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Abstract

Limestones, which are a type of carbonate rocks that are classified as
karstification of rocks, are widely observed in the Antalya complex. The
assessment of the elemental relationships in the formation of limestones
by using statistical methods is important for the interpretation of paleo-
redox states in the environment and for understanding its diagenetic
conditions. In the study, limestone samples collected from the Susuzdag
Formation were analyzed by the XRF method to determine their
chemical contents. Also, thin cross-sections of the limestone samples
were prepared and the mineralogical properties of the formation were
determined by performing detailed optical microscopy examinations.
The order of the contents enriched during the formation of limestones is
as follows: SiOz, MgO, Al:0s, K:0, TiO: Fe:03, SOs, Pb, Th, U, Sr, Mn, and
Co. The high values of K-0, Alz03 and SiO: elements at the regional scale
revealed the high clay presence in the limestones. In addition, high
concentrations of Al203 and TiO; interpreted from distribution maps in
similar locations indicate the presence of minerals with aluminum oxide
and titanium oxide. The cumulative value of chemical contents, which
were observed to fall in 4 main groups, was calculated as 92.60%. The
limestone samples were found to have micritic and sparitic textural
features, and no foliation or lamination was observed in their thin cross-
sections. Moreover, according to the single-nicol images, the matrix
fillings of the cross-sections of the samples were found to contain clay.
It was thought that the limestones in the region underwent dehydration
reactions during their formation and lost their water molecules and
became enriched in kaolinite minerals.

Keywords: Limestone, Multivariate statistics, Spatial statistics,
Mineralogy, Geochemistry.
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Karstlasabilen kayag¢ siniflamasina giren karbonatl kayaglardan
kirectagslari, Antalya kompleksi icerisinde yaygin olarak bulunurlar.
Kirectaslarinin olusumunda meydana gelen elementel iliskilerin
istatistiksel metotlar kullanilarak yorumlanmasi, ortamdaki paleo-
redoks durumlarinin  yorumlanmast ve diyajenetik kosullarin
anlagilabilmesi icin 6nem arz etmektedir. Calismada, Susuzdag
Formasyonu icerisinde bulunan kirectaslarindan derlenen érnekler XRF
yontemiyle analiz edilmistir. Ayrica, kirectasi numunelerinden ince
kesitler hazirlanmis olup ayrintili optik mikroskop calismalar ile
formasyonun mineralojik 6zellikleri belirlenmistir. Kirectaslarinin
olusumu esnasinda zenginlesme gésteren iceriklerin siralanimi “SiOy,
MgO, Al:0s, K20, TiO: Fe:03, SO3, Pb, Th, U, Sr, Mn ve Co” seklindedir.
Bolgesel élcekte K20, Al:03 ve SiO; elementlerinin ytiksek degerlerde
bulunmasi, kirectaslarinin igerisindeki yiiksek kil varligini ortaya
ctkarmigtir. Ayrica dagilim haritalarindan yorumlanan Alz03 ve TiO:
benzer lokasyonlardaki ytiksek konsantrasyonlari aliiminyumoksitli ve
titanyumoksitli minerallerin varligina isaret etmektedir. Baslica 4
faktér altinda toplandigi gériilen kimyasal iceriklerin kiimiilatif degeri
%92.60 olarak hesaplanmigstir. Mikritik ve sparitik dokusal ozellikte
bulunan kirectaslarinin ince kesitlerinde foliasyon ve laminasyon
gozlemlenmemistir. Ayrica kesitlerin matriks dolgularinin kil icerikli
oldugu tek nikol gériintiilerinden tespit edilmistir. Bélgedeki
kirectaslarimin  olusumlart  esnasinda, dehidrasyon tepkimeleri
gecirerek  su  molekiillerini  kaybedip, kaolinit — mineralince
zenginlestikleri diistintilmiistiir.

Anahtar kelimeler: Kirectasi, Cok degiskenli istatistik, Mekansal
istatistik, Mineraloji, Jeokimya.

1 Introduction

Limestones are carbonated units formed by karstification of
rocks under suitable environmental conditions [1],[2].
Carbonate rocks are important with the rare earth elements
and precious metals they contain [3]. These types of rocks are
subject to dissolution under the influence of natural waters,
allowing the formation of lithologies of different types and
structures [4]. The formation of carbonate rocks does not
depend solely on the calcium mineral. Also, carbonate rocks
contain various minerals and elements in their content
depending on their formation environment [5]. The physical
environment conditions of the carbonate rocks affect their
elemental composition. In the literature, there are several
similar studies on determining the geological environmental
conditions and elemental compositions of carbonate rocks.

*Corresponding author/oozer@akdeniz.edu.tr

In the study carried out on the limestone samples collected
from northeast Iran, the mineral phases and elemental
concentrations of the samples were determined. The results
were evaluated using multivariate statistical methods, and
information about the diagenetic conditions and processes that
the limestones underwent was obtained. The mineralogical
data obtained revealed that the major components of the
limestones observed in the region were calcite and quartz while
the minor contents were kaolinite and hematite minerals [3].

Geochemical investigations on limestone samples collected
from the Kanigorgeh region in Iran facilitated making
interpretations about the deposition environments of the
limestones. It was concluded that the limestones observed in
the region have been deposited under two different conditions.
The metallic oxide enrichment that occurred with the
adsorption of the kaolinite mineral in the environment has led
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to the main formation mechanism of the limestones [6].The
study conducted on limestone samples collected from the
Northern Ural region revealed details about the origin and
mineralogical properties of carbonate facies. The mineralogical
characteristic of the examined limestone samples was found to
be microgranular calcite [7],[8].

Biogeochemical processes undergone by the carbonate rocks
were investigated in studies on limestone samples collected
from the Parnassos region of Greece. The presence of fossils
was found in the limestone samples. Moreover, the presence of
organic material has led to the development of bio-
mineralization reactions. The limestone samples were found to
have element enrichments due to various bioextraction
reactions, and the correlations between the elements in
limestones were determined [9].

The geochemical properties of the limestone samples collected
from the South of the Seydisehir region in Central Anatolia were
determined. The results of the chemical analyses of the
carbonate rock formations in the region were evaluated using
geochemical and geostatistical approaches. The limestone
samples collected from the field were observed to have fossil
content. Also, they were found to have medium to thick-bedded
with a color scale between gray and cream in terms of their
physical view. The results of the mineralogical investigations
revealed that the main mineral content was dolomite. Also, it
was determined that they showed dismicritic and
intrapelmicritic textural features [10].

The study area, which is in the Western Taurides, is located in
front of the Lycian Nappes in the East of Dalaman and Ortaca
(Figure 1) [11].
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Figure 1. Location map of the study area and samples in
Sutlegen.

The Sutlegen village is approximately 30 km inland from Kas
harbor. The major units forming the geology of the region are
as follows: Middle Eocene-Lower Miocene aged Elmali
Formation, Middle Eocene-Lower Miocene Susuzdag
Formation, and Quaternary aged alluvial material, which are
the youngest units observed in the region. Most of the
limestones in the region are observed in the Susuzdag
Formation [12].

Although there are several studies highlighting the geological
properties of the Western Taurides in the literature, no study
has been conducted on the geochemical and mineralogical
properties of neritic limestones observed in the Susuzdag
Formation. In this context, the present study aims to examine
the limestones in the region in terms of determining the
chemical contents of the samples by analyzing them using XRF,
interpreting the results of these analyses using multivariate
statistical methods, generating spatial distribution maps of the
results of the chemical analysis using Kriging interpolation
method, and determining their textural and mineralogical
features. It is also aimed to interpret the paleo-redox states,
diagenetic conditions, and depositional environments of the
limestones in the region.

2 Materials and methods

2.1 Geochemical analyses

A total of 35 limestone samples collected from the Sutlegen
village were brought to the Geological Engineering Department
of the Engineering Faculty at Akdeniz University. The samples
were homogenized and ground to clay size (<10 um) using the
RM 200 mortar grinder (Retsch GmbH, Germany) to prepare for
energy dispersive X-ray fluorescence (ED-XRF) chemical
analysis [13],[14]. Then, the homogenized samples were taken
to the hydraulic press machine to produce press-pastilles, and
they were pressed under the pressure of 30MPa to have
suitable dimensions for the XRF device [15]. The elemental
spectra of the samples were created using a Rigaku NEX CG
Energy Dispersive X-Ray Fluorescence (ED-XRF) spectrometer
(NEX-CG Applied Rigaku Technologies, Inc. Austin, TX, USA)
with an artificial X-ray tube of 50W and a fluorescence detector.
The concentration values obtained from the spectra were
calculated in ppm. Thus, the chemical composition of each
sample was determined.

The samples collected from the field were brought to the
Geological Engineering Department of the Faculty of
Engineering Mines at Akdeniz University to analyze the
mineralogical properties of the limestone samples. Five of the
limestone samples were cut into small pieces using water. The
samples were subjected to surface wearing and epoxy
processes to examine them sensitively using an optical
microscope and to determine their mineralogical contents.
Then, the limestones (thin cross-sections) obtained from these
processes were placed on the glass lames and subjected to
optical microscopy.

2.2  Statistical analysis

The results of the geochemical analyses were interpreted using
the multivariate statistical analysis. In the study, the following
multivariate statistical analyses were used to interpret the
data: descriptive statistics, correlation analysis, factor analysis,
and cluster analysis. The statistical analyses were conducted
using the SPSS 23 software package.
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2.3  Spatial statistics

The geographical coordinates of the locations where the
samples were collected in the study area were arranged as
latitude (Y) and longitude (X). The coordinates of the sample
locations, sample codes, and the results of the geochemical
analyses (Table 1) were imported into the ArcMap 10.7

software. The polygons, which include the data laid over the
basemap of Turkey, were converted into the raster data format.
The distribution map of the geochemical data of SiO2, MgO, K:0,
Al203, Fe203, TiO2, Mn, Sr, and Co in the region was generated in
the raster data format by using the Kriging interpolation
method (Figure 2 and Figure 3).

Table 1. Results of the chemical analysis of the limestone samples.

Ca0 [MgO| Si0; [A1,04Fez03] SO; | P20s | K:0 | TiO; | Sr Sn I Y
Latitude Longitude (%) | (%) (%) | (%) (%) (ppm) (%6) | (%) | (%) (ppm)™ ) (ppm)(ppm) ™ )€1 (%) ()
K1 3639277 29.5552797.90.561/0.7660.436/0.198 | 231 0.02640.02420.00914/ 96.2 [0.0177] 50.2 0 [0.003230.00304] 52.9
K2 36.39277 29.55527 | 98 [0.5420.682/0.437) 0.12 | 229 |0.026 0.0292/0.0121| 71 |0.0161] 58.7 47.1 0.002710.00188 28.4
K3 36.39510,29.56111/96.9(0.465 1.07 [1.06|0.279| 278 0.02750.03070.0527 | 114 [0.0176| 554 665 0.003120.00223| 33.3
K4 36.55913 29.5627797.90.446 0.581[0.350.493| 373 0.0251/0.032[0.00616] 360 [0.0116] 61.7 52.3 [0.003210.00134 23
K5 36.55913 29.56277 | 98.80.409 0.281/0.215/0.146 | 229 0.02550.0221 0 | 103 0.00577 52.2 56.6 0.002880.00197 0
K6 36.55913 29.56277 | 98.7 0.505 0.287 0.2010.0813 628 0.04260.0236 0 | 232 [0.0142| 59.4 47.6 0.003740.00299 0
K7 36.39695 29.58083 [ 98.9(0.357 0.269 0.2170.0608] 296 0.02080.0193 0 | 282 [0.00882 58.3 0 |0.0028/0.00228 24.9
K8 3639945 29.59277 | 98.7 [0.349 0.385/0.2760.0882 353 0.0237/0.032[0.0047 | 258 [0.00855 59.8 57.8 [0.002950.00314 0
K9 36.39889 29.59361 | 98.60.307 0.417 0.374/0.136 | 266 0.02310.02680.00775 184 [0.0177| 45 61.8 0.002940.00289 0
K1036.39889 29.59361 | 99.2[0.249 0.143/0.1430.0774 193 0.02100.0134 0 [ 126 [0.00531 53.1 0 [0.00272/0.0018] 39.4
K1136.39668 29.59166 | 99.2 [0.235 0.161/0.1720.0864 192 0.02090.0209 0 [146| 0 |579 52 | 0.003 [0.00254] 39.9
K1236.39589 29.59166  99.3(0.199 0.1650.1830.0481 178 0.019/0.0184 0 | 117 | 0 | 617 493 |0.0025/0.0021] 35.6
K1336.39589 29.5916699.2(0.177 0.1460.16 | 0.144| 281 0.02120.0174. 0 [ 80.9 [0.0143] 65.9 79.3 0.007490.00248 15.8
K1436.39589 29.5916699.1[0.206 0.2 [0.186(0.088] 247 0.02210.0171] 0 [88.9 [0.0118] 53.8 62.6 0.003820.00215| 38.8
K1536.39556 29.59222 99.3(0.215 0.1540.117/0.052| 212 0.01870.0249 0 | 101 |0.0184| 53.5 613 |0.0031/0.00217 0
K1636.39381) 29.59083 | 99.4 [0.2560.09120.12 0.0277 201 0.01950.0156 0 | 156 [0.00918 49.3 53.7 0.002190.00156] 27.1
K1736.39361 29.59083]99.3[0.240.147/0.1460.0421] 253 0.02430.0222] 0 | 145 [0.00569 0 467 0.002520.00225 0
K1836.39361 29.59083 | 99.2(0.240.1650.166{0.043| 240 0.02090.0207 0 | 158 | 0 52 43.8 0.002680.00177 0
K1936.39055 29.59083 99.2|0.240.1380.1620.0886 223 0.02340.024] 0 | 150 |0.0209] 544 66.6 0.003150.00213] 9.06
K2036.39055 29.5908399.4 [0.2410.08680.1240.0367 191 0.01980.0219 0 | 148 [0.0109] 56 0 [0.002990.00254 0
K2136.38833 29.59583 | 99.1 0.209 0.237 0.2520.0773 221 0.02220.0302 0 0 [0.00615 54 67.6 0.002950.00198 0
K2236.38833 29.59583 99.30.198 0.1350.16 0.0753 173 0.02200.0187 0 [ 156 | 0011 0 0 [0.002840.00272] 0
K2336.38695 29.59972] 96 [0.253 1.5 |1.24|0.652] 291 0.063700.06820.0595[ 123 | 0.024 | 60.5 50.6 [0.00367[0.00246] 29.6
K2436.38695 29.59972|99.1(0.270.171/0.1870.0925 239 0.0222/0.023| 0 | 138 [0.0208] 63.8 0 0.002830.00112] 30.7
K2536.40583 29.58555  98.2(0.255 0.205(0.231/0.919| 291 0.024| 0.02 | 0 | 136 [0.00686 60.7 0 |0.00230.00195 29.6
K2636.40583 29.58555 | 97.8[1.110.294/0.2350.0735] 1250 0.016[0.03630.00591] 663 [0.0152] 0  65.1 [0.003140.00021] 8.83
K2736.40583 29.5855599.910.348 0.116 0.1350.0889 318 0.02180.0263 0 0 |0.0122] 60.8 49.8 0.002730.0024| 0
K2836.40583 29.58555 97.4| 1.2 | 0.51 0.324]0.127] 1350 0.1490.0284/0.0081| 699 |0.0121| 67.1 79.6 0.002690.00172| 28.5
K2936.40527] 29.59805 | 98.6 0.366 0.17 0.189[0.422[ 381 0.02210.0246 0 | 338 [ 0.106 | 51.7 52.2 0.00305/0.0027 | 28.8
K3036.40527 29.59805 | 98.7 0.404 0.2870.3010.0643 317 0.02190.0242 0 | 355 |0.0191] 555 545 0.002390.00201] 0
K3136.40527 29.59805 | 98.7 0.533 0.202 0.2290.0581] 489 0.02360.02680.00549 384 |0.0125| 54.5 70.6 0.003040.0233| 12
K3236.40527 29.59805 | 99.3 [0.2990.08940.1290.0297 236 0.01890.0241] 0 [ 210 [0.0249] 59.3 66.8 [0.003310.00238] 0
K3336.40527 29.59805 | 98.3(0.562 0.434 0.3680.0857 521 0.02310.0316/0.0123| 429 [0.00837 644 66 0.002870.00273 115
K3436.40527 29.59805  99.3(0.248 0.1050.1380.0277 219 0.01850.0283 0 | 186 [0.00042 50.1 95 0.002510.00268 0
K3536.40527 29.59805 | 94.5 [0.403 0.2680.288] 1.19 | 460 0.02240.0224 0 [ 327 [ 0.136 | 60.6 95 [0.002750.00237] 51.3
Pb [ Cd [ Te | Th Ta Rb U W | In | Au | TI Ir | Pt Hg
Crl%) (ppm)|(ppm)(ppm)(ppm)(ppm) Lo (%) (ppm) As (%) (ppm)(ppm)(ppm)(ppm)(ppm)(ppm) (ppm) (ppm) Se (%)
K1[0.00198]19.1 [ 244 0 [ o 0 0 0 0 0o o 13l o oo o o 0
K2[00036| 0 | 0 | 0 [ 0 139 0 0 0 o ol ool olo o o 0
K3(0.00231[147] 0 | 0 | 0 0 0 0 0 0] o o8z o]o0o o o 0
K4(0.00203[ 156 | 0 | 24 | 0 0 0 [53300000492 0 | 0 [ 0 | 0| 0] 0 o0 0 0
K5| 0 0 | 0 |208] 0 0 0 0 0 0l ool o | 0] o0 o0 0 0000354
K6/0.00295| 0 | 0 [ 0 [ 0 © 0 0 0 ool ololof[o o o 0
K7[0.00286] 0 | 0 [272] o 0 0 0 0 0o ol ool oo o o 0
K8[0.000927 0 | 0 [305] 0 0 0 0 0 ool oo oo o o 0
K9(0.00322] 0 | 0 | 0 | 0 0 0 0 0 ol oo |lo|o]o o o 0
K10/0.00107| 0 | 0 [378]| 0 155 0 0 0 ol oo lolo]o0o o o 0
K11/0.00143| 0 [302] 0 | 0 0 0 0 0 ool ololof[o o o 0
K12l 0 0 [945] 0 [ o o o | o] o ofloflolololo o ol o
K1300.000926/ 9.83 [639] 0 | 0 | © 0 0 Joo00722 0 [ 0o [0 | o[ oo o o 0
K14/0.00136| 112 [ 119 | 0 | 0 142 0 0 0 oo o|lo|o]o o o 0
K15 0 0 |208| 0 | 0 285 0 0 0 ol o lo|lolo0o]o0o o0 0 0
Ki6 0 0 ol olo 0 0 0 0 0o ol ool ol o o o 0
K17, 0 0 [ 10 [173] 0 0 0 0 0 0 [2129] o [ o[ o[ 0o 0o o 0
K180.000802( 998 0 | 0 [683 172 0 0 o 179/ 0 oo oo o o 0
K19 0 |[793] 0 [164| 0 268 0 0 0 oo oo o129 0 0 0
K200 0 0| 0o | 0| 0 0 000148 0 0 ol o lo|lo|lo0o]o0o o o 0
K21/0.00123| 0 | 0 |248] 0 0 0 0 0 0ol ol ol ololo o o 0
K22l 0 o o] oo 0 0 0 0 0o ol ool oo o o 0
K230.00241[ 153 0 | 0 | 0 0 0 [915] o 0o ol ool oo 0o o 0
K24 0 0 (966 0 | 0 [209 0 0 0 0| 0o 174 o [ 0 [0 o o 0
K255 0 [138]| 0 | 0 | 0 0 000294 0 [0.000312 0 | 0 | 0 | 0 |101] 0 0 0O 0
K26[0.00433] 0 | 0 | 26 | 0 199 0 0 0 0o o]l olo]lo|o o o 0
K27/0.00197] 0 [ 0 [294] 0 0 0 0 0 0o ol ool oo o o 0
K280.00205/ 952 0 | 0 | 0 0 0 0 0 o ol ool oo o o 0
K29 0 [856| 0 | 0 | 0 0 000375 0 (000111 0 | 0 [ 0 [0 [ 0 | 0 [ 0o O 0
K30[0.00115/788| 0 | 0 [545 0 0 0 0 118|174 0 [823|654| 0 976 0 0
K31/0.00115| 0 | 0 | 23 | 0 233 0 0 0 0ol ol olololo o o 0
K32(0.00151] 0 | o | o [ o 141 o [507] o0 0 ool oflo]o o o 0
K33 0 o ol oo o 0 0 0 0o ol ool oo o o 0
K34/ 00017 [111 ]| 0 | 0 [ 76 © © 0 0 0 192[ 0 [ o 1290 0 [ 0 0o 918] o
K35, 0 [107] 0 | 0 | 0 0 000739 0 (000259 0 | 0 | 0 | 0 | 0| 0 o0 0 0
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2.4 Regional geology

The study area, which lies within the borders of Katran
Mountain, is located in the Beydaglari carbonate platform. The
Beydaglari carbonate platform is bounded by the Lycian
Nappes in the west and Antalya Nappes in the east [16]. The
Beydaglari Autochthon had a formation mainly with basin and
oceanic crust genesis [17]. The age range of the Beydaglari
limestone formation was found to be Jurassic-Cretaceous [18].

Also, it was found that the Beydaglari Autochthon consisted of
2 units, namely the Antalya Union and the Elmali Union.
Moreover, these units were observed to contain limestones of
various age ranges and chemical properties [19]. In general, the
Beydaglari Autochthon is studied under the following 4 (four)
formations: Late Cretaceous Beydaglari Formation, Eocene
aged Susuzdag Formation, Miocene aged Sinekci Formation,
and Kasaba Formation [12]. While Beydaglari Formation and
Susuzdag Formation are characterized by neritic limestones,
the Sinekci Formation and Kasaba Formation are characterized
by various types of sedimentary rocks [12],[20]. With the Upper
Miocene allochthonous units that were overlain on the
Beydaglari Autochthon, the extension regime prevailed in the
region [12]. The tectonic activity that took place in the Pliocene
has been going on and increased in the field, thus, developing
normal and strike-slip faults in the region. In this context, the
region took its present morphological form after the Langhian
age [12]. The limestone sequences in the Western Taurides are
generally rudist-bearing shallow-water limestones [21],[22].

It was stated that the Kas district of Antalya province was
characterized by light gray calcareous formations and showed
a bedded structure. The carbonate formations observed in the
study area showed inconsistent presence with each other [12],
[23], [24]. In the region, the carbonate rocks were collected in
two formation and three member: Beydaglari Formation (Kb),
Susuzdag Formation (Tes), Gomuce Member (Tmsg), Caybogazi
Member (Tmsc), Felenkdagi Conglomerate (Tmf) (Figure 2).

Beydaglar1 Formation (Kb): The Liassic-Late Cretaceous aged
unit, which has spread on a wide area, consists of neritic
limestones [23].

Susuzdag Formation (Tes): The unit, which contains the
nummulites, consists of the medium-thick bedded limestone
and recrystallized limestones. The formation is an Late
Lutetian-Priabonian aged unit [23].

Gomuce Member (Tmsg): The formation, which consists of algal
limestones, is a Burdigalian aged unit [23].

Caybogazi Member (Tmsc): The formation, which contains
various sedimentary formations (sandy limestone, marl,
conglomerate, etc.) is a Burdigalian aged unit [23].

Felenkdagi Conglomerate (Tmf): The Upper Langhian-
Serravalian aged unit consists of thick-bedded conglomerates
[23].

3 Results and discussion

The results of the chemical analysis of the limestone samples
collected from Susuzdag Formation, sample codes, and sample
location coordinates in terms of latitude and longitude are
presented in Table 1.

3.1 Distribution maps

The distributions of some of the major and trace elements
obtained from the results of the chemical analysis were
generated according to the coordinates of the sample locations
in the study area by using the ArcMap 10.7 software
(Figure 4 and Figure 5).
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Figure 4. Spatial distribution maps of the major element
concentrations of the limestone samples; a)SiO2 b)MgO c)K20
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Figure 5. Spatial distribution maps of the trace element
concentrations of the limestone samples; a)Mn b)Sr c)Co.

The following results were obtained from the spatial
distribution maps generated according to the coordinates of the
chemical data:

In the study area, the distribution of SiO2 was found to increase
in direct proportion with the major components of K20 and
TiO2. Considering the general geology of the region, it is
represented by carbonate units. In this context, it is expected
that the major oxides of SiOz and K20, which are rock-forming
components, will act in direct proportion in the formation of
limestones in the region. The fact that TiO2 major oxide has a
similar relationship with the major rock-forming oxides has
been associated with the ultrabasic rocks in the region. The
direct proportional increase of the referee's Si02-K20-TiO2 has
been associated with regional geology.

The distribution of Al203 was found to increase in direct
proportion with the major components of SiOz and TiOz.

The high values of K20, Al203, SiO2 show the presence of clay
minerals in the limestone samples taken from that region
(Figure 5-3, ¢, d).

The high values of Al203 and TiOz elements indicate the
presence of minerals rich in aluminum oxides in the limestone
samples in that location (Figure 5-d, f).

The trace elements of Co and Mn, which took part in the
formation of the limestones, were found to increase in direct
proportion.

3.2 Multi-Variable statistical analyses

3.2.1 Descriptive statistics

Table 2 presents the geochemical data obtained from the
results of the analyses. The mean values of the major elements
concentrations of the limestone samples were calculated and
listed in % in descending order as follows: CaO (96.01+2.53) >
MgO (0.37+0.038) > SiO2 (0.31+0.050) > Al203 (0.27+0.040) >
Fe203 (0.18+0.043) > SO3 (0.034+0.004) > P20s (0.027+0.0038)
> K20 (0.025+0.0015) > TiO2 (0.005+0.0022). The mean values
of the trace elements concentrations of the limestone samples
were calculated and listed in ppm in descending order as
follows: Sr (207.46£26.69) > Mn (180.03+45.32) > Sn
(52.04%2.86) > Cl (49.08+4.67) > Zn (30.52+1.45) > Cu
(27.99+6.11) > Y (17.11#2.89) > Cr (12.284#2.05) > Pb
(12.17+#4.59) > Cd (8.21+x3.90) > Te (7.92+2.08) > Th
(5.68+3.21) > Ta (5.55£1.58) > Co (4.45£2.47) > Rb (1.86+1.47)
> As (1.49:0.82) > U (1.40%0.80) > W (1.12+0.79) > In
(0.87+0.61) > Au (0.84+0.48) > TI (0.48+0.34) > Ir (0.37+0.37)
> Pt (0.28+0.28) > Hg (0.26+0.26) > Se (0.10+0.10).

Table 2. Descriptive statistics of the limestone samples.

Mean Median Mode Star?dalrd
Deviation
Ca0 960117.1496.01+25385.292.53 98.80 99.3 15.9
MgO 3742.000.37+383.510.038 0.29 0.24 0.22
SiO2 3159.540.31+£504.220.050 0.20 0.16 0.29
Al03 2757.430.27+400.030.040 0.20 0.16 0.23
Fe203 1805.370.18+437.910.043 0.08 0.02 0.25
SO3 344.290.034+44.010.004 0.02 0.02 0.02
P20s 275.110.027+38.270.0038 0.02 0.02 0.02
K20 254.200.025+15.330.0015 0.02 0.02 0.00
TiO2 52.530.005+22.420.0022 0.00 0.00 132.66
Sr 207.46+26.69 150.00 0.00a 157.90
Mn 180.03+45.32 121.00 0.00 268.10
Sn 52.04+2.86 55.50 0.00 1691
Cl 49.08+4.67 53.70 0.00 27.62
Zn 30.52+1.45 29.40 29.50 20302.00
Cu 27.99+6.11 22.50 25.40 36.14
Y 17.11+2.89 12.00 0.00 44425.00
Cr 12.28+2.05 18568.00 0.00 42339.00
Pb 12.17+4.59 0.00 0.00 27.18
Cd 8.21+3.90 0.00 0.00 44431.00
Te 7.92+2.08 0.00 0.00 12389.00
Th 5.68+3.21 0.00 0.00 44215.00
Ta 5.55+1.58 0.00 0.00 12298.00
Co 4.45+2.47 0.00 0.00 14.61
Rb 1.86+1.47 0.00 0.00 25051.00
As 1.49+0.82 0.00 0.00 31138.00
U 1.40+0.80 0.00 0.00 26755.00
w 1.12+0.79 0.00 0.00 24198.00
In 0.87+0.61 0.00 0.00 22706.00
Au 0.84+0.48 0.00 0.00 31079.00
TI 0.48+0.34 0.00 0.00 44198.00
Ir 0.37+0.37 0.00 0.00 43132.00
Pt 0.28+0.28 0.00 0.00 23743.00
Hg 0.26+0.26 0.00 0.00 20090.00
Se 0.10+0.10 0.00 0.00 0.60
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The box plot used for descriptive statistics is given in Figure 6.
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Figure 6. Box plot of the MgO, Al203, SiOz, K20, TiOz, Fez03, Sr,
Co, and Mn concentrations of the limestone samples.

The distribution of the MgO concentration was found to range
between 2000 ppm and 6000 ppm. Sample 26 and Sample 28
were found to be out of this range. The distribution of Al203
concentration was found to range between 0 ppm and 4000
ppm, where Sample 3 and Sample 23 were out of this range. The
distribution of the SiO2 concentration was found to range
between 0 ppm and 4000 ppm. Sample 1, Sample 2, Sample 3,
and Sample 23 were found to be out of this range. The
distribution of the K20 concentration was found to range
between 0 ppm and 2000 ppm, where Sample 23 was found to
be out of this range. The distribution of the TiO2 concentration
was found to range between 0 ppm and 2000 ppm, where
Sample 3 was found to be out of this range. The distribution of
the Fe203 concentration was found to range between 0 ppm and
2000 ppm. Sample 3, Sample 4, Sample 23, Sample 25, Sample
29, Sample, and Sample 35 were found to be out of this range.
The distribution of the Sr concentration was found to range
between 0 ppm and 2000 ppm, where Sample 28 was found to
be out of this range. The distribution of the Co concentration
was found to range between 0 ppm and 2000 ppm. No sample
was found to be out of this range. The distribution of the Mn
concentration was found to range between 0 ppm and 2000
ppm. Sample 29 and Sample 35 were found to be out of this
range.

3.2.2 Correlation analysis

According to the central limit theorem, the normality
hypothesis is accepted for the data size n = 30 [8], [25]-[31]. In
this context, Pearson's correlation coefficients were used to
examine the correlations between the geochemical data of the
limestone samples (Table 3).

The elemental correlations were calculated using Pearson's
correlation analysis. The elements with very strong positive
correlations are as follows: MgO with SO3 (0.920™); Al203 with
Si0z (0.961*) and TiOz (0.920™); SO3 with Sr (0.862™); Mn with
Co (0.870™) and As (0.891™); Co with As (0.908"); Pb with Th
(0.975™) and U (0.973™); Th with U (0.997™). The elements
with strong positive correlations are as follows: MgO with Sr
(0.809*); Al203 with K20 (0.764"); SiOz with K20 (0.778"); K20
with TiOz (0.761*); Fez203 with Co (0.802*) and As (0.758™).

3.2.3 Regression analysis

Considering the spatial distribution maps generated for the
study area and Pearson's correlation table in which the
elemental correlations were revealed, Al203-Si0O2 and Al20s-
TiO2 associations were found to play a key role in the formation
of limestones in the region. The statistical explanation of these
correlations was tested using the simple regression analysis.
The scatter diagrams generated using the results of the
regression analysis and the R2 (explained variance) values are
given in Figure 7-a, b.
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Figure 7. Scatter diagrams a) Al203-SiO2 b) Al203-TiOx2.

Table 3. Pearson’s correlation coefficients calculated using the results of the chemical analysis of limestone samples.

MgO | ARO: | SiOz | 205 SO: (€] K20 | CaO  TiOz [ Fe0s  Cr Mn Co [ Cu [ 7Zn | As Se | Rb [ sr [ ¥ cd I | Sa Te [ Ta [ W Pt I Au [ T1 ng [ e [ ThoU
MgO |1
ALO3[0.158 |
Si0: (0269 0.061%* 1
P20s [0.589% 0,203 0371 |1 T
SOs [0920°%70.05 012 [0.634%¢ 1
o [0219 0093 00 0072 0308 1
K20 |0.253 * 0.778%%10.314  0.249 0.246 1
Ca0 |-0.008 X 002 -0.008 | -0.023 -0.054 L
0z (015 L20%% (0284 0.059 | 01090761+ 0020 1 -
¥e20 [ -0.00 0084 0.04% 0.03 007 0264 1
Cr [0512%¢ 0203 0416% | 0.119 03997 -0.124 0349%| 0113 |
Mn_ [0.057 20023 0.103 0245 0.042 -0.004 _0.001[0.653%* -0.176 1
Co  |-0032 0.047 0.098  -0.103 0.013 -0.124/0.802** -0.316 .870%* 1
Cu__ 0061 0.034 0025 0.021_0.013]_-0.079 0034 0015 1
Zn [0.007 0.006 0031 0067 0085 0019 0112 0016 4
As -0.021 0.068 | -0.086. 0.011 -0.1L1 |0.758** 0. 0.891%*0.90¢
Se_ (0027 045 -0.02 077 0.064 0032 0.069| -0.023 -0.176 -0.079 -0.053| -
Rb_[-0.068 0.025 _ 0.009 0.076 0134004 0.06 0082 0.047 0, 3 I
Sr__|D809%¢ -0.014_ 0.041 0862|0272 0.182] 0.206 D018 0245 0.206 S o001
¥ 0293 0.329 0.009 AT 0054 0041 0.237 0021 0.342% 3 143 om 1
Cd -0.112 -0.143 | 0101 -0.253 0.074 -0.124 0.042 -0.085 0. 62 -0.079]-0.251| 0.286 1
In 0.091 3 [-0.439%¢ 0052 0.042 -0.025 -0.041 -0.077  0.014 -0.075]- -0.053|-0.137]0.334* | 0.083 L
Sn__ [0, 70158 137 003600401 0.1 0198 0062 0086 0.1 2031 0.071_0.087 1
Te (0,104 2 0.3 0001 | 0091 0.013 0.294 0.159] 0165 0162 __-0.201 0,192 0217 4.159] 0165 1
Ta  [0.37 5 0217 0.043 002 -0.072] 0018 0144|0258 0012 0.066 8 0104 0079 0021 0.7 4073 0158 1
W [0.067 0064 -0.089 |-0.047 -0.06 001 -0.064 0.05 -0.098 23 0147 -0059| -0.073 0076 0.042 - 20249 -0.028 -0.06/-0.403¢ 0.035] -0.148 1
Pt 0.023 0019 -0.017 |-0.043 -0.018 0034 -0.023 0.031 -0.069 K 0007 -0. -0.053 -0.029 -0. -0.174 -0.062 -0.042| 0.036 -0.112] -0.104)0.608*¢ 1
Tr 0103 -0.084 0104 |-0.032 -0.08] 011 _-0.027 0037 0.069] -0, 0019 - [-0.053 0029 0082 -0.062 -0.042]_ 0024 0.12[0.396%| 00420020 1
Au 0029 0212 0111|0074 0094 0291 (.0R| 0049 0.216] -0.084 0083 20093 .05 0,138 0,108 0073 0019 0194 -0.18[ 0244 0451|0051 1
i 0,065 -0.018  -0.064 |-0.047  -0.04 0244 -0.101 0.039 0.097 7 -0.056 | -0. . 0.012 0.087 -0.05 0.095 -0.157| 0.145|  0.299 0.326** |-0.041  0.205 1
Hg |-0097 [-0101 -0.123 |.0.069 -0.084 0.2%9 0.055 0.038 -0.069 5 -0.006 024 -0.174|-0.062 -0.042| -0.02 -0.104] -0.042  .0.029|-0.029 0.736**|-0.041 1
Ph -0.092 011 -0 -0.036  -0.092 0.2 . 0.08 -0.017 .023 1 .03 -0.18  -0.05 -0.036| 0.0 -0.032| 0.207 0. -0.027 0.699%*| 0.244 0.633%*
Th__[-0.117 108 0145 [-0.099 -0.108 0.192] -0.029 0.063 0.122] -0.163 0.003 ¥ 0.1 09 0,066 0.03] -0.308-0.109_0.074]_0.004 0.012] 0241 044777 0,052 0.685°%| 0.202 0.644°% [0.9757%] 1
L 0123 0013 0048 [0.098 011 0.092] .03 0063 -0.12] -0.163 0003 20,093 [-0.052 20,181 0093 4051 -0.063[ 0.017 [ 0305 0108 0073 0.001 195 0.024] 0201 0.383® [-0.051 0.662°%| 0.167 0.655°* [0.973%* [0.997% 1

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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The Al203-SiO2 and Al203-TiOz associations, which were
observed to have a linear positive correlation, are named Model
1 and Model 2 to test the mathematical formation model of the
limestones in the region. The explained variance analysis
performed for Model 1 and Model 2 and the statistical error of
the mathematical model established are given in Table 4 and
Table 5, respectively. The estimated coefficients of the
mathematical models established are given in Table 6.

Table 4. Coefficient of Determination (Explained Variance).

Model Summary®

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 0.962 0.92 0.92 662.74
2 0.97a 0.95 0.95 504.39

a. Predictors: (Constant)0. SiO2 (Model 1); TiO2 (Model 2)
b. Dependent Variable: Al,03

Table 5. Statistical Error (Analysis of Variance) Table.

ANOVA?
Model Sum of Squares df Mean Square I P-value
1 |Regression 175936842.11 i 175936842.11 400.56 ov
Residual 14494426.45| 33 439225.04
Total 190431268.57| 34
2 |Regression 182035518.90 1 182035518.90 715.50 ob
Residual 8395749.66| 33 254416.65
Total 190431268.57| 34

a. Predictors: (Constant)0. SiOz (Model 1); TiOz (Model 2)
b. Dependent Variable: Al203

Table 6. Table of the Coefficients of the Mathematical Model.

Coefficients*

Unstandardized Standardized
Coefficients Coefficients Correlations
Std. P- Zero-
Model B Error Beta t value | order | Partial | Part
% Eg[‘,’]"‘“”‘"t) 348.04| 16444 211 .04
Si0z (1) 0.76 0.03 096 20.01 0 0.96 0.96| 0.96
2 ng)“smm) 184124 9188 2003 0
TiOz (b1) 17.44 0.65 0.97] 26.74 0 0.97 0.97] 0.97

a. Predictors: (Constant)0. Si02 (Model 1); TiOz (Model 2)
b. Dependent Variable: Al203

In the Coefficient of Determination table, the R2 values were
calculated for both models established. The R? value for the
Al203-Si02 model was found to be 0.92, while the R2 value for
the Al203-TiOz model was calculated as 0.95. The explained
variance values of the suggested models were found to be high
and suitable. In the ANOVA analysis, the probability value (P-
value) was calculated as 0 for both mathematical models.
Accordingly, these two associations, which played a major role
in the formation of limestones, were found to be statistically
significant. The probability values (P-values) of the parameter
estimates (values of the Beta constants) for the established
mathematical models were found to be below 0.05, and they
were found to be statistically significant [32]. The fact that the
constant values (bo) have a positive value indicated that they
had a linear relationship with the dependent variable [7],[32]-
[36]. The mathematical models established for the formation of
limestones can be explained at the significance level of 0.05
[32].

3.2.4 Factor analysis

Factor analysis is used to determine the variances of data with
similar characteristics and to understand their relationships at
the stage of the classification of the geochemical data
[8],[37]-[40]. Before conducting the factor analysis, the
sampling adequacy of the data for the factor analysis was tested
using the Kaiser-Meyer-Olkin test, and the test statistics
revealed that the data is suitable [41]-[44] (Table 7).

Table 7. Kaiser-Meyer-Olkin (KMO) Measure of Sampling
Adequacy of the geochemical data.

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling 0.52
Adequacy.

Bartlett's Test of Approx. Chi-Square 731.02
Sphericity df 78
P-value 0

The measure of sampling adequacy is expected to be greater
than 0.5 for the suitability of the data for the factor analysis
[35], [45]-[50]. In this context, the value that was calculated as
0.52 revealed the suitability of geochemical data for the factor
analysis. While the scree plot (Figure 8) reveals the number of
factors explaining the geochemical data, Table 8 presents the
variances of these factors.

Scree Plot
5
4
-
=
=3
=
802
=
1
0
123456780910111213
Component Number

Figure 8. Scree plot of the geochemical data.

The scree plot showed that the slope of the plot began to
disappear at Point 4. The scree plot shows that the Eigenvalues
of 4 factors are greater than 1. Factor 1 explains 31.24% of the
total variance, while Factor 2, Factor 3, and Factor 4
cumulatively explain 54.24%, 74.25%, and 92.60% of the total
variance, respectively (Table 8).

Table 8. Total Variance Explained according to Factor Analysis.

Total Variance Explained
Extraction Sums of Squared

Initial Eigenvalues Loadings
% of % of

Componen Varianc | Cumulativ | Tota | Varianc | Cumulativ
t Total e e% 1 e e%
1 4.06 | 31.24 31.24 4.06 | 31.24 31.24
2 299 | 2299 54.24 299 | 2299 54.24
3 2,60 | 20.01 74.25 2.60 | 20.01 74.25
4 2.38 | 1835 92.60 2.38 | 1835 92.60
5 0.32 2.48 95.09
6 0.29 2.26 97.35
7 0.15 1.19 98.54
8 0.10 0.76 99.31
9 0.04 0.37 99.69
10 0.02 0.15 99.85
11 0.01 0.08 99.93
12 o.go 0.05 99.99
13 0.;)0 0.009 100

The number of factors extracted for the geochemical data and
the cumulative variances explained for these factors were
calculated. The principal component analysis was applied to
reveal the geochemical compositions of the factors statistically
(Table 9) [29], [51]-[54]. The geochemical components
explaining each factor were revealed. The geochemical
components explaining Factor 1 were found to be SiO2, Al203,
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K20, and TiO2, and the total variance explained by these
components was found to be 31.24%. The geochemical
components explaining Factor 2 were found to be Pb, Th, and U,
and the total variance explained by these components was
found to be 22.99%. The geochemical components explaining
Factor 3 were found to be MgO, SOs3, and Sr, and the total
variance explained by these components was found to be
20.01%. The geochemical components explaining Factor 4
were found to be Fe203, Mn, and Co, and the total variance
explained by these components was found to be 18.35%. The
principal component matrix and plot of these factors and their
components are shown in Table 9 and Figure 9, respectively.

Table 9. Principal components matrix of the geochemical data.

Component Matrix?

Components

1 2 3 4
Si0; 0.86 0.38 -0.21 -0.01
Al;03 0.85 0.40 -0.27 0.06
K20 0.77 0.40 -0.04 -0.03
MgO 0.48 -0.08 0.73 -0.38
SOs 0.42 -0.15 0.80 -0.32
TiO2 0.82 0.41 -0.29 -0.01
Fe203 0.49 -0.20 0.03 0.75
Pb -0.30 0.81 0.33 0.35
Mn 0.27 -0.40 0.23 0.74
Sr 0.32 -0.11 0.86 -0.17
Co 0.14 -0.43 0.23 0.84
Th -0.41 0.79 0.34 0.27
U -0.42 0.79 0.34 0.27
Initial
of - 31.24 22.99 20.01 18.35
Variance
(%)

Extraction Method: Principal Component Analysis, a. 4 components
were extracted.

ponent 2

Com

Figure 9. Principal components plot of the geochemical data.

3.2.5 Cluster analysis

The hierarchical classification of the geochemical data of the
limestone samples is shown in Figure 10.

Hydrothermal fluids may differentiate the contents of the
dominant rocks in the region [55]. Hierarchically, the
geochemical data, except for Ca0, were observed to be similar,
which could be interpreted that CaO had a similar relationship
with other geochemical data from a distance. In this context, the
difference between CaO and other geochemical major and trace
elements indicated the presence of ultrabasic liquids dominant
in the region.

Dendrogram using Ward Linkage
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Figure 10. Hierarchical clustering of the geochemical data.

3.3 Mineralogical Features

The thin cross-section microscope images of 5 limestone
samples collected from the Susuzdag Formation are given in
Figure 11-a,b, ¢, d, e, and f.

e R 7.

B ot flin SN

[Micritic textus [ \cocalcite flling)

Figure 11. Thin cross-section microscope images
(CPL: crossed-polarized light; m: matrix; s: stratification).

According to the results of the examination of the cross-
sections under the microscope, the following findings were
obtained:
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e The cross-sections were found to show very similar
mineralogical  properties with each other
(Figure 11-a,b, ¢, d, e, f),

e The cross-sections showed micritic and sparitic texture
features (Figure 11-a,b, ¢, d, e, f),

e Limestone samples showed a recrystallized feature.
They were observed to have coarse and medium
crystalline with equal grain size (Figure 11-a, b, c,d, e,
f),

e No porosity was observed in the cross-sections, which
confirmed that the limestones had a massive form
(Figure 11-a,b, ¢, d, e, f),

e The cross-sections were observed to contain a small
content of fossil (organic sediments) (Figure 11-c),

e Physical properties such as foliation and lamination
were not observed in the cross-sections
(Figure 11-a,b, ¢, d, ¢, f),

e The single-nicol images of the limestone samples
showed that the matrix filling was rich in clay content
(Figure 11-d),

e The clay content in the matrix filling was thought to be
micrite (Figure 11-e),

e The grain sizes of calcite mineral in the (Figures 11 -a,
b) are similar each other and similar each other in the
(Figures 11-c, d, e, f).

3.4 Paleoenvironmental characteristics of the limestone
samples

The Al203-Si02-Fe203 ternary diagram of the limestone

samples was drawn according to [55]-[57] to understand the

geochemical formation mechanisms of the limestones, (Figure

12) [55]-[57].

SiO,(%)

* Limestone samples, n=35

l’r,gscrl ation of
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Yef e Destructionof %)
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s
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Figure 12. Geochemical ways of formation mechanism (after
[55]-[57]).

According to the diagram, the limestones were formed by the
enrichment of kaolinite as a result of the decrease in
dehydration reactions in the environment. The clay mineral
observed in matrix fillings of the thin cross-sections were
thought to be kaolinite.

The Chemical Index of Alteration (CIA), which is one of the
chemical weathering indices, provides information about the
physical and chemical environmental conditions and paleo-
redox states of the rock [58]-[59]. The CIA value is calculated
using the major elements that constitute the rock by use of the
following equation:

Al203
CIA = [
(Al203+Na20+K20+Ca0x)

] x 100 [20]

10
Ca0 *= ml Ca0 — [(?)xmol PZOS]

(1

(2)

The values of the Chemical Index of Alteration calculated for the

limestone samples are given in Table 10.

Table 10. CIA values of the limestone samples.

CIA
K1 0.44
K2 0.44
K3 1.08
K4 0.36
K5 0.22
K6 0.20
K7 0.22
K8 0.28
K9 0.38
K10 0.14
K11 0.17
K12 0.18
K13 0.16
K14 0.19
K15 0.12
K16 0.12
K17 0.15
K18 0.17
K19 0.16
K20 0.12
K21 0.25
K22 0.16
K23 1.28
K24 0.19
K25 0.23
K26 0.24
K27 1.35
K28 0.33
K29 0.19
K30 0.30
K31 0.23
K32 0.13
K33 0.37
K34 0.14
K35 0.30

The CIA values calculated for the limestone samples collected
from the Seydisehir district of the Konya province were found
to range between 0 and 10 [10]. On the other hand, the CIA
values of the limestone samples collected from the Sutlegen
village in the Kas district of the Antalya province were found to
range between 0 and 1.35.

4 Conclusion

In the present study, the major and trace element
concentrations of 35 limestone samples collected to represent
the Susuzdag Formation were analyzed. According to the
results of the analyses, the major oxides constituting the
limestones were found to be Ca0, MgO, SiOz, Fe203, Al203, SOs3,
P20s, K20, and TiOz while the trace elements constituting the
limestones were found to be Sr, Mn, Sn, Cl, Zn, Cuy, Y, Cr, Pb, Cd,
Te, Th, Ta, Co, Rb, As, U, W, In, Ay, TI, Ir, Pt, Hg, and Se.
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The high values of K20, Al203 and SiOz elements of the
limestones with the distribution maps indicate the presence of
clay minerals; In the regions where Al203 and TiOz elements
have high values, the presence of minerals with aluminum
oxide and titanium oxide has been considered.

Correlation analysis was performed for the data, which
provided the assumption of normality according to the central
limit theorem, by calculating Pearson's correlation coefficient.
The results of the correlation analysis revealed that CaO, which
was one of the major elements constituting the limestone
samples, did not correlate with other elements (major and trace
elements). The elements with a positive correlation indicated
that these components were present in the formation of the
limestones and they were enriched in the environment.

Correlation analysis was performed using Pearson’s
correlation coefficient for the data providing the assumption of
normality according to the central limit theorem. According to
the results obtained in this context, it was understood that CaO,
which was one of the major elements forming limestones, did
not establish a correlation with other elements (major and
trace). The correlation relations of other major and trace
elements provided information about the physical and
chemical environmental conditions in which the limestone was
formed. Elements in a positive correlation provided
information about the components that were present during
the formation of limestones and enriched in the environment.
The correlations between Al203 and SiO2 and between Al203
and TiOz, which were found to be the components with the
highest positive correlations, were also tested by regression
analysis, and their contribution to the explained variance was
discussed statistically. The explained variance (R2) of the Al203
and SiO2 association was found to be 0.92 while the explained
variance (R?) of the Al203 and TiO2 association was found to be
0.95. The statistical errors were found to be 0. In this context, it
was proved that the massive limestones forming the Susuzdag
Formation were among the major components enriched in the
environment. The formation of the limestones was explained by
4 factors using the principal component matrix analysis. The
components constituting Factor 1 were found to be SiOz, Al203,
K20, and TiOz, and the total variance explained by this factor
was found to be 31.24%. The components constituting Factor 2
were found to be Pb, Th, and U, and the total variance explained
by this factor was found to be 22.99%. The components
constituting Factor 3 were found to be Mg0O, SO3, and Sr, and the
total variance explained by this factor was found to be 20.01%.
The components constituting Factor 4 were found to be Fe20s3,
Mn, and Co, and the total variance explained by this factor was
found to be 18.35%. The contents grouped under the same
factors were also found to have strong positive correlations
with each other in the correlation analysis.

The hierarchical clustering analysis proved that the major
component of CaO did not correlate similarly with other
components. The differentiation between CaO and other
components revealed the existence of ultrabasic rocks in the
region.

The results of the mineralogical examinations of the limestone
samples under the optical microscope revealed that the
samples reflected the characteristics of the Susuzdag
Formation. The thin cross-sections of the samples showed the
same physical properties of the formation, which had low
porosity and massive structure. The thin cross-sections, which
showed sparitic and micritic texture, were observed not to have

foliation and lamination. Moreover, the limestones were found
to have a recrystallized form.

The Al203-Si02-Fe203 ternary diagram was generated and the
CIA values were calculated to understand the physical and
chemical properties of the environment of the limestones and
the paleo-redox reactions. According to the results, it was
thought that limestones were formed as a result of enrichment
in kaolinite minerals by undergoing dehydration reactions in
the environment.
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