
1151 

Int. J. of GEOMATE, March, 2015, Vol. 8, No. 1 (Sl. No. 15), pp. 1151-1158
Geotech., Const. Mat. and Env., ISSN:2186-2982(P), 2186-2990(O), Japan

DETERMINATION OF SLIP SURFACES IN FRACTURE ZONE 
LANDSLIDES USING ORIENTED BOREHOLE CORE SAMPLES 

Tsunataka Furuya1 and Jing-Cai Jiang2 

1Graduate School of Advanced Technology and Science, The University of Tokushima, Japan 

 2Department of Civil and Environmental Engineering, The University of Tokushima, Japan

ABSTRACT: In situ and laboratory observation, geophysical measurement and digital imaging analysis of 
oriented borehole core samples are performed to determine slip surfaces in two large fracture zone landslides 
in Shikoku, Japan. The following data are obtained from each oriented borehole: (1) a depth distribution of 
rock quality designation, magnetic susceptibilities, the Equotip hardness values and wet unit weight of core 
samples, (2) geometric orientation of geologic discontinuities (cracks, joints, faults, etc.), and (3) a depth 
distribution of numerical color values from digital imaging of borehole core samples. As a result, the rock 
quality designation, the Equotip hardness value and unit weight, and the orientation of cracks and joints 
showed a clear change near the slip surfaces respectively, but the digital color values clearly varied only in 
one of the landslides and no change of magnetic susceptibility of core samples was found at both sites. The 
results demonstrate that it is capable of locating the slip surface in a fracture zone landslide by using the 
above-mentioned data in combination.  
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1. INTRODUCTION

The huge numbers of active and potential 
landslides in Japan are usually divided into three 
categories, namely Tertiary type, facture zone type 
and hot spring type of landslides [1]-[2]. Shikoku 
Island in the southeast part of Japan has been 
designated as a highly landslide-prone region with 
a large number of facture zone landslides induced 
primarily due to tectonic activities. Many of these 
landslides are in relatively slow movement, some 
of which were restarted to move rather slowly due 
to heavy rainfall after a long term stop [3]-[4]. 
There also are natural slopes in Shikoku region 
that shows clearly landslide topography but so far 
there have been no movements to be observed 
or/and recorded [4]-[5].  

An essential part of the investigation of a 
landslide is the determination of the depth and 
geometry of the slip surfaces that characterize it. 
For moving landslides the slip surfaces are easily 
inferred from data which can be obtained using 
surface movement observations, direct measure-
ments of sub-surface displacements and geo-
acoustic sensing. However, it is difficult to locate 
the slip surfaces in stationary and/or very slow-
moving landslides, to which the above mentioned 
methods are usually not applicable. The available 
techniques for slow-moving landslides include 
direct observation of slip surfaces in exploratory 
and other excavations and in large diameter 
boreholes, observations on recovered samples, 

inference from the contrast in properties between 
materials above and below a slip surface and sub-
surface geophysical techniques [6]-[8]. However, 
using such methods to find slip surfaces usually 
requires careful logging of borehole data and 
certain experiences and skills [7]-[9]. 

Most of fracture zone landslides in Shikoku are 
distributed in the two geological strips sandwiched 
between the three tectonic lines (Fig. 1) [10]-[11]. 
The fractured state of bedrocks particularly near 
the tectonic faults and hytrothermal alteration of 
rock minerals into weaker clay minerals produced 
highly favorable conditions for landslides in the 
region. Such geological structures together with 
weathering of the bedrock minerals result in 
formation of multi-layers of clayey soil in different 
depth [10]-[11], and this causes the difficulties in 
locating slip surfaces for stationary and slow-
moving landslides. Usually, it is required to use a 
number of different techniques in combination for 
site characterization of landslides in fractured 
geologic zones [8]-[9], [12]. 

This paper employed oriented borehole core 
samples for determining slip surfaces in two large 
fracture zone landslides (i.e. “A landslide” and “B 
landslide” in Fig. 1) in Shikoku, Japan. In situ and 
laboratory observation, geophysical measurement 
and digital imaging of oriented borehole core 
samples were performed. It was shown that the slip 
surfaces in fracture zone landslides could be 
located using the data obtained from the above 
techniques in combination. 
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