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ABSTRACT

The Thulagi Glacier Lake in the Gorkha District of western Nepal was investigated by electrical resistivity tomography
(ERT) to delineate buried glacier ice and permafrost zones within the dam. Data were processed using a 2-D inversion
program and by finite-difference forward modelling. Interpretation of the processed electrical images indicates that the
method can be used for detecting the buried ice and permafrost by virtue of their very high electrical resistivity values
(>20,000 Ohm.m and >5.000 Ohm.m, respectively). The resistivity of permafrost seems to be strongly dependent on the
material particle size: the finer the particle size the lower is the value of electrical resistivity. Water-saturated glacier
sediments have values of electrical resistivity less than 3,000 Ohm.m. The ERT method was useful in mapping of buried
glacier ice and permafrost as well as in differentiating other geological materials constituting the dam.

INTRODUCTION

Geophysical data acquisition and processing techniques
developed during the late 1980s provide the means of
delineating subsurface targets of interest with a high degree
of spatial resolution. Of particular usefulness is the sub-
surface imaging (SSI) or electrical resistivity tomography
(ERT) technique that has found particular application within
environmental, engineering, geohazard, and groundwater
investigations. One specific application is the study of
glaciers, glacier lakes, and natural earth dams.

There is an increasing demand for the methods of
subsurface exploration. Several geophysical methods can be
applied to study glaciers, glacier lakes, and natural dams.
Reliable data acquisition, processing, and interpretation yield
information that is useful for the assessment and monitoring
of glacier environments. In Nepal, as hydropower resource
evaluation and management and geohazard mapping become
increasingly important, the requirements for detailed and
specific subsurface information related to glaciers and glacier
lakes are growing rapidly. Geophysical methods provide the
means to map large areas of ground remotely and to obtain
information on the in situ physical properties of the materials
present.

The Thulagi Glacier Lake is situated in the northwestern
part of the Gorkha District, western Nepal (Fig. 1). It is
located on the upper reaches of the Dona Khola, one of the
left tributaries of the Marsyangdi River. Plate 1 depicts a part
of the glacier lake adjoining the dam. The Thulagi Glacier
Lake is currently retreating at an average rate of about 50 m
per year. The volume of lake is estimated at 30 million m’
of water (DHM and BGR 1997). The fieldwork was carried
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out during November 1996 as part of a larger international
investigation under the Thulagi Glacier Lake Study Project
carried out jointly by the Department of Hydrology and
Meteorology, Ministry of Water Resources, His Majesty’s
Government of Nepal, and Federal Institute for Geosciences
and Natural Resources (BGR), Hanover, Germany.

The area under investigation belongs geologically to the
Higher Himalayan Crystallines comprising mainly gneiss and
schist. The massif of Manaslu comprises a huge granitic
complex (DHM and BGR 1997). The material that overlies
the dead ice is thought to contain neo-glacial and supraglacial
moraine, and glacio-fluvial and glacio-lacustrine deposits.
The natural dam itself is made up of (?glacio-fluvial/
lacustrine) silty to sandy gravel and fine sand and silt.

GEOELECTRICAL METHODS APPLIED IN
GLACIERS AND PERMAFROST ZONES

The history of application of geoelectrical methods to
investigate permafrost zones and glaciers dates back to
1950s. The main problems solved by geoelectrical methods
are detection of frozen and melting ground, and areas of
massive ice accumulation. These methods have been used
successfully for monitoring of permafrost and exploration
of groundwater in such zones (Reynolds 1978; Bondarenko
and Tarkhov 1980).

Electrical resistivity of frozen soils with interstitial ice
has a complicated relationship with temperature, lithology,
structure and texture, saturation, and concentration of ions
in the pore fluid (Bondarenko and Tarkhov 1980). The
favourable condition for the application of electrical
resistivity method is where the frozen material forms a large






