO
G HROB - BOABHBENTHD, RESFICERBHEE 350 /min f1THo7, T D#E
3R FBCUsHEERNE LM MBI 2 RE - BHROEHK
(FELTWRREBEOER K S)

Table 3. Result of investigation on hot springs in Akayu hot
spring locality at the time of excavation.

RS lm e [EERIR Bla w| mag ﬁ%
(Hot (Name of} (Date of of |(Temp.)|(Volume (Note)
e by ot P e ] (O | e
m g
2 o _ (N) _ . ggwﬁmﬁmome F 89 220m &1 5
3 AXFE — (N) — - KIE 34E % TRRBH
4 K E — (N) - — AEHLE T
5 & T 192 | 1147 | 59 [ 7’5?81.0 W%
6 B B 19151 72.8 47 16.4 2 B
7 Bt T2 B | 192212 | 1165 64 — #OO®
8 & | 1915.1 | 1140 52 10.4 H®E, BEE, 54
9-1 | EERE | 1917-4 | 1147 | 62 — %
9-2 |FpEHBEPE 1920-5 | 188.2 63 — W
10 X o B| 19151 29.7 56 11.3 FEALEE 59 m fE ¢ 3
11 | # B fr| 19151 | 692 | 54 156 gé*fl(l)smﬁg ﬂqﬂ chlg?om % T, BER
12 ¥ 191412 701 50 10.4 HEEES, EEed
13 # o B | 1915-1 109.2 50 14.9 OB
14 #F ol | 1949.11 | 384.0 68 450 B OBBIT
15 BIOPTES | 1942.3 | 2730 58 180 REQ LA, RERE 1% m
16 oI 1948.8 | 327.3 — — i
17 F OB | 19154 87.4 51 15.0 AN
18 ¥ © A | 1915.4 85.5 53 85 AL AR
1 mEssEx  — N) | gl - BAEkiR 17.3°C
Vo REFHEK 0 — (N) | 'R — BitE AR 17.0°C

NB. (N); R&i#EH (Natural hot spring)
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KIE6~124EEHC 15 OHIRIC 115~188 m DI & < i & » THERE - BHERIEOSE «
RO - ﬁ%T{}E’%%bﬁg LN, RIEGHE~ERISFETOLEHOBEBHEBEIL 200~38
250 I/min ORETH -7z, CHAEDRBFOTNGHEBEL Tz, BRISEIZE->T R
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E5R KRB BT ZFEHSFERS>ERN
© BEE, @ B, O HER, o EXAELE, & #K
ch o OO RS S RPORRES
Fig. 5. Distribution of hot spring orifices in Akayu hot spring locality.

© : Pumping-up well of hot water (: Recharging well of cold water
(O : Unused well . : Ancient natural hot spring @ : Cold spring
Numerals attached to these marks are spring number in Table 3.
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5O 2IFHE BN THNEERTL O 14 £i1Cid ¥EEFEE L 9ERLTLS BHES
TEEE >, WMAIT4E3H, LEREOBERBOBENFBEIEICHEE 273 m O » i & <
X NIEFN 23 42 J O WE R0 24 45T k4 BEEE 327 m R OF 384 m D B R K O Ak D LIE R AR
Bl ahtk, BIRRFME UM OLFEROEE - BHEL WERHEBREFEOERICL-T
RUIbDTHZ, FEROMERZES IR U, RPEREICHTHEFERIR 3 RPOR
FESTHD, HFI25410 A3 HOUBRERO MO 9 FE OB REFIIH 4 RITR
L7z & 51368 min L7520, #HOILEREOEERIZIEH 26 4F 3 A& 540 [/min Th o7z,
HBOWFREE L DLDB (BDE) BEOBEICK,, EhDB, HEE, B, R &85
HOWRBICEESS D, B 25 ERICE BB EREOREL S >720T, HolERE
DHDPOEHE LHEBRENRERTEONE LR 7, PREIEEHTELLOIREE»OE
Balhh s LB BN LR L), ZHOMFERE»OOHERIZORD LIEHML T,
HAETIE 690 J/min fi7 72> T 3,

2. 1mEHBROHH

HHN 37 4£ 11 f 13~15 ARE T HRT O 179 WA BN T I mERBOREF T > 2,
HA I IR TR IC L Z 100m X 100m OEFEIC 1 DEIGICE o 7, BEHHRBHRBD® T
HHPOWET, TOREEFEOKIIR LY, BARNAOME, RACH>T 2HFE 1m &
WROMTH 5, Ricid 18°, 14°, 14.5°C oSHMiRBR =0 eds, ke 142 P FRU 145° U L
DEEHNERROY IR EOMR ML T E LR L, 137 LT ORBRHICEA4Z 2
TR UM, 1mBEHE R 122~15.7°C OfEHENOE %2R LK ICE {, MORKRFELITE
VIBRBICRON AL S BFLOVSHERERIEDSNE Loz, TNRBEAEBRBEOEI NI
DIEFLTORZ EEEREMTKOERICLZEDEEDLNS, THHOWE, EiFLIER
BEEHSBMUEOREATHRACKBALBFIVWEEDLNS LH#iCHh 2 15 EHFORED 1m
WHRAETET S E13.0°C BELNLC D, 14°C YL 4B BEDO T EDIEEOHIR
THdEBMEEING,

FERF BT Oh, JERARPEHO 3 BT & Ak H (BRI E2ks 2 dORERH
HOEBEAD Im BRI 2N BAICELL, 0 OREERIR BT ORAFEERXE
CBRSBCEEFRLT B, BICRAEOBEH GO WETRELHRELT>T
5,

THHANTRBERI LD BRI > D/HmE LTS, THLL, FHOWLEERETE L
& UTHE 200 m AL 0 LR O RE S R SIS 4 B 20 & LA Lk P T TW0NE, LT, £
DEOF I~ b 100~300m DR OEEL LT3, ¢ MEHHREOHINTE Lo,
A QAL EOFNCEESE R B> T, REVEE» SR ICE STV S, XHHOR
F, REMAMICEE 2 ICHABIRERTHNEET S,

3) WEEA; 1o RoWhiEE & BREREOTIRY, JOUERYIEREIARE, 1 (HR1264), 21.
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BRRASMED | m FHESHER (A 37 £ 11 A 13~15 BHIE)
Geographical distribution of underground temperature at a depth
of 1 m in the vicinity of Akayu hot spring locality.




UPFBRFRBER O HHBHE & Bk R 0 B8 179
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M-8 ied~re X Hic, FRERRRBH T ORKERPICRIBONESS O BIEETRK -
LZNSOHBRFIMVICESOBREL>TEY, ERHNIKANERLBKBDOL I 18 &
ZILTHE, chdDl@od, EMAE N3PE, LT~ 75° sl BE S LT
W3, COFEMRImEHEDOMEREOEMELL —HLTVS B6R, Y, YIRUY,
Y3),

REKBHTHEROBRENLS FR LT 3BBRBHBTH 2 EABENC LRI A6
NTOEH, FEOBAICHTEROREKOEELFEHIHEEE SO 1 m FEHIRO &R
COHBICEDEMTIANBHOEANE—HTIHEENLLLT, REDRERKEHIZELT
OWBR EROWBRRORKETH A HESE N, #-T, RRHXTE, TOEN - EH
Ol ERE—ICRREICHESRS 2 FEHBE BB UL, MERAREEINERLZUATRREICEL
RSB ELTOEY, BB~ LSICC OFEIKBRIERICBHL T ERROE
LH—DbDERBEINZOTHE00, EXLORBEMBEOERE—HTIRTH 5,

ROMBRCORRICHARS 2HEEHOD, BLERSRBRAKESEICH I EETHER
fACEET 20 TH 2, COFROIKRIOB I mERBSHEREXREICERDBRERT
BoTHKDEFRMEZLDLNG,

1) EKELRNDZERZHEPLGAT, REORRBRE A IRECHEHF FHOWER) KR
B ERGBESEVHLOLASDL FEIZRETH 2 DT, REDSHDSHEFK A 28
STEHEIHZOLFRROERITHESEESLTHA I,

@) 1m ZFHBESGROMSEBOSHESE 6RICRSNE X DI, & OMBICE b Hil
TEAMBRLIELVERNEZS DY, Y], VLY 0 2EBRTEHIWZEBENCHIZC L5, &
REMTHOOECECWMBONERBTEICBT ZREDMBEIZCNS 2EHBMO P REL TH
A9,

B CoOEWBMERTZCELAEEZEZINE, 2ONEBER 1 FHEORERE XA
RARETB5THAD,

@) corlBEOMEFEZIEN 7L EEZ oh, X OWiBRADOLEH (FE 384m)
ZHRAETH > TRV E T, BEIFEETREBETE CRAOLERO 60m Ll EERMIC
EETEZTHAI,

TS DREREMREZ, FHIEBTHECBT 2 FTEHBORBOMNEEZHEL THS
RO 6 Kbz Yo Yo TEb L,

4. BRICEFRDDIMOHE

gL ORE, REFEOWRICRRROBRS 2050, BRKEOEHE»SEHT
5, ZOMEFEBHAOKR 12~13°C) X042 E 170~173CThH 3, ZHoLDER
DRUELRESFHEITHEAELLRRBEHOIREOMEE, HBSH»PLHB XD, UEL
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wmEERS-EN

B« b B2 UK P R - AR - R 3E

HEOETICB->TlRa—HM Y, Y2 LTk, Z05EH BEIR O ETZEMEOER &4 <
—#HT B, COY, Y b BEOKFEKBERAUEREFOFETHBERFD 1 2THEEBh
N2, BETRCOWEELS TR 1m BHEBEOBESEBERBENELET 5,

1.

V. RBELHITIBRRHLBRESC - HBHEOEM
(CHESTBRE - LERBORELL

= RRHE

HEXRFEBRACHEBELRD, BEFRLOBBOOHHENTH 5, REARIARREH
BROME, AARESCIAHELRDOME, “EARREFHOBEEFOME, AL
HRICHEZF Lo RBEBROCEESKTE LTHEBhoZHME, AP R=EZAFEZA

gBidk K B B R 5 B £ (UEBREBRCK?)
Table 4. Chemical constituents of the hot springs of Akayu analysed chiefly
in October, 1950 by the Medical Section, Yamagata Prefecture Office.
# 5 mas | ion|@vd K* | Na* | Ca?+ |Mg# | Fer+ |Mn®+ | Al+ | CI”
(Hot (Name of |(Orifice |(Total pH
Sll)\ll.l),) hot spring) t(gén:)p.) Erensgflt{lg (mg/kg)
5 HE T 49.4 1814 7.2 | 2561 496.8 155.7) 2.407/1.439 | — 2.056| 943.2
6 I & 57.1 2969 7.2 | 33.20| 793.4f 2753 3.501}11.350 | — 1.927| 1571
7 B E R 53.9 2222 74 | 29.01] 594.1) 187.4] 3.807/1.328 | — 1.897] 1143
8 & B 52.5 2949 7.4 | 35.03] 783.6] 272.4| 4.639/1.549 | — 2.069| 1539
9-1 B R 57.7 | 2745 7.6 | 34.60| 736.0] 240.0| 4.254/1.439 | — | 2.056| 1423
9-2 W RE 58.4 3281 74 | 39.20| 865.9 304.3} 4.420/0.8852 — 1.265| 1711
11 b A= 56.5 2935 7.2 | 34.01) 794.8 269.0| 3.763)0.9958 -— 1.423| 1555
12 oA Fiid 58.3 2937 7.6 | 3381 757.8] 301.2| 3.195/0.8852] — 2208 1612
14 ZE ol 66.0 3323 8.1 | 35.88| 8729 329.2] 5514/0.829 | 0.132] 2.194| 1744
15 EEATATER 61.5 3159 7.6 | 3513 850.3 296.3| 3.982/1.656 | — 2.094) 1652
#F | BRA | gor |COp[HCO;| HS™ | OH™ | HBO, HSio, | FIee | Free | g g (ﬁﬁﬁﬁl‘e
(Hot (l;llame of : ’ E*EDE H output)
511)\11.;), ot spring) (ma/ke) (Date) UJmin)
5 B T 1337, — 68.02; 0.6376] — 7.980) 53.23 {11.23 |0.5004/25. 10. 5 37.6
6 i &5 195.5] — 70.03/3.233 | — |1L.35 61.02 [13.33 | 2932 (25. 10. 5| 34.3
7 Bt R 1502 — 66.26|1.444 | — 8371} 57.13 |11.69 |1.214 |25, 10. 5| 21.6
8 & & 2148/ — 79.79/0.8573 — (11.35 50.11 |11.18 | 0.571525. 10. 5| 27.3
9-1 B =T 197.6) — 76.750.5237, — 9.1631 51.93 |12.89 {0.433 (25. 10. 5| 50.0
9-2 R 2288 — 82,531 0.3650) — 9.326] 64.74 |17.43 |0.3665(25. 10. 5| 11.8
11 b AR = 2008, — 71494755 | — 8.982] 524511435 {4524 25 10. 5 50.0
12 b=2A 4 26500 — 72.65/1.298 | — 9.082| 56.61 |11.85 |1.008 (25, 10. 5| 37.5
14 o W 251.2 8229 72.53]1.904 | 1.618/ 6.435 5479 | -— — 26, 3.8 540
15 i 257.2) — 80.64 Tr — 9.082] 5842 | 9.597/0.176825. 10. 5| 88.2
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NIcb DR RROFADOMETHY, choll DT RBFTRIBIRTORFESTH D,
CNEOBEHBIIOE 10 DITDWTE, ER25 410 A WERBAERICK > T £ 05 HR
B - IbERESBEESNTOS(B45E), coBRCIDRERCEELZRSICONTEN
SDHBRAERNCTALERDOBETDH 5,
ETHIMICC NG ORATLRBKORESLED, fcchs it T 3 Cl &
THA, ZEMERATIEETHNELNG, choOHE A2 E, MM B LT A

ci™
mg/l
1800+
1000
500
L 4

) "t Al o,

6% : : : : G

0 0 20 30 40 50 60 70

BITR FRBERKKSYIFREO Cl- LBINEE L 0B%k
(FEIRCHTFRFESNEFEL)
Fig. 7. Relation between Cl- and the corresponding
orifice temperature of hot springs in Akayu.

Bzl 3RO HFEET 5, A REER < (710°CAL) CL & A7 (1900me/L A7) B T,
B R REE A 11~25°C T @M T AL LEBENSWHITAKT Cl 28B4 EFEB 0N, Th
5 A BRA2EORDPE2 R LEETHTTRELTHRRLELLLDEELI NS T
SREICHOBEMICODNTE 24H LAY, HOLFERE AFRRCEDTOVEREERLTH
258, BradtFO ORBFEIEE BB TKOBAOEESE ML THLEASBDENE, FOK

4) WEHRG; MBENTEHRREE 2 X o#E SR 2 THBE, W8 14 (117, 127
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Fig. 8. Relation between depth of artesian well at the
time of boring and the orifice temperature.
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Fig. 9. Relation between SOi~ and Cl- of Akayu hot spring.
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FHOBEICHEENS D, PONIFEROBSCBOFEHEESHICE D, ZhIIHIG
TAHABEHBEARIMICE > TZOEBEERANLEOTH Y, HroHE XS, EHOKEE
BRENED, TU0LE, BUFDPOBERERTIBERBESHA4EHLEV I HEONH S,

BT, ABRRRE, REITOFEHMNEOHHHMBTHE, HZOWERIGEOFHOHMT
Bl DoRIBLFEHBAZ>TERL, BBTKIABLEY RCRICBRSE L DICK
BHIF O OBRIKE FEBICEET 205, BIKERBICEHICEAET 2HBROR - THEK
RHLBALTHWESDEEDLNS,

FOME SO & Cl LOBBEERLIDOTHEH, Ol EREDHBRELL Bk A
FRRE BHTAKOREETHICEEZEDLLTVE, COXINBERIEESREZLD
Na®, Ca’*, K, Mg**, HCO; SO0 FE A>T - T3, HSi0;, CO, ic2
TRHFOHEBTREI VDS, ARTHEDRIALNS,

BERETIKOVWTE, BFLE EEDLD
BEFREREXT, MOEETHEELEDLNE DL
ObbB, FAE, HS & HS & 3 Bulos
FxEb-oTH3, %103 HS OAT5 4K '
ThdH, BREBBORARESHEY OBRIC _i]
ZOERBEY, ThiE, RABRBRBPTE |
e HS %450 OB OHTAD — B4 & 13 ji}

=

By

D, ¢ OWHDEE B S BT OREE LIBICE
BELCBHMTALLY, BATKORAEDR | 4
SNBROBRSICEDNE bDEEL bNB, | ‘

2 FOWBAROEELPHIOBEZE e o N

HROLFBRICOOLTRESERBY LS SI0E FBEScsd s HS okE46R
ICHEF 26 4E 1 3 A, FEFN 32 4EiC 2 6], WEFD 33 Fig. 10. Geographical distribution of
H,S contained in the hot springs of
FiclE, BEREEAPSH LB ERELER Akayu.

Ko TiEbh T3, ZOMRELERZE, BERINLZ 68°C THRALEMLLTNI A,
% DIEERSBEDRBICONTHXRBLOMEIICH B,

. SEOFHBCBOTHBRECRENAZEro 72235, CU & SOF QB LTHIE DD
BLERL LTS, I REBRM26 405 BB EETTOMAMIcE T 3 Cl° & SO~ 0
BLOBFERLIZBDTHE, IAKEZEE LTHOUBFEROBEROTA LKLY, AED
BMRPIOOTHERITEE A, Cl EU SO OoFLEHEEE ORlic BEEOMERE
b b, ’

V-1igl~7e &5, ZOUBERIZABFRRRICEOEVHEDORRET H % 05 LT~
THROWERORE, E¥RFOREEMI AFRROBEEEMERLTVE LA B RNET
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# 5% HOoUERFHLEOEHBH) ZERS OREL L
(HFBELH 28 HofELRE, IWBRERRNEE)
Table 5. Secular variation of chief chemical constituents
of Morinoyama hot spring.

A tf)l Bl 1051 1951 1951 1957 1957 1958 1963

H5 H a 3.8 6.16 8.20 10.11 10.23 3.28 1,28
B ey (9 68.0 68.0 68.0 68.0 68.0 67.6 68
f?oﬁneﬁ ffl/ft"lj;‘t)) 540 450 419 486 486 540 650
pH 8.1 76 76 8.0 8.0 - -

EJE 588 (me/l) | 3309

. (Total residue) — 3339 3240 3165 — -—
Cl” 1744 — 1756 1602 1614 1613 1348
SOf~ 251.2 — 256.3 242.8 242.8 — 95

Ca® 329.2 — 345.7 303.6 307.1 — —

CO, - 5.29 4.61 — — — —

H,S — 2.53 171 — — — —

H,Si0; 54.79 — 55.61 64.92 64.92 — —

b2, SEOEBICE N TRKOGZH, (BEH) OKE & FUEDORBRE A 27451 CL, SO %
K DT, HOLWFEROSEIOMEE KICHE 7THRCOE IRFICRBATRAL 2, HEbspisn
DOTEMTHE S ROPSEIOMIT B2 FORRE 2R T DGR TRL HRBICHEE
DBEAETZCELS, BEOHRBEROUEEIZ A TR A KEMALTVEIENTDERLDS
bR EN B,

P Ricl~7e X 5T, 10 BEEMICBE R DI, REDOFIRR A i 20 TRE
BEEAEELLTOREOMNCL, SO SOFBILERS VLT 2 &0 FEOE/LBEL
FHERORRIE, TORABMTLEOEVHTE-TWIHRTHI L L EZNEMRET S
KRG EERDSEN D, BEZZORHSEHETHS, LrLens, BRiHFshsis
&, ERABHTES TRELB BB L FTEMFERSEEBLBBICENRSLD, 5D LE
WET 1Pl 288 3 L, RIRROKDOELIS EBREIZHDODL S F> TORBETH - 225
ZDOLADOEPICFEMNEESEEIER LT 28HmMBHD, BEEOMMNKE I TER
DWEEE DEINMC L O FEERS OBRBBBO Lc VI L3 RBANEL OGN,

V. BRMECHEITIHMPEESR
L BB omPEESD
BRHBICH IS INAFEHONWL DD DO TH X DBAEI N EE DR LS
RRFBENOHETRLICLENTELDOT, hOFHEKEN, BT, BB, HZol, BH
i, HRLFEHOMEICE S  UBOHB OBRESHFIC OO TR~NS,
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Fig. 11. Secular variation of Cl-- and SO? —content of
Morinoyama hot spring {No. 14 spring).
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Fig. 12. Change of bottom temperature of Oyubata (No. 2) and Yokochd
(No. 5} artesian wells due to increase of the depth of bore-hole.
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Fig. 13. Change of bottom temperature of Matsushima-
kan (No. 11) artesian well due to increase of the depth
of bore-hole. :
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Fig. 14. Change of bottom temperature of Tékijo-ato (No. 15) artesian
well due to increase of the depth of bore-hole.
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CUBOTBIC LB EHETI2yHREICGEBLLEV S, PULEHFOMTHEITE wHEE
BEX3Tm»Y, 2OPTREBSREEMNZRZ LRKAER LIET46CThHo1c, T0BE
DEBEMEMIPPIEL, EIOm HAETREHEFAUCRERKICEEL T2 M, RER
575°C THRPEV, ThARGERESED LH L 1165m RIZET \E 65°C O—ERE QR R
LR ->TWVW3B, #F59.0°C OREMBEME LT,

BT ORI S5RGBT RIEEOES AAZ 24m T, 13K (1)
TRULIEDICEBIKER EMTH0°CThsM, BEBESLLBICAICLEALAZ ITm DE
T3 65~68°C DR —EEEOBREREL-TWVAE, ##F565C OEEMEEL T,

T HH OO IR (3B O S MR OHIR & S OBFES 15 KICR Uk 7,
COHEFIEENIBAm THOFHICTIERTHESREY, MRICAV SN 0> EARES
EEbLNZY, EHBETHROESREIKERRELEZ EKED 2D ES100m 45 i L2

1°C 0HTREDBE EREFRT, oC, RICRABTHELLBEOEARLL, O
HWERIMEHEEFEEBELT100m UETRHAEETH - 7243, #S 100~120m T 58~59°C
L125>THD, 180m LT IE 69°C O—SEIRE ICEE L 300 m DIEET M A ICREEIE T o 6 1) 28
5, 1 68°C DRENE LN,

P ORI L2 170 m DBSEHER 24 (B ASH) 10315 2 W8 O 5 & 1 245m
Thd, BUMIKRLELLI I, REIEREDR KT CTH 505, #E30~70m #
HIZPPREMNET U HBOEROERKOHRAZRL TS, TNUAKIES CEE LU
HOLEHEBA2F U EID107m T 62~63°C O—EFRELE->T W5, Lo L, #EX
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x e SN - r30
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FI6H JFREFH BT IMBELES L OHERK

Fig. 16. Change of bottom temperature of Haguro-so (No. 16) artesian
well due to increase of the depth of bore-hole.
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140~200 m ORFFICHE X 176 m 2l & LTHELWEREET 85 5, X 200m DIZETRED
WREMET L 61~62°C L13-> T3, ¥R, 58°CoREBES N,

PRAEHRIHZEONEH OB 4T 400m KEET 2B MMOFEF»SROBEN TS, B
RAcTRLAED I, BREIEBTE ZOUFEHOBEALV ERIKRTH 205, &
SHIET LB RABEHBHICFRL, S 180~240m T 58~60°C O REE X 5, zh X D
{135 &270m Zddaic 3°C I DBEE T 250, 300m MZE 327m OFLE % T i3 59~60°C
LTS, COFEHOBE, BREEAELIEHP ok,

PED6gHom, pUoRER - BT - WEED 3 FH L EAUDBEI - ol - H
BHOIFHLRWBEFICOIME S OBMKOIB BN EDT, WFEEFO2HICHTT
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Fig. 17. Distribution of underground temperature in a vertical
plane postulated at the northern part of the hot spring locality
perpendicular to the principal fault.
(1) At the time of excavation
(IT) At present
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ERAREAPELEL, AKREEZLLEUER B K13 100m DIZEDO 13 0 B4l
BEHNHEB LT EDER SN2, TEHFBOLENICEY 2 BE0RBBEEREL»
HELT~ANTO S < &, BHF374 11 Adgofioh, REE, ROGEILHEOLS;
HOORBREDEE (5 6 ) BPEBEW B LRI PEBRIELL->TVE0 &L B & T
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Fig. 18. Distribution of underground temperature in a vertical plane postulated

at the southern part of the hot spring locality perpendicular to the principal.
fault at the time of excavation.
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B o6& FAEATPORFKHACEELIENES > OERE v L OBEK
(BH%0 37 4 11 B dh ) Rl5E)
Table 6. Relation between height of water-head of a hot spring
and its distance from the principal fault.

2 I & BRKEEE FEWHEH» > 0B Ex
(Name and number of (Height of water level) (Distance from the principal
hot spring) (m) fault) (m)

F oo L (14 211.694 50

B s & (11) 210.743 92

X o B (10 210.409 127

B (19 207.961 145

B OB §g (16) 206.817 — 97 (BFEME)

2. FEHOBESHREER

T 35 4F 6 BILBESEHEY Ic X > TR I 3 AP OENR ¢ DE I § 3241k
PBABEZAOTHEBEINTNE, COBRSWEEREROFEICLIDRS T &BM¥T,
HEmORS SmBOEESHARAHE 13~15KdiicsE L LTEALL,

—RICESREOBM O HEHME & L T REAKDOBE R IZEEEIE 50~100 Lm, FKEWE
RIBEREIR 4~20 2m, WAEREBENEEER 01~408mTHREEbLN TV 3, HREBRED
EFERSOREZERKEBAEOPHUBETH 2 BERAKOFSEHNEEbLNS, chic, &
EP&ELALLEHREISOBLT I EPEFHOB2BEICEY 2 EZRORFEKDELE
EEMEBELT, FBICEF530°C YU LOBERKEEUERKEBOKE N E & L T6~12
Om ZHEMAL .

ETHOLFHOER B I5K) #R 5 LB & 35~260m QUE A THIERIZIZ LA L
LB 5~98m oFHIH D 30°C YU LOBROEAEBED LN D, NREFHOBHE (5516
)13, FX 30~260m O RE RO 80~250 m TR EH M 5~128m TH 258, 80m P
& 250 m PIFE TSN 12~26 2m T DB E > T3, 80m PIEI BT R~z X 9 K
I CLUTOREVWRENSEET ZLEANTHRWPING, BLHHEH & U 0B4, H
ERSHEBOESTI2~508m 2RTOR LW &E L TEKEEGL TS 8~22 2m AL KK
HZERLTVE, COWMTBREARLEBKEINLEOTHY, WILRKERICEKDZED
KRBT BLDFNICHWVERRLEDTHA D,

3. SEMECLEAFHPOEESHELBI(BOEESH EOLE

SOOFEEDE, WM - ROE - PREOHFHOBHOEBO M U CAREDL S IE
TREOREH ﬁf%ﬂibte§ﬁ¢®ﬁﬁiﬂn%ﬂmFC&DE@bmwﬁﬁf%otc
BREEILOOmM FTY — I 2 2 ~EHEFZAL100m A TEERFAREH 2B TFERIC
HUKEEZFOES OF Ak, ChoORBRIFA4BISRAID, FIOKHRI), F16K

5 R ¥ &
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F 0D & LTRU,

B OREEEH TRAEOREDER
WEH 16 AR O fE & R L T B X 10~150m OFE  * a
THE 3 KRSELVREETREOND, X
OBFHOBELEE CFOREMAITNOTH /
W LM S VA, BT OB AR S
& KIS D HLIR TR 43 77 % HEE 37 U 88 19 X (I)
D3y, )& O okE»s REFHOE | Pl
ALABOREETHES> T3 T EMHEESH /

B, THbb, pIOBEBORELTR, BE 20 /
817 M~2) Ic 2 OHBEWTE 2R Uk A7 ik Y
—EBICEL TN EDEEDNS, KOBTRS
EOFEEICE UT/KBEMNEE FLE (X 59m) T .
HAEFIES CEHTERLD T Z ORE - Cl- - A
SOF k- THTRREUEIRICKLARE & BI9E Komzcsd sHR

_ - EHEEOHF
Cl, SO, & CI” * pREAZART & % & (10) 0) $mx <w(eR), () B
THRA LK, FOBOME RS - REMN - 92 Fig. 19. Relation between depth in

Amanoyu {No. 10) aretesian well and

TIGHEOWDT, Cb5OBM2B5FE0/ & A ED the corresponding underground tem-
perature.
KOBEDHEEZHKT 5L, BERBEEMETL (I): At the time of encavation (esti-

. - R mated) (II): At present
7072 TR CL, SO- | LTHD, 978h

B, KOBOBES 60m ETIE BT KD AFRRICH T 3B A D E A4 5 FHF25F 1T
229% TH-o QBB 37T EICIT 85% IKHE L LIEMLTHWA L EIKE 3,

B HEONREEHF TR, B2 oHE LS, SHEHOMBEHS < B OoREH
BT 2L, BFEX0~80m ORFIRY 250 m PIETIRKEE—3 L T 2 285, ZEX 80~250m O
T2~ CREORERETHRON D ITHEII,

COEIFENHBOXEMOEKER MBI 2HABREDOETORKR, COFE
WE > THTHELNS ERAL, COFENBIRZET 2L OMELEL TIFRIBO K
JBIZ > TORERZS ARBRRKIEV I/ BLUBEREEOFENBICETUHREY. Y i
Ko TKERBEHL T, TNORRBEHR L TEHBLE OPMICE OFEHBEE LN,
FICRFTEHBIGEHEL CHROUBRBE I INFENBOBEMICH A L 72 AFRREK
DRI EEIN B ICEL IR, hFRICREE T2 ABBEROKEETEZEE, O
TR BH I KOBAOEESHREMU CTREETZEELLIDOEEbLN S,

BHIT/KOFEB LA I ARHOERBLECH U TABSZOEROBKEARBETREL, C
NEREHO LRAZ> TREARBORBICITRALLIDEEDN S,
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VII. REERMBEHOSBMEINBIBBIRILE—

B, RBERTRAOLEROL» 5 RE 68°C OEFE M 689 /min DEAETHEINT
WE, REBBORDICET 2 TKOBEERFB L EZICRNLIIC120°CTH B 050, &
WO TKICHLUERE LTEHTIHT AVF—- Q 1F

Q,=(68—12)x 689 X 10°=3.86 X 10" cal/min
TH5b,
RICHTREROLCHZBC LD EAF E> THELOREINT V3R AVFE-Q, 3 E
AEED Lizkdi
Qz=;:§Si(g¢—go)=xR2_‘;S¢(di—do) (2)

THb, T eFHITOS5~10m OES DT OHEEE, 65 & 6,13 F 2 5 R ROHL
HIKICET 5 1m EHEDME, ¢ & g ldER2 0 RO 0, RIS T 2 BHOHES 075 m itk
ZHIEEESE, S 3 TEMENS G TH 5D S HHBSESRHOEE, R=%4i%
DOEHIT OV TE-EHTH 5,

FGRRHEE BOMEiIcB 0 T05m & 1.0m & OB A HAFHERTEL R=15x10"2
: %181, £ OEE probe I ZANTRO 4 MERB O TRIEEATVWZ OEEEEZRAL

cm

726
“fEIEEEK k= 31x107°
ﬁ%ﬁé z::j Z zjiigiz g k=3.7,%10"% c.g.s.
JGON FE R = 47%x107°

0 & LTIEEO6MO Im BEHBAGROKD & ASHGREOTHIEE B, 0
P D 15 5 D iR TAME 13.0°C £ A Uiz, m& 51 LTHE LR Q=45 10
cal/min 2787z,

B> T AR SHIE D B BRI 3 ¥ — O 2

Q=0,+Q,=8.3x10" cal/min
LY, BAOHMERY & U1 TREBOHT, +HIl, BTERALR: ABE TSI &
Bl te, X QJQ=055TH 3,

6) T. FURUTOMI; Rates of Discharge of Heat Energy from the Principal Hot Spring Localities in
Hokkaido, Journ. Fac. Sci. Hokkaido Univ., Ser. VII, 1 (1961), 315.

7) A. H. LACHENBRUCH ; Trans. American Geophy. Union, 38 (1957), 691.

8) 6) iItHL.
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DEDKPERICIMAT 3 & BR[MF0h, B, BHRY CLhiT 20% BM25444 218
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EKk O 21 Pt k2 BF1 36 4F 5~9 A L BRI 33 4F 3~4 HicfThbnHBROMETH 5, W
DHXDERNIM LS,
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itk 72 Ymin
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Fig. 21. Relation among water-level in Morinoyama well, the volume output and
volume input to Tokijo-ato well during the period from March to April, 1958.
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Fig. 22. Vertical temperature distribution in Toékijo-ato well investigated
during the period of recharging in action.
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Fig. 23. Vertical distribution of flow velocity in Tékijo-ato well investigated
during the period of recharging in action.
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Fig. 24. Change of water level in Tékijo-ato well raused by the abrupt
stoppage of water recharging.
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Fig. 25. Recover of underground temperature in Tokijo-ato well
caused by the stoppage of water recharging.
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T, FEEBOOKESE H, TEEBICETSMETEROKEE H, HhEHoERE
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{(x_a1)2+y2+(z+61)2}3/2 {(I+a1)2+yz+(z+cl)2}3/2
+ BE(z—c,) . Bk (z—c,)
{lx—a)f +{y— b +(z—c,f p** {(zta)f +y—b) +(z—c)f}
n BE (z+c¢,) _ Bk (z+c,)
'{(z”‘az)2+(y_b2)2 +(z4c,)f F {(x+a2)2+('y_b2)2+(z+ P
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3. BHORE

(1) k Ol oMkE

0, BBREQ R—EEL, HAREQ D Qi 4Q, KBS ¥k EHREEE
%, BB A (@ 0, ¢) IGEVEE ¢ DEDOKE hn KU iy % O) R0 5KW, dhn=hn—hn %
HET B ERREED,

dhy = ‘f” S, (13) -

1 1
{a—af +b0i+(—c)}  {lataf +oi+(e,—cf 7

@b,Ss{

1 1
R (Fvers =n sw ey v s e Exp e G a9

T, n 3HEERTH B, ,
TRb L, HARBEDE 4Q, iCxtd 2 H B OKBEEL dha B> TN LD S
R opfEskE b,
VII-5 R U VII-3 ic kB HE ARV EKSORBEBRI AT XORIKILS,
#EA; = 50m, b= 0m, ¢,=189m)

15

KA a=145m, b,=145m, ¢,=170m J {15)
T, Symem— L e 107 () & 72 2
» D0=(745 T 244 399 434 & °

RITHE20H, FARCBOTHEROEESNSVEELDNIBBTLEOLEAERET
ZREMEEFETEE7TERCRLALIL UL @ 3 20B&NEM b7,

B1&R HBEz-ELLEKREEAL LD L EOHROINFEROKMEML
Table 7. Change of water-level 4h» at Morinoyama well due to the change of volume
input 4Q;, when the volume output of Morinoyama well is kept at constant.

# 5 Eg(Period)ﬁﬂ Q1 (¢/min)| Qp (¢/min) han (m)* 4Q;(l/min)| 4hm (m)| & (cm/sec)
B B H

1) 33 3 o8 500 72 | 21184 |

I — 72 | =012 [147x10-¢
2) 33 3 29 500 o | 21064
M| 36 5 105 20 577 217 | 21894(5 P 2)

. - 117 | —0.46 [0.62x10~4
@) 5 23—6 5 577 99 |21.434( 37 D)
M| 36 6 2—7 20 649 217 2200437 2)

- 72 | 013 [L40x10-*
@ 7 227 26 649 289 22_124(S{§E'@>
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N 1 B 1
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= 1 3 1
T Alr—a) Hy— 0.+ 2P {lxtaf Fy—b)+(z—c)
I 1 1
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WEREZH; £=63x10"*cm/sec
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Eliote, Fh, BERE—E L LEKES 40,=—-290/min K3 B/ & ¥ 254, KOE
DKEED 4h,=—011lm L EM L EFLTE A7) A2 S
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=B,

BEFEEAFOBREAMELIPORDLETEDSI DD b O LS, BAHOBD
ELERKDE, REEZHOKMENALORDLIDOEDELERZFOEERZ—HL T AR
PREL S HEEEZRLTNS, CTHIREKS PO EERS T OXKDORE %% KEO#IC—
B REREFIRE L ERVEDENSBEERL > TORDER DALl L &
ZitRRT 3 L BHN 3B,
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H,—aay—hy+ %i’ . 20)
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1) RICRATA2EBE L TIRE 0L SHEM64£5H 10 H~5H 20 HoEERL,
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BHESAITH~8H27BRU8 A3 E~9H 17 BEoE»S Q=649 /min, Q=217 l/min
Ao 13 29 BRI OEXE h,=2172m & L TRV, £ DRE,

H,—aa,=2290 (m) 19y
2187,

AT, VII-4 1R~ Fe B K 42 1R O K AR T OB (55 24 AH) 13 207.85m $°4bh b

he=1785m TH- 8, COEAANZEDE X DEEE Q,=689 /min % (20) RICHKAL T
H,—aa,=18.31 (m) (207
B, 19, Q)Y MR»S Hy kU a 2k 3 &

H,=25.32 (m) |

21
a=483x%10"2 21)
E1 B, Hy AEBEICETE 21563 m L7524, FENBLWE S ORBMAEOM & &

214~215m T H > CEEWHEROAHZ AXAFEHE TN TALRLEL B >TNWAET LILK 3,
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B R 100 [/min ZH MK Z R L& 2 EOERDED 2=180 m DK I B 1F 5 K8
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Fig. 26. Geographical distribution of the decrease of water-head at the horizontal
plane (2=180 m) in the hot spring locality caused by the increase of 100 //min
in volume output of Morinoyama pumping-up well.
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Fig. 27. Geographical distribution of the rise of water-level at the horizontal plane
{2=180m) in the hot spring locality caused by the increase of 100 //min of volume

input to Tékijo-ato well.
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FREORICBY S 4h, DETHD, KOG 40, 5THL, COR» S FEKOHEHHE
OB B EAE DS 234 5, '

BARICEA2EBOBREEMIRAETTIREIADLNLTHLIREY, T OFEHBEKDEORIE
HHEKOER~NOBHEBEACLZBETRAL, BEHPORRXKBEENOLERAEIVIE
THC-TVABT &, TEBREMNTICHET % E5OKEE-> THEHRIHY OHTIcH-
THRTIEMEIEETH S,

WE, BEASEKSEEEIEREFEKARDICEZ, cOBECBY 2KELPES

»

!
!V (@=800 i/min ,Q=400 i/min)

]

m
20.5 -

M[<a =680 i/min ,Q. 289 {/min)

—> (I

I (@.=800 t/min,Q2=200 I/min)

20.0

o8- I 1 (@=500 V/min,@=100 1/min)
218 il i3
i35 K
B pe: 2]

19,0 ? ,m W‘ T ﬁfl T 1

40 60 80 100 120 140 i60m
e

ERE BHEALERKEEEHALERE 2=180m O KEEICEE L
EfECsy 3 K8 2 oLk BER, BKkEE0BEK

Fig. 28. " Relation among volume output of Morinoyama well, volume
input of Tékijo-ato well and variation of water-heat along the
line-segment, which is a projection of the straight line joining
the point of input of Tékijo-ato well and that of output of
Morinoyama. to the horizontal plane (z=180 m).
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Fig. 29. Horizontal distribution of hot water head (thin full line)and of flow direction
at a plane =180 m in the case of ;=600 //min and Q,=2007/min.
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14. Mechanism of Hot Water Discharge in Akayu Hot Spring,
Yamagata Prefecture and that of Effectiveness of
Cold Water Recharge for the Increase of
Hot Water Discharge

By Takaharu FukuroMmi, Akira Sucawa, Kinshiro NAKAO,
Akio WaADA and Eiji TOKUNAGA
(Department of Geophysics, Faculty of Science, Hokkaido University)

The writers carried out geophysical investigations during two periods from November
14 to November 19, 1962 and from January 26 to January 28, 1963 on underground struc-
ture of the hot spring locality of Akayu, Yamagata Prefecture, Japan and on the mecha-
nism of effectiveness of cold water recharge to increase the hot water discharge. The
results are summarized as follows :

Surface layer in the Akayu hot spring locality is Alluvial formation of 20-30m in
thickness, composed of sand, gravel and mud layers. Rhyolitic tuff of Tertiary period of
several hundred meters in thickness is underlying the formation. The rhyolitic tuff is cut
into cracking zone by numerous faults of which strikes are almost all directions and dips
are 60°-90°. Among these faults, a group of parallel fault of N 39°E in strike and 75° in
dip is conspiquously predominant. A principal fault of this type is supposed to be located
at a distance of 50 m eastward in the lower boundary of the Alluvial formation from Mo-

rinoyama artesian well.
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The original hot water (A), ascending through the principal fault from the deep, flows
and diverges into the underground of the hot spring locality through the numerous cracks
in the rhyolitic tuff. It is estimated that cold underground water (B), which is supposed
to come from the eastern shallow layer of Oyaji swamp land, spreads into the cracks of
the upper part of the tuff and mixes with the underlying hot water. . Discharge rate of
hot water of about 690 litres/min which corresponds to the moderately larger parts of
those ascending from the deep through the principal fault is pumped up from the discharg-
ing point of 211-220 m in depth of the Morinoyama artesian well. As the result of this
enforced discharge, subsidence of water-head of the hot water is induced in the area shown
in Fig. 26 and the active inflow of the overlying cold underground water and consequently
active mixing of cold water with hot water are caused.

In present day, cold water corresponding to about 40% of the volume-output is re-
charged into T6kijo-ato artesian well which is located at about 170 m far in WSW direction
from Morinoyama well. The larger part of the waterinput, flew into the cracks in the
rhyolitic tuff at the depth of 195m in the well, spreads to the north-western direction.
This recharge of cold water causes the rise of water-head of hot water in the area illus-
trated in Fig. 27, and gives such an effect to the discharging well as if there were a weir
made of cold water in the lower drainage basin of the underground hot water stream. In
present stage, there is no evidence that the recharged water mixes with the hot water of
discharging well in underground. But, it is necessary to note that the further increasing
of the volume-output or the volume-input over a certain limit may give rise to the above-

mentioned mixing and consequently the decreasing of temperature of the discharged hot
water.



