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ESTIMATE OF THE AMOUNTS OF CLAY MINERALS
FORMED BY WEATHERING PROCESSES THROUGH
THE CHEMICAL COMPOSITIONS OF WATERS
IN THE KAMENOSE LANDSLIDE AREA

By Ryuma Yosuioka and Setsuo Okupa

Synopsis

64 water samples have been collected from the Kamenose landslide area, Osaka Prefecture,
to estimate the amounts of weathering products through the chemical compositions of the waters.

When equilibrium is maintained between silicate minerals and water, certain relationships
among chemical species contents of the water should be assumed. Then, the authors have ex-
amined the relationships among the chemical species contents of the waters, and the following
have been obtained: Montmorillonites and kaolinite are in equilibrium with the waters of the
Kamenose landslide area, and the amounts of montmorillonites and kaolinite produced by COg-
bearing waters reacting with parent rocks are estimated as several tons per year in this area.
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Fig. 1 Map showing sample localities in the Kamenose landslide area.
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Table 1 Chemical compositions of natural waters in the Kamenose landslide area.
Soluble Water | Dis- Date of
Na* | K* | Mg®*| Ca®t| CiI~ HCO;7S804*7| SiOz | pH | temp. | charge samolin
(mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l) (°C) | (mifsec) pung
Tl-11]123 | 7.5 | 17.8 | 51.8 2.8 |214.9| 646 | 22.7 7.1 17.2 1.3 |1971,6. 3
21108 | 49 7.5 | 25.7 | 2.5 |101.8| 36.6 | 28.2 6.5 17.3 1.3 ”
3131 | 48 | 10.6 | 31.8 6.3 | 133.6| 29.5 19.6 7.0 16.6 12.0 ”
4| 96| 36 7.5 240 | 49| 86.5| 285 27.9 6.7 16.7 19.0 ”
5119 | 44 | 102 | 32.2 6.0 | 128.2| 30.3 | 28.6 6.7 16.5 2.9 ”
6| 125 | 4.0 | 10.6 | 33.2 75 | 94.4| 454 | 29.9 6.6 17.2 2.4 ”
7131 35 9.6 | 34.9 7.3 | 111.9 49.1 31.8 6.6 16.2 2.5 "
8 1129 | 45 9.7 | 38.7 9.7 | 149.4| 26.0 | 37.3 6.7 18.0 1.1 ”
9| 147 | 61 | 124 | 41.0 | 9.2 ;220.7| 8.1 33.8 6.9 18.1 1.0 ”
10 | 16.1 | 6.1 | 11.8 | 49.2 | 12,5 | 214.6| 26.0 | 45.2 6.9 17.5 4.7 ”
11 | 153 | 63 | 13.8 | 43.6 | 10.6 | 216.1 | 23.4 | 454 7.0 17.6 9.2 ”
12 1109 | 41 | 102 | 339 | 9.0 | 1150} 27.8 | 30.1 6.9 17.0 75.0 ”
13 | 11.7 | 4.1 | 13.1 | 39.6 | 9.0 | 155.5]| 26.0 | 32.8 6.9 16.8 46.0 ”
14 | 11.1 | 38 | 104 | 320 | 87 | 723|374 | 345 6.5 17.0 10.0 ”
15| 1.1 | 3.6 | 12.2 | 41.3 | 11.3 | 136.4 | 27.1 35.8 6.7 17.0 4.9 ”
16 | 142 | 40 | 11.6 | 319 | 9.9 | 101.9| 30.8 | 28.0 6.6 17.0 14.0 ”
17 | 11.7 | 3.6 | 11.0 | 349 | 10.3 | 91.6| 334 | 29.0 6.6 17.0 60.0 ”
18 | 139 | 40 | 11.8 | 31.6 | 9.8 |102.4| 31.9 | 26.4 6.6 17.2 7.0 ”
19 | 106 | 3.4 | 105 | 34.7 | 10.7 | 83.3| 354 | 29.6 6.5 16.2 300.0 ”
20| 96| 45 | 151 | 25.7 | 41 (179.1| 80 | 62.2 7.1 18.0 21.0 ”
21 1109 ] 40 | 122 | 30.9 | I11.7 | 91.3| 28.6 | 28.1 6.7 17.0 9.4 ”
22 1107 | 42 {123 | 29.8 | 10.7 | 944 26.6 | 27.9 6.5 17.0 2.8 ”
23 | 10.1 | 3.9 | 11.9 | 28.8 94 | 71.3| 346 | 31.8 6.6 — 30.0 ”
24 | 104 | 46| 13.1 | 26.8 7.0 | 154.7| 9.4 17.5 6.9 18.0 1.6 ”
25| 93| 42 [ 160 | 226 | 45 |166.7| 83 | 63.0 6.9 18.0 — ”
T3-26 | 11.7 | 2.6 50 | 19.1 | 13.9 | 26.7 46.1 15.2 6.0 14.5 8.7 |1971,6. 2
27 | 16.1 | 4.3 6.3 | 34.3 | 13.1 | 126.5| 32.5 | 24.7 7.4 16.3 0.99 ”
28| 76| 3.2 32| 144 | 92| 279 324 10.8 7.1 16.3 3.4 ”
29 | 14.7 | 29 3.1 | 104 | 11.1 | 57.2) 13.6 | 43.0 6.9 16.0 5.0 ”
30 | 10.0 | 4.7 | 10.6 | 45.0 7.5 11872 214 | 378 7.5 16.5 3.0 ”
31 | 122 | 6.1 | 14.7 | 448 | 10.2 {103.2| 469 | 33.0 7.7 16.0 7.1 ”
32 | 129 | 35 6.6 | 29.4 | 109 | 66.0] 33.1 36.6 7.1 15.1 100.0 ”
33 | 12.7 | 3.7 7.5 305 | 97| 393 47.1 35.9 7.0 — 3.2 ”
34| 107 | 3.6 | 129 | 33.0 | 9.2 |103.0| 40.3 | 27.0 | 7.5 17.0 1.9 ”
35| 125 | 3.1 8.5 | 31.9 ['10.5 | 40.3| 52.2 34.2 7.0 15.8 30.0 ”
36 | 125 | 3.1 8.3 | 32.3 | 10.0 | 40.4| 51.6 34.2 7.0 15.8 75.0 ”
37| 77| 27 8.3 | 25.7 6.6 | 82.5| 32.6 33.6 7.7 16.0 4.8 ”
38| 79| 33 | 100 | 25.1 | 10.2 | 54.1| 36.5 34.4 7.6 16.0 43.0 ”
39| 801 34 | 122 | 268 | 11.5 | 499 39.1 35.4 7.5 16.8 2.7 ”
40| 76| 3.0 | 11.0 | 28.0 | 10.7 | 62.3| 32.8 | 35.8 76 | 16.6 6.0 ”
41 7.8 1 31 | 11,5 1294 | 95| 99.5| 264 | 358 7.6 16.3 4.3 ”
42 | 80| 36 | 152|296 | 6.3 [165.7| 200 | 384 7.6 17.0 0.91 ”
43 | 81| 29 | 155 | 33.0 | 6.2 |184.1]| 204 | 35.6 7.7 17.0 1.4 ”
44 | 80| 2.7 | 16.0 | 31.1 6.4 1178.3| 20.2 | 40.0 7.8 17.0 2.4 ”
45| 7.8 | 2.6 | 14.0 | 31.7 6.2 | 167.4| 20.8 | 39.5 7.7 16.7 2.1 ”
46\ 83| 29 | 152 | 355 | 8.1 |192.7| 20.0 | 35.0 7.9 16.2 2.5 ”
47 | 8.7 | 2.1 | 13.7 | 27.2 7.9 |109.0 | 22.3 58.8 7.4 16.2 3.9 ”
48 | 8.7 | 1.7 9.8 | 21.3 6.6 | 108.9| 10.5 64.0 7.1 16.1 6.4 ”
49 | 93| 19 | 105 | 248 | 9.5 127.0| 20.1 64.6 7.2 16.0 22.0 ”
T4-50 | 21.8 | 2.7 7.2 | 349 | 22.0 | 25.7| 63.6 | 36.9 6.8 15.1 6.1 [1971,6. 1
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Table 1 continued.

Soluble Water | Dis-
Na* | K* | Mg®*| Ca?*| O~ [HCO;7S04*7| SiOz | pH | temp. | charge | Date of
(mg]1)| (mg]1), (mg]l)| (mg[l)| (mg]l)| (mg]l)| (mg/l)| (mg/l) (°C) | (mlfsec) | sampling
T4-51 | 23.7 | 2.9 55| 344 | 169 | 653} 51.5 38.0 6.8 17.0 0.45 |1971,6. 1
52 | 26.7 | 3.1 6.9 | 179 | 284 | 60.2| 39.9 35.4 7.0 17.0 0.90 4
53 | 153 | 2.2 5.1 | 14.0 | 19.9 | 52.1| 21.3 48.0 7.0 17.0 0.56 ”
54 1 205 | 2.0 4.6 | 17.1 | 19.7 | 18.7| 30.4 55.2 6.9 17.5 0.63 ”

R 1 87| — 5.4 9.7 79 | 296 — 24.5 7.0 — — 1967, 5.18
2 77 | — 38| 100 | 11.8 | 164 19.0 25.8 6.9 20.0 — 1969, 8.26
31183 | — 7.2 | 22.6 98 | 745 — 20.5 8.2 — — 1967, 5.18
4| 24.1 — 50 | 19.7 | 10.4 8.0 — 22.1 6.8 — — ”

1 6.6 | — 34 3.8 4.8 5.7 — 17.6 5.7 — — ”

2 40 | — 1.2 0.7 3.8 34| — 10.9 5.0 — — ”
3110 — 9.4 | 192 | 128 | 21.1| — 33.1 6.5 — — ”
41265 | — 7.5 | 22.8 | 31.8 | 36.3| 41.5 32.4 6.6 17.7 — 1969, 8.26
51229 | — 6.4 | 25.1 | 21.1 | 45.1| 46.8 32.7 6.2 16.3 — ”
6|37.7 | — 4.7 | 254 | 234 37.8‘~ 50.1 27.6 6.4 20.2 — ”

«—— Ca?* clr- —

Fig. 2 Trilinear diagram used to represent relative percentage of milligram equivalents
of major ionic constituents in natural waters in the Kamenose landslide area.
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Fig. 4 Stability relations of albite, Na-montmorillonite, kaolinite and gibbsite at 25°C
and 1 atm. as function of [Na*], [H*] and [H4SiO4].
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Fig. 5 Stability relations of microcline, muscovite, kaolinite and gibbsite at 25°C
and 1 atm. as function of [K*], [H*] and [H48iO4].

Fig. 5 iR U< ipoRefigt K, HY, HSIO, olRERHLE LTRLLIDTH S, ZOHAICR
FTRTCOKEHIA ) 74 P OREFBNITA> Tnbo

PUbkoZ thbBao@Eti+vHoKiZ AV F+4 b, Ca-2rE)ur4 b+, Na-BXEYRFL D
EEEGRBIZD 2 T LS Lize % 2C Garrels” 0255 HNnT, Ca-evEYurf b eht Y+
A FOBBRROWTH LEH RS S0



i« BH: KEPSAHCBOBERT Y MFOKLEWEEROHEE 177

4, Ca-evel)uid beat)+4 FOBICEHIRY T2 EThiE
6Cay. 1; Aly 3, Sig 5 Oyp (OH)3+2C0,+9H,0
27A1,81;0;(OH) 4 Ca2* 4+ 2HCO, ™ 4-8Si0; ----vrrerrrrererimmmiiiiiiiniienienninenn (1)
L&D 5o
Xk, BhoE#HEL L+, (1R

2 8
@ea2+ @ " HCO3;~ @ 810, =K 2
—ealT 7 BO0sTT 102 o K amtokaol **e ottt b (2)
@ co,

&&Z}o f:fit, ZZTa Hﬁﬁg%ibfo
%7, CO, & H,O L oMITFHEKASBILT I,

mg“’Hgoﬁ H*+HC03‘ .............................................................................. ( 3 )
&&60 %9‘((3)£u
2u+0HCO;~
Bt S - (T < PP PPTRPRRUIN 4
aco, co? (4)
E&T %,
(2), (4)R»H
acﬂ"assm, _ Kinont-kaot
T (5)

kb MNP ELD L

logacyz++8 logasxo’—ZlogaH+=Const ................................................. eeeeaneann (6)
Ly, ERERRZ1ETOE, (6)RR |
log[Ca?*] +8 log[SiOy] +2PH =0C0NSt  ++ve o trreteeermmiitiiiiii e (7)

LB, KL, zZT [] RErvBEEERDT.
#oT, Ca-ErEY)uFL rEAAYF4 POMITEFEERVBENLL TR ES 2R, (7T)R0EDE
BBl E> TP EIPERFTREL VI EIZE B,

_'0_
T R : ¢ ® ® o
b »
+ A [ ] ® o ®
S -I5¢ s ® af" ¢ o ®o °o o
w
2 A ® o °
g oo o, A o o
® o
+
T ° 0O - Stream
o A — Shollow well
S -ZO'A e Tunnel
2 - o T—1I
- e T-3
A T-4
_25‘- 1 1 1 . 1 . 1 1 1 1 1 1 1 1 1 1 I 1 L 1 1 1 | —
0 50 100 150 200 250

HCO3 (mg/ 1)
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Fig. 8 HCOj3~/SiOz mole ratio plotted versus HCO3~ mg/! for waters from the
Kamenose landslide area.
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Kamenose landslide area.
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Mg, Si;,04-+4CO, +2H,0 2 2Mg?* +4HCO,~ +25i0,
CaCO,+CO,+H,0 = Ca?* + 2HCO,~
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