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STUDIES ON THE WATER QUALITY OF GEOLOGICALLY
DIFFERENT LANDSLIDE

By Ryuma Yosuiora and Takahiko FurRuya

Synopsis

Water samples have been collected from the landslide areas of Tertiary and fractured zones to
investigate the water quality of geologically different landslide areas. The authors have examined
the relationships among the chemical species contents of the waters and the following have been
obtained: In general, the concentrations of calcium and bicarbonate ions show high value among
dissolved ions in the natural waters of the two landslide areas, the concentration of soluble silica in
the natural waters of landslide areas of fractured zone is low value, calcium to sodium ratio and to
magnesium of dissolved elements can draw a fairly clear between two landslide areas, montmorillonit-
es and kaolinite are in equilibrium with the waters of the Kuraishi, Maruyama, Kozuchiyama and
Minamikaminaka landslide areas, and equilibrium between kaolinite and montmorillonite is
attained at the concentrations of bicarbonate ions over about 80 mg/l in the natural waters of
their investigated fields.
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Table 1 Chemical compositions of natural waters

Na+ K+ Mg2+ Ca2+ Cl- HCO3-

(mg]I) (mg/l) (mgfl) (mgfl) (mgjl) (mg/l)

Kozuchiyama 1 2.6 1.8 1.3 5.1 1.7 26.4
2 7.8 5.6 4.6 16.5 6.5 79.6

3 10.2 6.1 6.9 16.9 12.0 78.7

Kushibayashi 1 7.5 2.5 6.1 2.8 44.2
2 9.5 3.7 11.7 8.7 60.7

3 8.6 5.4 16.2 6.2 77.0

Kuraishi 1 6.6 2.0 33 28.5 7.3 70.8
2 7.1 1.9 2.5 51.5 6.5 132.0

3 6.6 1.6 1.6 46.4 2.9 127.8

4 7.6 3.3 5.1 25.6 8.9 42.4

5 59 1.9 2.3 52.6 49 135.0

Zentoku 1 3.8 2.2 2.0 43.4 2.6 99.3
2 3.6 1.6 1.3 27.0 2.7 61.8

Kuki 1 2.1 1.3 1.6 16.3 1.2 53.3
2 49.8 3.8 2.1 22.8 3.5 167.1

Kubo 1 3.8 1.3 1.4 9.4 2.8 24.0
2 5.0 1.6 2.6 26.8 4.1 65.7

Maruyama 1 4.0 4.8 8.8 4.5 41.4
2 4.5 5.8 14.0 3.9 62.8

3 34 4.7 12.8 3.5 45.0

4 5.5 7.6 32.3 4.6 148.8

5 4.7 12.9 27.4 4.6 122.3

Nagoro 1 1.2 0.6 1.9 7.8 0.7 32.7
2 0.8 0.3 1.4 3.3 0.3 19.3

3 1.0 0.5 2.3 7.0 0.6 33.0

4 1.1 0.6 1.9 7.0 0.7 30.4

5 1.4 0.8 3.2 14.6 1.1 58.9

6 1.1 0.6 2.1 8.9 1.0 374

7 1.1 0.6 3.7 9.4 0.5 49.1

8 1.3 0.6 2.0 7.0 0.7 31.9

9 1.0 1.0 3.1 23.0 0.7 83.8

10 1.8 3.0 6.0 26.7 0.9 114.7

11 1.0 1.0 3.5 23.5 0.7 87.1

Chiyoja 1 1.6 1.0 17.7 1.9 53.3
2 9.4 4.9 24.4 1.8 101.1

3 5.1 7.7 21.9 3.3 89.1

4 18.4 0.7 2.1 3.9 153.5

5 2.3 15.3 46.6 3.4 191.1

6 4.0 8.2 37.1 1.5 116.0

Shigeto 1 4.1 0.9 1.3 10.2 4.0 37.9
2 3.3 0.6 0.7 6.6 2.7 23.2

3 2.8 0.3 0.3 3.6 2.3 17.2

4 5.7 1.3 1.6 12.1 3.4 50.7

5 3.9 0.6 0.7 8.9 2.7 33.8
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in geologically different landslide areas.
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SO.2- So!uble Water Dis- Date of
(mg/l) SiOg pH temp. charge sampling Remarks
(mg/l) °C (mlifsec.)
1.4 25.2 7.7 12.2 1971, 9.28 Tertiary zone, Stream
6.2 48.4 6.5 14.8 ” ” Spring
17.2 32,5 8.0 15.1 ” ” ”
2.2 32.0 5.8 15.2 1972, 10.12 ” ”
8.0 36.5 6.2 16.0 ” ” ”
9.1 29.6 7.4 18.0 ” ” ”
30.0 14.8 7.7 17.2 1972, 8.7 Fractured zone, Stream
38.0 19.8 7.3 21.0 24 4 ” , Spring
29.2 20.7 7.9 17.0 7 ” ” Bore hole
38.2 13.6 7.4 20.8 6 ” ” ”
35.8 16.5 ©7.8 14.0 ” ” ”
40.0 11.9 7.9 15.0 1972, 8.8 ” Stream
26.7 11.4 7.3 14.5 ” ” Bore hole
7.2 8.5 7.9 14.4 ” ” Stream
33.2 13.3 8.8 14.8 35 ” ” Bore hole
9.4 10.3 7.7 16.8 ” Stream
28.3 12.0 7.9 20.0 ” Bore hole
7.0 13.2 7.8 24.7 1966, 8.18 ” Stream
5.0 15.3 7.5 24.5 ” ” ”
13.8 10.3 7.7 25.5 ” u Spring
6.4 22.3 8.0 17.6 ” ” Bore hole
7.8 20.5 7.9 16.5 ” ” ”
2.5 9.7 7.1 9.2 ” Spring
0 9.8 6.8 13.0 35 1972, 8.8 ” ”
2.0 13.1 7.1 9.0 400 ” 7 ”
22 10.8 7.4 9.7 ” ” Bore hole
2.8 9.8 7.7 10.0 120 ” ” ”
2.0 9.4 7.5 10.0 . ” ” ”
1.3 13.8 7.0 9.5 86 ” ” ”
1.7 11.2 7.0 9.0 900 ” ” ”
3.7 59 7.7 8.0 1200 ” ” ”
4.0 8.6 8.0 13.1 10 ” ” ”
4.0 5.0 7.7 8.3 ” ” ”
7.8 5.5 7.9 1967, 1.31 ” Stream
16.0 9.5 8.0 3.0 ” ” Spring
20.0 7.0 7.7 12.0 ” ” Bore hole
5.2 11.6 <8.4 15.5 ” ” ”
21.6 9.2 8.0 17.0 ” ” ”
37.2 10.5 7.9 16.0 ” ” ”
4.0 11.9 7.2 18.2 1972, 8.7 ” Stream
3.0 12.8 6.9 17.0 ” ” ”
0.7 14.2 6.7 15.6 ” ” Spring
4.7 17.8 9.0 19.0 ” ” ”
3.6 14.4 6.6 15.5 ” ” ”
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Fig. 2 Hexadiagrams of milligram equivalents of major ionic constituents of natural waters

in geologically different landslide areas. (

) shows number of analyses and number

in each hexadiagnams indicates SiO; content, m. mol/l.

Table 2 Average equivalent ratios of dissolved

Ca/Na Ca/Mg
Stream Spring | Bore hole | Stream Spring | Bore hole

Minamikaminaka 0.55(1) 0.80(6) 1.14 1.83
Sarukuyoji 0.81(3) 0.74(1) 1.84 1.99
Kamenose 1.90(54) 1.18
Kozuchiyama 2.26(1) 2.17(2) 2.38 1.84
Kushibayashi 1.53(3) 1.75
Kuraishi 4.96(1) 8.31(1) 7.38(3) 5.23 12.5 11.5
Zentoku 13.1(1) 8.57(1) 13.2 12.7
Kuki 8.92(1) 0.53(1) 6.15 6.62
Kubo 2.84(1) 6.16(1) 4.03 6.24
Maruyama 3.05(2) 4.32(1) 6.73(2) 1.29 1.65 1.93
Nagoro 6.78(3) | 14.4 (8) 1.92 2.81
Chiyoja 12.6(1) 2.98(1) 9.27(4) 10.6 3.01 2.03
Shigeto 1.73(3) 2.53(2) 5.99 6.12

( ): Number of analyses
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elements of natural waters in geologically different landslide areas.

HCO3/SO4 S04/C1 Remarks
Stream Spring | Bore hole [ Stream Spring | Bore hole () : Number of analyses
7.03 4.86 0.17 1.65 Tertiary zone

2.53 0.51 2.51 6.82 ”
2.14 1.92 ”
14.9 6.86 0.60 0.89 ”
7.47 0.80 ”

1.86 2.73 2.43 3.04 4.33 5.33 Fractured zone
1.95 1.82 11.4 7.32° ”
5.83 3.96 441 6.99 ”
4.01 1.83 2.48 5.13 ”
7.28 2.56 15.3 1.05 2.91 1.14 ”
7.73 17.8 1.69 2.62 ”
5.36 4.98 9.05 3.02 6.53 7.15 ”
11.2 7.89 0.59 1.01 ”
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Fig. 3A Stability relations of anorthite, Ca-montmorillonite, kaolinite and gibbsite
at 25°C and 1 atm, as function of [Ca®*], [H*] and [H,SiO,]
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Fig. 3B Stability relations of anorthite, Ca-montmorillonite, kaolinite and gibbsite
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Fig. 4A Na*/Ca®* mole ratio plotted versus HCO;~/SiO; mole ratio for waters
from geologically different landslide areas.
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Fig. 4B Na*/Ca?* mole ratio plotted versus HCO;~/SiO; mole ratio for waters
from geologically different landslide areas.
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Fig. 5 Plots of (log[Ca?*]+8log [SiO;] +2pH) versus HCO;~ mg// for waters
from geologically different landslide areas.
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