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Abstract

In this paper the application of flat base electrodes into a building’s basement is ex-
amined. The aim of this study was to locate ancient walls possibly situated under-
neath a building, lying on Ag. Dimitriou road in Thessaloniki (Greece). During ERT
surveying, an archaeological excavation took place on the roadway oulside the
building. The excavation revealed ancient walls. A number of resistivity profiles
were carried out on the concrete floor of the building. The dipole-dipole array was
used in some sections, while in others the Wenner array was undertaken. The spac-
ing “a” between electrodes was Im and the maximum N-separation of Npu=8. In
order to perform resistivity profiles in a nondestructive manner on the concrete
Sfloor, flat base electrodes were applied. The resistivity surveying indicated the exis-
tence of linear structures identified as resistive bodies. These anomalies may have
been derived from various causes, but most likely they may have been derived from
the continuation of the ancient walls revealed from the archaeological excavation
on the roadway. Finally, it must be noted that flat base electrodes proved to be an
efficient tool for measuring indoors.
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MepiAnyn

H mapovoa epyacio eletaler ty ypron twv nAekTpodionv emapns oTo LEOYEIO EVOG
KTnplov. Zkomwog ovtie THE HeAETHG eivan 0 eVIomIOoUOS apyaiwy Teiydyv, Ta orola eivat
mibavov Bouuéva kérw ard ktipio mov Ppioketar exi e odod Ay. Anuntpiov oty
Ocooadoviky (EAada). Koara tn Odpreia Aiwne TV YEWHAEKIPIKDY UETPHOEDY,
TOAYUATOTOHONKE QPYOIOAOVIKY EXGKAPH GTO 006TTpwWLE. TOV dépYETal ECa amd 10
KTHpio. H exokaph anoxdloye apyaio teiyn. Mio oeipd yecnAekTtpindy Touy uetph-
Bnre 010 TOWEVIEVIO TGTWHA TOV KTHPIOV. ZE KATOIES Topé vAorombnke i Sidtaly
Simblov-dimblov, eva e dAleg n Sidraény Wenner. H andotacn “a” ustalld twv nie-
Ktpodiwy napbnie fon pe | uétpo xar peyoty N-amdotoon N,.=8. Ilpoxeyiévon va
TPaYUATOTOINEOOV 01 YeWRIEKTPIKES TOUEG OTO TOWMEVIEVIO Odmedo pe pio un-
kataotpogiky uébodo, ypnoiporomOnxey nhektpodia emapng. H yewnlextpixs; épeo-
va, &deile Ty Dropén ypapLiy Soudhv wov TpoodouilovIal w¢ Ut VYRAGY -
viotaoemy. AvTéc 01 ypauukés avwuakiss eivan mbavo va ogeiloviar og woiilovg
TAPAYOVTES, UE TIOAVOTEPO THY TPOEAEDTT} TOVS IO TH CUVEYEIX KAT(W OR0 TO KTApPIO
TV TELIDOY TOV ATOKCADPENKAY QTG THY ApyaIolOYKY EKoKOPT 0T0 0000TPWU. Té-
Log, mpémer va anusiwbsl ot T HAEKTPOSIa emaphS omodelyOnkay Eva yprowo it
al1dTIoTo EpYadsio yia THY TPAYUOTOTOINGH UETPACEWV LECT OE KTHPIA.

Aélers kAardid: Hlextpodia emaphs, un-katactpopikt) péBodog niektpixic touoypa-
plog.
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1. Introduction

Over the last decade, Electrical Resistivity Tomography (ERT) has been extensively used in
geophysical investigations (Dahlin 2001). The most common applications of ERT are geological
mapping (Caglar and Duvarci 2001), geothermal field exploration (Wright et al 1985)
hydrogeological studies (Flathe 1955, Dahlin and Owen 1998), engineering geology studies
(Dahlin ef al. 1994), environmental research (Rogers and Kean 1980, Van et a/. 1991, Ramirez, ef
al. 1996) and archaeological prospection (Papadopoulos ef al. 2006).

The rapid development of civil centers and various constructions resulted in the need to use
geophysical techniques in urban environments (indoors, paved surfaces, roads, etc.) Among the
existing geophysical techniques the method of GPR is highly popular (Daniels 2004) due to its
fully non-destructive nature and survey speed. Further, the introduction of the newly developed
technique of capacitive resistivity (Kuras 2002) holds the promise of efficient electrical imaging in
areas where no (or poor) galvanic contact is possible, but its use is mainly restricted to map the
shallow subsurface.

As far as standard geoelectrical methods concerns, new techniques have been developed recently,
such as flat base electrodes, which allow resistivity measurements to be made in a nondestructive
manner and, therefore extend the application of ERT to other environments (e.g. urban, indoors, *
etc.). Carrara et al. (2001), demonstrate the application of geoelectrical measurements using flat
base electrodes on a mosaic floor of a Roman residence. The application of non-destructive
geoelectrical grid to access wall structures is presented by Cosentino and Martorana (2001), while
Karastathis ef al. (2002) applied non-destructive ERT measurements on a cement dam in Marathon
{Greece).
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Figure 1 — Location map of the studying area

This work focuses on an application of flat base electrodes on a concrete floor of a building’s
basement. The aim of this study was to locate ancient walls possibly situated underneath a building,
lying on Ag. Dimitriou road in Thessaloniki (Fig. 1). During ERT surveying, an archaeological
excavation took place on the roadway outside the building (Fig. 2). The excavation revealed
ancient walls. The question was if these walls continued underneath the studying building, situated
next to the roadway, or not.
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Figure 2 — Topographical sketch of the studying area. The building is depicted with a cross

2. Geological Setting

The area of Thessaloniki (Fig. 3) belongs to the Circum Rhodope belt (Kauffmann et al. 1976,
Ricou et al. 1998), which consists of Paleozoic and Mesozoic metamorphic rocks covered by
cenozoic metasedimentary rocks. The aforementioned rocks are covered in areas by Tertiary and
Quaternary formations. More precisely, the formations of the wider area of study are the
following:

e Holocene undivided deposits consisting of sand, gravel, valley deposits and red clay with
calcareous concretionary bodies. At the base conglomerates dominate.

e Neogene red clay series with mica and calcareous concretionary bodies.

® Calcareous flysch, known as the Svoula group. It comprises of alternations of detrital or
psammitic limestones or ferruginous calcareous sandstones with shales. Olistoliths are
intercalated. The above formation’s age is bracketed between Triassic to Middle Jurassic.

e (Chortiatis magmatic suite, which consists of leucocratic albite-sericite-microcline gneisses,
light brown or greenish epigneisses and dark green or brownish greenschists. The above
rocks are younger than Upper Triassic and older than the granodiorite of Sithonia type.

The Circum Rhodope belt can be divided in three major units: the Deve Koran — Doumbia unit, the
Melissochori - Cholomon unit and the Aspri Vrissi — Chortiatis unit. Two folding events and a
greenschist facies metamorphic event have sirongly affected the Circum Rhodope belt basement
rocks.

The studying area is lying on the Chortiatis magmatic suite. The surface formations consist of a
man-made ground in the first few meters and thereafter alluvial deposits, as well as deposits from
the erosion of the bedrock. The bedrock is comprised mainly of gneisses, green epigneisses, which
are representative of the region of Thessaloniki, and greenschists.
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Figure 3 — Abstract of the geological map (IGME 1970). The area of study is depicted with a
€ross

3. Data Acquisition and Processing

The survey involved six parallel sections (2_1 - 2 6) with a northeast-southwest direction and
eight parallel sections (1 _1 - 1_8) with a northwest-southeast — vertical to the previous — direction
(Fig. 4). The sections were spaced 3m apart from each other except from section (1 _8), which was
1m far from section (1_7). The dipole-dipele array was measured in some sections, while in others
the Wenner array was undertaken. The spacing “a” between electrodes was equal to 1m for
sections (1 _1-1 6&2 1-2 5)andequal to 0.75m for sections (1_7, 1_8 & 2_6). The maximum
N-separation was N,=8. The data were collected with the SYSCAL (V11.4++) resistivity meter
(IRIS INSTRUMENTS).

WYnoeiakn BiBAI0BAKN Ogd@paacTog - TuAua MewAoyiag. A.M.O.
- 1048 -




I .
18
17 :
- m | 0= ] = ] m
1 6 "
2 = = ™ o
15 i
= ™ = o n
—
14
Stairs
13 "
= ™ a = =
| 2 >
= m m @ =
11 M
B o = ® a

Figure 4 - Sketch of the surveying area, in which the measured sections are shown. (1_1) to
(1_8) sections refer to ERT’s with northeast-sonthwest direction, while (Z_1) to (2_6) sections
refer to ERT’s with northwest-southeast direction

The building’s basement, where the ERT measurements were carried oul, had a 12cm thick
concrete floor with a resistivity of approximately 300 Ohm-m, whereas its ceiling was leaning on
columns with footing-bases of 1 m. The footing-bases are shown in figure (4) as small black
squares.

The electrodes used in this survey consist of a square copper flat base (dimensions: 7 x 7 cm and
thickness of 1 cm), which abuts on the surface of the surveying area and a thin cylindric copper
segment (length of 7 cmy) attached to the flat base part to facilitate cable connections (Fig. Sa).

To decrease the contact resistance a conductive gel was applied between the electrodes and the
ground (Fig. 5b). This is extremely important since in relatively rough surfaces the somehow
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heavy electrode (more than 1 Kgr) pressures the gel which fills any open spaces left between the
material and the electrode enabling in this way better conduct. The gel used in this work consists
of water, salt and low cost cellulose powder (industrial thickener). Alternatively, conductive gel
used in medical applications or even confectionery gel can be successfully applied but it is
generally more costly. Moreover, it was found that spraying the contact area with salty water prior
to the application of the gel helped to further decrease contact resistance (Athanasiou 2004).

2-D resistivity measured data in the form of pseudosections of apparent resistivity produce a
distorted image of the subsurface resistivity. Inversion is currently the standard procedure to obtain
a realistic estimate of the true resistivity based on the field observations. Among others, the
smoothness constraint inversion {Constable er al. 1987) has become the most popular for
interpreting ERT data since it produces a simplified subsurface resistivity model which is a
reasonable representation of the subsurface and at the same time guarantees inversion stability.

The collected resistivity data were inverted using a flexible non-linear 2-D scheme (Tsourlos 1995,
Tsourlos ef al. 1998) based on a smoothness constrained algorithm. The aim of the inversion is to
construct an estimate of a subsurface resistivity distribution, which is consistent with the
experimental data. The algorithm is iterative and fully automated and 1s based on a reliable 2.5D
finite element forward modeling scheme, which is also used for calculating the Jacobian matrix
when necessary. The smoothness inversion scheme, used in this work, tries to calculate a
subsurface resistivity estimate x for which the difference dy between the observed data and the
modeled data (calculated using the forward modeling technique) is minimized under the condition
that the roughness of the produced model is minimized. The resistivity correction at the k+1
iteration is given by:

X =[(J Tt pCx Ot C T CHT T i dyic

where Cx, Cz are matrices which describe the smoothness pattern of the model in the x, z,
directions, Jk is the Jacobian matrix estimate and p is the lagrangian multiplier.

Figure 5 — (a) Flat base electrode used in the field applications, (b) Conductive cellulose gel
used to ensure that flat base electrodes are electrically coupled to the surface

A proven 2.5-D Finite Element Method (FEM) scheme was used as the platform for the forward
resistivity calculations. In 2.5-D modelling the change in resistivity is considered to be two-
dimensional but the current flow pattern is a three dimensional one. In other words, the measured
values correspond to a three dimensional subsurface where the resistivity is allowed to vary in only
two dimensions and remains constant in the strike direction. The adjoin equation approach was
incorporated into the FEM scheme in order to calculate the Jacobian matrix J.
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Figure 6 - Geoelectrical inverse model resistivity sections obtained by dipele-dipole and
Wenner arrays. These sections have a northwest-southeast direction
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4.Results and Interpretation

The inverse model resistivity sections are depicted in figures (6) and (7). The observation of all
sections of figure (6) showed the existence of a highly resistive area, which appears in all sections
and its center is situated at a distance of approximately 12m from the beginning of the
tomographies. Also, a second area of high resistivity appears in section (1_3) and continues until
section (1_8). Its center is situated at a distance of approximately 6m from the beginning of the
tomographies. These two resistivity anomalies indicate the existence of linear structures at the area
of study.
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Figure 7 - Geoelectrical inverse model resistivity sections obtained by dipole-dipole and
Wenner arrays. These sections have a northeast-southwest direction

The inverted sections of figure (7) are perpendicular to the inverted sections of figure (6). The
observation of these sections showed the existence of a high resistive area. which appears in all
sections and its center is situated at a distance of approximately 12m from the beginniug of the
tomographies. Also, a second area of high resistivity appears in section (2 2) and continues until
section (2_6). Its center is situated at a distance of approximately 7m from the beginning of the
tomographies. These resistivity anomalies also derive from a subsurface linear structure.
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Due ‘to the fact that the above experiment has been conducted in an environment with a
complicated structure, which was aggravated by anthropogenic activity (excavations,
embankments, etc.), the linear anomalies may result from various causes. Moreover, the footing-
bases of the columns are expected to add noise to the already heavy environment.

The linear anomalies of figure (6) may derive from a small scaled linear elevation of the bedrock,
due to its intense folding observed in the area of study, or a linear deposition of high resistive
alluvial materials. Though, by taking into account the geometry of the anomalies and the outcome
of the archaeological excavation on the roadway of Ag. Dimitriou road, it is more possible that the
above linear anomalies derive from the continuation of the ancient walls revealed from the
archaeological excavation. In line with the last interpretation, the high resistive linear structures of
figure (7) may derive from ancient walls perpendicular to the previous ones.

Resistivity measurements performed in this study indicate that flat base electrodes can be
satisfactorily employed to map subsurface geoelectrical structures. Using flat base electrodes can
extend the applications of geoelectrical techniques in environments that normally resistivity
tomography wouldn’t be suitable for resistivity tomography.
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