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AN OBJECTIVE METHOD TO JUDGE CHANGES OF THE CHEMISTRY
OF GROUNDWATER IN RELATION TO EARTHQUAKES

By Naoji KoizuMi, Ryuma YOSHIOKA and Yoshimichi KISHIMOTO

Synopsis
We have maintained that the chemistry of a hot spring can give an effective precursor by
showing the time variation of chloride ion content in Shiota hot spring near the Yamasaki fault.
But it was somewhat problematical to judge objectively what was the change in relation to earth-

quakes.
In this paper we analysed high frequency components of the data by applying a simple model
and a prediction filter proposed by Ishii (1976) in order to solve this problem. And we have

got a good result.
This method has two advantages. It is easy to use and its physical meaning is relatively clear.
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Fig. 2 Microearthquake distribution near the Yamasaki fault. A solid circle represents position
of Shiota hot spring. Three areas enclosed with dashed lines are those where epicenters
concentrate near Shiota hot spring. We think stress field in the boxed area has much
effect on the chemistry of Shiota hot spring.
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Table 1 List of earthquakes studied in this paper. The origin of the coordinates is
(134°30°00”E, 35°00°00"N).

Date Origin Hypocentral

No. time coordinates (km) Magnitude
Y M D h m b3 y h
1 1977 9 30 16 23 9.7 0.5 17.8 3.7
2* 1978 6 4 5 3 —164.1 10.7 0.0 6.1
3 1979 10 13 16 30 26.2 —5.6 11.1 ‘43
4 1979 12 28 23 54 —6.6 —53 153 4.9
5 1980 1 2 22 39 26.6 —6.5 121 39
6 1980 10 13 2 11 234 —84 8.6 35
7 1983 10 31 1 52 —52.1 474 10.1 6.2
* after IMA

3. BIFLRR - ER

Ishii (1976) OERBLEZFH7 4+ —ZRWTENZT S, 1 B 1HOOMEET->T3 ClI" BED
BRAP, 0HA4OF—242F V=701 ROBEATEML, ThENABELTS BEOT - 2%2FHl
T3, COBEE, 1HTOTSLTHERITS. EHME%E O, PHMEE P &L, FHEEZ O-P £ E &7
3, (Chid, EBELCERTEUTE2ERABORAZMO BN TNEZ LEEKRT 5,) BAHMS
T, HABREIOMNMNIBEBNROE,-72198ESH1BH 50 1 £ E ORMEZ o 2KD,
ZOEBHE ke FREDBRET S, THbb, E N tke 2BATENTIBELERELANTOTHS
Clg, o tke ZEELE, P H-UVRUERE), KL, P i3 O pOAEMBRTENT 2HEE
£o0T, 1DOREEERE UcHE, O-P TH% E KRLT ELORBEMKBETIHENBD, Th
BBRELTVA,

Fig. 3 ici2, k=6 & UKBEERL TS, RAR MY = v v 28ATE BELLUBHRETRT,
REHCDW, pr, co, po DEZ, TRENFVvH 4RIy, 244 Ry 7, BRIP4 RAIy IR
BThDE, BEEOPUELLLDOTHS, 70, ZOHEBLTHLVEEERT. RELBEZL
7o Cl- BEQELE, LROHBEIISHIBLTNS, £k, k OEEEZBEK, RRICBHSHh
7 Clm BEOREROMY, LOBE LAROHRBLEMIEST S 5% Table 2 )KRT, k DEE /NS L
T, PIH-URAETHEE, REORHALEMT 600, ZOHT, LEOBREMIGELEVHO
DOELWMT 2, THbH, WRICHEELL Cl- BEOCRFOBEMN, k Ofikk-T, H5BEERIL

P



a8pnf 03 JnoyIp s8ueyo :;  aSueyo opwsesisod :od  aFueYd JMWISISOd 102  oFueyo onwsiesard :ud
‘SIO[EUWIOUE PAISPISUOD dre saFueyd 98y l, ‘(2A1OR Ised] Ayl st Surids j04 ejowys Iesu
Ayorwsios oY) UaYM ‘16T SNy 9OUIS JedK SUO I0J 10110 WONOIPaId SY) JO UOHEBIAGD PIEpURIS : 2 ‘09T =) [9A3]
1283 oY) Papesdxa I0XId uondIpald oyl a19ym siutod ajeolpul SMOLY  sayenbylies pue ‘Joird wonoipaid
oy ‘senjea payopaid oy ‘Sulrds 304 BIONS UI JUSUOD UOT IPLIO[YD JO SIN[BA PIAIASqO ‘wio)oq 03 doj wor ¢ ‘S

i_ <8 _ 78 I8 _ 08 _ 6/ _ 8/ _ L
i 9 Sh ¢ z I .
_ g_ || _ _ E

PIVABHLYYI S
od

b9 4ig = od | xd i u
bm; 9 =p :.; 1 ﬂ W

RABKHETER 5275 B-1 (| 59.49

114

| _
.}k{r?%.i%;.g_}%%c%ﬁﬁéi?x kfazgliég _?(fﬁg..z%r\?ég ?rgw r 0
D9+ _ | 00T
‘034d -S40 = Youyd }

A

s

é{tféifkiéiﬁii§?1}§%%ixf§§f€§$53{£}§{€{{} 006
03 i YL

A)Jl»/\:\f r Tty ; "
by /'
‘'S40

CVIOIHS ) .M 00Tt
( Wdd )

HRAROWNSRIRADPE

BRAKOKEOERMOBMCERTAZET, COLIRABLKENBEONS Z LBAKEN, —&
Fhs, DL LLERBRAITR, CLRVFATEL - TVBEELEESREATHS,

i, WTFROWELSHISNC &, HHBOBROEXD L, COXIUKADEAMOEADEHEDFREH

TRBVFCH S ERMBNEV, LWoT, 2.10F vOfiTili~E,

IhTWBEZ ERbds,



MR EH BA BB L TROKEEB AR BN 2 Sk 115

Table 2 Number of anomalous changes of chloride ion content in Shiota hot spring
when the trigger level k changed

Trigg. Type of anomlous changes total
level pr co and po ? X
40 2 6 3 5 16
So 2 4 2 3 11
60 2 4 2 0 8
pr: preseismic change co: coseismic change
po: postseismic change ?: change difficult to judge

x: change judged to have no relation to earthquakes
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