GEOMORPHOLOGICAL CHARACTERISTICS OF LEUKAS ISLAND USING GIS
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ABSTRACT

The purpose of this paper is to study the geomorphology of Leukas island
using GIS and GPS techniques in order to improve the accuracy, the speed of
quantitative and spatial analysis and finally the presentation of the
results.

For the study of geomorphological characteristics such as drainage
system, morphological slope and karstic formations, extended fieldwork and
photo-interpretation took place, while all collected data were inserted in
a Geographical Information System where a quantitative and geographical
analysis took place.

This study has resulted to a geographical database with geographical,
geological and geomorphological characteristics. Moreover several thematic
maps have Dbeen created based in the input data, the derived secondary
information layers and finally the combined information.
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INTRODUCTION

Leukas it the 4™ in size island in Ionion Sea (Fig. 1). It is a
mountainous island of 294,4km® size and 116, 7Km coastal length, with rich
horizontal and vertical distribution. Coastal zone differs along the island
according to the tectonical, erosional and sedimentation procedures
(Fig.2) .
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Fig. 1: The study area
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F zg.- 2: Characteristic coastal zones of west part of Leukas island.

GEOLOGY

The geological study of the island of Leukas has been the object of many
studies such as those of Partsch, J., (1889), Renz, C., (1937 & 1938), W.
Seidlitz, W., (1928), Bornovas, J. (1964), Philippson, A., (1958),
Verginis, S., (1976), etc.

Two geotectonic zones compose the studied area: Ionia and Paxon. The
biggest part of Leukas is covered by the Ionian zone (210,1 Km?) while Paxon
is located in the southwest part of the island in Leukata peninsula
(covering an area of 63, 9Km?) . Finally there are some Quaternary formations
in the south of the island in Vassiliki basin, in the north of the island
in Leukas plain, in the east around Nidri area and in some isolated
positions.

METHODOLOGY

The geomorphological study of Leukas island took place through photo-
interpretation of aerial photos (HAGS, 1988, scale: 1:33.000) and field
work during the years 1999 and 2000. All geographical, geomorphological and
geological data (IGME, 1963) collected were imported and analyzed in
ArcView geographical information system. All primary data were processed
for the development of secondary data, which were finally analyzed to
extract different thematic maps such as the morphological slopes and
drainage density (Horton, R.E., 1945, Strahler, A.N., 1957) .
Geomorphological parameters such as morphological slopes, drainage density
and frequency, were estimated, analyzed and thematically represented for
each drainage basin.

For the accuracy of field measurements we used GPS technology in
simultaneous combination with GIS, so that the position of each
characteristic was immediately inserted and tested to the GIS. This
methodology of primary data collection was used in order to have better
results during the combined analysis of different information layers.
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GEOMORPHOLOGY
The mountainous area of Leukas is characterized by abrupt slopes, which
are intersected by deep ravines. The highest pick 1is situated at Stavrota
mountain (1.141m). There 1is a central calcareous area covering one fifth
(1/5) of the total area with an average altitude of 900m. This central area
consists of the mountains Stavrota, Elati (1.084m), St. Ilias (1.014m) and
Mega Oros (1.012m). Other smaller mountains are the Lainaki, Achrada and
Sikeron to the south, Skaroi to the east, Megali Rachi to the north and
Leukata to the southwest. At the central calcareous area there are many
calcareous tablelands, the highest of which is the Kalokairinos one
extending between Mega Oros - Epano Pyrgos, with an average height of 800m.
There is an eastern tableland at the mountain Skaroi with an altitude of
550-600m consisting of limestones and neogene formations. To the north
Sfakioton plain extends (of 400m altitude), consisting of Neogene
formations while western

there exists the low
altitudinal (350-400m)
tableland Tsoukaladon-
Lagadas Grias consisting
of limestones. In Leukata
peninsula, there is a
narrow tableland of the
same name and 400-500m

altitude.
There are some basins
in Leukas island. The

Vassiliki one at the
south part of the island,
is faulted in the south

F%:4:Baﬂn,nmﬁhqu&n%ahdonﬁmh,amsmwdqfaﬂmnﬂﬂ part and erosional in the

deposits and coastal formations. north.  Vassiliki Dbasin
has been formed between

the Hortaton-Komiliou, the Stavrota mountain to the east and Leukata
peninsula to the west. It is expanding to the south and reaches smoothly
the sea, where a narrow coastal aggrading plain is created (Fig. 3).
Another basin situated in the central part of the island between the
mountains Stavrota - Elati - Lainaki and Korifi called St. Ilia Sivrou,
which meets the Vasiliki basin in the southwest and is possibly a branch of
it. Other erosional basins are the Egloubi and Dimosari (between the north
part of Elati mountain and the south cliff of Skaroi mountain). In the
north part of the island
there is a big plain, a
result of the
Tsoukaladon fault (Fig.
4 & 5) (Livaditis, G.,
et al, 1987). It 1is a
flat and low altitude
area consisting of talus
and other transferred

materials which
gradually Jjoins at the
north and east the

lagoon marshy and mad
covered area.

Fig. 3: The south part of Vassiliki basin and the homonymous basin.
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The drainage
system mainly
consists of torrents,
some of which are
flowing out in small

closed basins or
kastic gaps. There
are many karstic sew
pipes in the

calcareous tablelands
as well as other

karstic formations
(Fig. 6 & 7) such as
doline, uvala and

polje (Fig. 8, 9 & 10
& 11). Most of doline
Fig. 5: Part of Leukas plain and the salt - pits. and uvala are
situated in the
Kalokairinos tableland, mainly used for agriculture. The most significant
poljes are: a) Livadi, north of Karia village which overflows during
winter and drains through two karstic pipes situated at the north b) the
two poljes north and south of Marantochori wvillage, <¢) one north of
Alexandros area d) in Strogilo tableland. The most significant uvalas have
been observed in Megali Rachi and Strogilo area. The most significant
dolines are that southeast of Platistoma village and two at the tableland
south and north of Karia wvillage. All these characteristics are presented
in a map, a part of which is shown in Figure 15.
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Fig. 8, 9 & 10: Karstic plain in Athanion area (upper) and in Fternon area (down).

Karstic formation

B3

Fig.11: Karstic formations in Leukas island.
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Drainage Density (1/Km) Drainage Frequency (1/Km2)

W 3.51t0 10.8 (50) W 9.41069.1 (48
29t 3.5 (44) [ 56t0 9.4 (50
(12 to 2.9 (47) [134to 5.6 (47)
[]06to 2 (54) [10.6to 34 (50

Fig. 12 & 13: Map showing the drainage density (left) and drainage frequency (right) of Leukas drainage
basins.

DISCUSSION-CONCLUSIONS

The morphology of Leukas island is mainly influenced by the tectonic
regime, which has affected all the Ionian islands (Gournelos, Th., et al,
1997, Vassilopoulos, A., 2001) and the erosional activities that have
mainly affected carbonate formations. The drainage system of the island is
influenced by tectonic activity, as a knick points analysis (Verikiou, E.,
et al, 2000) has showed. Many of the Leukas’ basins have Dbeen created
because of big fault =zones, such as the Leukas and Vassiliki basin. The
drainage basins analysis of drainage density, frequency and slopes, showed
very high wvalues in the northern part of east and west zone and high in
most of the big basins of the south part (Fig. 12, 13 & 14). Erosional
processes mainly 1in limestones are prevailing in Leukas with several
karstic formations such as dolines, either isolated or grouped and combined
to form ouvalas and then poljes.

Moreover a geographical database has been developed with geographical,
geological and geomorphological characteristics and corresponding thematic
maps. The descriptive part of the geographical database has been linked to
several photos that have been taken during fieldwork. The scale that most
of the presenting data have been collected is 1:30.000, while the created
thematic map may be shown at any scale as it has been developed in a GIS.
Figure 15 shows only a part of the resulted map for reasons of better
visualization.

400




e

frsessessrssss:
.3'.03””.:9”

Geomorphological characteristic
Lithological formations
Quaternary formations
# Neogene formations
Z Flysch
E Carbonates
&% Allouvial cones
Fault
® Knick point
EJ Karstic formation

) &
I
\ L
2555555 9339993. »3 '»993

Coastal type

Sandy
Rocky

Physical characteristics

5 G2\
939933399999%9%3;
S

/%
%
393.9933'9

l/llo'lllllll/ll'll II 1957 "j-
i N
4 =

G
W i
VY
Yy

G

: ssszszsss;zzszzzzx»zszdsszsz:»s 12

i
i

Contours (interval 100m)

Contours (interval 50m)

*Altitudinal point

Drainage system
®Spring

oS
X %
é%i%/&%%}%%% ,::""

7 g
*Il'lllll 12004
= i |
*"3:"99“‘3333393?‘00&030?’%’3’?’1’?4 5
s R N
mmm.,,,,,,,,,,,,,,,%, X

Isobaths (m)

SR

2 i AN
"'mszsm S ,,::
e

1
v Y
i
i i)
o
N
N NG

= 00:144{\000400000.000000&.3

X
= W S N ﬁ‘
G et NG gl(,‘

9%

i S
S N

%8 % 9 225a 9%, X ' =
e e e
zgzgzszs%zssszszf eg Gl

eDepth point

oiiaw”a 55552

Man made characteristics
™ Town/Village
¢ Church

H Monastery
K Quarry

NS 5.

b N M

.« LN “’”z?"g.
2

zéf,szzzzzsz:»zzzszz o sszzzs:zmg'

N \
N N N
‘IIJIIIIIII ,0 '4’4"‘«"0 0 NIIIIIIII IIIIIIOIIIIIII}\
e

%N
o »%ggszzzzs” .4;;;;”499993'

O
"’?"”??””3""“‘ ‘3?‘?'»:‘ o) "?.'
Ao %, k
lzgggzgg. nﬁ»%%%;?‘g‘g;‘ "%i%%%%% Wigyli2228
G "llllllllo&l»\’IIOI’I/IIOI““O’ N 19227, 'Io'llll&o/o’lllllﬂ'llm
B R Ko <
55500, ettt 090 0, ONel s

»9?93;;3.% G N
LN
v G
L X N

s NS 09575 1250000505052 0, Yaxm»x}é&wx

XN

X e o
LN : N %
% e N
—%%%%%%%‘»%%%%53;"-3'59%"" ;S css.tzzszfzs:'.zzszszsz
o CNr o
bl N
2 o

:-;%s%s-*%?*""""ééé””"”%: :0»0_4001. &

L ]

0577 o Po 24
'»99991»9%%5”: éiw%i%%%%g}i%%%

, G
N

(St

: AN
e ) v
et ) oooh
% \'6933&%%%3? Vi ']

s" i
.

65552 =
N g AR o o e
PAY o ] a’v”””””o””icwo.w””””””o m

2 N
$5502:5%7 4% G\ BNTT 5 w”o””””””.o”nooiao%%%%%b 7
7%
'IIII’I'IO« ’II‘IIIIO ‘00"00'«‘"'04 < Illllllllllllllllo 'OIIIh’Illlllllllllllo'l““‘llltlllllllf“ &
s ks M b s N s s S
) o”;m'n. »,!vji' 2
GG e

i A,
SN W R
g i, i (L i N i
) o
i "f N e LN
100000000008050000. ’O’OIIIIIIIOoOIIIIIIIIIIIIIIIIIIIIlllo.% =

Govess 200502005 ¢

R
o BB .\
LR 5573 Sy s 2%, 5 A\
oY N
2 =F = 5 5 K Q
I g G e NG e

%
90550555058 4200, 30000 5054508 999555 295%%;
0595755449%%%, iff{g&; '63393393/'9’,333{o%%%”n”h'o/%””””mw””. RIS A

,é;;ss;izszszsz;ezsz:»gszz. o
Ry k)

e i\
Fo s i
b

%5
5 5%% gsoes ooes
%999925%%%%%%%%%’ ”o%igi&m%%

N N ey

AN v‘,‘o pos e X Pt 1\
i\ G i
N U i e Y i,
i g i, ok
N N e
i U ] ;;::«;szsz%szszszﬁ

X

$20804 PR 020700004 p90242004 5955515555555545555550F 554555554
e W N A ,zzgggg;ggggzszszgm' g
R ,

A R s S S I
S /o\v””””””””aw””o.””””o”””.””woposou« kes

09555
A, S5
'9999999' 46‘1599939999$n£$¢;f'-92

e s

o
%%
N 4””»”””334»””””””

N
X
2

i [ K AR

i 7
g
i g
g e
£ b
i
i & A /4

s'sgzzzszszsz»szszgzszf A ;ggzgg,,,szszszszzsz99zszszszszszﬁzzzszszszszgzszgggsg,
e s O O\

208004 25095004 o %

S
\'

0 s 0 Ae555505% < 2
Ol G tttTiiet ettt ”3“03”3”3””'

055041
$ 4 2222
!»99995%2»94»%%‘ 'o”io”%%%%%%%%%

b L ”c Koo

2 2. 55550es, 50
» = % 5
6993/9%%%%%9’ /59999993 w}i%‘ii‘f i ¥ 333333330933333%3333333’3’«930&5333.

r .
4 ¢ Ve -
(i iy ] Y i

e o
.\
N i

«' 550 o2 22,49 X
N e i

REFERENCES

[1]Bornovas, J., 1964, Geological study of Leukada island. IGSR, Vol. X, No
1, p.p.142

[2]Gournelos, Th., Vassilopoulos, A., Evelpidou, N., 1997, Development of a
GIS-based methodology to analyze Geological, Geomorphological and
Environmental data of the island of Zakynthos, Proceedings of the
International Symposium on Engineering Geology and the Environment, Athens,
p.p. 1245-1251

S e .
a2 Fig.l5b

G

NGz e

%
; —— |

401



[3]HAGS (Hellenic Army Geographical Service), 1986, Aerial photos, Leukas
island, Scale 1:30.000, Athens.

[4]Horton, R.E.: 1945, Erosional development of streams and their drainage
basins: hydrophysical approach to quantitative morphology, Bull. Geolog.
Soc. Am., 56, 275-370.

[S5]1Livaditis, G., Verikiou-Papaspiridakou, E., 1987, Coastal sedimentology
conditions that formed “Zostiros” formation in Leukada town. 1st Hellenic
Geographical Congress, Vol. B, p. 229-235.

[6]1Partsch, J., 1889, Die Insel Leukas, Eine geographische Monographie,
Peterm, Mitt, Erganzungshelf, 95, p. 29

[7]Philippson, A., 1958, Die Griechischen Landschaften. Eine Landeskunde,
Frankfurt.

[8]Renz, C., 1937, Zur Geologie von Leukada. PAA, 12, p. 346-354, Athenes
[9]1Renz, C., 1938, Weiterer Bericht zur geologischen Erforschung der insel
Leukada..PAA, 13, p. 293-300, Athenes

[10]Seidlitz, W., 1911, Die Nehrung von Santa Maura (Leukas),
Vers.Deutsch.Naturf. u.Aerzt, 2, p. 388-393, Karslruhe.
[11]Strahler, A.N., 1957, Quantitative analysis of watershed

geomorphology, Amer. Geoph.Union Trans, Vol. 38, p.p.913-920.
[12]Vassilopoulos, A., 2001, Analysis of Geomorphological and Geographical
data, wusing GIS techniques 1in Kefallinia island, Thesis, University of
Athens, Geology Department, p.222.

[13]Verginis, S., 1976, Monographie der insel Lefkon under Besonderer
berucksichtigung der hydrologischen verhaltnisse, pp.190, Wien.
[14]Verikiou, E., Evelpidou, N., Vassilopoulos, A., 2000, Processing
knickpoints 1in Leukada island with the wuse o0of GIS techniques, Annale
Geologique des Pays Helleniques, in print.

[15]IGME, 1963, Geological map of Leukas, 1:50.000.

Topographical Slopes (%)

W 27,7 to 35,7 (10)
0 19,7 to 27,7 (63)
[ 11,7 to 19,7 (88)
O 3,7to 11,7 (34)
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Fig. 14: Topographical slopes of Leukas island.
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