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Abstract

Sedimetological analysis of submarine fan deposits, both north and south of Evinos
River, east of Mesolongi town, showed that there are different sedimentological
conditions. The southern part outcropped between Klokova and Varasova Mountains,
influenced by Gavrovo thrust activity, is characterized by coarse grained inner fan
deposits, and sourced both from Pindos chain and the uplifted Klokova and Varasova
Mountains. Gavrovo thrust activity, took place during the sedimentation producing
intrabasinal highs, changing basin geometry. In the northern part, where outer fan
deposits passes upwards to inner fans, there is no obvious influence of Gavrovo thrust
but mostly the influence of internal lonian Thrust. Between the two studied areas there
is a high deformed area, about 1km wide, trending parallel to the Evinos River in a
ENE direction, showing that probable Evinos River flows on a strike-slip fault.
Keywords: Evinos River, Gavrovo Thrust, Klokova and Varasova mountains,
submarine-fans.

Mepilnym

H i{nuaroloyikn ovélvon twv vrobalacoionv pimidinv, Popeio. koL VOTIa TOD TOTOUOD
Ednvov, avarolika e moinc tov Meooloyyiov, édeilav diapopetikés ovvOikes
ilnuazoyéveons. To votio tunuo. wov supavifetor uetald twv fovvav Kiokofo ko
Bapdoofia, mov exnpedotnke aro w dpaon g exwbnons e Lafpofov, yopoxtnpiletar
om0 00pPOUEPEIS amOBECEIS E0WTEPIKOD PLTIOLOD, TO. OTOLO, TPOEPYOVTIAL TOGO OO THV
opoaelpa. ¢ ITivéov oco ko amo ta avadvlévro opn e KAdkofog kou Bopaoofag. H
encdOnon e Tafpofov élafe ywpa kota t didpkeio ) ICNUATOYEVETHS TOPAYOVIOS
EVOOAEKOVIKA D OILOTO. TO OTEOIO. EXNPEQTOY TH YEWUETPIO THS AEKAVNS. 2T0 fopeio Tunua,
o1 amobéoels eCwtepikod pimidiov mEPVOOY TPOS TO. TWAVW 0 Om0ETEIS ETTEPIKOD
pimidiov kai dev wopornpeitar ) excOnon e Iofpofov va el exnpedoel o Tunpa avTo
wopd, wovo n exwbnon e Eowtepixng Ioviag {wvns. Metald twv dvo ueietnféviwy
TEPLOY DY, DTECPYEL [0, EVTOVO. TOPOUOPPOUEV TEEPLoY, TAGTOVS Tepimov IKM, i omoia
EKTEIVETOL TTOPAIANAG. aTOV TToTOWO Evnvo ue tuo. ABA disvbovon, deiyvoviag ot mibova,
o motauog Ednvog kiveitor mave oe Eva piyuo. opi{oviiag UETATOTIONG.

Aééers rleora: Edmvog motapdg, Erabnon s Iofpofov, opn Kioxofa koi
Bopdoopfo, Yrobaldooio pimidia.
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1. Introduction

Pindos foreland deposits (Fig. 1) have been interpreted as submarine fan deposits, sourced from the
Pindos thrust belt to the east (for reference see Avramidis et al., 2000). The accumulation of the
submarine-fans resulted from the deformation of the external Hellenides which migrated in a
westward direction. During this migration, on the Gavrovo and lonian zones Pindos foreland was
formed (for reference see Zelilidis et al., 2015).
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Figure 1 - Geological map of south Aitoloakarnania compared to the Greek space (modified
from IGME Geological maps 1:50.000 sheets Messolonghion, Evinokhorion, Nafpaktos,
Klepa, Thermon).

The age of Pindos foreland according to Avramidis et al. (2002) is different along the basin ranging
from middle Eocene to early Miocene. Pindos foreland was affected by the presence of internal
thrusting and transfer faults, causing changes in depth and width. Due to internal thrusting (Gavrovo,
internal and middle lonian thrusts), creating intrabasinal highs that influenced palaeocurrent
directions (Avramidis and Zelilidis, 2001; Konstantopoulos et al., 2013). Transfer faults cross-cut
the intrabasinal highs and produced low relief areas that act as pathways for sediment distribution.

In this work a restricted area of the Pindos Foreland, east of Mesolongi, was studied.
Sedimentological analysis led us to construct and to introduce the basin evolution model.
Combination of the field data led us to identify the differences between the south and the north part
of the basin, separated by the Evinos River.
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2. Geological setting

Vakalas et al. (2004) described the Ellinika section in the western end of the studied area where he
found a late Eocene to late Oligocene age of submarine fans for the western part of Arakinthos
Mountain (Fig. 2). According to Vakalas and Zelilidis (2002) the Ellinika section, shows a measured
stratigraphic thickness of 2000m. From the base to the top of the stratigraphic column the following
environments have been identified: A. Outer fan deposits consisting of lobe and lobe fringe deposits
(600m thick). At the base of this sequence near the contact with the Eocene limestone thick
calcareous turbidites have been recognized. B. Inner fan deposits (1200m) comprising channels and
levee/interchannel deposits. At the lower stratigraphic positions of the Ellinika sections, the
paleoflow direction is mainly towards the west. In the middle stratigraphic levels, the paleoflow
regime changes parallel to the basin axis direction. Considering that at these levels inner fan deposits
have been recognized, it seems that the geometry of the basin must have been changed to a more
trough-like character, where the flows were controlled by the confinement which is caused by the
trough. At the western margins of the section, some easterly flow directions have been observed,
suggesting an increase of the sea floor gradient due to the activation of the Internal lonian thrust.
The activity of the thrust would have increased the instability in this area, triggering submarine
failures.

Proposed paleogeographic evolution introduced that clastic sedimentation began during late Eocene;
whereas the transition from the chemical to clastic sedimentation seems to have been abrupt. Later,
and during upper Eocene to lower Oligocene the basin configuration changed to well-expressed
trough geometry. This change is supported by the turn of the paleoflow trend to an axial direction.
Also, the outer fan deposits which were deposited during the previous period of the evolution appear
tectonically deformed, suggesting the influence of a tectonic event, such as the activation of the
Gavrovo and Internal lonian thrusts. Finally, during Oligocene inner fan deposits were accumulated
showing a decrease of the system’s energy and a westward migration of the tectonic activity.

3. Facies analysis and facies associations of the studied area

The studied submarine fan deposits east of Mesolongi (Fig. 2) subdivided into 4 regions, 2 north and
2 south of the Evinos river, the area between Klokova and Varasova (region A), the area of Perithori
and Evinos (region B), the Arakinthos mountain (region C) and the area east of Arakinthos (region
D). Stratigraphic columns for these different regions are presented on figure 3. Sedimentological
analysis led us to organize lithologies into 4 facies:

Facies 1: mudstone-sandstone interbeds with fine-grained, thin-bedded sandstones (bed thickness 2-
5cm) and mudstone beds. Rarely sandstone beds with 20-50cm thick occur.

Facies 2: Sandstone-mudstone interbeds with fine-grained to medium-grained sandstone beds, 20-
50cm thick, and mudstone beds with the same thickness.

Facies 3: Sandstone, with medium-grained to coarse-grained sandstone beds, 80-150cm thick. On
the top of sandstones thin mudstones are present, decreasing or lacking when amalgamation of
successive sandstone beds is observed. In the area of Arakinthos, a micro-breccia-conglomeratic bed
with normal graded bedding occurs within these facies.

Facies 4: Conglomerates which consist mainly of well-rounded limestone cobbles into sandstone
matrix.
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Figure 2 - Geological map which shows the studied regions (a synthesis from geological maps
of IGME sheets Evinokhorion 1991 and Messolonghion 1996).
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Figure 3 - Synthetic columns of the constructed sections for the regions A and B and C and D.
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3.1. South of the river Evinos
This area was studied in two regions, region A and region B (Fig.2).

Region A: is characterized by the presence of cemented conglomerates, up to 200m thick and 1km
long (facies 4, on section A of region A, on figure 2) with interbedded sandstone beds (facies 3) and
thin mudstone-sandstone beds (facies 1). The sandstone base of facies 3 is flat with good lateral
continuity. Facies 1 in this region is outcropped as a slump horizon within facies 4 (Fig. 4A) showing
that large blocks of facies 4 could slide using as a sliding surface of hyper pressured or fluidized
mudstones (facies 1). The deposition of thick bedded sandstones (facies 3) took place due to rapid
deposition of a high density turbiditic current. The above deposits of region A represent channel-fill
deposits accumulated in an inner fan environment.

Region B: Deposits of this region, with up to 400m thickness, can be divided into two sections, B1
and B2, 1km and 2,5km long, respectively. The B1 is stratigraphically below B2.

Section B1: From east to west, in an up to 340m long part of the section, facies 1, facies 4 and facies
2 were recognized. Facies 4 is characterized by erosional base and channelized geometry (Fig. 4B).
Conglomerates are massive with sand matrix and a total thickness up to 4,5m. The pebbles size
varies from 2-10cm and consists of limestones: 60%, sandstones: 30% and cherts: 10%. Facies 2 is
characterized by an upward coarsening and thickening of sandstone beds introducing outer fan lobe
deposits.

Figure 4 - A) Geological section of facies 4 in alternation with facies 3 and facies 1. B) Part of

the section B1 which shows the upgrading and the increase of sandstones' thickness upward

(lobe deposits). C) Western edge of section B1 expressed with channel and levee deposits. D)

Part of section B2 which shows the base of the sequence (facies 1), in the middle the facies 4
and on top the facies 3.

At the western part of this section at least 6 cycles with interbedded facies 2 with facies 1 are present,
whereas and only in the upper two cycles facies 4 also is present (Fig. 4C), at the base of each cycle.
In facies 2 the sandstone beds show an upward decrease both on bedding thickness and on particle
size. So, from the above we can suggest for the western part of this section a middle fan environment
where channel-fill deposits were accumulated, whereas fine-grained sediments could represent levee
deposits.

Section B2: This S-N section and from older to younger deposits, for a distance of 1,7km, is
characterized by facies 1 at the base, facies 4 in the middle part, facies 3 in the upper part (Fig. 4D)
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and facies 1 in the uppermost part. Northwards the rest section (for about 800m distance) is
characterized by thick interbedded of facies 1 with facies 3. The difference between these two parts
of Section B2 is that the in lower part facies 3 is characterized by erosional bases and fining and
thinning upwards of sandstone beds, whereas in the upper part facies 3 is characterized by flat bases,
lateral extension, and coarsening and thickening upward. So, the lower part with facies 1, 3 and 4 is
interpreted as channel fill deposits in an inner fan environment and the upper part as lobe deposits
in an outer fan environment.

3.2. North of the river Evinos
North of the river Evinos area was studied in two regions, C and D (Fig. 2).

Region C: The submarine fan deposits of region C have been studied in two sections, C1 and C2.
The C1 is stratigraphically below C2.

Section C1: This section is subdivided into two sedimentary cycles. The lower cycle is constituted
by facies 1 which pass upwards to facies 2, whereas the upper cycle with facies 1 at the lower part
pass upwards to facies 3. Each cycle is characterized by coarsening and thickening upward in
sandstone beds, up to 80cm thick, and s/m ratio changes from 1/1 and finally to 9/1. Facies 2 and 3
are characterized by flat bases and lateral extend. So, facies 2 and 3 are interpreted as lobe deposits
and facies 1 as levee deposits.

Section C2: This section is subdivided into two sedimentary cycles with facies 1 at the lower part
of each cycle and facies 3 in each upper part. Each cycle is characterized by coarsening and
thickening upward in sandstone beds and s/m ratio changes from 1/9 to 1/1 and finally to 9/1. Facies
3 is characterized by flat bases and lateral extend (Fig. 5A). Facies 1 in the lower part is thinly
interbedded whereas in the upper cycle sandstone beds are up to 10-15cm. So, facies 3 is interpreted
as lobe deposits, facies 1 in the lower cycle as interlobe-lobe fringe, whereas in the upper cycle as
levee deposits.

Region D: This region is characterized by strong deformed sediments, and this deformation is
restricted only in this region. The submarine fans of area D are characterized mostly by facies 1, and
only in some places facies 3 and facies 4 are present over facies 1 either with fault controlled contacts
(Fig.5B) or with angular unconformity (5C). It seems that facies 1 with thinly bedded mudstones
accumulated in a basin plain environment, represents the lower stratigraphic sediments of the studied
area and outcropped due to internal thrusting (Gavrovo thrust?). Facies 3 and 4 are characterized by
erosional bases, channelized geometries (Fig. 5C), and showing channel-fill deposits in an inner fan
environment. Facies 3 sandstones, of submarine fans, are characterized by Bouma subdivisions Ta,
Tb and Tc and amalgamation surfaces indicating a medium to high energy environment (Fig. 5D).
The relation between facies 1 with facies 3 and 4 suggests that there was a synsedimentary
deformation of this part of the basin explaining the unconformity and the fault controlled contacts.
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Figure 5 - A) Part of section C2, expressed with outer fan lobe deposits, levee deposits and
interlobe deposits. B) Conglomerates overlying the basement. We also see faults responsible
for basement's emersion. C) Channel deposits lying above of the basement. D) Sandstone
layer with amalgamation surface and the Bouma sequence.

Paleocurrent directions

Palaeoccurent regime, based on measured traces (groove marks), showed a northward trend for areas
A and B, indicating an axial transporting regime, whereas the main paleocurrent direction of the
region C (Arakinthos mountain) is NW-SE and the main direction of the area D is towards the west.

5. Paleogeographic evolution
Studied area is organized into two evolutionary stages.

Stage A: During Upper Eocene (Fig. 6A) clastic sedimentation starts in the study area at the part
northern of the river Evinos, expressed with basin plane deposits. The transition is characterized by
thick turbiditic limestones, indicating a stronger instability regime of the western margin of the basin
in this part. Meanwhile, during the same period starts the deposition of submarine fans at the part
south of river Evinos, which is also expressed with basin plane deposits.

Stage B: During Oligocene (Fig. 6B) outer fan lobes were deposited north of river Evinos and
specifically in areas C and D channel deposits dominate. At the South because of Gavrovo ridge the
relief of the bottom of the basin is directly affected with the deposits in the regions A and B
characterized as inner fan deposits with deposition of the coarser material nearby the ridges of
Klokova and Varasova. Furthermore, the Pindos overthrust seems to be still active as paleocurrent
directions in the north showed NE-SW. Finally, during the Lower Oligocene shallowing of the basin
continues while Pindos thrust is gradually inactivated and pressure migrates towards the west
converting the basin into a piggy back basin.
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Figure 6 - A) Map which shows the paleogeographic evolution in the Upper Eocene. B) Map
which shows the paleogeographic evolution in the period of Upper Eocene-Oligocene.

6. Conclusions

Studied area is characterized by the evolution of submarine fans. In detail, in both areas basin plain
deposits were accumulated during late Eocene, but after this stage they had different evolution.

During Oligocene the northern area (Fig. 7) is characterized by more dipper and distal conditions
than the southern area. In the northern area outer fan lobes were deposited, whereas in the southern
area inner fan channel deposits were accumulated, showing that only the southern area was
influenced by the internal Gavrovo thrusting, which produced more restricted conditions in this area.
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Figure 7 - Section north of the Evinos river. For location see figure 2.

The presence of high deformed outer fans in the northern area (Fig. 7) and in relation with the
presence of inner fan deposits over outer fans in this area introduce a strong influence of the northern
area from the internal lonian thrust.

Due to Gavrovo thrust activity Klokova and Varasova Mountains were formed and Cretaceous
basement was outcropped (Fig. 8), but only in the area south of Evinos River, whereas due to internal
lonian Thrust activity Arakinthos Mountain with submarine fans, north of Evinos River, was
deformed; whereas this activity is not outcropped south of Evinos River.

The palaeocurrent regime showed that during Oligocene the activity of Gavrovo and Internal lonian
thrusts produced restricted narrow sub-basins in different phase and paleoflows changed from a
westward direction (in an open basin) to axial trends (in the restricted conditions) during the
sedimentation.
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Figure 8 - Section south of the Evinos river. For location see figure 2.

From the above, in the studied part of the Pindos foreland, it seems that Evinos River probably flows
on a previous strike-slip zone, acted during the sedimentation of submarine fans. Due to this strike-
slip fault zone different depositional conditions were produced south and north of Evinos River.
This strike-slip fault zone cross-cut both internal thrusts (Gavrovo and internal lonian) and acted as
the major pathway for the sediment transportation in more distal parts (Fig. 9).

Figure 9 - Possible schematic tectonic model of the study area, depicting Evinos pathway.
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