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RECENT TEMPORAL CHANGES IN WATER QUALITY
AND TEMPERATURE AT SHIOTA HOT SPRING
NEAR THE YAMASAKI FAULT

By Takuo ToMINAGA, Naoji Koizumt, Yuichi KiTaGawa,
Ryuma YosHIOKA, Yuji SAno and George IcARASHI

Synopsis

We have observed Cl~ concentration in spring water for the research for earthquake
prediction since November, 1991. The study area is located in Shiota district, Hyogo
prefecture, which is known as the Yamasaki Fault zone. Water samples are collected every
day in principle. In this study, we paid attention to the short-term changes. To eliminate
long-term fluctuation, we took the first order differential value of the time series of ClI~
concentration. As a result, remarkable changes in Cl™ concentration were recognized three
times during the observation period. Two of them were probably caused by the plumbing.
However the rest was attributable to neither artificial nor weather effects. As the electrical
conductivity of spring water at Shiota and the water pressure at Yoshioka hot spring in
Tottori prefecture changed simultaneously just after the East-Off Hokkaido earthquake (M
8.1), we conclude that the Cl™ concentration change was caused by the East-Off Hokkaido
earthquake.
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Table 1. Chemical composition of Shiota hot spring water, Yoshioka hot-spring water
and Yumesaki river water. Yumesaki river runs in front of Shiota observa-

tion well.
LOCATION DATE pH Na* K* Ca?* Mg?*® ClI- S0%- HCO3
mg/L mg/L mg/L mg/L mg/L mg/L mg/L
SHIOTA 94,.10.04 65 706 63 640 109 855 10.0 2900
YOSHIOKA 92.01.01 — 105 2.3 13.8 04 700 99.0 115
YUMESAKI RIVIER 94.12.30 — 14.3 3.1 13.7 34 145 445 20.2

D—oTh B, AAOMER, Thh s BIIERE, BINEREREE STMERE BINERL LUK
FK LSS, SBRE N TVE, BRBXCRFE=%%2K%, EE10m A OHBESEELRE
2TV, MEEII3~11m OESTAHL TV 3, BRI, HRERECRET 2ENHICH -
TLRL, —HIEEEREL TV 5, 0L KRERWES S 24, BEEROPEES VL - TITbh
REETE, BRAKEOMKRIIE- 2D LS, BRKORRR, HEOEBEOZHDRE, S,
FE=ROSHERD, HERELHOSHEES LOFPKIEESEL TV, BEDLIS
BoTWEY, REE, FBREROBRIBLTVAY, AFWERRS 400 ~ 600 mg/l &AW iwH
o, Bifhis 27> TWVWAY (Table 1), Bz, # ¥ 7ick D ERBRA LTSN TV AHELIFEIN S
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EThH 5, NEOFHRLUTOEBDTDH 5,
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¥ (96487C), n IIEBBRKIG Table 2. Average chemical composition of hot or mineral spring

B L-EBIHR WiE in Japan after Yamamoto (1983)'®, ’
WMEOR, M 3EitgEs  ELEMENT CONCENTRATION ELEMENT CONCENTRATION
ATREIRETRTS 5, mg/L mg/L

FEEF~EREZ, COfE Na 770 S04-S 570
EEEET 9% VR & K 42 si 33

5o KD D5 YR Mg 56 Fe 313
REok 7T Ca 221 Al 95
EH@A A Y BRIELTLE St 05 As 0.43
HIEEITETHB, Ll Cl 1250 Mo 0.0077
BAOBERIBVWTIE, EE F 19 Cu 0.8
14 vOBBFIR~NTHOA 1 0.73 Zn : 0.13
oy Y LROBE Z+2ICE

WOT, R4 VORBENAERIGFCRIZL LN VEEL 2 (HAORIKROEG/KE MK %
Table 2279 ). SEHOAEICH T 2BEY ¥ 7V OREBOHER MY 5~ HIEIEE 347 10 mg/1
BETH 5,
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ST BHHEOEIHEL TH D, —BHIIKOBIZHE L, WAKTS5~50uS/cm, #JIIKT 30 ~ 3,000
©S/cm, #KT 20,000 ~ 50,000 «S/cm TH ', EHDERKT 4,000 ~ 4,350 S/cm & 78> TW 3,
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3.3 HBEIROF—FICONT
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Alc bRz & S, COBAATIE, 197743 L0 198941 A oM 12 FEicb i » THEEA
Z VEBEORENRZEN TV A4, Fig. 3IT/RLTVWADII1982ETH & D 19884E1 A TOH 6
EMDOF— 9 TH5,19864F 12 H 25 HOTEIC L 3E(LIADET » =B RIHBIC L5 4DTH 5,
19834£ 10 B 31 HITEE T - - BEUEhEROME (M6.2), 198445 A 30 H O REEREAROME (LI
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% (Fig. 3),
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Fig. 3. Change in Cl~ concentration of the spring water at Chishinso, Shiota during the period
from July, 1982 to January, 1987. EQ (M6.2): Earthquake with a magnitude of 6.2
occurring in the center of the Tottori Prefecture on October 31, 1983. EQ (M5.6):
Earthquake with a magnitude of 5.6 occurring in the southwestern part of the Hyogo
Prefecture on May 30, 1984.
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Fig. 4. Change in Cl~ concentration of the ground water at Chishinso, Shiota during the
period from November 1991 to December, 1994. EQ 1 : Kushiro-oki Earthquake with a
magnitude of 7.8 on January 15,1993, EQ 2 : Hokkaido Nansei-oki Earthquake with a
magnitude of 7.8 on July 12, 1993, EQ3 : Hokkaido Toho-oki Earthquake with a
magnitude of 8.1 on October 4, 1994,
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Fig. 5. Change in electrical conductivity of the ground water at Chishinso, Shiota.

0B TARILAL-OM Fig. TTH B, CNERZEEBRESEALALDIR, 4 HOD 23 BOFMED
LTHBT LW, ZOHBD 2y ABTRBICER, bLOEELTVLVAVETRE- TV, 1,
1994 4E 12 B 28 HOSREIR 2 hibitiB (M 75, BHRTOEE0) 19954 1 A 17 HOREERFHMER
(M7.2 BIRTOEE 4) THKEREERL TV 3, BicREEFETHERO/KECHMBRIAZL, &
BHoLyURBITLE-HKER 1A 17T BUBIKERRAEZ >TWS (Fig. 6).

_7___



989 HAPRFARESH F38EB-1 7.4 (1995

1600
hPa !
800 1074 12/28
4 !
400 MM‘J‘“
0 I )| 1 1 i 1
7 8 9 10 11 12 1
1994 1995

Fig. 6. Change in water pressure at Yoshioka hot spring during the period from July, 1994 to
January, 1995.
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Fig. 7. Change in water pressure at Yoshioka hot spring on October 4 and October 5, 1994.
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BLTRARBKBEHVTWS, 8, [REROE
MMELIEFRA + VBEOZESEOXIG% Fig. 81cD
B3, KR JUE » BABEEORBRESHIZED S
nigw, EERI AV BEEEZEOE B VR T, K%
FToOLTHEETH 2, HHRM 4 VBERLLHRS
HAMELLTR, EBRTEEIEZMISb0L, 11
SRRV O M35 LD b EFH N,
PDroksnhktSEoRMEBICHO R
Table3 ~6 DX Hicl -k (BAKBEOVWTRYA
), ThEFhoREEY, [ET8E, [ET6ME,
BRAA VEBETIE, BKBTIESD -, HEI
SVTREROFEHCEHUTIbORREL LD -
720 Table 5, 6 CEEPTEOREHEOREHL %
DHDERA + VEEOEMEERTH, BRI+
BERHCREBEMNMERLTOVEYL, ThidFMic-
WTHERTH 5,

52 REEOER

ERAA VEEORYE I 3MEFBAEL /2 (Table
4), 20560 2EIE, REHOHIETH S 1993 F
9H26H & 199446 20 HiZ, AIEBREDLD
RHAFOREIELT-TEY, TOoKOE/E,
DIHRLZ2bDTHHLEEZ B, 19934 9A2TH
DB oh AR, HEA + v BEIRLELY, @k
REELERIT-> & bRIROEBBM S WG
EWHHDT, CORKERELSIEELECFERE
RBETBTENTES, 19944F 10 A 5 BOZE{L DRI
ik, BETHERT--TwWEWVWL, LTEELALER
BEROBREEM LU TIMBLL L, LAM-TZ
OFEME, ThETOERTEHHETEL Y,
CORFEEOENERE ChE TOMNEMED, SRS
PicEABZC LT 5, 1944108 4HP S5 HK
P TOELREROBEIL L Z D TIRIEV, (L
BEHRWT M35 LI EORIBRRBELTVWIEWL, B
BRTEEILLOMBELHEEL TV
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Fig. 8.
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RAINFALL  mm/day

Correlation between Cl™ concentra-
tion at Shiota and each meteorolog-
ical factor observed at Himeji Mete-
orological Observatory. a: Correla-
tion between JAP (differential val-
ues of the atmospheric pressure)
and. 4Cl- (differential values of
the Cl~ concentration), b: Correla-
tion between JAT (differential val-
ues of the atmospheric tempera-
ture) and 4Cl™ c: Correlation be-
tween daily rainfall and ClI- (Cl”
concentration),

Table 3. Standard deviations (o) of differential values

Vo FhOICET S &) NHEBOME
THRI > TRV, WA RERTNT
BLINTELHBRCLARATHA
Vo
BHEEFTREREBICE/LLES
hi-Z e b, 20ERBEVWERT
ZELLOTOIDTH B, E{LOME
T08, EROKET (FY 5 rits

of the observed data and frequency with
which the differential values are beyond 3 o.

ELEMENT STANDARD Frequency
DEVIATION (@) 3¢
ClI- (mg/L) 8.4 25.2 3
AP  (hPa) 45 13.4 6
AT (O 1.7 5.1 8
RAIN (mm/day) 9.0 27.1 35
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Table 4. Date of the abnormal Cl~ concentra-
tion change and its value (4Cl1™: dif-
ferential value of the Cl~ concent-

ration),
DATE Cl- (mg/L) 4Cl1- (mg/L)
93. 09. 27 829 — 41
94. 06. 21 812 — 35
94. 10. 05 829 — 36

Table 5. Date of the abnormal atmospheric
pressure change at Himeji, its value
(4 AP differential value of the at-
mospheric pressure) and correspond-
ing Cl~ concentration change.

DATE 4AP (hPa) 4C1~ (mg/L)
92. 03. 05 — 14.6 —6
92. 04. 10 — 145 5
92. 11. 20 — 176 —
93. 02. 08 13.8 6
93. 02. 21 - 16.7 6
94. 02. 01 — 165 —6
94. 02. 10 14.6 0
94.02. 21 — 153 -6

AL D) 1034 B0 238, EHOBREHEHT
(7 o7&k i ) 10 A 4 H 228 30 76, HH
OERAZVEBETIOASHDY YTV ThH-TT &
WEREZL, BRABIOFIER% 1994FE 10 4 84
HR2285 23 S3ITHET - 1o bHREE A MHE M8 ok
BEALIE L ZZ 12,

5.3 1991 FE~ 194 FEICHMFITRELEM8ISX
DOt EBRDERA +  REOE

TRAROHAEREIIETI - M8 7 3 2D fhdH
Bl TEATREDL I REALETLDES S b,
SEOBAFEPCAEABLICEOEHATME 7 5 X
OHIRRILBERERFHFHBEEZSDTIEEI-T3S
(Fig. 9), 19934 1 A 15 HOHIBEdHE M=78 &
&=108km, Th*EQL &35), 199347 12H®D
LM EREAmMHE M=78 ZF&x=35km, ch*%* EQ
2L93), 1994410 B 4 HIZEE T » - dbilg 8 A
B M=81 ZEXx=40km, Th%2 EQ3¢T3) Th
3, 3oL bEA»SRTOHMEBRRIER R, 12i13—
T, BRTOBERITHS, HEOREL-HDIE
A A Vv BELE{EFig. 4 LT, FH-RHBOR

HABKERES 38 S B-1 F7.4 (1995)
Table 6. Date of the abnormal atmospheric

temperature change at Himeji, its
value (JAT: differential value of
the atmospheric temperature) and
corresponding Cl~ concentration
change.

DATE 4AT (°C) 4Ct™ (mg/L)
92.03. 02 — 6.0 15
92.04.12 —54 -9
92.10. 05 -~ 54 —
92.11. 21 ~ 58 0
93.02. 08 -6l 0
93.02. 23 - 1.1 0
93.05. 14 6.3 0
94.04. 11 5.7 0

. Q

&o

v

Fig. 9.

0

200km

\

Distribution of epicenters of M 8 -
class earthquake occurring in and
around Japan during the period
from 1993 to 1994. @ : Kushiro-oki
Earthquake (M= 7.8, Depth= 108
km), (O: Hokkaido Nansei-oki
Earthquake (M= 7.8, Depth= 35
km), ¥: Hokkaido Toho-oki
Earthquake (M= 8.1, Depth= 40
km), ©: Shiota.
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Fig. 10. Correlation between the Cl™ concent-
ration changes and three M 8 -class
earthquakes. Upper: Temporal var-
iation in the Cl~ concentration be-
fore and after the Kushiro-oki Earth-
quake (EQ1), Middle: Temporal
variation in the Cl™ concentration
before and after the Hokkaido
Nansei-oki Earthquake (EQ2),
Lower: Temporal variation in the
Cl- concentration before and after
the Hokkaido Toho-oki Earthquake
(EQ3).

HHOF® I AP%2E > THAL S DM Fig. 10
TH5, HEAM+ VBEOER{FHS»rcRATY
3DIZEQ3DAT, EQ1, EQ2icxiid 31k
BRESHhEW,

O REALOBRVOHEBELEBEIFHES X
- Twiswng, REFEMAETIC S 3 [RTHIEE
HFrciiE s hic LB Rt oEER& T, BA
Hom (FEE ORIEX EQ1 EQ2 EQ3 DliFic
KELB-THBY, EHTHRBETHEELEL LN
3, ZOEHK, BEIRESSODNWBVWERBOKX
ERIRIBOMBR A, EHIcBT 3KEDE bichH
OhDEEBEEZ OTRILVMEELLNS,

6. ¥ L

SHEORELER» SEB OO HERIROLEBL T

b5

1. SEECT-» cREMEOREEE, BN
BEEZLS %, BENCEEEERET
LDIEMTH %,

2. Koizumi et. al¥ OfERELFL L, 2RO
RTORRDEHICE T 3R+ v BE
i1, KB KE BKEE V- K[ROBE
%, DL & SEHMICRZIEY,

3. LIBNTBRAZOHMBLEMTEEOKRKE Wil
BRI TRL, BHTERTHE-THLEFOD
REBHRICH L TKBEREABR SN EH
BH3

Uk koo eEhsd, ThETORBLEL

{, SEIOHRIcBVT HEHOBERKIL, BED
HEAR > LHBICH L THS A RRIGETRT T &
Do 1o, WRBROKEZE(LIT>VWTR, 4%, L
BHRAFOEFRENALT, HEBROEDLHK
BRAHIB LT, KEZESEL 200 2K
BIEDBHUETH B, TORERSHPELOHTH

BEETDIHE, KEELARESECT AV =X s0RBBI>THA>LEL D,

7. B #*

FRRZZTT BiHc D, LERFEFTHRRE Y 2 7 A¥ROFHBRRBFIC G, BELSHE
0V, RERFESXBIRFOBREDOER, KEAFHFRORAE « BHEOHRICE, WIS &



286

RABIKARER FBSB-1 P74 (1995)

E LOSBEL WV, BHERAFEOERPEHHEROBFRICRBRIHAL TV VTS,
BICHETH T, AMELEITY LTRIERBVWG YT AE, BHESTOVEEVTV S, YEDHZITE
BB LETET,

1)

2)

3)

4)

5)

6)
7)

8)

9)

10)

1)

12)

13)

E2EXR

Ulomov, V.1 and B.Z. Mavashev : The Tashkent earthquake of 26 April 1966, Acad.Nauk
Uzbek SSR FAN, 1971, pp. 188 - 192,

WHE % HMBRLFRME AN 104, FRAFEERMR L RBRERRR B35,
1984, pp. 2-26.

HREE | LBNEOEAEROEREFEOE(LLHE, HMBFHHAY ¥ RI Y A (1980),
1980, pp.159-162,

Koizumi, N., R., Yoshioka and Y., Kishimoto : Earthquake prediction by means of change of
chemical composition in mineral spring water, Geophys. Res. Lett., Vol. 12, 1985, pp. 510 - 513.
A B TR - REFFIK o BEINAER ERILFETR O RS (1) — LB, R
—, W2, %38, 1985 pp.57-66.

SMEE « /NRME - BIRAKOKEZAL, ATHIE, 3% 7%, 1985, pp.54-57.
INRIER « RIS« RER OE - B ABHE - HEBRY - SRS LKk oS - BEEKER L
TOHTFIK « HIERILFEIR, FEEAANSICB T 2 T EENBEHEE, 1991, pp. 231-245,

NGRS + SRS | MUEESIC R L TR A A B ORI R OMEH T
&, A BRI E R SRR ES, 1987, pp.104-113.

INRIRE o HERETER « RES AE - B ABKE - PR - AERY - SRS R TARRe v
5 — BEERIFT OHIF K « MER{LFE S8R, AP KBHER, %345 B-1, 1991, pp.365-
375.

BHE | BIURERRE, 1972, pp.65-T4.

BB - FHEH R < HEE—E - RASER - BESH - HAME - MEEE - B EIEH - B
. SRRRFLSAEMRE, BEUEREHA, 1991, pp. 4-20.

BERT « NRME - EHBY - SBHEE - X8 E - PRH | BR—BREROME (1989 -
1991 4E) R OB OEROKE « ABE LIz >VWT, HEABHKER, 5365 B-1, 1993, pp.
237 - 252.

WWATER: © SOt T KRR, 4550, 1983, pp. 368 -405.



