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Abstract:  Characterisation of subsurface soil at Guar Kepah, Kedah Tua (Malaysia) was 
carried out using electrical resistivity tomography for shallow archaeological investigation. 
Apparent resistivity data were acquired using ten profiles and one additional profile at the 
edge of an already excavated portion of the study area for correlation of soil types. Subsurface 
resistivity values obtained in the study area led to four distinct soil types. The first (very-low 
resistivity of < 20 Ωm) was wet clay; the second (low resistivity of 20-100 Ωm) was sandy 
clay; the third (intermediate resistivity of 100-200 Ωm) consisted of shell flakes mixed with 
sandy clay; and sand (high resistivity of > 200 Ωm) was confirmed in the fourth type. A very-
low resistivity (< 20 Ωm) anomaly was identified in the resistivity tomograms of the ten 
profiles, interpreted as wet clay materials associated with archaeological remains. 
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_______________________________________________________________________________________ 
 
INTRODUCTION 
 

Exploration geophysics is primarily concerned with the investigation of earth’s crust and its 
near-surface features for practical and economic objectives [1]. Detection of structures beneath the 
earth’s surface depends upon those properties which distinguish them from the surrounding media. 
For example, the seismic method takes advantage of contrast in the velocity of acoustic waves as 
they propagate through the subsurface to distinguish between rocks and soil of varied materials [2]. 
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In the magnetic method magnetic susceptibility contrast is used to differentiate underground 
materials [3-4]. In the gravity method variations in density are used to identify targets of interest [5-
6]. Ground penetrating radar is also another powerful tool used for very shallow materials, mainly 
when subsurface structures are distinguishable by their conductivity or reflectivity to radar pulses 
[7]. 

In the same manner the electrical resistivity method uses contrast in resistivity distribution to 
distinguish between subsurface materials [8]. The method injects current into the ground via two 
electrodes. Electric potential is then measured using another set of electrodes in the neighbourhood 
of the current flow. Since the magnitude of the current applied is usually known, it is therefore 
possible to calculate the effective underground resistivity. This particularly makes it theoretically 
superior to all other electrical methods, as quantitative results can be obtained through the 
application of a controlled current source of specific dimensions [9]. 

Resistivity method has been applied to many practical problems such as those in engineering 
and environment [10-12], hydrological investigations [13], exploration of mineral deposits [14] and 
the detection of buried metallic objects and cavities [15]. It has equally been proved useful in 
hydrocarbon exploration, forensic studies [1] and regional geological investigations [16]. Resistivity 
method was also used for archaeological investigations [17-19]. The method has progressively 
developed especially in data acquisition and processing [20-22] although other methods have 
previously been utilised for similar objectives [5, 23-26]. Resistivity method gives sharp images of 
an anomaly with sharp contrast, devoid of ambiguity in interpretation and resolves both horizontal 
and vertical changes. 

Recently, a research study traced a human skeleton surfaced at Guar Kepah area [27]. The 
work has further suggested the presence of buried shell mounds, indicative of more skeletons in the 
area, which is expected to be subjected to massive excavation activities in search of human and 
other forms of buried archaeological remains. Therefore, adequate knowledge of the soil types to be 
encountered in the process cannot be overemphasised. The objective of this research is to 
characterise the different subsurface soil types in the study area based on resistivity values. Potential 
buried ancient artefacts mainly in the form of consolidated clay if present may be well resolved by 
this method. 
 
GEOLOGICAL SETTING OF STUDY AREA 
 

Guar Kepah is an integral part of Seberang Perai, located on a stranded beach ridge 
deposited around mid-Holocene sea transgression, which is about 4,000-5,000 years ago [28]. 
Seberang Perai area is underlain by pre-Quaternary granite and sedimentary rocks of Sungai Petani 
and Mahang Formations [29]. The coastal areas are underlain by Simpang, Gula and Beruas 
Formations of Quaternary age [30]. The Simpang Formation is composed of gravel, sand, clay, silt 
and peat by terrestrial fluvial deposit. The Gula Formation is also made of silt, clay, sand, gravel 
and peat. Shell fragments are often deposited within an estuarine and shallow marine environment. 
The Beruas Formation consists of clay, silt, sand, gravel and occasional peat. Figure 1 shows a 
surface geological map of Guar Kepah area. Some of the localised geological features identified in 
the study area during field observation are shown in Figure 2. 
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Figure 1.  Geological map of Guar Kepah showing the study area [17] 

 
PRINCIPLE OF RESISTIVITY METHOD 
 

The principle guiding the resistivity method is Ohm’s Law, which states that electric current 
(I) in a conducting medium is directly proportional to potential difference (V) across the conductor: 
V=IR, where R is the resistance of medium (ohm, Ω). For a uniform material, its resistance is 
directly proportional to its length (L) and inversely proportional to its area of cross-section (A). This 
can be expressed mathematically as R=ρ(L/A), where   is proportionality constant, known as the 
resistivity of the material. 

In the resistivity method artificially generated current is injected into the ground through 
point electrodes (C1 and C2). Electric potential is then measured using a pair of electrodes (P1 and 
P2) near the current flow (Figure 3). It is therefore possible to calculate the apparent resistivity since 
the magnitude of current applied is known. 
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Figure 2.  Localised geological features in study area 

 
 

 
 

Figure 3.  Four-point electrode configuration with current and potential [31] 
 
True resistivity estimated from the inversion of the measured apparent resistivity can be 

related to several other geological parameters or factors such as mineral content, porosity, pore fluid 
type and degree of saturation, leading to the identification of geological features. The resistivity of 
buried materials may vary widely depending on these factors. Metallic ores, for example, can have a 
resistivity value of 10–5 Ωm compared to about 108 Ωm obtained for dry marble. Resistivity values 
of most other common materials fall between these extreme values (Table 1). 
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            Table 1.  Resistivity of some common rocks and soil materials [1] 

Material Resistivity, ρ (Ωm) 

Granite 3 x 102 – 106 

Granite (weathered) 3 x 10 – 5 x 102 
 Schist (calcareous and mica) 20 – 104 

Quartzite 103 – 105 

Basalt 1 – 105  

Graphite 10–4 – 10–2 

Graphitic Schist 10–1 – 50 

Sandstone 1 – 7.4 x 108 

Limestone 10 – 107 

Clay 1 – 102 

Alluvium 1 – 103 

Consolidated shale 20 – 2 x 103 

Sand and gravel 10 – 104 

 

MATERIALS AND METHODS 
 

A ground resistivity survey was conducted using ten profiles (L1-L10) arranged at 1-m 
constant profile spacing to map the study area. The data were also acquired using another separate 
profile at the edge of an already excavated portion of the area to calibrate the resistivity values with 
soil types. Each line consisted of 41 stainless steel electrodes at 0.5 m minimum spacing, connected 
to two smart cables each with 21 take-outs, using jumpers. Pole-dipole electrode array arrangement 
with its high penetration depth at relatively small electrode spacing was used for data acquisition. 
Multi-electrode resistivity metre (ABEM Terrameter SAS4000 system, Guideline Geo AB, 
Sweden) was used for the measurements upon administering a specific amount of current (20 mA). 
The system selects the four active electrodes for each voltage measurement automatically and 
computes the apparent resistivity. Standard constrained least-square inversion was applied to the 
apparent resistivity data using Res2Dinv software package to develop the 2-D (true) resistivity of 
the subsurface. Contours of true resistivity datasets were plotted using Surfer 8 software package to 
build the true subsurface resistivity tomograms. Resistivity values obtained from the calibration line 
were grouped according to the subsurface soil types to serve as a control for interpreting the 
tomograms obtained from the ten profiles (L1-L10). The survey layout with location of the 
calibration line (CL) and the ten profiles (L1-L10) is shown in Figure 4. 
 
RESULTS AND DISCUSSION 
 

Results obtained from the resistivity profiles suggested four resistivity groups; very-low 
resistivity (< 20 Ωm), low resistivity (20-100 Ωm), intermediate resistivity (100-200 Ωm) and high 
resistivity (> 200 Ωm). Figure 5 shows an electrical resistivity tomogram obtained from the 
calibration line (CL), together with the cross section of an excavated portion of the study area. 
Figure 5(a) reveals three distinct subsurface layers, namely sandy clay, sandy clay mixed with shell 
flakes, and sand. These layers correlate with resistivity values obtained at the excavated portion: 50-
100 Ωm for sandy clay, 100-200 Ωm for sandy clay mixed with shell flakes and > 200 Ωm for sand 
(Figure 5(b)). A summary of resistivity groups with soil types is shown in Table 2. 
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Figure 4.  Survey layout (Google Earth) 

 
The very-low resistivity layer (first group) was not identified in the subsurface layers in 

Figure 5. However, the presence of clay in the area (Figure 5(a)) suggested that a very-low 
resistivity group might exist in the form of wet clay. Therefore, the resistivity group of less than 20 
Ωm was assumed to be wet clay as the value did not differ much from that for sandy clay. The 
values obtained also agree with the theoretical values (Table 1). 

Figure 6 shows resistivity tomograms obtained from the ten profiles (L1-L10). It can be 
observed from the figure that an anomaly (indicated by a rectangular box) exists at the right side of 
all ten tomograms at about the same location. The anomaly reflects a material of very low resistivity 
(< 20 Ωm) surrounded by a high-resistivity material (> 200 Ωm), which is interpreted as wet clay 
surrounded by sand. Appearance of the anomaly in all the ten consecutive tomograms suggests the 
presence of an artefact of non-uniform dimension. Another similar anomaly (indicated by a dash 
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box) can be observed at the left side of profiles L3 and L4 and can be interpreted in the same 
fashion since they are of the same resistivity range at about the same depth. 
 

  
Figure 5.  Resistivity tomogram from calibration line (CL) at the edge of an excavated area 

 
Table 2.  Summary of resistivity groups with soil types 

Resistivity group Resistivity range (Ωm) Soil type 
Very low resistivity < 20 Clay 
Low resistivity 20-100 Sandy clay 
Intermediate resistivity 100-200 sandy clay + shell 
High resistivity > 200 Sand 

  

A few other anomalies of very low resistivity (< 20 Ωm) exist in the remaining tomograms 
although they are generally of smaller dimensions and do not show any clear pattern or consistency. 
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Hence they are not regarded as indicating any meaningful objects. They may probably be false 
anomalies arising from the inversion process. The presence of green to yellow colours within the 
boxes, which may ordinarily indicate low to intermediate resistivity groups, does not signify the 
presence of shell in the marked portions. They may be due to the smearing effect of abrupt 
transition from very low resistivity to high resistivity or vice versa. This is typical of most inversion 
processes. 

 

 
 

Figure 6.  Resistivity tomograms along ten profiles L1-L10 
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CONCLUSION 
 

The study has successfully characterised the different soil types of the subsurface soil at 
Guar Kepah, Kedah Tua, an important archaeological site of Malaysia. 
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