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Abstract

The cause of Matsushiro Earthquake Swarm is interpreted in terms of deep ground

water intrusion into seismogenic layer. The swarm earthquake had been extremely

active for - years from +30/. A vast amount of ground water was springing out from the

ground for the active period. Ground water mixed with the deep water is still upwelling

on the surface at the Matsushiro area. In order to know characteristics of the ground

water, we compiled all of the published data on chemical analysis of ground water around

the Matsushiro area and analyzed at present many ground water specimens from the

area. The results are as follows. (+) Concentrations of the major components of Cl� and

Na� in all over the sites have approximately a linear relation. Time variation in

concentrations of Cl� and Na� at one site also has linear relation. These relations suggest

that the variations in chemical composition among sampling sites and sampling times are

due to mixing of shallow thin ground waters with a concentrated deep ground water

with various ratio. (,) If examined in detail, the coe$cients, that is slopes of the linear

relation are di#erent a little with each other. The di#erence can be explained in terms of

the chemical reaction between rocks and water. Cl� does not change but Na� changes

with the reaction. Further, the slopes indicate that Cl� concentration increases linearly
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with depth but Na� does not increase linearly. Na� concentration is estimated to be

step-like distribution with depth. (-) A shallow earthquake of M ..* occurred just below

the area during our water sampling time. Water upwelling rate, water temperature and

concentrations of Cl� and Na� are changed abruptly. The changes can be explained in

terms of mixing of neighboring ground waters. (.) Unusual concentrations in Cl� and

Na� were observed in water specimens obtained from some of sampling sites before one

and a half months of the earthquake. Unusual chemical compositions were also observed

in water specimens obtained from a sampling site in a period from a week to / weeks after

the earthquake. These phenomena are interpreted that mixing with a ground water with

di#erent ratio of Cl� to Na� takes place with the earthquake.

Key words : Matsushiro Earthquake Swarm, Deep ground water, Ground water chemis-

try, Earthquake chemistry, Water induced seismicity
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Fig. + Locations of measurement points of springs (�). Each number corresponds to that in Table

+. The area between two lines indicates a zone of the buried Matsushiro earthquake faults.

Base map is + : ,/,*** “Matsushiro” topographic map issued by the Geographical Survey

Institute.
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Fig. , A schematic drawing for explaining the Matsushiro Earthquake Swarm.

The deep ground water rises up into the focal area while causing the

earthquakes. Finally, water overflows on the surface.
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Table , Water qualities of individual spring waters analized
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Fig. - Plots of Na9 content against Cl: content in ground waters in the Matsushiro Earthquake

Swarm Area (+33.�,***). ; : Matsushiroso, < : Ichiyokan well No. -, = : Ichiyokan well No. +,

> : Showaryo spring No. +, ? : Showaryo spring No. ,, @ : Tamayorihimenomikoto-Jinjamae,

and 9 : Matsuinoizumi. Line-A is the best fit line for the data.
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Fig. . Rapid increase in Cl$ concentration in the hot water from the Ichiyokan well (No. +)

in the period from +30/ to +300 (after Noguchi et al. +303).
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Fig. / Plots of NaJ content against ClL content in the hot water from the Ichiyokan well No. +.

Data after Okusawa and Tsukahara (,**+), Geol. Surv. Japan. (+313 a, b), Kakegawa (+302),

Kasuga (+310), Kitano et al. (+301), Matsushiro Public Health Center (+301 a, b, c), Noguchi

(+301), Noguchi (+302), Noguchi et al. (+303), Noguchi et al. (+31*), Tsurumi (+313), and

Umemura and Harada (+302 a, b). Line-B is the best fit line for the data.
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Fig. 0 Plots of Na� content against Cl( content in the hot spring water from the Ichiyokan wells.

¶ : Ichiyokan well No. +. · : Ichiyokan well No. -.
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Fig. 1 (a) Temporal variation in the concentrations of NaQ, ClR and temperature of the hot water

from the 20 m deep Ichiyokan well No. + immediately after the M ..* earthquake occurrence.

(b) Temporal variation in the concentrations of NaQ, ClR and temperature of the hot water from

the +,,m deep Ichiyokan well No. - immediately after the M ..* earthquake occurrence.
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Fig. 2 Plots of Na. content against Cl/ content in the hot water from the Ichiyokan well just after

+333. +*. ,3 M ..* earthquake occurrence. ³ : Ichiyokan well No. +. µ : Ichiyokan well No. -.
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Fig. 3 Plots of Na9 content against Cl� content in the hot water from the Ichiyokan well in the

period from Dec. +332 to Oct. ,***. � : Ichiyokan well No.+. 
 : Ichiyokan well No. -. M-

group are the data obtained in a period from a week to / weeks the M ..* earthquake. The data

with +333. 3. ++ is that of +./ months before the M ..* earthquake. Line-E are the best fit lines for

the data except those on +333. 3. ++ and M-group.
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Fig. +* A schematic drawing for explaining the variation in chemical composition of upwelling

ground water. Deep ground water obtains Ca,6 from rocks and loses Na6 during its upward

migration through cracks. The shallow water is enriched in Ca,6. Ground water observed on

the surface is a mixture of deep and shallow ground waters with its own ratio.
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Fig. ++ A schematic drawing of variation in Na' concentration with depth. Na' concentration has

been changed with reaction between rocks and ground water. Ground water in an aquifer with

the same rocks becomes almost the same concentration of Na' after long reaction time.
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