quaternary

Article

Investigation of the Geological, Mineralogical, and Geochemical
Contents of the Sedimentary Fills in the Northern Area of the
Quaternary-Aged Bor Basin (Nigde/Turkey): Implications for
Sediment Source and Paleoclimates

Alperen Sahinoglu *

check for
updates

Citation: Sahinoglu, A.; Giirel, A.
Investigation of the Geological,
Mineralogical, and Geochemical
Contents of the Sedimentary Fills in
the Northern Area of the
Quaternary-Aged Bor Basin
(Nigde/Turkey): Implications for
Sediment Source and Paleoclimates.
Quaternary 2024, 7, 34. https://
doi.org/10.3390/quat7030034

Academic Editor: James B. Innes

Received: 10 May 2024
Revised: 7 July 2024
Accepted: 30 July 2024
Published: 13 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Ali Giirel

Geological Engineering Department, Engineering Faculty, Nigde Omer Halisdemir University, Cenral Campus,
51240 Nigde, Tirkiye; agurel@ohu.edu.tr
* Correspondence: alperensahinoglu@ohu.edu.tr

Abstract: In the northern part of the Nigde (Central Anatolian) Quaternary Bor Basin, stratigraphic
sections P1 and P2 were sampled, reaching depths of 11 m and 25 m. The samples were analyzed with
thin-section, XRD, and chemical analyses (ICP-MS) to determine their chemical and mineralogical
properties. In the study area, partially lithified volcano-sedimentary rocks comprised paleosol,
calcrete, gravel, sand, silt, mud, clay, and volcanoclastics such as pumice fall-out. Grain size analyses
from the Zengen (P1) and Altunhisar (P2) regions showed very poor sorting and strong positive
skewness. The Zengen-area (P1) samples contained rock fragments, calcite, quartz, opal-CT, feldspar,
amphibole, pyroxene, biotite, and clay minerals such as smectite, chlorite, illite, palygorskite, and
sepiolite. In calcrete zones, however, the amounts of CaO increased, whereas significant decreases
in the amounts of SiO, were observed. Therefore, a negative correlation between SiO, and CaO
was observed. The vertical distributions and behaviors of trace elements in the Zengen-area profile
showed variation with the different levels of the P1 section. It is thought that in the Bor Plain, after
17,000 years ago, no lacustrine phase reached a level above the periglacial lake level in the region,
reaching this level with the melting of the ice sheets in the area. During the late glacial period, shallow
freshwater lacustrine phases and paleosols were identified from 12,500 to 11,000 yr BP in the basin.

Keywords: Nigde—Bor Basin; late glacial; Pleistocene; Holocene; climate; geological-mineralogical
and geochemical data

1. Introduction

During the Pleistocene-Holocene period, also known as the Ice Age, paleosol, calcrete,
lacustrine, volcanoclastic, and fluvial sediments formed in the Central Anatolian region of
the Bor Basin captured indications of the climatic changes that occurred. These features
manifest as thickness, color, and material variations among different sedimentary levels in
the region.

The study area is bordered by the Taurus and Ulukisla Mountains to the south, the
Nigde metamorphics to the east, the Melendiz volcanics to the north, and the Konya-
Eregli Plain to the west. The region is characterized by shallow marshes, red beds, and
expansive steppe grasslands, most of which are saline. Over the last century, this plain has
predominantly dried up.

The Quaternary history of lake basins in Central Anatolia has been the focus of
numerous authors, addressing topics such as volcanism, geological mapping, sedimen-
tology, stratigraphy, tectonics, paleosols, limnology, mineralogy, geochemistry, and pa-
lynostratigraphy. This basin in this study is fed by unconsolidated detritus from the
Paleozoic-Mesozoic-aged Nigde metamorphics [1-3], the Paleocene—Quaternary-aged
Ulukisla volcano-sedimentary rocks [4-7], and the Miocene-Quaternary-aged volcanic and
volcano-sedimentary rocks of the Cappadocia Volcanic Province [8-13].
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In the region concerning Quaternary fills, ref. [14] studied the diatom assemblage
and paleoenvironmental characteristics of diatomites in the Ciftlik Basin (Nigde). Ref. [15]
investigated the diatom assemblage and lithofacial properties of Ihlara—Selime diatomites.
As part of a hydrogeological survey study of the Eregli Bor Plain, ref. [16] conducted
groundwater research in the region and prepared a 1/100,000-scale hydrogeological map
of the area. Ref. [17] conducted studies on the physicochemical formation, carbonate
diagenesis, and mineralogical content of paleosols and other sedimentary deposits in the
lake environment of the Konya Plain. Ref. [18] determined the chronological age using
the radiocarbon method in the Konya—Eregli Plain and established its stratigraphic profile.
Ref. [19] identified that the Konya Basin is situated 100 km away from Tuz Lake and
highlighted its development between alluvial fan and lake shoreline regimes.

Additionally, researchers have established the lithostratigraphic sequence of the sed-
iments. Researchers have carried out dating using the *C method. Ref. [20] employed
physicochemical, mineralogical, and geochemical data in the Konya Basin of Turkey to
identify climatic changes during the Quaternary period. Ref. [21] researched the hydro-
geochemistry of hot and mineral-rich waters with different circulation systems, mainly
focusing on the Dertalan, Kemerhisar, and Ciftehan (Nigde) sources. Ref. [22] revealed that
the Quaternary fills, termed Bor-Eregli (Central Anatolia) Quaternary deposits, consist of
units such as conglomerate, sandstone, mudstone, limestone, and paleosol—calcrete. They
compared the findings of this study with previous dating and sedimentological findings
made in the Konya Basin.

The study area, with its extensive surface area, is the subject of a unique study in
this article. For the first time, we will be examining the geological, mineralogical, and
geochemical content of the sedimentary fills in the northern part of this basin. This novel
approach aims to determine the mineralogical and chemical properties of the weathered
rocks, paleosols, calcretes, and lacustrine sediment layers in the Bor region, located on the
edge of the Konya—Eregli basin in Central Anatolia. The potential impact of this study on
our understanding of paleoclimatic records is significant, making it a valuable addition to
the field of science.

Study Area and Geological Setting

According to [1,23-26], the oldest units in the Bor Basin are rocks belonging to the
Paleozoic-Mesozoic-aged Nigde metamorphics. These Nigde metamorphics include gneiss,
mica schist, quartzite, marble, and metagabbro. Upper Cretaceous-aged volcanic and
ophiolitic rocks overlie the metamorphic units and have taken on dome-like structures due
to granodiorite intrusion. According to [4], the second-basement rocks of the Bor Basin
belong to the Sansartepe Formation of the Ulukisla group and start with Tertiary-aged
trachy-andesitic pillow lavas and other rocks such as monzonite-syenite.

The Sereyenkaya Formation, a unique geological formation, is composed of gravels
derived from the Sansartepe Formation and intercalations of pillow lavas. Above this
formation lies Basmakg¢1 limestone, another distinctive feature. Cehritepe syenite, an Upper
Paleocene-aged syenitic intrusion, stands out with its pinkish-white coloration due to its
feldspars and also consists of biotite and dark-colored mafic minerals. The Kdyderesi
trachyte, located to the north of Ulukisla within the Serenkaya Formation, is a trachyte
with unique, pink-colored feldspar microlites seen in a matrix, with observed phenocrysts
of alkali feldspar and biotite (believed to be of Upper Paleocene age).

In the same basin, the Lower Lutetian-aged Karatepe limestone, which was deposited
for the second time, is white and measured to be 50 m thick at the type section located
south of Hasangazi Village. The Giiney Formation starts with a gray mudstone—calcite
turbidite sequence at its base, as measured at the type section in the Calili stream east of
Giiney Village, and transitions to normal turbidite sandstones towards the top. The Tayhac
andesite is an Upper Eocene-aged magmatic unit found around Tayhacitepe, above the
Giiney Formation, consisting of white plagioclase, pyroxene, and biotite phenocrysts in a
light gray—pinkish gray aphanitic matrix. It appears as stocks, sills, and dikes. The Upper
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Eocene-aged Dikmendedetepe trachyte surrounding the Dikmendede hill is a pink trachyte
rich in large orthoclase crystals.

The Aktoprak Basin unconformably overlies the Ulukisla Basin and includes volcano-
sedimentary rocks. It represents a continental basin, beginning with the Oligocene-aged
Zeyvegedigi Anhydrites (comprising gypsum and anhydrites, locally overlaid by greenish
marls and whitish clayey limestones). The Kurtulmustepe Formation consists of cream-
white colored limestone, mudstone, and marl sequences. Following the Lower Miocene-
Aquitanian, the Kiz116z Formation, which consists of red- and green-colored cross-bedded,
coarse-grained sandstone and conglomerate, was deposited. The Middle Miocene-aged
Kiziltepe Travertine represents unconformity in the region. Regarding the Kizilbayir
Formation, observed both in the south and north of the basin, this unit generally consists
of red-green colored, coarse-grained, large-scale cross-bedded sandstones. The Young
Miocene-aged Katrandedetepe Formation consists of greenish-yellowish marl and white-
colored limestones. The Pliocene-aged Bestepeler Formation is the youngest unit observed
in the north of this basin, comprising loosely cemented, red-green colored sandstone and
conglomerate with thin marl layers [1,23,24].

In the study area, in addition to the basement rocks mentioned above, rocks belonging
to the Cappadocia Volcanic Province volcano-sedimentary rocks are also present (Figure 1).
According to [27], these, named Balc1 volcanites or Melendizdag, tuffs [8,28], are described
as yellow-brown-purple-green-colored, limonitized and altered lavas, tuff, and various
pyroclastics. They are distributed to the south of Melendizdag, in the northern parts
of Altunhisar town. Based on age determination using the K/Ar method, an age of
7.2 £ 0.9 My has been established [10]. The Late Pliocene-Early Quaternary-aged Yuvakdy
volcanics consist of andesitic lava, tuff, agglomerate, and lahars. Within them, ignimbrites
have been identified in places. The lavas have a hyalopilitic-porphyritic texture and consist
of volcanic glass, plagioclase microlites, and granular pyroxene and amphibole within
a matrix containing plagioclase, augite, biotite, and opacified amphibole crystals. The
Melendizdag volcanites consist of grey-black-colored andesitic lava and pyroclastics.
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Figure 1. (A) Simplified geological map of the study area (modified after [22]) and (B) study area.
2. Materials and Methods

In the study area, two representative stratigraphic sections have been measured: one within
Quaternary-aged lake and fluvial sediments (Figure 2, P1) with a thickness of 11 m, and
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the other within Quaternary-aged lakeshore and slope debris sediments (Figure 3, P2) with
a thickness of 10 m. The auxiliary sections are not presented in this article. The facies
characteristics of paleosol (Ps), calcrete (Ca), gravel (Gm), sand (Sa), silt (S1), mud (Md),
and clay (Cl) levels have been identified (see profile descriptions), as well as volcanoclastics
such as pumice fall-out (Pfo).

Figure 2. General view of the Zengen area location P1: (A) general images of the location P1,
(B) basement rock level (Pliocene), (C) calcrete level, and (D) paleosol levels.

Along both profiles, 19 partially lithified or semi-lithified samples of paleosol, calcrete,
clay, mud, silt, sand, pumice clasts, and gravel have been taken, and field photographs of
the stratigraphic sections have been captured (Figures 2 and 3).

Grain Size Analysis: Granulometric analyses were performed using Walker’s method
in ref. [29] to investigate the grain size variation in partially lithified or semi-lithified
sedimentary samples.

Thin sections were prepared at the General Directorate of Mineral Research and Ex-
ploration (MTA, Ankara, Turkey) section lab to study the properties of partially lithified or
semi-lithified sedimentary samples from the study area. The analyses were completed using
a polarizing microscope (Nikon Poll 400, Nigde, Turkey) at Omer Halisdemir University.

Within the scope of this study, samples particularly rich in clay grain size were selected
in the field. ZT1-ZT5 samples are represented by basement rock samples of the area.
Z1-7Z13 samples are from the P1 section. The samples collected from the field were analyzed
using a Bruker D8 Advanced XRD device with a Cu X-ray tube at the General Directorate of
Mineral Research and Exploration (MTA) to identify their mineralogical properties. Mineral
phases were initially identified from the XRD patterns, and the percentage quantities of the
same minerals were determined using the SIROQUANT 3.0 software program.

The chemical analysis of 19 partially lithified or semi-lithified samples of paleosol, cal-
crete, clay, mud, sand, pumice, and gravel was performed at Acme Analytical Laboratories
Ltd. (Vancouver, BC, Canada) using ICP-AES for major and trace elements and ICP-MS for
rare earth elements (REEs). The detection limits for the analyses were 0.01 and 0.1 wt% for
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the major elements, 0.1 and 5 ppm for the trace elements, and 0.01 to 0.5 ppm for the REEs.
ZT1-ZT5 samples are represented by basement rock samples of the area. Z1-Z13 samples
are from the P1 section.

Figure 3. Images of the Altunhisar location (P2): (A) general view; (B) pumice fall-out deposit,
partially lithified sand level, and paleosol; (C) partially lithified sand level; (D,E) partially lithified
sand level and paleosols.

3. Results
3.1. Profile Descriptions and Facies Characteristics

As seen in Figure 4, a lithostratigraphic vertical section has been drawn for the Eregli—
Zengen area, labelled as the P1 section. This region’s most essential and representative
lithostratigraphic vertical section is found near the Zengen sand quarry and its immediate
vicinity (Zengen, 37°48'44" N; 34°13/45" E; profile start at 1100 m; in ref. [30]). The
levels consist primarily of red-colored, carbonate-rich sequences of mudstone-intercalated
paleosol and calcrete as basement rocks in the area of the Pliocene (Figure 4, ZT1-ZT5). The
profile starts with approximately 1 m thickness of brown mature paleosol (Z1). A 1 m thick
massive calcrete containing brown plant roots (Z2) is overlying this level. This is covered
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by 1 m thick brown paleosol and contains plant roots and pumice gravels (Z3). Above
this paleosol layer is approximately a 1 m thick light brown massive calcrete containing
plant roots (Z4). Grey-to-black-colored partially lithified or semi-lithified sand and gravel
levels extend horizontally (Z5). Above the sand-gravel levels is a 1 m thick grey calcrete
containing plant roots (Z6). This calcrete level is overlaid by a brown mature paleosol level
(27), followed by a thin brown sandy level (Z8). A dark brown to black mature paleosol
level (Z9) is above the thin sandy level. A massive calcrete level containing plant roots
is dark brown and occurs as a thinner level in the P1 profile (Z10). Above this level, a
massive brown calcrete-containing plant roots exists (Z11). On top of the massive calcrete
level (Z11), there is a grey gravel level (Z12). At the top of all this material is a brown
massive calcrete level (Z13). Multiple hiatuses occur among units Z1 and Z13 (diastem and
unit gap), and the latter unit is covered by modern soil. The grain size of the modern soil
is predominantly mud and occasionally contains gravel fragments (basalt and andesite).
Other grain-size components include fine sand, rich in humus and mainly containing grass
and other plant roots.
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Figure 4. A lithostratigraphic vertical section drawn for the Eregli-Zengen region (P1); l4c ages
modified from [22,31].

As depicted in Figure 5, a P2 lithostratigraphic vertical section has been meticulously
described for the Nigde—-Altunhisar area. The most essential and representative lithos-
tratigraphic section for this region was identified near the Altunhisar sand quarry and its
vicinity (Nigde—Altunhisar, 38°00'29” N 34°21'20" E; profile start at 1200 m). The base of
the section consists of a 2 m thick layer of grey, partially lithified or semi-lithified gravel
and sand interbedding (AD1). Above this, there is a 1 m thick layer of grey to white pumice
fall-out (AD2). This is overlain by a 3.54 m thick layer of light grey sand (AD3). Above the
sand, there is a 4 m thick brown paleosol layer (AD4). This is followed by a 1.5 m thick layer
of white paleosol and sand (AD5), which is succeeded by a 1 m thick light brown paleosol
and sand layer (AD6). These units are capped by modern soil, which is predominantly
mud with occasional gravel pieces. The modern soil also contains fine sand, rich in humus,
and mainly comprises grass and other plant roots.
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Figure 5. Lithostratigraphic section of the paleosols and terrestrial sediments of the Altunhisar region
(P2); e ages modified from [22,31].

3.2. Grain Size Analyses

It has been determined that the partially lithified sediments, paleosols, calcrete, and
fall-out pumice representing certain levels are poorly sorted (Tables 1 and 2) [29]. They
are very poorly sorted and show strong positive skewness. Grain size analyses reveal
that clay-sized materials are mainly concentrated in the upper levels of the paleosols
or mud-clay-rich levels, especially in the strongly weathered layers. This indicates the
transportation of sediments of different grain sizes (clay, silt, sand, and gravel) to this region.
These varied and different values have resulted from river flows, changes in lacustrine
inputs, and climate changes in the area. In other words, partially lithified sediments with
various lithological characteristics and differences in transportation mechanisms have
resulted in lake accumulations (both lacustrine and terrestrial grain inputs together).

Table 1. Grain size analysis results for the paleosol, calcrete, sand, and gravel levels of the Zengen
region (P1).

Grain Size 71 74 77 78 711 713
— @—(mm) %Cumulative %Cumulative %Cumulative %Cumulative %Cumulative %Cumulative
—5 (32 mm) 0 0 0

—4 (16 mm) 0 0 0

—3 (8 mm) 0 0 0

—2 (4 mm) 0 0 25 0 3 0

~1(2 mm) 2 1 32 28 17 18

0 (1 mm) 4 4 54 39 31 28

1 (0.5 mm) 17 32 61 49 47 38
2 (0.25 mm) 63 77 69 58 65 51
3(0.125 mm) 97 97 84 70 87 71
4 (0.065 mm) 100 98 93 81 95 83

5(<0.031 mm) 100 100 100 100 100 100
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Table 2. Grain size analysis results for the paleosol, calcrete, sand, and gravel levels of the Altun-
hisar region.

Grain Size AD1 AD2 AD3 AD4 AD5
—@—(mm) %Cumulative %Cumulative %Cumulative %Cumulative %Cumulative
—5 (32 mm) 0 0 0 0 0
—4 (16 mm) 0 0 0 0 0
—3 (8 mm) 0 38.28 46.19 0 0
—2 (4 mm) 432 58.73 51 1.40 5.81
—1(2 mm) 65.08 70.35 58.42 11.61 12.82
0 (1 mm) 74.68 78.76 67.25 24.02 30.85
1 (0.5 mm) 83.26 84.97 81.31 44.64 58.90
2 (0.25 mm) 89.88 89.77 89.54 68.06 78.33
3 (0.125 mm) 96.88 94.98 96.16 89.68 94.96
4 (0.065 mm) 96.98 97.18 96.96 89.78 94.96
5 (<0.031 mm) 99.98 99.99 99.97 99.99 99.97

3.3. Thin-Section Petrography

Thin sections prepared from samples taken from locations in the Zengen region have
shown a high amount of minerals and volcanic rock fragments, such as quartz, alkali
feldspar (orthoclase, anorthoclase, microcline, and sanidine), plagioclase (labradorite),
quartz, amphibole (hornblende), and clinopyroxene (augite and diopside) (Figure 6). Pet-
rographic examinations have observed that coarse-grained feldspars and rock fragments
are partially decomposed and scattered in the sections. There is a significant presence of
coarse-grained clinopyroxenes. There are abundant trachytic rock fragments containing
flow texture and basaltic and andesitic rock fragments containing intersertal texture. The
rounded nature of some of these rock fragments in the thin sections suggests they were
transported from far areas or reworked on the lake shore. Coarse-grained feldspars are
observed to undergo alterations along edges, cracks, and cleavages to clay minerals, and
mafic minerals show serpentinization, chloritization, sericitization, and opacification (Z1).
There are very fine-grained clinopyroxenes and rock fragments (Z2 and Z3). There are
pretty coarse-grained volcanic rock fragments (Z4). Generally, calcrete samples contain
pyroxene, rock fragments, quartz, and a small amount of feldspar. These are bound by
trace amounts of clay and rich micritic calcite (Z6). The binder in paleosol samples consists
of iron oxide, clay, and micritic calcite. Rock fragments have decomposed in these samples
and are bound by fine-grained clay and a small amount of carbonate (Z11). In the section
related to the calcrete level containing fine and coarse-grained minerals, minerals such as
feldspar, pyroxene, and quartz are observed to be bound with calcite (Z8 and Z13).

In the study area of the Altunhisar region, sand levels spread over a wide area were
subjected to mineralogical studies, and samples were taken from bottom to top for micro-
scopic investigation (Figure 7). Approximately 47-50% of the samples are volcanic rock
fragments, andesites, and basalts. These volcanic rock fragments contain volcanic glass and
feldspar minerals. These feldspars comprise about 25-27% and include potassium feldspar
and plagioclase. Additionally, there is about 18-22% quartz. Furthermore, 3-5% of the sam-
ples contain micritic calcite, and 1-2% contain opaque and other ferromagnesian minerals.
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Figure 6. Microphotographs of samples from the Zengen region: (A) coarse-grained basaltic rock
fragments seen within a fine-grained matrix (Z7, cross and single polarized image, scale bar 1 mm);
(B) plagioclase and rock fragments within a consolidated fine matrix (Z7, cross and single polarized
image, scale bar 1 mm); (C) a relatively coarse-grained volcanic rock fragment within a fine-grained
matrix (Z7, cross and single polarized image, scale bar 1 mm); (D) the consolidated matrix consists of
clay and micritic calcite. Image of coarse-grained pyroxene, feldspar, mica (biotite), volcanic rock
fragments (Z8, cross and single polarized image, scale bar 1 mm).
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Figure 7. Microphotographs of samples from the Altunhisar area: (A) andesitic, basaltic rock fragments
and volcanic rock fragments. The grains are well rounded, and the minerals are unaltered, bound
together by clay and iron oxide (AD1, cross and single polarized image, scale bar 1 mm); (B) Rock
fragments with coarse grained feldspars are seen along with small quartz grains, slightly altered
feldspar, bound by clay and iron oxide (AD3, cross and single polarized image, scale bar 1 mm).

3.4. XRD Studies

XRD measurements were conducted on samples from the basement rock, and for the
ZT2-ZT5 sample, the minerals determined in the phases in the MDI Jade 6.5 are calcite,
feldspar, quartz, and clay minerals. The clay minerals are illite, montmorillonite (smectite),
sepiolite, chlorite, and palygorskite.

For the Z2 sample of the P1 profile, the minerals determined in the phases in the Jade
program are quartz, calcite, and clay minerals. The clay minerals are illite, montmorillonite,
and palygorskite, and for the Z3 sample, the minerals are quartz, calcite, hornblende, and
clay minerals. The clay minerals are illite and chlorite. For the Z4 sample, the minerals
are quartz, calcite, albite, and clay minerals. The clay minerals are illite, montmorillonite,
chlorite. For the Z5 sample, the minerals are calcite, quartz, albite, and clay minerals. The
clay minerals are montmorillonite, illite, and chlorite. For the Z6 sample, the minerals are
calcite, quartz, albite, antigorite, and clay minerals. The clay minerals are montmorillonite,
chlorite, and vermiculite (Figure 8). For the Z7 sample, the minerals are calcite, quartz,
albite, and clay minerals. The clay minerals are illite, montmorillonite (smectite), chlorite,
and vermiculite. For the Z8 sample, the minerals are calcite, quartz, albite, and clay
minerals. The clay minerals are illite, palygorskite, montmorillonite (smectite), chlorite,
and vermiculite. For the Z9 sample, the minerals are the same as for Z8. For the Z10
sample, the minerals are calcite, quartz, opal-CT, and clay minerals. The clay minerals are
montmorillonite (smectite) and chlorite. For the Z11 sample, the minerals are calcite, quartz,
albite, and clay minerals. The clay minerals are illite, chlorite, montmorillonite (smectite),
and sepiolite. For the Z12 sample, the minerals are quartz, calcite, antigorite, and clay
minerals. The clay minerals are illite, sepiolite, and chlorite. Mineral phases were initially
identified from the XRD patterns, and the percentage quantities of the same minerals were
determined using the SIROQUANT 3.0 software program (see also Figure 8).
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Figure 8. Graphical representation and vertical distribution in the profile of the quantities of minerals
calculated for Zengen region samples ZT1-ZT4 (basement rock, Pliocene) and Z1-Z13 (P1 section,
Quaternary), with the help of SIROQUANT output data (smc: smectite; chl: chlorite; pal: palygorskite;
sep: sepiolite; ill: illite; fld: feldspar; qtz: quartz; amph: amphibole; serp: serpentine; cal: calcite).

3.5. Geochemical Studies

In the Zengen profile, the amounts of CaO are generally low, reaching up to 50% only
in calcrete levels (Figure 9). Paleosols in the Zengen region contain high amounts of SiO,,
Fe;03, and Al,O3. MgO, NaO, KO, and P05 are some of the levels depleted due to
strong weathering. The high values in these zones are due to the presence of minerals such
as feldspar and smectite. In calcrete zones, however, the amounts of CaO increase, whereas
significant decreases in the amounts of SiO, are observed. Therefore, a negative correlation
between SiO, and CaO is observed. The high SiO; contents in this profile are derived
from quartz, feldspar, opal-CT, opal A, and clay minerals. The vertical distributions and
behaviors of trace elements like Ba, Cu, Zn, Ni, Co, and Sr in the Zengen area profile show
variation in the different levels. While the profile presents a positive correlation in heavy
metal ratios, some zones are enriched with these heavy metals, and others are depleted.
The reason for this is the direct transportation of sediments to the areas where the paleosols
formed by flood plain areas or lake shores in the study area. The transported sediments
can be enriched with heavy metals.
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Figure 9. Distribution of the major elements such as NaO, K,O, TiO,, P,O5, MnO, and Cr,0O3
(major elements) (right) and Ba, Ni, Sr, and Zr (trace elements) in samples from the Zengen region
(left): ZT1-ZT5 (basement rock, Piliocene) and Z1-Z13 (P1 section, Quaternary).

4. Discussion and Conclusions

The calcrete levels found at the base of locations in the Zengen P1 profile were not
found in the Altunhisar (P2) area. This is because parts of the Altunhisar region’s geological
structures have been removed and transported away due to alteration and decomposi-
tion events by river systems entering the area. Paleosols are generally brown and red,
containing volcanic rock fragments and traces of plant roots. Paleosols are divided into
two groups: columnar and mature. It has been determined that there is a high degree of
decomposition in paleosol levels, indicating that the erosion and sedimentation of paleosols
in the region are irregular. Calcretes are notable for their light brown to nearly white colors,
massive form, hard protrusions, and layered extensions between paleosol levels. Calcrete
contains many magmatic and volcanic rock fragments, with high levels of alteration in
calcrete levels. The calcretes in the region are horizontal or nearly horizontal in layering.
River and lake sediments are dark grey-black, containing moderately to well-processed
rock fragments.

In studies conducted at locations in Altunhisar, the bottom contains a sequence of fine
grey gravel and sand, topped by a grey-white pumice fall-out product. On top of this is a
layer of light grey sand, over which lies a brown paleosol, and above this paleosol layer is a
lighter-colored paleosol and sand level. The base of the units consists of approximately 1 m
thick grey-white paleosol and pumice fall-out products. A 2 m thick layer of grey-white
pumice fall-out product is directly above this. On top of this level is a dark grey sandstone
level, ending with a brown paleosol and sand level. The paleosols in the area are generally
grey-brown and well developed.

Petrographic examinations of the P1 profile observed that coarse-grained feldspars
and rock fragments are partially decomposed and scattered in the sections. There is a
significant presence of coarse-grained clinopyroxenes. Abundant trachytic rock fragments
containing flow texture and basaltic and andesitic rock fragments containing interseptal
texture are found. The rounded nature of these rock fragments in the thin section suggests
they were transported from a distance. Alterations along edges, cracks, and cleavages to
clay minerals in coarse-grained feldspars and serpentinization, chlorination, sericitization,
and opacification in mafic minerals are observed.

XRD studies on samples of the P1 section from the Zengen region showed that quartz,
feldspar, calcite, and clay minerals dominate the profile. In addition, minerals such as
amphibolite, pyroxene, and serpentine are present, thought to form due to weathering of
alluvial material from volcanic rocks in the wide region (Nigde Metamorphics, Ulukisla
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group volcano-sedimentary rocks, and Melendizdag volcano-sedimentary rocks). A clear
inverse relationship between calcite and clay minerals is evident. While four P1 section
levels of clay mineral enrichment were found, five levels of calcite enrichment were iden-
tified, indicating ongoing calcification in the area. In paleosol levels, the enrichment of
clay minerals, specifically smectite (montmorillonite), chlorite, and palygorskite, has been
determined. At the profile’s basement rocks, the calcite mineral is standard, while feldspar
increases towards the upper levels.

In the profile P1 at the locations where the amount of CaCOj increases, a decrease
in 5iO; has been identified. Changes in Al;O3 amounts have been detected due to the
formation of clay minerals, with no significant change in Fe,O3; and MgO ratios. No
significant change in Cr,O3, MnO, and P,Os amounts has been detected, with changes
in TiO, due to clay mineral formation. There is an increase in NaO and K;O amounts
compared to the rocks at the basement rocks, indicating salinization of the area. Changes in
rare earth elements and trace elements are observed due to the formation of clay minerals.
Mainly, an increase in Sr and Ba towards the upper levels of the profile has been determined.
Clay formation or carbonate accumulation can explain the change in Ni and Zr.

The amount of CaCOj3 particularly reaches up to about 50% in the basement rock of
the P1 profile. In paleosol levels of the profile, the amount of CaCOj is not rich. Paleosol
binders have been determined to consist of clay and iron oxide minerals and a small amount
of carbonate.

The results presented above regarding the Bor-Eregli Plain when compared with
studies conducted on the Quaternary fill of the Konya Basin by [18,19] indicate that the
region has undergone a long-term hydrological evolution; they have determined this by
examining various landforms, alluvial materials, and lacustrine sediments. The examina-
tion of terrestrial sediments taken from the study area confirms the works of [18,19]. In the
studies conducted by [18,30], it is stated that after 17,000 years ago, no lacustrine phase
reached a level above the periglacial lake level in the region, reaching this level with the
melting of the Melendizdag, Bolkar, and Aladag (Central Taurus) ice sheets. The melting
of the glaciers led to an increase in the number and speed of river systems feeding the
Bor-Eregli basin. The information obtained from examining sediments taken from river
levels in this study conducted in the Altunhisar area confirms these findings.

During the late glacial period, shallow fresh water lacustrine phases and paleosols
were identified from 12,500 to 11,000 yr BP in the Bor Basin. These deposits are comparable
in age to those in the Ciftlik Basin [31,32] and thus support the interpretation of change in
glacial conditions, as supported by a clay mineralogical analysis, in the sediments of its
fluvial lacustrine and paleosol successions [32].

The Pleistocene-Holocene transition (late glacial) led to the formation of lime-rich
muds, and the extreme rise in temperatures during the Holocene period resulted in the
formation of CaCOj precipitates (calcrete levels). It has been stated by [18,30] that paleosols
developed during geologically calm periods within this period. The studies we conducted
in the Zengen region, with CaCO3 accumulations and paleosol levels having horizontal
or nearly horizontal alteration surfaces, confirm the findings of [18,19]. Our findings are
similar to the situation reported by [18,19] in the Konya Plain, Central Turkey.
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