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Fig.1 Schematic diagram of metamorphic process in serpentine
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Fig.2 Distribution map of serpentine in Japan and station of
sampling
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Table1 Physical properties and grain size distribution

Sample Point WL(%)WP(%) I p G S [grain size distribution (%)
Clay 1t Sand [Grave
Yawatahama Qut crop 53.5 ] 30.6 2.9 .85 28.6 6.3 35.0 20.
<iShimotsuS-1 Out crop 28.3 1 16.4 1.9 .83 5.8 36.0 56.3 2.
%?;a himotsuS2-1 Qut crop 28.4 9.4 9.0 .84 13.3 37.8 32.1 8.
siShimotsuS2-2 Out crop 32.6 5.9 6.7 .67 3.6 40.7 28.2 7.5
US) himotsuS-3 out crop 22, 12. 9.9 .93 5.5 35.6 36.3 2.6
ShimotsuS-4 out crop 40. 4, 25.3 61 9.3 26.2 -3 3.2
| [Shimotsu§-5 Qut crop 31. 4.6 | 17.0 .74 11.8 15.0 .8 21.4
Toyohashi Out crop - - - - L1 30.86 LT 32.7
Yusuhara Qut _crop 36.9 6.8 0.1 71 18.86 48.8 .5 5.1
g Cyouja S-1 Qut crop 46.7 | 20.3 6.4 .67 9. 27.5 7.5 .7
gfCyouja Bor.7 GL—28~29m 30.0 9.7 0.3 .60 9. 4.9 3.8 11.4
gyouja Bor.7 GL—36~ 38m 24.4 4.3 0.1 .66 7. 5. 32.5 55.1
gcrou a Bor.7 GL—44~ 45m 41. .6 2.6 .53 31. 26. 34.4 .6
£ ngyouji-1 Qut _crop 49. 7.7 1. .56 8. 46. 31.3 13.72
ngyouji-2 - 43. 6.7 6. .83 6. 8. 74.5 10.7
Qusakayama = 48. 9.1 9. .63 11. 3.8 43.7 41 .1
iYamaguchi-1 Qut crop 40.5 25. 4. T 29. 39.3 25.0 6.4
amaguchi-2 = 32.4 0.0 2.4 .7 6. 7.9 0.1 55.1
8| Taguchi-1 | GL—27~28m_| 49. 7.7 ] 31. 7 6. 21.2 | 40.6 .4
E Taguchi-2 GL—28 ~ 29m 20. 1.0 9.1 .74 1. 26. 2 40.6 .4
Taguchi-3 GL~29 ~ 30m 25. 4.7 .63 3.0 11.9 49.4 L7
Natsuhi GL—20~ 22m 34. 2.2 .9 . 28.0 26.9 39.4 5.7
Shimukappu-1 Out crop 84. 1.5 .6 .51 1.1 16.3 43.1 19.5
Shimukappu-3 Out crop 82. 5.7 7.2 1 2.87 5.5 0. 34.4 39.5
E Nunobe-1 Out crop 55. 9. 26.01 2.6 3.0 6. 38.7 11.4
2 Nunobe-2 Qut crop 55.4 4. 30.5{ 2.59 .5 L6 . 54.4 13.2
"5 Fukuyama-1 gut crop 38.4 30.3 8. 2.80 8. 23 . 58.2 0.0
5 Fukuyama-2 Qut _crop 34.6 1 14.7 | 19. 2.57 14, 12, 46.2 26.4
eihuzan- OQut crop 97.7 | 31.5 | 6.2 2.61 3.6 61.9 2.5 2.0
Seihuzan-2 Qut crop 112.0 | 31.3 | 80.7 2.67 17.3 42.0 36.3 4.5
akanomine Out crop 105.0 | 52.6 | 52.4 | 2.67 18.9 16.2 43.2 20.7
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Fig.4 Effective stress paths and failure strength line by triaxial
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Fig.5 Residual strength lines by ring shear tests
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Table2 ¢’ and ¢, of serpentine

Sample Sampling | & ¢r g -dr Af
Yawatahama | Out crop [ 27.6 [ 10.3 17.3 [ 0.108

o BhimotsuS-1 | OQut crop|31.7 |14.4 17. 8 -
yBhimotsu§2-1/ Out crop | 23.4 [ 20.7 2.710.811
S Bhimotsul§2-2| Out crop 0.6 |12.4 8.2 | 0.807
S BhimotsuS-3 | Out crop 1.0 )13.2 7.8 10.805
BhimotsuS-4 { Out crop | 23.2 ] 9.4 13.8 | 0. 766
ShimotsuS-5 | Out crop | 23.1 8. 14.3 | 0.809

Toyohashi Qut crop - 49. - -
Yusuhara |Qut crop |30.1 |26.7 3.410.720
Cyouja S-1 | Out crop [30.7 |27.2 3.5 11.378
wCyouja Bor. 7L-28~29m 21.7 [17.2 4.5 10.914
Cyouja Bor. 76L-36~ 38mi 26.4 | 27.3 -0.9 [0.738
é Cyouja Bor, 7GL-44~45n[ 23.0 | 16.8 .2 10.868
Engyouji-1 | Out crop | 29.8 1.30.6 -0.8 10.921
Engyouji-2 - 31.2 [30.6 .6 10.773
Ousakayana - 31.6 | 28.4 .210.916
amaguchi-1 | Out crop | 24.8 | 20.2 4.6 1 0.782
amaguchi-2 -~ 28. 17 8.9 19.8 [ 0.853
& Taguehi-1 L-27~78m/ 18.5 [12.9 ] 5.6 [0.980
055 Taguchi-2 GL-28~29n[19.3 |14.0 5.3 [1.121
Taguchi-3 GL-29~30m 32.4 [32.6 | -0.2 |0.835
Natsuhi GL-20~22m| 19.5 | 16.8 .710.884
Bhimukappu-1j Out ¢rop [ 30.3 | 28.2 .1 11.268
g Phinukappu-3/ Out crop | 31.2 | 29.6 1.6 10.793
8| Nunobe-1 Out crop | 32.7 ]29.3 3.40.939
g | Nunobe-2 | 0ut crop 34.1130.1 4.0 |10.941
g Fukuyama-1 | OQut crop [34.6 | 33.6 1.0 [ 0.802
o | Fukuyama-2 | Out crop | 32.7 | - 32.7.10.998
Seihuzan-] | Out crop {28.2 |28.4 -0.2 10.993
Seihuzan-2 | Out crop | 82.7 | 28.1 4.6 [1.196
Nakanomine | Out crop | 31.5 {31.5 0.0]0.670
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Table 3 Clay minerals analyzed by X-ray diffraction

Sanple Sampling ChryAntiChlolalc| ontFelsEalc
Yawatahamaj Out crop, Rock — |+ | * t+
Out crop,Clay + | * *
B | Tomisato { Out crop, Rock + | -
B Nomura Qut crop, Rock + *
i Qut crop,Clay * +
b | Shimotsu | Out crop, Rock +. | %
2 Out crop, Rock + 1k |-
3 §-1 Out crop,Clay * - =
h $2-1 Out crop, Clay + |~ *
b §2-2 Out crop,Clay - |+ *
h §$-3 Out crop,Clay - 1= *
S-4 Out crop,Clay - | = *
$-5 Out crop, Clay * *
Toyohashi | Qut crop,Clay - *
Yusuhara | Out crop, Rock + * | +
K Qut crop, Clay * *
X Tyocuja Out crop, Rock - * +
Ir Out crop,Clay + * -
b Bor.7 GL-28~29m — +
3 Bor.7 GL-36~38m * | + - 1=
e Bor.7 GL-44~45m — [ + *
k | Engyouji | Out crop,Clay * +
R - * + -
W Out crop, Rock - -
h Dusakayama - - *
- PEENE:
Wburaishi | Out crop, Rock * |~
Qut crop, Rock + *
f Vamaguchi | Out crop,Clay - + *
24 - - - *
in - - +
b | Taguchi Out crop, Reck * | x |+ | -
1 GL-27~28m + [+ + +
1 GL-28~29m - 1+
GL-28~30m - |+ |-
Natsuhi Out crop, Rock - | * | =
GL-20~22m + f+ | - *
K Out crop, Rock * - =
h Shinukappu| Out crop,Clay * - | = —
fn Out crop,Clay * - -
I Out crop, Rock * -
i Nunobe OQut crop, Clay * — —
k Out crop,Clay * [+ | =
b Out crop, Rock * - -
It | Fukuyama | Qut crop,Clay * | — -
B Out crop, Clay * * —
n { Seihuzan { Qut crop,Clay * + +
Qut crop,Clay * * | —
akanomine| Out c¢rop, Clay * + - e
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Fig.10 Relation between ¢’, ¢, and main component’s mineral
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Fig.13 Influence of soak on failure strength line of various
weathered serpentines
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STRENGTH CHARACTERISTICS OF WEATHERED SERPENTINE
Kinutada YOKOTA, Ryuichi YATABE and Norio YAGI

The strength characteristics of the weathered serpentine which was sampled in various parts of Japan were
examined by the triaxial and ring shear tests. The angle of shear resistance of the weathered serpentine was divided
broadly into two main groups. One group has ¢’, ¢, of about 30°. It was confirmed by the X-ray analysis that these
weathered serpentines were composed of an antigorite and chrysotile. Another has ¢ less than 30° and the drop of
the angle of shear resistance to ¢, from ¢’ is remarkable. These weathered serpentines involve a chlorite, talc and
montmorillonite.
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