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Origin of Na-Cl type groundwaters in the Matsunoyama landslides,
Niigata Prefecture
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(Abstract)

Many landslides classified into "Tertiary type " landslides have occurred in the Niigata
Prefecture. The Matsunoyama town located in the southwestern Niigata prefecture is typical
of landslide areas . The groundwater behavior is one of the most important factors for
landslide movements. There are Na-Cl type groundwaters of high concentration in several
landslides including the Matsunoyama landslides. The Na-Cl type groundwaters cannot be
derived from reactions between groundwater and rock forming minerals . Na - Cl type
geothermal waters have developed in Niigata sedimentary basin including the Matsunoyama.
These are similar to the geopressured hydrothermal system in the Gulf of Mexico, USA. The
Na-Cl type groundwaters have been formed by mixing between shallow meteoric groundwaters
and deep geothermal waters on the basis of geochemical analyses. This suggests the deep
geothermal waters rise through fault fractures and inject into shallow groundwaters close to

the slip plane of landslide block.
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Fig. 1 Map showing study area. The Matsunoyama town is located
in the southwestern Niigata Prefecture and is 120 km south-
west of Niigata City.
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Table.1 Chemical and isotopic compositions for groundwaters, surface waters

and geothermal waters in the Matsunoyama landslide area.

Sample  Type Temp. E.C. pH HaSi04 Alk. Cl S04 Na K Mg Ca Fe 6 %0 6D
Name (°C)  (uS/cm) (mg/l) (meq/) (meg/l) (meg/l) (meg/l) (meq/l) (meql) (megql) (meg/) (%) (%)
M1l BR 35.2 25900 74 375 11.56 251.22 nd. 24953 0.83 436 10.61 0.16 0.86 -15.30
M2 Bg 60.5 25600 8.0 1nL? 142 250.06 1.53 15237 3.73 0.04 99.15 0.01 1.15 -22.54
M5 He 90.5 25800 7.4 83.7 1.00 26246 1.57  159.73 3.59 0.15 103.52 0.01 1.22 -20.75
M7 B 77.5 26000 7.3 70.2 095  255.27 1.43 159.22 2.70 1.62 96.67 0.02 1.22 -19.96
M8 Ba 58.0 25200 72 67.6 1.28  252.05 0.76  153.13 3.85 1.92 90.44 0.03 1.14  -21.62
M9 B8 25.0 2600 89 70.2 9.63 16.27 0.07 25.56 0.07 0.08 0.17 0.01 -8.86  -53.83
M1l HE 27.3 5380 72 39.5 3.48 5221 n.d. 4247 0.04 091 13.39 0.09 -7.80  -46.12
M12 Fripedil 13.5 1600 7.0 240 5.32 9.73 0.20 13.39 0.21 1.34 1.34 0.18 -883 5115
M35 HkiE 9.0 851 7.0 59.2 1.77 0.56 5.7 3.88 0.21 1.36 2.59 0.01 -9.76 -53.91
M3o ikt 1.5 607 6.9 40.8 2.18 0.96 247 3.39 0.11 0.56 1.53 0.04 -9.59  -5427
M37 #k 11.0 211 6.1 42.8 0.72 0.69 0.27 0.66 0.06 0.31 0.71 0.01 935 -50.34
M38 Kt 12.1 290 7.1 514 222 0.26 0.47 0.50 0.03 0.60 1.72 0.10 -9.22 -52.26
M41 A H 20.3 148 6.6 313 1.05 0.22 0.15 0.36 0.07 0.15 0.85 0.01 -9.41 -51.84
M42 Akt 12.1 283 6.7 47.6 1.74 0.74 0.19 0.78 0.03 0.49 1.31 0.03 -9.26 -51.90
M49 #Hki 10.9 114 6.2 46.2 0.70 0.21 0.10 0.27 0.02 0.16 0.53 0.01 946  -5221
Mol Ak 12.7 2066 7.7 322 3.45 16.76 0.34 17.31 0.05 0.64 - 1.38 0.10 -7.85 -49.00
M62 Mkt 12.7 236 6.6 44.2 1.66 0.28 0.34 0.82 0.03 037 1.04 0.12 -8.91 -48.15
Mé63 #k 3 11.4 176 6.6 353 1.12 0.23 0.26 0.52 0.03 0.28 0.80 0.09 927  -51.99
M71 BKHE 16.6 334 7.2 219 1.97 0.41 0.90 L.61 0.05 045 1.20 0.05 -8.81 -49.28
M85 &K 14.4 93 6.8 24.7 0.21 0.13 0.43 0.32 0.02 0.17 0.20 0.02 -9.74 -49.35
M86 &K - 36 6.2 13.7 0.17 0.12 0.04 0.13 0.03 0.06 0.09 0.03 954  49.78
M87 &K 13.4 40 6.7 17.5 0.13 0.12 0.09 0.13 0.01 0.07 0.10 0.01 -9.74 -51.65
MI2 gk 14.1 1331 74 322 3.48 435 491 9.00 0.09 1.21 1.96 009  -884 5173
M100 ik 11.8 930 74 28.6 6.31 0.34 3.82 9.36 0.06 0.18 0.72 0.03 9.48 -54.88
M101  #Rk# 13.0 731 7.4 52.7 3.85 0.30 3.4 4.79 0.15 1.10 1.30 0.07 -9.01 -52.04
M102  #ik# 124 3660 82 247 10.39 31.06 nd. 39.75 0.10 0.47 1.14 0.02 -1.16 -42.56
M104 kst 11.8 116 1.9 47.6 8.14 1.45 1.82 10.16 0.03 0.48 0.71 0.05 -9.05 -52.08
M109 &k 3 14.1 345 6.4 69.2 1.04 0.40 1.77 1.64 0.09 0.59 0.77 0.16 -8.89 -48.81
M115  #ik3 12.6 510 8.5 218 4.60 0.40 0.83 5.18 0.02 0.28 0.34 0.04 -8.68 -46.79
M123  #k3t 89 713 6.4 57.5 1.75 0.36 ki) 2.73 0.12 1.18 1.94 0.03 -9.96 -53.79
M127 @g 57.5 22000 7.8 45.5 1.02 242,02 145 15375 342 0.49 90.28 0.03 1.45  -20.90
M140 K H# 14.7 1230 7.4 244 299 5.93 2.53 10.58 0.04 0.31 0.69 0.09 -9.32 -51.85
M175 @8 95.4 24200 1.3 107.1 0.85 264.1 1.85 167.9 2.75 0.49 90.82 . 0.03 115 -21.54

Temp.; temperature,

E.C.; electoric conductivity,

Alk.; alkalinity.
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Fig. 8 "0 vs. Cl concentration diagram for ground-
waters, surface waters and geothermal waters in
the Matsunoyama landslide area. Diagram shows
that Na—Cl type groundwaters are generated by
mixing of geothermal waters and meteoric waters.
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Fig.7 Plots of Cl concentration vs. orifice temperature
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