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Abstract

The coastal environment of the west and south coast of Peloponnesus, Greece is characterized as an
essentially tideless coastal environment exposed to high wave activity. Regarding the identification, the
thickness and characteristics of the uppermost substratum of the selected coastal zones, at Hellonitis,
Kyparissiakos and Messiniakos Gulfs, a detailed geophysical research was carried out. The geophysical
survey aims to determine the thickness and the characteristics of the upper substratum of the selected
coastal area, leading to the quantification of the sediment budget; the latter is considered essential to
address potential coastal erosion. For this reason, the geophysical techniques of Electrical Resistivity
Tomography (ERT) and Ground Penetrating Radar (GPR) were implemented to profiles normal and
parallel to the shoreline. The geophysical results reveal the presence of the interface between the dry
and wet sand deposits, along with the structure and the downward extension of the coastal material.

Keywords GPR, ERT, dune field, cross-bedding.
1 INTRODUCTION
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Coastal zones are often associated with the
presence of near-sea dunes, which act as a
reservoir of sand. No matter of the causes
of coastal erosion, either by a natural
process and/or human intervention, its
investigation has also to consider the
backshore availability of sediment (i.e.
dunes). The present investigation, within
the concept of the ILIDA-KIT project, that
2 A i deals with coastal erosion, concerns dunes
G AN being present at beach sectors located at the
: west and south coast of Peloponnesus
(Greece), with the combined application of
geophysical techniques of GPR and ERT.
(Alexopoulos et al. 2022). More
specifiacally, the investigation aims to
identify the thickness, the internal
, characteristics and the base of the dunes,
250000 275000 300000 325000 along with the uppermost lithostarigraphic
substratum of the selected beach zones.
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Figure 5. Map of the investigated coastal zones 2 METHODOLOGY

The GPR and ERT techniques were implemented to profiles normal and parallel to the shoreline at 9
coastal sites (Tablel), the location of which is presented in Figure 1. For the GPR survey a GPR Noggin
100 system, with a bistatic 100 MHz shielded antenna was used, provided by Sensors & Software. The
data were acquired with a 10cm trace interval. The electromagnetic pulse transmission and the distance
calculation was controlled by an odometer wheel. The traces were averaged, using the unique feature of
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the system, that controls the number of stacks, depending on the environment and rate of acquision. The
aquired data were processed in EKKO Project software, after implementing a typical filtering
procedure, with the application of dewow, background removal, bandpass filters, sec2 gain and FK
migration. The ERT measurements were carried out normal to the shore using the Syscal Pro switch 48
unit, provided by [RIS Instruments, with 48 electrodes. The 2D inversion of the ERT data and the
attribution of the topographic relief, were performed, using the Res?DINV software. All geophysical
data were topographically corrected through GNSS measurements, acquired with RTK-NTRIP method.

Table 1. ERT and GPR lines

Sites No of ERT ERT Total No of . GPR Total
lines Distance (m) GPR lines  Distance (m)

Kotichi 2 329 1 100

Katakolo 2 141 4 376

Spiatza 1 70.5 1 70

Kaiafas 3 212 17 2,010

Zacharo - - 2 400

Kakovatos 7 994 19 6,300

Vounaki 2 314 1 94

Petalidi 1 47 2 120

West Kalamata 1 47 2 120

East Kalamata 1 47 2 164

Total 20 2,201.5 51 9,754

3 RESULTS - DISCUSSION

The processing results of both geophysical techniques, revealed the characteristics (i.e. internal
structure, thickness) of the uppermost layer of the beach sites under investigation. Also provide
information for the quantification of the possible erodible upper layer of sands. The GPR profile at
Kotichi coast (Figure 2a), covering a distance of 100m provides information limited to the upper layer
(about 2m thick), due to the signal attenuation, induced by the high substratum conductivity. The ERT
results indicate the existance of a relatively conductive subsurface distribution (Figure 2b), similar to
that depicted from the GPR results. Both techniques indicate a small thickness of the upper
unconsolidated (dune) layer, which is also related to the presence of a shallow water table that inhibits
the deeper signal penetration.
a) Kotichi GPR Line

Distance (m)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 45 S0 52 54 S6 S8 60 62 64 66 8 70 72 74 6 75 80 8 84 8 88 90 92 94 96 98 100
h h "

Elevation (m)

Model resistivity with.
b) i Kotichi ERT Line
Ineration 7 RMS srror = 4.1
Elav. .
"o
208100 B NNt o [T .. = . .. SRR . . NS
e e— -
00l ——
28]
a8
40|
L L L 1 1 fssdejon] Jonjmmiedes) § | 1 | Horizontal scale is 37.00 pixels per unit spacing First sdectrode is locsted 5100 m.
w0 se W0 130 om0 M MW Vertical =100 L is located st S4.0m.  Uinit Elecsrode Spacing = 200 m.

Rasistivity in ohmm

Figure 2. Geophysical results at Kotichi coast: (a) GPR profile, (b) ERT Profile

The GPR profile at Katakolo coast (Figure 3a), with a total length of 94m, reveals the subsurface
information up to the absolute elevation of -4m. The propagation of the electromagnetic pulse at greater
depths, is constrained by the increasing substratum conductivity. The above argument is strongly
supported by the ERT results (Figure 3b), where high resistivity (>200 Ohm.m) areas have been

investigated at the upper 3m (maximum), while in greater depths a more conductive (~50 Ohm.m)
environment appears.
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Figure 3. Geophysical results at Katakolo coast: (a) GPR profile, (b) ERT Profile

Further south, at Spiatza coast, although sand dunes are well developed, the GPR results are not
satisfactory, due to high attenuation of the electromagnetic pulse; this is possibly related to
anthropogenic activities that have affected to a great extend the natural coastal zone. The ERT results
delineate the thickness of the coastal sandy sediments correspondingly to Katakolo coast.

The next selected coastal environment is located at Kaiafas coast (Figure 1), where the sand dune field
is well-developed (Poulos et al. 2012). The combined ERT and GPR geophysical investigation, concerns
the first two lines of dunes. At the GPR profile (Figure 4a), the electromagnetic pulse propagates until
the absolute elevation of approx. -4.0m. A strong reflection surface prevails throughout the profile at an
elevation of Om (i.e mean sea level). This surface propably represents the interface between the dry
(positive elevations) and the wet (negative elevations) sand deposits (Costas 2022). The pore water in
the wet substratum may either comes from the freshwater aquifer and/or seawater intrusion. Cross-
bedding is particularly profound at the 2™ dune line (distance >74 m), at the area where the basement of
the second dune appears. The ERT technique, implemented along the same profile with the GPR,
provides similar results (Figure 4b). More specifically, areas with high resistivities (>300 Ohm.m) are
located from the distance of 18m until the end of the ERT profile and at an absolute elevation of -2 m
maximum. Below this upper layer a more conductive substratum is investigated.

u) Kaiafas GPR Line
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Figure 4. Geophyswal results at Kaiafas coast: (a) GPR profile, (b) ERT Profile

At the coastal area of Kakovatos (Figure 1) where the dune field comprises of four (4) lines of dunes,
the geophysical investigation based on the combined implementation of GPR and ERT techniques,
covered the first two (2) series of dunes, adumbrated their internal structure and development
(Alexopoulos et al. 2014). It has to be mentioned that the area between the 1* and the 2™ dune line, has
been subjected to agricultural activity. The GPR profile (Figure 5a), normal to the coast, delineate the
development of the first dune until the distance of 90m and at absolute elevation of no more than -3.0m,
while the slack area, i.e., the plain area located between the dune ridges (90 - 110m distance), presented
higher conductivity due to increased fine-grained sediments associated also to agricultural activity. This
area appears at 90m to 110m distance in the GPR profile, while further inland (distance>110m) the
presence of the second flattened dune is inferred, due to the structure of the subsurface medium,
highlighted by the GPR technique. The presence of a strong reflection surface appears throughout the
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1*" dune line, at absolute elevation of Om. It possibly represents the interface between the upper dry and
lower wet deposits. Similar results are investigated by the ERT technique (Figure 5b). Areas with high
resistivity values (>300 Ohm.m) are identified until the distance of 90m, which comply with the
development of the 1% dune line. At the same area a rapid deterioration of the resistivity values is also
observed at the level of 0 m. The slack area is also validated by the ERT results, at a distance between
90m to 110m, where a more conductive (<90 Ohm.m) environment has been investigated. The possible
existence of the 2™ dune sediments is derived from high resistivity values (>300 Ohm.m) areas.

a) Kakovates GPR Line
10 Distance  (m) 100
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At Zacharo coastal site (Figure 1) the geophysical investigation was based on the implementation of
GPR technique, in two profiles. The processing results revealed the internal structure (cross-bedding),
correspondingly to the Kakovatos coast.

The southern coastal sector of Vounaki was also investigated, with the implementation of GPR and
ERT techniques. The GPR (Figure 6a) results, penetrating within the coastal sand deposits, until a
maximum depth of 8.0m. Dune’s internal structure (i.e., cross-bedding) has been destroyed to a great
extent, most probably by human activities. It seems that the 2™ line of dunes has been artificially
flattened. The ERT results, (Figure 6b), present a resistive area (>200 Ohm.m) at a distance greater than
20m. The thickness of this resistive zone increases landward, reaching its maximum (8m) at the end of
the ERT profile. The ERT verifies the existence of a well-developed sand dune field in the area, which
has been partially distorted by human intervention.
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Figure 6. Geophysical results at Vounaki coast: (a) GPR profile, (b) ERT Profile

The geophysical investigation continues further south, in Messiniakos Gulf, at the coastal zones of
Petalidi and West Kalamata site, where the sand dune environment is poorly developed and the sand
deposits thickness is limited. Some lateral variations with a high percentage of pebbles are also
recognized in the beach zone. The GPR results are limited to the elevation of -2.0m (maximum), due to
increased conductivity of the substratum, causing the high attenuation of the electromagnetic waves. In
both sites the ERT results revealed the presence of high resistive (>300.0Ohm.m) areas, with a maximum
depth also of 2.0m (maximum), verifying the GPR outcome results.
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The last investigated beach zone (East Kalamata site) was selected, due to its high percentage in coarse
-grained material (i.e., pebbles and gravels). The GPR results (Figure 7a) reveal a rather conductive
substratum, as the propagation of the electromagnetic pulse is limited at depths <4.0m. The dry beach
sediments seem to develop to the elevation of -2.0m. This may be related to the seawater intrusion. The
ERT results (Figure 7b) verify the assumption of the existence of a conductive substratum with low
resistivity values (<50 Ohm.m), dominate throughout the ERT profile at elevation below Om (absolute
elevation). On the contrary, a high resistivity (>300 Ohm.m) formation, consisted by the dry coastal
sediments, overlays the above-mentioned conductive environment.

a) East Kalamata GPR Line
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Figure 7. Geophysical results at East Kalamata coast: (a) GPR profile, (b) ERT Profile

4 CONCLUSIONS

The combined application of GPR and ERT geophysical methods in coastal environments and especially
in coastal zones with sand dune fields, provide useful information on the composition, internal structure
and volume of dry sediments, as well as information on the presence of an aquifer and, under certain
conditions, indications of seawater intrusion. In the framework of the ILIDA _Kit tool, for the nine (9)
different coastal zones, the material (sediment) most easily eroded by wave processes is restricted to the
upper meters (absolute elevation >0m), where the sediments are dry. However, unconsolidated sediment
is also present below the sea surface, but it appears to be saturated with water (either fresh or marine,
depending on the land supply). In order to make the best use of the geophysical results in these complex
and laterally variable geo-environments, sample drilling in combination with CPT, should be carried
out.
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