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Keywords Abstract
Provenance Tectonic slices of different origins are observed in the eastern of Kargi (Corum) district. These
Geochemical slices' metamorphic units and lithologies of ophiolitic melange are observed with tectonic
Sandstone contact. The Calarasin formation is observed at the upper levels of the ophiolitic mélange,
Calarasin formation which extends to the east of Kargi (Corum) in the Central Pontides. The formation is composed
Central Pontide of thin-bedded siltstone intercalated sandstone-shale and mudstone alternations. The
sandstones of the formation include quartz, plagioclase, calcite, biotite, chlorite, and volcanic
Research Article rock particles. The sandstones were analyzed for geochemical properties and provenance
Received: 28.09.2022 traces, respectively. According to these analyzes, SiO2 % is found between 26.46-71.78%,
Revised: 28.10.2022 Al203% 5.22-10.86, Fe203% 2.89-7.11 and CaO0% 6.13-36.02 respectively. When trace
Accepted: 06.11.2022 elements are evaluated, Sc content ranges from 76.13-201.03 ppm, and Y content ranges from
Published: 14.11.2022 9.54-55.11 ppm. Sandstones are rich in large ion lithophile elements (LIL; Ba, Th, U) and poor
in high-field strength elements (HFS; Nb, Ti, Zr). Positive anomalies in terms of Pb and Y and
% check for negative ones in terms of Eu and P are observed in rocks. The sandstones are poor in terms of
| updates REE. The amount of HREE is substantially richer than the amount of LREE. Sandstones were

normalized according to PAAS, and a distribution inversely proportional to the primitive
values emerged. Ce/Ce* anomaly displays that the same oxygen environment has existed in
the environment for a long time, but this situation has changed in the transition zone. Major
oxide values suggest that the environment is arid and semi-arid media. It was determined that
the sandstones were fed from the intermediate and mafic magmatic sources and tectonically
represented the active continental margin and the island arc area.

1. Introduction

By acknowledging the geochemistry of sedimentary rocks, significant data can be obtained about the rocks'
tectonic location, geochemical composition, origin, and source area [1-5]. In supplement, environmental
interpretations can be represented by acknowledging petrographic characters. In these surveys, sandstones in
sedimentary succession are usually preferred.

In the studies to figure out the tectonic origins of the basins, the current states of the most mobile and immobile
elements are evaluated [6]. This is expressed by the values of both major oxides and trace elements. In particular,
trace elements show the characteristics of the major source (tectonic environments and source-rock
compositions) during weathering and transportation [2, 4, 7|. Rare earth elements are also used to characterize
the source and tectonic environment of the sedimentation [8-11]. As a result of all these evaluations,
interpretations are made corresponding to the geochemical data of the sedimentary rock. For example, elemental
ratios such as La/Sc, La/Co, and Th/Sc are preferred for separating mafic and felsic source rocks [12]. It is noted
that trace elements such as La and Th are more concentrated in felsic igneous rocks, while Co, Sc and Cr have
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higher concentrations in mafic rocks [10-11, 13]. All accepted elemental analysis results are evaluated closely, and
a sedimentary rock's origin and tectonic environment are interpreted.

Pontides were established as part of the Alpine-Himalayan belt by Ketin [14], and Okay et al. [15] separated it
into Istanbul, Strandja, and Sakarya zones, respectively. The Pontides are geographically distributed as western,
central, and eastern Pontides. Yilmaz et al. [16] stated that the Pontides are the orogenic belt related to the opening
and closing of the Tethys Ocean in the northernmost part of Turkey. As a result of this tectonic movement, a
submarine turbidite basin was formed in the Central Pontides during the Early Cretaceous [17].

The Central Pontides consist of metamorphic, magmatic, and sedimentary rock groups in the Late Paleozoic-
Early Cenozoic age range along the 'suture zones' formed by the closure of the Paleo-Tethys and Neotethys oceans
[18-25]. Ustabmer and Robertson [26] stated that the metamorphic rocks in the area they call the Domuzdag-
Saraycikdagi complex in the region have undergone metamorphism in the blueschist facies and the regressive
greenschist facies.

East of Kargi (Gokcedogan), located in the Central Pontides, specific tectonostratigraphic sequences dwelling
inlower and upper tectonic slices [27]. These slices are Pelitozii, G61kdy, and ophiolitic melange slices, respectively
[28-29]. In the upper levels of the ophiolitic mélange, the Calarasin formation consists of sedimentary rocks. This
paper highlights the provenance diagnosis and geotectonic environment interpretations of the sandstones of the
Calarasin formation by revealing the petrographic and geochemical studies.

2. Material and Method

Thin sections and geochemical analyzes of 7 samples collected from sandstones in the Calarasin formation were
performed in ITU-JAL. Geochemical analyzes consist of major oxide (Table 1), trace element (Table 2), and rare
earth element values (Table 3). The analysis results obtained were evaluated in different diagrams. In addition,
REE results were normalized according to PAAS (Table 4) and compared in the spider diagram. The analysis
results in question are given in Table 1. In addition, the ratios and anomalies of critical elements for the diagnosis
of geotectonic environment and provenance were determined.

2.1. Geological framework

The study area is located in a district where the Middle Jurassic and Cretaceous accretionary prism is still called
the Central Pontides Supercomplex [30-32]. To the east of Kargi is the Middle Jurassic accretionary complex, which
has the Kirazbasi complex consisting of ophiolitic mélange, and the Domuzdag complex, whose metamorphic
conditions change towards the north [33-34].

Autochthonous and allochthonous rock groups are observed together in the study area (Figure 1). Kunduz
metamorphics are observed at the base of the region. This metamorphic unit is overlain by Permian aged Camdag
and Jura-Cretaceous aged Inalt1 formation with tectonic contact. In addition, in a large part of the study area, the
lithologies of the Ophiolitic Melange overlie the Kunduz metamorphics with a tectonic contact. With these thrust
contacts, tectonic slices were formed in the region [29]. On these slices, Bespinar, Yedikir, and Ilgaz formations
and Quaternary alluviums are observed with angular unconformity (Figure 1).

2.2. Ophiolitic melange

The Ophiolitic Melange of the Kirazbasi complex consists of dunite and serpentinite at the base, spilitic lava,
metadiabase, metabasalt, radiolarite, chert, mudstone, and pelagic limestones [33, 34] on the gabbro. At the top
levels of the succession, there is the Calarasin formation [35], which consists of alternating siltstone, sandstone,
shale, and mudstone, respectively (Figure 2).

In addition, conglomerate-gravelly sandstone layers without lateral continuity are also observed in this unit.
In the steep topography, whitish-grey, cream-colored medium-thick bedded limestone olistoliths of varying sizes
are seen at different unit levels.

The sandstones observed in the vicinity of the Calarasin district are brownish, reddish grey on the weathered
surface, bright black in areas where the fresh fracture surface is altered, and brown and grey in localities where
alteration is observed, unstable, medium-hard, fossil-free, poorly sorted and ungraded.

2.3.Petrography

In the thin section review of the sandstones in Bespinar, it is recognized that there are many volcanic rock
fragments in the rock. There are mainly quartz, plagioclase, calcite, and rock particles. Grains are medium well,
rounded, poorly sorted, and ungraded. Quartz exists as monocrystalline. Calcite is in the matrix, and secondary
quartz and iron oxide minerals are emplaced in its fractures and cracks. It was observed to be fed from volcanic
rocks during the deposition (Figure 3).

Corresponding to Folk [36], the rock was determined as lithic arenite because the quartz content is less than
90%, the rock particle is more than feldspar, and the matrix ratio is less than 15%.
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Table 1. Major oxides (%wt) concentrations of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Latitude (°N) 34.630 34.600 34.606 34.630 34.630 34.630 34.606
Longitude (°E) 58.020 57.990 57.990 58.020 58.020 58.020 57.970
Major Oxides (%)
SiO2 71,78 52,72 62,91 26,46 69,02 56,34 62,86
Al203 9,22 6,45 10,18 6,71 5,22 7,10 10,86
Fe203 2,89 3,13 5,55 1,77 3,55 3,45 7,11
MgO 1,09 0,89 1,86 0,76 0,77 1,15 2,67
CaO 6,13 20,43 9,55 36,02 13,22 18,52 6,80
Naz0 3,28 1,54 2,68 0,69 0,55 2,12 2,76
K20 0,60 0,70 0,75 1,18 0,76 0,56 0,90
TiO2 0,27 0,26 0,35 0,32 0,30 0,22 0,59
P20s 0,09 0,10 0,10 0,06 0,09 0,05 0,08
MnO 0,05 0,37 0,09 0,07 0,05 0,24 0,11
Cr203 0,00 0,00 0,00 0,01 0,01 0,00 0,00
LOI 4,41 13,2 5,82 25,76 6,34 10,05 5,03
Total 99,82 99,78 99,84 99,81 99,98 99,81 99,76
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Table 2. Trace element concentrations (ppm) of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Trace elements

Sc 201,03 149,44 167,43 76,13 198,97 115,85 131,56
Y 5511 11,76 11,47 15,83 10,01 14,16 9,54
Th 0,73 9,26 2,48 6,03 3,01 2,48 2,22
Li 23,88 38,81 35,14 11,65 27,72 27,40 40,02
Be 1,57 0,89 0,85 1,90 1,09 1,52 1,31
Co 39,98 13,49 15,60 30,59 12,25 18,18 15,39
Ni 61,88 61,27 27,48 35,99 18,85 36,41 51,95
Cu 69,70 0,00 0,00 0,00 0,00 0,00 0,00
Zn 369,21 0,00 0,00 0,00 0,00 0,00 0,00
Ga 22,50 20,06 14,66 11,97 7,78 11,77 24,71
As 39,93 42,54 37,15 42,72 32,58 32,89 33,02
Se 16,15 38,02 4,41 18,96 0,00 10,46 0,00
Rb 16,38 21,70 18,69 46,46 20,66 16,13 17,17
Sr 298,92 246,47 101,17 237,35 148,96 224,09 97,19
Ag 8,71 3,26 0,76 0,81 0,51 0,49 0,85
Cd 0,51 0,18 0,00 0,46 0,03 0,09 0,00
In 0,42 0,60 0,20 0,15 0,07 0,00 0,08
Cs 2,03 0,85 0,57 2,37 0,71 0,35 0,41
Ba 134,32 461,23 199,42 137,94 89,08 171,43 541,86
Tl 0,24 0,03 0,08 0,26 0,04 0,05 0,03
Pb 37,88 0,00 0,00 120,80 0,23 13,49 28,00
U 0,00 1,36 0,58 2,79 0,79 0,64 0,68
Au 0,09 0,02 0,04 0,06 0,03 0,03 0,02
Hf 8,57 1,29 0,99 0,23 0,81 0,81 1,17
Ir 0,07 0,01 0,03 0,01 0,01 0,02 0,02
Pd 1,09 2,61 1,83 0,57 1,84 1,47 2,29
Pt 0,12 0,02 0,02 0,00 0,01 0,04 0,02
Rh 0,07 0,05 0,03 0,05 0,04 0,05 0,04
Ru 0,06 0,23 0,18 0,15 0,21 0,23 0,22
Sb 0,50 3,14 0,86 2,07 0,86 2,90 3,58
Sn 1,73 1,16 1,07 1,52 1,03 0,92 1,14
Te 0,01 0,07 0,12 0,04 0,05 0,06 0,09

3. Geochemistry

As a result of the analysis, the %Si02 changes of the sandstones in the Calarasin formation are between 26.46-
71.78. It is recognized that the example with low SiO2z content is carbonate-rich carbonate sandstone. In
petrographic studies, it has been determined that sandstones are usually carbonate cemented and rich in volcanic
rock particles. Al203 values range between 5.22-10.86%, Fe203 values between 2.89-7.11%, and CaO values
between 6.13-36.02%. There is no significant difference in the samples regarding Na:0, K20, P20s, TiOz, and MnO,
respectively. When trace elements are evaluated, it is seen that the Ba, Sc, and Sr ratios of the samples are high. It
is seen that the Ba content reaches up to 541.86 ppm. Sc content varies between 76.13-201.03 ppm, and Sr content
ranges between 97.19-298.92 ppm.

According to the chondrite normalized trace element spider diagram of the sandstones [37], it is observed that
there is enrichment with large ion lithophile elements (LILE; Ba, Th, U) (Figure 4). Elements with high-field
strength elements (HFSE; Nb, Ti, Zr) show depletion. Positive Pb and Y anomalies are observed in the rocks. A
negative anomaly is observed in terms of Eu and P. The enrichment in Th indicates that heavy minerals containing
Th are situated in the volcanic rock particle.

A Rare Earth Element (REE) spider diagram [38] normalized to the Chondrite of sandstones was prepared
(Figure 5). At the same time, the values normalized according to PAAS are shown in the same diagram. According
to the diagram, enrichment by Light Rare Earth Elements (LREE; La, Ce, Pr, Nd) and a horizontal and near-
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horizontal distribution was observed for Heavy Rare Earth Elements (HREE; Er, Tm, Yb, Lu) for sandstones. There
is a negative anomaly in terms of Eu content. However, the values normalized according to PAAS show an inverse

proportional distribution compared to the normalized values (Figure 5).

Table 3. REE concentrations (ppm) and some ratios of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Rare Earth Elements

La 6,81 10,56 7,42 11,69 8,05 8,11 5,61
Ce 20,59 21,24 15,32 22,89 16,30 15,24 11,92
Pr 3,50 2,34 1,85 2,89 2,11 1,78 1,46
Nd 18,88 9,23 7,43 11,03 8,63 7,18 5,99
Sm 6,44 2,47 2,06 2,33 2,12 1,85 1,92
Eu 2,15 0,83 0,60 0,51 0,57 0,52 0,68
Gd 9,72 3,14 2,73 2,81 2,85 2,62 2,20
Tb 1,62 0,38 0,36 0,37 0,35 0,36 0,30
Dy 10,71 2,11 2,10 2,30 1,87 2,30 1,75
Ho 2,26 0,42 0,45 0,50 0,38 0,50 0,38
Er 6,79 1,14 1,27 1,59 1,00 1,50 1,11
Tm 0,97 0,16 0,19 0,23 0,13 0,22 0,16
Yb 6,14 1,03 1,23 1,54 0,82 1,44 1,08
Lu 0,92 0,16 0,20 0,24 0,12 0,22 0,18
2 REE 97,49 55,23 43,22 60,90 45,30 43,84 34,74
2 LREE 58,36 46,67 34,70 51,33 37,78 34,67 27,58
Z HREE 39,13 8,56 8,53 9,58 7,52 9,17 7,15
Ce/Ce* 0,31 0,74 0,65 0,76 0,64 0,70 0,59
Eu/Eu* 1,26 1,40 1,19 0,93 1,08 1,11 1,55
Th/Sc 0,00 0,06 0,01 0,08 0,02 0,02 0,02
La/Sc 0,10 1,25 0,58 0,78 0,21 0,80 2,14
La/Co 0,30 7,31 2,65 3,65 1,18 2,98 10,94
Th/Co 4,31 7,43 6,06 5,66 7,54 5,27 5,85
Ba/Sc 0,33 0,20 0,22 0,20 0,21 0,25 0,20
Ba/Co 0,93 1,17 1,03 0,95 1,19 0,94 1,02
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Table 4. PAAS normalized REE concentrations (ppm) of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
La 0,178 0,276 0,194 0,306 0,211 0,212 0,147
Ce 0,259 0,267 0,192 0,288 0,205 0,192 0,150
Pr 0,396 0,265 0,210 0,327 0,239 0,201 0,166
Nd 0,557 0,272 0,219 0,325 0,255 0,212 0,177
Sm 1,161 0,445 0,372 0,420 0,382 0,333 0,346
Eu 1,987 0,773 0,560 0,472 0,529 0,485 0,633
Gd 2,085 0,674 0,585 0,603 0,612 0,562 0,472
Tb 2,098 0,495 0,461 0,473 0,449 0,468 0,386
Dy 2,287 0,452 0,449 0,492 0,400 0,492 0,374
Ho 2,276 0,426 0,454 0,501 0,382 0,502 0,380
Er 2,384 0,401 0,447 0,558 0,352 0,527 0,388
Tm 2,395 0,404 0,472 0,576 0,333 0,538 0,396
Yb 2,176 0,365 0,437 0,546 0,290 0,512 0,383
Lu 2,135 0,373 0,451 0,553 0,270 0,513 0,413
g

SAMPLE/REE CHONDRITE

La Pr Pm Eu Tb Ho Tm Lu
|

-
S T T T T 3l T
Ce Nd Sm Gd Dy Er Yb

Figure 5. Spider diagram of chondrite and PAAS normalized REE elements

Ce anomaly is a parameter used to determine the redox conditions of the environment [39]. Ce is found in
trivalent terrestrial sedimentary and igneous rocks [40]. In addition, different cations of Ce are found in seawater
in anoxic or suboxic environments [41]. According to these Ce values, the environment can be interpreted. A
diagram was prepared to reveal the Ce anomalies of the sandstone (Figure 6). According to this diagram, it can be
said that although the amount of oxygen in the deposition environment remains the same for a long time, there is
some change in the transition zone.

4. Provenance
To reveal the provenance traces of the sandstones, the diagram was prepared using the main oxide values [42].

According to the prepared diagram, it was determined that the sandstones were fed from intermediate and mafic
magmatic sources (Figure 7).
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To determine the geotectonic environment of the sandstones, a change diagram based on the first and second
differentiation functions proposed by Bhatia [1] was prepared (Figure 8). According to the prepared diagram, 3 of
the samples fall in the passive margin area, 3 in the continental arc area, and 1 in the island arc area.

According to the diagram of Suttner and Dutta [43], which was prepared according to the major oxide values,
the rocks were formed in semi-arid and arid environment conditions (Figure 9). 1 sample reflects the humid

environmental conditions.
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sandstones [1]

For sandstones, most of the samples examined in the (Fe203+Mg0)-TiOz diagram [1] are distributed outside
the defined areas (Figure 10a). Only one specimen is located in the active continental margin area. In the
(Fe203+Mg0)-(Al203/Si02) diagram [1], many samples fall into the active continental margin area (Figure 10b). In
the La/Th variation diagram developed by Bhatia and Crook [2], the samples fall into the island arc area (Figure
10c), and in the Th-Co-Zr/10 diagram (Figure 10d), the samples fall into the island arc area.

Th and Sc are important and useful elements in provenance interpretations [8]. In addition, Eu anomalies have
a critical role in the diagnosis of provenance. For this reason, Eu anomaly and compositional variations [44] of
magmatic origin rocks were evaluated together in the Th/Sc diagram [45] (Figure 11). It has been determined that
some of the sandstones exhibit a similar distribution to the basaltic composition and some present different
characteristics. In addition, strategically important La/Sc, La/Co, Th/Co, Ba/Sc, Ba/Co, and Th/Sc ratios were
determined and correlated according to the compositional variations of granitic and volcanic rocks [44]. These
data show that the sandstones are fed from basaltic composition, but some are from rocks of different
characteristics.
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5. Conclusion

The petrographic and geochemical properties of the sandstones, which are located in a very complex area and
represent the upper levels of the lithologies belonging to the ophiolitic melange, have been revealed. As a result of
the study, it was determined that the sandstones defined as lithic arenite were fed from intermediate and mafic
magmatic sources and concentrated in the tectonically active continental area and island arc area.

When sandstones poor in REE are normalized according to PAAS, a distribution inversely proportional to the
primary situation emerges. Ce anomaly shows that the same oxygen environment has existed in the environment
for a long time, but this situation has changed somewhat in the transition zone.

In the Si02-Al203+Na20+K20 diagram, it was determined that the environment was arid and semi-arid. The
amount of HREE is considerably higher than the amount of LREE. La/Sc, La/Co, Th/Co, Ba/Sc, Ba/Co, and Th/Sc
ratios, which have critical roles in provenance studies, were determined and compared with the compositions of
granitic and volcanic rocks. According to these results, it has been determined that the sandstones reflect a unique
characteristic. Isotope studies should be done for more detailed interpretations.
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