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The Morphotectonic Units of Ikaria Island —
Contribution in the Natural Hazards Research

H. EFRAIMIADOU®, ST. LOZIOS®, N. EVELPIDOU®

ABSTRACT

Present morphological and tectonic image of Ikaria island is the complex result of both the tem-
poral evolution of the island, as part of the geodynamical evolution of the Hellenic Arc, especially that
of the last stages (from the upper Miocene and after), and the exogenous factors. Also human impact
functions as an additional parameter for the formation of Ikaria geoenvironment.

According to field data and their analysis, computing and estimation which took part with the use
of modern technologies (use of GIS, analysis of geographical and descriptive databases) the mor-
photectonic units of Ikaria Island were defined. The definition of the morphotectonic units was based
on their special features and more precisely on the lithological differentiation (granite, metamorphic
rocks and post alpine formations) as well as the complex ductile and brittle structures (large scale
ductile shear-zones and brittle detachment faults, normal faults, strike-slip transfer faults and join
sets) and the morphological features (slope distribution, asymmetry of the drainage system, planation
surfaces, morphological discontinuities etc).

The synthesis of the special features of each morphotectonic unit in combination with the human
impact (fires, overgrazing etc), defines the kind, the intensity and the geographical localization of the
natural hazards which occur in various sites of the island, such as landslides, erosion, floods, seismic
activity, relief changes, coastline changes etc.

Keywords: morphotectonic units, natural hazards research.

NEPIAHWH

H onuepivy Hop@oAoYIKR Kal TEKTOVIKY €IKOVa TG vAgou Ikapiag eival To gOvBeTo amotéAeapa
ag' evog pev TG SiaxpovikAg E€AIgNS TG viigou, dTiwg auTr| evidooetal oTa TAaigIa TG yewduva-
IKAG €EEAIGNG Tou ENNVIKOU TOGoU Kal 181aiTEPA KaTA Ta TeAeuTaia aTddia amé 10 Av. Meldkaivo Kai
ETA, Q' eTépou Be TG dpAaNG Twv ewyevwy Trapaydviwy, aAAd kal Tng avBpwivng TrapéuBacng.

Me Baon Ta Tpwroyevr oToIxeia uTaiBpou kai Tnv avéAuon, emegepyaaia kar agloAdynar| Toug
péoa améd m xprion véwv texvoloyiwv (xprian GIS, avaAuon yewypagikwy Kai TEPIYPOPIKWY Oedo-
pévwy) TTPOCBIOPIOTNKAV YIO TNV VAGO GUYKEKPIPEVEG LOPPOTEKTOVIKEG evoTnTeEG. H didkpion Twv
MOPQOTEKTOVIKWY €VOTATWY diaaivetal Péoa amd Ta I10ITEPA XAPAKTNPICTIKA TOUG Kal EyKEITal
1600 0T AIBoAoyikA SlagopoToinan (ypavitng, YETOUOPOWHEVA, METAATTIKOI OXnUaATIONOI) KaI OTO
dI0QPOPETIKG TeKTOVIOUO (pAyMaTa amok6AANang, pryuara opiovtiag oAioBnang, kavovikd priyparay,
600 ka1 otV I131aiTepn Hop@ooyia (katavopr| KAIGEwvY, aoUPKETPiEG UdPOypaIkou dIKTUOU, ETIPA-
VEIEG ETTITTEDWANG, MOPPOAOYIKEG ATUVEXEIEG KATT.).

H alvBean Twv 1810iTEPWY XOPAKTNPIGTIKWY TG KGBE LOPQPOTEKTOVIKAG EVOTNTAG O TUVOUACTUO
e Tnv avBpwivn Tapéupacn (Tupkayiég, avegEAeyktn Boaknan KAT.), kabopidel kai 1o €idog, v
vVTaaon Kal TO YEWYPAPIKO EVIOTIIUS TwV QUOIKWY KIVOUVWY TTou ekdnAwvovtal aTig dIGPopES Trepl-
oxég Tou vnaloU, 6Twg KatoMiabroeig, didBpwan, TANUPUPES, OoelauIkr dpaaTnEIdTTa, PETaBOAEG
avayAUQou, PETABOAEG KTOYPAMMWY KATT.

NEGEIG KAEIBIA: HOPPOTEKTOVIKEG EVOTNTEG, PUTIKEG KATAGTPOPEG.
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1. REGIONAL SETTING

Ikaria island belongs in the island complex of
the Eastern Aegean with geographical coordi-
nates N37°40°40"" kai E26°21°55". It has a
longitudinal form with axis direction in WNW -
ESE where the main mountainous mass is Athe-
ras.

Figure 1: Geographical location of Ikaria island.

The topography is intense and mountainous.
The high between the northern part of lkaria,
which is characterized by more or less gently
dipping morphological slopes, and the southern
part which is characterized by the small stream
length of the drainage network, the steep mor-
phological slopes, the intense linear erosion in
addition with the lack of planation surfaces and
the relatively linear coastline, reveals that the
present morphology of Ikaria Island is the com-
plex result of both the temporal morphotectonic
evolution of the island, and the dynamic exoge-
nous factors where human impact is concluded.

The geotectonic position of Ikaria island
constitutes a transition zone between the “Cyc-
lades Unit" and the “Pelagonian Unit” at the west
and the “Menderes (Meander) mass” at the east
(Ktenas & Marinos 1969; Bozkurt & Oberhansli
2001). According to Papanikolaou 1978, three
geotectonic units can be distinguished: a) the
upper Kefalas unit which represents relics of
crystalline limestones and molassic sediments
which belong to the Internal Hellenides, b) the
middle Messaria unit which consists of alterna-
tions of marbles and phyllites homologous with
the Cycladic blueschists unit and c) the lower
Ikaria unit covers the larger area of the island
and comprises mainly of gneiss and marbles.
The Ikaria unit is also intruded by two syn-

kinematic granitic bodies, the large I-type granite
of Rahes which dominates at the western part of
the island and the small S-type granite of Xy-
losirtis, at the south (Altherr et al. 1982, Papani-
kolaou et al. 1991). Finally Pliocene conglomer-
ates_have been developed along the NE part of
the SE coastal zone of the island. The main
tectonic structures are the older ductile shear
zones and the youngest low angle normal faults
(detachments) as well as the last tectonic events
defined by high — angle normal faults and strike
- slip faults (Fig.2).

2. TECHNIQUES AND METHODOLOGY

Extensive field work took place in order to
collect data related to geology, tectonics and
geomorphology of Ikaria island that compose the
morphotectonic characteristics of the research
area. Furthermore, an emphasis was given on
various catastrophic phenomena (landslides,
erosion, floods, coastal zone changes) that oc-
cur in many sites of the island after intense rain-
falls. Fieldwork also took place for the confirma-
tion of the results that were produced through
the GIS analysis (Fig.3).

For the data processing, the development of
thematic maps, the creation of data bases and
the parallel management of them, the GIS
Maplnfo ver. 9 was used. This methodology was
chosen because multi information layers were
needed to be developed and analysed and GIS
applications were used as the tool for the analy-
sis and synthesis of the geographical and de-
scriptive data.

3. MORPHOTECTONIC DATA

Introduction

According to the field data and the data pro-
duced by the GIS analysis, three morphotectonic
units are distinguished from west to east; Units
1, 2, 3. Each of the three main morphotectonic
units is distinguished in two subunits. Atheras is
the main watershed of the island and it is the
natural border that separates the subunits 1a —
1b, 2a - 2b, 3a - 3b from north to south. Each of
the units and subunits has its own morphotec-
tonic characteristics related to the occurrence of
natural hazards. The drainage network asym-
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metry is characteristic. As a result, the island is
separated into the north and the south part
where there is a contrast in the drainage basins
slope and dimensions. Furthermore, the Ikaria
“kink” - type shape distinguish a western part
where the watershed and the coastline have a

e

Geofogical Fonmations

[ coastal deposits: looze sand and unconsolidated cobbles
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Figure 2. Geological Map of Ikaria island
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NE-SW orientation, a central part with E - W
orientation and an eastern one with NE — SW
orientation.
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Figure 3. Flow diagram of the followed methodology
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Morphological Slopes and discontinuities
The slope map of lkaria island was devel-
oped with the use of GIS. It is obvious that the
southern part is characterized by an intense
relief of higher inclinations (~70% - 80%) in rela-
tion to the northern part where the relief is
smoother (Fig.4). In specific, the northeastern
and southern parts are of very high inclinations
while the middle part seems to be a transition
zone to the lower inclinations (0% - 28%) that

Figure 4. Slope map of Ikaria island

dominate at the northwestern part of the island.
From the slope map, an extent planation surface
was detected whose existence was verified also
after the field work. This planation surface is
located at the upland Pezi — Erifi (marked with
the yellow arrow in figure 4) (Fig.5), in 800 m
altitude, its surface is approximately ~ 25 km?
and it has a low inclination (<14%) to N.

Figure 5. Pezi-Erifi planation surface
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Morphological discontinuities are associated
with the areas mentioned above which are of
very high slopes (>75%). Through GIS analysis,
the orientation of these morphological disconti-
nuities were calculated (Fig. 6).

It is resulted that the morphological disconti-
nuities orientation is changing from north to
south and from west to east but it seems to be
grouped according to some prevalent values.
The northwestern part is characterized mainly by
orientations of approximately 1000, the north and
centered part of 20° and the north-eastern part
of 160°. The south-western part is characterized
by orientations of 40° - 800, the southern part of
1000 and the south-eastern part of ~60°.

Faults

The present asymmetric relief of Ikaria Is-
land corresponds to the asymmetric footwall
updoming and the exhumation of the ductile
extensional shear-zone during Upper Pliocene,
which separates the granite and the lkaria unit
from the upper blue-schist Messaria unit. During
the progressive updoming, the ductile shear
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zone moved to the brittle, upper parts of the
crust and today is juxtaposed with the lower of
the two main extensional detachment faults (Fig.
2) of the island (Kumerics et al. 2005). The other
one, is not connected with an underlying ductile
shear zone and separates the blueschist unit
from the Pliocene conglomerates. There are
some places along the SE coastal zone of the
island, where we can recognize the low-angle
fault surface (Fig. 7), but there are, also, some
others where the detachment accompanied by a
cataclastic zone. The most of the smaller scale
faults of the island are localized at the central
part, and rarely at the area between St. Kirikos
and Fanari, cutting the upper blue schist unit
(see Fig. 2). The main fault direction is around
E-W, but NE-SW and NW-SE (and rarely other)
directions also occur. All these faults seem to be
related with the lower detachment fault, repre-
senting the "upper plate" brittle extensional de-
formation, showing (according to Kumerics et al
2005) a top-to-the-NNE displacement of the
hanging wall.

Subur})it 1a
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/N 320
300/ /

280 ’ 280 l

260 260

240

Subunit 2a
0

180

Subunit 3a

20
40

60
80

‘100

120

140
160

Subunit 1b
0

ZSD[ 1

260 100

Subunit 2b

Figure 6. Morphological discontinuities orientation
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Figure 7. The upper detachment
fault surface (30/105), which separates
the Pliocene conglomerates from the
marbles of the blue schist unit. As it
seems the marble is jointed and strong-
ly brecciated (cataclasite zone). Near
coastal road, about 7 km from St. Kiri-
kos to Fanari.

Figure 8. NNE dipping normal fault
near Evdilos, cutting the blueschist unit.

Figure 9. NE-SW dextral strike-slip
fault at the SE coastal zone of the Is-
land.
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NE- or NW-striking strike-slip faults also occur in
the island, like the one presenting in Fig. 9.
These faults either represent transfer faults link-
ing different segments of normal faults, connect-
ed with the Upper Miocene — Upper Pleistocene
extensional tectonics, or must be related with
the Quaternary transpressional regime, de-
scribed, for the major area, by Lykousis et al
1995, from submarine data.

Drainage Network

The hydrographical network is characterized
by the development of streams of permanent
and non permanent flow. The drainage networks
are in a continual parallel order and as a result
the basins are being limited from both sides. The
main watershed of Ikaria island is Atheras which
is located only 2.5 km from the southern coastal
zone and as a result the streams of the southern
part of the island have a limited length as well as
the drainage basins which are of limited area.
Furthermore, at the southern part drainage ba-
sins are characterized of high inclinations (
>28,9%) and this is a parameter why the
downcutting erosion is intense while the streams
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According to field work, it seems that the
morphological discontinuities are associated
with the tectonic structures. This relation is obvi-
ous through the congruency of the structures
orientation. The northwestern part is character-
ized mainly by orientations of approximately
1000, the north - eastern part of 20°. The south-
western part is characterized by orientations of
~40° and the south-eastern part of ~100° (Fig. 6)
tend to reach the sea level in a much shorter
distance enforcing the regression erosion (Fig.
10).

On the contrary, the northern part of the is-
land is characterized by developed branches of
more extensive length and of larger drainage
basins. Drainage basins slopes are generally
smoother (<24%). Halaris river is the main hy-
drographical network of western part of the is-
land. Its class is IV and its drainage basin covers
an area of 20.64 km2. Voutsidies river is also a
developed hydrographical network of the north-
ern part. Its class is IV and its drainage basin
covers an area of 21.4 kmz,

Drainage Basins by mean slope

W 2891036
B 241t028,9
M 2051024,1
W 17710205
W 85t017,7

Figure 10. Map of drainage basins by mean slope
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The drainage network orientation was calcu-
lated through GIS. It is resulted that its orienta-
tion is changing from north to south and from
west to east but it seems to be grouped accord-
ing to some prevalent values. The northern part
is characterized mainly by orientations of ap-
proximately 20° while at the north-western part
change to 1000 - 120. At the south-western part
the orientation is 1200 - 1400 while at the middle
southern part ranges from 1600 - 1800. The
south-eastern part is characterized by the same
orientation as the north-western part (~1200)
(Fig. 12).

4. RESULTS & DISCUSSION

In general, there is a dynamic relation be-
tween tectonics and geomorphology. Tectonic
structures control and define the geometry and
orientation of the morphological characteristics.
Faults and morphological discontinuities orienta-
tion are related with a specific orientation as well

as the sudden flow changes of the drainage
network. The slope differention, the geometry
and orientation of the morphotectonic character-
istics, their spatial analysis as well as the differ-
ential processes that take place on the different
geological formations lead the research at the
definition of the morphotectonic units of Ikaria
island.

Three morphotectonic units are distin-
guished from west to east, Units 1, 2 and 3,
according to the impacts of the endogenous and
exogenous processes that affect the morphology
of lkaria. Each of the 3 main morphotectonic
units is distinguished in two subunits. Atheras is
the main watershed of the island and it is the
natural border that separates the subunits 1a —
1b, 2a - 2b, 3a - 3b from north to south (Fig.12).

Subunﬂit 1a

340,

280 [~

260

Subunit 2a

—20

Subunit 3a
0

60
‘ao
—/ 100
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Subunit 2b

Figure 11. Drainage network orientation
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Subunit 1a

Figure 12. Map of the morphotectonic units of Ikaria island

Subunit 1b
o

Subunit 3a Subunit 3b
0

Figure 13. Main morphotectonic characteristics orientation (faults, rivers, morphological discontinuities)

Table 1. Table of the main characteristics of the morphotectonic units of Ikaria island

Unit_1 Unit_2 Unit_3
Rahes granite, schists and

main lithology Rahes granite marbles alternations Plagia gneiss
area of the IV class drainage

basins 20.63km” 21.4km’

800m,
25km” slope
Subunit a planation surfaces toN ort N70E and incl. 0-100°N

[mean slope % 17.70 17.19 24.27
fault ori ion, degrees 80-100 0-20 80-100
morphological discontinuities

orientation, degrees 80-100 0-20 140-160
hydrographical network

orientation, degrees 100-120 0-20 0-20
main lithology Rahes granite] schists and marbles Plagia gneiss
mean slope % 26.08 29.58 23.74
fault ori ion, degrees 20-40 80-100 80-100

Subunitb ical di initi

orientation, degrees 40-80 80-100 40-60
hydrographical network

orientation, degrees 120-140 160-180 100-120
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The orientation of the main morphotectonic
characteristics (faults, rivers, morphological
discontinuities) are summarized in Fig. 13 and
Table 1.

Many natural hazards such as land slides,
rockfalls, soil erosion, floods, relief changes and
| coastiine changes occur in many sites of Ikaria
island after intense rainfalls (Fig. 14). The cata-
strophic phenomena have as a result the down-
grading of the human and natural environment.
The impacts are more intent at the southern
part, where the drainage basins slopes are

Fig. 14. Natural hazards occurred in the is-
land after intense rainfall in October 2010.

higher as well as the erosion rate. Drainage
basins such as that of Halaris which is of an
extent surface, while the downstream area is
characterized by high slopes, the surface flow is
enhanced and as a result the erosion rate is
accelerated. Morphotectonic characteristics in
combination with the human interventions con-
trol the occurrence, the location and the intensity
of the natural hazards. The Natural hazards
research may be systematized through the defi-
nition of the morphotectonic units. Modelling in
addition with the human impact results, the
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managing of the natural hazards which affects
seriously the environment and the socio-
economic status of the island is possible.
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