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ABSTRACT: Good stratigraphy mapping of a site is essential in archaeological 
explorations but Guar Kepah, Penang, Malaysia had no detailed subsurface mapping 
done previously up till now. As many archaeological remnants in the vicinity have an 
affiliation with shell middens, better understanding on Guar Kepah’s strata will increase 
the efficiency of uncovering the shell middens while also saving a huge amount of energy 
in excavating. This research aims to distinguish Guar Kepah’s buried shell midden from 
the surrounding strata using electrical resistivity method. The study area is composed of 
three shallow strata of unconsolidated soil with low resistivity values. The sandy-clay layer 
has the lowest resistivity (< 40 Ωm), followed by densely packed shell layer (40–70 Ωm) 
and sandy layer (> 70 Ωm). The presence of shells indicates that the uppermost strata is of 
marine origin, which automatically makes Gula Formation the youngest formation in Guar 
Kepah due to the absence of terrestrial deposits (Beruas Formation) on top of the layer. 
The shell layer from the resistivity profiles suggests that the layer has relatively uniform 
thickness throughout the site. The layer also becomes undulating and shallow towards 
the south (dipping), making the top sandy-clay soil become thinner or absent in the south. 
The dipping feature of the shell layer acts as an indicator that Guar Kepah used to be a 
beach ridge during sea transgression, and further proves that the area was once a marine 
environment. However, the shell layer at the southern zone poses an anomaly where it 
suddenly dips toward the centre. As a result, two zones were marked as potential shell 
middens at the south-western zone (only exhibits one side of the midden that is dipping 
towards centre) and south-eastern zone (shell midden elongated to the east). Subsequent 
excavation based on this study had successfully exposed the south-eastern midden and 
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proved that resistivity method could be used not only in stratigraphy identification, but also 
in characterising shell layer and detecting shell midden.
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1.	 INTRODUCTION

Hanson reported that archaeology has long been adopting the laws of stratigraphy to 
define, interpret and understand the history of a site.1 Meanwhile, Harris expressed 
that stratigraphy is concerned about the relationship between fossils and strata or 
the specific aspect of the interface between strata.2 Previous studies at Guar Kepah 
since 1851 by British archaeologists had exposed many prehistoric remnants and 
human remains during excavation on shell middens. However, little study has been 
done on Guar Kepah stratigraphy, especially on its geophysical properties.

This study aims to characterise the shell layer in Guar Kepah using 2-D resistivity 
method in order to understand its prehistoric environments and to increase 
efficiency in the subsequent excavation works as a good understanding of the strata 
is at hand. Shell layer is highly associated with shell midden due to prehistoric 
civilisation’s burial ritual, where the deceased were buried under a dome-shaped 
shell mound. The results can be used in guiding subsequent excavation works in 
the area and will also be used by engineers in the construction of a gallery. The 
results from this study can also be a guideline for future excavations of other sites 
with similar environment.

2.	 EXPERIMENTAL

2.1	 Study Area

The study area is located at Kampung Guar Kepah in Seberang Perai, Penang, 
Malaysia as shown in Figure 1. Surrounded by paddy fields, the site is about 50 m 
from the main road and 8 km from the present coast line, while the current Muda 
River is only 0.5 km at its north from the site. A house used to overlie the site 
before being demolished for archaeological activities. Previous archaeological 
study done here had discovered ceramic artefacts, “sumatralite” unifacial and 
bifacial pebble tools which indicate that the site belongs in Early Neolithic period.3 
The shell samples from their research also suggest that Guar Kepah was inhabited 
about 5000–6000 years ago.
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Figure 1:	 Location of the study area, outcrops and the survey lines starting from Line 1 
(L1) until Line 15 (L15).

2.2	 Geology

According to Tjia, Guar Kepah was situated on Muda River banks and high up 
on stranded beach ridges which was deposited around mid-Holocene during a 
sea transgression 4000–5000 years ago.4 Close proximity to both sea and river 
made the area strategic for food collection. The coastal areas of Seberang Perai 
are underlain by Simpang Formation, Gula Formation and Beruas Formation of 
Quaternary period as shown in Table 1. The Simpang Formation is the oldest 
Quaternary formation, followed by the Gula and Beruas Formations according to 
Hassan.5

Table 1:	 Quaternary stratigraphy of Seberang Perai, where Beruas Formation is overlain 
on top of Gula and Simpang Formations respectively modified from Hassan.5

Q
ua

te
rn

ar
y

Epoch Formation Lithology

Holocene Beruas
(Young Alluvium)

Clay, silt, sand, gravel, locally, minor peat 
intercalations deposited in terrestrial environment

Gula Clay, silt, sand and minor amount of gravel and 
shells deposited in mangrove and/or marine 
environment

Pleistocene Simpang
(Old Alluvium)

Clay, silt, sand, gravel and locally minor amount of 
peat deposited in terrestrial environment
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2.3	 Methodology

Geophysical method employed for this study was 2-D electrical resistivity method 
as it could differentiate the presence of archaeological features with the surrounding 
soil. The survey was done using a multi-electrode resistivity meter system (ABEM 
SAS4000) which were laid out in a straight line with a constant spacing of 0.5 m 
between electrodes for high resolution. Wenner-Schlumberger electrode array was 
chosen due to its high sensitivity to both lateral and vertical changes. A computer-
controlled system was then used to automatically select the active electrodes for 
each measurement as described by Griffiths and Barker.6 Fifteen parallel lines of 
20 m length each were carried out with a separation distance of 1 m between 
each survey line as shown in Figure 1. This specification was chosen in order to 
cover the survey area precisely. Analysis of the obtained data was done using a 
microcomputer with reference to Table 2 which shows resistivity values of common 
soil obtained from Keller and Frischknecht.7 Data from RES2DINV inversion was 
extracted to plot a shell layer map in Surfer software which gave flexibility in data 
processing and presentation. The data was later confirmed by cross-referencing 
with exposed stratigraphy at the site due to construction works of the gallery.

Table 1:  Resistivity values of common soil modified from Keller and Frischknecht.7

Soil Resistivity (Ωm)

Alluvium 10–800
Clay 1–100
Sand 60–1,000
Groundwater 10–100

3.	 RESULTS AND DISCUSSION

Figure 2 shows resistivity profiles of Lines 1–3. Profiles of Lines 4–15 are shown 
in Appendix. The subsurface profiles distinctly show bedding planes characteristic 
which is a common sedimentary feature. The low resistivity values of < 2000 Ωm 
suggest that the area is made up of unconsolidated soil. The shallow subsurface 
was further categorised into three strata, where the shell layer is sandwiched 
between sandy-clay soil on top and sandy soil underneath. The uppermost layer is 
moist sandy-clay with resistivity values of < 40 Ωm, followed by moist shell layer 
of 40–70 Ωm, and dry sandy layer of > 70 Ωm. The shell layer is densely packed 
with shells in sandy-clay soil as shown in Figure 3.
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Figure 2:  Resistivity profiles of Lines 1–3.

Figure 3:  Compacted shell layer in sandy-clay soil overlying sandy layer.
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Figure 4:	 Correlation of resistivity profile Line 1 with in-line exposed stratigraphy 
(outcrop A).

Figure 5:	 Correlation of resistivity profile of Line 2 with excavated in-line stratigraphy 
(outcrops B and C).

The results were later correlated with exposed stratigraphy (outcrops) due to the 
gallery construction and showed that the range of resistivity values of each layer are 
consistent with the stratigraphy. Figure 4 shows correlation of outcrop A which is 
lying on Line 1 at distance 2.3–9.7 m while Figure 5 are outcrops B and C lying on 
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Line 2. Figure 6 shows the correlation of outcrop D with resistivity profile cutting 
across Lines 3–10, at distance 0 m. The resistivity profiles suggest that most of the 
southern parts of the shell layer are exposed on the surface while the upper sandy-
clay soil is thin or absent as the shell layer is shallowing southwards, and this 
was validated with the exposed stratigraphy. The profiles also detected a sudden 
downward dipping of layers at the southern part of the study area going towards 
the centre, an anomaly compared to the rest of the area as shown in Figure 6.

Figure 6:	 Correlation of resistivity profile cutting across of Lines 3–10 with excavated 
in-line stratigraphy (outcrop D).

In terms of the shell layer thickness, Figures 7(a and b) show the upper and lower 
boundaries of the shell layer profiles. The thickness can be seen in Figure 7(c), 
where it ranges from 0.20–0.30 m, but thickens up to 0.72 m at the eastern zone. 
The layer is also undulating and has different depths, with the deepest depth found 
to be 1.3 m from the ground surface to the upper boundary of the shell layer. The 
shell layer profile also shows the depth to the shell layer at the southern part is 
abnormally shallower than the rest of the site. These anomalies of the layers at the 
southern zone mimic a mound, hence the zone was marked as a potential zone for 
shell middens. The south-western potential midden could be the side of a mound 
that is dipping downwards whereas the south-eastern potential midden is elongated 
eastward.
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Figure 7:	 Topography of shell layer where (a) is the individual upper boundary, (b) is the 
individual lower boundary, and (c) is the combined boundaries of upper and 
lower shell layer.

During excavation, one of the potential shell midden was exposed and thus proved 
its existence at the south-eastern part of the site as shown in Figure 8. The shell 
midden was distinguished from the natural shells stratum based on the change of 
the shell layer morphology seen from resistivity results, where the shell midden 
is dome-shaped whereas the naturally deposited shell layer is planar. The location 
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of the midden complements the predicted shell midden, and further justifies that 
resistivity method can be used to characterise shell layer and distinguish the shell 
midden from the surrounding strata. Even though the shell midden’s resistivity 
values are similar to the shell layer, the contrast between the shell layer and its 
surrounding helped in the initial steps of identifying the middens and was further 
resolved by the sudden changes in the subsurface topography of the shell layer.

Figure 8:  Excavated shell midden at south-eastern part of site.

In terms of geology, the presence of shells indicates that the soil originated from 
marine environment and is part of Gula Formation. The dipping of the strata also 
suggests that the area was located on a stranded beach ridge as Tjia had suggested, 
further proving that Guar Kepah had once experienced marine environment during 
sea transgression. The absence of terrestrial deposits implies that Beruas Formation 
is absent in Guar Kepah and that makes Gula Formation the youngest formation 
in this area.

4.	 CONCLUSION

The stratigraphy of the study area is composed of three layers of unconsolidated 
soil with low resistivity values. The uppermost layer is sandy-clay, followed by 
densely compacted shell layer and sandy layer. The presence of shells indicates 
that the uppermost strata in the area are made of Gula Formation, a marine origin 
environment. The absence of terrestrial deposits (Beruas Formation) on top of Gula 
Formation shows that Gula Formation is the youngest formation in the vicinity. 
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The resistivity values of the strata increase from top to bottom, with sandy-clay 
layer having the lowest resistivity (< 40 Ωm), followed by shell layer (40–70 Ωm) 
and sandy layer with the highest resistivity (> 70 Ωm). The resistivity and shell 
layer profiles indicate that the shell layer has a thickness of 0.20–0.30 m which is 
undulating (0–1.3 m to the shell layer from surface) and has a trend of shallowing 
to the south, making the top sandy-clay layer thin or absent in the south. Dipping 
of the shell layer indicates that Guar Kepah used to be a beach ridge during sea 
transgression and had once experienced marine environment. However, a sudden 
downward dipping of the shell layer at the southern zone poses as an anomaly. Due 
to the anomalies of the shell layer that are shallowing and suddenly dipping at the 
south, two zones were marked as potential shell middens at the south-western and 
south-eastern zones. 

Following the investigation, an excavation had exposed the south-eastern midden 
and proved that resistivity method is a powerful tool in subsurface mapping and 
can be used in archaeological exploration. As the shell midden resistivity values 
are similar to the shell layer, it is crucial to differentiate the shell layer from the 
surrounding soil. This can be resolved by looking at the subsurface topography 
change of the shell layer in identifying the middens. At the end of this study, the 
shallow stratigraphy of Guar Kepah was successfully characterised in terms of its 
formations, geophysical and geological properties with addition to the discovery 
of the prehistoric geomorphology of the area (coastal). With these detailed 
descriptions, prediction of shell midden location was highly facilitated.
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APPENDIX

Resistivity profiles of Lines 4–16 showing values for each layer.


