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Introduction

The study of slope angles is an important
subject in geomorphology. Only recently have
some scholars studied slope angles from a
dynamic viewpoint and stressed the relation-
ship between slope angles and properties of
slope-forming materials (e.g., Lohnes and
Handy, 1968; Carson, 1969, 1971, 1975; Carson
and Petley, 1970; Rouse, 1975; Matsukura et

al., 1984; Mizuno, 1984).

This paper selected hillslopes made of
mudstone and will attempt to explain the
slope angles from a dynamic viewpoint,
which needs to be utilized and developed fur-

ther in geomorphology.

Study Area
The southern part of Okinawa Island was

selected as a study area (Fig.1). Small hills
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Fig. 1. Location of the study area and the distribution of mudstone (modified after Furukawa
et al., 1983). Solid lines show the positions of cross-lines for the slope profiles

shown in Fig.2.
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Fig. 2. Slope profiles of the small hills, projected along the solid lines shown in Fig.1.

are well developed in this area and are com-
posed of Tertiary mudstone. The selection
was based on the availability of previous data
on mudstone properties.

The altitude of the hills is about 30 to 70
m above sea level. The hills are widely dis-
sected by several valleys and have a relative
height of several tens meters. The wide valley
bottoms are mainly used as sugarcane fields
and the hillslopes are covered with Miscanthus
sinensis.

Tertiary mudstone is exposed in this area
(Fig.1). The mudstone is well bedded and
tilted to the southeast. This stone, which was
named “Yonabaru Clay Member ” of the Shi-
majiri Formation by MacNeil (1960), is main-
ly composed of silty clay. The clay (<5p¢m)
content of the mudstone sampled from near
the study area ranges from 42 to 73% (Matsu-
kura and Yatsu, 1982).

Annual precipitation in Naha (Fig. 1),
about 7km northwest of the study area, is
2,128mm from 1951—-1980 (Japan Meteorological
Agency, 1982, p.293). That is relatively high
in Japan. Heavy rainfalls are brought by ty-

phoons and the rainy season called “Baiu”.

Slope Angles

Using 1:2,500 topographic maps, the pro-
files of the hillslopes were drawn on 100 meas-
uring lines with about 200-m intervals. The
typical slope profiles are shown in Fig.2.
The hills have round-top ridges and smooth
slopes. Strictly speaking, the hillslopes have
concave profiles. However, it can also be seen
that the profiles approximate to straight lines.

Considering the straight profiles, average
slope angles were measured on 100 slope pro-

files. The result is shown in Fig.3. This fig-
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Fig.3. Frequency distribution of the mud-
stone hillslope angles.



ure shows that most slope angles concentrate

on 11°-16°.

Discussion and Conclusion

Tertiary mudstone has properties of swell-
ing (Matsukura and Yatsu, 1982) which play
an important role in landslides (Yatsu, 1966,
p.102). Many landslide scars are observed on
the hillslopes in the southern part of Okinawa
Island. The mudstone slopes are covered with
dense vegetation and even on the bare land-
slide-slopes the vegetation soon recovers.
Therefore, sheet and gully erosion have little
effect on the retreat of the mudstone slopes.
As a corollary, the mudstone slopes are main-
ly retreated by landslides. Therefore, the an-
gles of the hillslopes are controlled by the an-
gles of landslide planes.

According to Gibo(1978), profiles of land-
slide planes are circular. However, it can al-
so be seen that the profiles approximate to
straight lines. The application of stability
analysis of planar failures on an infinite
straight- slope would be reasonable for this
case. The angle of landslide plane, a, can be
determined by the following equation (e.g.,
Yamaguchi, 1969, p.312):

secla
tana—(7p/7 )tan¢

r

where 7 is the unit weight of soil, ¢ the cohe-
sion of soil, ¢ the angle of shearing resistance
of soil, 7p the submerged unit weight of soil
and D the landslide depth to be measured ver-
tically. From equation (1), the critical slope
angle, a, can be determined when D, 7, ¢ and

¢ are given. When landslides take place, ma-

terial located on and near the landslide plane
would be fully saturated at the time of heavy
rainfall. Using the values obtained under sat-
urated conditions by Gibo (1978): r=1.8 gf/
cm?, ¢=0.07 kgf/cm?, ¢=17°, we obtain equa-

tion (2) from equation (1) for D (in meters):

secla

D=0.39

......................... 2
tana—0.14 @

The relation between D and a is shown
by the curve in Fig.4. The upper zone of this
curve shows the unstable area, while the low-
er zone shows the stable area. Depths to the
landslide plane range from 3 to 9 m (Gibo,
1978). Two angles, 11° and 16°, are obtained
as critical angles for the stable slope in the
case of D=9m and D=3m,respectively. Theo-
retically the angles of mudstone slopes should
be in a range from 11° to 16°. This is in good
agreement with the actual slope-angles that

mostly range from 11° to 16° (Fig.3).
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Fig.4. Relationship between landslide depth, D,
and angle of landslide plane, a, for critical
state. The curve indicates boundary between

stable and unstable slopes.
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