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Abstract

This paper presents the geological structure of the entire region of northwes-
tern Greece (Epirus). Four geotectonic zones (Subpelagonian, Pindos, Gavro-
vo, and Ionian) develop in this area, overthrusting one another, their com-
pression axes trending NE-SW. Normal, reverse, and strike-slip faults with
main directions NNW-SSE, NE-SW, and E-W have influenced the geological
formations. In the context of this paper, the results of all previous, relevant
studies were considered, summarized and reviewed, in order to provide a brief
historical recursion and present some of the most important discoveries made
in the area, from 1840 until present. All these results were evaluated and com-
bined, the geological formations were grouped according to their characteris-
tics and field work enabled the confirmation or addition of new data, which
led to the compilation of a new geological map, using GIS techniques, for the
improved visualization of the geological and tectonic structure of northwes-
tern Greece. This map illustrates a lot of new data, based on detailed geologi-
cal-tectonic mapping, depicting the precise boundaries of the geological for-
mations, detecting of Neogene and Quaternary sediments and evaluating fault
activity. The knowledge and illustration of an area’s geological structure con-
stitute a dynamic tool for further scientific research and economic develop-
ment.

Keywords

Geological Structure, Geotectonic Zones, Geological-Tectonic Mapping,
Epirus

1. Introduction

The knowledge of geology of an area contributes to the exploration and exploita-
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tion of rocks and minerals with economic benefits, prognosis of natural disasters,
evaluation, and overcome of environmental problems, definition of paleo-environ-
mental conditions, successful construction of engineering works, etc. Therefore,
the good understanding and knowledge of the geological structure of an area con-
tribute variously to the improvement of human life quality and solution of its sig-
nificant problems.

The geological structure of northwestern Greece (Epirus; Figure 1) is very com-
plicated and complex as a result of many intense tectonic events (overthrusting,
thrusting, folding, faulting). Since 1840, this area has been studied by many re-
searchers and a large number of geological formations have been identified and
examined. Different views about the geological conditions have been put forward.
These views have been evaluated, summarized, synthesized, and reviewed in this
paper. New data from field work observations have been added, resulting in mod-

ification of geological boundaries, identification of their main characteristics,
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Figure 1. (a) Map of the Geotectonic Zones in northwestern Greece (study area): 1—Thrust and Overthrust, 2—Visible Fault, 3—
Probable or Covered Fault, 4—River, 5—Study Area; (b) The major structures of the Hellenic arc are indicated: HSZ—Hellenic
Subduction Zone, AC—Adriatic Collision, KITF—Kefalonia Transform Fault, PT—Pliny Trench, StT—Strabo Trench, VA—Vol-
canic Arc, NAT—North Aegean Trough, NAF—North Anatolian Fault, 1—Thrust and Overthrust, 2—Tectonic Structure, 3—
Study area.
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definition of the strike and dip of beds, comparison and correlation of different
geological formations. Based on the existing literature data and the field work
results, the geological formations have been grouped. Neotectonic mapping has
been carried out based on field observations, fault mapping and tectonic analysis
computing the orientations of the stress axes. All above-mentioned works have
resulted in the compilation of two maps at 1:100,000 scale, by GIS techniques:

(a) A map showing the distribution of geotectonic zones (Figure 1), and

(b) A new geological map of northwestern Greece (Epirus; Figure 2).

The region of Epirus covers an area of 9203 km’ and it constitutes 6.97% of
Greek territory. Epirus is characterized by a sharp relief and a plenty of surface
waters. Pindos, being the major mountain chain of Greece, dominates and its
highest point has an altitude of 2637 m. The plains (25.8%) are limited to the
areas of Arta and Preveza and along the rivers of Acheron and Kalamas. The
mountains occupy a percentage of 74.2% of the total area while high dips and
deep valleys (e.g. Vikos, Arachthos and Acherontas) are identified. Some of the
most important mountains of Epirus are as follows: Smolikas (2637 m), Gram-
mos (2520 m), Tymfi (or Gamila, 2497 m), Athamanian Mountains (or Tzou-
merka, 2393 m), Lakmos (or Peristeri, 2295 m), Douskos (Nemertsika or Mero-
pi, 2198 m), Tomaros (1974 m), Valtos Mountains (1852 m), Mitsikeli (1810 m),
Mourgana (1806 m), Souli Mounts (1615 m) etc. Significant rivers may be re-
ferred to the following ones: Aoos, Arachthos, Kalamas (or Thyamis), Louros,
and Acherontas. A significant element of the hydrogeological situation of Epirus
constitutes the Pamvotis Lake (or Ioannina Lake). The watershed of the water
district of Epirus is defined by the Amvrakikos Gulf in the south and it continues
northwards along the Mountains of Valtos, Athamanian, Northern Pindos, and
Grammos. Finally, the northern boundaries of this water district are defined by
the Greek-Albanian borders.

Epirus is made up of the geological formations belonging to the Subpelagonian,
Pindos, Gavrovo, and Ionian Geotectonic Zones as well as of post-alpine forma-
tions [1]. The Ionian Zone dominates (percentage by 78%) in the northwestern
Greece area. The geotectonic Zones of Pindos, Gavrovo, and Subpelagonian occu-
py 12%, 5.6%, and 4.4% of the total area respectively (Figure 1).

2. Historical Recursionand Summary of Previous
Geological Researches

During 19" century, Boué [2], Viquesnel [3], and Neumayr [4] were the first ge-
ologists who studied the geological conditions in Epirus. Philippson [5] [6] [7]
[8] [9] examined the whole structure of Epirus identifying the thrusted Pindos
Zone over the Ionian Zone and the vertical axis level of folds in the eastern half
part of Epirus.

During the first half of 20™ century, Renz [10]-[15] established the stratigra-
phic regime in western Greece confirming the Pindos ovethrust and identifying
the overthrust sheets towards the west. Brunn [16] showed the inclination of the
Mitsikeli anticline eastwards.

Aubouin [17] [18] [19] compiled the first geological study for the whole Ionian
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Figure 2. Geological map of northwestern Greece: Quaternary (a-Alluvial Deposits, gc-Scree and Talus
Cones , gg-Glacial Deposits and Moraines, #r-Terra Rossa, PLLPlio-Pleistocene Lacustrine Sediments,
PlL.m-Plio-Pleistocene Marines Sediments, Neogene Formations (/Ne-Marine Molasse, Marls and Sand-
stones), pre-Neogene Bedrock (Ionian Zone: Lf-Flysch, Lfl-m-Flysch-mainly Marls, 1fl-c-Flysch-mainly
Conglomerates, 1f]-s-Flysch-mainly Sandstones, I E-k-Paleocene-Eocene Limestones, I C-k-Upper Sen-
nonian Limestones, 1.C-kd-Vigla Limestones, I /-kd-Limestones with Filaments, I./-sh-Upper/Siliceous
Shales with Posidonia, 7 7J-kd-Pantokratoras Limestones, I 7-k-Upper Triassic Limestones, I 7-br-Trias-
sic Breccias, L7-g-Gypsum; Gavrovo Zone: G.f-Flysch, G.fI-s-Flysch-mainly Sandstones, G.E-k-Paleo-
cene-Eocene Limestones, G.JC-kd-Cretaceous Limestones; Pindos Zone: P.fI-Flysch of the Pindos Zone,
P.bk-Series of Transition Beds, P.C-k-Pelagic Platy Limestones, P.C-fk-First Flysch of Pindos Zone,
P.JC-k,sh-Schist-Chert Formation, P.7-ks-Triassic Clastic Formation; Subpelagonian Zone: S.JC-k,sh-
Schist-Chert Formation, S.oph-Ophiolitic Masses), 1—Potencially Active Thrust, 2—Thrust and Overth-
rust, 3—Active Fault, 4—Visible Fault, 5—Probable or Covered Fault, 6-River.
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Zone in the western continental Greece, divided it into Internal, Central, and
External (from east to west) and analyzed its stratigraphy and tectonics. He stu-
died the tangential structures and showed that Epirus is made up of syncline and
anticline structures which overthrust towards the west while the eastern anti-
clines incline eastwards. He also indicated the existence of strike-slip faults con-
sidering that these faults are older than folds and overthrusts. Finally, he deter-
mined the age of this overthrust tectonic activity in the Middle-Upper Miocene
period.

Researchers from Institute of Geology and Subsurface Research-IGRS and In-
stitut Francais du Petrole-IFP examined the presence of normal faults of Jurassic
age in the Ionian Zone for first time [20]. These faults were created by an ex-
tended extensional stress field resulted in the first tectonic deformation on the
Early Lias limestones (known as Pantokratoras limestones; Figure 3 and Figure
4) in that period. In 1966, the same scientific team studied in details the tectonic
setting for the entire Epirus compiling an excellent map at scale 1:100,000 and dis-
tinguished three successive compressional periods: Aquitanian-Burdigalian, Late

Burdigalian (main tectonic phase) and Mio-Pliocene-Quaternary.

Lower Miocene
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Figure 3. Lithostratigraphic column of the Ionian Zone, illustrating the geological forma-
tions that crop out in the study area and are presented in the Geological mapon Figure 2:
LfI-Flysch, IfI-m-Flysch-mainly Marls, Lfl-c-Flysch-mainly Conglomerates, /f7-s-Flysch-
mainly Sandstones, IE-k-Paleocene-Eocene Limestones, /. C-k-Upper Sennonian Limes-
tones, I.C-kd-Vigla Limestones, I/-kd-Limestones with Filaments, I/-sh-Upper/Si- li-
ceous Shales with Posidonia, I 7/-kd-Pantokratoras Limestones, /. 7-k-Upper TriassicLi-
mestones, L 7-br-Triassic Breccias, 1. T-g-Gypsum.
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Figure 4. Pantokratora limestones as occur in Paramythia area.

Bernoulli and Renz [21] presented new sedimentary and stratigraphy data re-
garding the Jurassic formations in Epirus. In the context of hydrocarbon explora-
tion in western Greece, the scientific team of British Petroleum—B.P. Co [22] pro-
vided important results about Epirus, identifying significant thrusts oriented in
N-S to NW-SE directions and complicated groups of folds and faults. The haloki-
nesis (diapiric movement) contributed to the tectonic deformation of this area,
since the thick evaporite layer created a deep fracture and detachment zone.

Pomoni-Papaioannou [23] [24] and Karakitsios [25] noted that the Triassic
breccias were formed from the dissolution of the subsurface Ionian evaporites.
Guzzetta [26] controverted the tectonic interpretation after IGRS-IFP [20] and
proposed a thick-skinned deformation which is characterized by rootless faults
and high dip thrusts up risen from a main detachment surface located at the eva-
porite level. Similar interpretation was attributed by B.P. Co [22], Jenkins [27], and
Sorel [28].

King [29] examined a micro-earthquake series whose focal mechanisms are
associated with the complicated deformation due to local heterogeneities in the
stress regime and small scale changes since the tectonic movement of Apulian
micro-plate in north Ionian Sea causes compression and shortening of the crust
in this area.

Pomoni-Papajoannou [30] [31] studied the petrography and sedimentalogy of
the Triassic evaporites in Epirus. Underhill [32] [33] [34] reconsidered the pre-
vious options regarding the crustal deformation in western Greece as a result of
the gravity sliding of Mesozoic formations over an evaporite layer and suggested
that these deformations have been derived from sliding over shallow surfaces

without simultaneous rapid uprising or sinking of the crustal rocks.
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Horner [35] noted a dextral rotation of the area based on paleomagnetic data
from Eocene-Paleocene limestones. Kissel [36] agrees with this rotation around
a vertical 50° axis based on results of paleomagnetic measurements in Oligocene
flysch. The rotation was performed during Lower-Middle Miocene by 25" and
Plio-Quaternary by 25° too. Rotation by 45° corresponds to an estimated depar-
ture by 130 km in southern Epirus. Tectonic structures follow the same rotation
comparing them with the results from paleomagnetic studies.

According to Doutsos [37] [38], the sediments in the Preveza-Archaggelos ba-
sin have been influenced by fault systems with high dip angles. The active stri-
ke-slip faults are very rare, while faults in an almost E-W direction have contri-
buted to the creation of the Amvrakikos Gulf. The tectonic activity during Neo-
gene is attributed to a combination among overthrust movements, local diapir-
ism, and extensive stresses [39] leading to the creation of sedimentary basins.

Karakitsios [40] [41] determined the formation of the ZLouros limestones (Mid-
dle Lias), provided new data about the stratigraphy of the Foustapidima limes-
tones(Upper Triassic)and noted that many normal faults re-activated as reverse
faults or thrust surfaces affected by alpine orogenic-compressional forces during
Oligocene. Clews [42] suggested two tectonic phases in the period of Upper Pli-
ocene-Quaternary: an extensional phase in N-S direction during Upper Pliocene
and a post-Pliocene compressional phase in NW-SE direction.

Sorel [43] considered an alternation of compressional and extensional phases in
E-W and N-S directions respectively in western Greece. The wider area has been
deformed by three intense short-time compressional phases (1* phase before 16 -
15 Ma, 2™ before 4 - 3 Ma and 3" before 1 - 0.7 Ma) since Miocene. Among them,
long-time periods of tectonic stability have been intercalated. After the end of the
third phase till nowadays, a continuous reduction of the compressional stresses has
been noted in northwestern Greece.

Karakitsios [44]-[50] defined in details the stratigraphy of the Ionian Zone
with scientific publications during 1988-1995. He signalized the contribution of
diapirism to the sedimentation and tectonics, studied its evolution and consi-
dered that the Ionian Zone constitutes an example of reverse graben with evapo-
rites as substratum. During 1990, 1992, and 1995, he noted that the pre-existing
normal fault systems of Jurassic age re-activated as reverse faults during Burdi-
galian. Listric faults of Jurassic age were transformed to reserve faults, thrusts or
strike-slip faults. A detachment at the evaporite level was identified. Due to ha-
lokinesis, the reverse movement was carried out only in the upper part of the faults
and therefore, the re-activation partially followed the typical reverse tectonics.

Rondoyanni [51] provided new data about the stratigraphy and tectonics of
Plio-Pleistocene deposits in the Preveza area. Waters [52] studied the deformation
and tectonic evolution of northwestern Greece and considered the induced
movement as a result of deep invisible tectonic structures (sinking thrusts and
folds) based on geophysical, stratigraphical, and tectonic data. Karakitsios [53]
examined unconformities and paleokarst phenomena of Jurassic age in the Ionian

Zone.
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Nikolaou [54] correlated the surface manifestations of hydrocarbons with the
dominated subsurface tectonic structures in Epirus. Paschos [55] studied the geo-
dynamic evolution of south Epirus since Miocene, focusing on the stratigraphy
and tectonics of Neogene and Quaternary sediments.

In addition, a plenty of scientific publications have contributed to the better
understanding of the geological structure of northwestern Greece. Among them,
the publications of Nikolaou [56], Caputo [57], Skourtsis-Coroneou [58] [59],
Kamberis [60] [61], Getsos [62] [63], and Karakitsios [64] can be referred.

3. Geological Structure of Northwestern Greece

As it has been above-mentioned, Epirus is made up of geological formations be-
longing to the Subpelagonian, Pindos, Gavrovo, and Ionian Zones (from east to
west), and sediments of Upper Eocene-Quaternary age deposited over them. A
detailed description of the geological formations and lithostratigraphic structure of
each zone based on previous studies (since 1840) and personal field observations
follows. These formations have been grouped and the lithostratigraphical columns,
which correspond to this grouping, are presented for each zone. The distribution
of these formations is illustrated in the geological map of Figure 2. This map has
been compiled by GIS techniquescombing new field data, produced by geologi-
cal-tectonic mapping [1], with geological maps published by the Institute of Geol-
ogy and Mineral Exploration-IGME at a 1:50,000 scale [65]-[88].

Particularly in terms of the correct approach of thegeological structure of
northwestern Greece, apart from gathering all the relevant literature, the study
focused on detailed geological-tectonic mapping, identifying the following:

(a) The lithological types of all the formations constituting the area’s lithology,

(b) The common features of such formations, apart from their age, for the
purpose of grouping them correctly,

(c) The locations of geological boundaries, as in several cases field observa-
tions showed that the boundaries differed from the relevant locations illustrated
in existing maps, and

(d) The tectonic structures which were grouped in faults, folds and overth-
rusts and classified-evaluated as to their activity degree, inactive, potentially ac-
tive, and non active.

Notably, the background of the map is the area’s terrain in 3D form, as produ-
ced by the ArcGIS software (source: www.esri.com), for the reader’s improved
understanding and the optimum illustration of the real picture.

Specifically, combining and synthesizing all the literature and the field work
data emerged the following geological formations.

3.1. Post-Alpine Sediments

The post-alpine sediments of Epirus include:

(a) Molassic formations of Upper Eocene-Miocene age deposited in the Me-
sohellenic Trough [66] [84] [86] [89] between the Zones of Subpelagonian and
Pindos, and
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(b) Neogene and Quaternary sediments overlying unconformably the alpine
formations and the molassic formations in grabens and erosional basins.

The Neogene and Quaternary sediments occupy the basin of Ioannina and large
part of southern Epirus (e.g. areas of Arta, Preveza, Parga etc.). In general, rapid
changes of lithological phases, horizontally and vertically, with parallel changes of
terrestrial, marine and lacustrine facies in the formations of the same age as a re-
sult of neotectonic activity in combination with morphogenetic processes. The
Neogene and Quaternary sediments have a variable thickness and contribute sig-
nificantly to the development of aquifers [51] [90].

The Quaternary sediments consist of Holocene and Pleistocene deposits:

(a) The Holocene sediments occur in wide extent and include dunes and
coastal sands, creeping and landsliding materials, shoals (rich in organic materi-
al), scree (Figure 5), talus cones (gc as shown in the map of Figure 2) and al-
luvial deposits-a/ along the river valleys. The alluvial deposits consist of pebbles
of various size and lithological composition and occur along the rivers and
streams covering low slope areas at mountains or plains. Additionally, the Holo-
cene sediments include scree and talus cones occurring in a wide extent and ha-
ving a significant thickness. They are located near fractured structures and cover
parts of slopes at mountainous areas as well as parts of river beds and river and
torrent mouths. They constitute unconsolidated sediments with brown-colored
clayey-sandy cement and calcareous rubbles of various sizes. Along the coastal
area, between Parga and Preveza, marine deposits (sands, sandy silts, loams) oc-
cur at various altitudes forming elongated peneplation surfaces.

(b) The Pleistocene sediments are represented by glacial deposits-gg of Wurm
and Riss age [18]. The Wurm glacial deposits are observed as semi-circular val-

leys at altitudes higher than 1900 m. They constitute scree and talus cones. During

FB s A

Figure 5. Scree overlying Upper Sennonian limestones in the Elaia area (near Fliates).
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Riss, a glacier phase took place creating glacial deposits as moraines (at altitudes
up to 1400 m) and glacier valleys (altitudes higher than 1900 m) forming old
scree. In addition, deposits of internal basins (ferra rossa-tr; Figure 6), of Pleisto-
cene age (200,000 - 250,000 years ago) [91], composed of red clays with thin layers
of cherty rubbles which occur horizontal form [92]. In the Ioannina basin, thick
lacustrine sediments- P/ (clays, marls, clayey silts, lacutrine limestones) including
lignite layers [93] have been deposited during whole Pleistocene. Significant
Plio-Pleistocene sediments- PLm occurs in the Filippiada area and north of Preveza
and Archagelos. Rapid changes of the environment of sedimentation (marine,
brackish, lacustrine) and lateral transitions are observed. These sediments consist
of:

(a) Clays, sands, marls, conglomerates and rubbles-pebbles, of Upper Plioce-
ne-Lower Pleistocene age, and

(b) Clays and clay-marls (Ne) of Upper Miocene-Lower Pliocene (Seravallian)
age with intercalations of crystalline gypsum occurring in the area Riza-Kastro-
ssykia, northwestern of Preveza.

In the Preveza-Loutsa area, the Neogene formations have been deformed in-
tensely resulting in creation of folds in which the axes have a NW-SE direction.
Minor occurrences of Neogene sediments are observed in the areas of Konitsa,
Delvinaki, Parapotamos and Parga.

In the Subpelagonian Zone, towards the Pindos Zone, a large trough was for-
med during the final orogenetic activity of Upper Eocene age, in which very thick
molassic sediments were deposited during Oligocene-Middle Miocene. This is the
Mesohellenic Trough-mt extended in a NW-SE direction from the

Greek-Albanian borders to the areas of Kastoria, Grevena, Kalampaka and south-

Figure 6. Deposits of terra rossain the Kokkinopilos area (near Arta).
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wards [16] [94]. The molassic sediments cover the boundary between the Subpe-
lagonian and Pindos Zones and are deposited on either very thick ophiolites
(mainly) or Mesozoic limestones [89] [95]. They consist of transgressive conglo-
merates and breccias, alternations of siltstones and sandstones, consecutive lay-
ers of marls and siltstones. In Epirus, the Mesohellenic trough formations occur
in the subbasin of the Sarantaporos River (near Konitsa) and include of the fol-
lowing formations [65] [89] [96].

(a) Eptachorio Formation of Oligocene age. It consists of upper beds (marls
with thin sandstone intercalations, intermediate sandstones, lower marls), tran-
sition beds (blue or green-yellow silty marls alternating with fine-grained to mi-
cro-conglomeratic sandstones) and base layers (alternations of polygenetic con-
glomerates with fine-grained to micro-conglomeratic sandstones and marls). In
this formation, consecutive layers of marls-siltstones and mainly grey-blue co-
loured siltstones dominate, while sandstones have a smaller participation and con-
glomerates even smaller.

(b) Pentalofos Formation of Oligocene-Lower Miocene (Aquitanian) age. It
consists of sandstone series with polygenetic conglomerates, upper series of con-
glomerates and sandstones (cohesive marls and fine-grained marly sandstones),

intermediate marls, polygenetic conglomerates and sandstones.

3.2. Subpelagonian Zone

The Subpelagonian Zone [18], extended in a NW-SE direction, occupy a very
small part (4.4%) in the northeastern side of Epirus (Figure 1(a)). Its main cha-
racteristic is the presence of large ophiolitic masses-S.oph and the accompanied
schist-chert formation-S.JC-k,sh. The ophiolites are characterized as the western
(external) ophiolitic zone of Greece, and so it is suggested that the Subpelago-
nian and Pindos Zones originate from the same ocean area [97] (Figure 7).

The ophiolites mainly consist of peridotites and serpentinites and are accom-
panied by red cherts. The ophiolites of the Kastanea overthrust sheets accompa-

nied by cherts are dated as of Jurassic age.

Figure 7. Ophiolitic masses tectonically placed on the flysch of the Pindos Zone as occur
in Drakolimni at Mount Smolikas (with red line marked the geological boundary).
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3.3. Pindos Zone

The Pindos Zone [18] with a NW-SE direction occupies a small part (12.2%) of
the SE side of Epirus including the biggest part of its mountainous area (Figure
1(a)). It is extended from the Greek-Albanian borders to the Pindos mountain
chain including the Mts Grammos (northern Pindos), Lakmos (northern Pindos)
and Athamanian (Tzoumerka). Palaeo-geographically, Pindos constituted a very
large marine basin of great depth (Figure 8). The Pindos Zone is suggested as a
tectonic nappe overthrusted on the Gavrovo Zone westwards (exceeding 100 km at
some locations) and it is known as 7Tectonic nappe of Pindos [89] [98]. In the
northern part, the overthrusted nappe of Pindos has fully covered the Gavrovo
Zone and it is observed tectonically on the Ionian Zone directly [99]. It is cha-
racterized by the presence of overthrust sheets from east to west forming conti-
nuous repetitions of the geological formations of this zone and they are mainly
caused by tangential compressional tensions [18]. The rocks of the Pindos Zone
have been folded intensely forming multi-numerous close, inclined and over-
turned folds and many fronts of thrusts and reverse faults are observed along the
tectonic nappe of Pindos [85]. The age of the Pindos Zone formations is of Trias-
sic-Upper Eocene. The oldest stratigraphically formation of the Pindos Zone is a
Triassic clastic formation-P. T-ks consisting of (a) sandstones, cherts, marls, and
limestones of Middle Triassic age, and (b) calcite turbidites, limestones (platy to
thin-platy, marly, grey-black to black coloured), cherts (red to black), clayey
marls, sandstones (green) and volcano-sedimentary materials (andesites, tuffs,
basalts) of Middle-Upper Triassic age. These formations have been multi-folded
[100].

The schist-chert formation-P.JC-k,sh of Jurassic age is composed of multico-
loured cherts (radiolaritic, blue, green, brown, red and black coloured), clays,

sandstones, siliceous limestones, and red cherts. The lower members consist of

:E_ Eocene
=
s P.bk Lower Paleocene
: 1 | - 1 - 1 - l: P. C-k
P.C-fl.k Upper Cretaceous
1 1 1 1
1 1 1 =]
; . ; ; 500 m P.JC-k,sh Jurassic
250 m incgi
P.T-k s Upper Triassic
Middle Triassic

Figure 8. Lithostratigraphic column of the Pindos Zone, illustrating the geological for-
mations that crop out in the study area and are presented in the Geological mapon Figure
2: P.Al-Flysch of the Pindos Zone, P.bk-Series of Transition Beds, P.C-k-Pelagic Platy Li-
mestones, P.C-flk-First Flysch of Pindos Zone, P.JC-ksh-Schist-Chert Formation,
P.T-k,s-Triassic Clastic Formation.
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alternations of red platy limestones and cherts with gradual transition towards
marly limestones (grey to white coloured) and decreased presence of cherts (Up-
per Triassic-Lias). The multicoloured cherts with thin layers of clayey-siliceous
material, pellites, and limestones constitute the characteristic stratigraphic horizon
of the Pindos Zone of Dogger-Tithonian age. Limestones with Calpionella of Up-
per Tithonian-Valanginian age consist of (a) red and yellow-green limestones in-
cluding red-green cherts, in the lower members, and (b) red limestones with thin
layers of clayey-marly material and cherts as well as brecciated limestones and
calc-limestones including cherts, in the upper members [85].

On the schist-chert formation, the called first flysch of Pindos Zone- P.C-fl k has
been developed. This flysch consists of (a) alternations of marls, radioralites,
cherts, and marly schales, (b) sandstones, (c) pelagic sandstone, brecciated limes-
tones, and pellites of Lower Cretaceous age. The pelagic platy limestones-P.C-k
with siliceous material layers (cherts) of Upper Cretaceous age constitute the result
of carbonate sedimentation, which took place during this period without any in-
terruption and unconformity [89] [98] [101] (Figure 9).

A series of transition beds-P.bk of Late Cretaceous (Maestrichtian-Danian) age
is composed of alternations of platy limestones, sandstones, and shales (Figure
10). Limestones dominate in the lower members of this series, while sandstones
prevail in the upper ones. It constitutes a calc-marly series which is transitional
towards the flysch.

The flysch- P.f] formed during Danian/Lower Pliocene-Upper Eocene is called
as second flysch (or flysch) of the Pindos Zone in contrast with the Lower Cre-
taceous first flysch of the same zone. It constitutes the main flysch and consists
of rhythmic alternation of sandstones and marls with local conglomerates (len-

ticular layers of small thickness) and limestones. It is considered as the most

Figure 9. Platy limestones with cherts of the Pindos Zone as occur at Mount Lakmos.
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Figure 10. A series of transition beds towards the second flysch of the Pindos Zone in
Megalo Peristeri area.

typical and representative flysch of the Greek territory. In the clayey-sandstone se-
diments, olistholiths are often observed with dimensions ranging from a few cm to
many meters. These olistholiths are originated from the sandstone rocks of this
flysch and have slid into its argillaceous parts. In addition, they are intensely frac-
tured. The total process of the sedimentation and tectonics in the area resulted in
the occurrence of the above-mentioned formation as a chaotic mixture and created
a formation called internationally as wildflysch. In many locations, the flysch of
the Pindos Zone has been intensely folded (Figure 11) and the Oligocene molassic
sediments of the Mesohellenic Trough have overlain unconformably these folds
[16] [96].

Ophiolitic masses have been placed tectonically on the fysch of the Pindos
Zone. These masses constitute a complicated petrological and geological unit
which is extended widely in the mountainous area among Metsovo, Panagia, Vo-
voussa, Abdela, Samarina and Smolikas Mountain. The tectonic nappe in the areas
of Grammos Mountain and Amarantos Konitsa occupies a smaller extent. These
ophiolites have not originated from the Pindos Zone since they don’t occur within
the overthrust sheets of the Pindos Zone. So, it is suggested that they have come
from the Subpelagonian Zone and their tectonic contact with the Tertiary flysch
has been observed. This complicated tectonic nappe consists of (from top to ba-
se):

(a) Transgressive series of the Subpelagonian Zone composed of clastic, brec-
ciated, medium to thick-bedded limestones with Rudists,

(b) Ophiolitic complex consisting of ultabasic and basic rocks as peridotites,
pyroxenites, gabbros, harzburgites, dunites, dolerites, diabases, spilites, diorites,

basalts, serpentinites, pillow lavas, and amphibolites, and
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Figure 11. Intensely folded flysch of the Pindos Zone near the village of Nikanor.

(c) The mixture formation-mélange composed of fragments from Middle Trias-
sic and Upper Jurassic lavas, cherts, serpentinites, clastic volcanics, limestones and
gabbro which are enclosed as olistholiths or tectonic inclusions in the cement of
siltstone composition [102].

The meélange and carbonate formations of this trangressive series accompany
the ophiolites [90]. It is suggested that the ophiolitic masses have been overth-
rusted on the flysch of Pindos Zone during the final Tertiary folding stage after the
flysch sedimentation [98]. These overthrusts resulted in the intense tectonism of
the ophiolites and the strong tectonic mixing of the various rocks of the ophiolitic
complex, while mylonitized zones and tectonic breccias are observed in many

areas (p.e. Distrato).

3.4. Gavrovo Zone

The Gavrovo Zone is located between the Pindos Zone and the Ionian one (Figure
1(a)). It is extended in a NN'W-SSE direction and it has a limited exposure (5.6%).
In the northern part of Epirus, the tectonic nappe of the Pindos Zone is overth-
rusted on the Ionian Zone, covering fully the Gavrovo Zone. In this area, the Ga-
vrozo zone occurs only as tectonic window [89]. In Epirus, this zone occurs at
Valtos Mountains.

The Gavrozo Zone characterized by continuous neritic carbonate sedimenta-
tion, without clayey or siliceous layers, during Triassic-Upper Eocene (Figure
12). The carbonate sediments were deposited on the margins of the Apulian
Plate and their total thickness is about 1800 m. The Gavrovo Zone is made up of
the following lithological formations [18] [99]:

(a) Limestones of Cretaceous (Senonian-Maestrichtian) age (G.JC-kd). They
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Upper Eocene

G.Al
Eocene
G.E-k
Paleocene
G.JC-kd
500 m Cretaceous
250 m
G.J-k?
0 Jurassic

Figure 12. Lithostratigraphic column of the Gavrovo Zone, illustrating the geological
formations that crop out in the study area and are presented in the Geological map on
Figure 2: G.fI-Flysch, G.fl-s-Flysch-mainly Sandstones, G.E-k-Paleocene-Eocene Limes-
tones, G.JC-kd-Cretaceous Limestones, G.J-k-Jurassic Limestones (not appeared on
map).

constitute clastic, light-coloured to grey, compact, bioclastic, locally dolomitized
limestones with numerous fragments of Rudists in the upper part.

(b) Limestones of Paleocene-Eocene age (G.E-k). These carbonate formations
are described as black, micritic, platy and locally bioclastic and brecciated limes-
tones.

(c) Flysch of Upper Eocene (Priabonian)-Late Oligocene age (G.£]). The lower
members consist of coarse to fine-grained and platy sandstones- G.fI-s with a few
layers/alternations of clayey marls and small lenticular intercalations of conglo-
merates. The thickness of the sandstone beds reaches 3 m and it reduces gradu-
ally upwards. In the upper part, silty and clayey marls domimate. Sandstone lay-
ers and conglomerates of sandstone and calcareous cobbles occur in these marly
beds. This flysch is differentiated lithologically from the flysch formations of the
Pindos and Ionian Zones. Its main feature is the significant presence of conglo-
merates which often form banks having thickness more than 2 m. In addition,
semi-rounded or well-rounded calcareous or cherty cobbles and gravels are ob-
served in the siltstone mass [69] [71]. Finally, the rocks of the Gavrovo Zone
were affected by mild orogenic tectonism [97] [99], which took place during
Tertiary resulted in folding the formations with push westward, simultaneously
with the overthrust of the Pindos Zone. In Epirus, a large anticlinic structure has
been formed plunging towards northwestern and was affected by the activity of

large normal faults in NW-SE and NE-SW general directions.

3.5.Ionian Zone

The Ionian Zone occupies the largest part (78%) of Epirus (western part) ex-
tended in NW-SE direction between the Zones of Gavrovo and Pindos (Figure
1(a)). The Ionian Zone belongs to External Hellenides constituting part of the
wider branch Hellenides-Dinarides-Apennina which delineated the Apoulia (Pe-
ri-Adriatic) Plate [103] [104]. The Ionian Zone is made up of Alpine formations,
white the existence of a pre-alpine basement has not been proven. In general,

this Zone consists of the following geological formations [20]: evaporites with
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gypsum and Triassic breccias, limestones, and flysch (Figure 3).

The oldest carbonate rocks, deposited on the Triassic evaporites, are the neritic
Upper Triassiclimestones(Foustapidima)-1. T-k consisting of (a) black sublitho-
graphic limestones containing fossils, (b) light-coloured, intensely tectonized do-
lomites without fossils, (c) calcareous breccias, and (d) marly limestones [89]
[90].

Triassic evaporites and breccias associated with them constitute the base of
the Ionian Zone (Figure 13). They consist of gypsum, salt, grey-black carbonate
breccias (known as Triassic breccias), fragments of sublithographic limestones,
and black clayey horizons. Gypsum-/.7-g and Triassic breccias-/7-br occur at
surface in some locations. Dolomites are intercalated in the gypsum. Based on
the study of Foraminifera included in these dolomites, it has proven that gypsum
is of Lower-Middle Triassic age [24] [105]. There is no surface manifestation of
the salt. Salt has been found by boreholes at various sites, as for example in Mo-
nolithi Ioannina (northeastern of Arta) [106] and Filiates [20]. Except for the
original stratigraphic position, the evaporites are often found within younger
rocks of the Ionian Zone due to diapirism and their movement through faults.
Primarily, the Triassic evaporites of the Ionian Zone were fractured and moved
(horizontally and vertically) mainly during the orogenesis of Pindos and they are
re-activated during Neogene and Quaternary providing neo-diapirisms in the
corresponding sediments. The movement of the evaporites (palacodiapirisms
and neodiapiris [56] [107] ms) contributed to the geomorphological character-
ristics and the tectonic evolution of the area. The Triassic evaporites, which had
been risen to the surface in various areas, were exposed to the erosion resulted in

the removal of easy soluble salts (NaCl, KCI) by the influence of meteoric waters,

Figure 13. Occurrence of Triaccic breccias in the Filiates area.
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the wetting of the remaining anhydrite and its change to gypsum [56]. By this
way, the occurrences of gypsum and the absence of salts at surface can be ex-
plained. Despite the thickness of the primary evaporitic series is suggested to be
greater than 1000 m, its real thickness reaches 3500 m due to diapirism [20] [73]
[75], according to the results from deep oil exploration boreholes (e.g. Filiates-1)
[75].

Next formation is the neritic Pantokratoras limestones, of Lower Jurassic age
(Lower-Middle Lias). They consist of massive and compact limestones (Figure
4). Alternations or lateral transitions of limestones with algae and organogenic
limestones indicate sedimentation in a paleo-environment of very shallow plat
form [20] [40] [48] [49]. Fossils as algae, brachiopods, lamellibranches and fo-
raminifera occur in this formation. The thickness of the Pantokratoras limes-
tones exceeds 1000 m [20] and it may reach 1500 m [90]. This significant thick-
ness can be considered as the result of rapid subsiding of the platform compen-
sated by rapid sedimentation, so that the platform remained shallow during the
sedimentation. During Upper Lias, two series of carbonate rocks were deposited:
Louros limestones and Siniae limestones. Both series are suggested to be coeval
with and laterally equivalent to probable lateral transitions [44] [45] [46] [48]
[68]. Their formation phase marked the subsiding of the area due to the activity
of the marginal normal faults as well as the creation of the semipelagic Ionian
basin and its differentiation from ridges of Gavrovo (east) and Apulian (west).
The Louros limestones, 60 - 70 m thick, are composed of micritic limestones with
Ammonites, Brachiopods, and Foraminifera and paleogeographically are set at the
marginal areas of the Ionian basin. The Siniae limestones reaching 150 m in
thickness consist of sublithographic limestones with Radiolaria and Ammonites
(in their upper part) and infrequent intercalations of cherts [48] [108]. It is noted
that the 1:50,000 scale sheets of the geological map for Epirus and the above-
mentioned three carbonate formations (Pantokratoras limestones, Louros Ii-
mestones and Siniae limestones) have been mapped as a single formation 7. 7/-kd
[68] [72]-[83] [88].

Next formations of the Ionian Zone are the Ammonitico Rosso-7/-kd (limes-
tones) and the lateral equivalent Posidonia Bed-IJ-sh (shales with Posidonia) of
Middle Jurassic age (Upper Lias-Dogger-Lower Malm or Toarcian-Aalenian) [18]
[20] [48], 50 - 200 m thick (Figure 14). Red-violet Ammonitico Rosso consist of
marly and brecciated layers (blue marls with intercalations of breccias) in the low-
er parts and red nodular limestones with marly intercalations in the upper parts.
These limestones were deposited on the sides on the Ionian basin. The lower
shales with Posidonia (Posidonia beds) are composed of thin-bedded marly li-
mestones and marls in the lower part and argillaceous-argillosiliceous sediments
rich in Radiolaria and Posidonia in the upper part [20] [89] [109], while in some
locations and where the formation has a significant thickness, cobble-breccia
layers with the presence of petrified branches and conifer leaves in some sites
[110]. The Ammonitico Rosso and Posidonia beds represent the deposition of

hemipelagic-pelagic sediments in an environment with individual, more or less
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Figure 14. Multi-foldedshales with Posidonia as occur in Dhelvinakopouloarea.

deep subbasins.

The next lithostratigraphic formation is /Zimestones with filaments-1J-kd, of
Middle Jurassic (Bajosian-Callovian) or locally Middle Bathonian age [48] [111],
having a maximum thickness of 50 m. They are composed of alterations of pelagic
limestones with cherts. The pelagic limestones are sub-lithographic, nodular (in
the lower parts) and brecciated and contain Lamellibranches, Radiolaria and
rarely Ammonites.

The upper/siliceous shales with Posidonia-1.J-sh, known as Radiolarites [111],
of Upper Jurassic (Oxfordian-Tithonian) age follow [112] [113]. They consist of
alterations of clayey-siliceous layers with cherts and are rich in Radiolaria [48].
In some areas, this formation includes calcareous intercalations. The thickness is
estimated to be about 50 m. The main lithological difference between these sha-
les with the above-mentioned lower Posidonia beds is their high silica content.

The distribution of the syn-rift formations of Ammonitico Rosso, Posidonia
beds (Shales with Posidonia), /imestones with filaments and upper Shales with
Posidonia in combination with other tectonic or stratigraphic data show that
their deposition took place in different subbasins (semi-trenches) resulted from
the internal differentiation of the Ionian Zone. The extensional tectonic activity
in combination with the salt movement (halokinesis of evaporites) caused this
differentiation [48] [49]. In the deeper parts of the subbasins, the full sequence
consisting of Jower shales with Posidonia, Ammonitico Rosso, limestones with
filaments, upper shales with Posidonia was deposited with transition to no full
sequences and gradual decrease in their thickness (until full stratigraphic pinch-
ing-out in relatively shallow or almost emerging areas). In areas which corres-
ponded to submarine ridges, Lower-Middle Jurassic (Toarsian-Callovian) phos-
phorite zones occur [114]. The upper shales with Posidonia, in contrast with the
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underlying formations, are presented throughout the Ionian Zone indicating
that during their deposition the submarine topographical differences were miti-
gated tending to be eliminated [48] [49]. The transition to the siliceous forma-
tions of the upper shales with Posidonia is considered to be related to the ba-
thymetry of the subbasins and the Calcite Compensation Depth-CCD. There-
fore, the sea level rise and the increase of CCD level, due to relative lack of or-
ganisms rich in calcite material, can explain the siliceous sedimentation repre-
sented by them.

Following the upper siliceous shales with Posidonia, the next formation is the
pelagic Vigla limestones-1.C-kd of Lower-Upper Cretaceous (Berriasian-Lower
Senonian) age [48] [58] [59] [115] [116] (Figure 15). It is considered to be the first
post-rift formation of the Ionian Zone. It consists of platy, thin-bedded,
sub-lithographical limestones of a white or grey colour, with chert intercalations
(0.5 - 4 cm thick), lenses and nodules as well as intercalations of white-yellow
clays. Towards the upper part of the formation, the upper siliceous series of Vig-
la or Vigla shales of Upper Cretaceous age (Cenomanian-Turonian) occur. In
this series, the siliceous intercalations alternate with clayey-marly layers [48]. At
the eastern margin of the Ionian Zone and more specifically in the mountainous
areas of Xirovounio and Gamila, the thick grey Vigla limestone formation be-
comes dolomitic, bituminous and thick-bedded in its lower parts and thin-bed-
ded with clayey intercalations and black cherts in its upper ones [68] [80] [87].
The calcareous sedimentation was mainly due to the reduction of the CCD level.
Concerning with the pre-mentioned Vigla shales of mainly siliceous composition,
their deposition is attributed to the sea level rise [27]. In the Central Ionian Zone,
towards its eastern margin and over upper the siliceous series of Vigla and in anti-

clinic areas, an Upper Cretaceous (Lower Sennonian) phos phate horizon occurs

Figure 15. Folded Vigla /imestones near the town of Ioannina.
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often [114] [117] [118]. The thickness of the Vigla limestones is 700 - 900 m in
the Internal and External Zone and smaller (100 - 500 m) in the Central Zone
[67] [68] [71] [83] [85] [87] [88]. This differentiation and range of thickness may
be attributed to halokinesis, i.e. salt movement [48] [49].

The next post-rift formation is the Upper Sennonian limestones-1.C-k dated by
the presence of Foraminifera Globotruncanids [58] (Figure 16). This formation
consists of pelagic micritic sub-lithographic limestones alternating with
thick-bedded brecciated limestones containing Rudist fragments. The main cha-
racteristic is their frequent occurrence as thick banks in the field. The clastic ma-
terial occurs at relatively high percentage in the Internal and External Ionian Zone
and is reduced in the Central one. The thickness of the Upper Sennonian limes-
tones ranges from 50 to 300 m [67] [68] [69] [71]-[83] [85] [87] [88].

The pelagic Paleocene-Eocene limestones-1.E-kfollow and their age has been
determined by the presence of abundant Foraminifera [20]. They are composed of
white, well-bedded, compact; thin to medium-platy micritic limestones with rare
chert intercalations and more rarely horizons of microbrecciated limestones in
some places.

The youngest formation of the Ionian Zone is flysch-Zf of Upper Eocene-Lower
Miocene (Aquitanian-Burdigalian) age when the folding of this Zone took place
(Figure 17). Its upper limit varies between end of the Oligocene in the Internal Io-
nian Zone and Burdigalian in the External Ionian Zone [20] [119]. The flysch has a
psammitic-marly composition in the lower layers and consists of alternations of
siltstones, marls, marly limestones, sandy clays, clays, sandstones and rarely con-
glomerates towards its upper parts. From east to west, an increase in the ratio of
fine-grained sediments (clay intercalations) to coarse-grained ones(sandstones) is

observed [42]. This flysch can be distinguished into three additional types de-

Figure 16. Platy Upper Sennonian limestones as occur at Mount Asfakas (Towers; village
Small Papigko).
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Figure 17. A section near the village of Lavdani showing the flysch of the Ionian Zone af-
fected by an oblique-slip fault (with red line marked the trace of fault).

pending on the percentage of the predominant materials; i.e. marls (Z#-m), sand-
stones (££]-s) and conglomerates (Z£-c), as shown in the map of Figure 2. In addi-
tion, during Oligocene, transitional beds (very thin layers of white-grey marly li-
mestones and siltstones with intercalations of compact enough horizons of
coarse-grained sandstones) are ascertained showing a short and gradual transi-
tion to the calcareous phase of the clastic sedimentation of flysch. The thickness
of this flysch exceeds 1000 m and varies from place to place [65] [67] [68] [69]
[71]-[83] [85] [87] [88]. The folded flysch influences its apparent thickness. The
greatest thicknesses are observed in the Voutsara basin (Zallogo-Voutsara syn-
cline in Central Ionian Zone) reaching 2500 m (Burdigalian formation included)
and Petas-Arachthos syncline exceeding 2000 m. The thickness is reduced west-
wards, where it reaches 1500 - 2000 m [69] [77].

During Burdigalian (Lower Miocene), the deposition of marine molasse sedi-
ments consisting of blue marls (NVe) with banks of psammitic organic limestone
took place. The deposition of younger molasse sediments was continued in Middle
Miocene and then, during the emergence-orogenesis of the Ionian Zone (from east
to west). The molasse sediments were deposited on the western margins of the
elevated parts [60].

The stratigraghy of the Ionian Zone is related closely to its evolution from car-
bonate platform to pelagic sedimentation basin, which began in Middle Lias
(Lower Jurassic). The formations, which deposited before the differentiation of
Zone as basin between the Gavrovo and Paxoi Zones, constitute the pre-rift for-
mations [48]. Initially, the Ionian Zone was an integral part of the single platform

composed of the Apulian, Paxoi, Ionian, and Gavrovo Zones with rifting during
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Upper Carboniferous-Lower Triassic [104] [120] and deposition of evaporites
and neritic limestones until Sinemurian (Lower Jurassic[49] [108]). During the
second stage, the Ionian Zone acted as pelagic sedimentation basin bounded by the
ridges of Apulian (west) and Gavrovo (east) [21] [48]. This stage began following
the end of rifting and the beginning of the Tethys ocean opening during Middle
Lias (Lower Jurassic) [46] [108] [120]. The beginning of the post-rifting period has
been determined between Tithonian (Upper Jurassic) and Cretaceous with the be-
ginning of the deposition of the pelagic Vigla /imestones throughout the area of
the Ionian basin. The pelagic conditions (pelagic sedimentation with clastic inter-
beds of neighbouring platforms of Gavrovo and Apulian) were maintained until
the end of the Eocene, when the flysch deposition began [48] [49].

4. Discussion and Conclusions

The resulting picture of the geological and tectonic structure of northwestern
Greece (Epirus) is summarized in the new Geological Map of Figure 2 and the li-
thostratigraphic columns (Figure 3, Figure 8 and Figure 12) are produced within
the scope of the present paper. More specifically, Epirus is made up of geological
formations belonging to the Subpelagonian, Pindos, Gavrovo and Ionian Geotec-
tonic Zones of Hellenides, while post-alpine (Upper Eocene-Quaternary) sedi-
ments have been deposited on the rocks of these zones. These geological forma-
tions were grouped on the basis of their distinctive features, while their detailed
description was based on previous studies as well as personal observations and
measurements in the field. The sheer number of geological formations often
makes it difficult to study a greater area as a whole, which is the case of the
present study area, extending over 100 x 150 km. Furthermore, the lithostrati-
graphic columns of the geotectonic structure of Epirus (Figure 3, Figure 8 and
Figure 12) were produced by taking into account the actual thickness of the new
grouped formations encountered in each geotectonic zone. In this manner, one
may easily observe the thickness of each formation, e.g. how the flysch thickness
varies across the geotectonic zones of northwestern Greece.

The geopolitical location of Epirus, along with the elements of economic in-
terest encountered in the area, such as the oil deposits which are detected at var-
ious locations by the scientific teams of IGRS-IFP [20] and B.P. Co [22], calls for
the elaboration of new, revised maps of improved accuracy, using the new avail-
able technologies. The combined data, produced by the work of numerous re-
searchers since the 1840’s, can complete the puzzle that is the geological struc-
ture of northwestern Greece.

Taking into account the views mentioned by various researchers and the field
work data, a short presentation of geological structure and tectonic conditions
for each zone follows.

The Subpelagonian Zone, located east of the Pindos Zone and west of Pelago-
nian Zone, constitutes a small part in the northeastern part of Epirus and con-
sists of ophiolites with deep marine sediments (schist-chert formation) deposited

either on carbonate rocks or not. In the area of the Subpelagonian Zone, the Me-

K2
035: Scientific Research Publishing

227



D. Ntokos

sohellenic Trough was developed during Oligocene-Middle Miocene filled with
post-alpine molassic sediments.

The Pindos Zone, of Upper Triassic-Upper Eocene age, is extended in a gen-
eral N-S direction as a tectonic nappe. It consists of Paleocene-Eocene flysch, al-
ternations of platy limestones with sandstones and argillites of Late Cretaceous
age (transition zone), Upper Cretaceous pelagic platy limestones with siliceous
intercalations, Lower Cretaceous flysch-first flysch, Jurassic schist-chert forma-
tion, Upper Triassic platy to thin-platy limestones and clastic formation of Tri-
assic age. The Pindos Zone constitutes a tectonic nappe overthrusted on the Io-
nian Zone. The tectonic individual overthrust sheets are overthrusted onto each
other from east to west and their axes are oriented in directions ranging from
N-S to NNW-SSE. Characteristic tectonic structures constitute the Athamanian
Mounts (Tzoumerka) and Mt. Lakmos.

The Gavrovo Zone, of Triassic-Oligocene age, is located west of the Pindos
Zone. It occurs in the southeastern part of Epirus, in the area of Valtos Mountains.
It consists of the following geological formations: Upper Eocene-Oligocene flysch,
Jurassic-Upper Eocene neritic limestones rich in fossils (Eocene carbonate series,
Cretaceous limestones) and Upper Triassic dolomites. Totally, the Gavrovo
Zone constitutes an anticlinical structure having an axis of NNW-SSE direction
and it is characterized by heavy type tectonics.

The Ionian Zone, of Triassic-Lower Miocene age, oriented in N-S direction oc-
cupies the largest part of Epirus. It extends west of the Gavrovo Zone and consists
of the following geological formations: Late Eocene-Lower Miocene flysch, Paleo-
cene-Eocene semi-pelagic platy limestones, Upper Senonian limestones, Upper
Jurassic-Upper Cretaceous platy limestones rich in radiolaria alternating with sili-
ceous and chert series ( Vigla limestones), limestones rich in Filaments, shales with
Posidonia and Ammonitico Rosso of Middle-Upper Jurassic age, Lower Jurassic
Siniae and Louros limestones, calcareous breccias and Upper Triassiclimestones
of Upper Triassic age and Triassic evaporites (gypsum and salt). Mio-Pliocene
sediments and alluvial deposits have been deposited over the Late Eocene-Lower
Miocene flysch. The tectonic setting of the Ionian Zone is characterized by a se-
ries of parallel mega-synclines or mega-anticlines, thrusted or overthrusted onto
each other westward. Their axes are generally oriented in a NW-SE direction,
while southwards their directions are changed ranging from NNW-SSE and
NNE-SSW intersected by E-W strike-slip faults.

Based on the lithology and types of rocks for each geotectonic zone, the geo-
logical structure of northwestern Greece consists of the following main-inde-
pen-dently of zones-geological formations:

- Ophiolites of Jurassic age,

- Limestones, dolomites, and schist-cherts of Mesozoic age,

- Flysch of Upper Cretaceous age,

- Limestones of Paleocene-Burdigalian age,

- Flysch of Maestrichtian-Aquitanian age,

- Brackish Neogene sediments of Miocene-Paleocene age, and

- Quaternary deposits (scree, coastal conglomerates, fluvial deposits etc).
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Summarizing the study-assessment of the Map of Figure 2 and the distribu-
tion of these major formations in northwestern Greece, leads to the initial ob-
servation that limestones dominate the western part and areas of higher eleva-
tion. Flysch formations occur in the eastern part and lower altitude areas. More-
over, the formations’ boundaries have been corrected-revised, as a result of field
mapping. Certain typical examples of such modifications are listed hereunder:

(a) The area of the Subpelagonian and Pindos Zones, where the ophiolite and
flysch formations are encountered, whose locations are largely inconsistent with
the respective locations derived from the mapping of the Metsovo and Pentalofo
sheets of the Geological Map of Greece, of the Institute of Geology and Mineral
Exploration-IGME by Brunn [65] [66], and

(b) All the areas of the map, are covered by Neogene and Quaternary deposits.
Such deposits are of particular interest, because based on their stratigraphic suc-
cession, one can evaluate the neotectonic activity of area.

It is worth mentioning that the field works particularly focused on the detec-
tion and identification of tectonic elements, contribute to the completeness and
accuracy of a geological map. These elements are the product of systematic study
and observation, evaluation of fault activity, and detailed geologicaltectonic
mapping. According to the international classification of faults, they were classi-
fied as active, potentially active and non active. All this data are completely new,
presented here for the first time and it provides useful information on the area’s
degree of activity and the potential occurrence of earthquakes, thus, leading to
the better perception of a region’s neotectonic evolution.

The knowledge of the geological structure constitutes the cornerstone for fur-
ther research, as it results in understanding of the relief and drainage network
evolution. Plenty of scientific works combine their data with the geological
structure. The existing geological data may be changed due to field observations
in the frame of a detailed geological study. Field works can modify the biblio-
graphic references to a dynamic tool resulting in updated or new conclusions
about the geological setting and the geotectonic structure of a study area com-
bining new with old data. Despite a large number of scientists have studied an
area, there are undiscovered and unknown elements well hidden by the geologi-

cal time.
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