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TEMPORAL VARIATIONS IN WATER QUALITY AND TEMPERATURE
AT HOT OR MINERAL SPRINGS BEFORE AND AFTER SOME EARTH-
QUAKE OCCURRENCES NEAR THE BORDER OF TOTTORI AND
SHIMANE PREFECTURES (1989-1991)

By Michiko Itamochi, Naoji Koizumi, Ryohei NisHIDA,
Ryuma Yosuioka, Sei Yase and Sefsuro Naxao

Synopsis

Temporal variations in water quality and temperature at 5 hot or mineral springs (Tamatsukuri,
Yuda, Sekigane, Yoshioka and Yudani) in Tottori and Shimane Prefectures have been observed for
geochemical research for earthquake prediction.

Since October, 1989, the seismicity have been active near the border of Tottori and Shimane
Prefectures. We carefully estimated the contribution of meteorological factors and earthquakes to
the water quality and temperature and found the water quality at the Yoshioka hot spring and water
temperature at the Yudani hot spring are sensitive to earthquake occurrences. Especially at
Yoshicka hot spring, the C1~ concentration was anomalously increased just before the earthquake
(M 5.9) on August 28, 1991 in the eastern part of Shimane Prefecture.

We conclude that measurement of water quality and temperature at a carefully chosen hot or
mineral spring should give information useful for earthquake prediction.
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Fig. 1. Location of the observation stations and epicentral distribution near the border of Tottori and
Shimane Prefectures.
v: Epicenter (M=4.0),
0: Local Meteorological Observatory (TTR: Tottori, MAT: Matsue),
®: Observed hot or mineral springs (TAM: Tamatsukuri, YDA: Yuda, SEK: Sekigane, YOS:
Yoshioka, YDN: Yudani).
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Table 1. Chemical composition of Tamatsukuri (TAM) hot spring water

Sampling Date V\C T. pH K* Na*t Ca®* Mg** Cl- SO0 HCO;

C mg/l mg/l mg/l mg/l mg/l mg/l mg/l
1980.09.20 70.0 8.2 13.5 432 135 24 222 870 22.5
1989.01.16 — — 11.5 370 — 3.0 227 870 37.5
1990.01.17 — — 11.7 360 o 3.0 224 860 36.9
1991.01.17 - — 11.7 370 — 3.0 221 880 37.5
1992.01.01 — — 11.4 360 — 3.0 221 830 35.8
1992.10.10 — — 11.9 360 — 2.5 224 825 34.1

W. T. means the water temperature.

Table 2. Chemical composition of Yoshioka (YOS) hot spring water

. W.T. K* Na™* 2+ Mgt - 0?  HCO;
Sampling Date oo PH . o) gag/l g gg/l r?xg;I rfgo/f
—1 — 7.7 15.3 91.0 18.7 0.5 67.5 88.3 101
1989.01.16 —_ — 2.5 104.9 16.3 0.6 69.0 100.0 116
1990.01.12 — — 2.5 105.8 13.8 0.6 72.0 103.5 119
1991.01.16 — — 2.3 108.9 14.5 0.6 70.0 100.5 123
1992.01.01 — — 2.3 105.5 13.8 0.4 70.0 99.0 115

*1 After Tottori Prefecture”

Table 3. Chemical composition of Yudani (YDN) hot spring water

Sampling Date W.T. - K* Na* Ca’* Mg*t Ccl- SO HCO;
plung °C p mg/l mg/l mg/l mg/l mg/l mg/l mg/l

1980.09.18 33.1 6.4 40.5 790 55.4 3.5 855 95 954

MEET, BE, 2%/°C TET B0, JIS BT, 25°C DECBRETAZ LT Tv 5, —RIT,
TAKDOELEMRIE L 5~50 £S/cm, JT)I1K TiL 30~300 £S/cm, ¥K Ti 20,000~50,000 pS/cm £ H\TH
2 @R, EEERAROBSEHEST (CM-20S ¥ 721k CM-40S) ¥ A\ o, HIERERES - BS
T 100 pSlem, FH LA OBR A TH 10 £Slem TH B, 7ok, FM - BARR TR, RAUKTF—s20E
HEWDT, ARX TREICEEONERERCSVWTIXER LV,

ABIL, V- I AZ I THELL, WEEEX0ICRETHS, BAETIIILI, FRERENR
DXRRERKEBE (BOMEEs +— v RES DMT600) %AV, HXALHEEE 1/1000°C OR¥EKE
PIER19914£9 B 1 BRBAtd L7,

LFBREOBREHEE R LOKBO L v — DB TO®Y TH D, EERRTIE, RENS M
TREIALBEOCOKE TR 20cm DL 5, BREBR CRBEHATOKET 2~30cm D&z 5, B
SBRTIIE—Y v 7HROKPRE Yy 7HEOKETH 20cm DL Z A, FEBR CRHBEEDLORSE
DEr A, BAEBRTCIESECHEH L ABRDOE v+ —1BHOTOKETH 30 cm, BEKED L+ —
FBHOTOAETH 23m DL AHTHS, BARRCENT, KEDO€ VY -2 KEL B NTHD
DL, BEKEDOxvY—i2 2.3m BEOEICHFELTHD, hr, KBRLEHARK 1°C 550
ENTBEREO 1 2TH B, 1, BEKEHOFHFARE L Y BEOHMEZICLLPEDEERIND LS
ThH b,
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Fig. 2. Time series of the earthquakes (M= 3.0) within the box in Fig. 1.
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Fig. 7. Results of continuous measurement at Yudani observation station (YDN) and Tottori
Meteorological Observatory (T'TR). PWT means the precise groundwater temperature. Arrows
show felt earthquakes whose intensities (1) are 2 or greater at Tottori Meteorological Obser-
vatory. As to the other symbols, refer to the Figure 3 caption.
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B A 4 BEET19894EH 19924 & TIRIF—E CEEHEML S 7\, 1989~ 19904ER T, ElE D
AL P REEHSHRD OB, ¥z, 199048 AR THEDR A 2 ROB(VZEDOND, BRE
WL IF—EOMEY & T B, KEIZ, 19141285 5199242 BT — & Lavisas, KR Xl
B abhs, THRBRAVBE LTHLESEYE -~ T, WEBCXK? Tk, AKBOEELZIT
FLIcbDTHB EEL, REOBEFELLLLOTRREEL T, Pl &b, 199EUED T —
2T, Bt 4 v RE BREEER—ET, KREERCHEOHEIRDLALL,
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AKBEPESEHEDOHECRNT EOB LI LEBS L, BEMEVEHTHZ L3ELLNE, Lich-
T, TOKHEHADOKE (WL) e=2—-1LT\5% (KMNELZD S ORITERITIE), EBE, ZOKME
bz b -T, KEBOEHAELTSZ EAHBE LD T, Fig. 4 OBESEHE - KB - KEZOEIXHE
DfFbh 5z & DL WFET0 BOBREY VT3,

BSMEEE (BEC) OEAAELIESL2L DR, BRACEEIIZFAOKEIELXCEED & v — 1
ELTRBERLDTHD, ZORKR, OoERK I 3 BEXCHER ORI LTALVRREES B, K
BofLEE—ET, SL2ERORERRD LK, BHEROBRBBLIE, WL CRE 2L EOHR
BRELTWERWOTHE L OREIITHTH 5,

4.3. ML BROHER (Fig. 5)
ESCAELZE—FThHD, 1914 7 A~ 8 ADRAME CHEIPELL T4, ZOFERITHTH
Bo KBIZ, KFHEVFRIZBEOEETIILOENKEL, 19904 9 AI9ADOERIIBE L HAM - K
EDLSZT O, KE - BEXEEENRA AT 7REEL L, Tk, KRIW-<hEERL, 19142 A
MBI AT » TREK 1°C B Lic, ZOBROKBOE( LBRRA L IBIRSEH S L S R 52,
bRoBBEOKEBCE 2 5HEESATRALL LD, REBRRIIIZ-E ) L,

4.4, FREROKER (Fig. 6)

B A VBB AL LTRE—ET, BHESe, UL, 1991488 A2TH, 28HOHEOE
B Smgll ML, 208K, @oL 1 Lk, ThARDPVWTRETERT 5. KRIXBE—ETHSHA,
199243 A31BA 5 4 B 1 BT, 05°CBEAT » 7REBA Lice ZORRITHTH S,

4.5. BEBROKER (Fig. 1

KBTERYE L TRE—EDEY & », FEHELIALhEVY, BEKRTAS EEMELE LT
HEREMA B B, 199148 8 F27H, 28H OMBELFCHML, £0%® < b TR -1, £ DKE
iz, BEKRO T — 2 cBBEcEbh WA, THRIEDWTHETHERT S,

5 #* "

KREEL - BN EROKE - KRS 2 2 HEY Rokcw, LT THRT D, L, BAHROE
BHE, BHOKET/ A ANE LRI RVGELEEL 3o0RAIR (X - M - BE) ORI
OL‘TO&%%?%O

5.1, SREXR - -HEOEBELEROKE - KEE(L
BROKE - ABEOEREL LT, [BOSE - KREVEE - BKE - HEBOBRED 4 o%E2 D, £
hHOREHFEY Table 4~7 WRL, £0 5 bKE - KBRBELCHIEST Hh5 d 0 OEEXIERARL
fro KE - KEOBELY EROERCHIGST B EEXLTO L 5 CEDL, JiE - REDCSE, B,
BhrboBOMAYEDTHHE2 B, 455 BECEMS 1 + vBEL O, EERRT 15mgl ML,
FEERT5mgl L, ¥, KBARHE, 03°C HE, BEKELDE 30m°C L, ¥k, BREH
B HiE, 300 psicm B EOELA DB &, WESRIEST O LHBTADTHB, XL, Bl
Fe g2 N1 ORF L WBEREERC/KIT B L LT L, M ERB~X7cKE - KBELOEERD,
LZHEHBORBE L F— 2 DIEL0 % (BEMEREE) PHXTLOKEVWAD2~3EXBRCLTEDICD
DTHEB, =1L, HHA + v BRECTEE LT, FERROEY 1 & VRES, FHEROEL
WA+ VBEDIERECELDT, FherER L, REEXRIVCHBOREO T — 2% AV5 L &,
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Table 4. Frequency Distribution of rainfall and of related water
quality and temperature variations

Site 50~75 75~100 100~
(mm/day) (mm/day) (mm/day)
TAM 14 (0) 20 0
YOS 9(0) 20 2(1)
YDN 6(0) 1(0) 2(0)

Table 5. Frequency Distribution of atmospheric pressure variations and of related water quality and
temperature variations

Site 12~14 (hPa)  14~16 (hPa) 16~18 (hPa)  18~20 (hPa) 20~(hPa)
TAM 112 4 (0) 0O 20 0 (0
YOS 17 (0) 4 (@ 1(0) 0(0) 10
YDN 8 (0) 2 (0) 1(0) 0(0) 10

Table 6. Frequency Distribution of atmospheric temperature variations and of
related water quality and temperature variations

Site 5~7.5 (°C) 7.5~10 (°C)  10~12.5 (°C) 12.5~(°C)
TAM 15 (0) 4 (0) 00 1(0)
YOS 47 () 4 (0) 0(0) 0 (0)
YDN 22 (1) 20) 0 (0) 0(0)

Table 7. Frequency Distribution of seismic intensity and of related water quality and temperature

variations
Site 1 2 3 4 5~
TAM 5(0) 4 (0) 4(0) 1 (0) 0(0)
YOS 5 (0) 20 1(1) 0(0) 0 ()
YDN 4(0) 2(0) 1(1) 0 (0) 0(0)

EHEBRINRILOT — &%, FHER - BRARRIBROT — 2 A1,

¥, BoKkE L ORIEY LB FENK, 1)50 mm/day [AE 75 mm/day #, 2)75 mm/day LAE 100m
m/day Fi#%, 3)100 mm/day LAk, D 3 oDREOREKBEYED, TOREHFEE Y Table 4 ird, ek,
2 BB C 50 mm/day LAEOBERASHHEE, 1HE LTEL TV, EERRBCETL, BK
BLBY1 + vBE L OB#IALRIR, FHERRCE\ TR, 1990F9 BI8AMBIIEEMIT, &
R1981 X 5 200 mm/day %z HREKDED - 1o & FIHE Y1 A VBED 5me/l HinlLic, BHERIC
BT, KR - BEKRLEKE L OREIRA LR\ (Table 4),

Rz, BEHKE L ORIGE 2, LEEERRE, FEME, 1) 12hPablk 14hPa ki, 2) 14hPall
Lt 16hPa k¥, 3) 16hPa il 18hPa ki, 4) 18hPallbk20hPaskims, 5) 20hPall b 52D
DEEHSEREELYED, FOREHEEY Table § iR L. FEBERCHWT, SEOECHE-T,
By A v ORBEOBN2EALNSS, BFHTEE(RE (12~14hPa) OREHFE (11ED) KN
T, WA 4 VBEBCOREFENPRL, ¥, EYA + v OBRECBEE) DS L LB EHRE
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BB D IRERTERID & 2B + VBRENBELL TR, LA~ T, KREELSRRT
EHEBROEH A A+ VBESEBCE L LA LZELL L, FMAER - BARRACK T, JE
LB A VIRE - KR & OBE AR LR (Table §),

ke, AFHSRELCELONEE AL, FELEFE, EEWN, 1) 5.0°C BlE 7.5°C X, 2) 75
°C Bl E 10.0°C K#, 3) 10.0°C Bl k 12.5°C £, 4) 12.5°C LLE 15.0°C ki 4 OB D B VFHK
BELEYED, FOREHFEY Table 6 R L, EHRRE - FHERCH VTR KR &Ly
F VRE L OBBEIADR, BABRBICIVTIL, 199148 8 A28A R DAKEFAR & OBELRL LR,
Lol, ZOBLIHBEHLEL->TW5, BBLER > TORVARESEILLEALRIEVWOT, KR
LB E ORI b D LE % B (Table 6),

kiz, WBRER L ORI AT, HBOAAT A—2—L LTI, BMcBEELRY, FERLERE, 1)
BELl, 2) BE2, 3) BE3, 4) BE4, 5) BESHULEOS SORROBBIEHL, TORER
E#% Table7 WRlt, LiL, FERROBE L LTRILORELYHRAL, M - BAEROBE L L
TERDOBEYRA LY, ik, BEORLIHBARLUCACRERE LLEHR KEVEEOREOLYE
21, FHEBRICR O CIHE L OBBEIIALRR, FERBCKTIEE 3 (199148 A28H, M=
5.9) DHEARAE LA ARERT 4 VIBED Smell #inLi, birkic, & OBOMI0R/EERD1991
£ 8 B2TH23SI I BIRBTES THENARELTVS (M=4.4, BERTEIEE 0 KK T CEBE3) 25,
KB ERE Y BRRBLLTV3, BRABRRCRTIE, 19914 8 A28H OB KBNS (| 0.2°C)
EH L7 (Table 7),

DED X5 BROKE - KBEXEMIRIERE LT, 4 00ERYEL I, TOEL OFYUELYTER
Tokoi, BROKE « KBOFECR EROXEEL EH - T XToFest L, 04 20BREHES
FeEdo ERIETTERI - (RERHED) b OO % Table 8 iR, &R R I\ TIL, 1989
SE~1900ERTEI T — 2 DIESL0E A% 55 (Fig. 3) 25, FDOELXF — 201218 E A TROECE
BH0THBEDT, FhbiE\ o, BILD - LHEINASDIRIMGSH S, KEC—IEHESTH
ni- 2 AEBRNE, SEEROHE LINEST bRy, RELZ OB, EERROES A
* VBB OERENE L E X SN D 19804 & 1990FRE 2T RAE LTV 50T, ToEEMCIIE
Bh 5, EMERTETUL, BHLH1 A VBED I OELHAON, 1 2o2AFBMREAILL TV 5, b
DX 3, 199148 A28HOERBFEMOME (M=5.9, BICTEE 3) ORTBIEY 1 + v RENE/L
LicbDThHB, D 2HADOHD 123 R Lk 5 NS SDTHY, BHO 1 2IZBEHMIHT
Eiehots, BABRICREWLTL, ) KEOEANR 26D H, TORD 1 05, R (19914 8 H28A
DERREROWE, M=59, BIRTEES3) LWESTbh5b, OB otHiL, HM - 4 PR
Y ABE LD LRI LA~ v TH B,

LAEORERN S, EERROIBIE~10ERMEDEM 1 + VIREXERTIE, 320RROKE - KE

Table 8. Frequency Distribution of anomalous variations in water quality and temperature which
are related to the certain factors

Factor
Site Total
Rain A.P. A T. S. L ?
TAM 0 2 0 0 11 13
YOS 1 0 0 1 1 3
YDN 0 0 0 1 1 2

A.P.: Atmospheric pressure, A.T.: Atmospheric temperature, S.I.: Seismic intensity, ?:
Unknown factor
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LI ERE LT, HBOBE L KEERYELLOR, BRELLHMTES, T, TOERA
T Ao FRIFRRI LB LT,

5.2. BEWRPEEOHE (19835£10831H, M=6.2) BIROBERT—7 LOHE

C OWBTIMIED BEGHE M=7.2) LR, ER—EBBEARTRELCRAOHBTH S, YRRIES
RTWERROKE - KEOEYRT (Fig. 8a), HARIL198345 ANDIBLE L ATHSD, T OWRED
BT BT, BERROEANA + vBECEL LV, SRR + v BEZ, BIRPRO
HMEOH 2 » BEIS DD - < h EHIEHED S, BP, KATH 3 HHBE LN LT T 59 BEERE
BoBEKE BEE 1/100°0) X AAEPHOME (198345 A26H, M=7.7, XTTEBE 1), KFRIR
DR MR (19834 8 F268, M=6.8, B TRERE 3), BREFFOME (RINCTEE4) 032D
wEBHECVLTRL ERLTHBY,

Wiz, 199148 3 B 519924 2 A % TOKE - KBROEL¥FHMRT (Fig. 8b), BRIEEHY 20km ©
VR L7219914E 8 A28A DB & ¥ TR 1, EEBROEMY A + v OBRBETIBEIALRIL,
EFMEROEY A & v BRE L, BEALEFHCHBCEI2hbLTHERO 1 Bichb T @Ml -

10/31 M=6.2 8/28 M=5.9
mg/l 1=3 mg/l '
TA‘W"LMW"'W"‘*M‘Ww“r’“"‘ }*“W”\MWM
100 200
‘mg/l = mg/l I=3
g0~ Cl(YOS) W, g0~ Cl(YOS)
}WM o Wi V\%ﬂ% A W
60 60
T
35
] »wr(von)
34.51 dr*«"\\ 34C WT(YDN) II=3
- /J }’4\.‘/ el PV S \"'V"
34 - 32
33.5" .C PWT (
- 34.2 I=3 YDN)
33 34} /\\Vﬂ_/ﬂ‘.,f\
7 ,\’f =4 33.8
32'5 I 1 1 I T ] 1 I T T I T I L1 H I i T 1 T ' i T
a 1983 1984 b 1991 1992

Fig. 8. Temporal variations of Cl~ concentration (Cl) and the groundwater temperature (WT, PWT)
before and after the two large earthquakes in Tottori and Shimane Prefectures.
a: Case of the Earthquake (M 6.2) on October 31, 1983 in the Central Part of Tottori Prefecture,
b: Case of the Earthquake (M 5.9) on August 28, 1991 in the Eastern Part of Shimane Prefecture.
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£— VxR vz, FRAERIL 2 2OMBRN LT, W BRIy 1 A v IRES I U,
¥, BERAIBDRPHOBED & * L RIKICKE HEBEHEEL L, '

198040 5 DB R COBPBRALICE, BE - BIRWERCTRELL M6 7 5 AL EOBI, BEIURGE
OHE L BRERTOMED 251723 TH Y, £OHHOMBINCERER BN+ v BEXER L
DITERBE

6. & ]

19892 519150 BER—E IR RIEOHEREE) (I BRTBE 2 ELoE) - KRFEX (KR
CRE-BK) LES-BHE-BES - EFH - BAEROKE - KEBEELE X HE L, BeBAEHoRE
& FHH c BERBRTOWTUTOZ b ot,

1. EERROKEIL KRERCHBOBELYZH Vv, KEIAKEBOMEYSTHA, Zhix, B
RBHECAIBIZL > T, BRAGEELZFTLELORD,

2. FMEROKER, KB JREOHEYFIT i, BKeR LT, 100mm/day *#x 5 & 2k
e84 A+ VIREVXHEINT Ay — A0 o, MBI LTit, BRREROME (19914 8 A28A) OB
AL A & VREASHEIN Lz, Z DB SUT1983E10A31 H O BERIRHHOMBD L Zie BRI T3,

3. BARROKER, KEEROMBLZT . BITHRRBBECH LT, MEE LY OHET
BENEATS, ZORTESITI98IE~1B4EL D 4 ERUIATV5Y,

P EDER2 L, BRI, B LT KE - KBYBELZI-ABLDLEL S ThLdORd Y,
WRCERRRAYFIBTIE BROKE - ABOEFHRAC X > THEROMARS Y R\ 7258 5 WTHEN
BHDHZ Ehbhot, ok, By BT 5MBEEHROERE, WBO~< /=5 . — F L RBFER BROM
BHets L KE - KBRS oW TS BOBRHDBLETH B,

E | &
FRRTETTHHY, BRAFHEREREREE BB L L AXFRERDEEEG — L &

BRBER v, TERRKE - REFOREEIRK, BRELEIRSBOER BIRREESERS
¥k, FREROERE WRIBASOARRBRIR, REACHLABACHEN L TuiivTnb, 7,

EBRAEBEMERBOFRICIL, ROERELYFE Tofeiivnie, BEOF 2, L hE#HSLE
FET,
& ¥ X M
) BE F:#TKOKEE - L¥EEREL THETHOH KL BH & RE, ERAFHERS, 1978,
pp. 146-166.
2) HEES: LGB, EERROEREBECETLLIHR, HBFAWE Y vHo v 4 (1980), 1980,
pp. 159-162.

3) Koizumi, N., R. Yoshioka and Y. Kishimoto: Earthquake Prediction by Means of Change of Chemical
Composition in Mineral Spring Water, Geophys. Res. Lett., 12, 1985, pp. 510-513.

4) HEREE - BHRY - E AR - REMk - NREEE - LRE— - &8 1E - BFYKF : 1983108
A RMBRPHOMBIA S RREKORE, RAKER, F275 B-1, 1984, pp. 455-464.

5) FHEBF - MEHES - BAmES - BEOHF OMR & IEKR, BHCKEHER, 1991, pp. 118-121.

6) HLE—: LgoRROMWE, REITFLE, AIRS, 1963, pp. 42-47.
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