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Key words: ABSTRACT
Bagkale Fault Zone, Baskale Fault Zone is located between Semdinli-Yiiksekova fault zone in southeast Turkey and
Morphotectonic, Guilato—Siahcheshmeh—Khoy fault system in southeast Iran. The fault zone started from Yavuzlar

geomorphic indices, uplift  town to Isiklar village in southwest. BFZ is composed of three different segments which have
rates, the Eastern Anatolia.  directions with varying N75°E to N 80°E. The offset streams, fault controlled drainage system
such as Cigilsuyu stream, alluvial fans which line up parallel to the fault and have deformation
structure, fault straight, Plio-Quaternary volcanic rocks and volcanic structures, ridge travertines
which continues their formations today indicate that BFZ is active as morphotectonic. The objective
of the investigation is to determine the effect of Bagkale Fault Zone on morphotectonic evolution
of the region. With this aim, morphometric indices such hypsometric integral, drainage basin
asymmetry, the ratio between the width and the height of valley and crimp in front of the mountain
were produced with Digital Elevation Model of study area and were explained with their meaning.
Depending on the results of morphometric models, it appears that the region has young topography
Accepted Date: 10.07.2016 and activelyrises. It was concluded that the rate of topographies rise in the region increased from
Received Date: 28.07.2016  east to west and typically rates were greater than of 0.5 mm in year.

thrust zone and between the end of the Late Miocene
and end of the Early Pliocene (Kogyigit et al., 2001;
Kogyigit, 2013). Kogyigit et al. (2001) stated that
instead of a compressional-shortening tectonic
regime in the EACT block, a compressional type of
neotectonic regime ended in the Late Pliocene. Linked
to this regime, NW-SE and NE-SW oriented strike-
slip faults, E-W oriented reverse/thrust faults and
folds, N-S oriented normal faults and N-S oriented
extensional fractures determining the location of
significant volcanic centers developed in the region.
Among the main neotectonic structures in the region
are NW-SE oriented right-lateral strike-slip faults
(Caldiran (CF), Bitlis (BF) and Ercis (KEF) faults,

1. Introduction

Bagkale Fault Zone is located with the western
section of the East Anatolia-Iran plateau forming the
East Anatolia Compressional Tectonic Block (EACT).
This block, defined by modeling of long-term GPS
measurements (Reilinger et al., 2006; Djomour et
al., 2011), is bounded by the left-lateral strike-slop
Northeast Anatolian Fault in the northwest, by the
Lesser Caucasus in the north/northeast and by the
Bitlis-Zagros thrust belt in the south (Figure 1). It
is proposed that the EACT developed under a N-S
oriented compressional tectonic regime related to the
continent-continent collision between the Arabian
and Eurasian plate 13 million years ago (Sengdr and

Kidd, 1979; Sengér and Yilmaz, 1981; Dewey et
al., 1986; Saroglu and Yilmaz, 1986; Yilmaz et al.,
1987; Kogyigit et al., 2001) (Figure 1). However,
some studies published in recent years have stated
that the tectonic regime represented by compression-
shortening is only active along the Bitlis-Zagros

etc.), NE-SW oriented left-lateral strike-slip faults
(Ahlat fault (AhF), Baskale (BFZ) fault zone, etc.) and
almost E-W oriented thrust faults (Mus-Gevas thrust
zone, Bitlis Zagros suture zone (BZSZ), Giirpinar
fault (GF) and Van fault zone (TF) etc.) (Arpat et al.,
1977; Saroglu et al., 1984; Kogyigit, 1985a, 1985b;
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Figure 1- Location of the study area within Turkey’s neotectonic framework (block boundaries taken from Reilinger et al., 2006; Djomour
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et al., 2011) (NAFZ: North Anatolia Fault Zone, EAFZ: East Anatolia Fault Zone, BZSZ: Bitlis-Zagros Suture Zone, CF: Caldiran
Fault, KTF: Karliova triple junction, VFZ: Varto Fault Zone, NEAF: Northeast Anatolia Fault, EACT: East Anatolia Compressional

Tectonic block).

Kogyigit et al., 1985; Saroglu and Yilmaz, 1986;
Saroglu et al., 1987; Cisternas et al., 1989; Rebai et
al., 1993; Kogyigit et al., 2001; Dhont and Chorowicz,
2006; Horasan and Boztepe-Giiney, 2006) (Figure
2). These faults or fault zones are the source of many
destructive earthquakes occurring in the region from
the historical period to the present day.

After the 23 October 2011 Van earthquake more
detailed studies of the young tectonics of the Lake Van
Basin have been completed by different researchers.
The majority of these studies have focused on the
basic properties of the main fault that produced the
2011 Van earthquake and the place of this mechanism
in the geodynamic structure of the region (Ozkaymak
et al., 2011; Emre et al., 2012; Bayraktar et al., 2013;
Gorgiin 2013; Dogan and Karakas 2013; Altiner et
al., 2013, Elliott et al., 2013; Kogyigit, 2013). Some
of these studies have drawn attention to the Baskale
Fault Zone (BFZ), located southeast of Lake Van
Basin and one of the NE-SW oriented strike-slip fault
zones, as being a neotectonic structure that is active
and has potential to produce earthquakes (Emre et
al., 2012; Kogyigit, 2013). Due to its active tectonic
properties, the Baskale basin and Bagkale Fault Zone
have an important place in understanding the tectonic
evolution of the region. With the active property of
producing more than one earthquake proven, the BFZ
has only been studied in limited fashion to date. The
BFZ was only mapped after the 25 January 2005
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Siitliice earthquake (Mw 4.8, 4.9 and 5.5) (KOERI,
2011) and is included on Turkey’s Active Fault Map.

This study aimed to research the BFZ, controlling
the western and eastern boundaries of the Baskale
Basin, using morphometric indices such as mountain-
front sinuosity (S_ ), valley floor width to height ratio
(V)), asymmetry factor (AF) and hypsometric integral
(HI) and its effect on regional geomorphologic
evolution.

1.1. Bagkale Fault Zone

The Baskale basin is southeast of Lake Van; located
between the BZSZ bounding the south of the lake
and the Guilato—Siahcheshmeh—Khoy Fault system
located in northwest Iran (Figure 2). This NE-SW
striking basin has width of 9-15 km and length of 82
km (Figure 3a). The east and west sides of the Baskale
basin is controlled by faults. While basement rocks
are located in the footwall of these faults bounding
the basin, the sediments filling the basin are generally
fluvial and current alluvium. Three basic geologic units
separated by unconformities may be distinguished in
Bagkale basin: (1) Pre-Neogene basic metamorphic
rocks comprised of dominantly marble and schists
(Yilmaz, 1971; Ricou, 1971; Yilmaz, 1975; Boray,
1975; Erdogan, 1975, Gonctioglu and Turhan, 1984);
(2) Neogene continental sediments and volcanic
rocks (lacustrine limestone, sandstone and basalt-
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Figure 2- Seismotectonic map of the study area and surroundings (faults: Kogyigit et al., 2001, Karakhanian et al., 2004; earthquakes Ergin
et al., 1967; Soysal et al., 1981; Ambraseys and Finkel, 1995; Tan et al., 2008) (BZSZ: Bitlis-Zagros Suture Zone, MaF: Malazgirt
Fault, CF: Caldiran Fault, GSKF: Guilato—Siahcheshmeh-Khoy Fault, KEF: Karayazi-Er¢is Fault, TF: Van Fault, SaF: Salamas
Fault, BFZ: Baskale Fault Zone, YFZ: Yiiksekova Fault Zone, GF: Giirpinar Fault, EF: Edremit Fault, BF: Bitlis Fault, AhF: Ahlat

Fault).

tuff); and (3) Quaternary alluvial, fluvial and colluvial
sediments and travertine formations (Figure 3b). The
contacts between units in the basin are generally fault-
controlled (Figure 4a). While Quaternary sediments
form the basin fill, metamorphic rocks are located
in the west of the basin, while volcanic rocks are
generally located along the eastern edge (Figure
3b). Travertine deposits dominantly developed along
the Camlik Fault bounding the southeast of Baskale
basin (Figure 4b-c). The BFZ begins in the northeast,
north of Yavuzlar, and continues until Isikli village
in the southwest (Figure 3). With strike varying
from dominantly N10°E and N40°E, the BFZ is
generally comprised of left lateral strike-slip faults
with normal component. While the west section of
the basin is controlled by two faults (Isikli and Ziranis
faults), the east section is controlled by a single
fault (Camlik fault). One of the faults bounding the
NW of the Bagkale basin is the Ziranig fault, which
is nearly 20 km long with strike N5°E to N-S. This

edge of the basin is represented by a structural contact
between pre-Miocene basement rocks and Quaternary
alluvium (Figure 3b). The more southern Isikli Fault
may be followed for 14 km between Ortayol and Isikli
and has a right-curving geometry. South of Baskale
it presents a linear strike between pre-Miocene
basement rocks of marble-schist intercalations and
Miocene-aged sedimentary rocks (Figure 3b). The
central sections of the basin are controlled by younger
normal faults compared to the faults controlling the
edges and in this area they appear to have formed a
stepped morphology. The Erek and Alabayir Faults
begin in the north near Yavuzlar village and may be
followed to Ilicak village in the south. Cutting the
fluvial sediments of the Cigilsu river, they form 2-3 m
steps within these sediments. Camlik Fault bounds the
southeast of the basin and also controls it. With nearly
30 km length, it has strike varying from N10°-25°E.
Ancient and new travertine deposits outcrop along
the Camlik Fault (Figure 4b-c). The fissure ridge
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Figure 3- a) Extension of the Baskale Fault Zone on digital elevation model b) Geologic map of the Baskale basin (adapted from Ates et al.,
2007).
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Figure 4- a) Extension of Isikli and Erek Fault in the field b) Cross section of fissure ridge travertines along Camlik Fault ¢) Longitudinal
appearance of fissure ridge travertines
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travertines and terrace-type travertines with formation
continuing currently are noteworthy.

Baskale Fault Zone is a tectonically active fault
zone and is the source of more than one earthquake
in the instrumental period. In previous years though
the Bagkale Fault was described, it was named the
Baskale Fault zone due to the occurrence of more
than one active fault almost parallel to each other and
the deformation zone occurring along these faults
(Baskale basin). As proven by the 1908 Baskale
earthquake (Mw 6.0) (Ambraseys and Finkel, 1995;
Ambraseys, 2001) and 25 January 2005 Siitliice
earthquakes (Mw 4.8, 4.9 and 5.5) (KOERI, 2011), the
BFZ is a seismically active fault zone (Kogyigit, 2005;
Emre et al., 2005, 2012).

2. Method

Research to date has shown that activity occurring
along the fault has left different geomorphological
evidence at the surface (Bull, 1977; Keller, 1986;
Keller and Pinter, 2002; Gordon, 1998; Giamboni et
al., 2005). One of the most commonly used methods
for interpretation of this evidence is morphometric
analysis. Morphometric analysis is one of the most
important tools used to research the effect of tectonic
activity on development of geomorphic processes and
surface morphology (Keller and Pinter, 2002). This
analysis is completed using morphometric indices and
generally is used to describe regional tectonic activity.
The obtained numerical data may be used with the aim
of understanding the geomorphological evolution of
large areas or determining which active fault segment
is more active (Strahler, 1952; Bull and McFadden,
1977; Keller et al., 2000; Azor et al., 2002; Keller and
Pinter, 2002; Font et al., 2010; Giirbliz and Giirer,
2008; Ozkaymak and Sozbilir, 2012; Yildirim, 2014;
Ozsaym, 2016).

For determination of the
characteristics of Baskale Fault Zone and to be
able to complete morphometric analyses, a digital
elevation model (DEM) of the study area with 10 m
resolution was created using the ArcMap program.
The drainage basins and fluvial network in the region
were drawn on the created DEM base. Morphometric
indices (mountain-front sinuosity (S, ), valley floor
width to height ratio (V) asymmetry factor, (AF) and
hypsometric curve and integral (HE and HI) were
calculated using different tools within the ArcMap
program.

morphological

3. Morphometric Analyses
3.1. Mountain-front sinuosity (S )

Mountain-front sinuosity is an effective method
to distinguish tectonically active mountain fronts
from inactive mountain fronts and is described by the
following equation (Bull and McFadden, 1977; Keller
and Pinter, 2002).

mf': L
s

In this formula, L __ is the sinuous length of the
mountain front while L_ is the length of a straight
line along the front. S_ is a function of erosion and
tectonic activity and values change linked to uplift
rate (Rockwell et al., 1984). If mountain fronts are
controlled by active faults, they give low S_ values,
while with the reduction in uplift rate and/or tectonism
erosion becomes dominant and S__ values increase
(Keller and Pinter, 2002; Silva et al., 2003; Bull, 2007;
Pérez-Pena et al., 2010).

In this study the S__ values for the mountain
fronts long the segments of the BFZ controlling the
basin were calculated. These values generally varied
between 1.0 and 2.0. The S2 and S4-S7 segments
controlling the west edge and the northeast of the
basin gave low S__ values (in the interval 1.07-1.08;
Table 1, Figure 5a and 5b) and these values show that
these segments are more active in the region. The S7-
8-9 segments controlling the east edge of the basin
and the S3 segment located in the south gave low S .
values (in the interval 1.53-1.95, Table 1, Figure 5a)
and as a result the west and central segments may be
described as being less active segments.

Table 1- Mountain-front sinuosity (S ) values (for points see

figure 5).
Mountain-front Smf
S1 1,33
S2 1,08
S3 1,56
S4 1,08
S5 1,06
S6 1,07
S7 1,04
S8 1,75
S9 1,95
S10 1,53

3.2. Valley floor width to height ratio (V)

One of the most commonly used indices to
understand the tectonic uplift rate occurring in a
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region is the valley floor width to height ratio. This
ratio is described by the following formula:

2V,
Vf_ (El d E‘sc)+ (Erdi Esc)

In this formula, V is the width of the valley floor,
E, and E  are the height of the right and left slopes
(from water level), and E_ represents the height of the
valley floor (Bull and McFadden, 1977; Bull 1977).
The V values vary linked to the shape of the valley. If
“V”-shaped valleys have low V values, this indicates
the regional uplift rate is high and there is excavation
occurring (Bull and McFadden 1977; Rockwell et al.,
1984; Silva et al., 2003; El Hamdouni et al., 2008).
Contrarily if there are high V values, the uplift rate
is low indicating that tectonism is less effective
compared to erosional processes.

In this study the V values in fluvial channels were
calculated for mountain fronts. Thus, the aim was to
distinguish tectonic classes based on relative activities
and uplift rates according to segment and to allow
discussion (Rockwell et al., 1984; Silva et al., 2003;
Bull, 2007).

The V,values calculated for 37 different drainage
basins within the Bagkale basin varied from 0.2 to 2.6
(Table 2, Figure 5a). The valleys of the SE-flowing
streams in the footwall perpendicular to the Ziranis
fault controlling the west edge of Bagkale basin
and valleys of streams flowing along the Erek and
Albayrak faults controlling the central section of the
basin offer low V_ values (valleys forming controlled
by S2 and S4-S7, Table 2, Figure 5a). The valleys
in these areas are V-shaped. The valleys developing
linked to segments controlling the east edge of the
basin appear to have higher V. values (S8-S10, Table
1, Figure 5a). From the V values it may be said that the
segments controlling the west edge and the northeast
of the Baskale basin are more active compared to
other segments.

Studies in recent years have stated there is a
correlation between the ¥, index and S__ index and
that the degree of activity of faults may be determined
linked to this ratio (Rockwell et al., 1984; Silva et al.,
2003). Linked to this classification, the Ziranis and
Isikl1 faults (S1,S2) controlling the basin have active
mountain fronts and appear to be faults with high
activity controlling the basin (Figure 5b). At the same
time, segments located in the northeast of the basin and
those controlling the central section of the basin (S4-
7) are younger and may be said to have high activity
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Table 2- Valley floor width to height ratio (V) values (for points
see figure 5).

Valley V.| | Valley A
la 0,30 | | 4c 1,05
1b 0,28 | | 5a 0,45
I 0,62 | | 5b 0,35
1d 0,57 | | 6a 0,52
le 0,34 | | 6b 0,31
If 0,24 | | 6¢c 0,35
lg 041 ||7a 0,48
2a 0,31 || 7b 0,69
2b 1,01 | | 7c 0,52
2c 0,20 | | 8a 0,55
2d 0,32 || 9a 2,60
2e 2,16 | | 9b 0,67
3a 0,92 || 9c 1,74
3b 1,97 | | 10a 0,87
3c 2,63 | | 10b 0,61
3d 1,26 | | 10c 1,29
3e 2,70 | | 10d 0,82
3f 2,58 | | 10e 1,44
4a 2,17 | | 10f 0,69
4b 0,81 | | 10g 1,02

(Figure 5b). The Camlik Fault controlling the east
edge of the basin provided higher V and S__ values.
This fault appears to be moderately active compared
to other faults. The uplift rate linked to these values in
the west and north of Baskale basin (S1, S2, S4-7) is
>0.5 mm yr', while moving toward the east this rate
appears to be 0.05 and 0.5 mm yr! (Figure 5b).

3.3. Asymmetry Factor, (AF)

The drainage basin asymmetry index is one of
the easiest ways to understand whether a drainage
network developed under tectonic control. This index
is described by this formula.

(4r)
AF=100 “n

Here, Ar is the area to the right of the drainage
basin while A¢ is the total area of the drainage basin. If
a region is under tectonic control, the best results are
understood from the texture and geometry developing
within the fluvial network. To define this and determine
the tendency toward tectonic control, this index is used
(Keller and Pinter, 2002). If the AF value is around 50,
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Figure 5- a) Location of §_ and V; measurements in Bagkale basin b) Graphic appearance of S_.and V, values calculated for each segment and
representative tectonic classes (uplift rates taken from Rockwell et al., 1984).

it indicates there is no tendency in the basin; in other
words there is no tectonism affecting the basin. If this
value is “AF>50<AF”, it shows the basin was affected
by tectonism. The drainage basin asymmetry value
was calculated for 89 different basins and sub-basins
controlled by the Baskale Fault Zone.

Some researchers in recent years have stated that
when the AF value is taken as an absolute function,
this value shows the direction of asymmetry and that
basin asymmetry may be collected in four classes
linked to this value. These are symmetric basin
(AF<S), basin with low symmetry (5<AF<10), basin
with moderate asymmetry (10<AF<15) and basin
with dominant asymmetry (AF>15) (Perez-Pefa et al.,
2010; Giaconia et al., 2012).

mf

The asymmetry factor was calculated for 20 sub-
basins located within Baskale basin (Figure 6). Of
these basins, 12 were symmetric-low symmetric
basins while 8 were within the asymmetric basin
classification. The sub-basins at the southwest edge of
the basin were symmetric-low symmetric, while those
toward the northwest were dominantly asymmetric.
It is thought that this basin symmetry difference
in the north and south sections of the west edge of
the basin is due to lithology. In the south section
the basement rocks are dominantly marble-schist
intercalations, while the volcanic and fluvial deposits
that outcrop in the central and northern sections are
more easily eroded and this may have caused them to
gain asymmetric character. The sub-basins in the east
of the basin are in the asymmetric class in the central
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Figure 6- Asymmetry of drainage basins in sub-basins of the Baskale basin.

section, while toward the southeast and northeast the
sub-basins are symmetric-low symmetric (Figure 6).

The sub-basins controlled by the Isikli Fault in the
west section of the basin have an asymmetry toward
the northwest, while the sub-basins controlled by the
Ziranis Fault have an asymmetry toward the south-
southwest (Figure 6). The sub-basins controlled by the
Camlik Fault in the south do not show any tendency,
while those in the central section have a tendency
toward the south-southwest. Sub-basins controlled by
Camlik Fault in the north have an asymmetry toward
the north-northeast (Figure 6).

40

The asymmetry directions for sub-basins
located within the Baskale basin display differences
in orientation. The Baskale basin and the BFZ
controlling development of this basin are located
in the area between the right-lateral strike-slip
Guilato—Siahcheshmeh—Khoy and Yiiksekova fault
zones (Figure 2). At the same time, according to
block models linked to GPS data, the Hakkari block
located within the Bagkale basin is moving in an anti-
clockwise direction (Reilinger et al., 2006; Djamour et
al., 2011). The effect of these two right-lateral strike-
slip fault zones controlling the main tectonic evolution
of the region on the Baskale basin and BFZ has led



Bull. Min. Res. Exp. (2017) 155: 33-46

to the different directions of asymmetry in the sub-
basins.

3.4. Hypsometric curve and integral (HE and HI)

Hypsometric analysis shows the sensitivity of
drainage evolution in an area to current tectonism
and this analysis has been commonly used in
geomorphology, hydrology and active tectonic
areas in recent years (Ciccacci et al., 1992; Lifton
and Chase, 1992; Ohmori, 1993; Willgoose, 1994;
Willgoose and Hancock, 1998; D’Alessandro et al.,
1999; Chen et al., 2003; Yildirim, 2014; Ozkaymak,
2015; Ozsaym, 2016). This analysis comprises two
stages; hypsometric curve and integral. The shape of
the hyposometric curve (HE) is linked to the degree
of excavation within a basin. While convex-shaped
HE characterize immature, weakly eroded basins,
S-shaped HE indicate moderately eroded basins and
concave-shaped HE indicate very eroded basins (Keller
and Pinter, 2002; Pérez-Pena et al., 2009a; Giaconia
et al.,, 2012). Hypsometric integral values represent
young basins if larger than 0.5 (HI>0.5), while values
lower than 0.3 (HI<0.3) indicate old basins. If the
value is 0.3<HI<O0.5, it shows the basin has completed
formation. In this study the hypsometric curve and
integral values were calculated using the CalHypso
program (Pérez-Peiia et al., 20094, b) working within
the ArcGIS program.

The hypsometric curves and hypsometric integrals
were calculated for 20 sub-basins within the Baskale
basin. The sub-basins located on the west slope of
the basin are generally convex and S-shaped, with HI
values larger than 0.35. The basins in the west edge
of the basin, especially, controlled by the Isikli and
Ziranis segments dominantly display convex HE,
while moving toward the north along their extensions
S-shaped basins are observed (Figure 7a). It may be
said that basins in this area are younger linked to the
hypsometric curves of the sub-basins. On the east
slope, the sub-basins in the south section of the Camlik
segment display dominantly convex and S-shaped
hypsometric curves (Figure 7a-c). Moving toward the
north, the presence of concave basins is noted (Figure
7a, d). The sub-basins in this area are younger than
those in the south, while those in the north appear to
have completed their basin development. However, the
volcanic units outcropping in the northeast of Bagkale
basin are more easily abraded and eroded, which may
lead to concave hypsometric curves in these basins.

4. Discussion and Conclusions

Baskale basin, located in the southeast of Van
province, is one of the basins formed in the neotectonic
period controlled by NE-striking left-lateral strike-
slip faults with normal component (Figure 2). With
the aim of analyzing tectonic activity of the basin
in the Quaternary period, geomorphic indices like
the mountain-front sinuosity, hypsometric integral,
drainage basin asymmetry and valley floor width to
height ratio were used for morphometric calculations
along the BFZ controlling the basin and these results
are correlated with segments of the BFZ.

Shown as an active fault on Turkey’s Active Fault
Mapupdatedin 2012 (Emreetal.,2012) and controlling
Baskale basin, the BFZ is a left-lateral strike-slip fault
with normal component. It comprises three main fault
segments. The clearest morphological lineations are
the Isikli and Ziranig faults bounding the northwest
of the basin and dipping southeast, the Camlik Fault
located on the eastern edge of the basin dipping west,
and the Erek and Albayrak faults located in the central
section of the basin forming stepped geometry toward
the basin. The current morphotectonic activity of the
BFZ is visible in offset stream beds, fault-controlled
drainage systems (like Cigilsuyu stream), alluvial
fans parallel to faults with deformation, fault terraces,
hot springs and fissure ridge travertine formation that
continues today.

Some  researchers have  proposed  that
geomorphological analyses provide important
information to use in comparing the uplift rates in a
region (Rockwell et al., 1984; Mayer, 1986; Silva et
al., 2003; Bull, 2007). The researchers divided uplift
rate into three different classes linked to Vf and Smf
values; >0.5 mm yr' (class 1) for tectonically active
mountain fronts, 0.05-0.5 mm yr' (class 2) for
moderate mountain fronts and <0.05 mm yr' (class
3) for inactive mountain fronts (Figure 5b). S _and V,
values were calculated for each segment controlling
the Bagkale basin. The degree of activity and uplift
rates of segments linked to these values were analyzed.
According to the findings, the uplift rate of segments
controlling the west edge of Bagkale basin is >0.5 mm
yr! and these are within class 1 (active) (Figure 5b).
On the eastern edge, this uplift rate is between 0.05
and 0.5 mm yr! with the segments controlling this
area located within class 2 (moderately active) (Figure
5b). According to block modeling linked to GPS data,
the Hakkari block located within Bagkale basin is

41



Bull. Min. Res. Exp. (2017) 155: 33-46

399000 408000 417000 426000 435000
1 1 1
I -
'n m(' ‘ ‘.‘.
z

Basins
Hysometric curve shaped

- Convex
| b | S-Shaped
- Concave

423?000

422?000

421?000
)

4207000
)

4198000
1

u Convex - HE C o S-Shaped HE d Concave - HE
° i ’ Basin no © Basin no
4 — 15
o. 08 ] 08 | S
E —6 < \ — 13
|
) ‘ — 16 F \ — 20
2o 06 i Bos \ -
2 — 17| |£
<
o —
% 0. 04 7 g 04
2 EARE
P ~
02 02 9 02
— 4 %
0.0 T r r T 1 0.0 v T T v 0.0 - - r r
00 02 0.4 06 08 1.0 00 02 04 06 08 10 0.0 02 04 06 08 10
Relative area, a/A Relative area, a/A Relative area, a/A

Figure 7- a) Classification linked to hypsometric curve and integral values of sub-basins within the Baskale Basin, b), ¢), and d) graphs of the
hypsometric curves for the sub-basins.

42



Bull. Min. Res. Exp. (2017) 155: 33-46

moving in an anticlockwise direction (Reilinger et al.,
2006; Djamour et al., 2011). Due to this motion, the
west sections of the basin appear to have greater uplift
rates, while moving to the east these uplift rates may
be said to reduce. In short, the results of analyses show
the uplift rates increase in the Hakkari block from east
to west.

Drainage basin asymmetry, hypsometric curves
and integral values for 20 sub-basins located within
the Bagkale basin show the sub-basins on the west
edge of the basin are generally young and asymmetric.
The Ziranis and Isikli faults controlling these basins
actively control the region and this shows the basins
have a tendency toward asymmetry. However, when
the direction of asymmetry is examined, the sub-
basins on the Isikli Fault tend toward the northeast,
while the sub-basins on the Ziranis Fault tend toward
the southwest (Figure 6). Similarly, basins in the
northern section of the Camlik Fault tend toward
the northeast, while moving to the south there is no
asymmetry observed. The difference in asymmetry
directions in these sub-basins is thought to be due to
the tectonics of the region not just being controlled by
the BFZ but also by the Guilato—Siahcheshmeh—Khoy
and Yiiksekova fault zones.

When HE and HI values are considered, it appears
that the west and southeast edges of the basin are
formed of young sub-basins. The sub-basins southeast
of the Isikli, Ziranis and Camlik faults especially
provide high HI integral values. However, though
the sub-basins on both slopes of the basin generally
have different types of HE and HI values, the sub-
basins controlled by the Isikli, Ziranis and Camlik
(southeast section) faults, especially are young, while
the sub-basins in the northeast section of the Camlik
Fault appear older (Figure 7). This data shows the
development of the Bagkale basin was controlled by
the Isikli and Ziranis faults along the west edge of the
basin.

In conclusion, in light of findings obtained from
digital elevation models, the Baskale Fault Zone is a
left-lateral strike-slip fault with normal component.
The morphological elements developed within
Baskale basin appear to be controlled by the BFZ.
The fault plains developing in front of the Isikli and
Ziranis Faults controlling the west edge of Baskale
basin and the secondary stepped faults cutting these
fault plains show they advance toward the east of the
basin. Morphometric analysis results show the area
has a very young topography and is actively uplifting.

The uplift rate in the region increases from east to
west and in western sections is determined to be more
than 0.5 mm per year.
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