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ABSTRACT: We have used the 2Wertical Electrical Sounding method and Electrical Resistivity Tomography
(ERT) method to map buriedrtifactsin a simulated settlement, and have shown howgdagraphicainformation
system could aid future research. Stones, bones, metals, cement dmitkememntandsandmixtures were locally
constructed to fit into an Africaar chaeol ogi cal setting. Parameters su
electrical resistity, height, ageand depth of burial were taken into account before this investigation. The integrated
methods employed collected data over the study area wiitim@ precalculated dense network of parallel profiles. A
total of eight (8) VES points ansix (6) ERT profiles were obtainedlhe analysis and interpretation revealed that the
VES vyielded poor resolution fosmaltscale archaeological anomalies and could only be used fractionally for
prospection whilst the ERT results were more suitable dtinelation due to the high spatial resolution they provided.
The field values correlated with other literature values. Tegearchsuggests that rapid significant prospection
information,of any area under investigation, can easily be obtained from &d&agth timdapse images anithatits
results will serve as a thorough reconnaissance in the search of prehistoric activities.
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1. Introduction

he application of geophysical principles and techniques to locate concealed archaeology can be traced back many

years before Archaeometiyas 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 taldimgultaneous readings [2, 3].

Many corporate and public bodies have invested time and resources in the development oftauatelted
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 exisfemdse thought
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Archaeology is therefore a tool for unveiling present remains which when stediedell precise stories of our past

existence.

Archaeology remains crippled and ineffective. It lacks the strength to precisely locate the remains of cisilization
buriedmetersbeneath the earth, lost in the sea, stratified in rocks, dissolved in vajeaptic earth processes or well

exposed in the desert. It is withspect tahis problem that the power géophysics s

acknowl edged as ma

invention to accurately unravel the past, elucidate the presenbamdreat extenpredict the fture.

Geophysics has been successfully used in many archaeolaggeabf research, [7, 8, 9, and 10].

Yet, few

geoarchaeogicaxpeditions have been carried out in Africa ,amdre locally, Nigeria. One existing work carried out
in Nigeria was in mapping the extesftthe areaf the remains of a Stone Age settlement of Zilum [11]. Records from
internet open sourcamly present a fewuch explorationsnoneof which hasmadeany remarkable breakthrough [11].
Owing to inadequatefunding, inaccessibility to heritage sites, poor documentatemong numerous other
impedimentsarchaeologicafjeophysicsas beetittle practicedin this part of the world.
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Figure 1. (A) shows the map of Nigeria and its coordinates, (B) shows the map of Kwara State, (C) shc
map of thestudy area generated fro@oogle Earth, and (D) shows the base map of the area generate

Windows Surfer
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This project seeks to establish and define some variables necessary to facilitate future foaaticieseological
research in Nigeria as well &sprovide future researchers wigtminimum of information on various archaeological
signatures and subgace indications. Througthe earthresistancenethod, greadvancesan be achieved which will
help to determine the viaus signatures from buried detts qualitatively, and will quantitatively characterize the
dimensions of various features in a bid to reconstruct a model of what the culture was.

Above all, througha simulated approachthis 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 majoiimdadsorth-easternpart of the
University of 1 ori noscampas(Figurecl8 amg GAs sifudtad gnuhesatheinf@gian of T h e
llorin, Kwara State which is primarily composed of Precambrian basement complex rock with very rich loamy soil.
Owing to the leahing of minerals and nutrients from the sail, lateritic soil tends to form the soil types in llorin as a
result of the heavy seasonal rainfall combined with the high temperature [12].

The region is bounded by the Sdil, 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 llorin's southern to
northern sections [12].

With the help ofgeoarchaeologicalesearch on timéapse data, a hypothetical weather map has been postulated
by [13] to guide archaeological geophysicists in their expected outcomes. With the aid rebittieity contrast
formula, anomaly contrasaneasily be monitored. The research area is characterized by two major climatic conditions;
the tropical wet and dry climate and Aw under the Kop@eiger classification. The survey was executed in March
which has an average temperature of 26.279.1°F) and average precipitation of 1188n (see Figure 2).
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Figure 2. The Climate of llorin througbut the year [14]

2. Methodology

The simulatedarchaeological materials buried at the site consist of foundation walls, debris, ditckel,
henge,a metallic chest, andhstallations depicting a market aredose physical property (resistivity) is shown in
Table 1. Having studied the resistivity thie items and installationsve canpredicttheir detectability by the methods
employed, and their comatst from background geological lithologies [15].

Sixteen (16) VES points and Six (6) ERT profiles were carri¢cbtihe study area (Figure 3).

2.1 Google Earth

The use of the Google Earth is supported by many researchers and itheagmotdirectly used in this survey
it has been closely examined to &itureresearch. It offers quick and rapid coverage of plausible archaeological sites,
providing data (such as aerial photographs) which when compared with survegodiatgield better ingrpretative
results [21].

The following are some steps taken during the analysis of a Google Earth image, but they are not exhaustive
landcapabilities geology, visible archaeologicafeatures)andforms altitude, settlement patternsiegetative coveand
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changestime-lapse events [22, 23, 24] etc. With the above done, three major methods are employed in determining the
type of archaeological feature presenai@oode Earth image as given by [22];
1 Checking for anomalous features and changes éstgrical timelapse images.
1 Crossreferencing images with images from witlown archaeological sites.
1 Comparingsimilarities betweetimagesand actual archaeological artefacts. One example is comparing a picture to
a visible stone henge.
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Figure 3. showsthe base map generated for the study, the burial positions, the ERT lines and the VES points (denoted
by the redtriangles)

Table 1. The dimensions and resistivities of each buried object

SIN Archaeological Materials used | Parameters Resistivities &)
Connotation a ® Qa
Q QA
1. Ki ngbs ma Cement ¢ ¢ T8It 244.1677.99 [16]
(A Ditch) Sand i} 27871 285 [17]
Water
2. Foundation of Cement Vv VU T 244.1677.99 [16]
Kingds Pa Blocks
TS
i. Debris (A Ditch) Refuse ™ ™ T 244.1677.99 [16]
Materials
i Carpenter Old woods T T T8¢ 4-1000 [18]
(A Ditch) ™
i Metal Chest 19" ™ ™ TP Depending on the coa
century e resistive if resistive anc
Metal Box conductive if conductive
i GraveSite Cow, Py ™ 1§ 244.1677.99 [16]
(A Ditch) Bones 8
Bricks
- Stone Henge Stones ™ T TE 180-1500 [19]
Cement 1t
Plaster
k. Tree root Tree - 9907 10°[20]

A Digital Elevation Model (DEM) is a muklilimensional facility that enablesisualization 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 -durem processes affecting thentd and
shows the social affordance of the area [27] and can be generated using the Google Earth Pro software in conjunction
with the TandX Converter software.
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2.2 Geophysical Methods
2.2.1 Earth Resistance Methods

Earthresistancesurveys are based on the idbat 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 ratreotnthe 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 ppysjties (from 1.6x1TdY m f or
native sulfurto 1Y m f or p u mrelin &lditlopresistivily surveys have the advantage of being less affected
by aboveground material [28 this has greatly facilitated its useThus, earth resistance surveys have stood for
decades as the second leadipgarchaeologicahethod [30].

Theresistivity contrast formula (equation 1 and equation 2), helps to better understafmbtieestatements

6 — €
o " @

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 surroundin
rock matrix giving it a negative contrast.

(B) Severe dry weather will (C) As the rainy season returns, the ditch
evaporate every trace of water gainsmuchwater owing to its large pore
making the ditch undetectable. spaces and so becomes detectable with a

i negative contrast.

(D) Furthersevererain causes

(E) Evapotranspiration occurs rapidly i

the large pore spaces of the ditch an

therefore leaves a positive contrast
detectable during a survey.

the ditch to be undetectable.

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 [3lihrElsestsoftware, which
is based on the algorithof [32] and [33], was used for the calculation of true resistivity and estimation of layer depth
from the data.
The Wenner arraywhich is one of the most popular and simplest electrode configurations [34,35,36] has been
reconfigured to form a 160 eleatte ERT of high sensitivity (figure 5), thus enabling depth sections to be generated,
high visualization of fibur i e dthe fibdliy toumae areasapossegsing tomplex | a r
geology [37]. Six (6) profiles trendingprthreastand bngitudinal to the burial positions were acquired. The Res2DInv
software package, developed by Loke [2@hich uses the inversion routine based on the smootkormsstrained
leastsquares method described by equation 13 [16, 19] and shown in Fjguaeused to process the data.

00 _@n 00 _ ©)
where

"O | 66 | 0 6,Cx=horizontal roughness filter§z = vertical roughness filted = Jacobian maix of
partial derivatives,J" = transpose aJ, _ = damping factorg = model change vectog,= data misfit vectar
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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 measurementwe@dieterminedased ortheir sensitivity, sitespecific factors,
user familiarity and speed [39]. The instruments used in this survey are listed below:
1. Herojat Resistivity meter (A Nigerian made hig sensitive equipment)
a) Array: Schlumberger & Wenner (in ERT configuration)
b) Electrode Spacing: 0.5 1 m
c) Software used: Winresist, Res2DlInv.
2. Global positioning system (GPS)
3. Clips, paper tapes, water jar
The Schlumberger arrayas 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 feeastagen into
account bounded by a 20 m? area, which is the mostigalle value. Also, a compromise of G.5L m electrode
separation common for depths up to 1 m [®ddschosen 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 othgeophysical methods employed in this work related to actual field data to
solve the archaeological questions, the redtdts Google Eartlused in this worlhave only been used hypothetically
to show how it could be used as a tool for archaeological prtigpen future surveys. The analysis of the results, in
the context ofieo-archaeologyhas been summarizedTable 2.

Other features that could easily be spotted from the Google Earth images include but are not limited to
communal areas, farming areak] ditches, graveyards, etc.

Table 2 A summary of the Google Eartimages

Features Old Image New Image Inferences
SIN Figure 6B (2017) Figure 6A (2021)
1. Abandoned road Partially submerged | Totally submerged The road network that existed in
(trending Eastward in (Red Arrow) (Red Arrow) the vicinity before it was
figures 6A & 6B) abandoned for a new road can sti
be noticed
2. Academic facilities Not yet Built Built-Up Changes in structural buildup ove
(White circle) (White circle) the years could be used to trace

submerged features or demolishe
archaeological structures.

3. New Road Under Completion Completed
(trending Eastward in the
figures 6A & 6B)

4. Vegetative cover Not Visible Heavily Present with
Tall Tress
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Archaeological_Site/2021 Legend Archaeological_Site/2016 Legend
ATime Lapse image helps in the prediction and study of a plausible archaclogical site Feature | » Feature 1

Features are checked and correlated over time

167188 ‘A':"arn;m“;_J\iir'v

_——__—________3#4_9949‘7,,_4,6,7,1»585,4Archaeologlcal Site

Google Earth

1000 ft
Figure 6A. The Google Earth image showing ¢ Figure 6B. GoogleEarth image of the
submergedoad and a buitip facility. submerged road and a builp facility from 2016

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

3.1.1 Digital Elevation Model

The DEM was derived from Google Earth Software as a plausible prospection toaltiéindd to facilitate this
project. The DEM derivedfor the areashown inFigure 7 (the study area marked by a white circle), shows the
elevation distribution of theraa, the topography, and the gradient of the land. These variables olotaufebthdicate

a reconstruction of the aredue topossible submergence of structuawd rise in topography due to secondary
deposition which couldaid prospection, and survey planning.
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Figure 7. Digital Elevation Model obtained from Windows Surfer. 16

3.2 Vertical Electrical Mapping

The final values obtained after thorough manual curve matching adsisted WINRESIST software (Figures
8A and8B) as shown in Table ®erevisually 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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Figure 8A and 8B Sample VES field curves, plotted ugithe WINRESIST Software afténorough curve matching

Table 3. The resistivity of the buried objects layer.

VES. No. | Thickness of| Resistivity of | Latitude (Dec.) | Longitude (Dec.)| Status

Layer Q Layer )
1. 1 1230.8 8.499497 4.671885 Kingbs ma
2. 0.9 1680.5 8.499526 4.671862 Foundation
3. 0.7 1320.3 8.499579 4.671896 Foundation
4, 0.8 1059.7 8.499629 4.671913 Debris
5. 0.8 1016.1 8.499600 4.671873 -
6. 1.1 842.5 8.499552 4.672033 -
7. 1.2 868.3 8.499565 4.672061 Wood shop
8. 0.8 804.8 8.499486 4.671999 -
9. 1.0 577.3 8.499575 4.671966 Metal Chest
10. 1.8 1165.9 8.499529 4.671953 Grave Site
11. 0.8 1853.8 8.499524 4.671905 Foundation
12. 0.9 1102.1 8.499440 4.671977 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 1.5 m) using a sequence of contour lines to show the points where the magnitudes of the geophysical quantity
being measured coinciddttva priori information thereby signifyingsomeanomalous 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 repwn in Figure 9 belowT he results would
havedemonstrated the limitations of this technology more strikiifglye VES data pointead beemlense.

The map shows a strong distribution of highly resistive overburden, typical of the topsoil in theremih (sandy
loamy soils to clay soils); this is due to its low water retention capacity and its unconsolidated nature, highly resistive
in the south-westernpart of the area, slightly resistive at th@th-eastern past and moderately resistive inrttiédle.

There is a qualitative change in the contour values as the burial posit®rapproachediery noticeabé is
Position WH(Well Stone Henge)where resistivitysharply rises from theastern part anthen,just as it reaches the
feature, decrease by a few tens of resistivity (;fuBherOERTYSurvey o
results, confirmedhis to coincide withthe position of thewell henge. Points GSJrave Site)and DB (Debris) have
similar explanationsthe anomalies are not strgly visible, but a gradual fade value could suggest their presence.
The three other displayed burial positions largely represent their anomalies with closing resistivity contouamalues,
can easily be distinguished. Point M@letal chest)at the Nathern location, KG( Ki n g 6 s anMBK( kke tn)g 6 s
Foundation)a | | show closing contours of 550 Ym, 1050 Ym and
these positions were confirmed to host buried materials.

bet w
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4.67188 4.6719 4.67192 4.67194 4,67196 4.67198 4.672 4.67202 4.67204 4.67206 4.67188 4.6719 4.67192 4.67194 4,67196 4.67198 4.672 4.67202 4.67204 4.67206

) ]
o 10 20 30 40 0 10 20 30 40

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: WWell StoneHenge), GS (Grave Site), DB (Debris), MC (Metal chest), KG
(Kingds MaK k(eki)ngadoel Foundat. i

The 3Dresistivity model shows the resistivity variations with depth in Figure 10 below. The Location marked A
at Latitude 8.499440and Longitude 4.671978hows the buriedvellst one henge C is situat
(Latitude 8.49949% Longitude 4.671885); Thiocationmarked B (Latitude 8.499539Longitude 4.671953, shows
the gravesite E (Latitude 8.971966 Longitude 4.671969, the buried metal chest and D (Latitude 8.499579
Longitude 4.67189% is situated within the foundath wall area.
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Figure 10. A 3D Resistivity Model of the study areacsting resistivity distributiorand burial points.

3.3 Electrical Resistivity Tomography (ERT).

The processed results show the presence of anomalous Bidtieseather simulations given by [13] have also
guided our interpretations, by providing explanations for the poor contrast zonekich would haveyielded 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 () ldickground study shows
that the aredas been engaged in a secondary deposition during the road construction nearby, giving the top layer its
high resistivity valesofbo et we en i 9800 Y ¥m.
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Traverse 1

—

Figure 11 A.The data acquisition line for the finstofile (traversel) at thearchaeological site

Subsequent inversion models obtained from each traverse were compared to the test data (figure 11B) and slight
contrast from the background valuere interpreted as anomalies, either positive (buretfacty or negatie
(caused by noise). The topmost | avyleor0O Oh a¥sm awhwv arhy iinsg croenss
datafor sandyloamy soil [17].The sl i ghtly | ow resistive eixduetetmescanti n t he
precipitation during the survey period

Traverse 1

Depth  Iteration 3 Abs. error = 6.2 %
-2.75

(Rl eep e e
0.676

1.34

L5 Fine Sand

Sanay Clay

ERE
3.69
LRI

Tnverse Hodel Resistivity Section

ENEEECEONEN S ENEEN
thy 263 w9 A 15 W Kb 9B
Resistivity in ohn.n Unit electrode spacing 8,500 n.

Figure 11B.The 2D apparemesistivity pseudesection of thecontrol data

On further comparisobhetweerthe valuesfor the ditches and those recordaedhe literaturewe can deduce that
the?’l ayer coloured red, wi t9h5 8a WnBilgicksticiayer ot sitt. Thedayeg markedf 5 2 6
yellow, with a resi260i Wimtsyhe prasengeeof finefsand @7, bevieath (the green layer)
isasandyc | ayey soil with a +1e8s9 sYm,viand rlaasgtel yofi nl 5/B49¢g¥hnt gr e
Ym), clay. With this establ i shedaccurrencesobangmaleuszoies.e t o ded
On traverse 2 (Figure 12A), the observed anomaly on the inversion model is immediately spotted on the measured
apparentesistivity pseudesection with a lowresistive squarshaped depressishowingdifferent valuesfrom the
background located between 166 7 m on t he profile (Figure 12B3J805 I n con
Ym background value of that |l ayer, the deP24es¥moandabs
consistent with the bwed well stone hengelhe position and resistivity correspond with field data and literature
findings respectively. The Stomenge 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 storageiffifactsand relics. The background resistivity value
proves this fact with a visle contrast from this value in this location. In FigureB,3the black marker shows the
buried metal chediuried at 0.4 mdepth, with a width of 0.3 m and length of 0.6 mthe anomalous signatures can
be seen on thdepth pseudesection (Figure 13B)The resistivity value from the model corresponds precisely with
some internet sources [18] and |lies between 500 Ym to 7
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0.5m wide

0.65m deep

Figure 12A. The submerged stone henge of a well

Traverse 2

Measured Apparent Resistivitu Pseudosection
Unit electrode spacing 1.68 m.

I N O R [ (R (T ) (R ) N BN
33.3 52.4 82.7 130 286 324 511 806
Resistivity in ohm.m

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

Traverse 3

o F,
Y a

0". N 4

Figure 13A. The burial spot and depth of theetal Figure 13B.2D Pseudosection showinigetburial spot
chest and depth of thenetalchest

Traverse 4 (Figure 14A) contains a buried ditch. The anomaly displayed between 7 m to 11 m on the measured
apparentpseudesection as shown in Figure 14B corresponds with an unconsolidatethagoihust have filled the
ditch, and thus archaeologically sigagan area where the living prints of the inhabitants, through submergeree, ha
been buried. The resistivity range of this aneemmé ous
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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