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The Effect of Earthquake on the Hot-spring and Groundwater

Kyoto Institute of Natural History

Susumu NISHIMURA

Abstract

There have been many reports on pre- and co-seismic anomalous changes in the water-level, gushing
volume, temperature and chemical contents of hot-springs and groundwaters, but the mechanism of these
anomalies are not clear. The 1995 Hyogoken Nambu earthquakes was one of the greatest shallow inland
earthquakes in Japan. Many hot-spring and groundwater anomalies have been observed as the pre- and co-
seismic events. The purpose of this paper is to study these anomalies systematically and to gain some
knowledge of their mechanisms. The anomalous changes in shallow underflow water and river-water were

not discussed but these on gushing springs, hot-springs and deep confined groundwaters are discussed.

Key Words: pre- and co-seismic anomalous change, hot-springs, groundwater, Hyogoken Nambu earthquake

F—U—FHRABRORFHRR, R, BTK KERMEILE

1.1 30 ®IC

WEMBIHRZ 2FIC, HEMNRIGEZ > 2EBRPMECRY, &
BOFHIELDOD DD b#msnd, ZOFRTHRRPHT
KORE LB OVWTIERE CRBASNDH, 207 @Bl £
THET 2V, HEOKRILERBEASD L ShD L0V, HET
HEMETH ., FEPBUL, —F S JICTFEILNRIT S 2 &%
LWZedEwn, LiL, FEFRLTOIHBETOLATHEEZSLD
D, Tho2F L, BREEDDLI LKW TH D LKL 72,

REEMITBRIIAEILHEELZ OO L, BEHRHVICH, £<
DBEERDBALNT) LT, L OHEEPTHILA, HEROMT
K- BROEBEZDOA N X LD ERENTD, BT AL,
NAKDEBNE T, Thabb, IREITEIILZZDDE TANZOBER
ZHEL LTV (BIHPRIFFERT. 1995; A3, 1995; W4T, 1995;
King et al., 1995; Koizumi et al., 1996),

AE, ERBRHOT— 5 2D, BEREBATEVWT -5 -85
ZILLT, #FmrED, BBTFTHOMECES L2,

Coee

H
i
Mo dhockD
o hock T
Man hoek 1

Fig. 1 Types of temporal
variations of the hot-
springs and ground-water
before and after
earthquake.
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Fig. 3. Temporal variations of water temperature and volume of self- fountain at Misaki, Moriyama city, Shiga Pref.
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Fig. 4. Temporal variations of water temperature recorded at YDN
(Yutani hot-spring) and ING (Inagawa hot-spring), water
pressure at YSO (Yoshioka hot-spring), and chrolide-ion
content at CSN (Shiota Spa, Chishinsou spring). EQ 1, EQ 2
and EQ 3 are shown the times of Hokkaido Toho-Oki (Oct. 4,
1994; M8.1), Sanriku Haruka-Oki (Dec. 28,1994; M7.5) and
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Fig. 5. Temporal variation of water temperature recorded precisely at YDN (Yutani hot-spring) and earthquakes
(modified from Yabe,1998)
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Fig. 6. Temporal variation of water temperature of groundwater
recorded at Romania. This figure shows similar variations of
two evidences at August and December, 1986 (modified from
Shimamura, 1995).
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Fig. 7. Co-seismic changes in water

temperature of groundwater at
Teshikaga, Hokkaido (modified
from Shimamura, 1995)
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Fig. 8. Co-seismic changes in water temperature of groundwater at Usu volcano, related to the positions of epicenters

(modified from Shimamura, 1995).
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Fig. 9. Typical cases of abrupt falls in spring water level (indicated by arrow) preceeding earthquakes observed in
the runnel at Ohsakayama Observatory, Kyoto University (modified from Shigetomi and Ohya, 1997).
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Fig. 11. Co-seismic changes in groundwater level around Osaka Bay at
Hyogoken Nanbu earthquake (modified from Kumai, et al., 1996).
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Fig. 12. The change in Rn activity of undergound gas at Kyoto
University during the Tonannkai earthquake (Dec. 7, 1944; M7.9) in
units of Bg/l (modified from Hatuda, 1953).
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Fig. 13. Monthly numbers of the felt earthquakes at Wakayama City,
west end of Kii Penunsula, during 1943-1949 (modified from
Kanamori, 1981).
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Fig. 14. The block tectonic structure revealed by the geophysical surveys in northwestern part of Kinnki district,
Southwest Japan (Nishimura and Katsura, 1990)
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