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THE USE OF THE RESISTIVITY METHOD FOR
GROUNDWATER INVESTIGATIONS IN A SEMIARID
REGION (A CASE HISTORY)
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ABSTRACT

The hvdrogeophysical investigations play a very important role in the assessment of
groundwater in Wadi Ranyah since there is a considerable lack of hvdrogeological and
hvdrological information. Significant and detectable contrasts in resistivity values of the
lithological units have enabled the application of the electrical resistivity method. The
swvey consisted of 10 vertical electrical soundings (VES) and 10 horizontal electrical
profiling (HEP), using Schlumberger and Wenner arrangements, respectively. The
analysis of VES curves and HEP contour map in conjunction with the results of
groundwater parameters indicates that the groundwater aquifers occupy the saturated
part of the alluwvium and the weathered part of the basement rock. The groundwater
potentiality occurs mainly in the downstream of Wadi Ranyah because of its low clay
content and highly fractured rocks underlving the Wadi alluvium. The VES in the order
of preference for the sequence of drilling which demonstrate relatively better
groundwater potential are VES 7, 8, 9, 3 and 6 respectively.

INTRODUCTION

The area of investigation ( Wadi Ranyah) lies in the central part of the Arabian
Shield between latitudes 21.22°-21..25° N. and longitudes 42.92° - 42.97"E. (Fig. 1)
and cuts across the Precambrian basement complex. It can be considered as a semiarid
terrain in which the groundwater plays an important role in cultivation activities and for
the inhabitants.

Information on the Precambrian rocks was obtained from the 1: 100,000-scale maps
(Ramsay 1982 ). Much of the information on the Cenozoic volcanic rocks was obtained
from Green (1985) ; Al-Muallem and Smith (1987 ).

Previous geological and hydrological surveying (SADM 1991; Majil 1994; Al-Amri
1994 ) strongly recommend a detailed subsurface structural mapping to evaluate the
potential existence of an abstractable water resource available from the fractures.

In order to fully understand the subsurface hydrogeologic conditions, the main
objective of the proposed study is to investigate the subsurface structural features
obtained from the resistivity data (VES & HEP) and delineate any potential water-
bearing fractures in the bedrock. Thus locating the most suitable sites for constructing
new wells in the Wadi area.

This paper presents an example of the application of a Zohdy (1989) n-layers model
and layering model (Parasnis 1979 ) to produce the corresponding subsurface resistivity
sections. In addition, the contour section was employed to reveal more information
about the subsurface lateral variations. The subsequent borehole drilling confirmed most



Al-Amri, A. M.S.

.

it
..-.-}:“H}’

o

"
LN

‘-

o

Fig. 1: Location Of The Study Area
of the previous conclusions.

GEOLOGY & HYDROLOGY

Ranyah is located within the area of Precambrian basement shield of the Arabian
Peninsula, a complex lithological and structural massif which has remained relatively
stable since the onset of Paleozoic sedimentation. Two distinct orogenic episodes are
recognized, the Hijaz (600-1000 Ma) and the most recent Najd Orogeny (520-540 Ma).

The area has been subjected to a number of metamorphic and intrusive episodes. It
contains Precambrian metasedimentary and metavolcanic rocks intruded by a wide
range of ultramafic to felsic plutonic rocks. In fact, andesitic metavolcanics and granite
- granodiorite rock units dominate the study area. These are all underlain by the
Precambrian basement unit everywhere in the area (Fig. 2).

The upstream of Wadi Ranyah extends from the Hijaz plateau in the Arabian Shield.
The moist air masses originating from continuous evaporation from the Red Sea give
rise to intensive orographical rainfalls leading to surface runoff over the plateau. This
runoff is carried toward the study area by channels of surface depressions. The channel
of Wadi Ranyah is about 200 m wide where the Wadi cuts through the hard granitic
bedrock. This constriction zone has caused the Wadi to erode a deep, relatively narrow
channel and infill it with coarse alluvial sands, gravels cobbles and boulders.

Important sources of water in Wadi Ranyah are to be found in two aquifer systems
(SADM 1991). The shallow aquifer system comprises coarse alluvial deposits. The
second aquifer system is that associated with fractures in the underlying diorite and
granodiorite. The water sources for the shallower and deeper aquifers are the limited
rainfall accumulations over recent years.
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GEOPHYSICAL SURVEY & DATA PROCESSING

In order to delineate the geometry of the aquifer and to determine the subsurface
geological and hydrological conditions, the resistivity method was carried out applying
two different electrode spacing arrangements, namely Schlumberger and Wenner to
create vertical electrical soundings (VES) and horizontal electrical profiling (HEP)
respectively.

The object of VES is to deduce the variation of resistivity with depth and correlate it
with the geological information in order to infer the depths and resistivities of the
layers present. The Wenner Arrangement was used in HEP to detect lateral variations in
the resistivity and to mark the structures with near - vertical boundaries, such as faults,
dikes and fractures.

The ground geophysical field work carried out in the Wadi alluvium plain, consisted
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Fig. 2: Modified Geological Map Showing Major Lithologic Units Of Ranyah Area
Muallem And Smith, 1987).
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