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Abstract

A geopressured hydrothermal system is widely distributed in the folded Neogene Tertiary Niigata
Sedimentary Terrain associated with oil and gas field. The area is recently recognized as newly developing
plate boundary between the Amur Plate and the Okhotsk Plate running down along the eastern margin of the
Sea of Japan and into the Honshu Island along the Shinano River (Ohtake,1995). Historical destructive large
earthquakes occurred repeatedly in the plate boundary.

The 1995 Northern Niigata Earthquake (M5.5) occurred at the eastern fringe of the Niigata earthquake
gap, which has been pointed as a long term precaution of an impending large earthquake (Mogi, 1988 ;
Ishikawa, 1990,1994). A rating of the earthquake intensity 6 (on JMA scale) with 55 houses collapsed was
recorded in a narrow stretched area of 5.5 x 1 km trending NNE-SSW, which may indicate the distribution of
the buried rupture fault beneath the plain. The measurements of temperature and chemical composition of
snow melting wells (ca. 100m deep), which are regionally distributed along the main roads declared that the
1995 earthquake occurred at the warm temperature anomaly formed by upward percolation of geopressured
thermal water along fractures of the buried active faults.

Temperature and chemical composition of snow melting wells have been made through out the plains and
basins of the Niigata prefecture. Many buried active faults beneath flat plains are recognized as warm
temperature and geochemical anomalies. All epicenters of the historical destructive earthquakes since the
16th century actually locate in the buried active fault zones characterized by the areas of temperature and
geochemical anomalies due to the upward percolation of the geopressured hydrothermal water.

Key Words: Geopressured hydrothermal water, active fault, destructive earthquake, Shinano River seismic
zone, snow melting well
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KINTR R Y PVT, EFELTHEZETHEIGZ LN TS, KIIBBARTIIRAIIER L
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Table 1 Classification of geothermal systems
— Hydrothermal System
Vapor dominated hydrothermal system (convective system)
Water dominated hydrothermal system (convective system)
Geothermal System — Geopressured hydrothermal system (conductive system)
— Hot Dry Rock System
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Fig.2 The geopressured hydrothermal system of the Niigata oil field is delineated
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Table 2 Representative groundwater types in the epicentral area of the 1995 Northern Niigata earthquake (E)ki etal,

TSR FHF

1998 and Xu et al., 1998). Analyzed by Xu.

No. Locality Type Water Temp. pH E.C. Na* K* NH,* Cca*  Mg* Fe?* cr HCO; SO
of well  type (0 (us/cm)  (meqg/) (meqf) (megd) (megf) (meaf) (meqh) (megf) (meqh) (meqgf)

1 EEsE  AH Na-Cl 238 7.1 16980 203.19 197 1.83 3.93 150 nd 15043 56.76 nd.

72 RKE  HEH Na-Cl 171 68 3580 2026 096 095 522 648 065 3270 176 0.00
80 AR  HEH NaC-HCO, 166 6.4 499 357 006 000 070 020 0.22 175 172 1.26
S41  AEB  HZXHE  NaHCO, 146 70 3190 3612 083 0.91 1.08 417 0.14 492 4037 0.00
2 #®  HEH  NaHCO, 139 69 189 1.54 002 0.01 013 010 006 0.57 140 0.00

25 PR HEH NaSO, 154 66 232 122 002 000 077 0.09 0.00 027 060 1.40
88 MR  HEH NaCaHCO, 131 6.9 126 049 003 000 033 022 0.02 0.24 083 0.18
S26 KB HEH CaNaHCO, 137 6.5 298 069 007 003 101 080 0.50 0.50 224  0.00
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Fig.12 E-W resistivity cross section by CSAMT electro magnetic method perpendicular to the image of
buried active fault at epicntral area (Xu et al., 1998).

Depth 1995322 4y 41 421 51 s s2;1 s31 e10 . 620 630
(Cm) 0 1 1 1 1 1 1 1 1 4 B 1 1 1 1 1 1 1 1 1 1

300

Fig.13a Water level change of Nakaki-yu(200 m deep well), Deyu Hot Springs before and after the
1995 Northern Niigata earthquake. Two days before the quake water level began to rise by 33
cm, one day before far more 44 cm rise and the time of the earthquake amounted to ca. 1 m rise
from the ordinary level as precursory anomaly (measured by T.Kobayashi, Kawakami, 1995).
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Fig.13b Thermal water discharge and temperature of Doshun-yu, Deyu Hot Springs before and after the 1995
earthquake, measured at ca. am 6.30 every morning(Kawakami, 1995). Anomalous increase of water
discharge by 10./min. had been recognized 2 weeks before the 1995 earthquake. Kawakami recommended
T.Kobayashi to check the water level of a thermal well as shown in Fig.13a (Kawakami, 1995). After the
main shock, water temperature increased by 10C.
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D, P OREENE OB ICHEHREKOREIENRFETH S Z L35 ol ARRZRE
* EBENOFE ~ &I 5E, S5 L TRERIIRB O 2 e L 207 H14TH 2. K142
R EREORED 70y b L7z, BROHE TIZ19044E5 B ITHIE - 19336/ N T A MR - 1965
EARRBERHE - 19924F B HR - 1995EHBIRLEROHE, FEHE TIL1670FHHFME -
18284 S HITE - 1S47T4EENFHRE - 1898EAHITHER LA, Y4 7Ly ¥y —BKEHEME)
EWRBTRELTVWS, KEREEREHESZOONLD S, KEZHBSEEL TVRVER
X, HEE, BT EmOBALNTE & RN EROBEREIC L 2L - AN -
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OWBRAEICERYETIHETH L. KERFHFORMORS L ZITRELBREOY S =
Fa— FLORBKREAZOFRISTH S,  OBFRIIHRE (1975) S EN OB ERERHE TRO M
BREEDL, BEREREOEMOES,LZOHMBTRETIHROT T =T 2 — FOHEREDN
TELTLIIRD.
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Fig.14 Map showing the distribution of buried active faults estimated by the measurement of temperature and water
chemistry in the flat plains and basins of the Niigata Prefecture. Faults in the mountains and hills are not shown.
The epicenters of the historical destructive earthquakes are given (Oki, et al., 1998).

42. EREHOME & KRIEEHE

S H PR R TiE, 16H PRS0~ 1504E RIBE TM7.5~6 DK~ B AR h B LR4& L Tw
L. CNOOHEICEBRLZERBICOWTIHIZLE A LD Do TV, BHEFOHEEHEAD
AKi - KEZRRAE A, TTICHEBE, OB ENTVRAS (B720)-FiHEEHRICH-
TREZEBEREIFROLN, FHHLOHBE T TFORESIZ36kmICHIELTWE Z LG ho
(H16). HHOWHEHXICERYEF L TV 2HA°, FRMER CHRIEBORMEICHT 55 2R5
BRELfTPRA TRV, HEXFCILI2BRFAVLETH 5.
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Fig.15 Diagram illustrating the relation between Magnitude of
earthquake and length of fault defined by Matsuda (1975). The
historical destructive earthquakes of the Niigata district are
plotted using the length of temperature anomaly as length of
fault. The result shows fairly good correlation with Matsuda's
formula (OKki, et al., 1998).

AN & BT 2 S0 - R OB B I S AR IR T, AAEATRRET 5 £ O IC73E R
FRTAHENRAEL, —F 2 OHEROILERICY 2 5 FRHIR TI1X804F-(~ 1504 ) MIFR T 7= i
BARAL, MEFOHBRBAETRHANICSIZIZF—BHICGES L T2, SHFEH TIX1914F 0
MSTOHEDREZZWEN T EREL TV, ROBHBEICOWTAEN RG24 7%
FhiEzbiv, 28, BEFEHRTRIA 7Ly ¥y —#KOBHETH 2 Na-CIE O T KIZFED
LNTVAWY, ZTORBEIS,LEV. ZOFEORFEHTARIIA S ¥ A %) Na-HCO,BT
H5b.
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5. ZOWEHTHEN1994) 16 LSREAE $ TOMIC, 1004 OIHEEIR & D 1004 D FEHI 17
VRS ERBEOD L 2 L 2B 522 L7, Ohtake(1995)i3 H A HMAE O KR ORIFAE = F
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BRIMEEEOE L R THETAEY SERNNICH> THESICAY, RS - ARG EET
Safi ) |- RS O Ao TV A LT A EIRB L 72, AW - KAKRQIODIZF BRI RAE LK
WEOERIT TV, 1670EBEOHRIZERINCHE ) B IFHTREL LWL L.
IO X D ITRE1922)DERE L - R LR E B AL <, HEBER - A ERE T
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Fig.16 Map showing the distribution of temperature anomaly due to upward percolation of geopressured
hydrothermal water in the Takada plain. Destructive earthquakes occurred repeatedly with 80 to 150
years interval since 16th century (Oki et al., 1998 ).
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