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Abstract: Trace elements and rare earth elements (REES) were studied to determine the formation of chert
and siliceous limestones, which are predominantly observed in the Okgular formation. Cherts are divided into
four types according to their varying forms depending on the deposition and diagenesis stages: (Type-I)
layered cherts formed by direct precipitation from sea water, (Type-11) nodular cherts with rim formed by
replacement, (Type-111) homogeneous chert nodules without rim, (Type-1V) chert micro nodules with high
porosity. The porosity of stylolite-fracture networks and the chemical composition of seawater played a role
in the formation of different types and sizes in cherts. The rim of Type Il nodular cherts has significant color
changes and porosity up to 20%. Anomalies of major and trace elements, especially La, Y, Sc, Ce, Th, U and
Gd values, indicate direct deposition and replacement of early diagenetic pelagic deposits of cherts in the
oxidized marine environment. Total (REE)+Y values, high LREE/HREE ratio and low Ce values indicate that
dissolved seawater of chemical or biogenetic origin has a role in silicification. According to the similarity of
the hierarchical cluster analysis of the chemical contents of the Okgular formation and the ophiolites, the
silicon in the chert formation originates from the ophiolites.
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1. INTRODUCTION

Chert is a non-clastic cryptocrystalline variety
of silica that occurs as nodules and horizons in
limestones and  sandstones.  Cherts  were
deposited/replaced in different paleoenvironments and
detailed sedimentological, stratigraphic,
mineralogical, petrographic, geochemical and isotopic
changes, also, the source of silica, temperature and
crystallization rate or mechanisms controlling the chert
formation process were investigated. The forming
processes of cherts are presented under three
categories: sedimentary-early diagenetic (Sharp et al.,
2002; Bourli et al., 2020), diagenetic (Namy, 1974;
Murray et al., 1992; Raviolo et al., 2009) and
epigenetic (Kochman et al., 2020).

There are generally two models to explain the
silicification stages; (1) silicification in pre-existing
evaporites and/or carbonates (Bustillo, 2010) and (2)
direct silica precipitation from seawater or
hydrothermal fluids (Stefurak et al., 2014). Although it
is observed in clastic rocks, most of the siliceous rocks
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are in carbonate facies (Knauth, 1992).

Elements related in silicification, especially Si,
are derived from two sources: (1) they are formed by
an old sea water with the effect of biogenic
hydrothermal and authigenic materials, and (2) by the
contribution of terrestrial material such as shale. The
chemistry of a marine sedimentary rock results from:
(1) the composition of the sediment; (2) components
adsorbed from local seawater to grain surfaces; and (3)
diagenetic process that occur during burial,
lithification, and sedimentation.

Phanerozoic biogenic bedded cherts generally
consist mainly of radiolaria, diatoms and/or sponge
spicules (Adachi et al., 1986, Bourli et al., 2020).
Radiolaria, diatoms and silica shells form the source of
silica, while some internal spicules of silica contribute
to silicification. Organic silica plays a role in sediments
and can  precipitate as  cryptocrystalline,
microcrystalline silica (Nichols, 2009, Liu et al.,
2017). Cherts are found in sandstones and limestones
as nodules and horizons. The source of silica has been
associated with radiolaria, siliceous sponges and
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diatoms in many studies and is therefore of organic
origin. Stylolites, which are formed by intergranular
solution pressure in carbonates (Ebner et al., 2010) and
have different shapes and spatial distributions, can be
formed due to fracture networks (Humphrey et al.,
2020, Gomez-Rivas et al., 2022).

The effects of the connections, abundances and
fluid flow directions of stylolite networks, which are
known to have an effect on the origin studies of cherts,
were investigated (Humphrey et al., 2020). Stylolites
are essential for siliceous fluid movement and allow
silica replacement in carbonate rocks.

The aim of this study is to interpret the local
environmental characteristics, silicification source,
diagenetic processes of cherts, determined by the field
trip, petrographic and chemical properties and to
explain the replacement story.

1.1. Geological setting

Lithostratigraphic units are widely observed in
the region belongs to the Mesozoic-Quaternary period
(Figures 1-2). The basement rock Kizildag ophiolite
was placed in the region as allochthonous in the Upper
Cretaceous. The Okgular formation (Middle-Upper
Eocene) consists of limestone, cherty limestone and
clastic limestone and all lithological units are thin-
medium bedded. There are banded cherts in the
Okgular formation. The Okgular formation that was

deposited in a shallow marine shelf environment is
overlain by the Balyatagi formation (Lower Miocene)
with angular unconformity. Sofular Formation (Lower
Miocene) is conformable on the underlying Balyatag:
formation in Lower Miocene succession.

The Balyatag1 formation sediments are fan delta
deposits deposited in shallow marine and are transitional
with the Sofular formation, which was also deposited in
a shallow marine environment. The Tepehan formation
(Middle Miocene) consisting of sandstone, clayey
limestone, claystone and marl overlies the Sofular
formation conformably and transitively. Quaternary
alluvium, the youngest unit in the study area, overlies all
units with angular unconformity.

Limestone, cherty limestone and clastic
limestone are the rock types of the Okgular formation
in which the cherts are found. While cherty limestones
and chert bands are positioned approximately parallel
to the bedding at the base, sandy limestones crop out
in the limestones as lenses and intermediate levels.
There are also levels consisting of reef limestones
consisting of corals, components with CaCO; and
fossils in the Okgular formation. Okgular formation
(Lower-Middle  Eocene) overlies Kalebogazi
formation (Upper Maastrichtian) with angular
unconformity and the Okgular formation is very rich in
macro and micro fossils.

There is lamellibranch, gastropod, echinite and
coral as macrofossils in the formation. Nummulites cf.
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Figure 1. Geological map of the study area modified from Ozsahin (2013)
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aturicus, Discocylina sp., Heterostegina sp.,
Alveolina sp., Alveolina fusiformis, Europertia
manga, Fabiania cassis, Asterigerina rotula, Rotalia
sp., Rotalidae, Gypsina sp., Assilina sp.,
Sphaerogypsina globula, Operculina  sp.,
Globorotalia sp., Globigerina sp., Textularia sp.,
Miliolidae and algae fossils was distinguished as
microfossils from the upper levels of the unit. The
formation is of Middle-Upper Lutetian-Bartonian age
according to these fossils (Kavuzlu, 2006).

beamonti, Nummulites

2. MATERIALS AND METHODS

The lithological-tectonic features of the
layered, nodular chert and related lithologies were
investigated, and 20 samples were taken from the
bedded, nodular chert, cherty limestone and
claystones that characterize the silicification stages.
Optical microscopy method was used to determine
texture, fossil and replacement properties.

ICP-OES for the determination of the main
elements, and ICP-MS analyzes for the trace elements
and REY elements were carried out in Cukurova
University Laboratory (CUMERLAB). REE-Y values
normalized with chondrite and PAAS (Post-Archean
Australian Shale) values, the “N” subscript indicates
values normalized with chondrite. The samples were

67

normalized to the chondrite according to the Post
Archean Australian Shale (PAAS) and Sun &
McDonough (1989) in the study of Taylor &
McLennan (1985).

Images were generated to identify pores in the
chert rim and core and were determined with the
open-source ImageJ program. Hierarchical cluster
analysis results were used to determine the elemental
similarities of the associated ophiolites and cherts to
investigate the silica source.

3. RESULTS

3.1. Field trip description

There are chert morphologies observed as
bedded (bedded; Type I) and nodular with different
sizes in the Okcular formation. Nodular cherts are
divided into two types according to whether they have
rims or not: Type Il is nodular cherts with rim, Type
I11'is nodular cherts without rim.

Layered cherts (Type 1) are 20-40 cm thick,
medium bedded, fractured by tectonic cracks, and are
more resistant to weathering than their lower-upper
layers. Their colors vary from light gray to black from
the crack and the upper and lower edges of the layer
towards the center (Figure 3A).

Figure 3. Field observations of cherts and associated layers
(A) general view of bedded cherts, (B) general view of well-
developed chert nodules with/without rim, (C) parallel chert
nodules formed due to tectonic crack development, (D) Type-
1V porous and brown mini cherts appearance, (E) diagenetic
stylolite appearance associated with cherts, (F) tectonic
fracture formed after silicification cuts into chert nodules and
layers, (G) folds formed after silicification showing the



continuation of tectonic movements, (H) general view of the
successive claystone layer with cherts and cherty limestones.

Chert nodules vary in color from white, brown
gray to black, and their thickness varies between 1-35
cm. The chert nodules are formed singly in the cracks
and their porosity changes. The nodules are of different
thicknesses depending on the silica source and the
abundance of addition to the environment. Parallel, thin
and elongated nodules have developed with the effect of
tectonic cracks (Figure 3C). Thick and well-developed
chert nodules usually have a brown rim and a black
center with curved edges (Figure 3B). The density of
cracks is important in rim development in cherts.

Type IV usually circular nodules can reach
sizes of 10-15 mm from the size of gravels. Their
colors are gray and light brown, depending on the Si
replacement degrees and the occurred of
cryptocrystalline and they have porous textures
(Figure 3D). Type IV chert nodules are scattered and
observed non-parallel to the layers. The stylolites, in
which the silicification fluid is transported, are
concentrated where chert nodules are formed.

Generally, stylolites are observed in Type IV cherts
and disappear as the nodules enlarge (Figure 3E).

Tectonic cracks that play a role in the formation
of chert and the presence of cracks after chert
formation indicate that tectonic movements continue in
the region. Figure 3F shows the fracture of chert
nodules and Figure 3G shows the folding of a chert
nodule/layer by tectonic movements. The Okgular
formation has thin to medium bedded light gray
claystone layers with a thickness of 8-35 cm, bedded
with cherts, cherty limestones and limestones,
overlying the chert layers and well-developed chert
nodules (Figure 3H).

3.2. Petrography

Limestones with associated chert nodules and
bands are in biomicritic texture and contains abundant
microfossils; planktonic foraminiferas (Morozovella sp,
Globergerinidae,  Globorotalidae) and  benthic
foraminifera (including fragments of Discocyclina,
Figure 4A, B). Nodular cherts were formed by the effect
of replacement, with both micrite replacement and
foraminiferal shell replacement in micritic limestone.

=
Figure 4. Petrographic images of cherts and limestones (A) Thin section view of limestone in biomicrite texture,

(B)

Globigerina (g) dominant in limestones, (C) texture preservation with silicification and coarse quartz (Qca) development

in fossil shells, (D) globotruncana silicification
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Quartz grains are clearly observed in micrite (Figures
4C, 4D). The foraminifera shells were replaced by
larger silica chalcedonic crystals than the micritic
material (Figure 4C). The fabric and texture protection
of microfossils depends on the incomplete
silicification process. Quartz crystals of approximately
equal size are observed in the whole rock and they are
separated by stylolites in cherts where silicification has
been completed. The morphologies of some fossils
were preserved in the texture where the replacement
was completed and quartz crystals were dominant.
Other fossils were broken and damaged (Figure 4D).

C]

Figure 5. Zones in which pore differences due to silicification
degrees were measured by image processing method in the
chert nodule with rim and the measurement results.

D]
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The rim, which is more observed in nodular
cherts, can be differentiated as both color and porosity
changes. The porosity values observed in the core and
rim of a well-developed chert nodules were measured
by image processing methods. Accordingly, the
observed porosity values are 20.8% in the crust and
17.6 in the center (Figure 5).

3.3.
Elements)

Geochemistry (Major and Trace

The main and trace (including lanthanides)
elemental analyzes of cherts and cherty limestones
and claystones observed in the Okgular formation are
given in Table 1. In Table 2, the values calculated
from the ratios of the elements are listed.

La, Pr, Nd, Ce, Eu, Sm, and Pm are light REEs
(LREEs: 57-62), while Gd, Dy, Ho, Tb, Er, Yb, Tm,
and Lu are heavy REEs (HREEs: 63-71). Figure 6
shows the measurement points of the samples and the
REE lanthanide patterns normalized with chondrite.

3.3.1. Major Elements
Si, K, Mg, Al, Ca, Fe, Mn, Ni, Co, Zn analyzes
were carried out to determine the silicification effect
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in cherts and their relations with the main elements
and to interpret the environment. The ratios of Ca
values in limestones and Si values in cherts to other
main elements are higher, but it has been determined
that the Si content of limestone samples in the cherts
of the Okcular formation is high and therefore they
are exposed to silicification with fabric-protection.

Sample/Chondrite

Sample/Chondrite

Sample/Chondrite

Figure 6. Sample locations of cherts (NC1-3), cherty
limestones (NK2-3) and REE spider diagram of chondrite
normalized Okcular formation samples

Al-Fe-Mn  ternary diagrams show the
contribution of hydrothermal fluids to the formation of
cherts (Adachi et al., 1986; Figure 7A). If
Al/(Al+Fet+Mn) values are <35, it indicates
hydrothermal feeding in the environment, and an
increase in this value indicates precipitation from sea
water. The mean Al/(Al+Fe+Mn) value in the cherts of
the Okcular Formation and the rocks associated with the
cherts is 0.62, indicating the normal marine sedimentary
characteristics (Webb & Kamber, 2000). Enriched
redox-sensitive elements such as Ni and Co confirm the
presence of anoxic and reducing conditions in the
environment. These elements are absent or insignificant
in the cherts of the Okgular Formation therefore the
formation environment indicates oxidizing conditions.
There is a negative Ce anomaly and a positive Fe-Mn
minerals anomaly in seawater because tetravalent Ce is
captured by Fe-Mn nodules. Cerium anomaly is
negative when siliceous sediments are separated from
Fe-Mn minerals (Junguo et al., 2011). Ce anomaly
indicates the mixture of siliceous sediments and Fe-Mn
oxides and the amount of Ce varies depending on the
relevant geotectonic events.

3.3.2. Trace Elements (including REEs)
The presence of trace elements provides
important environmental data in cherts, siliceous



limestones and claystones associated with cherts. Ce concentration in shallow seawater is usually
Calculated values of trace elements and lanthanides  below average values (Zhang & Nozaki, 1996). The
used in environmental interpretations are in Table 2.  negative Ce anomaly is a typical sign of oxidized

Table 1. Major and trace (including rare elements) element geochemistry of Okgular Formation

NC1 NC2 NC3 NK2 NK3 R4

Si (%) 16.20 33.43 35.20 7.39 22.68 6.15

Na (%) 0.820 0.510 0.470 0.533 0.463 0.514

K (%) 0.186 <0.02 <0.02 <0.02 0.114 <0.03

Mg (%) 0.241 0.185 0.112 0.523 0.338 1.213

Al (%) 0.504 0.359 0.282 0.426 0.287 1.628

Ca (%) 7.960 4.621 4.084 24.520 25.493 20.978

Fe (%) 0.480 0.173 0.089 0.182 0.182 1.300

Mn (%) 0.033 0.012 0.011 0.013 0.023 0.032

Ni (%) 0.002 <0.001 <0.001 <0.001 0.003 0.008

Zn (%) 0.136 0.121 0.116 0.128 0.129 0.125

Co (%) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

La (ppm) 3.86 2.32 2.93 5.84 6.37 6.47

Ce (ppm) 9.8 3.26 2.59 5.81 4.44 7.57

Pr (ppm) 0.77 0.34 0.44 0.83 0.89 1.26

Nd (ppm) 2.82 1.3 1.68 3.26 3.74 5.21

Sm (ppm) 0.48 0.81 0.52 0.69 0.74 1.16

Eu (ppm) <0.02 0.41 0.19 0.22 0.2 0.32

Gd (ppm) 1.4 0.56 0.68 1.34 1.4 2

Th (ppm) <0.01 <0.01 <0.01 <0.01 <0.01 0.25

Dy (ppm) 0.5 0.28 0.35 0.83 0.86 1.19

Ho (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 0.25

Er (ppm) 0.33 0.2 0.25 0.53 0.57 0.82

Tm (ppm) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Yb (ppm) 0.25 0.15 0.15 0.43 0.37 0.66

Lu (ppm) 5.019 <0.01 <0.01 <0.01 <0.01 <0.01

Sc (ppm) 281.78 272.91 237.51 253.61 246 258.41

Th (ppm) 0.46 0.39 0.45 0.26 0.23 0.78

U (ppm) 0.65 1.1 0.67 1.17 0.93 0.92

Ti (ppm) <1 <1 <1 34.71 <1 <1

Cr (ppm) 959.5 836 762 948.74 860.32 897.62

Table 2. Calculated element values of chert and siliceous limestones of the Okcular Formation
NC1 NC2 NC3 NK2 NK3 R4 Mean

>REE 20.21 9.63 9.78 19.78 19.58 27.16 17.69
LREE/HREE | 7.149194 | 7.092436 | 5.839161 | 5.319489 | 5.11875 | 4.253385 | 5.795403
Th/U 1.413043 | 2.820513 | 1.488889 | 4.5 4.043478 | 1.179487 | 2.853185
Eu/Eu* 0 1.766173 | 0.976418 | 0.686588 | 0.591068 | 0.636493 | 0.776123
Ce/Ce* 1.269084 | 0.773911 | 0.483483 | 0.552638 | 0.389003 | 0.589725 | 0.676307
Pr/Pr* 0.791244 | 0.948158 | 1.267124 | 1.13707 | 1.312434 | 1.207137 | 1.110528
Gd/Gd* 4.575163 | 0.776661 | 2.035087 | 3.463458 | 3.980392 | 1.636337 | 2.744516
YIY* 68.64 76.37143 | 79.95429 | 77.60964 | 81.45116 | 69.73445 | 75.62683
(La/Yb) 10.43357 | 10.45159 | 13.19964 | 9.177619 | 11.63385 | 6.624391 | 10.253441
(La/Sm)n 5.061649 | 1.802806 | 3.546584 | 5.327331 | 5.418182 | 3.510688 | 4.111206
(La/Ce)n 1.027087 | 1.855736 | 2.949944 | 2.621094 | 3.741126 | 2.228714 | 2.40395
(Nd/Yb)n 3.934514 | 3.022972 | 3.90661 | 2.644425 | 3.525754 | 2.753442 | 3.297953
(Dy/Yb)n 1.301837 | 1.215048 | 1.51881 | 1.256424 | 1.512946 | 1.173626 | 1.329782

- Ho values (=0) are not included in the calculations
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Figure 7. (A) Fe-Mn-Al ternary diagram (Adachi et al., 1986), (B) (La/Ce)n vs. Al/Al+Fe discrimination diagram for
siliceous rocks, after (Murray, 1994), (C) the (La/Sm)y vs. (La/Yb)n binary plot showing the diagenesis of chert modified
from Ozyurt et al., 2020, (D) binary diagrams of (a) Ce/Ce * vs. Pr/Pr (Bau & Dulsky 1996), (E) Ternary plot of La-Th-

Sc for cherts (F) Ce/Ce* vs. La/Ce binary diagram.

seawater (Bau & Dulski 1996; Alibo & Nozaki 1999).
Ce/Ce* values are used in environmental interpretations
and open ocean sea water values are between 0.2-0.3
and ~0.8-1 in continental margin deposits. Terrestrial
sediment effects increase the Ce/Ce* ratio (Murray et
al., 1991). Ce element indicates anoxic environment,
and accordingly Ce/Ce* values are high in these
environments (De Baar et al., 1988, Murray et al., 1991).
The negative Ce anomaly in the REE pattern of the
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Okcular formation cherts is due to abrasions and
oxidations (Figure 6, Kraemer et al., 2017).
Fragmentation of Gd with respect to Eu and Th
is not a redox related process because Gd is only
trivalent. Differential Gd behavior relative to Eu and
Tb has been documented in modern seawater and does
not vary with water depth (Gd/Gd* = 1.1-2; De Baar
et al., 1985). Gdn and Eun anomalies were calculated
as Eu/Eu* at Gdn/Gd* and Eu* = Eun/ (0.5Smy +



0.5Gdn) using Gd* = (0.5Eu + 0.5Tb) (Bau & Dulski,
1996; Nothdurft et al., 2004).

In experimental studies, it has been observed
that Y, La, Gd and Lu values accumulate in solution at
pH>5 (Bau, 1999). The dominant factor controlling the
abnormal Gd behavior is alkalinity and carbonate
complexation; however, the higher particle reactivity
of Eu and Tb also influences the formation of Gd
anomalies (De Baar et al., 1985). Solutions with a
weak acid to near-neutral pH typically have positive
Gd anomalies, while alkaline solutions have negative
Gd anomalies. The absence of negative Gd in the
cherts of the Okcgular Formation also indicates that
there is no organic complication (Lee & Byrne, 1993).

Eu (Europium) exists only in the trivalent form in
sea water (Goldstein & Hemming 2014; Piper & Bau
2013). Eu complexes, like other rare earth elements,
have low solubility in seawater. Eu forms (Eu?" and
Eu®*) are controlled by oxidation-redox environments,
pH and temperature. At low temperature near the
surface conditions (about 25°C), Eu dominates in the
trivalent state (Sverjensky, 1984). Eu** is unfractionated
and stable, but Eu?* dominates under extremely
reducing (i.e. anoxic) alkaline conditions or high
temperature (i.e. >250°C) hydrothermal conditions and
fractionates according to the effect of associated REE
values (Sverjensky, 1984). Therefore, positive, zero or
negative Eu anomalies occur in cherts, depending on the
redox, pH and temperature conditions of the
precipitation. The average Eu values in the nodular and
layered cherts that are the subject of the study are 0.087.

Scandium (Sc) is considered a rare earth
element (REE). Scandium, a lithophile element, is the
lightest of the transition elements and is found as a
trace component in a wide variety of minerals,
replacing Mg. Sc is usually found in clays and shales
but is found in carbonates and sandstones, although
relatively lower.

Sc (scandium) concentrations in surface waters
are very low, usually in the range of parts per trillion
(ppt). There is an average concentration of about 13
pmol L based on limited data on Sc concentrations in
seawater (Horovitz, 1999). Scandium is strongly
hydrolyzed in seawater (ie Sc(OH)*, Sc(OH)s,
Sc(OH).; Byrne 2002)). Very high Sc values were
measured in the lithological units of the Okgular
formation, with an average of 258.41.

Continental margin environmental
interpretation is made if the La/Ce ratio is <1.5 values
(Murray, 1994). REE data (La/Ce)n= 0.93) indicate
deposition along the continental margin, further
distinguishing between continental margin and pelagic
deposition. It was divided into three environment
according to the changes in the use of REE values and
(La/Ce)n values as environment indicators; continental
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margin cherts (~1), pelagic cherts (2-3) and proximal
ridge deposits (>3.5) (Murray, 1994). The average
La/Ce)n of 2.4 in Okgular formation cherts is the same
as the values of the environment for pelagic cherts. The
Ce/Ce™* and (La/Ce)n values indicate the origin of the
sediments, and the Ce/Ce* to (La/Ce)n diagram
indicates oceanic basin floor deposits in the Okgular
formation cherts (Figure 7B).

The Th/U ratio in sedimentary rocks does not
show great changes depending on the deposition
environment and is close to the calculated Th/U ratio
in the upper continental crust (Bau & Alexander,
2009). During diagenesis and/or oxic decomposition,
the Th/U ratio decreases, due to uranium oxidation
(from U™ to U*®) (Collerson & Kamber, 1999; Bau and
Alexander, 2009). Th/U values average 0.5 in Okgular
Formation cherts and these low values indicate the
presence of oxidation. La/Yb vs. La/Sm plots show the
diagenesis process, according to which most of the
Okcular formation cherts were formed from the early
diagenetic stage (Fig. 7C).

If the Y/Ho ratio is <27 and the Y/Y* value is
positive, the samples are super-chondritic (Gourcerol
etal., 2015). Y anomalies were calculated as Ypaas/Y*
with Y* = (0.5 Dy+ 0.5 Ho) (Bau & Dulski, 2004 In
references list is 1996).

Y/Ho ratios are very high (>45) in current marine
waters. It is used as an indicator whether the
sedimentary rocks come from sea water or clastic
grains, regardless of the Y/Ho ratio. The decrease and/or
depletion of the Ho element in marine environments
compared to the Y element, which is similar in charge
and radius, has been investigated by many studies (Bau,
1996; Van Kranendonk et al., 2003). There are studies
supporting that high values do not contain marine
contamination (Bau, 1999). High yttrium values were
observed in other waters such as hydrothermal and
magmatic waters contrary to low values in sea waters.

Ndn/Yby ratios are used to determine depletion
of LREEs due to the presence of positive La anomalies
and negative Ce anomalies in shallow sea water
(Nothdurft et al., 2004). Calculation of Ce and La
anomalies are possible by comparing Pr/Pr* and
Ce/Ce* ratios (Bau & Dulski, 1996). Pr/Pr* indicates
>1.05 negative Ce anomaly and Ce/Ce* <1 positive La
anomaly. These calculations are Pr/Pr* = Prn/ (0.5 Cen
+ 0.5 Ndn) and Ce/Ce* = Cen/ (0.5 Lan + 0.5 Pry)
(Table 2; Figure 7D). Okgular formation cherts have
negative Ce and positive La anomaly.

The presence of combined sedimentary
components in the La-Th-Sc diagram indicates that the
source may be transitive. The samples are clustered in
the amphibolite source in the diagram and this source
originates from the Kizildag ophiolite which is
widespread in the region (Figure 7E). The Kizildag



ophiolite was moved to the region as the basement rock
before the Okgular formation deposition.

Yttrium () is placed between Ho and Dy in the
REE model according to its similar charge and radius
(Bau, 1996). Figure 8 shows normalized REE patterns
of elements with PAAS (Post-Archean Australian
Shale) and Y anomaly in cherts. Yttrium is not
removed from seawater as efficiently as its
geochemical twin Ho, leading to a significant
superchondritic marine Y/Ho ratio due to their
different surface complex stability (Bau, 1996).
Typical high Y/Ho ratios (ie 44-74) indicate seawater.
The Y/Ho ratio in Okgular Formation cherts where Ho
could not be detected is at its maximum value.
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Figure 8. Comparison of REE spider diagram of PAAS
normalized samples with REE patterns of shallow-deep sea and
hydrothermal environments modified from He et al., (2022).

3.4. Cluster Classification

The cherts of the Okcular formation and the
REE-Y cluster classifications of the ultramafic-mafic
rocks were compared in order to determine the source
of silicification in the region with the ultramafic-
mafic rocks of the ophiolites (Figure 9). Element
classifications of REE-Y values are similar in both.
Tm-Lu associations were classified in both units, and
the relations of HREE values were similar. Y values
are classified as high and independent in both
formations. Element distribution similarities show
that ophiolitic rocks play a role in silicification.
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Figure 9. Cluster analyzes of element concentrations
(REE+Y) in ophiolites and Okcular formation cherts and
cherty limestones in Hatay region, ophiolite lanthanide
values are from Glizelmansur (2020).

4. DISCUSSION

There was a regionally wide carbonate shelf in
the Hatay region, on which the deposition varied
between shallow sea, intertidal, and non-marine with
Paleozoic development during the Late Cretaceous-
Eocene periods. After the Middle Eocene (pre-Early
Miocene) folding was probably caused by an early
phase of continental collision that reactivated its basic
structures. The Plio-Quaternary Hatay Graben was
formed with the change of tectonic regime of these
shallow marine carbonates after the end of Miocene
(Boulton et al., 2006). Graben was formed in a
transtensional environment due to the westward move
of Anatolia block, and cherts are also associated with
grabenization and tectonic cracks, folding and marine
environments.

The presence of bedded cherts in Okgular
Formation cherts, parallel to limestone bedding and
laminations, is explained by the direct deposition
model during lithification (lijima et al., 1984; Raviolo
et al., 2009).

Petrographic and hand specimen observations
of nodular cherts show features indicating
replacement. In petrographic studies, it is observed that
fine-coarse quartz crystals replace calcite crystals in
fractured limestones. It is probable that quartz was
formed in the early diagenetic stage due to an excess
of silicon, which is supported by the plot drawn with
the (La/Yb-La/Sm)n values. After this stage, quartz
crystallization in more porous environments indicates
mid-late diagenesis (Hendry, 1995). The presence of
transitions from zones with high porosity up to 21% to
compact-crystalline dark colored zones in the rims and
cores of nodular cherts shows the effect of pores and
cracks in the replacement.

The accumulation of Fe and Mn is usually due
to the effect of hydrothermal fluids, and increased Al
and Ti concentrations are often due to terrestrial input
to marine sediments (Murray 1994). The Al-Fe-Mn
diagram is considered an indicator of the sedimentary
environment (Adachi et al. 1986; Murray et al., 1991).



Okcular Formation cherts are clustered in the place
representing the pelagic origin in Figure 7B diagram,
and the fossil content in the limestones also indicates
the pelagic origin. The Al-Fe—-Mn diagram is
considered an indicator of the sedimentary
environment (Adachi et al. 1986; Murray et al., 1991).
In Figure 7B. diagram, Okcular Formation cherts are
clustered in the place representing the pelagic origin,
and the fossil content in the limestones also indicates
the pelagic origin. Murray (1994) stated that the Mn
element will decrease in the medium with diagenetic
mobility, such that the Mn values in chert samples are
quite low. In addition, proximal, pelagic and
continental margin environments are distinguished in
the (La/Ce)n-Al/Al+Fe diagram, and most of the
samples point to the pelagic environment.

Many researchers have reported that the REE+Y
patterns of Archaean and modern sediments are similar
(Bau & Dulski, 1996; Shields & Webb, 2004; Thurston
etal., 2012). The PAAS normalized Okgular formation
REE-Y pattern was compared with the old marine REE
patterns and both patterns were determined be similar
(Figure 8). Changes in REE-Y elements also indicate
precipitation from sea water. Seawater is characterized
by low REE content and negative Ce anomaly, like that
of the chert samples in the region (Liu et al, 2022). REE
values in non-terrestrial and fine-grained clastic
precipitated from seawater are used as indicators
(Nothdurft et al., 2004). The sediments have a high
LREE/HREE ratio because they contain more LREE
precipitated from seawater due to the low rate of
deposition and prolonged exposure to seawater (Murray
et al., 1991). The average LREE/HREE ratio of 5.8 in
Okgular Formation cherts indicates deep marine
environments. LREE enrichment is determined by the
(La/Ce)n ratio being close to 1 and this value is between
0.39-1.43 (avg 2.4) in this study. The (La/Ce)n mean of
2.4 also indicates pelagic cherts and indicates that
silicification developed during diagenesis by being
affected by siliceous fluids of pelagic mudstones.

The chondrite-normalized REE pattern of the
samples is equivalent to the upper continental crust,
indicating enriched LREE and depleted HREE with
negative Eu anomaly. Ce-Ce* values in the Okgular
formation cherts and associated rocks average 0.67 and
are similar to the ocean floor values (Figure 7E).
Ce/Ce* values and (La/Ce)n graphs show that the
samples are affected by the source on the seafloor.

High Gd and Y values are found in the samples
and low Ce and HREE values. It is available in the
literature that Gd and Y values are high in oxygen-rich
waters (Bau et al., 1997; Mdller & Siebert, 2016).
There is also this Gd and Y positive anomaly in sea
waters associated with marine carbonates (Bau &
Dulski, 1996). High Gd values indicate the absence of
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organic complexation.

Sc and Cr distributions in sediments have been
proposed as indicators of detrital source (Taylor &
McLennan, 1985; Condie & Wrokiewicz, 1990). The
Sc values are very high in chert and siliceous
limestones and represent the input of clay in the
deposition and therefore the low-energy environment.

The very high Y/Ho ratio in cherts points out
chert precipitation from sea water (Nozaki et al., 1997).
The fact that Ho values are close to zero in Okgular
Formation cherts and the observation of Y positive
anomaly indicates precipitation from sea water.

Trace elements such as Th and U, which
represent the ratio of felsic components in the
precipitation or replacement of cherts, and trace
elements such as Sc, Cr, which represent the ratio of
mafic components, present wide ranges. This indicates
that there are significant amounts of mafic rocks as
well as felsic rocks in the source areas of the rocks.

5. CONCLUSIONS

The diversity of chert forms in the formation is
seen in the excess of Si in seawater, both in direct
precipitation and in replacing limestones. Fractures,
porosity and tectonic movements have an effect on
silicification. The characteristic REE+Y pattern, low
Th/U ratio (<1), Gd, La, Y positive anomalies show
that Okcgular Formation carbonates and cherts
precipitate from well-oxygenated seawater. It was
determined that low-energy pelagic environment with
trace element abundances, ophiolites are Si sources,
silicification is in early-middle diagenetic stage.
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