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Abstract: The study area is a strike-slip basin of approximately 1-9 km wide, 66 km long and N65°W trending, located between the
historical Kesikkoprii in the west and the Sarthidir settlement in the east along the northern side of the Central Anatolian Volcanic
Province. It was evolved on a regional erosional surface of a pre-Quaternary volcanosedimentary sequence during Quaternary. This
is evidenced by the stratigraphical, structural, and seismic data. The total amounts of throw and dextral strike-slip displacement
accumulated on the basin-boundary faults during the evolutionary history of the basin are 178 m and 5 km, respectively. The average slip
rate on the Salanda master fault is approximately 4 mm/year since the late early Pleistocene based on the total dextral strike-slip offset
accumulated on it. The throw amount is small compared with the dextral strike-slip offset, which implies a strike-slip regime rather than
a tensional tectonic regime in the basin. This is also supported by the combination of both the contractional and extensional structures
such as reverse faults, fissure-ridge travertines, and a series of stepped terraces of late Quaternary age. Finally, it would be useful to take
this paper into account in new works to be carried out in other sections of the Cappadocia region, because a new neotectonic regime
(strike-slip tectonic regime) is first introduced here for this region.

Key words: Central Anatolian Volcanic Province, Cappadocia, Salanda basin, strike-slip neotectonic regime, Kizilirmak River,

Quaternary

1. Introduction

In general, the neotectonic frame of Turkey and its near
environs is determined by three major structures (Sengor
and Yilmaz, 1981), namely the Anatolian platelet, its
boundary faults (the dextral North Anatolian and the
sinistral East Anatolian Fault Systems), and the southern
Aegean-Cyprus subduction zone (Figure la). Currently,
the southwestern section of the Anatolian Platelet is
characterized by a tensional tectonic regime and related
horst-graben systems, whereas its eastern part is under the
influence of a strike-slip neotectonic regime and related
structures such as dextral to sinistral strike-slip faults
and pull-apart basins (Figure 1b). The effects of both
the tensional tectonic regime and related structures run
eastward up to the Salt Lake Fault Zone, which forms a
transitional zone between the westerly located extensional
and easterly located contractional neotectonic domains.
One of the tectonomorphologically and historically
fascinating areas in the Anatolian platelet is the Central
Anatolian Volcanic Province (CAVP: the gray-shaded area

* Correspondence: ugdogan@yahoo.com

in Figure 1b) or Cappadocia, which etymologically means
“the land of beautiful horses”. The CAVP is a 1.5-km-high
volcanosedimentary plateau above sea level. It is about
15-90 km wide and 300 km long with a NE trending
continental paleomagmatic arc (Keller, 1974; Pasquare
et al., 1988) located in the area between Karaman in the
southwest and Tuzla Lake in the northeast (Figure 1b).

A number of investigations of various purposes
have been carried out in the CAVP. These deal mostly
with the stratigraphy, tectonics, geomorphology,
volcanology, petrology, and geochemistry of the CAVP
and its geothermal potential. However, some significant
controversial opinions among previous researchers are
still under debate. They are mostly regarding the styles
of the tectonic regime and the phases of volcanic activity
accompanying them. Pasquare et al. (1988) suggested that
the Middle Miocene-Quaternary volcanism in Central
Anatolia is related to brittle deformation caused by the
collision of the African-Arabian plates with the Eurasian
plate and that the structural pattern of Central Anatolia is
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Figure 1. a) Simplified map showing both the plate tectonic configuration of Turkey and the site of the Central Anatolian Crystalline Complex (CACC:

area in pinkish color). AFZ, Aksehir Fault Zone; CAFS, Central Anatolian Fault System; DSFS, Dead Sea Fault System; EAFS, East Anatolian Fault

System; IEFS, Inénii-Eskigehir Fault System; IAESZ, Izmir-Ankara-Erzincan Suture Zone; SLFZ, Salt Lake Fault Zone; KAFZ, Konya-Altinekin Fault
Zone; NAFS, North Anatolian Fault System. b) Simplified tectonic map showing the major structures, destructive earthquakes epicenters (stars), Central
Anatolian Volcanic Province (CAVP: shaded area), and the site of the study area in and near the environs of the CACC (focal mechanism solutions are

from Tan et al., 2008, 2010; USGS, 2016).
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characterized mainly by three fault sets (the N320-340°,
N-S, and N20-40° trending fault sets); they are connected
withastressfield related to the N-S convergence between the
African and Turkish plates, i.e. the nature of the prominent
neotectonic regime in Central Anatolia is a strike-slip
one. In contrast, Gen¢ and Yiiriir (2010) suggested that
the origin of the Middle Miocene-Quaternary volcanism
in the CAVP is the asthenospheric upwelling related to a
regional tensional tectonic regime and that the structural
pattern of Central Anatolia is characterized by low-angle
normal faults (e.g., “Kirsehir detachment fault”). Apart
from these two regional works, there are also some other
relatively local studies dealing with the stratigraphy and
tectonics of the CAVP. Their ideas on the age and style
of the tectonic regime, which affected the CAVP, can be
categorized into two groups: 1) the tectonic regime in the
CAVP is tensional in nature and continuous since late
Miocene time (Toprak and Gonciioglu, 1993; Toprak,
1994, 1996; Koksal and Gonciioglu, 1997; Dhont et al,,
1998; Dirik et al., 1999; Dirik, 2001, Ozsaym et al., 2013),
and 2) the CAVP has experienced an episodic evolutionary
history during the late Middle Miocene-Quaternary,
i.e. the tectonic regime is not continuous from the late
Miocene to Recent. Both the episodic evolutionary history
and the Quaternary strike-slip tectonic regime to related
structures in the CAVP are first introduced to the literature
in our study. This is the major difference between previous
works and our study. This episodic evolution began and
evolved under the control of a tensional tectonic regime
during late Middle Miocene-late Pliocene time, but it
was interrupted and replaced by a strike-slip neotectonic
regime during early Quaternary time (2.588 Ma BP) (Inan,
1993; Kogyigit and Beyhan, 1998; Kogyigit and Erol, 2001;
Ocakoglu, 2004; Temiz, 2004). This new regime is here
termed as a “strike-slip neotectonic regime” in the present
paper. Thus, the present study aims to discuss this strike-
slip neotectonic regime under the light of prominent
dextral strike-slip offsets, very widespread fissure-ridge
travertine occurrences, reverse faults, and the deposition of
river terraces accompanied by the third phase of volcanic
activity of Pasquare et al. (1988). One of the type localities
dominated by these structures is the historical Kesikkoprii-
Sarihidir section of the Kizilirmak Valley. It also contains
the Salanda basin and is located on the northern section of
the CAVP (Figure 1b). Therefore, this region was chosen
as the study area. It has not been mapped at 1/25,000 scale
and studied in detail until the present study. Additionally,
this study also aims to define the initial establishment
and incision of the antecedent Kizilirmak River into its
present-day position in the modern Salanda basin. We
think that this new field work will produce an important
contribution to the neotectonics of the Cappadocian
region. The data used in this manuscript were collected

by usage of both office and field methods. These included
the computer program T-TECTO 3.0, satellite images,
aerial photograph and thin-section studies, detailed field
geological mapping of rocks and faults at the scale of
1/25,000, and the measuring of both stratigraphical section
and slip-plane data on fault slickensides. Aerial application
of these methods was carried out in the framework of two
major projects, 112Y153 and 07-03-09-1-00-23, supported
by the Scientific and Technological Research Council of
Turkey (TUBITAK) and Informatic Engineering (BM),
respectively. Additionally, several short-term (1-week)
field studies were also carried out with our own financial
support in the period between 2008 and 2015. Therefore,
this manuscript is an original paper, not an overview based
on compiled information.

2. Regional geological setting

At aregional scale, the CAVP is located on two continental
fragments (the Central Anatolian Crystalline Complex,
CACCG; and the Taurides) that rifted away from Gondwana
probably during Triassic time (Sengdr and Yilmaz, 1981;
Frizon de Lamotte et al., 2011). Both continental fragments
and the CAVP are crossed and divided into numerous
blocks of dissimilar size by a series of active intraplate
structures (Figure 1b). The present configuration of the
CACC is approximately triangular in shape and bounded
by three major structures, namely the Salt Lake Fault Zone
in the west, the Central Anatolian Fault System in the east-
southeast (Kogyigit and Beyhan, 1998; Kogyigit 2008), and
the Izmir-Ankara-Erzincan suture zone in the north (Figure
1b). The latter resulted from the late Cretaceous-early
Paleogene closure and the collision history of the northern
strands of the Northern Neo-Tethys. It is characterized by
a south-verging fold-imbricate thrust to reverse fault zone
of colored ophiolitic mélange (Kogyigit, 1976; Sengér and
Yilmaz, 1981; Seymen, 1984; Kogyigit, 1991; Kogyigit et al.,
1995; Kogyigit and Deveci, 2008; Giilyiiz et al., 2013). The
Salt Lake Fault Zone was first recognized and named by
Beekman (1966). It is 1-7 km wide and 170 km long with
a NW-SE trending intraplate zone of active deformation in
the nature of normal faulting with a considerable amount
of strike-slip component. The normal fault character of
the Salt Lake Fault Zone was identified once more by a
recent detailed geological and paleoseismological study
carried out on its central part (Kiirger et al., 2012). The
Salt Lake Fault Zone begins from the Bor district in the
southeast and then runs towards the northwest up to
the northwestern tip of the Salt Lake, where it intersects
with the NNE trending Konya-Altinekin oblique-slip
normal fault zone and then terminates, i.e. it does not run
further north-northwest (Figure 1b). Within this frame,
the active fault segments (e.g., the Bala fault) around the
Bala district do not comprise the continuation of the Salt
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Lake Fault Zone due to the fact that they are strike-slip
faults in nature as indicated by a series of recent seismic
activities and their focal mechanism solution diagrams
(Figure 1b). Consequently, the Bala fault segments form
the northwestern continuation of the Salanda strike-slip
fault zone, which is one of major structures of the present
paper. The Salt Lake Fault Zone determines and controls
the northeastern margin of the Salt Lake graben. One of
the other significant intraplate structures is the Konya-
Altinekin Fault Zone. It is 0.3-25 km wide, 270 km long,
and a NNE trending active zone of deformation in the
nature of oblique-slip normal faulting. The city of Konya is
located in the southern section and the district of Kalecik
is in the north of this fault zone, which intersects with
several NW trending active fault zones such as the Aksehir,
Inénii-Eskisehir, Salanda, and Sungurlu Fault Zones along
its length (Figure 1b). The Konya-Altinekin Fault Zone
consists of discontinuous, easterly- and westerly-dipping
numerous stepped 2-32 km long normal fault segments
with a maximum throw of 0.8 km.

The Central Anatolian Fault System is approximately
730 km long and 2-80 km wide, a NE trending very young
neotectonic structure in the nature of sinistral strike-slip
faulting (Kogyigit and Beyhan, 1998; Kogyigit and Erol,
2001). It resulted from the reactivation and propagation
of an older paleotectonic structure, the so-called “Ecemis
corridor” (Blumenthal, 1941) or “Tekir Dislocation” (Metz
1956), in both the NNE and SW directions across the
Inner Tauride Suture in early Quaternary time. One of
the other intraplate strike-slip fault zones very close to the
study area is the Seyfe Fault Zone. It is located between
the town of Hasanlar in the southeast and Kirikkale in the
northwest (Figure 1b). Itis 1-20 km wide, 165 km long, and
a NW trending zone of active deformation in the nature
of dextral strike-slip faulting. It consists of discontinuous
numerous fault segments that are 1-30 km long. One of the
destructive earthquakes (Ms = 6.8, 19 April 1938 Akpinar
earthquake) that sourced from the Seyfe Fault Zone
indicated once more its activeness (Figure 1b). Another
significant intraplate active structure is the Yenikoy Fault
Zone. It is about 1-15 km wide and 180 km long, a NW-
trending dextral strike-slip zone of deformation located
around Felahiye to the SE and near east of Kirikkale to
the NW. A very recent seismic event, the 10 January 2016
Hacidurakl (Cigekdagi-Kirsehir) earthquake of Mw = 5.0
(USGS, 2016), sourced from the Yerkdy Fault Zone and
indicated that it is an active strike-slip structure (Figure
1b). As is seen from the major structures and earthquake
focal mechanism solution diagrams in Figure 1b, there
is a prominent and active strike-slip structural pattern
rather than a tensional tectonic regime in eastern Central
Anatolia. The faults forming this structural pattern are
linked to each other by a stress system, in which the
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major principal compressive stress (o1) is operating in an
approximately N-S direction (Pasquare et al., 1988; Tan et
al., 2008, 2010).

The CACC consists of five rock assemblages (Figure
2). These are, from oldest to youngest: 1) Paleozoic to
Mesozoic metamorphic rocks (Kirsehir, Nigde, and Akdag
massifs), 2) Upper Cretaceous colored ophiolitic mélange
(Anatolian Nappe), 3) granitoidic to syenitoid intrusions
of late Maastrichtian-early Paleocene age (Akgatas
Granitoid), 4) volcanic series (Kiziltepe Volcanics) of late
Maastrichtian-early Paleocene age, and 5) Paleogene and
Quaternary marine to continental cover sequences (Erkan,
1981; Seymen, 1984; Aydin, 1991; Tolluoglu, 1993; Koksal
and Gonciioglu, 1997; Whitney et al,, 2001; Gautier et al.,
2002; Kadioglu et al., 2006; Gautier et al., 2008; Kogyigit
and Deveci, 2008; Boztug et al.,, 2009; Geng and Yiiriir,
2010; Giilyiiz et al.,, 2013). They are separated from each
other by intervening long- to short-term erosional periods
(unconformities and diastems, respectively) and tectonic
contacts, i.e. low-high angle reverse faults (Figure 2). The
pre-Quaternary rocks are here termed as paleotectonic
units. The most diagnostic and youngest paleotectonic unit
is the Urgiip group of late Middle Miocene-Pliocene age.
In order to make a distinction between the paleotectonic
and neotectonic periods, both the Urgiip group and the
modern basin fill (Quaternary Salanda group) will be
described in detail below.

3. Basin fills

3.1. Urgiip group

It was first recognized and introduced to the literature as
the “Urgiip Formation” by Pasquare (1968). However, it
was shifted to the rank of group in the present paper owing
to the fact that it contains several lithofacies that can be
mapped at 1/25,000 scale. In general, the Urgiip group is
over 1 km thick but it decreases up to several tens of meters
towards the north of the study area. It is tilted to open
folded and overlain with a regional angular unconformity
by the nondeformed (nearly flat-lying) Salanda basin fill
of Quaternary age (the Salanda group) (Figures 2 and 3).
The Urgiip group consists mostly of lavas of dissimilar
composition, ignimbrites, and other pyroclastic rocks
alternating with the fluviolacustrine sedimentary facies.
The oldest volcanic rock included in the Urgiip group
is of the Middle Miocene (13.7-12.4 Ma) and is located
across the Kecikalesi and Kizilgin volcanoes outside
the study area (Besang et al., 1977; Batum, 1978). The
Urgiip group is an older and more widespread fill located
in and outside of the Salanda basin (Figures 3 and 4). It
was deposited under the control of a tensional tectonic
regime over a broad area including the earlier site of the
recent Salanda strike-slip basin. The bottom of the Urgiip
group is found near the west of the Tuzkdy settlement



KOGCYIGIT and DOGAN / Turkish J Earth Sci

% )
g Lithologic description =
< a3
= | .2 S.2
o | E | E o3
<|= | F = 2
A O . .
CACAT . colluvial fan-apron sediments
- e}
.2
. . g
5 %‘ c 2 fissure ridge-travertine g
g & - terrace conglomerate E
= < S o
=] .
g g 7 black and viscular basalt flows 'g
= 2
ﬁ yellow-browm laminated siltstone-sandstone and 3
terrace conglomerate Z
unsorted polygenetic basal conglomerate
e angular unconformity
4 white tuff (Kavak member)
54 g — -
2ol 2 s [© O OO O O conglomerate, sandstone, siltstone red brown mudstone, green-
b= 5 & | o Ex== ==« blue marl, shale and limestone alternation
= ;‘_9) sl3 R with gypsum intercalation
£ 5 l ./\ VAN unsorted, polygenetic basal conglomerate
— . . . . .
D — angular unconformi
S 0.8 0 marble-calcschist g v
S ,“;n yellow red-brown, cross-bedded sandstone and
] g = — —— —«__ conglomerate alternation
S| E = <\ tectonic contact (reverse fault)
3| = gypsum
s lo | ZZ———=
i < =3 gray-green claystone and coal seams alternation
TlE|
'g § yellow-gray conglomerate, sandstone and mudstone alternation
H
basal conglomerate .
angular unconformity
marble-calcschist
=4_- tectonic contact (reverse fault)
gray-green to pinkish arkozic sandstone, conglomerate, marl
° g shale and limestone alternation
= =
s}
&3] E g
jo3
g8 3
— o | © =
gy g A S
. . . . Q
8 8| P sandy Nummulite-bearing marine limestone R=]
= E coarse-grained sandstone-siltstone alternation %
< . 2
unsorted, polygenetic boulder-block conglomerate §
~A nonconformity &
@ > marble and calcschist introded by syenitoid
2 — N .
< - B @ Lo =— tectonic contact (thrust to reverse fault)
0 = 3. e X . .
2 g k=] ¥ @ LR . @ E conglomerate, sandstone and shale alternation with older
81 g | @ N\ oS basement-derived olistoliths
s lzgl < [ N 7). £ up to 50 m in diameter
S |25 8 |-~ @
£ 2] & et =
o] S § l oo B = purple to variegated, polygenetic, volcanic material-rich
S |¥= 5 S conglomerate, sandstone, siltstone and mudstone alternation
— a g Q 3 o o o
e -
8
lar unconformity
Kiziltepe volcanics: andesite, trachyandesite, trachyte, latite,
rhyolite, lithic tuff and volcanic breccia
] Akgatag granitoid: granite, granodiorite, quartzdorite,
14 syenite, monzonite and monzodiorite
8
° & l==_ tectonic contact (thrust to reverse fault)
R
S 5 £ @ colured ophiolithic mélange
Ak
S1E|[ A . . o
=D B Kirsehir Massif: alternation of marble, amphibolite,
= calcschist and gneiss
£
&)
= +
% +
a PR T R
+ + + + + + 4+

Figure 2. Simplified and combined tectonostratigraphic column showing basement and cover sequences forming the CACC.

397



KOGCYIGIT and DOGAN / Turkish J Earth Sci

vl
Q n 2
o] ] El
E £ 2
s | 24 & 2 85
] =
o
< <3 S = & e
30m f,' © 0 S T=— slope scree, fan and basin
9 © © NT — floor sediments
89 -
3
15) . .
29 Sarthidir E A\ fissure-ridge travertine made-up of bedded
52 = J travertine crossed by a central fissure filled b,
=2 travertine S J : e Y y
s — S vertical travertine bands
= i ™
= =)
1/
NONON N N N N N N N NN
A A A R A A s
© AN NN NN
o, A A A AR AR AR AR A A g
i) 15) /\/\/\/\/\/\/\/\/\/\/\/\/
g hv/ NNNNNN inkish-grz ivi
8 2 E NONONONON N NN N N NN pinkish-gray olivine basalt flow
3 5= Q NN NN NS NN
- > @ R A R A S e
] 96 ka 2 — NN NN NN ENANAN
‘S g5 AN AN NN NN
— NN N N NN NONON NN
~ < A AR A A A A A A A,
M NN N N N NN NN NN
2 VAV A A A A A A A AR AR a4
5
— 25m| ® @ » & o o @& terraces (T13, T14, T15)
NN N N N N N N N NN
R A A A A as
NN N N N N N N N NN
A A A R A A A A ars
A 7z /\/ 7 /\/\/\/\/\/\/\/\/ e
Tuzkoy g NSNS NN NN N NN black, massive olivine basalt and scoria
404 ka basalt = NN N N N N N NN NN
S | s s s s s
- NN N N N N N N N NN N
A A A A A AR AT A A A
NN N N N N N N N NN
o N
=
) E terraces (TS through T12) =
- = .2
g 5
5 o0 < o
3 o
2 NANEN 2
@ =
i‘j < NN N N IS
ey NN N \ Q
) o 2
- NN NEANEN NN o
e = ; A A A A AR AR A A A A S A a4 O
=} =] NN NN N NN NONON Z
< S SN thick-layered to massive, black olivin
El = | Karaburna ] /:/:/\/\/\/\/\/\/\/\/\/\/\/\/ basalt t;llow and scarsia ’ ¢
— basalt 5 | A A AN AN
= 1228 Ma 1 NSNS NS
5] < AR
< NN N N N NS NANANEN
53] A A A AN RN ARG
wn /\/\/\/\/\/\/\/\/\/\/\ A \/\ N
NN N N N N N NN NN N
AV A A A A A e 7
NNN N N NN N
@ 5 06 g & ©o 0 o ®0 ol
131’1’1/////,///////// terraces(TZ,TS,T4)
NN N N NN N N N N N N N NN
Evren A A A R AN NNy
Y = ANV NN L.
1.989 Ma Ridge RARARAARKAARAXKXANNN olivine basalt flow
R A A AR NN
basalt o~ NN NN N N N N N NN
V 77 772 7 7 7 st s Sss
NONCN N NN NN N
3m terrace (T1)
= conglomerate
.2
2 S
3 E mudstone
},9, iy g sandstone
B = § conglomerate
A~ 3]
> = l yellow-red-brown mudstone
5 2 et sandstone
m 2 .
=~ unsorted, polygenetic basal
m conglomerate
angular unconformity
systematically-jointed white-pinkish tuff
(Kavak member)
yellow-red mudstone to paleosol
o .
s polygenetic to unsorted
33 conglomerate
2 =]
= o]
A g = cross-bedded beach sandstone 5
2 o =) o
g o a ] green marl o
<] [=% =
2 ES ) . - S
= = white lacustrine limestone 131
) f=) ]
3 8
=] . . 2
E green siltstone with conglomerate G
intercalations
2
5
=

Figure 3. Simplified stratigraphical column of the Salanda strike-slip basin.

398



KOGCYIGIT and DOGAN / Turkish J Earth Sci

‘(suortaua resu pue uiseq difs-oy1ns epueles) eare Apms ay) Jo dew [es1307098 paygrduwrs § aanSiy

el
v

ovazod

P
ursnaesy quxn
&h« ]
NS

o ¥
u&am%_:m
o

gwm 7 wmvm‘_mx Z
OVaAvavi \ Qon.wu.

/mr/ g nL

S
Keresnng

ol
@
=3

(BN 686'T)
JJeseq a5pry udIAg

(BN 82ZT'T)
JJeseq euinqerey|

(010Z0SIN-21) JISSBIA JIYOSITy]
(ou0000[] AJIRg-UBHYOLIISERIA]
q)e]) projudks-projiuels sejedyy

(auad00eq Apreg
-uenUOLISERIA A)eT) So1uedjoA adayizry

(aua009[e A1BT)
UONBULIO] ZQ[ISOA PUE dWIOISOISI[O JNUAQD)

(oudo0yg
Q)L T-9[PPIA) UOIBULIO,] dIOPILZAUDY

(QUO0TIA] 9[PPIJA) UOnEULIO] AQNZN],

(auaoord
-3UDOIN JIPPYA pe[) dnoid dndip

U ENEE

(oua00siofd AJ1es) uoneutioy yioejKeArysg

(2 y0p) Jeseq AQjznL,

(&3 96) 1eseq adopyLreAtureyy

(9UQ00[OH-2UID0ISIAJ d)B[) dUNIOARY

£

druresueseq s

~

YLD

U011995-55010 (201307093 Jo ou|

tﬂ

SIXe ouronue

L |

IeSeoRIE 93p1iq nadoyyIsay [eo1I0ISIY

4

eyep oue[d-di[s pue opISUNDI[S JO IS

5
{
ATHASTO ) Sunds 1a1em joy
uonerfoj jo dip pue oyins
SuIppaq jo dip pue axLus

1[Ne.J ISIIAL
Jney reusiou dijs-anbijqo

Jusuodwod jeuriou yim jney dijs-o)uns [ensiuls

yuouodwod [eurrou yim jney dijs-oyLns [enxop

RIZEARN.

(epuejes)
JuaNSnUIND

o

Jeurdnyn o

L,

Noonmx

SE— QIopIEZOUY

(ua00[0}]) ysodap ejjop-uey _H_ (] ]

(U200[OH) SIUAWIIPAS [RIAN[[E _H_ @

adoyizry N

Y BIeUE) S

399



KOGCYIGIT and DOGAN / Turkish J Earth Sci

along the southern margin of the Salanda basin. At this
locality the gray-yellow and gently dipping colored fluvial
clastic rocks (basal conglomerate, sandstone, siltstone,
mudstone alternation) of the Urgiip group superimpose
with an angular unconformity the steeply tilted to folded
yellow-red conglomerate, sandstone, shale, and gypsum
alternation of the Middle Miocene Tuzkdy Formation
(Akgiin et al,, 1995). These basal clastics of the Urgiip
group are succeeded by the alternation of pumice clast-
bearing pinkish tuff-ignimbrite, white and well-bedded
tuff, pyroclatites in the nature of lahar deposits, white and
thin-bedded to laminated limestone, and medium-bedded
to porous lacustrine limestone at the topmost. Lastly they
are overlain with an angular unconformity by Quaternary
basalt flows such as the Evren Ridge and Tuzkéy and
Karniyariktepe basalts in the Giilsehir-Tuzkoy area
(Figure 3). However, in the further south-southeast and
outside the study area (along the west-northwest margin
of the Erciyes pull-apart basin), the resting facies, forming
the uppermost part of the Urgiip group, are still exposed
(Kogyigit and Beyhan, 1998). In that area, the Urgiip group
ends with a key horizon, the Valibabatepe Ignimbrite,
whose Ar/Ar and K/Ar ages range between 2.52 and 3.0
Ma (Pasquare, 1968; Innocenti et al., 1975; Kogyigit and
Erol, 2001; Le Pennec et al., 2005; Aydar et al., 2012). This
key horizon conformably overlies the lacustrine Kisladag
limestone, which is the second lithofacies from the top of
the Urgiip group. These regional field observations reveal
that the topmost part of the Urgiip group accumulated
in the northern areas might have been eroded before the
development of the Salanda strike-slip basin. This is also
supported by the observations made inside the basin. These
are: 1) the bottom of the Urgiip group is not seen inside the
Salanda basin, and 2) the upper half of the Urgiip group
is absent in the Salanda basin while it is exposed in the
south-southeast and outside the Salanda basin. However,
its observable lowermost part begins with the green-
colored to thin-bedded siltstone beds with polygenetic
conglomerate intercalations and then continues upward
with the alternation of white lacustrine limestone, green
to blue marl-shale, polygenetic to unsorted conglomerate
with sandstone intercalations, and yellow-red mudstone.
This package of the Urgiip group is full of synsedimentary
features such as the normal type of growth faults and slump
structures. The total thickness of this sedimentary package
is 280 m. At the topmost, this sedimentary sequence is
capped conformably by white-pinkish and systematically
jointed ignimbrite that is 5-20 m thick (the Kavak member
of Pasquare, 1968) (Figure 3). The upper and lower parts
of this ignimbritic key horizon consist of white pumice
beds made up of subrounded to angular pumice clasts up
to 10 cm in size. The K-Ar age of the Kavak member is
9.0 £ 0.4 Ma (Viereck-Goette et al., 2010). The ignimbritic
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key horizon is overlain with an angular unconformity by
the lowermost unit (the Eskiyaylacik formation) of the
Salanda group (Figure 5a).

3.2. Salanda group

This is the second and youngest volcanosedimentary
sequence accumulated under the control of the strike-
slip neotectonic regime. It consists of, from bottom to
top, fluvial clastics (the Eskiyaylacik formation), four
basalt flows (Evren Ridge, Karaburna, Tuzkéy, and
Karniyariktepe basalt flows) separated by the intervening
15 terrace deposits of different thickness, the actively
growing fissure-ridge travertines, and Holocene alluvial
sediments (Figure 3).

3.2.1. Eskiyaylacik formation

It begins with a basal conglomerate on the erosional surface
of the Kavak Ignimbrite of late Miocene age at the bottom
(Figure 5a) and then is succeeded by the alternation of
conglomeratic sandstone to sandstone, yellow-red-brown
mudstone, and again conglomerate horizons. Lastly it
is overlain conformably by a terrace deposit (Figure
3). Towards the top, clastics become loose and reach
up to a total thickness of 200 m. Basal conglomerate
of the Eskiyaylacik formation is very hard, unsorted,
and polygenetic in composition. It also contains planar
cross-bedded lenticular sandstone intercalations in some
places. Conglomerates consist of angular, subrounded to
rounded pebbles to boulders (up to 40 cm in diameter) of
marble, granite, syenite, schist, quartz, quartzite, andesite,
basalt, diabase, chert, radiolarite, gabbro, peridotite, and
serpentinite set in a volcanic material-rich sandy matrix
bounded by iron and calcite cements. Very close to the
bottom contact, the basal conglomerate also contains
angular pumice clasts (up to 10 cm in size) derived
directly from the underlying Kavak Ignimbrite of about
9 Ma old, which entails the long-term stratigraphical gap
between the underlying Urgiip group and the lowermost
unit of the modern Salanda basin developed on it (Figure
5b). In addition, the Eskiyaylacik formation is overlain
conformably by the Evren Ridge basalt flow of 1.989 Ma
old near the south of Tuzkéy town along the southern
margin and by the Karaburna basalt flow of 1.228 Ma old
around Karaburna village along the northern margin of
the Salanda basin, respectively. Based on these contact
relationships, the Eskiyaylacik formation is thought to be
at least early Quaternary in age. In contrast, this unit has
been previously reported as a lithofacies included in the
older Urgiip group (Toprak, 1994).

3.2.2. Terrace deposits

Terrace deposits form the second and very significant unit
of the Salanda group (Figure 3). Fifteen terrace horizons
of different thicknesses and elevations, which range from
160 m to 5 m above the recent elevation of the Kizilirmak
River bed, were identified and labeled as T1 through T15
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Figure 5. a) Close-up view of systematically jointed Kavak
ignimbrite (Tuk) and the overlying basal conglomerate of the
Eskiyaylacik formation (Qse) (near NE of Yiiksekli village). b)
Close-up view of the pumice (P) clast-bearing basal conglomerate
of the Eskiyaylacik formation (NE of Yiiksekli village).

by Dogan (2011) (Figure 6). They have not been plotted on
the geological map (Figure 4) in order to avoid complexities
(for more detailed information, readers are invited to refer
to Dogan, 2011). Instead, a generalized cross-section
(Figure 6) of the Kizilirmak Valley is provided. It shows the
development order of terraces and their contacts and age
relationships with the basalt flows. As is seen clearly from
the cross-section, most of the terraces are located on the
northern side of the river valley and unpaired in character,
which implies the asymmetrical development history of
the Salanda basin. By using terrace sequences and basalt
ages, the time-averaged incision rate of the Kizilirmak
river during the last 2 million years was determined as
approximately ~0.08 mm/year, but important variation
within that time span is also apparent. The highest incision
rate during this period was determined to be ~0.12 mm/
year between the late-early and mid-middle Pleistocene
(Dogan, 2011).

3.2.3. Basalt flows
Basalt flows constitute the third unit of the Salanda
group (Figures 3 and 4). Four basalt flows of dissimilar
age and thickness were identified, mapped, named, and
dated separately (Dogan, 2011). These are, from oldest to
youngest, the Evren Ridge basalt (f1: 1989.4 + 38.9 ka),
the Karaburna basalt (f2: 1228.2 + 46.4 ka), the Tuzkéy
basalt ($3: 403.8 + 9.8 ka), and the Karniyariktepe basalt
(B4: 96.0 = 13 ka). They were crosscut and displaced in
both horizontal and vertical directions by the margin-
boundary master faults, namely the Salanda and Tuzkoy
faults (Figures 4 and 6). The Karaburna basalt is located
around the Karabur¢ and Karaburna settlements along
the northwestern margin of the Salanda basin while the
other three basalt flows are found in the Giilsehir-Tuzkdy
area along the southern margin of the basin. The Giilsehir-
Tuzkéy Quaternary basalt flows were first studied and
introduced into literature by Sassano (1964). He reported
that they had been poured out of the Nevsehir-Acigol
volcanic center (particularly from both the Karniyarik
and Susamsivrisi volcanoes, approximately 7-15 km south
and outside the Salanda basin) and then flowed north-
northwestward in a downslope direction. The Evren Ridge
and the Karaburna basalts are reddish to black in color.
Their lower parts are vesicular while the upper parts are
massive and crossed by vertical to subvertical cooling
cracks. Based on thin-section studies, both basalt flows
are in the nature of olivine basalt and composed mostly
of olivine phenocrysts set in a groundmass made up of
augite, plagioclase, and volcanic glass. Even if the Evren
Ridge and Karaburna basalt flows are more or less the
same in mineralogical composition, they are not similar in
terms of age and location (Figures 4 and 6). At present, the
bottom of the Evren Ridge basalt flow is located on terrace
T1 along the southern margin while the Karaburna basalt
flow is located on terraces T2 and T4 along the northern
margin (Figures 6 and 7) at elevations of 160 m and 138 m
to 128 m, respectively, above the present-day Kizilirmak
River bed (Figures 4 and 6). There was a deep depression
(Salanda basin) drained by the Kizilirmak River between
the southerly-located Evren Ridge basalt flow and the
northerly-located Karaburna basalt flow during the early
evolutionary stage of the Salanda basin. These observations
satisfactorily reveal that the Karaburna basalt flow arrived
to its present-day location during the middle stage of the
Salanda basin development.

The Tuzkéy and Karniyariktepe basalt flows are located
on terraces T12 and T15 at elevations of 29 m and 5 m,
respectively, above the present-day Kizilirmak River bed
along the southern margin of the Salanda basin (Figures
4 and 6). They are dark gray to black in color, highly
vesicular, and have a lobate structure. They are augite
basalt in composition and made up mostly of pyroxene
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Figure 7. General view of Terrace 4 (T4) and the overlying
Karaburna fissure ridge basalt flows of 1.228 Ma old (p2) (near
the SSW of Karaburna village).

(augite) and plagioclase (oligoclase) phenocrysts set in a
groundmass composed of very small-sized labradorite,
andesine, and volcanic glass (Giileg, 1996). Both basalt
flows were crosscut and displaced in vertical and lateral
directions by the Tuzkoy and Giilsehir faults (Figure 4).

3.2.4. Travertines

The fourth and most significant unit of the Salanda group
comprises the fissure-ridge travertine occurrences. In
general, travertines are being deposited by calcium-
and bicarbonate-rich cold to hot waters coming up and
pouring out of the earth along the fractures. Active faults
are the most suitable paths for the circulation of ground
waters. At relatively deeper parts of the ground, the CO,
content of the ground water is considerably high, and it
makes the water oversaturated in CO, and thus inhibits
both the precipitation of CaCO, and formation of
travertine. In contrast to this, both the CO, and pressure
suddenly release and make the water unsaturated in CO,
when they reach the ground surface, and thus formation
of travertine is initiated. From this point of view, there is
a close relationship between active faults and travertine
occurrences. Travertines have been taken into account to be
one of the significant recorders of the neotectonic activity
throughout the last two decades (Altunel and Hancock,
1993; Altunel, 1996; Hancock et al., 1999; Kogyigit, 2003,
2005; Temiz, 2004; Altunel and Karabacak, 2005; Brogi et
al., 2005; Karabacak, 2007; Mesci et al., 2008). Hancock et
al. (1999) reported the significance of travertine deposits
in the recent tectonic development of a region and then
proposed the term “travitonics” to emphasize the close
relationship between the travertine formation and active
tectonics. There is also a kinematic relationship between
the general trend of the long central axis of the fissure-

ridge travertine and the operation direction of the major
principal stress (01), which controlled the development of
fissure-ridge travertine. In the case of a strike-slip tectonic
regime, the central long axis of the fissure-ridge travertine
is more or less parallel to the operation direction of o1,
but it is perpendicular to the operation direction of o1 in
the case of tensional tectonic regime and related normal
faulting. The study area and the nearby environment are the
type localities for the widespread fissure-ridge travertine
occurrences. However, except for the Kirsehir travertines
exposed in the north and outside the study area, they have
not been studied and documented until now. Fissure-
ridge travertines are well developed and exposed on
both the northern and southern fault-bounded margins
of the Salanda basin (Figure 4). These are, from west to
east, the Kiziltepe (Avcikéy), the Salanda (Giimiiskent),
the Balkaya-Boztepe (Avanos), and the Sarithidir and the
Karadag fissure-ridge travertines (Stations 1, 2, 3, 4, and 5
in Figure 4). The general characteristics of these travertines
are more or less same. Therefore, only two of them (the
Kiziltepe and Sarithidir travertines) will be described in
detail below.

The Kiziltepe travertines are exposed in a 1-km-
wide and 1.5-km-long zone around Kiziltepe between
Avcikoy village in the north and Kizilagil village in the
south-southwest along the northwestern section of the
Salanda Fault Zone (1 in Figure 4). At this locality two
groups of travertines occur: 1) thick-bedded to massive,
highly porous, gently dipping, and relatively older bedded
travertines, and 2) long, curvilinear, and actively growing
fissure-ridge travertines. Bedded travertine overlies with
an angular unconformity the Lutetian Akmezardere
Formation. However, the bottom of the fissure-ridge
travertines is not observed. They display a structural
pattern similar to a doubly plunging anticline with a
curvilinear long central axis, which connects a series of
spring orifices (Figure 8a). The general trend of the long
central axis of the Kiziltepe fissure-ridge travertine ranges
between N10°E and N20°E, i.e. it trends in the NNE
direction and indicates the operation direction of the
major principal stress (01) prevailing in the study area.

The Sarihidir travertines occur in an ENE trending
zone of approximately 0.3-1 km wide and 6.5 km long in
the north of Sarthidir Village (4 in Figures 4 and 8b). They
conformably overlie the Eskiyaylacik formation. However,
the Sarithidir travertines are tectonically juxtaposed
with both the Urgiip group in the south and the Akgcatas
syenitoid in the north by fault segments of the Avanos
Fault Zone (Figure 4). The Sarithidir travertines consist
of two major types: 1) medium- to thick-bedded, gently
dipping, and relatively older bedded travertines, and 2)
actively growing fissure-ridge travertine with a structural
pattern like a long, narrow, and doubly plunging anticline
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Figure 8. a) Close-up view of the Kiziltepe (Avcikdy) fissure-ridge travertine (FR).
The long central axis trends in the NNE direction and runs parallel to the operation
direction of major principal compressive stress (01). b) General view of the Sarthidir
travertines (FR) and its margin-boundary faults. BE, Bozca fault; SF, Sarthidir fault (view
to the north). ¢) Close-up view of the Sarihidir fissure-ridge travertine (FR).

with steeply dipping and faulted limbs (Figure 8c). The
opening amount of central fissure ranges from several
centimeters to 40 cm. It is also normal faulted. The general
trend of the long central axis of the fissure-ridge travertine
ranges between N15°E and N30°E, i.e. it again trends in the
NNE direction and indicates the operation direction of the
major principal stress (01) controlling the development of
the Sarithidir fissure-ridge travertine.

The travertine deposits in the study area have not
been dated radiometrically. However, they must be late
Pleistocene to Holocene in age based on the stratigraphical
relationships among the travertine occurrences,
Quaternary basalt flows, and terrace deposits in the
Salanda basin (Figure 3). In addition, the fissure-ridge
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travertines in the Salanda basin can be correlated with
both the Yaprakhisar (Aksaray) and the Kirsehir fissure-
ridge travertine occurrences (Figure 1b) based on their
occurrence pattern and general trend of the long central
axes and activity (Temiz, 2004; Karabacak, 2007; Temiz
et al., 2009). The nearest and well-developed travertine
occurrences are exposed at the city center of Kirsehir
approximately 20 km northwest but outside the Salanda
basin. The Kirsehir travertines (the Kayabasi and the
Kusdili fissure-ridge travertines) were studied in detail and
dated by using the U-series method. Based on this dating,
the Kayabagi and the Kugdili travertines are 70145-96080
years (late Pleistocene) and 18040-8700 years old (late
Pleistocene-Holocene), respectively (Temiz, 2004; Temiz
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et al., 2009). These authors also reported that the long
central axes of these fissure-ridge travertine occurrences
range from N-S to N30°E in trend, i.e. they also trend
in the NNE direction. As is seen clearly from these data,
both the Kiziltepe and Sarihidir fissure-ridge travertines
fit well with both the Kayabas1 and Kusdili fissure-ridge
travertines in age and general trends of long central axes
of fissure-ridge travertines. It can be concluded that the
operation direction of the major principal stress (ol)
governing the strike-slip neotectonic regime is NNE. This
implies that both Kirsehir and our study area altogether
are under the control of the same tectonic regime and a
compressive stress system. The operation direction (NNE)
of ol obtained from the kinematic relationship between
the strike-slip active tectonics and the general trend of
long central axes of the fissure-ridge travertines is also
proved by the operation direction (approximately N-S) of
ol obtained from the focal mechanism solution diagrams
of recent seismic events sourced from the major active
faults in the eastern central Anatolia (Figure 1b). The
minor difference between these two operation directions
(N-S and NNE) can be attributed to a clockwise rotation,
which is coeval with the development of the fissure-ridge
travertines (Glirsoy et al., 1998; Tatar et al., 2000).

4. Basin structures

The most diagnostic structure in the study area is the
Salanda depression. It is an approximately 1-9 km wide, 66
km long, and WNW (N65°W) trending, very young strike-
slip basin developed on the erosional surface of the Urgiip
group during Quaternary time (Figures 4 and 9). The
Salanda basin is drained by both the Kizilirmak River and
its numerous subbranches flowing towards the depocenter
of the basin. It is bounded by the Salanda master fault
in the north and various discontinuous segments of the
Tuzkdy fault set in the south (Figures 4 and 9). Based on
their ages and origins, the geological structures exposed
in and adjacent to the Salanda basin are classified into
two categories, namely the paleotectonic structures and
the neotectonic structures. Paleotectonic structures are
represented by reverse faults (Figure 10), closed to open
folds that developed in both the Tuzkéy Formation
and the Urgiip group (Figures 4 and 9). These are the
real shortening structures that resulted from different
compressive phases that operated at different times in the
Eocene and Pliocene periods (Figure 2). These compressive
phases were interrupted by several intervening short- to
long-term tensional phases (Figure 2). The last phase of
the tensional tectonic regime prevailed during late Middle
Miocene-Pliocene time. It was accompanied by both the
Central Anatolian volcanism and the contemporaneous
fluviolacustrine sedimentation, which resulted in the
CAVP and its major unit (the Urgiip group). Starting from
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Figure 9. Geological cross-sections illustrating the outline of
the Salanda strike-slip basin and the deformed pattern (folded
pattern) of the paleotectonic units.
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Figure 10. Sketched geological cross-section showing the reverse fault contact between the Akgatas granitoid-
syenitoid and the Lutetian Akmezardere Formation (Ta), which is cut and displaced by the several fault segments

that form the Salanda Fault Zone.

the early Quaternary onward, this last phase of tensional
tectonic regime was interrupted again and then replaced
by the strike-slip neotectonic regime. It resulted in the
Salanda strike-slip basin and afterwards the settling of the
Kizilirmak River into it. During this strike-slip neotectonic
regime, on one side, some older structures inherited from
the pre-Quaternary paleotectonic period (e.g., the Salanda
master fault) have been reactivated, and on the other
side, new faults constituting both the Salanda and Avanos
Fault Zones were formed (Figures 4 and 9). The detailed
description of the older paleotectonic structures is beyond
the scope of the present paper. However, reactivated older
faults and the neotectonic structures are explained below.

4.1. Neotectonic structures

The existence of a very young basin and its northern
margin-boundary fault (Salanda master fault) was first
identified and reported by Kogyigit (1984). Later on, a
broader area, which also includes the Salanda basin, was
interpreted and reported as a “graben” by Toprak (1994).
He also interpreted its margin-boundary structures as
normal faults. These studies were followed by several
others (Atabey, 1998a, 1998b; Dhont et al., 1998; Froger
et al., 1998). Atabey (1998a, 1998b) mapped a fault with
a northward convex pattern in the area between Karadag
in the southeast and historical Kesikkoprii in the west and
then interpreted it as a normal fault. Later on, the same
structure was renamed as the “Gumiiskent Fault” and then
it was combined with the N-S trending Derinkuyu Fault
by Dhont et al. (1998). Lastly, these authors interpreted
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these two faults together with the NW trending “Salt
Lake Fault” as the west-southwestward gently dipping and
spoon-shaped tensional detachment faults. In contrast to
the idea of these authors, our recent field data (the trace
and dip amount of faults, ratio of the throw amount to
the lateral offset, and the style of faulting) strongly imply
strike-slip faulting and related pull-apart basin formation,
not normal faulting and graben.

4.1.1. Salanda Fault Zone

This is a zone of active deformation approximately 5-19
km wide, 180 km long, and WNW (N75°-80°W) trending
located between Bala district in the northwest (outside the
study area) and Avanos district in the southeast (Figures
1b and 4). Its 65-km-long southeastern section (the
historical Kesikkoprii Bridge-Avanos section) is included
in the study area (Figure 4). The Salanda Fault Zone
appears around the town of Afgar in the near south of Bala
district in the northwest and then runs southeastward
for 12 km in distance up to the near south of Kesikkdprii
town, where it intersects with the NNE trending Konya-
Altinekin oblique-slip normal fault zone (Figure 1b).
Starting from this area of intersection, it continues along
the Kizilirmak River Valley in the same trend up to the
historical Kesikkoprii Bridge, where it enters the study
area. Hereafter, the Salanda Fault Zone runs towards the
ESE for about 65 km in distance, intersects with the ENE
trending Avanos Fault Zone, and then terminates there
(Figure 4). In general, the Salanda Fault Zone consists of
numerous short to long (1.6-23 km) and closely-spaced
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(0.2-3 km) structural fault segments and fault sets. Most of
them trend in the WNW direction while a limited number
of fault segments trend in N-NE and E-W directions,
respectively. The most significant single faults and the
fault sets forming the Salanda Fault Zone are the Salanda,
Yiiriicek, and Hirkadag single faults and the Tuzkdy to
Karadag fault sets (Figure 4).

The Salanda single fault is the master structure of the
Salanda Fault Zone. It is the most outstanding structure
inherited from the paleotectonic period. It determines and
controls the north-northeastern margin of the Salanda
basin. The Salanda master fault appears approximately 1
km north of the Avanos district at the southeast tip of the
Salanda basin and then runs in a NW trend for about 15
km in distance up to the Kizil6z Stream, where it is crosscut
and offset sinistrally for about 4.2 km by the NE trending
Yesiloz fault (Figure 4). The Salanda master fault reappears
in the west of Yesiloz village and then continues in a WNW
trend for about 10 km in distance up to Agralimin Hill,
where it jumps towards the north by about 2 km. Hereafter,
it follows the same trend in the west-northwest direction
up to the near east-southeast of the Avcikéy settlement,
where it bifurcates into four subbranches and then exits the
study area at the northwest tip of the Salanda basin (Figure
4). Both the paleotectonic rock assemblages (metamorphic
rocks of the Kirsehir Massif, Akgatas granitoid-syenitoid,
Lutetian Akmezardere Formation) and the Quaternary
neotectonic basin fill (Eskiyaylacik formation, Karaburna
olivine basalt and travertine occurrences) are crosscut,
displaced in both vertical to right lateral directions, and
then tectonically juxtaposed to each other by the Salanda

master fault (Figure 4). For example, the contact between
the Lutetian Akmezardere Formation and the Karaburna
basalt flow of 1.228 Ma old is cut and displaced up to 5 km
in the right lateral direction by the Salanda master fault
(X-X in Figure 4). In the same way, the Karaburna basalt
flow is also cut and displaced up to 43 m in the vertical
direction by the Salanda master fault (Z in Figure 4).
Thus, the ratio of the throw amount (43 m) to the lateral
offset (5 km) accumulated on the master fault during
the last 1228 ka strongly reveals that the Salanda master
fault is of a strike-slip character rather than of a normal
fault nature. A sudden break in slope, triangular facets
deflected to offset streams, intensely crushed brecciated
and sheared fault rocks, secondary calcite mineral growth,
and the well-developed to preserved slickenside with
superimposed sets of slickenlines (Figure 11a) are the most
diagnostic morphotectonic and fault plane-related criteria
that indicate the existence and the strike-slip nature of
the Salanda master fault. The Salanda master fault was
originally a normal fault. It controlled the sedimentation
and accumulation of the Urgiip group during the late
Middle Miocene-Pliocene. This is proven by the kinematic
analysis of the slip-plane data (Figure 11b) measured
on slickenside at station S-1 (S-1 in Figure 4). However,
it was reactivated as a dextral strike-slip fault during
the Quaternary neotectonic period. This is indicated by
both the slickensides with the overprinted sets of nearly
horizontal slickenlines and the actively growing fissure-
ridge travertine occurrences (Kiziltepe, Salanda, and
Balkaya-Boztepe fissure-ridge travertines) aligned parallel
to the trace of the Salanda master fault (Figures 8a-8c).

Figure 11. a) Close-up view of the Salanda master fault slickenside at station 1 (S-1 in Figure 1). b) Stereographic plot of
slip-plane data on the Schmidt lower hemisphere net (large diverging black arrows show local extension direction during

the extensional paleotectonic period).
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Their long central fissures trend between N10°E and
N30°E and run parallel to the local operation direction
of the major principal compressive stress (o1). This result
also fits well with the regional operation direction of ol
obtained from the focal mechanism solution diagrams
of destructive earthquakes that occurred in East Central
Anatolia (Figure 1b). As a matter of fact, both the Afsar
and Bala fault segments, which form the northwest tip
of the Salanda Fault Zone in the further northwest, were
activated and caused the 31 July 2005 and 23 December
2007 earthquakes of Ml = 5.2 and 5.6, respectively
(Kogyigit, 2009; Tan et al., 2010). Their focal mechanism
solution diagrams show that the operation direction of
the major compressive stress (01) is approximately N-S
(Figure 1b). However, the rest of the longer eastern part
of the Salanda Fault Zone is still of the nature of a seismic
gap.

Another significant structure forming the Salanda
Fault Zone is the Yiiriicek fault. It is a NW trending
strike-slip fault of 20 km long located at the northwestern
tip of the Salanda basin. The Akgcatas granitoids of late
Maastrichtian-early Paleocene age and the Lutetian
Akmezardere Formation are crosscut, displaced in vertical
and lateral directions, and then tectonically juxtaposed
with the Holocene alluvial sediments by the Yiiriicek fault
(Figure 12a). The intensely crushed to brecciated fault
rocks and tectonic juxtaposition of older and younger units
along the linear fault trace are common morphotectonic
criteria for recognition of this fault. The Yiiriicek fault also
displays a well-preserved slickenside (Figure 12b) with a
set of nearly horizontal slip-lines on the granitoid in places
(S-21in Figure 4). They indicate a dextral strike-slip faulting
with a considerable amount of dip-slip component.

The Hirkadag fault is a dextral strike-slip fault that is
approximately 25 km long, WNW trending, and northerly
steeply dipping. It is located in the area between the
Coglu settlement in the northwest and the NE trending
Yesiloz fault in the southeast (Figure 4). It determines
the north-northeastern foot of the Hirkadag structural
high or pressure ridge. Both the older basement rocks
(metamorphic rocks of the Kirsehir Massif and the Upper
Maastrichtian-Lower ~Paleocene Akgatas granitoid-
syenitoid) and their Lutetian to Middle Miocene cover
sequences (the Akmezardere and the Tuzkéy formations)
are crosscut and displaced up to 3.4 km in right lateral
directions by the Hirkadag fault (Y-Y in Figure 4).

Apart from these three northern margin-boundary
single faults, there are also some other single faults, such
as the Yiiksekli and Avanos faults, developed inside the
basin (Figure 4). These are the closely spaced, diversely
sized (ranges from outcrop scale to several kilometers in
length), and WNW trending strike-slip fault segments. A
sudden break in slope and uplifted and fault-suspended
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Quaternary terraces are diagnostic morphotectonic
evidence of these fault segments. In the area between the
Yesilli and Hacilar settlements, one of the terrace deposits
of late Pleistocene age (T8 in Figure 6) is sheared by these
two fault segments. Their compressive effect on the terrace
deposits was recorded as three outcrop-scale reverse faults
(Figure 13a). The 22-km-long Yiiksekli and the 16-km-
long Avanos faults are the longest segments formed inside
the basin. Both older rocks (the Tuzkdy Formation and the
Urgiip group) and the Quaternary neotectonic basin fill
are crosscut and tectonically juxtaposed to each other by
the Yiiksekli and Avanos faults (Figures 4 and 9).

4.1.2. Tuzkdy fault set

A series of closely spaced, diversely sized (1.6-19 km long),
WNW to E-W trending and northerly steeply dipping to
subvertical fault segments occur in a zone of deformation
along the south-southeast margin of the Salanda basin
(Figures 4 and 9). This fault zone segment is here termed the
Tuzkoy fault set. It determines and controls the southern
margin of the Salanda basin in the area between near to
the south of the Avanos district in the east and Karabogaz
village in the northwest (Figure 4). The Tuzkdy Formation,
the Urgiip group, and various lithofacies of the Quaternary
basin fill are crosscut, displaced in both vertical and lateral
directions, and tectonically juxtaposed to each other by
fault segments of the Tuzkoy fault set (Figure 4). A series
of fan-delta deposits occur at the foot of the Tuzkdy fault
set. Their original triangular shapes have been degraded,
flattened, and aligned parallel to the general trend of the
fault segments due to the motion along the active fault
segments. In addition, a series of outcrop-scale reverse
faults have developed owing to the compressive effect of
the strike-slip faulting that occurred inside the Tuzkéy fault
set in the near northwest of the Giilsehir district located at
the southeastern margin of the Salanda strike-slip basin
(S-3 in Figure 4). One of these outcrop-scale reverse faults
cuts across the underlying folded Urgiip group and the
unconformably overlying Quaternary basin fill (both the
T15 terrace deposits and the overlying 96,000-year-old
Karniyariktepe basalt) and then displaces them up to 20
m in a vertical direction (Figure 13b). Consequently, the
flattened fan-deltas, uplifted and fault-suspended terraces,
tectonic juxtaposition of Holocene alluvial sediments
with older lithofacies, the fault deflected to a controlled
drainage system such as the Kizilirmak River, and the very
young (late Pleistocene) outcrop-scale reverse faults are
diagnostic morphotectonic to fault plane-related criteria
that indicate both the existence and activeness of some
fault segments constituting the Tuzkdy fault set.

4.1.3. Karadag fault set

Seven closely spaced and diversely sized (2-11 km)
fault segments are exposed around Karadag Hill at the
southeastern margin of the Salanda basin (Figure 4). These
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Figure 12. a) General view of the Yiriicek fault (F-F) (near east of the historical
Kesikkoprii bridge, view to N). b) Close-up view of the Yiiriicek fault slickenside on the

granitoid at station 2 (S-2 in Figure 4).

fault segments were previously mapped and named as the
Karadag Fault Set and then interpreted to be a normal
fault by Toprak (1994). The same name is preserved in the
present paper. Three of these fault segments, located on
the northern side of the hill, trend WNW and dip steeply
towards the north-northeast while the other four segments
located at the southern side of the hill trend ENE and dip
towards the south. These seven fault segments intersect
with each other at the eastern foot of the Karadag Hill
and display a horse tail-like structural pattern. Indeed the
northern three segments are parallel to the general trend
of the Salanda Fault Zone to which they belong, whereas
the southern fault segments are included in the Avanos
Fault Zone (Figure 4). All these fault segments are crossed
and displaced up to 4 km in the right lateral direction by
the WNW trending fault included in the Salanda Fault
Zone (Figure 4). One of the southerly dipping four fault
segments (Sulusaray Fault) is exposed near the peak of the
hill. It displays a well-developed and preserved slickenside

(S-4 in Figure 4 and Figure 14a). Their kinematic analysis
reveals that this fault segment was originally a normal fault
(Figure 14b). However, all of the fault segments forming
the Karadag fault set were originally the same in age,
and then they were reactivated all together as strike-slip
faults during the Quaternary neotectonic period. This
is evidenced by the actively growing Karadag fissure-
ridge travertine occurrence offset in both the dextral and
sinistral directions by the conjugate fracture system filled
by volcanic clast-rich travertine.

4.1.4. Avanos Fault Zone

This is the second major structure exposing in and near
the northeast and also outside the study area. Indeed, it is
one of the active sinistral strike-slip fault zones forming
the Central Anatolian Fault System (Kogyigit and Beyhan,
1998). The Avanos Fault Zone is a approximately 6-9
km wide, 98 km long, and ENE to NE trending, a zone
of deformation located between Avanos in the southwest
and Lake Tuzla (outside the study area) in the northeast
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Figure 13. a) Close-up view of the outcrop-scaled reverse faults (RF) cutting across
the terrace deposits (T8) in Yesilli village. b) General view of the mapable reverse
fault (RF) at station 3 (S-3 in Figure 4), which cuts both the Upper Middle Miocene-
Pliocene Urgiip group (Tu), the unconformably overlying modern basin fill (T13), and
Karniyariktepe fissure basalt flow (B-4) and displaces them up to 20 m in a dip-slip
direction (X-X’). GF: Normal type of growth fault developed in the older Urgiip group.

(Figure 1b). Both the Salanda and Avanos Fault Zones
intersect each other at the southeastern tip of the Salanda
basin and control it (Figure 4). The Avanos Fault Zone
begins to appear as several fault segments exposed at the
southern side of the Karadag Hill in the southwest and
then continues in the ENE direction along the Kizilirmak
River Valley up to the near north of Lake Tuzla, where it
joins with the master fault of the Central Anatolian fault
system and then terminates (Figures 1b, 4, and 15). As a
natural response to the weakness and motion of the Avanos
Fault Zone, the Kizilirmak River has incised deeply into
its bed, resulting in a narrow gorge at the elevation of 975
m below the peak elevation of 1500 m of the surrounding
mountains such as Kocadag and Allidag (Figure 15). Only
the 35-km-long southwestern section (Kocadag-Karadag
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section) of the Avanos Fault Zone is included in the study
area (Figures 4 and 15). It consists of numerous short to
long (2-30 km), closely to medium-spaced (0.5-4 km) and
predominantly ENE trending but also NW to N-S trending
fault segments. The common criteria used to recognize
the fault segments forming the Avanos Fault Zone are
a sudden break in slope; triangular facets; intensely
crushed to brecciated fault rocks; tectonic juxtaposition
of older rocks with the Quaternary neotectonic basin
fill; offset formation boundaries; uplifted, dissected, and
fault-suspended terrace deposits; fault-parallel aligned
hot water springs; fissure-ridge travertine occurrences
(Sarthidir, Bayramhacili, and Tekgoz thermals and
travertines); the deflected to offset drainage system; and
the eruption center of the Quaternary olivine basalt. The
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Figure 14. a) Close-up view of the Karadag fault slickenside at station 1 (S-4 in Figure 4). b) Stereographic plot of slip-
plane data on the Schmidt lower hemisphere net (large diverging black arrows indicate local extension direction in the

extensional paleotectonic period).

major segments forming the Kocadag-Karadag section of
the Avanos Fault Zone are, from north to south, the Bozca,
Sarihidir, Esebagi, Kiillii,, Cavusin. and Karahiiyiik faults
(Figures 4 and 15).

The Bozca and Karahidir faults are the northern
margin-boundary faults of the Salanda basin. They are
more or less similar in length (30 km) and trend in the
NE direction. In the area between the Tekgoz thermals
in the northeast and the Avanos district in the southwest,
various older rocks and neotectonic basin fill are crosscut
and displaced in both vertical and lateral directions and
tectonically juxtaposed to each other by these two faults
(Figures 4 and 15). Particularly, in the south of Yuvali
village, the boundary between the Middle Miocene
basaltic volcanics and younger Urgiip group is cut and
displaced (up to 9 km) in the left lateral direction by the
Sarthidir fault (Figure 15). In addition, the Sarithidir fault
also determines and controls the northern outline of the
Kizilirmak River flood plain.

The Killii and Esebag: faults occur as two separate
segments of 15 km and 11 km in length, respectively, inside
the basin. They are northerly steeply dipping sinistral
strike slip faults located between the Tekgoz thermal area
in the northeast and Avanos in the southwest (Figures 4
and 15). They determine and control the southern outline
of the Kizilirmak River floodplain. The older Urgiip group,
the Quaternary terraces, fan-delta deposits, and recent
alluvial sediments are crosscut, displaced in both vertical

to lateral directions, and tectonically juxtaposed to each
other by these two faults.

In the near south-southeast of Bozdag, the Kocadag
fault, which is the master fault of the Avanos Fault Zone,
bifurcates into two subbranches and results in a highland
(Sofular pressure ridge) bounded by them. They are here
termed as the Cavusin and Karahiiyiikk faults (Figure
15). They determine and control the southern margin of
the Salanda basin. Both the Cavusin and the Karahiiyiik
faults run in a WSW direction for about 26 and 24 km in
distance, respectively, up to the Cavusin settlement, where
they are cut and displaced for about 4 km in the right lateral
direction by a WNW trending fault segment included in
the Salanda Fault Zone. Lastly, they rebifurcate into four
fault segments and then form the Karadag fault set located
further southwest (Figure 4). Various lithofacies of the
Urgiip group of late Middle Miocene-Pliocene age and the
Quaternary terrace deposits exposed at the southern side
of the Kizilirmak River gorge are crosscut, displaced in
vertical and lateral directions, and tectonically juxtaposed
to each other by both the Cavusin and Karahiiytik faults. A
sudden break in slope amount, triangular facets, deflected
to offset drainage system, crushed to sheared strips of
rocks, fault-parallel pressure ridges (e.g., the Sofular
and Karakaya pressure ridges), and the slickenside with
the overprinted sets of slip-lines are the most common
morphotectonic and fault plane-related criteria observed
and used to recognize these two faults.
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Figure 15. Geological map of the Kocadag-Sofular section

5. Discussion and evolutionary history of Salanda basin
In the west of Cyprus, a NNE-directed slow subduction
between the Anatolian platelet and the African plate is still
active (Robertson and Grasso, 1995). In contrast to this, in
the east of Cyprus, the northward motion of the Arabian
Plate with respect to the African Plate was restricted by
the late Middle Miocene terminal suturing of the Arabian
Plate with the Eurasian Plate until the late early Pliocene
(Hempton, 1987; Kogyigit and Beyhan, 1998; Kogyigit et
al.,2001). During this time interval, this region experienced
a long-term postcollisional continental convergence and
related strain (McKenzie, 1969). Accordingly, in the same
time slice, a widespread calc-alkaline volcanic activity and
fluviolacustrine sedimentation occurred in the Central
Anatolia (Ercan, 1986; Notsu et al., 1995). They resulted

412

of the Avanos Fault Zone.

in a thick pile of volcanosedimentary sequence termed as
the Urgiip group in the present paper. The Urgiip group
is the main and widespread paleotectonic rock unit of
the CAVP. It is penetrated by several stratovolcanoes
and numerous monogenetic centers (basaltic to felsic
maars, cinder cones, and silicic domes) that originated
from the Central Anatolian Volcanic Arc (Pasquare et al.,
1988; Toprak, 1998, Kogyigit and Erol, 2001). However,
during the Quaternary, several large andesitic-basaltic
stratovolcanoes including a number of monogenetic
igneous centers in the nature of fissure eruptions
developed. They strongly reveal both an inversion in the
nature of magmatic activity and the onset of a new tectonic
regime in the Cappadocia region (Keller, 1974; Pasquare
et al,, 1988). The CAVP was originally a NE-SW trending
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continuous depression bounded and controlled by a series
of ENE trending normal faults during the late Middle
Miocene-Pliocene paleotectonic period (Pasquare et al.,
1988). One of the major extensional structures that took
part in the development of the CAVP is the Salanda master
fault. Indeed, it was an originally oblique-slip normal fault
during the paleotectonic period. This is evidenced by the
fault slickensides and the kinematic analysis of slip-plane
data measured on them (Figures 11 and 14). This kinematic
analysis also reveals that the extension was operating in
the NW-SE direction during the late Middle Miocene-
Pliocene paleotectonic period. However, the Salanda
master fault was rotated into its present-day position
and then reactivated as the strike-slip fault during the
Quaternary neotectonic period (Figure 16) (Giirsoy et al.,
1998; Platzman et al., 1998; Tatar et al., 2000). Even if some
previous studies (Toprak and Gonciioglu, 1993; Toprak,
1994, 1996; Koksal and Goénciioglu, 1997; Dhont et al,,
1998; Dirik et al., 1999; Dirik, 2001; Ozsayin et al., 2013)
reported that this tensional tectonic regime is continuous
from the late Middle Miocene to recent time, this is not
true because it was interrupted and replaced by a strike-
slip neotectonic regime at the end of the latest Pliocene
or more probably the early Quaternary (Figure 16). This
is evidenced by a series of field data: 1) the regional
angular unconformity between the underlying deformed
paleotectonic fill of late Middle Miocene-Pliocene age and
the overlying nondeformed neotectonic fill of Quaternary
age; 2) some fault segments forming the Salanda Fault
Zone display fault slickensides with two sets of overprinted
slip-lines where the younger set is a strike-slip in origin
(Figure 12b); 3) a series of well-developed fissure-ridge
type of travertines with the long central axes trending in
the NNE and running parallel to the operation direction
of the major principal compressive stress (ol) in the
CAVP; 4) the northwestern section (the Bala section) of
the Salanda Fault Zone was reactivated and resulted in two
recent earthquakes (the 31 June 2005 and 20 December
2007 Bala earthquakes), whose focal mechanism solution
diagrams (Kogyigit, 2009; Tan et al., 2010) reveal a strike-
slip tectonic regime, in which the o1 is also operating in an
approximately N-S direction (Figure 1b); 5) the occurrence
of three sets of intersecting systematic fractures, which
cut across the actively growing Karadag travertine and
offset each other in both dextral and sinistral directions,
revealing the existence of a strike-slip tectonic regime in
the region; 6) a widespread occurrence of the outcrop-
scaled and mappable reverse faults that cut and displaced
both the older Urgiip group rocks and the overlying
Quaternary basin fill (terrace deposits and basalt flows )
up to 20 m; 7) both the stratigraphical and geographical
markers, such as the formation boundaries and drainage
system, are offset up to 5 and 9 km in dextral and sinistral

directions, respectively; and 8) the total throw amount
accumulated on the southern margin-boundary faults of
the Salanda basin is approximately 178 m, which is small
compared with the total amount of dextral strike-slip
displacement (5 km) accumulated on the Salanda Fault
Zone. Consequently, on one hand, early-formed tensional
structures have been reactivated as strike-slip faults, and
on the other hand, some new faults, such as the Avanos
Fault Zone and the Tuzkoy fault set (Figures 15 and 16)
have formed. Thus, starting from the early Quaternary
onwards, the CAVP began to experience a strike-slip
tectonic regime, and then it was divided into several
strike-slip basins of dissimilar size and origin (Figure 16).
One of the well-developed examples of these depressions
is the Salanda strike-slip basin. It was previously reported
as a graben bounded by normal faults (Toprak, 1994). In
contrast, it is approximately 1-9 km wide, 66 km long, and
WNW (N65°W) trending, a lenticular strike-slip basin
located between the historical Kesikkoprii in the west
and the Sarithidir settlement in the east. It is drained by
the longest (1355 km) antecedent drainage system, the
Kizilirmak River, in Turkey (Figure 4).

The Salanda basin began to develop on a regional late
Pliocene erosional surface underlain by the deformed
(folded) Urgiip group in the northern section of the CAVP
under the control of a strike-slip neotectonic regime
dominated by both the Salanda and Avanos Fault Zones
(Figure 16). The oldest sedimentary pile accumulated in
the Salanda strike-slip basin is the Eskiyaylacik formation.
It is a fluvial sedimentary sequence deposited in a setting of
alluvial fan by a drainage system with both southerly and
northerly located transverse tributaries. The Eskiyaylacik
formation is nearly flat-lying (nondeformed) and overlies
with an angular unconformity the whole of the deformed
(folded to faulted) rocks of pre-Quaternary age at the
bottom, and then it is succeeded conformably by the
alternation of terrace deposits and basalt flows (Figures 3
and 5b). The oldest terrace deposit (T1 in Figure 6) occurs
at an elevation of 160 m above the current bed of the
Kizilirmak River along the southern margin of the Salanda
basin and is capped and fossilized by the Evren Ridge
basalt flow, 1.989 Ma old, while the other terraces (T2 and
T4 in Figure 8a) are exposed at elevations of 138 m, 130
m, and 120 m, respectively, along the northern margin
and capped by the Karaburna basalt flows of 1.228 Ma old.
Thus, both the Eskiyaylacik formation and the overlying
oldest terrace (T1) must be at least an approximately 2 Ma
in age or a little older. The basalt flows were poured out of
the earth’s surface as fissure-ridge eruptions from centers
located on both the southern and northern margins of
the Salanda basin (Figure 4). These data strongly reveal
that the Kizilirmak River had just settled into the Salanda
basin during the Early Quaternary (~2.6 Ma BP) and then
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Kizilirmak River

I:I valley floor

@ fissure-ridge travertine
I:I basalt flows

I:I terrace deposits
I:I Eskiyaylacik formation

~~— angular unconformity
-- Urgiip group (cover rock)
[2—="1 (L. Mid. Miocene-Pliocene)
—~_~_ angular unconformity

Salanda group (Quaternary)

basement rocks
(pre- L. Mid. Miocene)

Paleotéctonic
units

Figure 16. A summary sketched block diagram depicting the evolutionary history of the Salanda pull-apart basin (large
converging bold arrows indicate operation direction of principal compressive stress in the study area).

it was followed by basaltic fissure eruptions related to the
margin-boundary faults (Dogan, 2011). The modern basin
fill continues upward with a series of terraces (T5 through
T15) and intervening several basaltic flows (the Tuzkéy
basalt flow, 404 ka years old, and the Karniyariktepe basalt
flow, 96 ka years old) capped by fissure-ridge travertine
occurrences at the topmost (Figure 3). The T15 and the
Karniyariktepe basaltic flow are the youngest terrace
deposit and lava flow respectively observed at the southern
margin of the Salanda strike-slip basin (Figures 4 and 6).
Their contact is exposed at an elevation of 4.5 m above
the current bed of the Kizilirmak River. The maximum
relief between the oldest (T1) and the present valley floor
is about 160 m and this value corresponds to the total
vertical incision of the Kizilirmak drainage system as a
natural response to the tectonic uplift until the present
time. In addition, both the underlying older Urgiip group
and the overlying modern basin fill (the T13 and the
Karniyariktepe basalt flow) are cut and displaced (up to
20 m) by a mappable reverse fault that resulted from the
strike-slip complexity along the southern margin (S-3 in
Figure 4). This observation indicates that the strike-slip
faulting was also operating during the late Pleistocene.
The topmost part of the modern basin fill consists mostly
of fissure-ridge travertines of late Pleistocene-Holocene
age (Temiz et al., 2009). They grade into coarser-grained
alluvial fans and fan-apron deposits in both lateral and
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vertical directions and have a mean central axis trending
in the NNE direction. Fissure-ridge travertines are also
strike-slip faulting-induced extensional structures and
their long central axes run more or less parallel to the
operation direction of the major principal compressive
stress (01), which controlled their development. This is also
proven by the focal mechanism solution diagrams of the
18 April 1938 Akpinar (Kirsehir), the 31 June 2005 and 20
December 2007 Bala, and the 1 January 2016 Hacidurakli
(Cigekdag1-Kirsehir) earthquakes (Tan et al., 2010; USGS,
2016) (Figure 1b), i.e. the Salanda basin is actively growing
under the control of a strike-slip neotectonic regime, not
a tensional tectonic regime as reported in some previous
works (Toprak and Gonctioglu, 1993; Toprak, 1994, 1996;
Koksal and Gonciioglu, 1997; Dhont et al., 1998; Dirik et
al., 1999; Dirik, 2001; Ozsayin et al., 2013)

6. Conclusions

Based on both data presented in the previous sections
and the discussions carried out just above, we draw the
following conclusions: 1) triangular-shaped Central
Anatolia, which includes both the CAVP and the study
area (the Salanda strike-slip basin), was under the control
of a tensional tectonic regime (last paleotectonic regime)
until the end of late Pliocene; (2) starting from the early
Quaternary (~2.6 Ma BP) onwards, the last tensional
tectonic regime and related faults were replaced by a
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strike-slip neotectonic regime and related structures; 3)
the major principal compressive stress (o1) is operating
in an approximately NNE direction as indicated by
both the fissure-ridge travertines and focal mechanism
solutions of earthquakes that occurred in Central
Anatolia; 4) the CAVP was crosscut and dissected into
several depressions as a natural response to the strike-
slip neotectonic regime; 5) one of these depressions is
the Salanda strike-slip basin, 6) which is not a graben
but in fact is a lenticular strike-slip basin located in the
northern section of the CAVP; 7) in the present this basin
continues to develop under the control of a strike-slip
neotectonic regime based on both the stratigraphical
data (the regional angular unconformity between older
and modern basin fill) and the structural data such as the
fissure-ridge travertines, basaltic flows of fissure eruption’s
origin, outcrop-scaled to mappable reverse faults cutting
across the older to modern basin fills, the earthquakes of
strike-slip faulting origin, and the very small (~0.03) ratio
of throw amount (178 m) to the dextral strike-slip offset
(5 km) accumulated on the master faults; 8) the oldest
rock unit of the modern basin fill accumulated in the
Salanda basin represents a fluvial sequence (Eskiyaylacik
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