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Abstract: South western Anatolia is dominated by E-W and S®/{rending active faults.
The dip-slip Yatgan Fault is one of these active structures thatlzen a NW direction for
~30 km. To assess the relative tectonic activitythed Yatgan Fault, two geomorphic
segments were defined along the fault: the FS-itl{famm segment) and the FS-2 (southern
segment). The vertical slip rate pattern of thdtfaas analyzed using steepness indexes, chi
(x) plots, and log-log slope area graphs. Resultee@finalyses indicate that the steepness of
the streams draining the footwall reveal incredsirfggher values downstream along the
fault. All of the main basins contain at least mlepe-break knickpoint associated with
tectonic uplift. Facet morphology-based investigasi using empirical methods along faceted
spurs of the Yaggan Fault indicate vertical slip rates of 0.16 +3M@m/yr and 0.3 = 0.05
mm/yr for the FS-1 and the FS-2, according to mahship of facet slope angle {R
Additionally, using the facet basal height relasibip (R,;) we calculated slip rates of 0.24
mm/yr and 0.36 mm/yr for the FS-1 and the FS-2 ssds) respectively. Mountain front
sinuosity analysis yields values of 1.34 and 112iemhe ratio of valley-floor width to valley
height gives values of 0.64 and 0.24 for the F&d tae FS-2 respectively, indicating typical
active mountain front where the uplift rates ar@.5 mm/yr. Hypsometric analysis suggest a
transition from mature to older stage for catchraebng the Yaggan Fault. Comprehensive
interpretation of the results from morphometric lgsig, vertical slip rate calculations, and
data based on field observations suggest prepamzkeraf tectonic activity over erosional
process along the Yaan Fault. Our analyses reveal that the rate oftéb®onic activity
gradually increases from the FS-1 to the FS-2 atbadault.

Keywords: Tectonic geomorphology, normal fault, Ygaa Fault, slip rate, triangular facet,

SW Anatolia



1. Introduction

The increasing usage of geomorphological markerscigntists has become an effective way
to quantify rates and patterns of tectonic uphiftaictively deforming landscapes (Wallace,
1978; Rockwell et al., 1985; Keller and Pinter, @9%/obus et al., 2006; Bull, 2008; Boulton
and Whittaker, 2009; Pérez-Pefa et al., 2010; Biwkend Anderson, 2013). The steep
topography of the Earth's crust is associated saipid uplift (Wobus et al., 2006). Generally,
landscape morphology develops under the controlteatonics and various erosional
processes. Hence, tectonic geomorphology can leetaspiantify relative tectonic activity in
erosional landscapes (Keller and Pinter, 1996).

Since active tectonics and erosional surface pseseare interacting along fault-generated
mountain fronts, geomorphic features are commoséduo interpret the deformation history
of the region. Mountain fronts created by dip-sfgults have been studied by many
geomorphologists since early 1900’s, such as imyaggins on mountain ranges of the Great
Basin (Davis, 1903) and the Humboldt region in tH&A (Louderback, 1904). Later studies
include Bull and McFadden (1977), Wallace (1978l §2008), DePolo and Anderson
(2000), Keller and Pinter (2002), and Tsimi and &an(2015), developing different
guantitative geomorphic tools, which provide impattinformation about tectonic activity,
uplift and denudation rates. Moreover, hills andltfgenerated features along mountain
fronts are also sensitive recorders of the longitérteraction between tectonic uplift and
denudation (Wallace, 1978).

Drainage networks are another sensitive geomorgiwlecorder of tectonic activity and
erosional processes (Ouchi, 1985; Clark et al.5200he gradient and geometry of drainage
systems are controlled by climatic changes, litgJdectonics and denudation (Jackson and
Leeder, 1994; Keller and Pinter, 1996; Schumm.ef8D2; Pérez-Pefa et al., 2010; Burbank

and Anderson, 2013). In particular, bedrock charfhelial systems constitute sensitive
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indicators of the relationship between relief, ekgan, and denudation ratio (Howard and
Kerby, 1983; Howard, 1994; Howard et al., 1994; e and Tucker, 1999; Whipple,
2004). Integrated interpretation of the mountaonfrand the bedrock river profiles can be
used to extract not only information related to @ng tectonic deformation (e.g. uplift rates),
but also provide insights into the past climatéhef region (Snyder et al., 2000; Wobus et al.,
2006; Anoop et al., 2013; Pan et al.,, 2015). Funtioee, they can be used to highlight
potential active faults and relative tectonic atfibetween faults (Silva et al., 2003; Boulton
and Whittaker, 2009; Kirby and Whipple, 2012; Yilch, 2014; Selcuk, 2016; Topal et al.,
2016).

The current tectonic architecture of Western Anata$ shaped by N-S trending rapid
extension (Reilinger et al., 2006; Tur et al., 2013ere, the total extension is distributed
between the E-W trending horst-graben systems laddcompanying NW and NE striking
structures §engor, 1987). The Yagan Fault is one of the NW trending active strucusé
this system. The Yagan Fault was studied previously (Atalay, 198@rcglu et al., 1987;
Duman et al., 2011; Emre et al., 2013; Gurer et28l13), but its actual tectonic activity and
its role in the morphologic evolution of the sumding region have remained unclear. In
addition, a dense population and growing civiliaaton and around this seismogenic zone
are increasingly at risk from potential seismiad\afst along the Yatgan Fault. Paleoseismic
investigations on the fault clearly indicate thae tratgan Fault has been active during the
Holocene period and has potential to generate @irigpturing earthquakes (Basmeniji et al.,
2020). Therefore, a critical step towards an impbunderstanding the seismic hazard of the
Yatggan Fault is to study the tectonic geomorphologgrder to determine the vertical slip
rates and the pattern of associated tectonic daftwm In the framework of this study, our
specific goals are; 1) to unravel the recent tactaantivity on Yatgan Fault by using various

morphometric tools, 2) to estimate vertical slipesabased on mountain front generated
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facets, and 3) to discuss the seismic hazard paleoft the Yatgan Fault depending on
morphometric analyses.

To assess the relative tectonic activity of thea¥am Fault and investigate the seismic hazard
potential, we combined new data from field obseovest with data obtained from different
morphometric tools, which are sensitive to verticedvement. For this purpose, lithological
units along the fault were classified based onrthaik strength, then we applied channel
profile analysis to interpret the landscape respdostectonic processes along the channels
that drain in the footwall of the Ygtan Fault. Additionally, we analyzed the gradiendl an
geometry of faceted spurs to estimate verticalrslips on the Yagan Fault. To quantify the
rate of erosion and tectonic activity along moumt@onts generated by the Yata Fault,
basic indices such as mountain-front sinuosity)(8nd ratio of valley-floor width to valley
height () were applied. Finally, relationship between asgrad altitude (hypsometric
analysis) of drainage basins were analyzed to sgbesrelative stages of the topographic
evolution.

2. Regional setting

2.1. Neotectonic framework of theregion

The regional tectonics of Anatolia is shaped by tomvergence between the African,
Arabian and Eurasian plates (McKenzie, 199&)gor and Yilmaz, 198Kengor et al., 1985;
Dewey et al., 1989). This collision leads to irita of two intra-continental shear zones:
The North and East Anatolian Fault Zones. Followihg generation of NAFZ (North
Anatolian Fault Zone) and EAFZ (East Anatolian Eafibne), the Anatolian microplate
escaped towards the west owing to the contractifomeés in the east (collision between the
Arabian and Eurasian plates in Eastern Anatoliadl éime Hellenic Trench slab-pull
(subduction of the African plate beneath the Earaglate in Mediterranean region) in the

west Sengor et al, 1985; Allen et al., 2004; ReilingedP@). These interactions caused the
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formation of four neotectonic provinces in Turkeshich are known as the Eastern Anatolian
Compressional Province (EACP), the Central Anatlaa' Province (CAOP), The North
Turkish Province (NTP), and the Western Anatoligeigional Province (WAEP; Figure 1a).
Since the middle Miocene, interactions between NiAd=Z and the Hellenic Arc-Trench
system governs the tectonic framework of the WAB&zkurt, 2001; Reilinger et al., 2006).
However, toward the southern parts of this exterai@rovince, migration of the Hellenic
Trench in S-SW direction (roll-back process) domiha characterizes the tectonic
framework and kinematics of this regigNicKenzie, 1978; Dewey and Sengdr, 1979; Le
Pichon and Angelier, 197%engor et al., 1985, 2005; Meulenkamp et al., 198Bnaz et
al., 2000; Reilinger et al., 2006). The E-W tremdimorst-graben systems, which resulted
from N-S extension, characterize the general stratframework of the WAEP (Dumont et
al., 1979;Sengor et al., 1985; Oral et al., 1995; Le Pichoal ¢t1995).

Modern geodetic studies and micro-block modelingthe Aegean region (Barka and
Reilinger, 1997; Kahle et al., 2000; Reilinger ket 2006; Elitez et al., 2016; England et al.,
2016) indicate that toward the SW of WAEP, theltstein is distributed between the E-W
trending Buylik Menderes Graben, Gokova Fault Zare] NW-trending fault systems.
Focal mechanisms of major earthquakes indicatdasthddypocenter depth of up to 30 km
and dominantly NNW-SSE extension regime (FigureKlibatzi and Louvari, 2003; Taymaz
et al., 2004 )Yolsal-Cevikbilen et al., 2014; CMT Harvard cataley. Moreover, present-day
GPS measurements suggest a gradually increasimd) ¢fegeodetic velocities from northern
to southern parts of the SW Anatolia respectivélgyre 1b; Reilinger et al., 2006; England
et al., 2016). Velocity variations between majoubdaries (the Bluyuk Menderes Graben in
the north, the Gokova Fault Zone in the south) leé tegion generates NW trending

secondary faults (Reilinger et al.,, 2006; Elitez att, 2016). These active faults are



dominantly characterized by an almost pure normneaks of slip (Bozkurt, 2001; Figurel
ag&b).

2.2. TheYatagan Fault

The current N-S extension between Blyuk Mendered&r (BMG) and Gokova Fault Zone
generates NW-SE trending secondary active strustaréghe southwestern part of Anatolia.
The NE-dipping Yatgan Fault is one of those secondary structures.Yi&tasan Fault has
been the subject of a number studies since 198ttially, Atalay (1980) mapped the
structure as a NE-dipping dip-slip fault, subsedlyeparoslu et al. (1987) defined it as the
northern part of the right lateral Mia-Yatgzan Fault zone. Eventually, Duman et al. (2011)
and Emre et al. (2013) split the Ra-Yatgzan Fault zone into two individual faults, naming
the NE-dipping part of the structure in the nortetvas the Yagan Fault for the first time;
furthermore, they define the southeastern exterssothe Mgla Fault owing to the change
in the dip direction of the hanging wall to the SWarabacak, 2016; Basmeniji et al., 2020).
The fault geometry utilized in this study is conegiland simplified from Basmeniji et al.
(2020). Additionally, although the fault geometryilimed in the aforementioned study
indicates a similar geometry to Emre et al. (2088 Karabacak (2016)’'s studies, it
demonstrates different orientation especially alorggthern and southern ends (review
Basmeniji et al., 2020 for more detalils).

Structural analyses undertaken along the faultpscand slickensides during the field
investigations indicate the dominant normal sensenotion with the minor right-lateral
strike-slip component as a result of NNE-SSW ogdnéxtensional forces (Gurer et al.,
2013; Basmeniji at al., 2020). The fault trends80 km between densely populated tata
and Mula cities (Figure 2). The observed fault scarpssta near to vertical (~80°NE) and
forms sharp linear traces which are either morpdioloor lithologic in origin. The

morphologic traces are steep fault scarps in martdduvial aprons, and topographic
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escarpments. The lithologic traces are formed dustratigraphic separation and faulted
strata. These faults were analyzed on digital ¢élewamodels (DEMs) derived by
interpolation of 1:25.000 scale elevation contowrth 10-m ground pixel resolution and
Google Earth images. The lineations were also studuring field campaigns and mapped
based on McCalpin (2009) and McClay (2013) critéeig. direct observation of marble fault
planes and stratigraphic separation along the;fBakmeniji et al., 2020).

The Yatgan Fault is subdivided into two geometric segmégRS-1 and FS-2) based on
morphologic, geometric and orientation changes @lthe mountain fronts based on Bull
(2008) and McCalpin's (2009) criteria of normal lfasegmentation (Figure 2). The FS-1
segment has a length of ~10 km and characterized/tyarallel/subparallel fault branches
with a strike of N20°-30°W that extends between iKéy and Kapubg villages. To the
southeast, towards the Ma city center, the FS-2 segment trends with &estaf N50°-
60°W, bounds the SW margin of the Ygda Basin and extends toward SE where it meets
the Mula Fault through a narrow valley with a complexeatation and geometry (Figure
1b; Basmeniji et al., 2020). Steeply dipping escamis (~80°NE) generate straight linear
traces that form the mountain front of the highkutal the SW of Yaggan Basin. The other
distinctive geomorphologic features are steep &tefpurs, fault breccia, fault-controlled
slickensides, colluvial aprons, and deeply incis@hyons which reflect the kinematic,
geometry, and location of the fault.

Paleoseismologic investigations along the Y¥ata Fault revealed destructive paleo-
earthquake activity during the last 10,000 yeard te potential to generate moderate to
relatively strong earthquakes (Basmeniji et al., 302

2.3. Geology of the Yatagan Fault and surrounding area

Quantifying tectonic activity with geomorphic margepartly depends on the relationship

between lithological factors and erosional proceg¢ Hamdouni et al., 2008; Boulton and
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Whittaker, 2009; Yildinm, 2014). In terms of mogtectonic analysis, interpretation of
results based on lithology is an important issueirivestigate the morphologic response to
tectonic activity, the understanding of the locablpgy is significant, which affects the
topography and morphometric indices as well.

The NW-SE trending Yag@an Basin lies unconformably on the metamorphicesedf the
Menderes Massif. Initiation of the terrestrial lmagias in the lower-middle Miocene (Gurer
and Yilmaz, 2002; Ozer and Sozbilir, 2003; Giiremlet 2013). Upper rock units of the
Menderes Massif form the lithologic basement of shedy area. The basement units are
dominantly made up of Paleozoic-Mesozoic marblgjllipa and schist (Bozkurt and Park,
1994; Hetzel et al., 1998; Akpat al., 2011; Dora, 2011). The basement rock wuth as
the upper Paleozoic Phyllite (Pzfl) and Jurassiet&reous Marble (JKrmr) are dominantly
exposed on the footwall block of Y&an Fault (Figure 3). The Miocene terrigeneous dsst
and carbonates composed of both fluvial and lak#imsnts (Eskihisar and Yaan
formations), unconformably overlie the metamorpbé&sement (Brinkmann, 1966engor,
1980; Girer and Yilmaz, 2002; Akpat al., 2011; Gdirer et al., 2013). The Eskihisad a
Yatggan Formations are mainly exposed on the hanging aval footwall of the Yatgan
Fault, respectively (Brinkmann, 1966; Atalay, 1980)

The terrigenous Eskihisar Formation (M1) unconfdsipdies on the basement units. This
unit is Middle Miocene in age (@kyan et al., 1980) and is characterized by lakkfluvial
sediments at the bottom (Figure 3). Starting from lbase to upward, it contains gray-beige
colored clays with high amount of mica, sand, amibbbes. There are sandy, clayey,
sulphurous lignite interlayers within the clay sences of this formation (@kmyan et
al.,1980; Gurer et al., 2013). Eskihisar Formai®annconformably covered by the Yasm
Formation (M2). The Yagmn Formation is predominantly made up of terresfiiavial

deposits. Poorly-sorted conglomerates at the baseafethe unit are covered by volcanic
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tuff, silt, sandstone, claystone, marl, and limestoFining-upward and the presence of
sandstone interlayers are the characteristic fesitaf this formation (Gdayan et al., 1980;
Gurer et al., 2013). Quaternary deposits (Q; Fidrsuch as debris flows, alluvial fans,
colluvial and fluvial deposits overlie all the otdenits in the study area (Akbat al., 2011).
According to geological map, we observe that théagan Fault mostly forms a boundary
between the older and younger lithologic units glaot's extent and forms a lithologic
contact.

3. Methods

In this study, several geomorphic indices werdaagil to quantify the tectonic activity along
the Yatgan Fault in addition to field observations. Theitdigelevation model (DEM)
produced from 1:25000 scale elevation contourd)-hggolution satellite imagery served by
Google Earth TM, field observations and previougls&s are used in conjunction to analyze
geomorphic features of the study area.

In terms of geomorphic approach, the indices wlaoh sensitive to vertical deformation
were determined. Some of these geomorphic markegs related to mountain front
movements and others to drainage basin evolutionuriderstand the relationship between
morphometric indices with geologic features of #mea rock strength classification was
additionally undertaken. The relative tectonic atfiof the area has been studied with five
main geomorphic indices. Those geomorphic indices r channel profile analysis, 2- facet
morphology-based slip rates, 3- mountain-front ssity (Sn), 4- the ratio of valley-floor
width to valley height (¥}, 5- hypsometric curve and hypsometric integrd).(H

3.1. Rock strength

In terms of geomorphic analysis, the differencéandness and resistance of lithologies can
affect the morphologic evolution of the study arékence, it is crucial to evaluate rock

strength classification of the region of interestunderstand thoroughly the reaction of
10



morphologic features within the study area to défe tectonic forces as suggested by similar
studies (El Hamdouni et al., 2008; Alipoor et &011; Yildirim, 2014; Zondervan et al.,
2020). In this study, during field campaigns qualénd compaction of matrix-cement
(resistance of constituent material and reinforcmgtrix), rock type, and the ratio of
resistance to the geologic pick blows and pockefekiuts were investigated, since
evaluations provide good proxies about the resistanf the different geologic units to
erosional processes (Zondervan et al., 2020). Tdrererock strength of different lithologies
are characterized due to the number and intensiyammer blows along with the scrape
tests; moreover, particular lithologic units welassified into five different groups according
to the basic rock strength descriptions of Sell88Q) and Goudie (2006). Then to confirm
the accuracy of obtained results, the amassedstoekgth data was examined and correlated
with average mechanical rock strength measurensrdsclassification of the metamorphic
rocks that has conducted by Ozbek et al. (2018ginty L and N-type Schmidt Hammer
rebound values (review Table 1 for details).

3.2. Channd profileanalysis

Study of channel networks is an essential isswestablish the effects of external forcing on
the morphology (Burbank et al., 1996; Whipple, 20Wobus et al., 2006; Burbank and
Anderson, 2013; Hurst et al., 2013). Numerical ysialof longitudinal stream profiles is an
effective tool with which to discriminate the retatship between differential rock uplift rate
and steady-state channel steepness and the tfaresponse to changes in differential rock
uplift in actively deforming landscapes (Kirby aldhipple, 2012). This method suggests
that generally graded river profiles are well-déssl by a power-law relationship between
local channel slope (S) and the contributing dgénarea upstream (A) (Hack, 1973).

Normalized channel steepnesg)kndexes is defined as:

11



S=k A

Where S is the local channel gradient, ik the normalized steepness index 8pgis the
reference concavity (Whipple and Tucker, 1999; Kidnd Whipple, 2001, 2012; Wobus et
al., 2006; Burbank and Anderson, 2013). Recentiesuddicate strong empirical support for
well-performing values o between 0.4 and 0.5 in tectonically active regidhsrefore, in
this study best-fit value dfes = 0.45 is used as suggested by various resear(Beyder et
al., 2000; Kirby and Whipple, 2001, 2012; Wobusoghy and Whipple, 2006; Hilley and
Arrowsmith, 2008; Kirby and Whipple, 2012; DiBiaseal., 2010; Kent et al., 2017).

In tectonically active regions, the architecture tbé bedrock channel profiles reflects
erosional response to tectonic activity (Kirby anthipple, 2012; Vanacker et al., 2015).
Hovius (2000) classified the longitudinal bedrodkacnel profiles (based on their profile
geometry) in three major categories: concave, cgcanvex, and convex curves. Where
concave profiles reflect the long-term balance ketwuplift and erosion rate, Concave-
convex (S-shaped) profiles with erosional stepsha middle reaches represent long-term
domination of erosional processes and convex pofypically indicate areas where uplift is
predominant (Hovius, 2000; Pérez-Pefia et al., 2010)

In terms of river profiles, different lithologieglimate, tectonic forces and erosional
processes or sediment deposition effectively cotite incision rate of the steady-state river
profiles and generates transient channel profitesse modifications observed as elevation or
gradient variations along channel profiles are kmas knickpoints (Whipple and Tucker,
1999; Whipple, 2004; Kirby and Whipple, 2012). Tggdly morphology of knickpoints can
be classified into two end-member morphologies: vértical step and 2- slope break
knickpoints (Haviv et al., 2010; Kirby and Whippl2012). Vertical-step knickpoints are

mostly associated small-scale heterogeneities aiweg profile (e.g. lithological separation
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along a fault) and record no significant evidenicew the uplift trends of the region (Wobus,
Crosby and Whipple, 2006; Kirby and Whipple, 20Bulton, 2020). Conversely, slope-
break knickpoints develop because of abrupt ine®as channel steepness along a river
profile towards downstream direction as a resultso$tained base-level fall potentially
resulting from tectonic perturbation (Wobus et 2006; Kirby and Whipple, 2012). Tectonic
forcing transforms river profile from steady-stabetransient stage as a result in this change
in the base-level (Kirby and Whipple, 2012). Thelsigerences allow the identification of
differential rock uplift and initiation of previolys unknown faults (Wobus et al., 2003;
Wobus et al., 2005; Kirby and Whipple, 2012; Bon|t@020). Thus, the analysis of slope-
break knickpoints is critical to understand thetgrat of regional-scale uplift (Wobus et al.,
2006; Kirby and Whipple, 2012).

The longitudinal bedrock river profiles have be@algzed widely with the classical slope-
area technique, however, this approach has somtations (please refer to Perron and
Royden, 2013 for details). To combat these issetged to topographic data Perron and
Royden (2013) introduce a robust integral approeated chi f) plot. This approach is
created based on stream-power law which utilizevagion as a dependent variable to
analyze both transient and steady-state longithidver profiles (Perron and Royden, 2013;
Mudd et al., 2014). Practically, the chy)(technique integrates drainage basin area to
overflow distance to transform the horizontal caoate into chi ) space, which uses the
dimensions of the distance between river outlet position of the interest. The detailed
explanation and calculation of chy)(derivation discussed thoroughly by several s@ént
(Harkins et al., 2007; Perron and Royden, 2013;denoyand Taylor Perron, 2013; Mudd et

al., 2014), so we only provide the general fornthef equation here:

X = f X<_A° )eref dx’
x VAKX
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Where x is channel outlet (base level), x is the locatidrnthee desired position towards
upstream direction, A is upstream drainage areajsAreference scaling are@s is the
reference concavity, and x' is a dummy variablertlfiKiand Whipple, 2012; Perron and
Royden, 2013; Willett et al., 2014; Forte and Wiep2018; Forte, 2019). In this study chi
(x) plots produced with parameters of A 1 knt (the best fit constant reference value to
scale the chix) axis; Whipple and Tucker, 1999; Perron and Roy@&13) and = 0.45
(as discussed earlier in this section). Therefarth the given parameters a steady-state river
profile transformed to chiy) space will appear as a straight line, that ikgs reflects the
proportion of uplift rate to erosivity (Perron ambyden, 2013; Mudd et al., 2014). We
employed chi ) plots along with slope-area analysis to identifg knickpoints of the main
profiles and to discriminate the lithologic, erasa, and tectonic origin of the knickpoints
and relative base level changes along associatethels, as these catchments cover almost
all parts of the footwall block and are mature egioto represent the long-term interaction
between tectonic uplift and erosivity with numeliogethods. The TopoToolbox functions
(Schwanghart and Scherler, 2014) and Matlab so&weere utilized to extract channel
profiles, calculate steepness indexKand plotting chi¥) profiles.

3.3.  Facet morphology based dip rates

Triangular or trapezoid facets are one of the datarstic features of the normal fault
morphology (Figure 4 a, b), and they form on theuntain-piedmont junction on the
footwall of the normal faults (Wallace, 1978; Armigt al., 1992; DePolo and Anderson,
2000; Caputo and Helly, 2005; Tsimi et al., 200l1B2008; Tsimi and Ganas, 2015).
Development of mountain front facets along spugeglreflects cumulative range-front uplift
(Bull, 2008). Their slope evolution begins with <@ffadient and decreases rapidly through

time as a result of erosional processes tb-28F; besides, lithology, climate, and footwall
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rock resistance are the other effective factorsctwiplay important roles on footwall uplift
(Wallace, 1978; Tsimi and Ganas, 2015).

The main morphologic and geometric features ofttaffacet slope and height) that provide
fundamental information about fault slip rates amtlation of faulting were extracted from
1:25000 scale digital topographic maps and DEMazitiy zonal statistic tool in ArcGIS
v.10.3.1 (Figure 4 c, d); additionally, as suggedig previous studies, the initiation of the
faulting assumed to initiated in Miocene epoch @iand Yilmaz, 2002). Therefore, in this
study, to quantify slip rates since Miocene pefadassumed a constant footwall uplift along
the fault (Bull et al., 2006; Bull, 2008; Tsimi ahnas, 2015); in addition, we considered
long-term slip rates to provide valid vertical skates instead of short-term variations as
suggested by Tsimi and Ganas (2015).

Tsimi and Ganas's (2015) empirical method focuseghe 232 triangular facets with an
average slope of 20 40° along 10 active normal faults (with known slipasiranging from

~ 0.2 mm/yr to ~ 0.8 mm/yr) in the Aegean-Meditagan region. In our study, 20 facets
along the Yatgan Fault represent a more gentle slope angle assilypp lower vertical slip
rates compared to cases in the study of Tsimi aath& (2015). Therefore, their exponential
equation that allows vertical slip assessment ofmabfaults with facet slope angles of lower
than 20 have utilized. For relation between facet slopgl@rand vertical slip rate they
obtained:

Y = 0.0328¢ %%

Where Y represents the vertical slip rate (mmMXris the facet slope angle in degree and e is
the mathematical constant (Tsimi and Ganas, 2015).

DePolo and Anderson (2000) also developed an erapimethod to estimate vertical slip
rates based on the relationship between facet baggihit and vertical slip rate. The authors

studied 45 normal faults in Nevada (USA) with knoslip rates. They classified faults in
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three categories depending on their tectonic agtiviype-1 faults with active facets
generally represent vertical slip rate of 0.1 mnafyhigher. They obtained following relation
for facet height and vertical slip rate for typ@drmal faults:

Logio S, = 0.00248H-0.938

Where is $ the vertical slip rate (mm/yr) and H is the maximibasal height of facet in
meters. We applied this method to test and vehéyuertical slip rates that we obtained by
Tsimi and Ganas's (2015) method and as a secomdaésh. However, we focus on the
Tsimi and Ganas's (2015) method to extrapolatacaérslip rates, as the analyzed normal
faults in this study developed in more or less kimiectonic framework (at least in the
Quaternary, the Hellenic subduction zone domindtestectonic setting of Aegean Region)
and long term climate conditions (at least sineeléite Quaternary) as the Ygaa fault.

3.4. Mountain-front sinuosity (Sy)

Mountain-front sinuosity reflects the different géag of equilibrium between tectonic uplift
and erosion along mountain-piedmont junction (Bud McFadden, 1977; Keller and Pinter,
1996; Silva et al., 2003; Bull, 2008),Ss defined as:

St = Lmt /Ls

where Ly represents the length of the topographic contioerih front of the mountain (the
topographic break in the slope), andihdicate the actual distance between two endbef t
same contour line (Bull and McFadden, 1977; Kedled Pinter, 1996; Silva et al., 2003).
Young mountain fronts bounded by active faultspesded with greater tectonic uplift than
erosion, tend to generate straight mountain-froyidding lower values of 5. Whereas,
cessation or reduction of the uplift and dominatofrthe denudation processes along older
mountain-fronts, generate sinuous and irregularnten fronts with higher values of,&

3.5. Ratio of valley-floor width to valley height (V)
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To discriminate between broad, flat-floored U-slthganyons and V-shaped valleys (Bull
and McFadden, 1977; Keller and Pinter, 1996; Azale 2002; Silva et al., 2003), the ratio
of valley-floor width to valley height (Y index is applied along studied mountain fronts. V
is defined as:

V= 2Viw/ (B—Eso) — (Ba—Esd

where \, is the width of the valley floor, iEand Ey are the elevations of the left and right-
hand valleys watersheds looking downstream, agisEhe elevation of the stream channel
or valley floor. Lower values (V< 1) of \t index represent, incised, V-shaped valleys,
associated with domination of active uplift and &wates of erosion. Whereas, higher rates
(V¢ > 1) of \; denotes U-shaped, broad flat-floored canyons, hagder rates of erosional
processes to tectonic uplift (Bull and McFadden/ 2z9Rockwell, Keller and Johnson, 1985;
Keller and Pinter, 1996; Silva et al., 2003; El HBmani et al., 2008; Pérez-Pefia et al., 2010).
To assess the tectonic activity; Mdex applied at a set distance of 0.2 to 1 knmfitbe
mountain front toward upstream for the studied 2dimvalleys along the fault (Figure 5;
Azor et al., 2002; Silva et al., 2003; Pérez-Pdfa.£2010).

3.6. Hypsometry

Hypsometric curves indicate the proportion of stefarea over elevation of a catchment,
while hypsometric integral represents the areavbélh® hypsometric curve; thus, indicating
the proportion of the basin that has not been er¢8&ahler, 1952; Keller and Pinter, 1996;

El Hamdouni et al., 2008). Hypsometric integral)(E&n be calculated as:

HI - Hmean_Hmin
Hmax_Hmin

where hHhean Hmin, @and Hhax represent the mean, minimum, and maximum elevation

respectively (Pike and Wilson, 1971; Keller and t&in 1996). The geometry and
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morphology of the hypsometric curve and the valtiglloprincipally indicates the different
stages of the topography and its geomorphic ewlutThe rate of hypsometric integral
remarkably decreases with the advance in geomorgtage (Ohmori, 1993). Though,
different rates of the HI are associated with stdterosional processes occurred in the whole
catchment area and landform characteristics. Hliesal> 0.5 indicate strong influence of
tectonic activity over erosivity and youthful stagfelandscape evolution. By contrast, values
HI values < 0.3 represent dominant control of enesover tectonic uplift, and older
landscapes. Moderate values between 0.3 and Oiét degture stage of the topography and
equilibrium between tectonic uplift and erosion (@ri, 1993; Keller and Pinter, 1996; El

Hamdouni et al., 2008; Pérez-Pefia et al., 2009azH€efa et al., 2009b).

The shape of hypsometric curve indicates the emasstage of the related basins. Moreover,
the hypsometric curve plotted as function of noipeal area and altitude, as a result of this
function drainage basins of different sizes are mamable (Pérez-Pefia et al., 2010).
Geometric characteristic of hypsometric curvessifeesl in three main categories, these are
convex, S-shaped (concave-convex) and concave dltajpees (Pantosti et al., 1993; Keller
and Pinter, 1996; PérePefa et al., 2009a; Pérez-Pefa et al., 2010; Gaebral., 2012).
Convex hypsometric curves represent dominant tectmtivity and weak erosion; S-shaped
curves depict moderate rate of erosion; and concamees are correlated with higher rates of
erosion (Keller and Pinter, 1996; Pérd2efia et al., 2009c; Giaconia et al., 2012). However
there are also complex hypsometric curves thatatdirejuvenation of the related basins
(Giaconia et al, 2012). In order to draw the hypstrio curves and calculate the hypsometric
integral values of the catchments, CalHypso Arc@I&ule (Pérez-Pefia et al., 2009b) is

used in this study.
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4. Results

4.1. Rock strength

Implemented rock strength evaluations within theaaindicate that the rock strength values
for lithologic units varies from very low rock stgth for Quaternary units (alluvium,
colluvium, debris flows and fluvial deposits), Ioker Yatgzan (M1) and Eskihisar (M2)
Formations (lacustrine sediments and older fludeposits containing poorly consolidate
clastics), moderate for phyllite (Pzfl), high fartsst (Tr3, PKsq and Pg), and very high for
marble (JKrmr and Pmr; Figure 5; Table 1).

Rock strength investigations on different litholegjireflect that the footwall block along the
Yatggan Fault mostly represents moderate to very high strength (Figure 5). Mountain
fronts along the Yafmn Fault made up of marble, phyllite, and clastizg represent very
high, moderate, and low strength respectively.drtipular, the mountain front along the FS-
1 segment is mostly characterized by moderate wortck strength with partly very high
rock strength, while the mountain front along ti#&Zis mostly characterized by very high
strength (Figure 5).

4.2. Channd profileanalysis

The river profile analysis is an excellent techidor analyzing the morphological pattern of
a particular landscape. The spatial pattern of whlesteepness indices ranges between 0 — 75
m®® and 300 — 500 A along the Yatgan Fault assuming a reference concavity of 0.4. It
conspicuous that the highest values are locatdébdeasouthern parts of the footwall block
(FS-2), while northern parts of the footwall blo@kS-1) represent lower values (Figure 6 a,
b). Even though channel steepness values repraggatually increasing trend from the FS-
1 toward the FS-2, some large steepness changas3fo to 75 Mi° are observed along the
FS-1, these abrupt falls mostly coinciding witheotation of the Yatgan Fault. This

phenomenon is clearly observable along the mourftamt of the FS-2 (Figure 6 a, b).
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Channel steepness analysis indicate that suddeyebaf steepness occur along the parts of
the footwall block near mountain front, where stneehannels drain from fault zone toward
mountain piedmont junction where extreme changesdapness contemplated.

The morphology of the longitudinal bedrock charprelfiles was analyzed along the Ygda
Fault, and they mostly represent concave to S-shppdiles. Across the FS-1 segment, most
of the drainage basins (5, 6, 7, 8, 9, 11) reptesamcave profile geometry; on the contrary,
basins 1, 2, 3, 4 represent linear to convex (Peadiageometry that have knickpoints.
However, only drainage basin 10 indicates conveotrgetry along the FS-1. Along the FS-2
segment, drainage basins (13, 14, 18, 19, 20) dortlinrepresent convex geometry; in
contrast, basins 16 and 17 represent concave-cdi®sekaped) geometry. Furthermore, the
basins 12 and 15 exhibit concave geometry, and lmedyn 21 shows a significantly concave
profile geometry. It is evident that the knickpairstiong the longitudinal channel profiles are
mainly coincident with abrupt changes in steepness.

Knickpoints along these profiles are the result teftonic or erosional processes, or
lithological factors of the area (Figure 3). Insthstudy, only knickpoints associated with
tectonic features are considered (Figure 7) anckkiints associated with lithologic changes
and/or other factors are not analysed further.antigular, abrupt changes in base level along
basins 1, 2, 3, 5, 6, 14, 17, 18 and 19 correlptedisely with the position and/or geometry
of the Yatgan Fault and pattern of the steepness changes #ilerrgountain front (Figure 6
a, b).

Additionally, to evaluate morphological charactecs of the major knickpoints associated
with main channel profiles, eight major drainagsibsa (basins 1, 6, 7, 9, 12, 14, 16, 21) were
extracted along the axis of the Ygaa Fault. These basins drain the footwall with gaine
trend of ENE-WSW and cross the fault along the ntmarpiedmont junction. Longitudinal

main channel profiles were plotted along with lamnic gradient- area, chi{ - auto kn
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and chi f) - elevation plots with reference concavity vali@e; of 0.45 to evaluate and
interpret signals of tectonic forcing and topogtiaptharacteristics of the sudden changes of
base-level along main channels within study ardeereby, rivers of different sizes,
orientation, gradient, and elevation were probedvaluate the pattern of tectonic uplift and
erosion.

First off, as discussed earlier in this sectiom, thain longitudinal profiles of the extracted
basins were analyzed. Then tectonic, erosional, lahdlogic source of the base level
changes along these profiles investigated utilizoggarithmic slope-area, chy) - auto ksn,
and chi f) - elevation plots and abrupt changes in gradighich were originated by
tectonics, are identified (Figure 8 a, b, c, dpskreak knickpoints). In general, results show
that the upstream portion of all channels are aswat with low values of gradient ang,k
values range between 8.02 and 110.79 (hable 2 and Figures. S. 1, 2, 3, 4 —d to h). In
contrast, the lower portions of the channels towdodnstream direction represent higher
range of gradient andskvalues that range between 23.53 and 998.48 ffhe results
evidently reveal that all of predominant riverstthan through the axis of the fault contain at
least one slope-break knickpoint, since these givame experiencing abrupt changes in
steepness along their downstream distance (Figural8e 2; Figures. S. 1, 2, 3,4 - ato h).
4.3. Facet morphology based dlip rates

Field observations, Google Earth and DEM invesiiget indicate the facets along the
studied mountain fronts of the Y&t Fault are dominantly triangular (Figure 4 a,nol a
Figure 9 a, b). The facet height and slope weresared for 20 facets along the Ygzda
Fault and mean values calculated for each geomsé@gnent. The slope values range
between 12.0%nd 32.06°, whereas facet heights range between &0d 285 m (Table 3).

Then these values were used to estimate vertipatates with two empirical methods from
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the relationship of triangular facet slope to basaight as mentioned before (Tsimi and
Ganas, 2015; DePolo and Anderson, 2000).

The Tsimi and Ganas (2015)'s empirical method waglemented to facet spurs along the
mountain front of the Yagan Fault. This assessment represents verticatatigs of 0.16 +
0.05 mml/yr for the FS-1 and 0.3 = 0.05 mm/yr foe thS-2 segments. Furthermore, the
DePolo and Anderson (2000)’'s empirical method wapleyed to examine the obtained
results from the first method. The vertical sliperastimation by this method is 0.24 mm/yr
for the FS-1 and 0.36 mm/yr for the FS-2 which uste) similar to those obtained with the
former method.

4.4.  Mountain-front sinuosity (Sqy)

The Sy index was applied to the mountain-piedmont junctdong the Yatgan Fault. This
index is very effective for the investigation okthelationship between uplift and erosional
processes. % values are 1.34 and 1.2 for the FS-1 and the F&2ectively (Figure 5 and
Table 4). These relatively low,Bvalues indicate straight mountain fronts.

45. Theratio of valley-floor width to valley-height (V)

The calculated values ofi¥long the FS-1 segment of Ygaa Fault range from 0.21 to 2.07.
By contrast, along the FS-2 segment the values@méned to the range between 0.07 and
0.39 (Table 4 and Figure 5). Generally, averagaesbf each segment 0.64 for the FS-1 and
0.24 for the FS-2 segment; consequently, some ygkdong the FS-2 recorded relatively
lower values compared to the FS-1 (Table 4). Assalt, geometry and shape of the valleys
along both segments are V-shaped with incisingomafioors.

46. Hypsometry

Hypsometric integral measurements yield valuesirgnfom 0.318 to 0.646 for the FS-1,

and from 0.365 to 0.761 along the FS-2 (Table 4FRgdre 5). The obtained values indicate
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that the basins along the FS-1 are dominantly @ihtlture stage, while the basins associated
with the FS-2 generally reflect youthful stage.

The geometric characteristics of the hypsometriwesiindicate a transition from convex to
concave stage (Figure 10 a, b, c, d, e). The dyaibasins (basins 1, 3, 5, 7, 8 and 11) along
the mountain front of the FS-1 segment have dontiywa®shaped hypsometric curves,
reflecting moderate stages of erosion and mat(figure 10 a, c). In contrast, the drainage
basins (basins 15, 17, 18, 19 and 20) associatdd W8-2 are mostly characterized by
complex hypsometric curves with convex shape. Thegeves possibly reflect the
rejuvenation of the related basins along the monaritant of the FS-2. However, there are
also some basins (basins 2, 4, and 10) along tkk Wi#h similar geometry (Figure 10 a, e).
In addition, drainage basins 6 and 9 along the F&dtl 12, 16, and 21 along the FS-2,
covering the central and western parts of the fabfwield concave hypsometric curves.
These basins are associated with mature-olderss{&ggure 10 a, b), yet despite that convex
hypsometric curves (basins 13 and 14) represegbnthful stage lie along the FS-2 segment
of Yatgzan Fault (Figure 10 a, d).

5. Discussion

To assess the tectonic activity of the Yata Fault with geomorphic tools, results are
considered and interpreted separately for each eafgrhongitudinal channel profiles along
the Yatg@an Fault represent a transition from concave toveorgeometry from the FS-1
toward the FS-2. Tectonically-generated knickpoadtsng these profiles were detected and
morphological features of the major knickpointsrgonature channels were evaluated with
steepness index and chy)(plots. The increasing trend of steepness vanatadong the main
profiles in a downstream direction indicate thasth slope-break knickpoints are associated
with rapid rock uplift along the Yagan Fault (Table 2). Additionally, the knickpoint®rg

the main channel profile of the youthful basins evekamined during field studies, as these
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abrupt changes are small and younger to be assegbesteepness index and classical slope-
area analysis. In particular, due to significamtoigraphic anomalies along profiles 4, 18 and
19, related knickpoints were observed in the figldyures 11 and 12). Field investigations
indicate that along northern parts of the FS-1¢ckpoints’ structure are mainly controlled by
the two parallel-subparallel branches of the ¥ataFault (Figures 2 and 3), the fault within
this area represents a lithologic contact betweersddoic marble and Miocene clastics
(Yatagan Formation). Evaluation of the morphologic anadesahlong drainage basins 2, 3
and 4 (Figure 5) reveal that these basins are adrby steeply dipping normal faults
(~8C°) which generate differentiation in base levelpsioand elevation along the bedrock
river profiles of the related basins (Figure 1bag, d). Moreover, observations through the
FS-2 suggest that the abrupt changes in steeploegsthe bedrock river profiles of drainage
basins (especially basins 18 and 19) along thisneag similarly developed by the steep
normal fault scarps (dip of ~86as a result of rapid uplift and sudden changdsase-level
(Figure 12 a, b, c). The fault in this area spig# Mesozoic marble from debris flows and
colluvial deposits and bounds the western margirthef Yatgan Basin. Correlation of
longitudinal stream profiles with channel steeprasalysis and field observation indicates a
good consistency, especially for knickpoints idigedi along the drainages 1, 2, 3, 4, 6, 7, 9,
12, 14, 16, 18 and 19. By and large, kalues range between 75 and 308°mlong the
Yatggan Fault and indicate higher values and greatemahes toward the southern parts of
the fault (FS-2; Figure 6 a, b; Figures. S1, 243, e and f). In addition, rock strength
investigations indicate that most of the abrupegtess variations mainly generated as a
result of rapid uplift, and develop relatively inséive from regional geology (Figures 3 and
6b).

Morphological properties of the triangular facesed to estimate vertical slip rates along the

Yatggan Fault and two empirical methods employed fors tpurpose. The results of
24



morphometric analysis following the method propobgdi'simi and Ganas (2015) represent
vertical slip rates of 0.16 = 0.05 mm/yr for the-E&nd 0.3 + 0.05 mm/yr for the FS-2.
DePolo and Anderson (2000)’'s method suggests aédiip rates of 0.24 mm/yr for the FS-1
and 0.36 mm/yr for the FS-2, which are consistdtit the former method’s results.

To measure the relative long-term displacement éetwfootwall and hanging wall of the
Yatggan Fault, and to gain insights about the relatignsimd implications of topography
with vertical slip rates, slope and deformationgat, topographic profiles applied along two
blocks parallel to the displacement direction (Kamd Sanderson, 2005; Yildirim, 2014).
Results indicate average vertical displacement @7 21 along the Yafmn Fault. In
particular, investigations show that the highempl#isement rates observed at the fault tips
while the highest displacements are related tosthehern tip (FS-2) of the Yaan Fault
with exact rates of 495 m and 423 m respectivelguiie 13). These data suggest that the
topography effectively reflects the long-term da&mment characteristics of the faults and
provides information about the differential patterhtectonic uplift (Kirby and Whipple,
2012; Yildinnm, 2014). Furthermore, in order to arstand regional implications and relation
of derived slip rates in regional scale in Anatolireece, and Bulgaria we extrapolate the
vertical slip rate results obtained with the Tsemid Ganas’s (2015) method and applied a
regression solely with the outcomes of similar ssdhat have used the identical method to
estimate vertical slip rates utilizing the facesps! angle along active normal faults with
known slip rates (Figure 14; Tsimi and Ganas, 20Xdpal et al., 2016). Application of the
regression with different normal faults locatedlifferent regions with a ranging of slip rates
indicates that derived vertical slip rates for Wetazan Fault are faster than the segment 1 &
5 of Aksehir Fault in Anatolia and the North Sparta Faaltsouthern Greece; in addition,
these data are consistent with the Elovista anghilarFaults in western Bulgaria and the

Atalanti Fault in SW Greece (Figure 14). Howevebtaned vertical slip rates for the
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Yatagan Fault indicate lower rates in contrast to thatéalocated in eastern, central and
southern Greece. What is more, although Tsimi aadaS (2015) used 30 m ASTER DEM
data, the DEM data employed in this study was gdadrfrom 1:25000 scale topographic
contours with 10 m interval; thereby, it providesbatter resolution and more rigorous
measurements for geomorphic analysis.

To discuss the relationship between erosional gsEsand tectonic uplift along mountain
front of the Yatgan Fault, ¥ and Sy indices were analyzed. Results indicate 1.34 a@d 1
for Syr and average value of 0.64 and 0.24 feraldng the FS-1 and the FS-2 respectively
which represent relative importance of tectonicifughroughout the FS-2 (Table 4).
However, rock strength classification indicatest taa exceptional high Mvalue of 2.07
along the FS-1 is associated with weak rock raesistgdFigure 5 and Table 4). Except for
some occasional high values, general trend of decbwalues is consistent with each other.
To quantify relative tectonic activity along moumntdront, the correlation of [ and M
values (standard deviations of the WAlues along both segments have been consideasd) h
been applied (Bull and McFadden, 1977; Rockwelblet 1985; Silva et al., 2003). The
results of tectonic activity classification indieabigh tectonic activity for both segments of
the Yatgan Fault; besides, there is a good cohesion bettieewvalues of two indices along
the mountain fronts (Figure 15). This classificatialso indicates > 0.5 mm/yr uplift rate
along the Yatgan Fault.

The 21 drainage basins along the ‘gata Fault were analyzed with hypsometric curve and
integral indices. The results of hypsometric insgndicate that most of the drainage basins
1, 2, 3,5, 6,7, 8,9, 11) through the FS-1 repné mature stage, where the hypsometric
integral values of these basins range mostly betw@8 and 0.5. On the other hand,
hypsometric integral values of the basins (12,1143,15, 17, 18, 19, 20) along the FS-2 are

mainly > 0.5 and depict youthfully generated basharacteristics (Table 4). Moreover,
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evaluation of results based on the rock strengthdiierent lithologies states that the
relatively lower values recorded along the FS-Lifm6 and 9) and the FS-2 (basins 12, 16
and 21) are particularly associated with rock taesise differentiation along both segments
(Figure 5; Table 4). The hypsometric curve analysiicates that most of the drainage basins
along the mountain front of the footwall represeamplex geometry. These irregular
geometries with mostly convex trend are associaidtrejuvenation of the related basins as
a result of tectonic activity along the mountaianfr of the Yatgan Fault. For that reason,
evaluation of these results suggests that evengththie central and western parts of the
footwall block along both segments represent oklages, yet topographic evolution along
the FS-2 dominantly reflects youthful and rejuvénatstages. On the other hand, the FS-1
represents mature stage with some occasional regtie@ processes along its extension. On
the whole, from the western edges of the up thrbleck towards to the mountain front, the
studied basins indicate transition from older tatxul stage.

As a result, geomorphic analyses by different mdthodicate that the Ygtan Fault
actively controls the geomorphologic evolution bé tsurrounding area. The tectonic uplift
along the Yatgan Fault represents a gradual increase from th& t€Sthe FS-2. However,
differential rock resistance associated with déferlithologic units and karstic structures is
other effective factors that shape the morpholofgthe surrounding area. Particularly, the
catchment 21, which is located on Mesozoic marl#fiects karstic valley morphology.
Hence, inferring its actual evolutional stage witlypsometric analysis could be a
complicated issue.

Comprehensive combination of the results indicéites the FS-2 segment is more active
compared to the FS-1 segment of the ¥ataFault, and statistically represents a higher
uplift rate and more steep topography. Besides, sagment represents a sharp morphology

along its extension in the Ya&an Basin. According to the detailed geological nojhe
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area, the lithological properties may affect thdifupates and results of the morphometric
analyses. Detailed interpretation and combinatibrgemlogical investigations by Backer-
Platen (1970), Atalay (1980), Akbat al. (2011), Gurer et al. (2013) and our fietadges
indicate that the Mesozoic marble forms the basémiethe area which represents very high
rock strength to erosional processes. In comparisiher lithological units may have a local
and lower influence on the geomorphologic evolutidrihe area. Overall, the FS-1segment
indicates slightly lower vertical slip comparedihe FS-2 segment; however, lower rates may
be related to the local geologic and rock strerditferentiation between two segments. In
particular, the Miocene clastics (Eskihisar anda¢ah Formations) with low rock strength
and Upper Paleozoic metamorphic rocks (phylliteahvwmnoderate rock strength are dominant
on the footwall of the FS-1. The Eskihisar Formattominantly consists of clay, sand and
pebbles, and the Yaian Formation contains marl, claystone, sandstodecanglomerates.
These formations unconformably lies on the metamorgover series of the Menderes
Massif (Backer-Platen, 1970, Atalay, 1980). Basedhe lithological properties of the FS-1
segment, it represents lower resistance to erdmwoeesses in contrast to the FS-2 segment.
On the other hand, karstic formations are the offaetors, which mainly affect the
geomorphic analyses of the neighboring regionshef ES-2 segment. It is tremendously
challenging to distinguish the exact effect of kiarformations in implementing geomorphic
analyses of the study area. However, weak rockngtine of Yatgan and Eskihisar
Formations and effective karstic subsidence on aformations manipulates the
morphometric indices results and tectonic actieisses of the related basins. Combination
of field observations, recent seismic activity, plfavmetric analysis, and vertical slip rate
estimations based on rock strength pattern of tea adicate that the FS-2 segment has

higher tectonic uplift rate than the FS-1 segment.
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Maximum earthquake magnitude (MAG) calculationsfqrened by Basmenji et al. (2020)
for the Yatgan Fault yield MAG = 6.6, which indicates that ta&tagan Fault has a potential
to generate moderate to relatively strong and senfapturing earthquakes in the future if the
FS-1 and the FS-2 segments rupture together (Baiseteal., 2020). Paleoseismological
studies on the Yagan Fault also revealed that at least one surfaptining earthquake
occurred on the fault during Holocene epoch (betw2@5 + 95 BCE and 342 + 131 CE;
Basmeniji et al., 2020). Moreover, the complexitytioé tectonic setting of the area, the
existence of other active structures around studg and relatively high extension rates of
the region (~30 mm/yr based on Reilinger et alQ&0ur et al., 2015; England et al., 2016)
in N-S direction are other evidence which suppoetrhagnitude estimation of 6 to 6.6 for the
Yatggan Fault during relatively long intervals. Normalfts with a similar slip rate of 0.3 -
0.2 mm/yr can generate moderate to relatively gtrearthquakes every few thousand years
(Topal et al., 2016). However, growing urbanizateord population rate on and around the
Yatggan Fault increases the concerns about earthquatemtiad of the Yatgan Fault.
Depending on comprehensive results from geomorgi@clogic, and paleoseismologic data,
this study suggests that the Ygda Fault has a potential to produce relatively rgjro
earthquakes with relatively long intervals.

Last but not least, paleomagnetic studies are mbst importance to understand the lateral
switch and transference of deformation along dycaspheres (Pueyo, 2010); thereby, in
order to infer the implications of morphometric ices’ outcomes in regional scale that has
conducted with different morphometric indices, pat@agnetic data of former studies within
the SW Anatolia domain investigated with scrutimdanatched with the outcomes of this
study. By and large, amassed paleomagnetic data fr@vious studies indicate a general
trend of counter clockwise rotation for the SW Adlat region during Neogene period where

the rotation rates yield a gradually increasinghdrdrom O degree around its northern
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boundary (Buyuk Menderes Graben) to virtually -3@gmke around its southern edge
(Gokova Fault Zone; Kaymakcl et al., 2018). Adaiatly, culled and projected inclination
angle values within the domain during the identittade span indicate an acute fall trend
from about 52 degrees at the northwestern partheofarea to approximately 25 degrees
toward the southeastern portion (Figure. S5; Kaymakal., 2018). Hence, contemplating all
the aforementioned outcomes of facet slope baseigaleslip rates for both segments of the
Yatggan Fault (0.16 mm/y for the Fs-1 and 0.3 for the2fFsand conducted former
paleomagnetic studies (Kaymakci et al., 2018) doisspicuous that ascending pattern of the
vertical slip rates and topography are emulatirgy ghttern of the projected paleomagnetic
inclination vector field and represents an intimaation in terms of the variation of vertical
motion throughout the segments (Figure. S5b). Imtiqaar, the FS-1 segment is
approximately coinciding with the 0-0.15 degreestlud distance, whereas virtually the
distance between 0.15-0.35 correspond to the F&gthent (Figure. S5b); in addition, the
arising pattern of vertical slip rates from NW tpthe fault toward its SE margin represent
an intimate relation with inclination profile of énarea. Furthermore, margin between both
segments which indicate the abrupt proliferatedicarslip rate pattern (from FS-1 to FS-2)
is coinciding with the deviation angle of the plefibetween 0.15 and 0.20 degrees of
distance which correspond to the boundary of thd B8d FS-2 as well. Therefore, although
confined number of stations and data set withindhea may affect the resolution of the
contour lines and their interval, general morphimeic pattern of the region is fairly
coinciding with the frame of compiled and projectadlination values within the Neogene

period.
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6. Conclusions

The Yat&an Fault is mapped in detail during this study andar mountain fronts and its
geomorphic and geometric parameters analyzed witbreht tools in terms of tectonic
geomorphology. To investigate the response of nuggic features to tectonic uplift and
guantify the effects of the erosional processefferént geomorphic indices applied. Rock
strength classification of the area along mounti@nts denotes mainly moderate to low rock
strength in the FS-1 and dominantly very high retiength for the FS-2. Results obtained
from normalized channel steepness analysis rangeebe 0-75 and 300-500 and the values
rise from the FS-1 to the FS-2 segment where greatemalies occur along the FS-2.
Longitudinal topographic profiles of the streamdigate transition from concave to convex
stage. Overall, stair steps along the longitudafi@nnel profiles represent a good correlation
with steepness indice variations. Further, evabumatiwith chi §) plots along main basins
indicate that these anomalies are slope-break goinks and associated with rapid rock
uplift along the Yatgan Fault. Additionally, rock strength investigatoimdicate that abrupt
anomalies are relatively insensitive to geologfaators.

Facet slope based vertical slip rates indicate &.085 mm/yr for the FS-1 and 0.3 + 0.05
mml/yr for the FS-2. Similarly, facet height baseetinod suggest preferred vertical slip rates
of 0.24 mm/yr for the FS-1 and 0.36 mm/yr for ti&Z Comprehensively, in regional scale,
obtained vertical slip rates are in intimate relatand harmony with normal faults from
neighboring regions.

St and M values indicate a linear mountain front with imegsvalleys for both segments.
Correlation of & and M values with tectonic activity classification indte a good
consistency and uplift rate of 0.5 mm/yr. Hypsometric curve and hypsometric irdaég
denote that catchments along the footwall blockhef Yatgan Fault are in transition from

mature to young stage from the FS-1 to the FS-Bheat Estimated rates are consistent with
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the pattern of the morphology and results of tHeeogeomorphic indexes. Furthermore, a
comparison of topographic profiles along footwaldahanging wall of the Yagan Fault
shows 207 m of average vertical displacement.

Overall, obtained results from different morphontetinalysis are consistent with each other
and show a good correlation with the topographthefstudy area geodynamic evolution of
the Aegean region. Generally, domination of tea@ativity increases from the FS-1 toward
the FS-2 gradually. Combination of results from pimmetric analysis including field
observations indicates that the Ygaa Fault is effectively controlling the geomorphgito
evolution of the area and has a potential to prediiong earthquakes in future.
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Figure captions

Figure 1. a) Simplified neotectonic setting of the Turkeyaurrounding area. Dashed line
represents the proposed boundary between WAEP &@PQSengér et al., 1985; 2014;
Emre et al.,, 2013; Hall et al.,, 2018eng6r and Zabci, 2019). EACP: Eastern Anatolia
Compressional Province, CAOP: Central Anatolia (Revince, NTP: North Turkish
Province, WAEP: Western Anatolia Extensional ProeinNAFZ: North Anatolian Fault
Zone, EAFZ: Eastern Anatolian Fault Zone, HT: HelteTrench, BMG: Buyuk Menderes
Graben, GFZ: Gokova Fault Zone, BFSZ: Burdur-FettiBhear Zone, CT: Cyprus Trench,
MF: Mugla Fault. The dashed rectangular shows the locatidhe study area in Figure 1b.
Topographic and bathymetric base maps are availabléSEBCO data and products
(GEBCO-GBD, 2019. b) Seismotectonic map of the SW Turkey (fauttsrf Emre et al.,
2013). Small circles indicate seismic activity {M 2.5) and are colored depending on their
hypocenter depth between 1900 and 2020 (KOERI-E20?%2 Yellow and blue arrows
indicate counterclockwise rotation relative to Eima(yellow and blue arrows are adopted
from Reilinger et al., 2006 and England et al., 0&spectively). Focal mechanisms of
earthquakes that occurred during instrumental deft®65-2020) were compiled from

Kiratzi and Louvari (2003) and CMT Harvard cataled@0205.

! GEBCO-GBD (2019). Gridded Bathymetry Data [onliné]ebsite http://www.gebco.net
/data_and_products/gridded_batymetry data/ [acdesER019].

2 KOERI-EC (2020). Kandilli Earthquake Catalogue Ijoe]. Website http://www.koeri.

boun.edu.tr/sismo/zeqdb/ [accessed 03/2020].

% Global CMT Catalogue (2020). Global CMT Cataloga®t [online]. Website https:/
www.globalcmt.org/CMTsearch.html [accessed 03/2020]
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Figure. 2 Seismotectonic map of the Ygtm Fault. Quaternary and active faults are
compiled and simplified from Emre et al. (2013) a@asmeniji et al. (2020). Blue arrows
indicate the segment boundaries. Black circles shmsation of the modern cities and
villages. The earthquake data is from KOERI-EC2(ZD

Figure 3. Simplified geologic map of the study area (compileom Atalay, 1980; Akbaet

al., 2011; Gdurer et al., 2013).

Figure 4. a) Simplified block diagram represents structimramnework of a normal fault and
related morphologic characteristics (inspired aratifred after Wallace, 1978; Strak et al.,
2011). b) Google Earth view of the faceted spuoh@lthe Yatgan Fault and associated
morphologic characteristics,;lis the triangular facet basal height. ¢) Graphiovwsh the
cross-section view of a triangular facet, Widthpresent distance from top of facet to base,
Height: is defined as the difference between marin@levation and base elevation. d) Front
aspect of a triangular facet on footwall of a ndrfaalt. ¢ & d adapted and modified after
Tsimi and Ganas (2015).

Figure 5. Hypsometric integral (HI), &5, and ¥ measurements along the Ygda Fault with
respect to different rock strength levels of theolggic units. The dashed black lines
represent the dsegments (S1 and S2). The s identical with the red branch of the Ygaa
Fault.

Figure 6. a) 3D view of the topography (generated from Q#bscale topographic map) and
distribution of channel steepne$g(= 0.45) around the Yatan Fault. Consider the abrupt
changes in steepness along mountain front. b) iBugion of channel steepness index with

respect to rock strength along the gata Fault.

* KOERI-EC (2020). Kandilli Earthquake Catalogue Ijo@]. Website http://www.koeri.
boun.edu.tr/sismo/zeqdb/ [accessed 03/2020].
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Figure 7. Longitudinal topographic stream profiles of thealgmed catchments along the
Yatggan Fault. Red arrows indicate tectonically generdtaickpoints along the stream
profiles.

Figure 8. Topographic characteristics of the main channdiilprof the drainage basin-16. a)
Elevation - chi §) plot shows relatively transient channel profit¢.Auto k. chi (x) plot
shows main variations of steepness along the profi Longitudinal profile of the main
channel and its morphologic properties. The praghiews the perfect fit of steepness based
on segment definitions. d) Segmentation based gadithmic Gradient-Area of the channel
and the steepness values.

Figure 9. a) Digital elevation model of the faceted spursiglmountain front of the Yagan
Fault. Blue arrows indicate segment boundaries.t§\imes show the topographic profiles
along the hanging wall and footwall of the Ygda Fault in Figure 13. Numbers show
studied facets. b) View of the faceted spurs alheg=S-2 segment of Yaan Fault (looking
to NW).

Figure 10. Results of the hypsometric analysis along footwvedlithe Yatgan Fault. (a)
Distribution of the types of hypsometric curves DEM. (b) Concave hypsometric curves.
(c) S-shaped hypsometric curves. (d) Convex hypsmnaurves. (e) Complex hypsometric
curves. Db: Drainage basin label.

Figure 11. a) View of drainage basin 4 on DEM, arrows showupbanomalies on main
stream, b) Longitudinal profile of drainage Db-4{etted tectonic knickpoints indicated with
red arrows. c) Photo shows lateral perspectivenamighhology of the hill which Db-4 lies on
it (sight of view is to NW). d) Observed fault spaturing field studies which generate a stair
step in morphology and in topographic profile. Eaplane forms a litholologic contact

between Mesozoic marble and Miocene clastics (sifjhiew is to W).

50



Figure 12. a) View of the footwall block along drainage basir8 and 19 (sight of view is to

W). (b & c) Longitudinal profiles of the drainageadins 18 and 19, detected tectonic
knickpoints represented with red arrows. The an@saenerated by rapid uplift along these
profiles were identified during field campaignsjgtclear that fault scarp generated by dip-
slip motion at mountain front manipulates theseatrs. The fault plane forms a lithologic

contact between Mesozoic marble and recent collae@posits.

Figure 13. Topographic profiles of vertical displacementtilition along the Yaggn

Fault. Upper profile represents footwall topograpfaya), while lower-profile represents

hanging wall topography (b3 Refer to Figure 9 for location of the topograppiofiles.

Figure 14. Exponential relationship between vertical sliperahd facet slope. Data compiled
from (Tsimi and Ganas, 2015; Topal et al., 2016y: Aksehir Fault (Turkey), FS-1 & FS-2:
correspond to the Yatan Fault, NSF: North Sparta Fault (Greece), EF.viBta Fault
(Bulgaria), AtF: Atalanti Fault (Greece), KrF: Kmig Fault (Bulgaria), GF: Gomati Fault
(Greece), SF: Stratoni Fault (Greece), PF. PsatigogyFault (Greece), KaF: Kasteli Fault
(Greece), KalF: Kalamata Fault (Greece).

Figure 15 Relationship between plotteg,Sand mean Vvalues of each segment along the
Yatggan Fault on activity classes. Vertical bars indicatandard deviationsii-1) for ;
values along different fronts. Numbers on the tbfhe diagram shows inferred uplift rates U
(mm/yr) from Rockwell et al. (1985). Red area (st43 shows uplift rate of 0.5 mm/yr
while yellow part (class-2) show uplift rate betwe®5 and 0.05 mm/yr. Finally, green area

(class-3) represents uplift rate<00.05.
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Table captions

Table 1. Rock strength classification of lithologic unitsthin the study area.

Table 2. Topographic features of the river profiles thatevanalyzed in this study. Only the
knickpoints associated with tectonic perturbatidang the river profiles that cross the
Yatagan Fault (YF) are considered.

Table 3. Geometric parameters of the triangular facets glibve Yatgan Fault extracted
from 1:25000 topographic map in ArcGIS 10.3.1. (Ellevation, Min = Minimum, Max =
Maximum, m = meter, deg = degree).

Table 4. Values obtained by morphometric indices measurémétarameters of ;\indice
calculated by considering the standard deviaionl) values of each segment.
Supplementary Figure captions

Figure. S1. Topographic characteristics of the main channédlilprof the drainage basins 1
and 6. a and e) Elevation - chy)(plot of channel profile and transient stage @f pinofiles. b
and f) Auto ks chi (x) plot shows main steepness variations along toélgr c and g)
Longitudinal profile of the main channel and its mplwlogic properties. d and h)
Logarithmic slope-area of the channel and steepmessd segmentation.

Figure. S2. Topographic characteristics of the main channefilprof the drainage basins 7
and 9. a and e) Elevatiorthi () plot of channel profile and transient stage ofghafiles. b
and f) Auto k+ chi (x) plot shows main steepness variations along tloélgrc and g)
Longitudinal profile of the main channel and its nplwlogic properties. d and h)
Logarithmic Slope-Area of the channel and steephased segmentation.

Figure. S3. Topographic characteristics of the main channedilerof the drainage basins 12
and 14. a and e) Elevation - cy)(plot of channel profile and transient stage ofph&files.

b and f) Auto k+ chi (x) plot shows main steepness variations along thdlg@raf and g)
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Longitudinal profile of the main channel and its nplwlogic properties. d and h)
Logarithmic slope-area of the

Figure. $4. Topographic characteristics of the main channefilerof the drainage basins 16
and 21. a and e) Elevation - clyi)(plot of channel profile and transient stage @f pinofiles.

b and f) Auto k+ chi (x) plot shows main steepness variations along tbélgrc and g)
Longitudinal profile of the main channel and its mplwlogic properties. d and h)
Logarithmic slope-area of the channel and steepmessd segmentation.

Figure. S5. (a) Projected tilt corrected paleomagnetic indlovavalues of the SW Anatolia
Domain (inclination degrees and station data comdpifom Kaymakci et al., 2018). Small
black dots (P) indicate studied sites; besidestotwriines show calculated inclination angles
in degree mainly in Neogene period (please reviemyriKakci et al., 2018 for more
information regarding the paleomagnetic investga). Each contour line depicts 0.5
interval of tilt corrected inclination variationofd black line represents the location of cross
section that virtually run through the orientatioh the Yatgan Fault. (b) cross section
indicates the variation of inclination degree alavith distance from the north west towards

the south eastern margin of the basin.
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et al., 2013; Hall et al., 2018engo6r and Zabci, 2019). EACP: Eastern Anatolia Gesgonal
Province, CAOP: Central Anatolia Ova Province, NTRorth Turkish Province, WAEP:
Western Anatolia Extensional Province, NAFZ: NoAhatolian Fault Zone, EAFZ: Eastern
Anatolian Fault Zone, HT: Hellenic Trench, BMG: Riky Menderes Graben, GFZ: Goékova
Fault Zone, BFSZ: Burdur-Fethiye Shear Zone, CTprQy Trench, MF:. Mgla Fault. The
dashed rectangular shows the location of the stda in Figure 1b. Topographic and
bathymetric base maps are available at GEBCO datapeoducts (GEBCO-GBD, 2039 b)
Seismotectonic map of the SW Turkey (faults fromr&nat al., 2013). Small circles indicate
seismic activity (M, > 2.5) and are colored depending on their hypocedgpth between 1900
and 2020 (KOERI-EC, 208D Yellow and blue arrows indicate counterclockwisgation
relative to Eurasia (yellow and blue arrows arepaeld from Reilinger et al., 2006 and England
et al., 2016 respectively). Focal mechanisms othgaakes that occurred during instrumental
period (1965-2020) were compiled from Kiratzi ammuizari (2003) and CMT Harvard catalogue

(2020Y.

> GEBCO-GBD (2019). Gridded Bathymetry Data [onlin&Yebsite http://www.gebco.net
/data_and_products/gridded_batymetry_ data/ [acdesER019].

® KOERI-EC (2020). Kandilli Earthquake Catalogue ljog]. Website http://www.koeri.
boun.edu.tr/sismo/zeqdb/ [accessed 03/2020].

" Global CMT Catalogue (2020). Global CMT Cataloga®é [online]. Website https:/
www.globalcmt.org/CMTsearch.html [accessed 03/2020]
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and simplified from Emre et al. (2013) and Basmejial. (2020). Blue arrows indicate the
segment boundaries. Black circles show locationtlef modern cities and villages. The

earthquake data is from KOERI-EC (260

8 KOERI-EC (2020). Kandilli Earthquake Catalogue ljoe]. Website http://www.koeri.
boun.edu.tr/sismo/zeqdb/ [accessed 03/2020].
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Geological Explanations
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Figure 3. Simplified geologic map of the study area (congbifieom Atalay, 1980; Akbget al.,

2011; Garer et al., 2013).
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Figure 4. a) Simplified block diagram represents structdramework of a normal fault and
related morphologic characteristics (inspired anadifired after Wallace, 1978; Strak et al.,
2011). b) Google Earth view of the faceted spumnglthe Yatgan Fault and associated
morphologic characteristics,si$ the triangular facet basal height. ¢) Graphiovahthe cross-
section view of a triangular facet, Width: represaistance from top of facet to base, Height: is
defined as the difference between maximum elevadiuh base elevation. d) Front aspect of a
triangular facet on footwall of a normal fault. cdadapted and modified after Tsimi and Ganas

(2015).
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Rock strength levels

1] Drainage basins (Db)

* V, measurements

0.3<HI<0.5
HI>0.5 —L——  Active normal fault
0_5:1|0Km —L_ Quaternary normal fault

Figure 5. Hypsometric integral (HI), 53, and ¥ measurements along the Ygaa Fault with
respect to different rock strength levels of thelggic units. The dashed black lines represent

the Ls segments (S1 and S2). The ks identical with the red branch of the Ygda Fault.
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Figure 6. a) 3D view of the topography (generated from Qbscale topographic map) and
distribution of channel steepnesse{= 0.45) around the Yatan Fault. Consider the abrupt
changes in steepness along mountain front. b) ibugion of channel steepness index with
respect to rock strength along the gatla Fault.
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Figure 7. Longitudinal topographic stream profiles of thealgmed catchments along the

Yatagan Fault. Red arrows indicate tectonically generateckpoints along the stream profiles.
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Figure 8. Topographic characteristics of the main channefilprof the drainage basin-16. a)
Elevation - chi §) plot shows relatively transient channel profile Auto k- chi (x) plot shows
main variations of steepness along the profild.ar)gitudinal profile of the main channel and its
morphologic properties. The profile shows the psrfét of steepness based on segment

definitions. d) Segmentation based on Logarithmi@di&nt-Area of the channel and the

steepness values.
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Kilometers

Figure 9. a) Digital elevation model of the faceted spursmglonountain front of the Yagan
Fault. Blue arrows indicate segment boundaries.t&hies show the topographic profiles along
the hanging wall and footwall of the Y&t Fault in Figure 13. Numbers show studied facets.

b) View of the faceted spurs along the FS-2 segmiYiitagsan Fault (looking to NW).
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Figure 10. Results of the hypsometric analysis along footwdllthe Yatgan Fault. (a)
Distribution of the types of hypsometric curves@BM. (b) Concave hypsometric curves. (c) S-
shaped hypsometric curves. (d) Convex hypsometnigces. (€) Complex hypsometric curves.

Db: Drainage basin label.
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Figure 11. a) View of drainage basin 4 on DEM, arrows shovwpbanomalies on main stream,
b) Longitudinal profile of drainage Db-4, detectezttonic knickpoints indicated with red
arrows. c¢) Photo shows lateral perspective and hwdogy of the hill which Db-4 lies on it
(sight of view is to NW). d) Observed fault scanridg field studies which generate a stair step
in morphology and in topographic profile. Fault rpaforms a litholologic contact between

Mesozoic marble and Miocene clastics (sight of vigto W).
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Figure 12. a) View of the footwall block along drainage basit8 and 19 (sight of view is to
W). (b & c) Longitudinal profiles of the drainagadins 18 and 19, detected tectonic knickpoints
represented with red arrows. The anomalies genktateaapid uplift along these profiles were
identified during field campaigns, it is clear thault scarp generated by dip-slip motion at

mountain front manipulates these streams. The faalte forms a lithologic contact between

Mesozoic marble and recent colluvial deposits.
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Figure 13. Topographic profiles of vertical displacementtiilimition along the Yagan Fault.

Upper profile represents footwall topography (g-ahile lower-profile represents hanging wall

topography (b-h. Refer to Figure 9 for location of the topograppiofiles.

67



0.9

KalF
°
0.8
PF KaF
° " 4
0.7 SF SPF
°

1.7802

0.6 y = 0.0012x
R? = 0.8604

0.5

0.4

Vertical slip rate (mm\y)

0.3

0.2

0.1 AF-7

Facet slope ()

Figure 14. Exponential relationship between vertical sliperand facet slope. Data compiled
from (Tsimi and Ganas, 2015; Topal et al., 2016}: Aksehir Fault (Turkey), FS-1 & FS-2:
correspond to the Yagtan Fault, NSF: North Sparta Fault (Greece), EF:.viEta Fault

(Bulgaria), AtF: Atalanti Fault (Greece), KrF: Kmil Fault (Bulgaria), GF: Gomati Fault
(Greece), SF: Stratoni Fault (Greece), PF: PsatigopyFault (Greece), KaF: Kasteli Fault

(Greece), KalF: Kalamata Fault (Greece).
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Figure 15. Relationship between plotted,Sand mean Vvalues of each segment along the
Yatagan Fault on activity classes. Vertical bars indicsttandard deviatiorsif-1) for Vs values
along different fronts. Numbers on the top of tlegdam shows inferred uplift rates U (mm/yr)
from Rockwell et al. (1985). Red area (class-1)wshaplift rate of> 0.5 mm/yr while yellow
part (class-2) show uplift rate between 0.5 ands Ondm/yr. Finally, green area (class-3)

represents uplift rate ef 0.05.
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Table 1. Rock strength classification of lithologic unitgthwn the study area.

Schmidt Hammer type

)

D

L d

Rock characteristic N - type L - type Description”
‘R! a lR!

Weakly compacted and poorly Very low rock strength - crumble
sorted Quaternary Deposits - under sharp blows with geologic
alluvium, debris flows, B B pick point, can be cut with pocke
colluvial and fluvial deposits knife
Weakly cemented sedimentary

Weak rock strength - shallow cu
deposits - lacustrine sediments

or scraping with pocket knife,
and older fluvial deposits _ _

pick points indents deeply with
containing poorly consolidate

firm blow
clastics

Moderate rock strength - scraping

with pocket knife with difficulty,
Metamorphic rocks - phyllite 23-32 31.1-38.4

deep indentation under firm blow

from pick point

High rock strength - pocket knife

cannot use to peel or scrape
Metamorphic rocks - schist 26.6 —42(7 29.2-30.9

surface, shallow indentation under

firm blow form pick point
Competent metamorphic rock/- 58 - 62 50 - 52 \fegh rock strength - breaks
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marble with one or more firm blow from
hammer end of the geological

pick

%R represents rebound value of metamorphic rocles #fie application of the N and L type
Schmidt Hammers (Ozbek et al., 2018).

P descriptions modified after Selby (1980) and GoyaRo6).
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Table 2. Topographic features of the river profiles thatevanalyzed in this study. Only the

knickpoints associated with tectonic perturbatitong the river profiles that cross the Ygda

Fault (YF) are considered.

Ksn Ksn
Channel| Catchment Knickpoint YF Distance
Channel upstream | downstream
Length Area elevation elevation| to active
No of of
(km) (km?) (m) (m) fault (m)
Knickpoint | Knickpoint
1 9.8 14.2 898 104.02 229.51 419 42845
6 10.3 16.5 518 93.46 110.72 355 3923
427 110.72 179.01 355 1222
7 4.4 4.0 568 50.03 72.16 362 2497
9 22.4 124.6 516 25.75 26.17 354 1241
444 16.22 23.53 354 5925
397 23.53 41.75 354 2340
12 11.6 14.9 459 951.86 998.48 368 3445
14 4.3 2.6 495 23.42 67.99 387 1916
16 19.9 78.3 436 75.53 95.78 444 1837
598 38.92 172.65 444 11929
21 12.3 64.5 466 8.02 78.73 459 2129
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Table 3. Geometric parameters of the triangular facetsqlbie Yatgan Fault extracted from

1:25000 topographic map in ArcGIS 10.3.1. (Elv =e\Htion, Min

Maximum, m = meter, deg = degree).

Minimum, Max

Min Elv - Horizontal Slope angle
Facet No| Max Elv (m) | Min Elv (m)
Max Elv (m) | distance (m) (deg)

1 695 555 140 315 23.96
2 490 398 92 415 12.49
3 464 404 60 280 12.09
4 500 375 125 315 21.64
5 540 360 180 510 19.44
6 580 450 130 430 16.82
7 525 370 155 490 17.55
8 510 406 104 400 14.57
9 560 385 175 640 15.29
10 486 400 86 375 12.91
11 494 398 96 410 13.17
12 637 460 177 645 15.34
13 545 400 145 295 26.17
14 675 390 285 455 32.06
15 595 415 180 335 28.24
16 655 410 245 465 27.78
17 605 420 185 360 27.19
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18 680 460 220 837 14.72
19 605 435 170 423 21.89
20 650 435 215 580 20.33
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Table 4. Values obtained by morphometric indices measuréndparameters of ;indice

calculated by considering the standard deviattonl) values of each segment.

Catchement Segment Mean Vs
segment| HI
No Length (km)| Sy n Y mean on-1
1 FS-1 0.411 3 0.92
2 FS-1 0.497 3 1.03
3 FS-1 0.418 3 0.50
4 FS-1 0.572 3 0.53
5 FS-1 0.414 3 2.07
10.5 1.34 0.64 | 0.11
6 FS-1 0.318 3 0.37
7 FS-1 0.444 3 0.21
8 FS-1 0.487 3 0.40
9 FS-1 0.366 3 0.22
10 FS-1 0.646 3 0.21
11 FS-1 0.460 3 0.22
12 FS-2 0.310 3 0.21
13 FS-2 0.573 3 0.28
14 FS-2 0.559 3 0.17
19.5 1.2 0.24 | 0.09
15 FS-2 0.539 3 0.30
16 FS-2 0.315 3 0.07
17 FS-2 0.541 3 0.30
18 FS-2 0.670 3 0.24
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0.25

19 FS-2 0.761
20 FS-2 0.507
21 FS-2 0.322

0.23

0.39
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Figure. S1. Topographic characteristics of the main channdiilprof the drainage basins 1 and 6. a and e) Hlava chi () plot of
channel profile and transient stage of the prafileand f) Auto k+ chi (x) plot shows main steepness variations along tbglgrc

and g) Longitudinal profile of the main channel atedmorphologic properties. d and h) Logarithmimpg-area of the channel and

steepness based segmentation.
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f) Auto kr+ chi (x) plot shows main steepness variations along tbélgrc

and g) Longitudinal profile of the main channel atsdmorphologic properties. d and h) Logarithmiopg-Area of the channel and

steepness based segmentation.
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Figure. S3. Topographic characteristics of the main channedilerof the drainage basins 12 and 14. a and &)dfion - chi §) plot
of channel profile and transient stage of the pasfib and f) Auto - chi (x) plot shows main steepness variations along tbiler
¢ and g) Longitudinal profile of the main channetiats morphologic properties. d and h) Logarithsimpe-area of the channel and

steepness based segmentation.
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Figure. $S4. Topographic characteristics of the main channedilerof the drainage basins 16 and 21. a and ejdion - chi §) plot
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Figure. Sb. (a) Projected tilt corrected paleomagnetic indlora values of the SW
Anatolia Domain (inclination degrees and statiotadaompiled from Kaymakci et al.,
2018). Small black dots (P) indicate studied sitbesides, contour lines show calculated
inclination angles in degree mainly in Neogene gebfplease review Kaymakci et al.,
2018 for more information regarding the paleomaignietvestigations). Each contour
line depicts 0.5 interval of tilt corrected incltran variation. Solid black line represents
the location of cross section that virtually rumotigh the orientation of the Yaan
Fault. (b) cross section indicates the variatiomnofination degree along with distance

from the north west towards the south eastern manfgihe basin.
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