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Abstract

The Ercek Lake Basin (ELB) is located in the easpart of Van Lake and has an area
of approximately 100 kin The eastern section presents gully morphologyatdsy
Ozalp. Oligo-Miocene and Plio-Quaternary units cotfee basement rocks of the study
area. Oligo-Miocene units are folded on both thateern and northern parts of ELB.
However, in the north of the basin, northward digpthrust faults generally developed
along E-W. In the south, the fold axes differ byjaximum of 30 ° from the E-W to the
north. The distribution of the structural elememighin the Plio-Quaternary units is
rather limited, and these are more prominent in tioeth of the Ercek Lake. There are
a few normal faults in these structural elementse @ievelopment of these normal faults
occurred as a consequence of the N-S compressitheiregion and developed in the
active tectonic evolution of the region. The Koalleft lateral strike-slip fault, which
also deforms the western margin of Lake Ercek aedritra-lake morphologys one of
the other intra-plate structural elements withie ttontracted continental crust.

Keywords:Lithostratigraphy, Active tectonic, Thrust fautrike-slip fault.

Ercek GOlu Havzasi ¢cevresinin aktif teki@inre havza
dolgusunun litostratigrafisi (Van, Turkiye)

Ozet

Ercek Goli havzasi (ELB), Van Géli'niingdsunda yer alan ve yalg& 100 krilik
alana sahip ve dau kesimi de Ozalp’e gou oluk morfolojisinden olwr. Bu alanda
temel kayaclari, hem Oligo-Miyosen, hem de Plioa€exner yali birimler orter.
Ercek goli havzasinin hem giney, hem de kuzeyitige-Kdiyosen yall birimler
kivrimhidir. Ancak havzanin kuzeyinde genel olabaB dasrultulu kuzeye gimli ters
faylar da gelymistir. Glneyde ise kivrim eksenleri, D-B'dan kuzeggra en fazla 30°
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lik ac1 ile sapma gosterir. Yapisal elemanlarinoPiuvaterner birimler icinde dalimi

ise oldukca sinirli olup, bunlar da Ercek Golu hastnin kuzeyinde daha belirgindir.
Bu yapisal elamanlarin icinde az sayida normaldayda bulunur. Bu normal faylar
bdlgenin K-G silsimasi sonucu olmus olup, aktif tektonik evrimi siiresince getistir.
Ercek Golu'nin bati kenarini ve g6l ici morfolofisde deforme eden Kozluca sol yanal
dogrultu atimh fay! da, sikan kitasal kabuktaki ger levha-i¢i yapisal unsurlardan
biridir.

Anahtar kelimeler:Litostratigrafi, Aktif tektonik, Ters Fay, [oultu-Atimli fay.

1. Introduction

Ercek Lake basin (ELB) is bordered with Van LaksibgVLB) in the west and Ercek-
Ozalp gully in the east. ELB has an altitude of @800 m and an area of 100 %m
The deepest part of the lake is between 35 and 40].nMajority of the studies are
mainly carried out in VLB, and there are some stgdispecially on the morphology of
ELB [1,2].

The plate movement directions around the VLB and Hasins are in the N-NW
direction with respect to the GPS vectors, whighaaused by the northward movement
of the Arabian plate [3], (Figure 1d)ifferent active tectonic sources develop in the
region as a result of this movement from about EBtMthe present day [4-10Jhese
tectonic sources made contributions to some defioonsin the Plio-Quaternary units
especially around the VLB (Figure 1b)11-13]. Plio-Quaternary geological units
around ELB have been defined [14-16].

When the focal mechanisms of the historical eardkgs in the region are checked, it is
seen that the mechanisms of the earthquakes ageia@bpthrust and strike-slip faults
[17-20]. The tectonic resources in the VLB were active onQ23ober 2011 with Mw
7.2 and 9 November 2011 with Mw 5.6 earthqualds22]. These two earthquakes
occurred on reverse fault and strike-slip faultspeetively in VLB [23]. In addition,
there are complex active faults around the ELB, #wede active faults have deformed
morphology [24]. It is also observed in seismolagjistudies that active faults in the
region are different types. It is stated that #nerse fault plane of the 23 October 2011
earthquake is dipped to the north and directed-W B the southeast of ELB [25,26].
Focal mechanisms of some earthquakes around ELB agermined and compression
was determined in N-S direction and dilatation WWVEdirection in the region [27]. In
addition, reverse and normal faults in the lakeenmapped in both the N-S and E-W
oriented seismic reflection sections in the Er@Hel[28,29].

The purpose of this study is to map the distributsd the Plio-Quaternary units around
the ELB, and determine the contact relations withitsu older than Pliocene.

Additionally, the morphology of intra-basin and imagnargins along with the lake

bathymetry was evaluated to explain how the stratelements in the have developed,
as the indicators of the state of the active tastonin this sense, the investigation of
both the Plio-Quaternary units and their contadati@ns with older units has also

enabled the identification of the role of activalta in the development of ELB.
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Figure 1. a) Tectonic outline of the eastern Mediigean area. Abbreviations: EACP,
East Anatolian Contractional Province; DSFZ, Dead Bault Zone; EAFZ, East
Anatolian Fault Zone; NAFZ, North Anatolian FaulriZe; b) Lake Van Basin and
simplified geological map showing the main tectastitictures of the Lake Van Basin
and the surrounding area. Abbreviations: GFZ: GuapFault Zone, AF: Alabayir
Fault, VFZ: Van Fault Zone, EFZ: Edremit Fault Zp&é&: Ercis Fault (compiled from
[14,30,31]).

2. Material and Method

In the Ercek Lake Basin, Pre-Miocene geologicatsuwere considered as the basement
rocks. The types of contacts between the basen@mjo-Miocene and Quaternary
units are plotted on 1 / 25.000 scale digital toppby maps. In these maps, the
watershed of the basin was determined to be usegtesd of this study. The structural
elements deforming the Neogene and Quaternary wmiiee measured by using
geologist compass.

3. Results

In this section, the data obtained in the studg ared the sedimentary environments in

the Plio-Quaternary period are investigated. Intamd the relevance of the present day
morphology of the region to active faults has bassessed, especially for the northern

and southern margins of ELB. Also, the structurabming of the faults observed within

the basin stratigraphy has been questioned.
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3.1. Lithostratigraphy

Oligo-Miocene (OIm) and Plio-Quaternary geologicalits unconformably cover the
basement rocks in the study area (Figure 2). Wihiée bottom of the base units is
composed of ophiolitic rocks up to the sectionehane clastic and carbonate type rocks
which characterize the marine environment. Olig@déine units are composed of
mostly sandstone-claystone with minor siltstoneticoution. Within these levels, sandy
gravel levels with up to a maximum of 30 cm in grdiameter are observed. They are
more common in the southern area of ELB than inniti¢h. Because they are usually
deposited as fine-grained lithologies, sedimentagnvironment characterizes the low
energy. However, the presence of coarse-graineceigrandicates that the high-energy
stream channels were involved in the sedimentation.

Explanations

alluvion (Qa) 55,: strike and dip direction

1. Kozluca fault

travertine (Qt) -} : horizontal strata 2. Agizkara-Sugeger fault zone
Quaternary aged basalt and andesite (Qv) aas - thrust fault 3. Ozalp fault

Plio-Quaternary aged sediments (PIQ) ==_:right lateral strike slip fault

Oligo-Miocene aged sediments (Olm) < left lateral strike slip fault

Basement rocks (Pzmt) "o probable fault

Figure 2. Map of the Neotectonic Period geologicats and active faults in the study
area (modified from [32]).

These units presenting quite distinctive bedding laght yellow, gray and tones of
brown. A similar unit is seen especially in theteas part of Van Lake. These units
named Van formation contain prominent conglomeratesthese areas and are
accompanied by marine fossiliferous limestones .[XBligo-Miocene units, which
characterize both the marine and marine activestaoe environment in the entire Van
Lake basin, have been deposited in the remnandfsihee last stage of the Neotethyan
Ocean depletion, or in lacustrine areas similartdday's Van Lake environments
[15,16]. Volcanic rocks (Qv) are generally Pliocemeyounger, and cover a wide area
in the Van Lake basin. These rocks are also obdenvthe study area as intensively
fractured basalts and andesites and very few volsadiments [33,34].

Another Plio-Quaternary unit in the ELB is the nvend alluvial fan deposits (PIQ)
which cover wide areas both in the basin and tls efthe basin (Figure 3). These
units are observed especially between the wesidge ef Lake Ercek and the high
morphology of the western part of the lake andrtbghern part of the gully between
Ercek Lake and Ozalp. These units are also obsexvebe south of the basin and
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Ercek-Ozalp gully, but they are thinner relativetie northern ones. This unit, which is
covered with sedimentary deposits of the youngests in the region, contacts with
Oligo-Miocene units as discordance and with anvadiaulted contact. The bedding at
the unit is generally horizontal and has a dippwvth deformation close to the fault
boundaries. Alluvial fan deposits of PIQ composédandy coarse gravel, sand-clay
lithologies. Among them, gravels are usually angalad the grain diameter is up to
maximum 50 cm. The gravel petrography in the uoitsists mainly of ophiolitic rocks
in the northern areas and in the south there arestiones and claystone grains derived
from Oligo-Miocene units. The other facies withimetunit is also formed by stream
channels with lithology consisting of well-roundgahdy pebbles.

B aserrment rocks

fault
i
¥
=

Y ‘mudstone e
== -Serpentinite

mudstone

claystone

=% (Olm)

~ gravel with sand max grain diameter 30 cm)

channel deposits
(grain is'well roundness)

Figure 3. Lithostratigraphic view of the a) basetmecks b) Oligo-Miocene c) Plio-
Quaternary geological units in ELB.

In these pebbles, the imbrication is well developad it is understood that the grains

are derived from the base rocks in both the nomtlaexd southern directions. Another

facies of the alluvial fan deposits in the studgeais represented by the distal part of the
fan consisting of sand, clay and silt. During thepasition of these sediments that

settled further from the source, the energy is laivan in other environments.
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3.2. Morphotectonic Settings

During the sedimentation of Plio-Quaternary seditsiewhich covers a wide region in
the study area, active faults in the region changedphology in terms of topographic
values of the watershed lindshe study area consists of both the 15x16 km EL® an
the eastern gully with a 25 x 2 km area. The nagbern and western parts of the ELB
have a higher morphology and slope angle, whilestbpe angle is particularly lower in
the south, southeast and northwest areas (Figure 4)

ey 47 45' 0" 4

Explanations

1. Kozluca fault
2. Adizkara-Sugecer fault zone
o valley _k river drainage 44— : thrust fault 3. Ozalp fault zone

valley and ~---:road Elevation:

depression plain @ : terrace T="_. right lateral strike slip fault T Jiesa1720m

mountain _..-—+ - watershed — o

highplato - shorline =~ : left lateral strike slip fault [ 17211851 m

low plato & bathymetry " probable fault [ 1852-2247m
[ 2248-2421m

Figure 4. The appearance of active faults togetlittrthe morphological elements of
the ELB and gully located to the east of lake (Ercake bathymetry map was taken
from [1]).

The Ercek Lake, which is more than 35 m in depthglso affected by active faults in
the region and western margin bathymetry has aehiglope angle than the other
margins of the lake (see Figure 4). Accordinglgréhis a difference in the topographic
slope angles from the watershed of the ELB to @mrband to the long axis of Ercek-
Ozalp gully. According to this, the highest topqarie slope angle from the watershed
to the axis of the basin between the Yukarigolaad Yukarigtineyce villages of the
lake is around 40°, while the same value is 70ben the Yukariglineyce and Sugecer
villages. To the east, the highest slope angl&isiGthe southwestern part of the fault,
depending on the Ozalp fault zone around Teped&avatli - Dgangun, while this
value is 50° in the north east. The western masfjthe ELB and the bathymetry to the
west of the lake area are similar at high slopdesn@nd the highest slope angle from
the western watershed to the axis of the lake s BBe E-W direction zoning of the
Kozluca fault means that the western edge of Etgate is also affected by active
deformation. Therefore, when the deepest areaeoEthek Lake (35 m) is taken as the
center; the bathymetry contours from the westegeasf the lake to the east are very
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close together (Figure 4). In addition, the Plioa@unary sediments in the region also
have higher elevations in areas where active fengdtphology is present. When the
main valleys in the region and the Holocene sedimanthe valleys are evaluated; in
the valleys cut by the faults located around th® Fiver channel sediments associated
with fault-related stepping are also deposited dooedance with the block elevation.
The Plio-Quaternary sediments in the Caylak angaBRiver valleys north of the ELB
are at most 2300 m elevation and 2180 m elevattoBemt, Gezne, Buyukgoller,
Degirmendere and Kapan rivers in the south. Watersltrednd ELB has the highest
values especially in the western and north-eastthef lake. Accordingly, the
development of the ELB is mainly associated with #gizkara-Sugecger fault zone
(Figure 5).

land S“d%‘ WRESwReR oSy

DS SRR

~fault scarp

e T e WL A S G
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Figure 5. The appearance of the basement roak@laternary alluvial fans, current
stream terraces along with all the fault zonestardnorphotectonic elements in the
immediate vicinity of the ELB (1,2,3 numbers indeshe fault names, see Fig. 2,3 for

details).
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3.3. Structural Geology

The active structural elements in the region, iripaar their geometry in the Neogene
and Quaternary stratigraphy, and their developmargsdiscussed in this section. It is
seen that reverse faults predominate primarily athbthe basement rocks and the
younger geological units of the region. The stutBaawhich is located about 110 km
north of the Bitlis-Zagros Suture Zone providindlismn for Anatolian and Arabian
Plates, is also a lake basin (ELB) [1,9,42]. Thethecent example for the active
collision is the 23 October 2011 Mw 7.1 Van earthkpi [35-37]. The surface rupture
caused by this earthquake was observed in limitedsacompared to the seismogenic
zone, indicating that the rupture plane is a btiemerse fault. This means that the active
faults that cut Plio-Quaternary sediments in ELB afan Lake basin in the region are
very limited on the surface. However, blind thréemtlt planes are the most dominant
tectonic regime as the compression intra-platearasthe faults observed in both the
base rocks and the Oligo-Miocene units of the megidhe best example of the existence
of compression is different kinds of faulting om@ncrete block resulted by 23 October
2011Mw 7.1 Van earthquake [36]. Accordingly, the entegion is affected by the N-S
compression of the main tectonic source. With daspression, intra-plate strike-slip
and normal faults are observed both in the Van Lb&sin and around the ELB.
Besides, especially in Oligo-Miocene units, manydg$o compatible with active
compressional deformation have developed.

These folds are also other structural elementsagph that compression in the region
is generally N-S oriented. One of the most promirstructural data of the @Azkara-
Sugecer fault is that the Oligo-Miocene units ia tanging-wall block of the fault gain
an average of 20° beneath the ophiolitic base raltkgg the plane, to the north. Thus, a
monocline-like fold was formed within Oligo-Miocemmits in the hanging-wall block
of the fault (Figure 6a). The minimum lateral ldmgif the Kozluca fault, which is
observed at the western margin of the ELB, is 4akih the lateral offsets on the surface
are very clear. In addition, due to blind faultinige lateral offsets are clearly observed
in the Oligo-Miocene units (Figure 6b). The Kozlufzult is one of the causative
elements in the formation of ELB. Additionallyetgizkara-Sugecer fault zone with a
length of at least 18 km on the northeastern edgbeELB is a reverse fault with
northward dipping and N70° - 80° W strike. To tlmuth of this basin, no faulting is
observed on either morphology or stratigraphy. Agpnately 2 km east of the Ozalp
district, the N40°- 55° W right-lateral strike-skpzalp fault zone generated deformation
elements in both Oligo-Miocene and Plio-Quaternsegiments. It is stated that the
reverse and normal faults observed in the sedimesisin Ercek Lake are also
observed on all margins of the lake (Figure 6caddition, it is understood that most of
the active deformation of focal mechanisms belogpgorsome earthquakes around the
ELB are reverse faults forming N-S directional coegsion. The active tectonic
elements around the ELB are concentrated in the dakl the western edge of the lake,
and no structural elements are observed in théneputand of the lake. The earthquake
activity also supports these deformations in adirad ELB. Especially the presence of
earthquakes with M> 4 in the vicinity of the basin indicates that tfaeilts that are
sources of the structures shown in Figure 6 atieeaffigure 7).
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Figure 6. a) a northward inclined view of Oligo-ddene units over the Plio-
Quaternary units in theg@ikara-Sugecer Fault zone (dashed lines indicgitr @ip
direction) b) Kozluca fault trace, yellow colorditkenline compatible with left-lateral
movement ¢) The appearance of normal faults abatigthe reverse fault effective
deformation indicating deformation of the geologzaits at different ages in the region
(the yellow arrows show the changes of dip direcbbthe unit).
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a¥30°N 4335 4340 4345 4 4355 44000 44°05 44 10°
Figure 7. The epicentral distribution of earthquakeErcek Lake and surroundings, the
yellow (from USGS-United States Geological Survaydl gray ( from EMSC-Eastern
Mediterranean Seismological Center) points are #earthquakes along with the fault

mechanisms of some earthquakes [27].

4. Discussion and Conclusion

Active faults around both Van Lake and ELB haverbempped in very different types

and locations in some studies [38-48¢cordingly, it should be argued which tectonic
sources within the Van Lake basins are effectivéasin formation. In addition, the

active faulting occurring as blind fault type iretiwhole region restricted the length of
surface rupture observed on the surface. With Miwearthquake on October 23, 2011,
approximately 20% of the seismogenic strike-sligngl length could be traced on the
surface. The mean thrust offset along the fractdeedt plane is 4 m around the

seismogenic zone, while the surface value is abotit5 cm [18,19,21,36,41].

The collision tectonics, which started after theduction tectonism, where the reverse
faults were dominant, which allowed the oceanicol#phere to be delaminated in the
region, became as effective as the day-to-day. dllosvs the deformation elements to
form more intensively within the ELB than within &hOligo-Miocene units. The
deformational structures in the Oligo-Miocene umtere prominent than the Plio-
Quaternary have made possible today's active detavmstructures of the Van Lake
basin as blind. The same situation is also obsemeHLB basin. The depression
formation, which is defined for the general of thastern Anatolian region, takes place
as the ramp basins, and there are pull-apart balsnsloped by strike-slip faulting
among the ramp basins. In addition, for the whalsté&rn Anatolia, the presence of the
extension is mentioned [10,20,41].

The faults near ELB are explained in detail in thisdy. Accordingly, faults around
Van Lake basins consist of reverse faults assatiatth Bitlis-Zagros suture zone and
continental- continental collision. During this ksibn, both strike-slip and normal
faults in the region have been effective in theodehtion of the ELB crust. It is stated
that normal faults, which are also found in theidiural elements around Van Lake in
the west of the study area, are generally perpatatito reverse faults. In this study, the
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presence of such faults around the ELB has also mEmntified (see Figure 6c¢). In
addition to being a tectonic basin with faults coléd mainly from the northern
margin of ELB, it was indicated that the drainageasaround this depression occurred
during the last ice age [1].

It is stated that the ELB occurred as ramp basmirobled by llikaynak reverse fault at
the northern edge and by the Kozluca normal faulhewestern edge [42]. In the ELB,
the north margin is a reverse fault, as observethesurface, and the western margin is
a depression bounded by left lateral strike-sligtfaDuring the tectonic deformation of
this depression, the transtensional componenteKibzluca fault at the western edge
of the ELB is quite effective. This component a#lmwed the western edge of Ercek
Lake to have a higher slope angle than the easi#ge. In the northern margin, the
reverse faulting, which provided the compressionthe&f ELB crust, has enabled the
tectonic formation of the whole depression fromg@iMiocene to present (Figure 8).
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Figure 8. Primary reverse faults involved in teetonic development of ELB and block
diagram showing the strike-slip faults developexhglwith the reverse faults due to
compressed crust.
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