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ANOMALOUS FEATURES OF SELF-SPOUTING HOT SPRINGS
ACCOMPANIED WITH THE EARTHQUAKE (M=6.2) ON OCT. 31,
1983 AT THE CENTRAL PART OF TOTTORI PREF.

By Ryuma YOSHIOKA, Ryohei NISHIDA, Tameshige TSUKUDA,
Kazuo MiNo, Naoji Koizumi, Koichi KiTAOKA,
Sei YABE and Yoshimichi KISHIMOTO

Synopsis

Time variations in chloride ion contents of thirteen hot springs and those of water temper-
atures in one groundwater and two hot springs have been observed for a few years in order to
clarify the relation between these data and earthquakes in the Sanin District. The earthquake
(M =6.2) occurred on Oct. 31, 1983 at the central part of Tottori Pref.

Anomalous changes in chlolide ion content began at seven hot springs about one year before
the earthquake occurrence. It is quite interesting because a microearthquake quiescence appeared
in the vicinity of the epicenter in this period. Coseismic change of water temperature was observed
at one hot spring, too. It is also interesting that the change of the water temperature is approxi-
mately exponential.

These facts show that deep groundwater moved in relation to the earthquake and that it is
useful to observe the chemistry and water temperature of hot springs in order to know such
movement of the deep groundwater.
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) OHEEBB LI, ZhoROLThOEABRTHY, BRCLZKEEMEELZLBRIEN, EE
CHHSBWERY, BEOBKOEEEBILACRINBVERETHS, ELTLOBME RLHTED
T219814E 6 F 258 2B SIAMCIMT T A # 90km O BRBEMTMANT M=4.3 OMBHFE U,
COMBOFRBARLEZ OIS Cl BEORBEMNERE - MITERSETRAINLY, UBRRAOR
A RREEERICAD, 1982E9RK bR (Bl 1 2FEEMUEBMETL > T3,

FRRBETIBOTHTRESHESSEAE 3 2T, T48b5, BRHEBTIXINMESHLD,
ZHESKTIRINEIALY, BABRTIRINBUEIHIYEAEFhERL TS,

A8E& T, ARRPHOMBR (1981.10.31) ik B RKD Cl BEOELLEHF - BROKED
ECDWTOBAE R LIRS,

2. BABREER

2.1 BRKBOD Cl REDOE(L
Fig. 1 LRH - BRAROBREROBKMEERT, ChoBEROPIONE, T, FHHRK, AM
RE, LRERELERTILENS Y, ZCTRENSEEBL, HOBRTRREZ LT3,
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Fig. 1 Locations of the hot springs studied in this paper

Fig. 2 KRBRZHKAFATHEBSNE/NMNEBBANC X 2 BRASHR M22) 277, CORpP<s =
Fa-F2IULOHMBERATEL, »OZOREBE, BEORSE, </=Fa—-FR&iE—EBEL
TELDTH S, FLAHRBROBAKMILZRT (Fig. 1 BR),

Fig. 3 K32 HOBRLRAT D Cl BEOBFEMLER LI, RERTEOMBE (1983.10.31) D41
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NBEELERL TS, HEERO1982E6 MDD Cl BEOF v v 7RFAMEOEEICLSZH0T
HY, 19827 AH 51983 3 HER P T, ZPRR—1 LEUL A4 7ROBABZ 50 5, BT
RRIBI9821E 9 A 519834 6 HEHICAD T, W4 R ACLRT v 7RIC Cl MEREML T3, H
RERRIEFRMERLHUL, TOREOXHEHSRE (EALTVS, ZHERREZHAR—1- BERAR
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FROLSBHMBREBENOBRKFO Cl BED R4 7RO, DilicEE St - THEHER
THEAIATHEY, FRERKPOBREHE", BRABICHTAFO Ro #EY 20 21E
O H, BEY OBHIKEWTHRBRBERSBEIh TV 3,

RICEMBRENED2~3 1 A0 Cl BEOEMEZRRITOVTHB LR LE I,

BAERTIE, 1983E 7 AFDD ClEBE 830ppm RBEVOHEEL DELIHMS, 9 APEITHIF 900
pom EHMU, ZTORMK LISHSHD Uk, 105290 1Cid 840ppm L75h, 30HICIE 856ppm MM
L, 31HDO#RHEEERITII 896 ppm & 40ppm DMMHA Sh, 11H 1B (904ppm) 5 58 (915ppm)
ChEmL, 20%12A238 (#S0H) ETIKY 10ppm &b TRENBERIBAOhE, LT
127280 i3 860ppm L RBICHI L, Z D% 870ppm HHDMEHEEL T 5,

HRERTIR, 193FE1011B» 51N THETF -2 RRAL TS, COBRIIEE 71tlppm &
BIEF—EDEERL T2, IHNSE SEMOBEANS SN 9 A26H i 74ppm LML, 1188
HiZi3 77ppm L3 5KHMU, Z0%I12E16HD 80ppm % CHRINYT 5. ZORIEALAEBLL2H10
HEICBAZOBIKEELTHE, Ltk TERERTR, XbBREOH2 »Adid o Cl BEOEM
BBoN, WRABLKRZOBREMMO ARIVSALBREL, TLAFROMEET Z0ICLHISEOEY
ERELTVBI LIS, DL ERFERPSHELTOIRIFEL S OB HEBMBIEHEFOLDEHLL,
ZDBHHEBIT Clrich DERHBERL SBBIHEALTE D LHERIN S,

BAMGHEY (1983.11.8) itk 3 L BMEROKMSHBE 2m E{HLAL, BELBED 1.5~2
BESBHL, R 49°CHho SISC REALIEN S, SSITAMD ERIIMBHIEC 2 L4 LiiH
SEULTEY, BECELSKMENTETIRTOEMTCLAFERBROBHENE,- L), 1R
FHE'Y (1983.11.13) itk 5 &, HEERKRONERDIRXORFOBTHRIZ, FETHICIR 120~1301/4
THBHH, ZHICiZ 90~100l/3 BT 5. LT ABI0H28HDOBEMER 115I/4TH-1=0n, 1154
HIKE M4/ mUTlzEn ), BRERLESBERCB I3 HHEOHMPRED LR EDLSH
WLT, SRERCEYS ClLAEOELBBOBMEBZELbOLENAIK),

FRERKHL, BAEROBEICRFOHBERLTNBENZLS, THDE, FBBORENDO3 A
FTOMS0HER, Cl BERBIBAERLTV ., COTERRAFEDISOBHERS 512 REOEEIC
IEHEHOLDDNE 7 7 v 7H8AD, 221 Cl-poor BHTANHKALT, RO Cl BEDETE 67
SUKH, FRORAE3 BFIHS, #iC Clrich DRRKDBMTEREIS, FRAN, 550 RZ0HHEH
BB ERBLTET, R0 ClBELZED, TORBENSSHERELTVW 34D LEEINS,

BHELUCHESERD Cl BEOEMARBEMUI CF —vERLTVS, THbb, BHERTIZI0H29
BASUA3HETRAIL TS A, FHBRAENO CLEEIRI2pm BEOEARLTHSH, 1154
Hizid 305ppm, 11H10HTi3 310ppm LML, ZO®HBEY UKD ILB27HITIE 302ppm L RER OB
EiIEHELTN S, £ LTI2E200EE T2 OBER 290ppm LBY LEF TS, Lidi>T Clrich®d
BRADERCBALGRD TS BRIIH2SA L AR T ENTES, —F, BEBER T 145+2pm ©
BEARLTOO, 10H318I 150ppm E1151SBITIZ S Sic 158ppm &ML, 12H7HE 20D
AL, ZO®RBD UKD 12A08 K RIRTRNOMBORENE CORBES TS, Lits- Tl
BREICL ZHEBRNOD Clrich DRFKDBAZMIOHHENZ D LHEEIN D,

ZHER—1TR, WROX S ICINLEIOAFELD Cl BERR 1 7RICKEREHER LTI,
ZDANA PROEBOBERER TS L, 19834 6 AMBDITIE 630ppm BEDEERLTHON, 75
PERICIZ 660ppm £ THML, 8 ARGEHITIZ 660ppm BEETHA L, ZOBEOELIFIX 10~30ppm iC
23085, R4 7 ROBBOBEIZION 108 £ TIEIFHERHFL, 1101 603ppm X THA L, 12HITIE 678
ppm ETHEMU, ZORUARCHT 1ppm/BOBEBPER LT 3. 8 BMDED SHBRL T TiTiT,
SAHLHSTARETOLINKRER AL JROBEERRS SNV, ThTbHENEOEBE
DE-7%d > LELOREEIDPBALE, HRERZOBEOEERERICNELB->TINS, DT

— 5 —



460 A KB APER %275 B-1 (| 59.4)

SRS AMDHS TAKICHY, Clrich BEOBEBHEEL TR S, BAKFIREBMT>MII,
BEOBHEBRAZOKMBEALT Cl BEEZED TS, SANDI OHBRANE T, BABPIC
XBEADI 5y 7ORMPBHEROER L LDIDIK, LHEBOREL S OB FHILIH, D
BB - TERCLERLTWAEEZ ONB, BICIOHPED S RAMDEI LG T, EHBBICK
DRBORFED S DEH OB HERAD Clrich WKOPRBIEAXABHLTETVE DL £Zohb,

ZHES 2 BFANKRL S OBELEBNZTIPTWERRATH S, 7T AKEE T ClBER 440ppm B
BEOMEARL TV, HMBREWNHRIITEZORERBRPEMERL, 12AHEIIC 40ppm DBEIT
BEELTW3, ZOBROMBEENEO Cl BEX(COBBREZTER—1 LREOBEAERL TS,

EIERBENNESBORRICKATEN DT, BYOHERBERLELL, LHrb1051480 5114
JHFTRAILTNE, £EhTHHRE 2ppm BEOHMMSED Shil,

MTESO ClBER 8 HMHEIL 490+ 6ppm OEERFR LT 24, 108 5 Biz 510ppm BEKHEML,
1186 A TIIIFZDEEEB LTV A, 11A208ZP1 525ppm BEZTHEML, SPOBEELR
Hroh&d, RAWEEZ CRIZZOMER-> T3, £ L THRELENO 500ppm iKAIE TS0 1
AOBETH 3, Lih-o TRIRERTCREBOMEMIMSHO P > TS D LHEEIND, KEEER
RTRFHBOERIAONE DT,

HREHBERTI28B2080 T3ppm » 5 9 A26H P 84ppm ETHMT 50, 27TAD 5298 I
—BRE RN T 2, £ LTIORREIC 84ppm BEDOMEE THIML, £O®MBBRBERD 78ppm ¥ TR
DE3, FUTINAI6BRII ST 83ppm E#INL, 12H9HZCZOBERIHBEL VELIHOBE
KHEP LRI TS, CORRSSAOHBOEBERT TN I D LEEINS,

SHERTRWROL 5 ICI981EG6 A25SHOEREN OB M=43) OLxicid, ToREMIC Cl BE
WA AROEMAER LY, SHAOHBTS, 5SATEDPS TOL 545 REM HEL, &E¥ 105020
ppm DREAETRU T bDH, 8 F108 g o HiWees: B % Cic 1150+20ppm LML, €0O%117158
FOHREL DELENSBRY LTSS, 08EICRBENOHICBZARLTHIZ titbirs, BH
O Cl BEQEAORHANGSAHTSH, FRLSOOHROUBERTITVIbDLEL NS, LMK
MEEORARKICBOTRT -~ 2 ORAUD - HAADOHROEBEZT T AP EIPRBTHTH 5,

2.2 HTKERMENEERN & MRBOKEREL

BRRATRBNTHRPAOEBHNE U T/AEEEENE LRO 3 nFHTREPTH 5,

ETTBMHEBICH 2T LKEFROHFOBMP SB~E, FHOES 0m OREIL ¥ —ERE,
19804 8 B X 0 BAl AT T 355, 001~0.02°C OERAN (B~ I0KM) OEBER OB 60D
BLTEMAMIEAZEL, 3EHTHOICOHEATLRAD LY FERT, BHRTROMBTS, Wi
HICHBTE 3L D - 7o HIEL2 Shimamura 28pa% Uk KB ER ©, 10MHz KRR %2
ey ¥ —iAL, TORBHREEDICL Yy -MTHAL, BRAZSHBO LV AKERL, va-Filitk
EL, IMHz BB KB EUBTECLILE-T, KRtV —ORBBOBEICIZELERDL S &1
35D Th3. KROEPHKEILOVWTR, ERASLL, LEOBELA NV Y FHERTHIHDES
DREAETH 2, COFHFIRBALTIE, HRBRFOE/AREDLDD TUNIVWORERTHEL Lo, HELE
2k, KGEEHOZ DY/ - FRIOBHRREYHNTH 5,

ZHNTRIOERTE (AER) 2EALTINOEIALDINMEGCHET (F-4RR1AI6AZT)
BUAETE-> TS, £ —ORBEIZES 350m, KiiZ 75.5~76°C TEHEPBRICHES LAZE
k%32, ZHLERAZORZ, BBEBHOZABRMERINTOEIONRVHINY, K& fiRERH
FHINPOTH S, KBHFREL L SICRMNBEBIGEEYD, MR AKBERICETET - 2804
SHhBEBIN, 7272, 76°C LV HIHEDOLDE V¥ —« A e AR ABRINCBFRIBOFMMNEL .,
B2 REIME Utzo SRCI98AUELIRIIRAISB Y. £+ —DBH L, BALTWERROBEEIED
¥, 198%E6 A—HIHBEES LB Litii- 1z, BRRPHOMME, BREREICRELTLE
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P20 LIeioT, ZOHIMBEDEMN, HEOKBELR, BELKLBOIATVIEYL, BRohi7F—-2IC
Rohzii@itokE, 198259 BEMI S RARLI TR, AELRUSTROEATH -, VWob
XD IS 05°C FEERTH-T (75°C BE). CORRY, HROWKERTOLE I PRAEOR
BETRAHTH 5.

HRBEL %, SHNAOESHE 1 SLEOTENEEMLE. vy —RIFORRER (BE 142m) T
2y FUTe ZTREBIBLTOIEV, KEIZ® —3m, KBIZ 64~65°C ¢ 50\ TH 5, MAIMMEH
BEAEBLEEIOKETY, DTIUBOHROHELEDhZ EREEZR L,

E30KBEMNSEBAEATS S, HERTHIM, HFD 4 7REDTESTHT, LV —OR
BAIL, EE Im BEE 40m BEOBDETH 2, BRTHS0T, EMRAHOREERY, 4L
BERERT 2, ©— 7 ZFEWIB~12BCREL, BHOCHIEML VNG 2, COREEMLIE
BHTH-T, BHBLCHSCOVTREBOABERL TS LELLNSZOT, JZLEREORE
TRVERDIE, 7 — 2 B LI,

19824 3 Hic#Rl 2 Bis UTRK, KR 328°C hox7y FRICTRRL, 19824E9 ANo1983E 1A
F I 32.64~32.65°C 2R LTz, 19834 5 A260 0 BARHEHE M 7.7), R4E S H26HOKF R
OB M 68), Thit BIREIMOMBIUR 2 ICEL, FEEZIY, 19834 7 AEiTi, RIYIM
RGN 3257°C 2RE Lz, BMBHHOHRITOHN 2EMOKETRARLGHAERKTI00E5
PEEOBRECRUZTCELVY, WHERRNEEALI. - LEMOBNT — 2 OFRER > THR
ZH U0,

Fig. 4 CRL7 571, BRLEY (FR) K33 RARRPBOMREOKBELTHS S, BATR
BBHRITF—EOBEEZRLTVEY (BREBIKR, bIFPUBCTREMIKCS -, Thid8 AORSR
OHBOENTH2.), HBEAKCALREU:, MRBEOERR, T=T(i—e'/?) L5 HKTE
BTEZ, HL, tZBHEEN, r IFENT, COBE, THTHS, ELORAERE T, B 14°C &g
3, MBRE1AAEBLIZE, 1HA 015°C OHATERMICERELTVS, COBRMIRYL &bilimik

‘c M 6.2
65 — 0CT.31,1983 MISASA 2 -
- - - N
|
35 — = - -
- 10 DAYS - i e e
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| ocCr. | NOV. | DEC. | JAN

Fig. 4 Coscismic changes of groundwater temperature at Yudani and Misasa hot-springs,
Tottori Pref., at the time of the earthquake of M6.2, Oct. 31, 1983. At Misasa, the
observation was initiated 13 days later after the earthquake. The change curve at Yudani
is represented by a simple function T'="T,(1—e"*/z) where ¢ is the elapsed time from the
event and means a time constant. In this case 7 is 7 days and To, the maximum amplitude,
is 1.4°C. The curve at Misasa may be also described by the above formula though only a
later part of the data is available. If this is the case, 7 and T, are around 7 days and 0.7°C,
respectively.
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47 HETHOTIO B, exponential OBEEMBERHT IR, 120EFvELT, #TD2
v 7 BHREBPHBREODHE, BRLOBRETORKBARKIZO LEKOEBHMT ST &5
Zzoh3%, $503, BRAKIBAZOHTAR BK) SBRKEBBALLLOTHE0S, HBKOH
REBRPTEE5 UL, AATEKOHNAE—BB-TOA7 5y FBIKBOTHRDOLD, 2075y
IBALONB LI N EBRETHIEIID, WTFhite L, BTAOKNRBERS - cELELON B,

BEM i, BRBOF+ Ny A LMTAR (759 7%) OvYsr= (avF 720 208%)
OETH-T, MTARORBETFRT <52 ~2TH5B, Shimamura® jt k3 &, HEBFEARTE,
HMBED 125 ~10MTH 5, BEDBEOTHENWIDE, Thick~s LIEFREV, BAETH, #
B X BRBELOABIMAPTORRETDTIAHZY, VTR S~ISHLVIRVEBERERL
T'd\%”)o :

ZHOBAR, BBEEKOEMALORTRITHTHEY, EFLSOMBEEBTLUBTEL, RALLIR
BRNBTEATEI0TRBVVDEEEIN S, 20HE, ELONMBEBOBEDI/2IETHS I,

2.3 EREBEMOKBOHEEPUFIOLRE

2,1 B 02.2 CARPHOBBITE-BHERD Cl BEOELAKBOELOREE R, £h o
BOTh bR > THTEROKOBELEMASD - EER LTS,

Z2hTid, ChoBRSFEINTVAIROKBR—ARLEOBEDHEEETSHDTHE0H, TSI
cnéﬁﬁoﬁmt%ﬁmﬁéﬁm-ﬂiﬁﬁﬂ@@(ﬁﬁbmﬁéhr,ub@%ﬁ%mﬁbﬁ&bf(
B2ETIE, FRBIEDERALBETIOPEMBL LB EDOOTEENLILETHS, UT, BEZTTRRYHL
TWBHEEELT,

Table 1 iz Cl #ECEH 1EORTE T8> T3 BRIZBY S KEO EHHE, HRILFHEEH®
(Na-K-Ca 7h ) (WREH) KLARERABEOHREM, ClBXU ) Fy 2 BEY 2R UK,

Table 1 Water temperatures, chloride ion contents, and tritium contents of the hot springs.
These data are based on the analysis of the sample waters collected on Sep. 18-21,

1980.
Temperature (°C)
Location Measured Calculated ClI (mg/l) *H (TU)
(80°9/18-21) t (Na-K-Ca)
1 Yudani 331 163.5 855 2.84+0.4
3 Yoshioka 48.6 88.5 71.2 —
5 Sikano 63.0 93.4 300 0.54+0.3
7 Misasa 2 65.5 149.3 437 - —_
10 Misasa 1 71.0 1514 628 0.5+0.3
11 Matsue 71.0 83.6 512 —
12 Tamatsukuri 70.0 82.7 222 15404
14 Tzumoyumura 42.2 92.8 74.0 —
15 Koryo 42.9 84.5 7130 —
18 Sanbei 37.8 1772 970 30.942.7
19 Koyahara 37.6 1755 2458 12404
oG 1647 -
C log (Na/K)+ 8 (log (VCa/Na)+2.06)+2.47 27315
£<100°C p= %
£>100°C =+
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22T, HHENEETCOVWTERESINTE RILEHERFES &2, RROMFHREARD
ZlitEoT, TORKEERAENRBUTOIBEBI IBEEEET 2FETH S, COBRER ML
TR, ROLIBEERDBETS S, THOLL, BALKLOMOIEEHRIFHFEETTEbh,
BADEHED SHBEALATS L%, BEHH SV REZHROERZEC 520, BkOKFBEFORK
BEEEARETEHEE LT, £ OMRLEHEEI® BBEREINTVEY, Si0, BLUTHA ) KR
EERHIE 200~230°C fHE % TOMAKRBEORBEEEMRET S IKRIVFEL LA TS, ORI
Na-K-Ca 7% ) KBEHE BV THE LA BKFEBORERENRIh T3,

Table 1405, ¥THE, =8—1 F—2 = HMEEOLFERD Na-K-Ca 7o) iBEEHCES
Bk EORERIEEE R 149.3~177.2°C OfERIcs D, FH - BHF BT - X5 - HBEN - RO
SBAOZNIC L BHTEER 827~934°C OBWBITH B Loibh s, MILEREEBRR LIIENK
ALEEKELRPED XL —HLTVS, COTLRCNSORKORBERE@, SHEHOBHIAZT
OEELSEBEHE NS, HB5VREZORENEED SBRROBHBH MO T KROKDRABRIHMRE
KPR ObD RIS, COXIWBENZHL OO LT SE, BRER ZHRARSICNER
BRRCHOERORERRES, SHHILE CoEREY, BILERPESRRICKNT, Bod, 5501
ZORENEE, SERAOBHBE MO T AROKOSEORBANEL Shi, HARRBIUIMAE
BN 7L CHBESSAT, BEOTERESEVWEVAZITHD,

HEDC &b oHMids L, Hil - HE - 281 Z8—-2. HESH - BROFRARZ, BRIBR X
EESIBAER SHER - NEFRAROPHEBRAZEL TN 0 L#EEIN S,

SH BE IRV, NEMOSHIERTOVTOLEH55E, BHEMI 1952~1962EDMicfT
BbhEKBERICE > TE LR *H 2EAOLRESLTERERS D, ZHERCR LEOKBEROVE
A2 H PHLSBRETI TR E, ISEF, Z¥—1 EXBLVDEROFER I KBRBRHA
LR (WOER) OB CBEL, ThthTROBREY L > TRD Sh, BRKERKL, B
EBHUTOARRTHS LD CEBHERIhE I ThoDT &b, BK «MFKIE LMFICRE
L, HEOHWESEEML, BHRKEUTHECEHRLTL 301K, BRICE > TEHELERD ST &M
bh b,

DEQEELE, 2.1, 2.2 TRNBHERKO ClBES I UKE L OR(LLOBERIILTLLWETIN
Vo THILF -2 AERUTHEOMBENSLICLTH TETH B,

.8 b 0 I

plE, 1983E10H 318 ICHRE L BRRHEORE M 62) ikoWT, B+ RAROD 137 iR EMR
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