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Abstract: The Konya Closed Basin (Quaternary, Central Turkey) is a graben basin which expands toward the
east-west and it is controlled by faults on three sides: The Konya fault zone in the west, the Divanlar fault zone
in the east and the Karadmerler fault zone in the north. Calcretes developed in relation to fault systems in the
Konya region are concentrated in areas where faults cut Quaternary aged terrestrial deposits. In this study, it
is aimed to elucidate the deposition conditions, geochemistry and age (with ESR method) of the calcareous
deposits associated with faults in the Konya Closed Basin. Calcretes in the region existing as coatings, dust,
nodules and layers are in the form of dolocrete and clayey calcrete. Dolocretes were deposited in the
Quaternary terrestrial sediments on the ophiolitic rocks and geochemical data point to an ultramafic source.
Bacterial community, clay, quartz minerals and calcite cement are observed in the calcretes formed in areas
with limestone basement. According to the results of ICP-MS analysis of samples taken from Konya calcretes,
the %MgO contents are between 0.99 and 7.7, CaO%: between 34.71 and 50.71; %SiO2 between 3.22 and 20.59.
%MgO in dolocretes are between 11.65 and 21.01; %CaO between 8.44 and 29.57; %SiO: values between 4.48
and 9.17 The 8"C and 'O isotope values of calcretes range from -3.87 to -7.62 and from -3.62 to -7.45
respectfully. Average 513C values indicate that calcrete formation took place under pedogenic condition or in
shallow groundwater. The calcretes deposited in 3 locations around the city of Konya (on the Konya fault zone)
were dated by using the Electron Spin Resonance (ESR) method and ages between 217.47 and 389.85 ky were
obtained. The calcrete samples taken from the fault planes (dip-slip normal fault bordering the Upper
Cretaceous Ophiolitic Mélange and the Quaternary Karahiiyiik Formation) gave a relative age for faulting as
being 292.86 ky. This first dating study conducted in the Konya Fault Zone has provided important clues to
elucidate the formation history of Konya Closed Basin (KCB) and the paleo-seismological past of Konya.

Keywords: calcretes; dolocrete; Konya closed basin; Konya fault zone

1. Introduction

Calcretes are near-surface terrestrial calcium carbonate deposits [1]. They develop as dust, semi
consolidated aragonite or calcite and secondary calcium carbonate formations in loose material such
as gravel, sand, silt and soil [2]. There is no soil called calcrete, but they exist within soil profiles.
Calcretes are generally considered indicative of arid and/or semi-arid climates [3-7].

Calcretes may include uranium, thorium and vanadium elements and magnesite, sepiolite,
dolomite and huntite minerals [8].

The calcretes provide important clues about the environmental conditions of the older sediments
[9-12]. The younger calcretes are used to obtain data for the climate changes and active tectonism of
an area [13,14].

Geochemical data obtained from calcretes, may provide paleo-climatic signs on a regional scale
as well as records of rainy and dry periods on a local and regional scale [15,16]. It has been stated that
there is an enrichment of Ca, Mg and Si oxides in the soil during evaporation periods and a depletion
during rainy periods. Additionally, the reddish to yellowish brown coloration, high calcification in
paleosols and the preservation of rhizoliths and lime nodules were interpreted as being formed under
arid to semi-arid climatic conditions. [1,14,65]. Therefore, it is possible to reveal the paleo-tectonic
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history of an area by defining the stratigraphic position and characteristics (cyclicity characters) of
calcretes sequences controlled by active tectonic [15].

Calcretes and related sediments have been studied on many regions in Turkey to elucidate the
tectonic and paleoclimatic history of a region [14-30]. Geochemical and isotopic data obtained from
calcretes studied in Turkey and other countries have been used in revealing meteoric environmental
conditions on a local/regional scale. These data especially may give important clues about the
geochemical properties of surface-groundwater and surrounding rocks in the region.

Konya Fault Zone consists of several normal dip-slip faults passing through the Konya
settlement and has the potential of producing an earthquake having a magnitude of 6. Many calcretes
formations developed in different fault steps within the fault zone are observed. Dating data obtained
from the faults of the Konya Fault Zone may give important clues about the paleo-seismic history of
the region and the evolution of the Konya Closed Basin. Therefore, when performing calcrete
sampling, care was taken to collect samples from places related to fault lines and where the relative
ages of the faults could be determined.

The dating results obtained by the Electron Spin Resonance (ESR) method are stratigraphically
compatible. Therefore, this dating method can be used confidently for highly contaminated calcrete
sediments [30,31,34].

2. Geological Setting

In the Konya region located within the Taurids tectonic union at the northern foothills of the
Central Taurus Mountains [35], units ranging from Silurian-early Carboniferous to Present in age
crop out. The oldest unit is the Bozdag formation which comprises marbles dating from Silurian to
early Carboniferous. Bagrikurt formation consisting of meta-clastic rocks conformably overlies the
Bozdag formation. Permian-early Cretaceous aged Ardichi group [36,37] conformably overlies
metamorphic rocks. In Konya region, Late Cretaceous aged Hatip Ophiolite mélange and Cayirbag1
ophiolite overlie the Ardigh group with tectonic contact. Hundreds of meter thick Neogene Insuyu
formation, which is characterized by lacustrine mudstone, clayey limestone and limestone,
unconformably overlie the Paleozoic and Mesozoic aged rocks In the study area, Neogene volcanic
rocks (Dacite-Andesite and volcanoclastic) [36] cut all rocks with a hot contact (Figure 1). Quaternary
sediments (Konya group) [32] comprising alluvial fan deposits and young lacustrine sediments cover
all old rocks with an angular unconformity. Calcretes generally occur in the red colored pebble-sand-
mud type terrestrial sediments (Karahiiyiik formation). The Karahiiyiik formation is Quaternary in
age and constitutes the upper sedimentary unit of the Konya Group. Karahiiyiik formation consists
of red-burgundy colored mud-supported lenticular conglomerate, pebbly sandstone, sandstone and
mudstone, which were deposited in medial-distal fan environments. The thickness of the formation,
which is controlled by the active tectonism in the region, varies between 5 to 25 meters [38].

Four different litofacies have been identified in the Karahiiyiik Formation at the study area.
These are;

1. Ungraded, clast-supported conglomerate facies: This facies comprises poorly sorted, clast
supported, granule-boulder conglomerate. A muddy sand matrix surrounds the clasts
supported framework. Gravels were mainly derived from ophiolitic rocks. Deposits of this
facies are unstratified and lack clast imbrication. This facies grades vertically and laterally into
pebbly-sandy mudstone facies. It is product of active tectonic periods. Gravel coating calcrete
deposited by the water circulating through the gravels

2. Pebbly-sandy mud facies: This facies is composed of unbedded red mudstone bearing
dispersed well rounded ophiolitic pebbles and sand grains. It grades conformably into gravelly
facies below and muddy facies above. It represents deposition in a middle fan during a
nonseicmic period. Calcretes in this facies are nodular and gravel coating forms.

3. Red mudstone facies: This facies is characterized by red colored mudstone with very little gravel
and sand. It has conformable boundary with the underlying sandy mud facies and erosional
boundary with the overlying mud supported boulder conglomerate. Both nodular and powdery
calcrete are present in this facies.


https://doi.org/10.20944/preprints202312.0291.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2023

doi:10.20944/preprints202312.0291.v1

Angular pebbly sandy mudstone facies: This facies is composed of mud including angular

ophiolite and limestone block. It is poorly stratified and poorly graded. Having angular blocks
points that the sediments of this facies were derived from nearby. It represents relatively active

tectonic period.

The deposition of this thick alluvial fan sediments were controlled by tectonic activities of the
faults in the area. Having an erosional basal boundaries indicate dense erosion and transportation.
Litofacies-1 is interpreted as deposit of middle fan, litofacies-2 and 3 as deposits of distal fan.
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Figure 1. A. Map of Turkey showing the location of Konya; B. Geological map of the study area
(modified from) [38].

3. Materials and Methods

Calcretes were classified based on their micromorphological and chemical characteristics [1,2].

The stratigraphic positions and geological features of the calcretes, which are intensely observed
in active fault zones and in their close vicinity, were determined during the field studies. In order to
elucidate the ages, geochemical properties and evolution of the calcretes, four sections from different
localities were measured and 40 samples were collected. Samples were subjected to C and O stable
isotope analysis, geochemical analysis, thin section studies and ESR (electron spin resonance) dating.

Since the collected samples were loosely packed, 30 samples were hardened by using polyester
and hardening chemicals, then thin sections were prepared from these materials.

Major oxides and trace element, including REEs, contents of 20 samples were obtained by means
of Inductively Coupled Plasma Emission Spectrometry (ICP-ES; major elements) and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) by using about 0.2 g of powdered samples at the Acme
Analytical Laboratory (Vancouver, Canada). Samples first subjected to lithium borate fusion, then,
precision and accuracy were checked by parallel analysis of international reference standards. The
minimum detection limit for major and minor elements is 0.01% while for trace element is 0.01 to 1
ppm.

The XRD and SEM analysis of the samples were conducted at ILTEK laboratory in Selguk
University in Turkey.

Carbonate-rich samples were dated by Electron Spin Resonance (ESR) dating method which is
based on measurements of the number of paramagnetic centers produced by natural radiation in a
material [39—41]. Equivalent doses (DE) representing the accumulated natural radiation doses were
obtained by means of the additive dose method. Annual dose rates (D) were determined using the
natural radioactive element (238U, 232Th, 40K) concentrations, cosmic dose rate contribution, grain
sizes of powders, and moisture effect. ESR ages of calcrete samples were calculated taking into
account of uranium uptake history of shells using ROSY program [42]. ESR spectra of the samples
were recorded at room temperature by JEOL JESFa-300 X-band ESR spectrometer located at Selguk
University Advanced Technology Research & Application Center, Turkey. The isotopic (0*0O and
013C) analysis of the 18 samples of section A was carried out in by UC Davis Stable Isotope
Laboratories of California University, USA by means of MAT 251 Isotope Ratio Mass Spectrometer.

4. Results
4.1. Konya Calcretes (217.47-389,85 ky)

4.1.1. Description

Calcrete occurrences within and on the Quaternary sediments (Karahiiyiik formation) in the
Konya region were described in detail for the first time in this study (Figures 1 and 2). In the study
area, calcrete deposits in rocks ranging from Neogene to the present at different locations in the study
area are closely related to and concentrated around faults. Sampling was realized at three different
locations in the Konya fault zone (Figures 1 and 2). Special care was taken to collect samples from the
same fault zone.

Location 1: Quaternary red alluvial fan deposits unconformably overlying the ophiolitic rocks
crop out on a road cut of the Konya-Seydisehir highway. At this location, the first step of the dip-slip
normal fault forming the Konya graben is present. The dip-slip fault brings together (Figure 3) the
Late Cretaceous Cayirbag: ophiolite and Holocene aged alluvial fan deposits.

The calcretes and dolocretes were developed both on the fault plane and within the mud
supported alluvial fan deposits in the hanging block at this location (Figure 3). Five different calcrete
and dolocretes levels were observed in the outcrop, which is approximately 6 m thick (Figure 3 and
4A); these are from the bottom up;
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5. dolocretes coating pebbles (Figure 4A),

6. inclined tube-shaped nodular calcretes developed obliquely to the surface in gravelly-sandy
mud (Figure 4B).

7. nodular and powdery calcretes and dolocretes within mud.

powdery and massive dolocretes within the fault zone (Figures 3 and 4A)

9. thick bedded calcretes in muddy level near the surface (Figures 3 and 4C).,

I

Pebble coating type of dolocretes are generally common in Litofacies-1. Shallow groundwater
circulating among pebble causes the calcrete formation in the form of coatings on pebbles. Nodular
dolocretes occur mainly in the lithofacies-2 and 3. Powdery calcretes were common in lithofacies 3.
Almost all of the nodular and powdery dolocretes were deposited in fine-grained clastic sediments.
Layered calcretes were observed at two different levels within lithofacies-4 (Figure 1). Powdery
calcrete was also identified at the level between these layered calcretes. Layered calcretes including
pebble and blocks are interpreted as being deposited as a result of rapid evaporation of carbonate-
rich surface waters under atmospheric conditions.

The thickness of the five different types of calcrete and dolocretes decreases with distance from
the fault. The upward movement of groundwater along the systematically formed cracks resulted in
the formation of veins dolocretes in the cracks and layered calcretes at the surface (Figure 4B-D).

Pisolitic structures were often observed in thin sections of calcretes (sections were made by
means of polyester) and SEM analyzes (Figure 5). At this location, dolocrete formations were
determined in a 4-5 m thick section from the base (Figure 5 A-F), and calcretes formations were
present only at the uppermost layered section. Dolocretes are represented by disc-shaped dolomite
minerals stacked on top of each other (Figure 5A-D).

Location 2: In this location at just North of the Sel¢uk University campus, calcretes were
deposited close to the first faults forming KCB as in the location 1. Alluvial fan deposits (Karahiiyiik
formation) lay on Neogene aged lacustrine carbonate rocks overlying the Paleozoic marble with an
angular unconformity. The dip-slip fault to the north brings young alluvial deposits and Paleozoic
aged marbles side by side. At this site, the Karahiiyiik formation was deposited close to the fault line
under the fault activities and, comprises Lithofacies-4 (Angular pebbly, sandy mud lithofacies) In
relation to this fault, layered, and powdery calcretes depositions took place in a 1 m thick zone
inclined towards the basin. Calcretes are quite hard and robust in this area and, is observed together
with clastic sediments (Figures 6 and 7). There are plenty of silt and sand-sized sediments in the
calcretes. In the thin section, beside the oolitic and pisolitic grains, pellets were also observed.
Stromatolitic structures contributing to caliche precipitation are present around the calcite crystals
(Figure 5 G-H). Calcrete formations in the region occur generally as layered calcretes in areas close
to the faults, and as iron-coated nodules within the soil away from the faults.

460000 480000 500000

4197000
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Figure 2. Active fault systems forming Konya closed basin (Konya fault zone in the west, Karadmerler
fault zone in the north and Divanlar fault zone in the east.).
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Figure 3. Geological section of Locaton-1 and calcrete and dolocrete formation model.
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Figure 4. Field photos from Location-1. A. Calcretes-and dolocretes deposits at different levels on the
oldest fault plane in the Konya fault zone and alluvial fan deposits; B, C and D. Dolocretes
precipitated into cracks and fractures, coating and root structure; stratified calcrete deposits.
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Figure 5. A-F; thin section and Scanning Electron Microscope (SEM) photographs of calcrete samples
from H2, H4, H6 at Location 1) and A-D; dolomite minerals observed in H2 and H4 pisolitic calcrete
(thin-section and SEM images). E and F; H6 pisolitic calcrete, G and H; SEM image of clay minerals
(palygorskite), ST1 (Location 2) clay minerals (palygorskite), algae filaments and calcite minerals
(H2...H6 and ST 1 geological sample codes).
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Figure 6. Geological cross section of Location 2 and model for the formation of calcrete, (ST1K: sample
code).

Figure 7. Field photos from location 2. Calcretes developed at different levels within alluvial fan
deposits (ST1....3 geological sample codes).

Location 3: This location, which is on the road cut of the Konya-Istanbul highway, is located in
the rising block of the dip-slip fault. Calcretes were deposited as nodules and beds in and on the
intermediate alluvial fan deposits of the Karahiiyiik formation overlying the Insuyu formation
(Figure 8). Atlocation-3 , Karahiiyiik formation is mainly represented by Litofacies-1 and 2. Calcretes
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are only present in the upper 96 cm part of 15 m thick road cut (Figure 9A). Silt, sand and fine gravel
grains are observed in layered calcretes (Figure 9A,B).

nodular and bedded calcretes (389,85ky) E

Konya-Istanbul
highway

Litofasiyes 2 |Karahiiyik f B
y Formati{)n Insuyu formation '@Ul_ Konya Calcretes

Neogene
. . Quaternary 9 Beds—|389,85ky
Litofasiyes 1

Figure 8. Geological cross section of Location 3 calcretes developed at different levels in alluvial fan
deposits.
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Figure 9. Locatin-3, A. Clayey and sandy calcrete deposits overlying red colored clastic in the middle
alluvial fan deposits, B. Thin section photo of the micritic and sparitic calcite, C. SEM photo of the
clayey, silty and sandy calcrete.

4.1.2. Sedimentary Structure of Calcretes

The carbonate-rich waters discharging from the fault surface into the alluvial fan and paleosol
deposits (Karahiiyiik formation) caused the precipitation of the calcretes in the form of dust, nodules,
root structure (rhizoliths), tubes, beds and fracture and crack infillings. The calcretes are mostly
observed as pisolites and tubes. Both stratified and pisolithic forms are found only in calcretes at


https://doi.org/10.20944/preprints202312.0291.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 December 2023 doi:10.20944/preprints202312.0291.v1

10

location 2. Calcretes are occasionally observed as crust rich in Fe+2 around the pebbles (Figures 3 and
4-b).

4.1.3. Mineralogy and Petrography

XRD, SEM and thin section studies were carried out to determine mineralogical properties.
Dolomites were observed in the calcretes generally associated with ophiolite-rich rocks in and around
the study area. Dolomite was not observed in calcretes associated with dolomitic limestone and
limestone. Calcite, dolomite, quartz, smectite and palygorskite minerals were encountered in the
calcretes. While some levels are rich in carbonate, in the same outcrop, the calcretes also contain clay
and quartz minerals. Layered calcrete is observed especially in those associated with faults. Although
calcretes have a layered and massive appearance, oolitic and pisolitic formations were also generally
observed during petrographic studies. Calcite and dolomite minerals are clear under SEM and XRD
(Figures 4,5,9 and 10). Bacterial filaments accompanying carbonate minerals are also present (Figures
5f and 9c¢).

i
Dolomite
3

A °B

§
£

H

Counts

RN
585833

k3 Dolomite

£

Taws Calcite
k22t Calcite

¥
. Dolomite

e Dolomite
eszsDolomite
kes7Dolomite

lwsrs Dolomite

hs®aCalcite
#2 Calcite

s Quartz

[
L—JL“J -

8

sk
-5 8 8
~heen Calcite

f*

Figure 10. X-ray diffraction (XRD) diffractogram of calcretes, A. location 1. H1: dolocrete; B. location
2. ST1: calcrete.

4.1.4. Geochemistry

The results of chemical analyzes of calcrete samples are given in Table 1. The MgCOs ratio of the
calcrete in the location-1 varies between 16.67 and 43.94%. The CaO ratio is between 8.44% and
37.13%. EDX analyzes also support chemical analyzes. At location-1, six levels of calcrete have been
observed. Of these level, only calcrete in H6 level is calcitic in composition, others are dominantly
dolomitic. The SiOz content of calcrete from level H3 is higher than the other levels. At location-2, the
MgCO:s content varies between 0.98-2.07%, CaO content between 45.05-51.26% and SiO: content
between 3.22-8.24%. There are pronounced differences in MgCQOs, CaO and SiO: contents of calcretes
in Location-1 and Location-2.

At location-3, the MgCOs content of the calcrete varies between 8.07% and 9.06%, the CaO
content between 34.94% and 40.16% and SiO: between 14.38-20.59%. Although MgCOs, CaO and SiO:
contents of calcretes at location-3 are similar to those from location-2, there is a distinct difference in
MgCO:s and SiO: contents.

4.1.5. Stable Isotope Geochemistry

Stable isotope ratios of carbon (6'3C) and oxygen (0'80) of calcretes vary from -3.62 to -7.45 and
from -3.74to -9.69 respectfully (Table 2). Stable isotope ratios of carbon (5'°C) in dolocretes are
between -4.02 and -7.45 and stable oxygen isotope (0'¥0) values between -3.74 and -4.78. Stable
isotope ratios of carbon (6'3C) in calcretes are between -3.62 and -7.62 and stable oxygen isotope (0'0)
values between -3.74 and -9.62 (Table 2).
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Table 1. Major oxide contents of Konya calcretes based on ICP-MS analysis.

SiO2 Al:Os Fe20s MgO Mg MgCOs CaO Na:0 K:O TiO: P:0s MnO Cr:0s LOI
SAMPLES 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0
Hi1K 408 056 09 19.7311.90 41.27 29.57 0.01 0.01 0.03 0.01 0.01 0.053 44.9
H1S 20.12 2.85 529 16.2 9.77 33.88 18.61 0.05 0.21 0.13 0.01 0.1 0.339 35.8
H2K  10.37 153 254 18.6711.26 39.05 24.81 0.02 0.07 0.07 0.01 0.03 0.15 41.5
H2S 12.35 1.85 2.83 18.0710.90 37.79 2359 0.04 0.13 0.08 0.03 0.05 0.154 40.6
H3K 4917 1.04 10.09 11.94 720 2497 8.44 0.01 0.07 0.04 0.04 0.07 0354 18.4
H3S 4159 424 745 11.65 7.03 2437 1032 0.11 035 0.19 0.05 0.11 0.376 23.2
H4FAK 5.97 0.84 0.75 20.8212.56 43.54 27.61 0.01 0.05 0.07 0.01 0.1 0.011 43.8
H4FAS 16.89 261 219 21.0112.67 43.94 20.05 0.01 0.25 0.18 0.02 0.03 0.032 36.5
H5K 1497 136 1.91 18.0110.86 37.67 239 0.03 0.07 0.07 0.02 0.02 0.081 39.4
H5S 11.25 1.82 2.07 184 11.10 38.48 2492 0.03 0.09 0.1 0.01 0.03 0.089 41
H6K 1353 1.05 1.15 797 481 16.67 37.13 0.04 0.09 0.06 0.02 0.01 0.085 38.6
H6S 1531 128 133 859 518 17.97 3471 0.05 0.1 0.07 0.03 0.01 0.098 38.1
DB1K 1438 1.69 0.81 433 261 9.06 40.16 0.1 022 0.12 0.03 0.01 0.003 38
DB1S 2059 383 1.69 386 233 8.07 3494 0.19 053 0.26 0.05 0.02 0.007 33.8
ST1K 322 093 047 047 028 098 51.26 0.04 0.13 0.05 0.06 0.01 0.003 43.3
ST1S 557 177 0.73 0.68 041 142 48.69 0.06 022 0.09 0.06 0.01 0.008 42
ST2K 3.64 106 044 049 030 1.02 5071 0.05 0.14 0.06 0.05 0.01 0.003 43.3
ST2S 576 179 0.72 0.63 038 1.32 485 0.08 0.23 0.09 0.06 0.01 0.003 42.1
ST3K 442 13 053 062 037 130 50.02 0.07 0.19 0.07 0.04 0.01 0.002 42.6
ST3S 874 255 111 099 060 2.07 455 0.11 038 0.14 0.06 0.02 0.005 40.3

Table 2. 53C and 680 stable isotope ratios of Konya calcretes.

Calcrete Calcrete oBC 0180

SAMPLE Type o1BC (VPDB) 020 (VPDB) SAMPLE Type (VPDB) (VPDB)
HI1S Dolocrete -5.37 -4.78 H5K Dolocrete  -4.08 -3.74
H2S Dolocrete -5.08 -4.53 H6K Calcrete -6.38 -7.28
H3S Dolocrete -4.99 -4.51 ST1D Calcrete -7.32 -9.33
H4FAS  Dolocrete -7.45 -3.87 ST1S Calcrete -7.02 -9.18
H4FAD  Dolocrete -6.20 -4.10 ST1KD Calcrete -7.03 -9.69
H5S Dolocrete -4.46 -4.07 ST1K Calcrete -6.96 -9.43
H6S Calcrete -6.41 -7.62 ST2S Calcrete -6.11 -8.66
HI1K Dolocrete -5.03 -4.36 ST2K Calcrete -6.28 -8.30
H2K Dolocrete -5.03 -4.54 ST3K Calcrete -7.41 -9.48
H3K Dolocrete -4.02 -3.91 ST3S Calcrete -7.01 -8.53
H4F Dolocrete -6.08 -4.51 DB1K Calcrete -5.74 -7.61
H5KD Dolocrete -4.05 -3.74 DB1S Calcrete -3.62 -7.12

4.1.6. Age of Calcretes by ESR Method

In this study, samples were dated by means of ESR method. The ESR ages of the samples were
calculated by using the ESR age equations in the [33] and by considering the Uranium is in
equilibrium. Equivalent dose (DE), annual dose (D) and ESR age (TESR) values of calcrete samples
are listed in Tables 3 and 4. Samples starting with code H, S and D were compiled from three different
locations and dated. Of these samples, H4FAK were taken from the fault surface.
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Table 3. Parameters used in the annual dose calculation for calcretes samples.

Sample U (ppm) Th (ppm) K Rb (ppm) Clay  Moisture (Wet Depth (cm)
(%) (%) (%)

H4FAK 0.1 0.3 0.05 2.1 1.2 3.02 7
STI1K 0.5 1.2 0.13 6 0.34 7.14 10
ST2K 0.4 1.4 0.14 6.1 1.95 9.86 10
ST3K 0.5 2 0.19 8.1 1.5 12.72 15
DBIK 1.7 2.7 0.22 9 2.5 6.55 25

Table 4. DE, D and ESR age values of calcretes samples.

Unnual Dose

Sample equivalent dose DE (Gy) D (mGyly) Age-TESR (ky)
H4FAK (location 1) 1169 + 55 0.39 292.86
ST1K (location 2) 2389 + 11.9 0.87 271.58
ST2K (location 2) 2162 + 26.7 0.83 259.99
ST3K (location 2) 2144 + 10.0 0.98 217.47
DBIK (location 3) 817.3 + 315.5 2.09 389.85

5. Discussion

Konya fault zone is an important active fault zone that directly threatens the city of Konya and
has faults longer than 15 km. There are more than 7 normal fault lines extending along parallel lines
within the Konya fault zone, located in the western part of Konya Close Basin. The faults shown in
Figure 2 shape the Konya Closed Basin. Dating these faults will provide data about the history of the
basin and the cyclicity of paleo-earthquakes. The faults have not been dated while conducting paleo-
seismological analyzes in the region. The seismic history of the region, without knowing the ages of
the faults, will be incomplete. Ages and geochemical properties of calcretes provided data for
elucidating the tectonic history, paleo-hydrogeological and paleoclimatic features of the region.

In terms of calcrete types and the facies in which they formed in the region, the pebble coating
type of calcretes are generally common in the ungraded, clast-supported conglomerate facies
(Litofacies-1). Nodular and powdery calcretes were mainly observed in the Pebbly-sandy mud
facies (Litofacies 2) and the red mudstone facies (Litofacies 3) Layered calcretes were formed near
and/or at the surface of the angular pebbly sandy mudstone facies (Litofacies 4). The presence of
sand-gravel-block sized clastic sediments within the calcretes at levels close to the surface points that
the formation is open to atmospheric conditions.

Although the calcretes formed within the soil zone receive material from the surrounding rocks,
there is no transported sediment content.

Calcrete formations were observed on fault lines adjacent to Quaternary sediments (Figures 1
and 2). For this reason, the ages of calcretes from three locations in the study area vary (Table 4).
Konya calcretes, which are associated with faults, also shed light on the seismic history of the region.
In particular, Location 1 is located in the first fault zone that forms the western slope of the KCB. The
H4FAK sample taken from calcretes deposited on the fault plane was dated as 292.86 ky. This date
marks the first faulting period in the region. The reliability of the ESR method was tested by
comparing the age of the ESR dating method with the age of C-14 and Uranium/Thorium dating
methods used previously in dating the carbonate sediments [30; 43-45]. Therefore, the obtained dates
are considered to be reliable.

Two different characteristics of Konya calcretes emerge as considering the data obtained. The
first one is predominantly dolocretes formations in location 1. Dolomitization is explained in many
studies as being secondary formation in association with Mg-rich clayey sediments. However, SEM,
XRD and ICP-MS analyzes show that dolocretes in this location were primarily precipitated. If the

doi:10.20944/preprints202312.0291.v1
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source of Mg was clayey sediments rich in Mg, different mineral formations should be also observed
in the diagenetic process. As seen in Figure 5B,D, any secondary clay mineral developments were not
observed among the disc-shaped dolomite accumulations [21,46,47,49,50].

The second is the calcretes deposited at the top level of Location 1 and the CaCOs-rich calcretes
formations precipitated in Locations 2 and 3. The lack of dolomitization in the parts close to the
surface at Location 1 is interpreted as the fact that the calcretes here developed as hard-layered and
nodular calcretes as a result of evaporation of fresh surface waters on the surface and in the parts
close to the surface before reaching the depths due to the paleoclimatic conditions, For this reason,
calcretes deposited in H6 and locations 2 and 3 have richer 5'8O values [6,15,21] (Table 1; Figures 12—
14). These differences are clearly observed in SEM, main oxide and C and O Stable isotopic analyses.
Therefore, CaMg(COs)2 and CaCOs-rich calcretes have different formation histories [46-49].

Dolocrete was formed as a result of dolomite precipitation by the Mg enriched waters
circulating within the ophiolitic rocks and then discharging into the soil zone with the capillary
system. Atlocation 1, six differing calcretes levels were determined. Of these levels, dolomite mineral
was clearly observed, from bottom to top, in H1, H2, H3, H4 FAK, H5 levels, but no dolomite mineral
was detected at the top level.

In Turkey, similar formations have been observed at the Ankara provincial border in the
northeast of Konya, and in Canakkale and Mersin regions [6,49-51]. In addition, dolomitization is
also observed in calcretes in Turkey and some other countries [51], especially in calcrete formations
occurring in Mg-rich clayey sediments. In these muddy levels, dolocretes formations can occur as a
result of chemical reactions taken place in Mg-rich pore waters and alteration of clays [6,49-51].

Table 5. Table showing the geological characteristics of Konya Calcretes and Dolocretes [1].

. Calcrete Sedimentary Diagenetic . . ESR Dating
Location . Origin
Type Structure Enviroment (ky)
Top Meteoric
. Conditions, Carbonates and
Calcrete Lamina .

Freshwater Ultramafics

1 limestor.le 292 86
Meteoric
Dust, nodules, root .
conditions that
Dolocrete structure . Carbonates
L influence
(rhizoliths), tubes
groundwater

217.47

Lamina, dust, Top Meteoric Marble and
2 Calerete nodule Condition Carbonate 259.99
o S, o ons o S 27158

Lami T i
3 Calcrete amina, dust, op M.et.eorlc Carbonates 389.85
nodules, Conditions

In addition, calcretes at Location-1 fall in the ultramafic rock area while calcretes at Location-2
fall in the carbonate (limestone and dolomitic limestone) rocks area on the diagram used in
determining the origin of the tufa and travertines (Figure 12). This situation reported by [52] points
out that the diagram developed for determining the origin of tufa and travertines can also be applied
for calcretes in a similar way. It is also seen in this diagram that the origin of the dolomites in Location
1is ophiolitic rocks. The calcretes in the other two locations are associated with carbonate rocks and
their CaO amounts are close to each other. In addition, in Figure 12, the origin of the samples appears
as being epigenetic carbonate rock (Neogene and Mesozoic carbonate rocks). Besides, on the
diagrams constructed by using C and O stable isotope values, data from calcretes diagenetic
environments falls in meteoric environments (Figures 13 and 14) [53-59], Also, the measured C and
O stable isotope values of the calcretes is close to the typical isotope values of soil carbonates, which
are mostly composed of CO: produced by C4 type vegetation and supports a pedogenic or shallow
groundwater origin [52,60].
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The MgO, CaO and SiO:2 contents of the calcretes and dolocretes in these locations differ
significantly (Figure 11). The expected inverse proportion between CaO and SiO2 is observed. As it is
known, the probability of carbonate precipitation decreases in depositional areas where siliceous
clastics are dense [61,62]. Moreover, while there is a linear relationship between MgO-CaO in
dolocretes, there is an inverse relationship between MgO-CaO in calcretes. This clearly shows that
CaO and MgO act together from the same source, especially in the formation of dolocretes [63-65].
Calcretes receive ions from different sources. Another important point emerges while making
comparisons between CaO-5iOz2 and MgO-CaO, dolocretes and calcretes cluster in different regions
on the diagrams [65] This situation, observed not only in the main oxide values but also in SEM, XRD
and C and O stable isotope studies, clearly indicates the consistency between the analyses.
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Figure 11. Diagrams showing the relationship between % CaO-5iO2 and MgO-CaO of dolocretes and
calcretes in the Konya region.
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6. Conclusions

The Konya calcretes were named for the first time in this study, and their origin and geological
features were determined. In the Konya region, two terrestrial carbonates, calcretes and dolocretes,
have been interpreted as being deposited under different meteoric environmental conditions (Table
5). Calcretes have developed in the form of powder, tube and coatings. It has been determined that
the calcretes in the region are related to the faults and the waters freely circulating in the discontinuity
planes precipitated the calcretes. Calcretes at three different locations were investigated within the
same fault zone. At the location 1, epigean calcrete is dominant. The source of Mg*? was interpreted
as being derived from underlying ultramafic rocks. At the locations-2 and 3, calcretes were developed
in the units overlying carbonate rocks. Both geochemical and isotopic data revealed that these
calcretes are epigean and that source of ions is carbonate rocks.

The calcrete samples taken from the fault surface were dated by using ESR method and a relative
age of 239 ky for faulting was found. This study revealed, for the first time, important data about the
formation age of KCB. The age of the calcretes formed in the Konya fault zone and closely related to
the faults varies between 218 and 293 ky. Having different ages for calcretes are interpreted as being
resulted form faulting developed at different time.

Dating the active faults in the Konya region will supply important data about what kind of
seismic activity will affect the residential area with a population of approximately 2 million in the
future and the cyclicality of earthquakes that will occur.
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