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ABSTRACT: We have used the 2D Vertical Electrical Sounding method and Electrical Resistivity Tomography
(ERT) method to map buried artifacts in a simulated settlement, and have shown how the geographical information
system could aid future research. Stones, bones, metals, cement bricks, and cement-and-sand mixtures were locally
constructed to fit into an African-archaeological setting. Parameters such as the materials’ composition, width,
electrical resistivity, height, age, and depth of burial were taken into account before this investigation. The integrated
methods employed collected data over the study area along with a pre-calculated dense network of parallel profiles. A
total of eight (8) VES points and six (6) ERT profiles were obtained. The analysis and interpretation revealed that the
VES yielded poor resolution for small-scale archaeological anomalies and could only be used fractionally for
prospection whilst the ERT results were more suitable for delineation due to the high spatial resolution they provided.
The field values correlated with other literature values. This research suggests that rapid significant prospection
information, of any area under investigation, can easily be obtained from Google Earth time-lapse images and that its
results will serve as a thorough reconnaissance in the search of prehistoric activities.
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 دراسة حالة في جزء من مجمع الطابق السفلي في نيجيريا:التحقيق األركيولوجي الجيوفيزيائي لتسوية المحاكاة
سامينو أوالتونجي و إسحاق أونيميسي الوال
( لرسم خرائط للقطع األثريةERT)  لقد استخدمنا طريقة السبر الكهربائي العمودي ثنائي األبعاد وطريقة التصوير المقطعي بالمقاومة الكهربائية:الملخص
 تم بناء األحجار والعظام والمعادن وطوب. وأظهرنا كيف يمكن لنظام المعلومات الجغرافية أن يساعد األبحاث المستقبلية، المدفونة في مستوطنة محاكاة
 تم أخذ معلمات مثل تكوين المواد وعرضها ومقاومتها الكهربائية وطولها وعمرها.األسمنت ومخاليط األسمنت والرمل محليًا لتناسب البيئة األثرية األفريقية
 جمعت الطرق المتكاملة المستخدمة البيانات عبر منطقة الدراسة على طول شبكة كثيفة محسوبة مسبقًا من المالمح.وعمق الدفن في االعتبار قبل هذا التحقيق
 أسفرت عن دقة منخفضةVES  كشف التحليل والتفسير أنERT. ) ملفات تعريف6(  وستةVES ) نقاط8(  تم الحصول على ما مجموعه ثماني.المتوازية
 أكثر مالءمة لتحديد الحدود بسبب الدقة المكانية العاليةERT للشذوذات األثرية الصغيرة الحجم وال يمكن استخدامها إال بشكل جزئي للتنقيب بينما كانت نتائج
 في أي،  يشير هذا البحث إلى أنه يمكن الحصول بسهولة على معلومات التنقيب المهمة والسريعة. ارتبطت قيم المجال بقيم األدبيات األخرى.التي قدمتها
 وستكون نتائجها بمثابة استطالع شامل في البحث عن أنشطة ما قبل التاريخGoogle Earth  من صور الفاصل الزمني لبرنامج، منطقة قيد التحقيق
. األشعة المقطعية؛ علم اآلثار، الكهربائي العمودي، السبر:الكلمات المفتاحية
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1. Introduction

T

he application of geophysical principles and techniques to locate concealed archaeology can be traced back many
years before Archaeometry was published [1]. The first of such significant surveys took place at the prehistoric
ditches of Dorchester in 1946 using a resistivity meter, and through the decades, several advancements have been made
to provide portable instruments capable of taking simultaneous readings [2, 3].
Many corporate and public bodies have invested time and resources in the development of a well-structured
discipline which, when superimposed with the educational, cultural and historical pillars, will encourage visitors,
researchers, students and the entire public to participate in their historical heritage [4].
Archaeology is undoubtedly the solution and it remains the most precise proof of existence. A wise thought
stated that “Evidence doesn’t lie, history may be accurate, but archaeology is precise” [5]. Also, the great scholars,
James Hutton and Charles Lyell summarized this fact when they said: “the present is the key to the past” [6].
Archaeology is therefore a tool for unveiling present remains which when studied, can tell precise stories of our past
existence.
Archaeology remains crippled and ineffective. It lacks the strength to precisely locate the remains of civilizations
buried meters beneath the earth, lost in the sea, stratified in rocks, dissolved in volcano-genetic earth processes or well
exposed in the desert. It is with respect to this problem that the power of geophysics is acknowledged as man’s greatest
invention to accurately unravel the past, elucidate the present and, to a great extent, predict the future.
Geophysics has been successfully used in many archaeological areas of research, [7, 8, 9, and 10]. Yet, few
geoarchaeogical expeditions have been carried out in Africa and, more locally, Nigeria. One existing work carried out
in Nigeria was in mapping the extent of the area of the remains of a Stone Age settlement of Zilum [11]. Records from
internet open sources only present a few such explorations, none of which has made any remarkable breakthrough [11].
Owing to inadequate funding, inaccessibility to heritage sites, poor documentation, among numerous other
impediments, archaeological geophysics has been little practiced in this part of the world.
(A)

(C)

(D)

(B)

Figure 1. (A) shows the map of Nigeria and its coordinates, (B) shows the map of Kwara State, (C) shows the
map of the study area generated from Google Earth, and (D) shows the base map of the area generated by
Windows Surfer
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This project seeks to establish and define some variables necessary to facilitate future practices for archaeological
research in Nigeria as well as to provide future researchers with a minimum of information on various archaeological
signatures and subsurface indications. Through the earth resistance method, great advances can be achieved which will
help to determine the various signatures from buried artifacts qualitatively, and will quantitatively characterize the
dimensions of various features in a bid to reconstruct a model of what the culture was.
Above all, through a simulated approach, this study will provide insight into the challenges that future
generations of geoarchaeologists will face in answering archaeological questions.
1.1. Local geology of the study area
The study area (Figure 1D) is a highly vegetated field bounded by two major roads in the north-eastern part of the
University of Ilorin’s main campus (Figure 1C). The campus (Figure 1B and 1A) is situated in the southern region of
Ilorin, Kwara State which is primarily composed of Precambrian basement complex rock with very rich loamy soil.
Owing to the leaching of minerals and nutrients from the soil, lateritic soil tends to form the soil types in Ilorin as a
result of the heavy seasonal rainfall combined with the high temperature [12].
The region is bounded by the Sobi hill, which rises to 394 meters above sea level, and the western environs, which
range from 273 to 333 meters. The Asa River has a dendritic drainage system that runs from Ilorin's southern to
northern sections [12].
With the help of geoarchaeological research on time-lapse data, a hypothetical weather map has been postulated
by [13] to guide archaeological geophysicists in their expected outcomes. With the aid of the resistivity contrast
formula, anomaly contrast can easily be monitored. The research area is characterized by two major climatic conditions;
the tropical wet and dry climate and Aw under the Koppen-Geiger classification. The survey was executed in March
which has an average temperature of 26.2 °C (79.1°F) and average precipitation of 1185 mm (see Figure 2).

Figure 2. The Climate of Ilorin throughout the year [14].

2. Methodology
The simulated archaeological materials buried at the site consist of foundation walls, debris, ditches, a well
henge, a metallic chest, and installations depicting a market area whose physical property (resistivity) is shown in
Table 1. Having studied the resistivity of the items and installations, we can predict their detectability by the methods
employed, and their contrast from background geological lithologies [15].
Sixteen (16) VES points and Six (6) ERT profiles were carried out at the study area (Figure 3).
2.1 Google Earth
The use of the Google Earth is supported by many researchers and though it was not directly used in this survey,
it has been closely examined to aid future research. It offers quick and rapid coverage of plausible archaeological sites,
providing data (such as aerial photographs) which when compared with survey data could yield better interpretative
results [21].
The following are some steps taken during the analysis of a Google Earth image, but they are not exhaustive:
land capabilities, geology, visible archaeological features, landforms, altitude, settlement patterns, vegetative cover and
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changes, time-lapse events [22, 23, 24] etc. With the above done, three major methods are employed in determining the
type of archaeological feature present in a Google Earth image as given by [22];
 Checking for anomalous features and changes using historical time-lapse images.
 Cross-referencing images with images from well-known archaeological sites.
 Comparing similarities between images and actual archaeological artefacts. One example is comparing a picture to
a visible stone henge.

ERT_1

ERT_6

ERT_2

ERT_5
ERT_4
ERT_3
Market
Remains

Buried
Well

Stone
Henge

Foundation
Wall

Metal
Chest
Buried
Wood

Grave

Buried
Debris

Figure 3. shows the base map generated for the study, the burial positions, the ERT lines and the VES points (denoted
by the red-triangles).
Table 1. The dimensions and resistivities of each buried object.
S/N

Archaeological
Connotation

1.

King’s market
(A Ditch)

2.

Foundation of
King’s Palace

i.

Debris (A Ditch)

i.

Carpenter’s shop
(A Ditch)
Metal Chest

i.

i.

Grave Site
(A Ditch)

j.

Stone Henge

k.

Tree root

Materials used

Cement
Sand
Water
Cement
Blocks
Refuse
Materials
Old woods
19thcentury
Metal Box
Cow,
Bones
Bricks
Stones
Cement
Plaster
Tree

Parameters
(𝑙 × 𝑏 × ℎ)𝑚
𝑑𝑒𝑝𝑡ℎ(𝑚)
(2 × 2 × 0.04)
0.5

Resistivities (𝛺𝑚)

244.1-677.99 [16]
278 – 285 [17]

(5 × 5 × 0.3)

244.1-677.99 [16]

0.3
(0.5 × 0.4 × 0.1)

244.1-677.99 [16]

(0.5 × 0.3 × 0.02)
0.5
(0.5 × 0.4 × 0.1)
0.4
(1.3 × 0.5 × 0.2)
0.4
(0.3 × 0.3 × 0.2)
0.4
-

4 - 1000 [18]
Depending on the coat,
resistive if resistive and
conductive if conductive
244.1-677.99 [16]

180-1500 [19]
990 – 106 [20]

A Digital Elevation Model (DEM) is a multi-dimensional facility that enables visualization of surface
characteristics, features and elevation arrays at regular intervals [25]. It plays a vital role in studying and analyzing
various landscapes that existed [26], it helps reveal both natural and human-driven processes affecting the land and
shows the social affordance of the area [27] and can be generated using the Google Earth Pro software in conjunction
with the T and X Converter software.
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2.2 Geophysical Methods
2.2.1

Earth Resistance Methods

Earth resistance surveys are based on the idea that subsurface buried artefacts and features alter electrical current
flow injected into the ground through electrodes [13]. Because the integrity of results obtained depends more on the
difference between the anomaly and the surrounding matrix rather than on the Apparent Resistivity of the feature [28,
29], weather, geologic, and soil conditions were incorporated in comprehending the signatures from buried artefacts.
The resistivity of geological materials have one of the broadest ranges of all physical properties (from 1.6×10-8 Ωm for
native sulfur to 1013 Ωm for pure Sulphur) and in addition, resistivity surveys have the advantage of being less affected
by above-ground material [29]; this has greatly facilitated its use. Thus, earth resistance surveys have stood for
decades as the second leading geoarchaeological method [30].
The resistivity contrast formula (equation 1 and equation 2), helps to better understand the above statements
𝐾=

𝜌2 −𝜌1
2𝜌2 +𝜌1

𝛥𝜌 = 𝜌𝑓𝑒𝑎𝑡𝑢𝑟𝑒 − 𝜌𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

(1)
(2)

Also, a hypothetical weather map has been postulated by [13] to guide archaeological geophysicists in their expected
outcomes (Figure 4).

(A) In dry seasons, little moisture is left in
the ditch with none in the surrounding
rock matrix giving it a negative contrast.

(B) Severe dry weather will
evaporate every trace of water
making the ditch undetectable.

(C) As the rainy season returns, the ditch
gains much water owing to its large pore
spaces and so becomes detectable with a
negative contrast.

(D) Further severe rain causes
the ditch to be undetectable.

(E) Evapotranspiration occurs rapidly in
the large pore spaces of the ditch and
therefore leaves a positive contrast
detectable during a survey.

Figure 4. Hypothetical weather sequence.
Sixteen (16) VES data were obtained at various locations on the various burial locations using the Schlumberger
array which possesses a high vertical resolution and moderate signal to noise ratio [31]. The Winresist software, which
is based on the algorithm of [32] and [33], was used for the calculation of true resistivity and estimation of layer depth
from the data.
The Wenner array, which is one of the most popular and simplest electrode configurations [34,35,36] has been
reconfigured to form a 160 electrode ERT of high sensitivity (figure 5), thus enabling depth sections to be generated,
high visualization of “buried features at particular depths” [21] and the ability to map areas possessing complex
geology [37]. Six (6) profiles trending north-east and longitudinal to the burial positions were acquired. The Res2DInv
software package, developed by Loke [20], which uses the inversion routine based on the smoothness-constrained
least-squares method described by equation 13 [16, 19] and shown in Figure 5, was used to process the data.
(𝐽𝑇 𝐽 + 𝜆𝐹)𝛥𝑞𝑘 = 𝐽𝑇 𝑔 − 𝜆𝐹𝑞𝑘

(3)

where
𝐹 = 𝛼𝑥 𝐶𝑥𝑇 𝐶𝑥 + 𝛼𝑧 𝐶𝑧𝑇 𝐶𝑧 , Cx = horizontal roughness filters, Cz = vertical roughness filter, J = Jacobian matrix of
partial derivatives, JT = transpose of J, 𝜆 = damping factor, q = model change vector, g = data misfit vector.
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Figure 5. The data acquisition principle of the Electrical Resistivity Tomography (ERT) using four cultural electrodes
[38].
The instruments for earth resistance measurement used were determined based on their sensitivity, site-specific factors,
user familiarity and speed [39]. The instruments used in this survey are listed below:
1. Herojat Resistivity meter (A Nigerian made highly sensitive equipment)
a) Array: Schlumberger & Wenner (in ERT configuration)
b) Electrode Spacing: 0.5 m – 1 m
c) Software used: Winresist, Res2DInv.
2. Global positioning system (GPS)
3. Clips, paper tapes, water jar
The Schlumberger array was chosen for the prospection of anomalies and the ERT exploration method for careful
delineation and partial characterization. To minimize survey profiles, the direction of known features was taken into
account bounded by a 20 m² area, which is the most practicable value. Also, a compromise of 0.5 – 1 m electrode
separation common for depths up to 1 m [21], was chosen in this study.

3. Results
It has been said that the work of translating geophysical data into a readable and understandable archaeological
coefficient is not in any way easy [15], hence the need for critical consideration and standards of comparison, before,
during and after every research as shown in Table 1 above.
3.1 Google Earth Results
It should be noted that, whilst other geophysical methods employed in this work related to actual field data to
solve the archaeological questions, the results from Google Earth used in this work have only been used hypothetically
to show how it could be used as a tool for archaeological prospection in future surveys. The analysis of the results, in
the context of geo-archaeology, has been summarized in Table 2.
Other features that could easily be spotted from the Google Earth images include but are not limited to:
communal areas, farming areas, old ditches, graveyards, etc.
Table 2. A summary of the Google Earth images.
Features
S/N
1.

Abandoned road
(trending Eastward
figures 6A & 6B)

in

Old Image
Figure 6B (2017)
Partially submerged
(Red Arrow)

New Image
Figure 6A (2021)
Totally submerged
(Red Arrow)

2.

Academic facilities

Not yet Built
(White circle)

Built-Up
(White circle)

3.

New Road
(trending Eastward in the
figures 6A & 6B)

Under Completion

Completed

4.

Vegetative cover

Not Visible

Heavily Present with
Tall Tress
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Inferences
The road network that existed in
the vicinity before it was
abandoned for a new road can still
be noticed
Changes in structural buildup over
the years could be used to trace
submerged features or demolished
archaeological structures.
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Figure 6A. The Google Earth image showing a
submerged road and a built-up facility.

Figure 6B. Google Earth image of the
submerged road and a built-up facility from 2016.

The advantages of Google Earth cannot be overstated. The availability of high-resolution images, which can be
accessed at any time and from any location through the internet, is a very useful function of Google Earth. Google
Earth avoids the high costs of commercial satellite imagery or aerial photography by providing free access to data
through portable Internet devices. By increasing the speed of surveying, Google Earth saves time. The time-lapse is the
most useful feature of Google Earth in the historical imagery slider as used in this research, and is the best and most
useful innovation in Google Earth.
3.1.1

Digital Elevation Model

The DEM was derived from Google Earth Software as a plausible prospection tool and utilized to facilitate this
project. The DEM derived for the area, shown in Figure 7 (the study area marked by a white circle), shows the
elevation distribution of the area, the topography, and the gradient of the land. These variables obtained could indicate
a reconstruction of the area due to possible submergence of structures and rise in topography due to secondary
deposition, which could aid prospection, and survey planning.

Figure 7. Digital Elevation Model obtained from Windows Surfer 16.
3.2 Vertical Electrical Mapping
The final values obtained after thorough manual curve matching assisted by the WINRESIST software (Figures
8A and 8B) as shown in Table 2 were visually interpreted using Windows Surfer 16 to create a colour scale resistivity
contour map of the first layer only (Figure 8) since most anomalies were buried at shallow depths.
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(B) VES 9

(A) VES 12

Figure 8A and 8B. Sample VES field curves, plotted using the WINRESIST Software after thorough curve matching.
Table 3. The resistivity of the buried objects layer.
VES. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Thickness
Layer (ℎ)
1
0.9
0.7
0.8
0.8
1.1
1.2
0.8
1.0
1.8
0.8
0.9

of

Resistivity
Layer (𝛺𝑚)
1230.8
1680.5
1320.3
1059.7
1016.1
842.5
868.3
804.8
577.3
1165.9
1853.8
1102.1

of

Latitude (Dec.)

Longitude (Dec.)

Status

8.499497
8.499526
8.499579
8.499629
8.499600
8.499552
8.499565
8.499486
8.499575
8.499529
8.499524
8.499440

4.671885
4.671862
4.671896
4.671913
4.671873
4.672033
4.672061
4.671999
4.671966
4.671953
4.671905
4.671977

King’s market
Foundation
Foundation
Debris
Wood shop
Metal Chest
Grave Site
Foundation
Stone Henge

Contour plots were used as an approximate method of viewing the VES data obtained within the first layer (i.e. from 0
m – 1.5 m) using a sequence of contour lines to show the points where the magnitudes of the geophysical quantity
being measured coincide with a priori information, thereby signifying some anomalous presence [21].
The iso-resistivity map was derived from 16 VES data points to show the variations in resistivity across the
lithology. All points of burial are superimposed on the resistivity map shown in Figure 9 below. The results would
have demonstrated the limitations of this technology more strikingly if the VES data points had been denser.
The map shows a strong distribution of highly resistive overburden, typical of the topsoil in the soil horizon (sandyloamy soils to clay soils); this is due to its low water retention capacity and its unconsolidated nature, highly resistive
in the south-western part of the area, slightly resistive at the north-eastern past and moderately resistive in the middle.
There is a qualitative change in the contour values as the burial positions are approached; very noticeable is
Position WH (Well Stone Henge), where resistivity sharply rises from the eastern part and then, just as it reaches the
feature, decreases by a few tens of resistivity (1550 Ωm to between 1100 Ωm and 1050 Ωm); further ERT survey
results, confirmed this to coincide with the position of the well henge. Points GS (Grave Site) and DB (Debris) have
similar explanations; the anomalies are not strongly visible, but a gradual fade-in value could suggest their presence.
The three other displayed burial positions largely represent their anomalies with closing resistivity contour values, and
can easily be distinguished. Point MC (Metal chest) at the Northern location, KG (King’s Market) and FK (King’s
Foundation) all show closing contours of 550 Ωm, 1050 Ωm and 1550 Ωm respectively. From further ERT results,
these positions were confirmed to host buried materials.
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A

B

Figure 9A and 9B. Resistivity map of the area under investigation and each VES point (B) The resistivity map of the
area showing the burial locations: WH (Well Stone Henge), GS (Grave Site), DB (Debris), MC (Metal chest), KG
(King’s Market) and FK (King’s Foundation).
The 3D resistivity model shows the resistivity variations with depth in Figure 10 below. The Location marked A
at Latitude 8.4994400 and Longitude 4.6719770 shows the buried well stone henge; C is situated on the King’s Market
(Latitude 8.4994970, Longitude 4.671885); The location marked B (Latitude 8.4995290, Longitude 4.6719530), shows
the gravesite; E (Latitude 8.9719660, Longitude 4.6719660), the buried metal chest and D (Latitude 8.4995790,
Longitude 4.6718960) is situated within the foundation wall area.

E

B

A

D

C

Figure 10. A 3D Resistivity Model of the study area showing resistivity distribution and burial points.
3.3 Electrical Resistivity Tomography (ERT).
The processed results show the presence of anomalous bodies. The weather simulations given by [13] have also
guided our interpretations, by providing explanations for the poor contrast zones, which would have yielded low
detectability in the models. The control resistivity data set acquired on a clean line (Figure 11A) was taken at regular
stations (0.5 m apart) and an electrode spacing of 0.5 m with an expansion factor (n) of 5. A background study shows
that the area has been engaged in a secondary deposition during the road construction nearby, giving the top layer its
high resistivity values of between 900 Ωm – 1300 Ωm.
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Traverse 1

Figure 11 A. The data acquisition line for the first profile (traverse 1) at the archaeological site.
Subsequent inversion models obtained from each traverse were compared to the test data (figure 11B) and slight
contrast from the background values were interpreted as anomalies, either positive (buried artifacts) or negative
(caused by noise). The topmost layer has a varying resistivity range of 526 Ωm - 1000 Ωm which is consistent with
data for sandy-loamy soil [17]. The slightly low resistive extremes in the data profile (<500 Ωm) is due to the scant
precipitation during the survey period.
Traverse 1

Top soil
Silt
Fine Sand
Sandy Clay
Clay

Figure 11B. The 2D apparent resistivity pseudo-section of the control data.
On further comparison between the values for the ditches and those recorded in the literature, we can deduce that
the 2nd layer coloured red, with a resistivity range of 526 Ωm - 958 Ωm is a Siliciclastic layer or silt. The layer marked
yellow, with a resistivity range of 160 Ωm - 260 Ωm denotes the presence of fine sand [17], beneath (the green layer)
is a sandy-clayey soil with a resistivity range of 159 Ωm - 189 Ωm, and lastly in light green (between 87.1 Ωm - 149
Ωm), clay. With this established, it is possible to deduce, through comparison, occurrences of anomalous zones.
On traverse 2 (Figure 12A), the observed anomaly on the inversion model is immediately spotted on the measured
apparent resistivity pseudo-section, with a low-resistive square-shaped depression showing different values from the
background located between 16 m – 17 m on the profile (Figure 12B). In contrast to the highly resistive 511 Ωm - 805
Ωm background value of that layer, the depression has a resistivity value ranging from 130 Ωm - 324 Ωm and is
consistent with the buried well stone henge. The position and resistivity correspond with field data and literature
findings respectively. The Stone henge was buried at the exact location and with the same width as the anomaly.
Traverse 3 (Figure 13A) contained a metal chest buried at a depth of 0.4 m. The profile was taken along the
burial location of the metal chest which represents storage for iartifacts and relics. The background resistivity value
proves this fact with a visible contrast from this value in this location. In Figure 13 B, the black marker shows the
buried metal chest buried at 0.4 m depth., with a width of 0.3 m and a length of 0.6 m; the anomalous signatures can
be seen on the depth pseudo-section (Figure 13B). The resistivity value from the model corresponds precisely with
some internet sources [18] and lies between 500 Ωm to 700 Ωm.
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0.5 m wide
0.65 m deep

Figure 12A. The submerged stone henge of a well.

Traverse_2

Stone

Figure 12B. The 2D model derived from the apparent resistivity response from the buried stone henge.

Traverse 3

Buried metal chest

Figure 13A. The burial spot and depth of the metal
chest.

Figure 13B. 2D Pseudosection showing the burial spot
and depth of the metal chest.

Traverse 4 (Figure 14A) contains a buried ditch. The anomaly displayed between 7 m to 11 m on the measured
apparent pseudo-section as shown in Figure 14B corresponds with an unconsolidated soil that must have filled the
ditch, and thus archaeologically signifies an area where the living prints of the inhabitants, through submergence, have
been buried. The resistivity range of this anomalous zone varies from 1000 Ωm to 1200 Ωm. This highly resistive zone
must have been a result of poorly consolidated soil, filling a previous ditch. An explanation for this phenomenon is
examined by [13], which results from the rapid evaporation of water from the ditch due to the looseness of the soil fill,
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causing it to be more resistive in contrast with the lithology. The profile was taken longitudinally with the ditch which
explains the length of the anomaly (about 4 m). The anomaly measures about 4 m in length in contrast to the 2 m actual
length of the ditch and a depth very close to the subsurface. This abnormal lengthening is due to the electrode
separation effect; the greater the electrode spacing, the greater the size of the anomaly displayed.

Traverse 4

Figure 14A. Photo of a dug ditch with a hardened base, made using cement aggregates.

Traverse 4

Buried Ditch

Figure 14B. The 2D model derived from the apparent resistivity response on Traverse 4, showing the Buried Ditch.
Traverse 5 represents a grave (Figure 15A). The grave in the traverse is easily seen as a highly resistive anomaly
in the range of 900 Ωm – 1000 Ωm at the black marker (Figure 15B). This value is consistent with shallow graves that
have undergone a high level of lithification and compaction, so that the wooden components have collapsed and
decayed and the section absorbs water very slowly, giving it a high resistivity value. The dimensions and shape can be
approximated to a limited extent, the bulk of which remains indeterminate from the 2D section presented here, due to
the low resolving power of the methods to very shallow buried artifacts. The anomaly at point 18 m, the blue marker, is
the root of a tree that was noted during the survey.
Traverse 6 (Figure 16A and B) contains the supposed remains of the king’s palace and market. The expected
anomaly is not visible on this traverse, although the layer resistivity contrast is high, yet no reasonable anomaly is
evident on the pseudo-depth section at the anomalous points (Figure 16C). The positions of the foundation and the
market are denoted at arrow points 7.5 m and 12 m and shown by the broken arrow. The reason for this near failure is
almost certainly due to the very shallow depth of the foundation walls (<0.5 m) leaving the electrode separation
insufficient to map the feature, even with the high resolution of the Wenner Array.
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The king’s market remains are not evident on the measured pseudo-section (Figure 16C). The ditch representing
the remains is characterized by its looseness, fast evaporation, and transpiration, and has no conductive moisture,
giving it a resistivity that closely matches the resistivity of the surrounding matrix.
Traverse 5

Traverse 5
1m

Figure 15B. The 2D model derived from the apparent
resistivity response, showing the buried bones and a
tree root.

Figure 15A. The burial location of cow bones,
depicting a collapsed grave.
Traverse 6

Figure 16A. The buried cement blocks, depicting
remains of a king’s palace foundation.

Figure 16B. A ditch depicting the remains of the
king’s market.

Traverse 6

1.5 m

King’s
Mark

Figure 16C. The 2D model derived from the resistivity response, showing the king’s market remains.
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4. General Discussion
The success of any geophysical survey depends on the degree of coherency and correlation of methods used.
Thus, there is a need for critical assessments based on comparison from the Google Earth results, the vertical electrical
sounding results, and the electrical resistivity data to guide this procedure.
Table 5. Summary of results obtained from all the three methods.
S/N

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Buried Artefacts
✔ Visible
● Not Visible
o Based on Inferences
King’s market (A Ditch)
Foundation of King’s Palace
Debris (A Ditch)
Carpenter’s shop (A Ditch)
Metal Chest
Grave Site (A Ditch)
Well stone Hedge
Palace’s Square (A Ditch)
Total Tests (T)
Total successes (Ts)
Total Failures (Tf)
Perecentage successes (Ts/T *100%)

Google Images

Vertical Electrical
Sounding [VES]

Electrical
Resistivity
Tomography [ERT]

o
o
o

✔
✔
✔

●
✔
●

o
o
o
o
o

●
✔
✔
✔
●
8
6
2
75%

●
✔
✔
✔
✔
8
5
2
62.5%

Table 6. The contrast factors of each electrode array, based on weather factors.
S/N

Next Layer

Array

1.

Lateritic Soil

Wenner/ Schlumberger

2.

Clay

Wenner/ Schlumberger

3.

Lateritic Soil

Wenner/ Schlumberger

4.

Lateritic Soil

Wenner

5.

Lateritic Soil

Wenner

6.

Lateritic Soil

Wenner/ Schlumberger

7.

Lateritic Soil

Wenner/ Schlumberger

8.

Lateritic Soil

Wenner/ Schlumberger

9.

Lateritic Soil

Wenner

Features
Test Data
King’s market
(A Ditch)
Foundation of King’s Palace
Debris
(A Ditch)
Carpenter’s shop
(A Ditch)
Metal Chest

Anomaly
Type
Low
High

Contrast Factor
[𝐾]
17.7%
29.4%
18%
-17%
-23.0%
-4.5%

Low

18.0%

Low

16.0%

High

16.0%
28%

Grave Site
(A Ditch)
Well stone Hedge

High

Palace’s Square
(A Ditch)

Low

-23.0%
23%
16.0%
29%
19.0%

High

There have been attempts in the field of archaeological geophysics to define a successful geophysical survey. The
definition of Gaffney and Gater has earned global acceptability and defines geophysical survey success as “A survey
that can identify the presence of an ancient site” [40]. This definition has been employed in assessing the methods used
in this research and has been summarized in Table 5.
Based on the previous results obtained, a critical study can be done to ascertain the individual capabilities of each
method from the contrast factors. The contrast factor is obtained by comparing two distinct lithological units of known
resistivity using the contrast formula provided by [31] is shown in Table 6.
The contrast factors are solid proofs of the presence of buried objects in the location’s vicinity. Table 6 reveals
areas of positive contrast which is a deviation from the general negative contrast trend from the results. Due to the
decreasing resistivity with the depth of the subsurface layers as compared with vertical electrical sounding results, the
resistivity contrast calculated should be negative from one geo-electric layer to another.
A positive contrast suggests a more resistive layer and it can be inferred that the negative contrast in the table
signifies probable anomalies.
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5. Conclusion and Recommendation
This work attempted to prove the usefulness of the Google Earth technology and also to exploit the capabilities of
the Vertical Electrical Sounding Technique and the Electrical Resistivity Tomography Method to prove their usability
and applicability in solving archaeological problems. The results from the VES displayed through contour plots proved
very effective in revealing the distribution and signatures of the various buried objects. Of the sixteen VES points,
eight (8) points were of great interest and were distinctly prospected, creating a premise for the ERT interpretation.
Through qualitative comparisons of knowledge and experience obtained from other authors and field data pseudo
sections, it was possible to mark the specific location and characterize each anomaly on the ERT pseudo-sections; one
of which was the well stone henge in Figure 12B.
Though the project models failed to resolve some anomalies such as the market remains, buried debris, and the
buried foundations, partially due to the shallowness of the objects and the wide electrode spacing (0.5 m - 1 m), we
advocate that future surveys should employ the multi-electrode systems with dense electrode arrangements, as this will
aid better visibility of features.
Suggestions have also been made regarding the use of the Geographic Information System through the eye of
Google Earth, to serve as a reconnaissance tool for predicting, locating, and studying the plausible occurrences of
heritage sites in future research.
Critical and in-depth analysis of the various parameters needed to precisely locate burial sites should be carried
out with care and thorough consultation before any survey; this will help to avoid any wastage of time and money.
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