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ABSTRACT: The Konya fault zone is a northeast-southwest trending, east-dipping normal slip fault in
the western part of the Konya city, extending for about 65 km from the east of Hatunsaray
northeastward to the east of Dogudag. The fault zone includes subparallel branching faults that lie
within a linear belt, as much as 5 km in width. Study of exposures in a road-cut across the fault zone
demonstrates recurrent Quaternary faulting. Three events have been identified but not yet dated.
Evidence of prehistoric events includes development of cracks and veins in the sedimentary units, faults
that are covered by sediments that accumulated after the faults slipped and sedimentary units and their
faulted relationship. The area where the fault is exposed is characterized by a unique set of stratigrafic
and geomorphic relationships that may document the late Pleistocene and Holocene movement of the
Konya fault zone.
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Konya Fay Zonu

OZET: Konya fay zonu, Konya batisinda kuzeydogu-giineybati uzanimli, doguya egimli, egim atiml
normal faylar ile temsil edilir. Fay zonu yaklagik 65 km uzunluga sahip olup, Hatunsaray dogusundan
baslayarak kuzeydoguya Dogudag dogusuna dogru uzanir. Fay zonu 5 km genisliginde bir takim
siireksiz, birbirlerine az ¢ok paralel faylardan olusmaktadir. Fay zonu iginde yer alan bir yol
yarmasindaki yiizleklerin incelenmesi sonucunda fay zonunun tekrarlanan Kuvaterner yapilarini
sergiledigi goriilmiistiir. Burada heniiz yaslandirilamayan {i¢ sismik olay belirlenmistir. Kuvaterner
birimleri iginde goriilen yarik ve ¢camur dayklari, faylarin faylanmadan sonra ¢tkelen sedimanlarca
ortiilmesi ve faylanmis sedimanter birimler ve iligkileri s6z konusu sismik olaylarin tarih Gncesi
delillerini olustururlar. Fayin yiizeyledigi yerler, fay zonunun Pleyistosen ve Holosen aktivitesini
belgeleyen stratigrafik ve morfolojik iliskilerle karekterize olunmaktadir.

Anahtar kelimeler: Konya Fay Zonu, egim atimli normal fay, neotektonik.

INTRUDUCTION distance of about 65 km from east of Hatunsaray

in the south to the eastern end of Dogudag in the

The western part of the Konya city is
determined by the long linear northeast-trending
ridges. These ridges consist of different rock
units of Silurian to lower Pliocene age. The east
of these ridges forms the part of the Konya
depression. This part of the depression is filled
with upper
fluviolacustrine  and

Miocene-lower Pliocene
Quaternary
sediments. The Konya fault zone trends through
the eastern front of the ridges and then enters the

Konya basin in the northeast. It extends a

alluvial

north (Figure 1, 2).

The Konya fault zone is well-expressed
geomorphically as a set of discontinuous zone of
surface  faulting represented by offset
Quaternary deposits and young-looking fault
features such as scarps, deflected streams, linear
ridges and lines of springs. The fault zone
comprises a set of northeast-trending faults.
Although previous workers (Kogyigit, 1984;
Ozcan et al., 1990, Kogyigit et al., 2000) depicted
the zone as single through going fault, in this
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study it is first time called as the “Konya fault
zone” due to the lack of continuity of any single
fracture through the whole length of the zone.
The dominant structural element in the Konya
region is dip-slip faults that are responsible for
the neotectonics and present-day physiography.
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Figure 1. Index map showing the location of the
study area.
Sekil 1. Inceleme alaninin yer bulduru haritas.

The late Cenozoic tectonic history of the western
part of Konya is marked by several periods of
different faulting styles that were initiated in the
beginning of late Miocene. Prior to this time, the
region had low relief and served as a sediment
source for the former Konya Lake (Roberts,
1983). This low-relief surface was disrupted
during late Miocene to early Pliocene and
Quaternary time interval by normal faulting that
was probably related to interplate extension
(Sengodr, 1980; Kogyigit, 1984, Toprak and
Gonctioglu, 1993; Kogyigit and Beyhan, 1998,
Kogyigit etal., 2000).

Concerning the earthquake activity of
Turkey, the Konya region takes place in the
fourth degree earthquake zone based on
earthquake risk (Ministry of Public Works and
Improvements, 1986). In order to understand the
earthquake potential of the Konya region, it is
important that the Quaternary paleoseismicity of
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the area be well defined. Regional and site
specific studies of the Konya fault zone may help
to describe the tectonic history of the region.
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1

Figure 2. Map of topographic and geomorphic
features along the Konya Fault Zone KM:
Chromium-magnesite facility.

Sekil 2. Konya fay zonunun topografik ve
neotektonik haritasi. KM: Krom manyezit fabrikasi.

The Konya fault zone lies within the low
foothills and the Konya depression. The western
part of the Konya depression and the
surrounding low foothills of the region represent
a significant portion of the undeveloped land
remaining in Konya city, and as such are on the
fringe of rapid urban  development.
Consequently, the land in this part of the city is
receiving very high development pressure from
residential interest.

We have conducted detailed studies of the
Konya fault zone. The research has been
specially concentrated at one specific site,
Interstate Road-696 road-cut site southwest of
the chromium-magnesite facility (Figure 2). This
site is an ideal geologic location to study the
Quaternary history of the fault activity due to
the young sedimentary units that are well
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preserved in the area. The aim of this paper is to
locate the trace of the fault zone accurately,
establish the style of faulting and determine the
activity of the Konya Fault Zone.

GEOLOGICAL SETTING

The Konya area is located within the
Bolkardag1 unit (Ozgiil, 1976) of Taurides. This
geologically complex province is characterized
by diverse geologic conditions. Rock units found
in and adjacent to the Konya fault zone include
undifferentiated metamorphic rock bodies of
Silurian-Mesozoic age, the upper Permian
Kiziléren Formation, the upper Triassic-lower
Cretaceous Lorasdag1 Formation, the Triassic (?)-
Paleocene Hatip Ophiolitic Complex, the
Mesozoic Cayirbagr Ophiolite, the upper
Miocene-lower Pliocene Sille, Ulumuhsine, and
Kiglikmuhsine  Formations and  Sulutas
Volcanics, the lower Pliocene Yiriikler
Formation, as well as the Quaternary older and
younger alluvium (Figure 3). The Silurian-
Mesozoic low grade metamorphic rocks are
exposed northwest of the study area and
composed  of flyschoid
metaclastics, and metaclastic-metacarbonate
alternation. The upper Permian Kiziloren
Formation (Goger and Kiral, 1969) is exposed
west and northwest of the fault zone. It consists
of gray to black, generally massif, brecciodal, in
places thinly to moderately bedded, laminated

metacarbonates,

and bituminous limestone. The Kiziloren
Formation is conformably overlain by the
Lorasdagi Formation (Ozcan et al. 1988). The
formation is composed of gray recrystallized
limestone, dolomitized limestone and dolomite
interbedded with chert. These formations are
tectonically overlain by the Hatip Ophiolotic
Complex (Ozcan et al. 1988) occurring on the
southwestern terminus of the fault zone. It is
made up of radiolarite, serpentinite, harzburgite,
gabbro and diabase with limestone blocks. The
Cayirbagi Ophiolite obducted over the Hatip
Ophiolitic Complex during Maastrichtian-lower
Paleocene (Ozcan et al. 1988). All these units are
unconformably overlain by the upper Miocene-
lower Pliocene fluvio-lacustrine, volcanoclastic
and volcanic rocks that show vertical and lateral
transitions. This sequence underlies much of the
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area west of the Konya fault zone. Neogene
history of the region begins with the fluvial Sille
Formation (Eren, 1993) which consists of
alternating beds of reddish-brown and gray
conglomerate,
Moderately deformed lacustrine strata, the
Ulumuhsine Formation (Eren, 1993) conformably
overlies the Sille Formation. It is composed of
light gray to green, cream limestone, marl, and
mudstone  interbedded  with lenses  of
conglomerate, conglomeratic sandstone and
sandstone. These grade upward and laterally
into the volcanoclastic Kiigiikmuhsine Formation
(Eren, 1993). A sequence of reddish-brown to
gray fluviatile conglomerate, conglomeratic
mud, conglomeratic-sandy mud and mud
referred to Yiiriikler Formation (Eren, 1993)
gradationally
Formation and crops out in
discontinuous exposures in the area. All these
units are unconformably overlain by the upper

sandstone and  mudstone.

overlies the Kii¢iikmuhsine

several

Pliocene-Quaternary alluvial complex and
alluvium.

KONYA FAULT ZONE

The Konya fault zone comprises a set of
discontinuous northeast-trending fault segments
along the mountain range bordering the western
margin of the Konya depression. The Konya
Fault Zone extends a distance of 65 km from east
of Hatunsaray on the south to the eastern end of
Dogudag on the north (Figure 1, 2). A 35
kilometer segment of the fault zone from the east
of Caywrbagi to the east of Dogudag is
investigated in this study (Figure 2). The fault
zone includes subparallel branching that lie
within a nearly linear belt, as much as 5 km in
width, and comprises east facing, step-like
normal faults. They cut older basement (upper
Permian-Mesozoic rock wunits), the upper
Miocene-lower  Pliocene  formations and
Quaternary alluvium. The zone increases both in
width and complexity toward the southwest.
The fault zone strikes 335°W in the southern
terminus to N-S in the central part and bends
northward from near the Chromium-magnesite
facility to the eastern end of Dogudag of about
15°E. The northwest trending faults represent
the antithetic faults of the main fault. Where
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exposed, strands of the fault dip steeply, and the
fault is essentially dip-slip fault. It includes well-
preserved fault slickensides and slickenside
striations (Table 1). Their equal area projections
indicate that the Konya Fault Zone is an oblique-
slip normal fault zone striking north-northeast
and north-northwest and dipping east-northeast
and east-southeast at average angle of 58°
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uplifted and tilted as fault terraces lying at
different elevations up to 520 m above the
present-day elevation (1040 m) of the Konya
depression (Figure 2). Boreholes drilled through
the Quaternary alluvium (DSI, 1984) in the
hanging wall of the Konya Fault Zone did not
encounter the bottom of the same formation at a
depth of 400 m below the present-day elevation

(Figure 4). of the Konya depression. These data indicate
The upper Miocene-lower  Pliocene that total throw on the Konya Fault Zone has
Ulumuhsine Formation has been faulted, been at least 920 m since the late Miocene.
3219’ 3w
__.-— River N
_~—~~Formation boundary
w0 —|— Horizontal bedding i
" Dipandstrike of bedding ~ ©
AL Thrust
A Nomal fau §
ZZ strke-slip faut / 17
® Tatkdy e
i eci R
i < Msulltas "\ Sillew. 25 f;\ / ‘.J
KONYA
[ ] Awim - Quaternary
[7] YoruderFomaion - LowerPlocene
Dmmvmm 7]
[ 5 | Kogtiamuhsine Fomaton| . | ower Piocene
[:!Ulmwmwn Upper Miocena
[777] steFomaion |
[77] capbag Optioie  -Mesozsic
q 7] Hatio Optiotc Conplex - Trassic- Paloacene
! [~ widostepe Formaton |
Cretaceous
0., Caymbag ) ([T oasta Fomain Upper Pemian
Z A A T ey [[7]7] Ketren Fomaton |
o }' [77] Memomnicbassment - Siurian - Mesozoi
aras' =

Figure 3. Geological map of the Konya Fault Zone.

Sekil 3. Konya fay zonu ve cevresinin jeoloji haritast.
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Table 1. Measurement of slickensides and slickenside striations on the Konya fault Zone.
Tablo 1. Konya fay zonundaki fay diizlemlerinin ve kayma ciziklerinin konumlari.

Ff\ult plane. Rake Type of
(strike and dip) movement

1 N 15°W, 70° NE 70° SE Normal
2 N-S, 80°E Normal
3 N 20°E, 82°SE 16° NE Normal
4 N 35°E, 72° SE 15° NE Normal
5 N 15°E, 52° SE 26° SE Normal
6 N 15°E, 45° SE Normal
7 N 20°W, 77°NE Normal
8 N 10° E, 30° NW Normal
9 N 35°E, 50° NW 36° SW Normal
10 N 20°E, 85° NW 32°NW Normal
11 N 302 E, 85° NW 40° SW Normal
12 N 27° W, 86° NE 32°SE Normal
13 N 35° W, 62° SW 42° SE Normal
14 N 52 E, 50° SE 60° SE Normal
15 N-S, 72°' W Normal
16 N 20°E, 63° SE 23°SE Normal
17 N-S, 70°E Normal
18 N 14° E, 43° NW Normal
19 N 10° W, 70° SW Normal
20 N 7¢ W, 50° SW Normal
21 N 92W, 80° SW Normal
22 N 5°E, 70° SE 70° NE Normal
23 N 30° W, 65° SW Normal
24 N 20°W, 70° NE Normal
25 N 35°E, 70° SE Normal
26 N 152 W, 80° SW Normal
27 N-S, 60° E 65° SE Normal
28 N 10°E, 65° SE 60° SE Normal

Ll

(a) (b)

Figure 4. (a) Stereographic equal-area projection of poles to fault planes.
(b) Stereographic plots of the Konya Fault Zone slip data showing the trend and sense of movement.
Sekil 4. (a) Konya fay zonuna ait fay diizlemlerinin kutup noktalarimn esit-alan projeksiyonu.
(b) Fay diizlemleri ile kayma ciziklerini g0sterir doku diyagrama.
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Geomorphic evidence of young-looking
fault features along the fault zone is abundant,
and includes scarps of various heights, deflected
stream courses, elongate ridges, and lines of
springs. However, such evidences are not
everywhere equally clear. The location of the
fault zone between the Meram and Akyokus
area is uncertain due to the lack of exposures,
complexity of visible outcrops, and intense
urban development.

Road-cut exposure of Interstate Road 696 at
2 km southwest of Chromium-magnesite facility
is the best area for interpreting the nature and
Quaternary displacement history of the Konya
fault zone (Figure 2). Here low, southeast-facing
scarps marking the main and the youngest fault
trace indicate dip-slip movement (Figure 5).
Reverse faulting of the east side over the west
side was also observed. In addition, oblique-slip
movement appears to have been prominent
along parts of the zone.

Northeastward from Sille Creek to the
south of Dogudag, the fault trace is continuous
and delineated principally by low and
remarkably straight southeast facing scarps that
have various heights (Figure 6). This topography
has resulted from normal-slip movement of
topographically higher alluvial fan surfaces on
the west-northwest side of the fault. Here,
relatively low scarps in younger alluvium are
moderately youthful in appearance and, are
undissected. No evidence of Holocene motion
was found along the scarp face; however, the age
of the fan and alluvial deposits is uncertain. In a

g
3
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Figure 5. Main fault trace exposed in road-cut (see exploratory road-cut log) offsets all units.
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sand pit area along this segment of the zone, the
fault exhibits a general trend ranging from
340°W to 30°E and dips 65°-80° to the east. It is
exposed within the unconsolidated to poorly
consolidated alluvial materials as normal slip
faults (Figure 7). Here, on the main fault any unit
having a vertical separation of about 3.5 meters
is attributable to one seismic event. This fault
also offsets the topsoil horizon, which supports
the possibility that the fault is active.

There is no historical record of surface
faulting associated with the Konya fault zone,
nor is there a record of earthquakes remotely
large enough to produce surface faulting. Two
earthquakes centering within the area were
recorded in 1903 (magnitude 4.4) and 1971
(magnitude 3.7) by the Bogazi¢i University,
Kandilli Observatory since 1900.

Road-cut Exploratory Site

A full analysis of fault history would
require trenching and geochronometry. Studying
trench exposures across faults has yielded
important information on the activity of the
faults (Sieh, 1978; Sharp, 1981; Weldon and Sieh,
1985; Rockwell et al. 1986). Trench exposures in
Quaternary rock wunits across active and
potentially active faults can provide information
to estimate the time and magnitudes of future
earthquakes on the fault. As part of subsurface
investigation of the Quaternary behavior of the
Konya fault zone, a road-cut site astride the trace
of the fault zone was studied in detail (Figure 8).

Sekil 5. Yol yarmasinda yiizeyleyen ana fay (yol yarmas: loguna bakiniz).
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Figure 6. View of the normal fault scarps (dashed lines) affecting Quaternary alluvial fan deposits
looking to the northwest from the Konya depression. Segment of the view illustrated in Figure 2.
Sekil 6. Kuvaterner yash aliivyal ¢okellerde gelisen normal fay dikligi (fotograf yeri Sekil 2'de gosterilmistir).

Figure 7. Normal faults within the Quaternary alluvium in northeast of Sille Creek. Facies differences
across the main fault (right side of the photographs) indicate 3.5 meters vertical separation.
Dashed lines indicate minor fault traces in the same deposits (see Figure 2 for location).

Sekil 7. Sille deresinin kuzeydogusunda Kuvaterner yasl aliivyon icinde gelismis normal faylar. Ana fay
(fotografin saginda) iizerindeki diisey atim 3.5 metredir (lokasyon icin Sekil 2'ye bakiniz).

Overlying the faulted bedrock units
(Cayirbagi Ophiolite on the southwest side
and limestone blocks in Hatip Ophiolitic
Complex on the northeast side of the
Figure 8) in this road-cut exposure are
consolidated to poorly consolidated surficial
deposits. These deposits consist of the Sille
Formation and Quaternary sediments. These can
be divided roughly into 12 units displaying

similar lithologic characteristics. The
sedimentary record represents at least three
depositional events truncated by erosion (Figure
9). The oldest unit (unit-1, the Upper Miocene-
Lower Pliocene Sille Formation) being in the
fault contact with the bedrock consists of well
bedded to crudely stratified (dipping 55°NE),
yellowish-brown to greenish-brown

conglomerate, sandstone and mudstone.
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Figure 8. Exploratory road-cut log of the Konya fault zone. Surfical deposits are numbered sequentially
from oldest to youngest (see Figure 2 for location).
Sekil 8. Yol yarmasinda Konya fay zonunun kesit goriiniimii. Yiizey ¢okelleri en yash birimden en geng birime
dogru sirast ile numaralandirilmigtir (lokasyon icin Sekil 2'ye bakiniz).

s ALY e .
Figure 9. Unconformities (dashed lines) separate overlying unit 11 from underlying units and separate
overlying units 2, 3, 4, and 5 from underlying unit 1. (See Figure 8 for location)
Sekil 9. 11 nolu birimi altindaki tiim birimlerden ve 2,3,4 ve 5 nolu birimleri altindaki 1 nolu birimden ayiran
uyumsuzluklar (lokasyon icin Sekil 8’e bakiniz).
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Granules, pebbles and cobbles are usually
subrounded to rounded and, are composed of
altered serpentinite, listvenite and occasional
limestone. Some sequences are gradational
upward from coarse-grained deposit to fine-
grained sandstone. Individual mudstone layers
are especially prominent locally in the middle of
the formation. Unit-1 thins southwestward from
northeast. ~ This
southwestward pinchout of the formation, not
merely post-unit-1 erosion (Figure 8). Exposures
of this unit display enough information to reveal
at least one seismic event that occurred prior to
the deposition of unit-2. This will be called event
1. Several small faults related to event 1 occur in

thinning  represents a

unit-1. Differences in facies across the faults and
the position of slickenside striations indicate
normal slip, oblique slip and reverse slip
movement.

The next unit (unit-2) disconformably
overlies the unit-1. Unit-2 consists of reddish-
brown conglomerate containing a distinctive
suite of altered serpentinite clasts. It becomes
finer upward. Unit-3 is composed of light brown
to red mud. This unit conformably overlies unit-
2. Unit-4 consists of light brownish gray to
brown sandy conglomerate and fine to medium-
grained sand. The unit conformably overlies the
below unit and pinches out in both ends. Unit-5
is composed of brown to greenish gray poorly
sorted conglomerate. Pebbles and cobbles in
conglomerates are wusually subangular to
subrounded and composed of altered
serpentinite. ~ Unit-6  is
composed of reddish-brown to brownish-green
mud. In the upper part of this unit fissures were
developed. Unit-7 covers fissures that formed
after the deposition of unit-6. Grayish-green to
yellowish-brown conglomerates of unit-7 fills the
fissures. The largest vertical separation
attributable to one seismic event occurs after
event 1. This is called event 2. Units 3, 4, 5 and 6
have experienced a vertical separation of about
2.3 meters on a fault within the fault zone during
event 2, between the deposition of units 2 and 7
(Figure 10). Unit-11, unconformably overlying
units 5 and 6, has a vertical separation of

characteristically

about 0.35 meters on the same fault. This
implies that the fault started to move after
deposition of unit 6 and continued moving
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after deposition of unit 11. Fissures in unit-6
opened during event 2 and were later filled.
The faults not affecting the upper part of
unit 11 represent event 2 faults. Unit-8 is
sequence of a heterogeneous mixture of massive,
fine to medium grained, reddish-brown sand
and mud including scattered serpentinite clasts.
Carbonate filled reticular shaped veins
developed in this unit. Units 9 and 10 blanket the
veins. These veins were probably developed by
welling up the groundwater during faulting.
Here some of the fault surfaces were also coated
with carbonate deposition. Figure 11 shows the
carbonate accumulation in the fault plane
reaching up to the surface. Unit-9 consists of
poorly sorted, unconsolidated conglomerate.
Pebbles, cobbles and rare boulders are
subangular to subrounded and, are composed
mainly of serpentinite and listvenite. Most clasts
have diameter smaller than 8 centimeters. This
unit thins to northeast. Unit-10 conformably
overlies unit-9 and is composed of brown mud
with scattered serpentinite clasts. Unit-10
displaced downward on the southwest side of a
reverse fault has no equivalent across the fault
(Figure 12). This suggests that part of the
upthrown block was eroded before the
deposition of unit-11. Unit-11 unconformably
overlies all the units below and consists of light
gray to grayish-brown, thin bedded caliches.
Unit-12 forms a soil-like blanket and is
composed of reddish-brown, unconsolidated
young alluvial materials of gravel, sand and silt.
This reverse fault continued moving in the
same sense after unit-11 and unit-12 were
deposited. The main fault break, about 3
meters southwest of the fault just described,
separates bedrock on the west from the surficial
deposits on the east (Figure 13). Offsets of these
surficial deposits on the hanging wall show
significant dip slip on the fault. The faults
offsetting upper units 11 and 12 through unit 1
represent event 3. Several minor breaks in
unit 11 and 8 do not extend downward into
unit 7.

In this study, the timing of these critical
events remains to be demonstrated. This
requires information about rate of slip and the
age of surficial deposits that are presently
unanswered.
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Figure 10. Normal fault (dashed line) exposed in road-cut (see Figure 8 for location) offsets units below 7
for about 2.3 m during event 2.
Sekil 10. 7 nolu birimin altindaki birimleri ikici sismik evrede yaklasik 2.3 metre Gteleyen normal fay (lokasyon
icin Sekil 8'e bakiniz).

Figure 11. A normal fault in unit 1 showing carbonate deposition on its surface. The fault reaches up to
the surface.
Sekil 11. Yol yarmasinda 1 nolu birimin icinde gelismis bir normal fay. Fay yiizeye kadar devam etmekte ve fay
yiizeyinde karbonat birikimi goriilmektedir.
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Figure 12. A reverse fault (dashed line) cuts late Pleistocene and Holocene surficial deposits
(see Figure 8 for location).
Sekil 12. Yol yarmasinda Pleyistosen ve Holosen yagsl: birimleri kesen ters fay
(lIokasyon i¢in Sekil 8’e bakiniz).

Figure 13. The main fault trace between basement and late Pleistocene and Holocene surficial deposits.
The fault surface were coated with carbonate deposition. It is an event 3 normal fault (see Figure 8 for
location).

Sekil 13. Temel kayaglar ile Pleyistosen ve Holosen yagl birimler arasindaki ana fay. Fay yiizeyi karbonat ¢okelimi
ile stoanmustir. Fay 3. sismik evrede gelismis normal bir faydur.

CONCLUSIONS

The Konya fault zone comprises a set of
northeast-trending discontinuous fault strands
extending from east of Hatunsaray in the south
northeastward through the western boundary of
Konya depression, a distance of about 65 km. It

is an east-dipping oblique-slip normal fault.
Local reverse and strike-slip movements occur
along the fault zone. Therefore the dominant
Quaternary deformation on the fault zone
appears to be tensional. The zone increases both
in width and complexity toward the southwest.
The study of the road cut exposure in the Konya
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fault zone demonstrates recurrent Quaternary
faulting. Three  seismic events have been
identified along the fault zone based on
deposits and  their faulted
relationships and faults that are overlain by
sediments that deposited after the faults moved
but not yet dated. Geologic and geomorphic
conditions are peculiarly promising that the

sedimentary

Konya fault zone may be classified as active.
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