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APPLICATION OF NEAR-SURFACE GEOPHYSICAL TooLs AND GIS FOrR MAPPING
THE ANCIENT CITY OF LEFKAS

A. Sarris, S. Topouzi, F. Triantafyllidis, S. Soetens
Laboratory of Geophysical - Satellite Remote Sensing & Archaeo-environment, Institute of Mediterranean Studies
- Foundation of Research & Technology (F.O.R.T.H.), Melissinou & Nik. Foka 130, PO. Box 119, Rethymnon 74100,
Crete, Greece, asaris@ret.forthnet.gr

G. Pliakou

12t Eforia of Prehistoric and Classical Antiquities, Plateia 25" March 6, loannina 45221, Greece

Abstract: Whether it was called “Nirikos™ or “Lefkas”, the area opposite the Acarnanian coast was inhabited from the early times.
At this strategic point the Corinthians founded their colony, “Lefkas”, during the 7*" century B.C. Excavations initiated in 1901 by
the German Archaeological Institute revealed parts of the ancient wall and the theatre. Rescue excavations, contracted by the Greek
Archaeological Service during the last two decades, enabled the partial reconstruction of the classical city’s topography. The city walls
are well preserved in the northern and western part, while some eastern parts are visible near the coast. Problematic, however, is the
direction of the southern part of the wall.

Geophysical investigations were carried out in two phases, employing vertical magnetic gradient and soil resistance techniques.
Mapping was focused in the southern limits of the ancient city. Geophysical data was able to identify a number of characteristics
of the ancient city plan. The urban system was verified, consisting of parallel and vertical streets forming large building blocks.
Drainage pipes were found to be running to the sides of the roads. Further to the south, the density of architectural remnants decreases,
suggesting a potential location for the southern wall of the city. Similarly, a crossroad found in the SE corner of the surveyed region
could be projected to lead towards the cemetery to the west and towards the port to the south.

Aerial images of the area were registered to the topographic map and enhanced using image processing techniques. A similar
methodology was followed for the processing of hyper-spectral satellite imagery (ASTER). All geographical data was imported to a
GIS, in which the different geophysical layers were overlaid. Interpretation of the geophysical anomalies (in vector format), together
with the resulting images, can provide supplementary information and be used for conservation and development planning.

epilnyn: H vijoog Acvkado fpioketar omévavt amo Tig axtés e Akapvoviog kot katoiknOnke amo v NeoliOueny Ewoyn. Amo tov 7° au.
.X., n Aevkdg i Nijpixog amotédeoe pio onpovtixn omoixio twv Kopivliowv. O mpates avackopés wov dievepynOnkay amo v I eppovikn
Apyaroloyikn Zyoln épepav ato pa¢ Tunuato v apyainy teiyav koi Oeatpov. Tig tedevtales 2 OEKAETIES, OWOTIKES OVATKAPES OO
mv Apyoroloyixn Yrnpeoio, Exovy mpoopépel TOIDTIUES TANPOPOPIES TYETIKA. e TO TOAEOOOUIKO Tyédt0 TS molng. 1o teiyn e moIng
Ppiorovial o€ Kol KaTAGTOGH O10THPNONS TPOS T POPELQ. Kol OVTIKG, EVA KATOI0. TUIILOTO TV TELYWY EIVOL OPOTE TPOS TA AVOTOAIKAL.

Ol yew@vOIKES O10.0KOTHOELS TOV O1EVEPYROnKay o€ 2 PACEIS KAVOVTOS YpHoN HUOYVHTIKOV KoL NAEKTPLKOV TEYVIKODV ETTIAOTHKOY GTO
VoTI0 TUNe. TS TOANG. OL UETPHOEIS EIYAV (G OTOTEAEGUO. TOV EVIOTIOUO TOPGIINADY Kol KAOETWV OPOU®Y TOL GYNUOTIOVY UeYdla
OLKOOOUIKG. TETPAYMVA. X€ OPIGUEVO. GHUELD, AYWYOL OTOYETEVONS POLVETAL VO. fPIoKoVTal JITTA0. GTOVS IPOUOVS. 2T VOTIA TAEVPA. THS
TEPIOYNG, 1] KOTAVOUN TWV DIEOGPEIWV GTOYWV UELDVETAL OPAOTIKG, £V VIOOEKVOETAL 1] TOavy Oéan TS VOTIOE TAEDPAS TWV TELYOV.
Télog, pio draotadpwon ato NA GKpo ThS TEPLOYNS PAIVETOL VO, 00NYEL TPOS TO APYOIO VEKPOTOPELO (TPOS TO. FVTIKG,) KO TPOG TO OPYaio
Aevi ¢ moAng (mpog to. votia).

H onuiovpyio. uwooixod omod avopOmusves aepopmtoypopies OLaPOPETIKMOY TEPIOOMYV INWNS, G GUVOVOOUO UE TNV ERECEPYOTIO.
dopvpopikdv ixovwv ASTER ovveiopepe oty avaxotackevy g poppoloyias tov tomiov. To moapardve oroiyeia, o€ ovvovooUo
e Y VIEPOET TV OTOTEAETUATOV TWV YEWPVOIKOV OlACKOTHOEWY o€ TEPIParlov twv ewypopikdv Zvotnudtwv IIinpopopicv
(GIS), Ponbnoav ovoraotikd oty eloywyn COUTEPACUATWV CYETIKG UE TOV TOAEOOOUIKO 10TO THG TOANS Kai TV oprobétnon Twv
DTEICPEIV UVIUEIWV, EVED OVAUEVETAL VO, YpHoLiomoinBody yia TNV TPOTTaTio. Kol aVAOEILH ATV OE GYEoH UE TO OVOTTOCIOKG, TYEOLA
¢ TEPLOYTG.

Introduction The city extends between the modern settlements of
Kalligoni to the North and Karyotes to the South. The
The ancient city of Lefkas was founded in the end of the ~ western part of the city follows the natural relief of the
7th century. B.C. as a Corinthian colony. The city was  gentle slopes of hill Koulmos, while the eastern part
located on the north-eastern part of the island of Lefkas,  extends to the offshore plain. The east and west sections of
at a distance of about 2.5km from the modern capital of  the city are divided by the modern provincial road leading
the island (Figure 1). In this way, the port of the city was ~ from Lefkada to Nydri.
able to control the narrow sea passage between the north-
eastern coastline of the island and the Acarnanian coast,  The area was not re-occupied after the depopulation
and thus the navigation towards the lonian and the Adriatic =~ of the city in the early Ist century A.D. During the
Sea (Murray 1982). Venetian period land use was limited to olive groves. The
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Figure 1: (Left) Map indicating the location of ancient Lefkas at the north-eastern part of the island. (Right) A section of the settings

of the ancient city overlooking the Akarnanian coast.

development of the area, which begun in the 1960s, has
been rather intensive during the last few years due to the
rapid tourist development of the island. The city walls are
preserved today at the north and southwest parts of the city
at a height of 2-2.5m. Their estimated perimeter is 4.5km.

Although architectural remnants (from buildings, terraces,
roads and defensive wall) of the ancient city are visible
at the slopes of Koulmos, those situated on the plain
have been covered by shallow deposits. Thus, specific
construction constraints were imposed in the area aiming
towards the protection of the monuments of the ancient
city. Following the same directives and aiming towards
a better outline of the architectural relics, it was decided
to carry out an extensive shallow-depth geophysical
prospection survey which could contribute in mapping the
layout of the ancient city in relation to the new design of
the urban planning of the area.

Design of the geographical information system

The development of a Geographical Information System
was considered essential for the better representation
of the results of the geophysical prospection survey in
accordance with the new urban planning design. The
specific Geographical Information System contains data
in both vector and raster format, transformed in the same
geodetic reference system (Hellenic Geodetic Reference
System, EGSA ’87).

The digital terrain model (in Triangulated Irregular
Network / TIN format) was constructed by 3D topographic
data, which was transformed from ASCII format to dbf
files and then converted to shape-files containing elevation
information for the 20m iso-lines. The area coverage of
the Digital Terrain Model (DTM) included the extension
from the modern city of Lefkada to the modern settlement
of Lygia.

Three geographically registered ortho-rectified maps (date:
1998, scale 1:5000), provided by the Ministry of Agriculture
and covering the same area as the TIN model, were joined
creating a photo-mosaic (Figure 2). The mosaic was used
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to georeference the rest of the aerial photos, provided by the
Hellenic Ministry for the Environment, Physical Planning
and Public Works (Hellenic Mapping and Cadastral
Organization). These 1:6000 scale photos, which were
obtained at different dates (16/05/1985 and 12/10/1994),
and were scanned in high resolution so as to achieve the
optimum result in the quality of every image. These photos
were also processed through histogram equalization and
geometric registration in order to form a time sequence
of aerial mosaics. Similarly, the proposed expanded town
plan of the area was employed in order to see the degree of
correlation with the geophysical anomalies. A number of
thematic maps were created, including the road network,
private properties, proposed protection zones, the layout of
the geophysical grids, a.o.

Finally, the GIS system included thematic layers based
on the available archaeological data, such as digital
excavation plans.

Past archaeological research

In recent years, information about the relics of the ancient
city of Lefkas has been provided by foreign travelers
(Leake, Holland, Pouqueville, Goodisson, Dodwell) who
visited the island during the 19th century.

The German Archaeological Institute was responsible
for initiating the systematic excavations in the region of
the ancient city during the beginning of the 20th century.
Under the direction of W. Dorpfeld, excavation trenches
were opened and remnants of the walls and the ancient
theatre were revealed (Dorpfeld 1927). In the 1960s,
archaeological research was re-initiated in the form of
rescue excavations conducted by the local Archaeological
Service, uncovering parts of the city’s cemeteries, roads
and private buildings and contributing to the reconstruction
of the urban planning of ancient Lefkas (Fiedler 1999,
Douzougli, 2001, Pliakou 2001, Andreou 2002).

According to the updated results of the archaeological
excavations, the city seems to be divided in two parts: one
on the hills of Koulmos to the west and one in the plain



Application of Near-surface Geophysical Tools and Gis for Mapping the Ancient City of Lefkas

212000 213000 214000 215000 216000
4305000 4305000
0 1000m
[ —
4304000 44304000
4303000 4303000
4302000+ 4302000
4301000 - 44301000

N

+ 4300000 " _.!;5.» .

Agerial photos 12/10/94
Layer 1
Digital Elevation Model (TIN
Elevation Range
- 4299000 0-20m
20 -40m
- 6m
60 - 80 m
I 80 - 100 m
B 100-120m

L) 120-140m
-+ 4298000 140 - 160m

160 - 180m
180 - 200m
[]200-220m
[ 220-240m
[ ]240-260m
260 - 280 m
4297000 [ 280 - 300 m
[ 300-320m
320-340m
. 340 - 360 m
360 - 380m
[ 380 - 400m
[ 400 -420m
+4296000 [ 420 - 440 m
[_]440-4608m

4300000

4299000 |

4298000

4297000 +

4296000+
212000 213000 214000 215000 216000
Hellenic Geodetic Reference System EGSA'S7

Figure 2: Digital Terrain Model (DTM) and overlay of the aerial orthophoto maps.
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Figure 3: Aerial image of the wider region of interest and overlay of the outline of the geophysical grids, accompanied by their

corresponding codes.

towards the coast to the east. The part that extends on the
hills, where (possibly) ritual buildings and the remains of
the ancient theatre have been found (Pliakou 1997, Pliakou
2001), has no specific urban planning, while the part at
the plain was built according to an orthogonal system,
very similar to the Hippodamian one. According to the
information retrieved by different excavation trenches, the
parallel streets, with average width 4.5m (Agallopoulou,
1971, Kalligas, 1972, Andreou, 1979, 2002), run across
the city every 30m in an east to west direction, that is, from
the hills to the sea. These streets intersect vertically with
others of about 5.5-6m in width (Andreou, 1977, 1984,
2002), creating building plots with their long direction
along the east-west axis. The study of the excavation results
showed that two private houses, divided by a draining pipe,
exist in every building plot (Douzougli, 1993, Pliakou,
1999). Other draining pipes run along the ancient streets
(Agallopoulou, 1971, Kalligas, 1972, Andreou, 1979).

The aforementioned conclusions have been compared with
other known examples in the wider area, like the city of

Amvrakia (also a Corinthian colony), which is in the area
of modern Arta (Andreou, 1993). It is worth mentioning
that the orthogonal city plan system in ancient Lefkada
was formed almost two centuries before the creation of the
Hippodamian system.

Due to the increased pressure imposed by the recent
expansion of construction and building works in the area,
the archacological service decided the protection of the
area imposing certain restrictions in the building activities.
At the same time, the use of geophysical investigations
was considered of crucial importance, in order to provide
further information regarding the degree of conservation
of the architectural relics and their density in the southern
section of the city.

Thus geophysical investigations, including magnetic and
soil resistance measurements, were employed in a total
area of about 80,000 square meters at the SE section of
the ancient city. The specific region is surrounded by
visible architectural parts, while it also included excavated
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Figure 4: Synthetic magnetogram produced by the overlay of all the magnetic maps. The dynamic range of the values of the vertical

magnetic gradient lies .etween-120 to 100 nT/m.

sections and trenches at the northern and western sections.
One of the goals of the research plan was to locate the
outline of the southern section of the ancient wall, which
has remained without any significant traces, and which
would contribute in defining the limits of the ancient city.

Geophysical prospection techniques

The geophysical survey of the archaeological site was
carried out in two phases (April 13-23 and June 16-27,
2002). In the first phase of the campaign, both magnetic
and soil resistance techniques were employed in selected
grids in order to test the registered signals originating by
the subsurface targets. The second phase of the fieldwork
activities was devoted to the extended coverage of the site
through the use of magnetic techniques.

A Geoscan fluxgate gradiometer (FM36) was employed
for the measurements of the vertical magnetic gradient.
The gradiometer readings were able to smooth away
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the geological trends and diminish the external noise.
Measurements had an accuracy of 0.1nT/m.

In the measurements of the soil resistance, a Geoscan
resistivity meter RM15 with a Twin Probe electrode
configuration was used with a spacing of 0.5m between
the mobile electrodes (Clark, 1990). Emphasis was given
to the wide coverage of the site with a sampling interval of
Im, while high-resolution measurements were carried out
in a limited number of grids of specific importance.

Returning to the design of the GIS used for the
management of the results of the geophysical research,
the outlines of the geophysical grids were also added to
the system as a different layer (Figure 3). The location
of the geophysical grids was defined through the use of
a total station, a work which was carried out by the local
archaeological service. Based on these measurements,
the final geophysical maps were geometrically corrected
and registered to the system as B&W or color images in a
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Figure 5: (Left) Results of the magnetic measurements in the area coverage of grids C, B, A, U, X & Z. The dynamic range lies
from —45 to 35 nT/m. (Right) Comparison between resistivity and magnetic data for grid X.

Jjpg format (Figure 4). The processing and manipulation
of the geophysical measurements included de-spiking of
extreme values, grid and line equalization techniques,
compression of the dynamic range of the initial values,
application of directional filters in terms of the estimation
of the first derivatives, application of high pass and low
pass filters, shading relief techniques and construction of 3
dimensional images.

The magnetic measurements in grids C, B, A & U (Fig.3),
east of the provincial road from Lefkada to Nydri, indicated
the existence of a network of parallel streets, at a SWW-
NEE direction, lying at a distance of 35m apart (Figure 5).
They have a width of about 3.75-4.5m and appear as high
anomalies lying within the range of 5-15nT/m above the
background magnetic level. The dipole character of the
anomalies suggests the existence of a drainage pipe running
at the northern part of the roads. A road, perpendicular to
the rest, appears at the northern part of grid B (see Fig. 4).
Similar evidence comes from grids X and Z, suggesting
that the town plan was consisting of a dense network of
parallel and perpendicular roads, which divided the ancient
city in building blocks.

Grids X and Z are of particular interest, since there are
clear indications of architectural relics within the building
blocks in both vertical magnetic gradient and soil resistance
data (Figure 5). The outline of the magnetic anomalies
suggests the good preservation condition of the particular
structural remains. The roads appear as high magnetic
anomalies within the ~3-15nT/m range and as high
resistance anomalies within the ~8-15 Ohms range. The
parallel road system seems to fade out towards the east. A
vertical linear anomaly, which appears at the eastern side
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Figure 6: Details of the results of the magnetic measurements
at the SE section of the surveyed region, where a perpendicular
road intersection was located. One of the roads is leading to
the ancient cemetery (to the west) and the other (to the south)
towards the ancient port of Lygia.

of the particular grids, seems to be of a different nature,
probably consisting of two sections, and can be considered
as a candidate target for the location of the wall surrounding
the town. The rest of the grids (VOR1, VOR2, TH1, TH2,
TH3) towards the north-east indicate a loose clustering of
architectural remnants, which extend to the coast-line.

In contrast, areas which were surveyed in the western side
of the road connecting Lefkas to Nydri did not indicate any
significant anomalies. However, we need to consider that
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Figure 7: Diagrammatic interpretation of the geophysical anomalies and their overlay onto the aerial image of
the wider region.

none of the above grids was located at the projection of
the ancient road network which was identified in the east
section of the surveyed area.

The area to the south of the SWW-NEE dirt-road, which
divides the area of interest in north and south sections,
exhibits a lower interest, as it is indicated by the decreasing
density of geophysical features. The area of grids R1-R5
exhibits an elevation difference of about 3-4m with respect
to the dirt road and the north section of the surveyed
region. In the projection of the dirt road to the west, large
stone blocks may be correlated to the ancient city wall.
Similar evidence exists along the dirt road, reinforcing the
hypothesis that at least a large section of the city wall is
located along its length.

Finally, additional evidence of the extension of the city
plan was provided by grids N1 and N2 to the SE (Figure
6). In grid N1, a cross-section is aligned in agreement to
the street orientation at the north section of the surveyed
region. The NW-SE road seems to be at the projection of
the road registered at the NE edge of grid B, while there
are also indications from grid N2 that the road continues
further to the south. Due to its proximity to the coast, it
is very probable that the road may lead to Lygia, where
the ancient port facilities of the city were located. More
specifically, in Lygia there is a mole used to connect the
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Eastern coast of Lefkada with the Akarnanian coast, where
the fortress of Agios Georgios-Plagia is located (Murray
1982). The mole was constructed to protect the southern
entrance of the canal, was cut by the Corinthians, and it
is probably dated to the same period, namely about 600
B.C. Similarly, the SW-NE road seems to lead to the
ancient cemetery, which has been located to the west of
the provincial road.

Final remarks

Through the use of geophysical survey and GIS techniques
it was possible to collect information which can be used to
clarify the city plan of the ancient city of Lefkas. A detailed
plan of subsurface anomalies was identified enhancing
the information context of the up to date excavations and
offering an integrated image of the southern section of the
ancient city.

A road network, structural relics, drainage pipes, kilns,
and wall remains are included among the candidate targets
that were registered by the soil resistance and magnetic
techniques. The results of the geophysical survey are
in perfect agreement to the surface monuments and the
excavation results, completing to a large degree the
fragmentary image of the ancient city.



A. Sarris, S. Topouzi, F. Triantafyllidis, S. Soetens and G. Pliakou

Figure 8: Overlay of the photomosaic of the region to the DTM and a 3D model of the proposed outline
of the ancient wall.

More specifically, the city plan seems to extend to the
north of the area of interest (namely, north of the SWW-
NEE dirt-road and east of the provincial road) (Figure 7).
In contrast, the south section of the area exhibits a lower
density of architectural remains and an increasing number
of candidate kiln structures (anomalies at grids I and K),
suggesting workshop activities. The above observations,
together with the surface monuments along the dirt-road
and the elevation difference between the north and south
sections in the other sides of the dirt road, suggest that
part of the southern city wall is probably running along
the dirt-road.

The design of the Geographic Information System was
extremely helpful in registering the different information
layers and correlating the results of the geophysical survey
with the rest cartographic material (Figure 7), including the
topographic maps and the aerial mosaics. In this way, it
was possible to have an accurate picture of the distribution
of the geophysical anomalies and their correlation with
the surface relics, while the time sequence of the aerial
imagery contributed to the analysis of the evolution of the
landscape.

A three-dimensional representation of the research area
combining the digital elevation model, draped with an
aerial photo mosaic and the architectural remnants, found
in the previous excavations and geophysical survey has
been also constructed (Figure 8). The above approach will
contribute in the management of the archaeological relics
of ancient Lefkas.
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