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ISOTOPE (8%'Sr/8%Sr, §°C, $'%0)
CHEMOSTRATIGRAPHY OF CALTEPE
LIMESTONE (LOWER-MIDDLE CAMBRIAN)
(HUOYUK, KONYA, TURKIYE)

Ali Mljdat OZKAN?

1. INTRODUCTION

As stressed by Hayashi et al. (1997), sediments are
dependable records of alters in physical, chemical, and biological
conditions before, during, and after their deposition, and the
changes are described through mineralogical and geochemical
compositions. Chemostratigraphy is a discipline that enables the
stratigraphy of the sequences to be revealed based on the
elemental and isotopic changes of geochemical analysis values
obtained from sedimentary rocks. Its applicability to sediments of
any lithology found in any place and deposited in any
environment is an important advantage of chemostratigraphy.

Chemostratigraphy can be divided into two parts:
elemental and isotope chemostratigraphy.

Chemostratigraphy can be separated into two parts:
elemental and isotope chemostratigraphy. Individual
sedimentation events form more or less homogeneous bulk
chemistry of sediments at varying temporal and spatial scales.
This is emerging as a reliable stratigraphic method for defining
homogeneities and classifying stratigraphic records and
correlating layers at varying spatial-temporal scales, and is called

1 Dog. Dr., Konya Teknik Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
Jeoloji Miihendisligi Bolimii, amozkan@ktun.edu.tr, ORCID: 0000-0001-6686-
327X.
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“chemical stratigraphy” (Ramkumar, 2015). Therefore, this
method is quite helpful in providing stratigraphic correlation in
cases where other formal stratigraphic methods have limitations
or do not reach the required spatiotemporal resolution. The study
of geochemical changes in stratigraphic context has wined
significance since the 1980s. In chemostratigraphy studies, a
systematic order is classified as zones, subzones, sections,
subsections, units, and subunits.

Traditional geochemical assessment of post-depositional
alteration of carbonate rocks is largely based on the relative
abundances of Mn, Fe, Rb, and Sr (e.g. Brand & Veizer, 1980).
Element ratios such as Mn/Sr, Fe/Sr, Ca/Sr, and Rb/Sr are widely
used as geochemical criteria to identify the least disturbed carbon,
oxygen, and Rb-Sr systems. Geochemical assessment of post-
depositional alteration of carbonate has been refined for high-
grade rocks by Melezhik et al. (2003), who suggested that the
screening criterion level selected for high-grade carbonate rocks
with Sr content >1000 ppm should be significantly higher than
that used for no metamorphosed rocks (e.g. Mn/Sr <0.02). It has
also been suggested that the Mg/Ca ratio (<0.02) is a very
sensitive parameter for determining any disturbance of the Rb-Sr
system (Melezhik et al., 2014).

Stable isotopes of oxygen, carbon, and strontium are widely
used in paleoclimatic, paleoecological, and paleobiological
studies. Oxygen and carbon isotopes are the most important and
have been used in many studies. Stable isotopes provide
quantitative data on paleotemperatures, metabolic rates, food
webs, paleosalinity, paleodeposition and evaporation rates,
glacier ice volumes, organic carbon production and burial, and
other processes related to paleoclimatic/biological/ecological
change. While oxygen and carbon record paleoclimatic,
biological, and paleoecological processes, strontium reflects the
composition of rocks on Earth's surface, and its values are
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indirectly reflected in climate because they are a proxy for global
weathering rates and seafloor spreading.

The study field includes an area around the Gogeri
Neighborhood of Hiyik (Konya) district, southeast of the
Sultandaglar1 Massif, located on the northern edge of the central
part of the Menderes-Taurus block within the Taurides Main
Tectonic Unit (Figure 1). The purpose of this study is to determine
chemostratigraphic features for the Lower-Middle Cambrian
Caltepe Formation limestones. As demonstrated by Delpomdor
and Préat (2013), a very important subject in any study on
clastic/carbonate chemostratigraphy is whether the original
depositional sign is protected or not. The Caltepe limestones in
this study display very unimported change (Mn/Sr ratios range
from 1.24 to 4.13; average 2.22) and are convenient for accurate
results in chemostratigraphic studies.
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Figure 1. Location & geological maps of the study area



Akademik Perspektiften Yer Bilimleri ve Miihendisligi

2. RESULTS AND DISCUSSION

The base of the Caltepe Formation limestones is not seen
in the study area. However, Ozgiil (1997) stated in his study
around Bozkir-Hadim-Taskent that the Caltepe limestones
overlie the Lower Cambrian Hamzalar Formation (consisting of
black-grey shales with sandstone intercalations) with a
conformable contact.

The Caltepe Formation is generally composed of beige-
grey dolomite, dolomitic limestone and limestone in the lower
part, and pink nodular limestone in the upper part. However, in
our study area, they consist only of beige-grey, medium-thick
layered limestones (Figure 2A) and pink, thin-medium layered
nodular limestones (Figure 2B) in the uppermost part.
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Figure 2. Limestones of the Caltepe Formation. A) grey-coloured,
medium-thick bedded limestone, B) pink-coloured, medium-
bedded limestone (northwest of Gogeri District)
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In this study, Caltepe Formation limestones are formed as
micritic limestone (mudstone), micritic limestone (wackestone),
microsparitic limestone, pelleted micritic limestone (wackestone-
packstone), micritic limestone (wackestone), fossiliferous-
pelleted micritic limestone (wackestone-packstone), nodular
limestone: fossiliferous-pelleted micritic limestone (wackestone-
packstone), and nodular limestone: fossiliferous-pelleted micritic
limestone (wackestone-packstone) microfacies from bottom to
top (Figure 3).

While the Caltepe Formation conformably overlies the
Hamzalar Formation in its lower contact, it is conformably
overlain by the Seydisehir Formation in its upper contact (Figures
1 & 3). The thickness of the Caltepe Formation limestones is 285
meters according to the measured stratigraphic section.

Although the Taurus Mountains are the oldest rock unit
whose age can be determined by fossils, no fossils were
encountered in this study that could provide an age. However,
previous researchers Dean and Monod (1970) stated that the
upper half of the dolomitic limestone member in the Seydisehir
region contained trilobites indicating Early Cambrian in the lower
part, and Middle Cambrian in the upper part. In this study, the
unit was given an Early-Middle Cambrian age.

The microfacies features of the limestones of the Caltepe
Formation that it was deposited in a shallow and open marine
(carbonate shelf) environment.
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Figure 3. Measured stratigraphic section of Caltepe Formation.
(Lower-Middle Cambrian sea level change graph from Ogg et al.,

2016)

The geochemical results of Caltepe limestones are given
in Table 1.

Table 1. 8*Ovpps, 8*Cvrps and 8%Sr/%Sr isotope values and some
element ratios of Caltepe Formation limestones

Sample | 80 | 8“C | 'Sr/®Sr | Mn/Sr | Fe/Sr | Rb/Sr | Mg/Ca ;Zrt'l‘lpre
G8 991 | 101 | 0711138 | 2.80 | 32.42 | 0.0825 | 0,0060 | 63
G7 018 | -2.90 | 0.710823 | 4.13 | 4543 | 0.1094 | 0,0067 | 58
G6 986 | -1.10 | 0.710047 | 1.74 | 9.05 | 0.0399 | 0,0044 | 62
G5 092 | -0.09 | 0710042 | 124 | 9,36 | 0.0402 | 0,0102 63
G4 | -11.73 | 101 | 0709100 | 1.30 | 7.05 | 0.0067 | 0,0073 | 75
G3 | -14.16 | 0.77 | 0709305 | 2.33 | 3.36 | 0.0018 | 0,0065 | 93
G2 | 1264 | 022 | 0710250 | 174 | 12.56 | 0.0365 | 0,0074 | 81
Gl | -12.90 | 056 | 0711356 | 2.49 | 6.37 | 0.0187 | 0,0115 | 86
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Mn/Sr, Fe/Sr, Rb/Sr, and Mg/Ca ratios (Table 1) were
used to evaluate the atmospheric alteration and diagenetic
alteration degrees of Caltepe limestone samples.

Kaufman & Knoll (1995) stated that limestones and
dolostones with Mn/Sr ratios <10 generally preserve the primary
513C isotope signatures of seawater during deposition. The Mn/Sr
ratios of the Caltepe limestone samples vary between 1.24 and
4.13 (Table 1). This shows that our samples, except for one
sample, are <3 and have undergone insignificant diagenetic
alteration and can be used in chemostratigraphy studies. The
absence of a positive correlation between the Mn/Sr ratios and the
d13C and &0 isotope values of the Caltepe limestones also
supports this interpretation (Figure 5A, H).

The Fe/Sr ratios of the studied samples range from 3.36 to
45.43 (Table 1). It is low in one sample, high in two samples, and
relatively high in the other samples, indicating some alteration.
This view is also consistent with the Fe >1000 ppm (except for
one sample) (Table 2). In addition, the weak positive correlation
(r = 0.51) between Fe and Mn (Figure 4E) also suggests
diagenetic Fe and Mn enrichment and low alteration.

Table 2. Some elemental values of Caltepe limestone samples

Sample Fe Mn Ca Sr (ppm) Rb (ppm)
(ppm) (ppm) (ppm)
G8 5385 464.7 320896 166.1 13.7
G7 5106 464.7 340049 112.4 12.3
G6 1609 309.8 372568 177.7 7.1
G5 1748 2323 354783 186.7 7.5
G4 1678 309.8 384932 238.1 1.6
G3 559 387.2 383727 166.1 0.3
G2 2238 309.8 366135 178.2 6.5
Gl 1189 464.7 381930 186.6 35

In the studied samples, there is no correlation relationship
between Mg/Ca and Mn/Sr ratios, while there is a moderate
positive correlation between Mg/Ca ratios and 'O isotope
values. In addition, no correlation relationship was observed
between Mg/Ca ratios and §*3C isotope values. Considering these
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data, it is observed that the 5'80 isotope values in our samples
became heavier with the increase in Mg content of Caltepe
limestone samples. Therefore, the factor that caused the increase
in Mg content in the water mass also caused the 30 isotope
values to become heavier. This can be explained by the mixing of
Mg-rich cold waters with heavier 80 isotope contents into the
relatively high-temperature shallow marine waters.

The temperatures to which carbonate rocks are exposed
during diagenetic processes can be calculated (Table 1) with the
formula suggested by Fritz & Smith (1970). A moderate negative
correlation (r = 0.55) is observed between the calculated
temperature values and Mg/Ca ratios of the studied samples.
From this, we can suggest that the Mg abundance in the Caltepe
limestone samples is controlled not by diagenetic processes but
by primary sedimentation processes in the depositional basin.
Probably, the reducing hot formation waters formed under the
increasing temperature and pressure conditions during diagenetic
processes must have remobilized and removed some of the
primary magnesium content in the carbonate sediment and caused
the Mg abundance to decrease.

The binary plots of 8Sr/%Sr versus Mn, Mn/Sr, Fe, and
Fe/Sr demonstrate relatively meaningful positive correlations (r =
0.6598, r=0.5802, r =0.5639 and r = 0.5395, respectively; Figure
4A-D). Additionally, the binary correlations of Mn with Fe and
Mn/Sr with Fe/Sr are also significant (r = 0.5136, r = 0.8163,
respectively; Fig. 4E, F). These positive correlations observed in
Figure 4 are consistent with the prediction of 8/Sr/®Sr trends
towards higher values with Sr depletion and Mn and Fe
enrichment (for instance, Hu et al., 2022) during diagenetic
alteration.

Although some samples meet geochemical criteria,
87Sr/88Sr values are higher than Cambrian seawater (0.7085 to



Akademik Perspektiften Yer Bilimleri ve Miihendisligi

7095, Figure 6), indicating that diagenesis or other post-

depositional processes continue to affect 8Sr/®Sr.
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Figure 4. Some elements, element ratios, and 8 Sr/%Sr isotope
binary diagrams of Caltepe limestone samples
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According to the change in isotope values of Caltepe
limestones, three chemozones, C1, C2, and C3, were defined
from bottom to top (Figure 3).

In the C1 zone, the 8'Sr/%Sr isotope value shows a
continuous decrease (Table 1 & Figure 3). In the C1 zone, the
513C isotope value first demonstrates a slight decrease and then a
slight increase (Table 1 & Figure 3). Again, in the C1 zone, the
5180 isotope value first displays a very slight increase and then a
decrease (Table 1 & Figure 3).

In the C2 zone, the &Sr/®8Sr isotope value indicates a very
slight decrease and then a slight increase (Table 1 & Figure 3). In
the C2 zone, the 5'3C isotope value demonstrates a very slight
increase and then a significant decrease (Table 1 & Figure 3).
Again, in the C2 zone, the 580 isotope value displays a
significant and continuous increase (Table 1 & Figure 3).

In the C3 zone, the & Sr/®Sr isotope value is first stable,
then shows significant and very slight increases (Table 1 & Figure
3). In the C3 zone, the §*3C isotope value indicates a significant
decrease, then a significant increase (Table 1 & Figure 3). Again,
in the C3 zone, the &80 isotope value first displays a slight
increase, then a slight decrease (Table 1 & Figure 3).

Diagenesis can result in slightly decreased §'3C values,
greatly decreased 520 values, and possibly elevated &Sr/Sr
values (Derry et al., 1994; Zhang et al., 2022). The §*°C signature
is more conservative than the &80 signature in its response to
subsequent diagenesis, so 5'80 values can be an effective proxy
for identifying diagenesis (Kaufman et al., 1991; Veizer et al.,
1999; Zhang et al., 2022). It is generally believed that 580 values
lower than around -10%. indicate that the samples have
undergone strong diagenetic alteration and that oxygen and
carbon isotope values are no longer reliable (Derry et al., 1994;
Zhang et al., 2022). However, since the initial 330 value of

11
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Phanerozoic seawater is —8%o and the 520 values in Cambrian
seawater vary between —10%o and —7%o. (Montaiiez et al., 2000;
Veizer et al., 1999; Zhang et al., 2022), it can be concluded that
carbonate rocks may still preserve a primary environmental signal
even if the §'80 values are lower than —10%.. Therefore, the 50,
5C, and &%7Sr/®8Sr isotope values of Caltepe limestones can be
used to provide accurate results in chemostratigraphic studies.

Additionally, The different responses of §*C and &80
signatures to diagenesis allow their relationship to be used to
distinguish carbonate samples that have undergone diagenetic
alterations (Kaufman et al., 1991; Zhang et al., 2022). If there is
no positive correlation between §*C and §'®0 values in marine
carbonate samples, it can be concluded that they retain their
original carbon and oxygen isotopic signatures (Derry et al.,
1994; Kaufman et al., 1991; Veizer et al., 1999; Zhang et al.,
2022). Reference to Figure 5B indicates that there is no
significant covariation of §3C and §'80 values, which excludes
the possibility of post-depositional fluid exchange (Figure 5B).
Furthermore, the cross plot of 8’Sr/%Sr and 520 values shows no
correlation and there is no obvious trend in 8 Sr/%®Sr values
(Figure 5E), supporting the conclusion that the effects of
diagenesis on the isotopic values are minimal.

The strontium isotopic composition of seawater is
specified principally by the balance between radiogenic Sr
delivered to the oceans via continental weathering (global
average riverine 8Sr/%Sr 0.7119; Palmer and Edmond, 1989;
Qing et al., 1998) and relatively unradiogenic Sr released by mid-
ocean ridge hydrothermal systems (8/Sr/%Sr about 0.7035;
Palmer and Elderfield, 1985; Qing et al., 1998). An enhancement
in continental erosion rate would, theoretically, raise the 8’Sr/2®Sr
ratio of seawater, whereas an enhancement in hydrothermal
activity should give rise to the opposite effect (Qing et al., 1998).
The secular variations in strontium isotopic values of seawater

12
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through geologic time are given birth mainly by the waxing and
waning of the Sr mass and/or isotope fluxes from these two
sources.

The magnitude of the increase in seawater 8Sr/®Sr values

from the Early Cambrian to the earliest Late Cambrian (Figure 7)

ranges from ~0.7081 to 0.7093 (0.00006/m.y. assuming a 20 m.y.

time-period) (DePaolo and Ingram, 1985; Hess et al., 1986;
Montariez et al., 1996).
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Figure 7. The ratios 8Sr/®Sr of the Caltepe limestone samples
plotted as the 8’Sr/®Sr variation diagram in Lower Paleozoic
seawater (modified from Kim et al., 2021)

A long-term increase in seawater & Sr/2°Sr values from the
Vendian to the Cambrian has been previously reported (Derry et
al., 1994; Montafiez et al., 1996). This long-term increase in
seawater 8/Sr/®Sr values has been explained as recording
increased fluvial strontium flux and/or 8Sr/%®Sr ratios due to high
uplift rates and increased continental erosion rates during the Late
Proterozoic-Cambrian Pan-African orogeny (ca. 800-500 Ma;
Montarfiez et al., 1996).

13
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The progressively increasing 8’Sr/®Sr values coincide
with a time of episodic sea level fall, recorded by shallow marine
carbonates and abundant evidence of underwater exposure (e.g.
Montafiez et al., 1996). The coincidence of decreasing &’Sr/2Sr
values with a major eustatic flood event and increasing 8’Sr/2éSr
values with a major sea-level fall is considered to be in response
to changes in continental surface area driven by major marine
transgressions and regressions of erosion rates. The observed
87Sr/8Sr increases and decreases in Caltepe limestones are also
related to sea level changes (Early Cambrian-Middle Cambrian)
and are consistent with the water level changes presented by Ogg
et al. (2016) (Figure 3).

Positive 5!3C deviations are commonly explained as the
result of increased marine primary productivity and/or burial of
large amounts of organic matter, while negative §*C deviations
may be related to biocrisis or extensive oxidation of buried
organic matter (Zhu et al., 2006). We can suggest that the negative
and positive deviations observed in Caltepe limestones are also
due to biocrisis or extensive oxidation of buried organic matter
and increased marine primary productivity and/or large amounts
of organic matter burial, respectively.

The Rb/Sr values >0.5 and <0.5 show humid and arid
climatic conditions, respectively (Zou et al., 2021). Since the
Rb/Sr values of Caltepe limestone samples are <0.5 (0.0018 to
0.1094, average 0.0419; Table 1), they indicate precipitation in an
arid climate.

We have predicted that the Caltepe limestones studied are
a sequence with a Toyonian-Kulyumbean time interval. Because
the Caltepe limestones in the study area have a tectonic contact
(thrust) with the Seydisehir Formation at the lower contact and
are in the position of a discontinuous sequence.

14
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When the sea level change curve of the studied sequence
is examined; the water level decreased at the beginning of
Toyonian and increased in the late stage. Amgan process showed
long-term water level increase, then decrease-rise-decrease-rise,
and continued to increase in the Early-Middle Cambrian
transition by exhibiting a slight decrease-rise in the late stage.
Mayan process showed water level increase-decrease-rise-
decrease and transitioned to Kulyumbean with an increase.
Kulyumbean process showed water level decrease-rise and
decrease and transitioned to Late Cambrian (Late Kulyumbean
stage).

3. CONCLUSIONS

Three chemozones were distinguished from the Caltepe
limestones. The Caltepe limestones were deposited in the
continental margin and open sea (carbonate shelf) environment.
It was determined that Caltepe limestones were affected by the
low degree of weathering and diagenesis according to their Mn/Sr
ratios.

We have predicted that the Caltepe limestones studied are
a sequence with a Toyonian-Kulyumbean time interval. Because
the Caltepe limestones in the study area have a tectonic contact
(thrust) with the Seydisehir Formation at the lower contact and
are in the position of a discontinuous sequence.

Since the carbonates of the Caltepe Formation are
allochthonous, the bottom sections with dolomitic composition
must have been consumed during drifts.

According to geochemical data, transgression and
regression events occurred during the Early-Middle Cambrian
period.

15
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Carbonates of the Early-Middle Cambrian Caltepe
Formation, which gradually overlie the Early Cambrian clastic
units, are also gradually overlain by Late Cambrian-Early
Ordovician clastic sediments.

16
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CHEMOSTRATIGRAPHY OF THE
GOLBOGAZI FORMATION CARBONATES
(UPPER DEVONIAN) AROUND SOGUT YAYLA-
MEYDANCIK YAYLA (KONYA, TURKIYE) IN
SOUTHWEST OF HADIM

Ali Mijdat OZKAN!?

1. INTRODUCTION

Chemostratigraphy can be stated as a correlation
technique that applies inorganic geochemical data, and it is also
expressed as "the examination of chemical variations found in
sedimentary rocks to determine their stratigraphic relationships"
(Ramkumar, 2015). It has been emphasized as a very important
advantage of chemostratigraphy that it can be applied to any
sedimentary rock found in any area of the earth and deposited in
any basin. As Hayashi et al. (1997) stated, sediments are reliable
records of changes in physical, chemical, and biological
conditions before, during, and after their deposition, and the
changes are reflected through their mineralogical and
geochemical compositions.

The subject of chemostratigraphy can be broadly divided
into isotope and elemental chemostratigraphy (Ramkumar, 2015).
Just as biostratigraphy can be divided into sub-disciplines such as
palynology, micropaleontology, and nanopaleontology, the
subject of chemostratigraphy can also be divided into two

L Dog. Dr., Konya Teknik Universitesi Miihendislik ve Doga Bilimleri Fakiiltesi
Jeoloji Miihendisligi Bolimii, amozkan@ktun.edu.tr, ORCID: 0000-0001-6686-
327X.
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different sub-categories (elemental and isotope
chemostratigraphy) as stated by Ramkumar (2015).

It is known that sedimentation events create more or less
homogeneous bulk chemistry of sediments at varying temporal
and spatial scales. This homogeneity is emerging as a reliable
stratigraphic method for the determination of these homogeneities
and the classification of stratigraphic records and the correlation
of layers at varying spatial-temporal scales and is called
“chemical stratigraphy” (Ramkumar, 2015). This method is quite
effective in determining stratigraphic correlation in cases where
other formal stratigraphic methods have limitations or do not
provide the necessary spatial-temporal resolution. The study of
stratigraphic geochemical changes has been given importance
since the 1980s. Therefore, the subject of chemostratigraphy is
known as a relatively young branch of geological sciences.
Today, various techniques and data from other sub-disciplines of
geological sciences are used to determine and correlate
chemozones/geochemically distinguishable sedimentary units.

One frustrating aspect of chemostratigraphy as a subject
(both elemental and isotope chemostratigraphy) is that it has been
developed in slightly different ways by separate individuals and
companies, which has never been formally defined or universally
accepted. Ramkumar (2015) defines a chemozone as “a unique
rock record identified by chemostratigraphic indices and
recognized through unique geochemical signature(s). This helps
in distinguishing a defined rock from other rocks and in analogous
correlation applicable on a spatiotemporal scale.” Ramkumar
(2015) prefers to use the hierarchical order of chemostratigraphy
as Zones-Subzones-Sections-Subsections-Units-Subunits.

The high field strength elements of Zr, Hf, Nb, Ta, Th, Ti,
Y, Cr, and HREE are considered the most useful elements in
chemostratigraphic studies because they are highly immobile, are
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largely unaffected by post-sedimentation weathering/diagenesis
and are mostly concentrated in detrital heavy minerals (Craigie,
2015; Ramkumar, 2015). Zr and Hf: in zircon mineral; Ti, Nb,
Ta: inrutile, anatase, titanite, titanomagnetite, magnetite, ilmenite
minerals; Cr: mainly in chrome spinel, titanite, titanomagnetite,
magnetite, ilmenite minerals; Y: mainly in xenotime, monazite,
and apatite minerals; Th and HREE: in a wide range of heavy
minerals (Craigie, 2015; Ramkumar, 2015). U and P elements are
frequently used in chemostratigraphy studies, the P element is
associated with phosphatic heavy minerals such as apatite,
monazite, and xenotime, while the U element can be concentrated
in various heavy minerals, but is abundant in zircons, monazite,
xenotime and apatite (Craigie, 2015).

Determining changes in paleoredox typically means
distinguishing between oxic, suboxic, and anoxic environments.
Oxic conditions occur when Oz concentrations in bottom waters
exceed 2 ml O2/1 H20. Oz levels range from 2 to 0.2 m1 O2/1
H20 in suboxic environments and are below 0.2 m1 O2/1 H20
during anoxic conditions (Tyson and Pearson, 1991; Ramkumar,
2015). High levels of Mo, Cu, Co, Ni, Zn, Cr, U, and V are often
associated with anoxic paleoenvironments and it is possible to
identify sediments deposited under these conditions where values
of these elements exceed ‘average crustal rock’ or ‘average shale’
concentrations (Wedepohl, 1991; McLennan, 2001; Craigie,
2015). However, caution should be exercised when using this
technique for palaeoenvironmental modeling, as these elements
can also be concentrated in clays, carbonates, and heavy minerals.
For example, U is commonly associated with zircons, monazites,
and apatites, so high levels of this element may simply represent
an increase in the proportion of U-bearing heavy minerals rather
than the onset of anoxia. Similarly, Cr is commonly associated
with chromium spinels, titanomagnetites, and other heavy
minerals. Carbonate minerals are generally characterised by high
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Zn concentrations, while clay minerals have been observed to
contain variable amounts of Mo, Cu, Co, Ni, Zn, and V (Craigie,
2015). For example, when the distribution of U is similar to that
of Zr and Hf, this element will almost certainly be concentrated
in detrital zircons. Conversely, associations of U with Mo, Cu,
Ni, and Co are more likely to indicate anoxic environments.
Enrichments in U, V, Cu, Co, Mo, Zn, and Ni generally indicate
oxygen-depleted environments (Craigie, 2015).

Si: mainly quartz, but part of any silicate mineral, Al and
Ga: mainly clay minerals (especially kaolinite with lesser
amounts associated with feldspars), K and Rb: K-feldspars, micas
and clay minerals (especially illite), Cs and Sc: clay minerals and
feldspars, V: mainly clay minerals (it is also noteworthy that V
adsorbs to clay minerals under anoxic conditions), Ca: mainly
calcite and dolomite, although high Ca levels are also associated
with gypsum and anhydrite (Craigie, 2015; Ramkumar, 2015). In
addition, small amounts of Ca may be associated with smectites
and plagioclase feldspar. Mg: mainly dolomite, calcite, and/or
clay minerals (especially chlorite); Fe and Mn: various clay and
carbonate minerals and pyrite; Na: mainly plagioclase feldspar,
but some Na is associated with halite and/or clay minerals (e.g.
smectite) (Craigie, 2015; Ramkumar, 2015). Ti, Ta, and Nb:
titanomagnetite, magnetite, ilmenite, rutile, anatase and/or
sphenene. Th: heavy minerals, especially monazite, zircon, and
apatite. LREE and MREE: various mineralogical affinities. In
general, LREE is most abundant in clay minerals and feldspars,
while MREE is found in heavy minerals, although these rules do
not apply in every study (Craigie, 2015; Ramkumar, 2015). Y and
HREE: heavy minerals, U: heavy minerals and organic matter
with redox effect, Cr: heavy minerals such as chromium spinel,
Zr and Hf: found in zircon mineral (Craigie, 2015; Ramkumar,
2015). P: mainly biogenic phosphate and/or P-bearing heavy
minerals such as apatite and monazite, but some P may be
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concentrated in carbonate and clay minerals. Zn, Ni, Mo, Co, and
Cu: found in pyrite, Fe-oxyhydroxides, carbonate, and/or clay
minerals (Craigie, 2015; Ramkumar, 2015).

In most chemostratigraphic studies, ratios such as Zr/Nb,
Zr/Th, Th/Nb, Ti/Ta, and Cr/Nb are used in determining
chemozones (Craigie, 2015). In addition, Zr/Nb, Zr/Hf, Zr/Ti,
ZrlY, Zr[Ta, Zr/Yb, Zr/Th, Nb/Ti, Nb/Y, Nb/Ta, Nb/YDb, Nb/Th,
Ti/Y, Ti/Ta, Ti/Yb, Ti/Th, Y/Ta, Y/Yb, Y/Th, Ta/Yb, Ta/Th,
Yb/Th ratios, which mostly reflect changes in source/provenance,
are shown by drawing profiles.

Again, other ratios that may indicate changes in
provenance, depositional environment and/or
weathering/diagenesis are as follows (Craigie, 2015; Ramkumar,
2015): Zr/P, Ti/P, Ta/P, Y/P, Yb/P, Th/P, P/U, Zr/U, Ti/U, Ta/U,
Y/U, Yb/U, Th/U, Gd/Zr, Gd/Ti, Gd/Y, Gd/Ta, Gd/Yb, Gd/Th,
Gd/U, Gd/P, Na/K, Na/Sc, K/Sc.

Elemental and isotope chemostratigraphy are used as
tracers for glacial events, build-up of volcanic gases during
glaciations (e.g., CO2), role of volcanism in mass extinction,
salinity variation, redox state of the ocean and atmosphere, and
provenance, among other applications (Sial et al., 2018).

While most chemostratigraphic profiles are based on
elements and ratios that correlate with changes in provenance, it
is equally important to consider parameters that reflect the
severity of atmospheric weathering, as weathering surfaces often
lie immediately beneath unconformities that may be correlated at
local, subregional, or regional scales (Craigie, 2015).

The aim of this study is the chemostratigraphy of the Late
Devonian Golbogazi Formation carbonates around S6giit Yayla-
Meydancik Yayla, located in the southwest of Hadim district
(Turkiye), south of Konya Province (Figure 1). As emphasized by
Delpomdor and Préat (2013), a very important issue in any study
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on clastic/carbonate chemostratigraphy is whether the primary
depositional indicator is preserved. The Golbogazi carbonates in
this study show Mn/Sr ratios <3 (Mn/Sr ratios range from 0.25 to
2.88), thus showing insignificant alteration and providing
accurate results in chemostratigraphic studies.
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Figure 1. Location map (GoogleMaps) and geological map of the
study area (modified Turan, 1990)

2. RESULTS AND DISCUSSION

Two measured stratigraphic sections (MSS-A and MSS-
B) were taken from the G6lbogazi Formation (Figures 2, 3) and a
total of 25 samples (13 from OSK-A; 12 from OSK-B) were

collected.
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Figure 2. Measured stratigraphic section of Gélbogazi1 Formation
(MSS-A) (from Ozkan and Biger, 2011)
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Figure 3. Measured stratigraphic section of Gélbogazi Formation
(MSS-B) (from Ozkan and Biger, 2011)

Geochemical analysis results and element ratios of
Go6lbogazi carbonates are given in Tables 1-4.
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Table 1. Major oxide (%) concentrations of Gélbogaz1 Formation
carbonates (*calcitic dolostone)
Sample | SiO; | AlOs [ Fex0s MgO CaO Na,O | KoO | TiO2 | P20s | MnO | Cr03
B7 1,06 03 0,15 20,52 31,49 0,05 0,09 0,02 0,01 0,01 0,002
B-6* 0,94 0,29 0,25 0,82 54,42 0,01 0,09 0,01 0,01 0,01 0,002
B4 2,33 0,54 05 18,83 31,93 0,04 0,16 0,02 0,01 0,02 0,002
Bl 2,97 0,61 0,55 18,29 32,17 0,05 0,18 0,01 0,01 0,02 0,003
A23* 1,35 0,22 0,42 7,76 45,67 0,02 0,07 0,01 0,01 0,02 0,003
Al4 2,39 0,20 0,39 20,78 29,80 0,05 0,05 0,01 0,01 0,02 0,003
A7 2,44 0,37 0,50 20,70 29,68 0,04 0,09 0,01 0,01 0,02 0,002
A6 8,56 0,01 0,61 18,49 26,97 0,06 0,60 0,01 0,01 0,02 0,004
A5 1,64 0,19 0,52 21,19 29,83 0,05 0,05 0,01 0,01 0,02 0,004
A4 2,34 0,50 0,67 19,58 30,41 0,05 0,34 0,01 0,01 0,02 0,003
A3 2,00 0,58 0,70 20,69 29,67 0,07 0,13 0,08 0,01 0,03 0,005
A2 2,90 0,14 0,78 20,48 29,65 0,05 0,04 0,08 0,01 0,03 0,003
Al 3,61 0,28 0,92 20,34 29,37 0,04 0,08 0,01 0,01 0,03 0,003
Table 2. Trace element (ppm) concentrations of Gélbogazi carbonates
(*calcitic dolostone)
Sample Sr Na Ba Rb Fe Mn Al Co Cs Ga Hf
B7 184 297 6 2,7 1049 77 1587 0.4 05 11 0.1
B-6* 302,5 74 7 3.3 1748 77 2133 03 05 0.5 0.1
B4 180,2 371 11 51 3497 155 2857 17 0,6 14 0.1
Bl 137,8 371 13 59 3846 155 3227 0,4 0,1 0,5 0,1
A23* 103,9 148 10 19 2728 155 1164 0,2 0,1 0,5 0,1
Al4 118,6 297 14 15 2937 155 1058 19 0,1 0,5 0,1
A7 92,8 371 18 2,9 3497 155 1958 0,7 0,1 0.5 0,2
A6 90,4 371 74 18,2 3497 155 10847 03 0,1 0.5 0.1
A5 93,8 371 9 16 3637 155 1005 05 0,2 13 0,2
Ad 88,1 371 19 45 4686 155 2645 0,2 0,1 0,5 0,1
A3 87,9 371 14 15 5735 232 1481 4,1 0,6 3,9 0,5
A2 84,9 519 14 13 6015 232 1058 13 0,4 3 0,7
Al 80,5 519 10 2,6 6435 232 741 0.4 0,2 0.5 03
Sample Nb Ta Th Zr U V Mo Cu Pb Zn Ni
B7 2,1 16 0,6 12,2 16 14 16 3 5,6 16 18
B-6* 0,2 0,1 0,3 51 23 23 0,2 2,8 73 23 7,7
B4 11 04 0,2 9,4 15 12 13 11 4,6 15 31
Bl 0,2 0,1 0,2 7 12 8 0,3 19 5 13 2,1
A23* 0,6 0,1 0,2 51 0.4 8 0,2 21 2,6 21 2.2
Al4 0,7 0.4 0.9 3.6 0,7 11 01 21 26,6 144 2,6
A7 05 0,1 03 84 11 10 03 12 14 4 25
A6 0,1 0,1 04 3,6 0,8 8 0,6 11 18 4 23
A5 14 15 0,3 6,1 0,5 19 0,1 22 25 19 1
A4 0,6 0,2 0,2 7 0,5 8 0,2 0,9 1 7 2,3
A3 21 0,2 2 22,9 1.6 27 0,6 19 2 9 47
A2 2 0,1 2,1 254 12 20 0,7 2,7 3.1 49 6,1
Al 0.4 0,1 0,2 3.6 05 10 03 23 24 9 03

Table 3. Rare earth element (ppm) concentrations of Gélbogazi

carbonates (*calcitic dolostone)

Sample La Ce P Nd Sm_| Eu | Gd Tb Dy Y Ho E T Yi Lu
B7 5 2, ¥ 14 .34 .07 28 0,05 27 1,6( 0,05 . 02 11 .01
-6* 1 1 2 11 ). ,03 15 0,02 .17 11 0,04 ). .01 ,07 ,01
4 4 4, X 23 X 5 .58 01 .44 3.8 01 X .04 .18 ,03
2 A A 3 . X .77 12 .6 44 01 X .05 .28 ,04

3+ 1 2 08 ¥ X 22 .04 L 7 0,04 . 02 .07 .01
Al4 3 02 1 X X .27 ,05 2! " 0,04 .14 .01 .08 .01
Al 7 3 1 .08 04 . 01 X .03 .25 ,02
A 12,2 A 6, .17 .89 X .07 .57 ,08
Al 1 2 2 0, 0, .07 21 9 02 11 .02
A 7. .0 4 0, .14 71 4, .06 .37 ,04
A 1 02 1 X 0, .27 .05 .23 1, .01 ,08 .01
A2 1 0,22 11 X 0,09 .36 ,07 .34 2, 8 ,03 .14 ,03
Al 2, 033 14 X 012 43 01 44 2, 8 3 .03 .24 .03
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Table 4. Some element ratios of Gélbogazi carbonates

Sampl SilAl AT Nak [ Ferar | MIC | MUS | pgse | zonn Zrrth TON L Tima | oo | zou
7 13, 55 | O 661 .65 4 57 581 20,33 0,28 74,94 6,52 7,
- 35 } 819 02 ; 578 255 17 15 5905 | 684
7 2, ; 2 59 X o4 854 a7 0.18 299, 24
0 53, ; 19 57 - 79 35 35 T 5905 | 102 ;
VEQ x 9. ; 30 17 . 6.2 85 %55 033 599 3, 275

ALL 1055 7, 1 77 69 3 4.7 514 4 128 19, 29, 514

AT 562 2, 04 78 69 5 756 168 28 06 599, 27, 764

A6 369 &0 01 0322 068 171 3868 36 9 4 5095 | 2737 45

A 762 16,76 1 618 71 7 2023 136 2033 21 3997 2

A 413 an | 015 172 64 7 53, 1167 35 33 299.7 m

A 631 3,09 054 872 69 64 65, 109 TLas 95 2398 14,31
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Figure 4. Chemozones determined by some major and trace
element ratios of Gélbogazi carbonates (MSS-A and MSS-B)
OSK-A
chemozone C1 shows continuous decrease in Si/Al, Al/Ti, Fe/Al,

From the G6lbogazi carbonates, from bottom to top, three
chemozones, C1, C2, and C3, were identified from OSK-A; and
two chemozones, C1 and C2, were identified from OSK-B
(Figure 4).
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Mn/Sr; stable and then increase in K2O/Rb; increase and decrease
in Zr/Nb, Th/Nb, Zr+Rb/Sr and Zr/Al; decrease and stable state
in Zr/Th (Figure 4). In OSK-A chemozone C2, increase-decrease-
increase in Si/Al and Fe/Al; decrease-increase-decrease in Al/Ti,
K20/Rb, Zr/Nb, Th/Nb, Zr+Rb/Sr and Zr/Al; decrease-stable
state in Mn/Sr; decrease-increase in Zr/Th were observed (Figure
4). In OSK-A chemozone C3, decreases in Si/Al, Fe/Al, and
Th/Nb and increases in Al/Ti, K2O/Rb, Mn/Sr, Zr/Nb, Zr/Th,
Zr+RDb/Sr and Zr/Al were observed (Figure 4).

In OSK-B chemozone C1, decreases in Si/Al, Al/Ti,
Mn/Sr, Zr/Nb, Th/Nb, Zr+Rb/Sr; stable status in Fe/Al and
K20/Rb; and increases in Zr/Th and Zr/Al were observed (Figure
4). In OSK-B chemozone C2, increases in Si/Al, K20/Rb, Mn/Sr,
Zr/Th, Zr+Rb/Sr and Zr/Al and decreases in Al/Ti, Fe/Al, Zr/Nb
and Th/Nb were observed (Figure 4).

The observed increase-decrease or stable conditions in
chemozones emphasize the changes in the recharge rate within
the basin and the terrigenous input rate outside the basin. While
the Al/Ti ratios being higher than the average upper crust value at
some levels indicate fluvial input, lower ones indicate eolian
input.

The Mn/Sr values in Golbogazi carbonates become <3
indicate that the alteration in our samples is very insignificant and
can be used in geochemical studies to provide accurate results.

In the strontium versus barium graph in Figure 5A, all of
our GOlbogazi carbonate samples fall into the marine depositional
area. In the SiO2 versus Zr graph in Figure 5B, while a large
amount of silica arriving in the basin indicates terrestrial clasts, a
very small amount indicates biogenic contribution and no
hydrothermal effect (Figure 6).
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Figure 5. Sr-Ba diagram (A) and SiO2-Zr diagram (B) of
Golbogaz1 carbonates.
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diagram of Golbogazi carbonates; blue area is present-day
seawater (A) and Y/Ho-Eu/Sm diagram (B)

Again, in Figure 6, we observe that there is no
hydrothermal contribution or alteration in the Golbogazi

carbonate samples.

While the source of terrestrial
Golbogaz1 carbonates is observed to be taken entirely from felsic
rocks in Figure 7A, Figure 7B indicates that the input is provided

from mixed sources.

32

detrital observed



Akademik Perspektiften Yer Bilimleri ve Miihendisligi

10
A
8
5
(3 1 o® 6
@ Felsic =
:El rockd® g_ =
=
204
=
0.14 i
Basic 2
A= lrocks —* :
0.0 T 4 i ! i
0.01 0.1 1 To 0 1 2 3 1 5
La/Sc Th (ppm)

Figure 7. The Th/Co-La/Sc diagram (A) and La-Th diagram (B)
of Golbogaz1 carbonates

We can say that the depositional environment of
Golbogazi carbonates is continental margin-open sea (shallow-
deep carbonate shelf). Both the trace element (Sr-Rb-Ba) triangle
diagram and the Ceanomali-Euanomali diagram support this
interpretation (Figure 8).
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Figure 8. Sr-Rb-Ba triangular diagram (A), and Ce/Ce*-Eu/Eu*
diagram (B) of Go6lbogazi carbonates.

Although the Devonian period generally had a warm
climate, it is known that significant glaciers developed during the
Early and Middle Devonian (Elrick et al., 2009). The temperature
difference between the equator and the poles was not as high as it
is today, the climate was arid and the driest region was the equator
(Joachimski et al., 2009). Therefore, we can say that the Late
Devonian paleoclimate was arid-semiarid, and this situation is
supported by Figure 9.
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Figure 9. SiO;-(Al,03+Na,0+K,0) diagram (A) and Ga/Rb-Sr/Cu
diagram (B) of Go6lbogazi carbonates

Ni/Co (0.75-25.70) values of Golbogazi carbonates are 8
<5 indicating oxic environmental conditions (Tables 4 & 5), the
one is between 5-7 indicating suboxic environmental conditions,
and 4 are >7 indicating anoxic environmental conditions (Tables
4 & 5). The V/Cr values of the examined carbonate samples
ranged between 3.81-14.21 (Tables 4 & 5), and while 3 samples
were between 2-4.5, indicating suboxic environmental
conditions, 10 samples were >4.5, indicating anoxic
environmental conditions (Tables 4 & 5). U/Th values of
Golbogaz1 carbonate samples range from 0.57 to 7.67 (Tables 4
& 5) and one sample is <0.75, indicating oxic environmental
conditions, two samples are between 0.75 and 1.25, indicating
suboxic environmental conditions and 10 samples are >1.25,
indicating anoxic environmental conditions (Tables 4 & 5).
V/(V+Ni) values of Golbogazi carbonate samples vary between
0.75-0.97 and 9 samples are >0.6-<0.84 indicating anoxic
environmental conditions (Tables 4 & 5), while 4 samples are
>0.84 indicating euxinic environmental conditions (Tables 4 &
5). Again, the Fr/Al ratios of the studied carbonate samples
ranged between 0.32-8.68 (Tables 4 & 5), one sample being <0.5,
representing oxic environmental conditions, while the other 12
samples being >0.5, indicating anoxic environmental conditions
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(Tables 4 & 5). Additionally, Hallberg (1976) expressed that the
Cu+Mo/Zn ratio can also be used in determining redox conditions
(Table 5). Cu+Mo/Zn values of Go6lbogazi carbonate samples
vary between 0.015-0.42 and are <2, indicating oxic
environmental conditions (Tables 4 & 5).

From all these paleo-redox evaluations, we can say that
Golbogaz1 Formation carbonates were deposited in oxic-anoxic
environmental conditions.

Table 5. Some element concentrations used to evaluate paleo-
redox conditions

Element Oxic Suboxic Anoxic Euxinic Writers
ratio
Ni/Co <5 5-7 >7 undefined | Jones ve Manning (1994)
VICr <2 2-4.5 >4.5 undefined
U/Th <0.75 | 0.75-1.25 >1.25 undefined
VI(V+Ni) <0.46 | 0.46-0.60 0.54- >0.84 Hatch ve Leventhal (1992)
0.82
Fer/Al <0.5 | undefined >0.5 undefined Taylor ve McLennan
(1985)
(Cu+Mo)/Zn <2 undefined >2 undefined Hallberg (1976)

When the correlations of major oxides, trace elements and
TREEs of Go&lbogazi carbonate samples are examined, the
presence of very strong positive correlations between SiO2 and
Al203 (r=0.90), Fe203 (r=0.81), Na20 (r=0.75), K20 (0.86), TiO2
(r=0.94), P20s (r=0.87), Rb (r=0.89) and TREE (r=0.87) indicates
that these major oxides and trace elements were taken from a
similar source, probably aluminosilicates (clay).

In our studied samples, CaO exhibits only strong positive
correlation with Sr (r=0.68), moderate positive correlation with
MgO (r=0.50) and very strong negative correlation with SiO2 (r=-
0.91), Al20s3 (r=-0.84), Fe203 (r=-0.79), Naz2O (r=-0.77), TiO2
(r=-0.83), P20s (R=-0.83), Rb (r=-0.78) and TREE (R=-0.78),
indicating that it was taken from carbonates (calcite and
dolomite).
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3. CONCLUSIONS

Five chemozones were identified from Go&lbogazi
carbonates, three from MSS-A and two from MSS-B. The
majority of the silica found in the carbonates was taken from
terrestrial detritus, while a small portion was taken from biogenic
sources. No hydrothermal effects occurred in Golbogazi
carbonate samples. The terrigenous input source observed in
Golbogaz1 carbonates suggests that it was taken from mixed
(felsic-mafic) rocks. It is thought that terrestrial detritus was
brought to the basin by fluvial and eolian activities. Gélbogazi
carbonates were deposited in the continental margin and open sea
(shallow-deep carbonate shelf) environment. Golbogazi
carbonates represent the development in environmental
conditions changing from oxic to euxinic. It was understood that
Golbogazi carbonates were insignificantly affected by alteration
and diagenesis and that the paleoclimate was arid-semiarid during
the Late Devonian period.

36



Akademik Perspektiften Yer Bilimleri ve Miihendisligi

REFERENCES

Craigie, N. W. (2015). Applications of chemostratigraphy in
Cretaceous sediments encountered in the North Central
Rub’ al-Khali Basin, Saudi Arabia. Journal of African
Earth Sciences, 104, 27-42.

Delpomdor, F. & Préat, A. (2013). Early and late Neoproterozoic
C, O and Sr isotope chemostratigraphy in the carbonates
of West Congo and Mbuji-Mayi supergroups: A preserved
marine signature? Palaeogeography, Palaeoclimatology,
Palaeoecology, 389, 35-47.

Elrick, M., Berkyova, S., Klapper, G., Sharp, Z., Joachimski, M.
& Fryda, J. (2009). Stratigraphic and oxygen isotope
evidence for My-scale glaciation driving eustasy in the
Early—Middle Devonian greenhouse world.
Palaeogeography, Palaeoclimatology, Palaeoecology,
276(1-4), 170-181.

Google Maps: https://maps.google.com

Hallberg, R. O. A. (1976). Geochemical method for investigation
of paleo-redox conditions in sediments. Ambio Spec.
Rep., 4, 139-147.

Haskin, L., Wildeman, T. & Haskin, M. (1968). An accurate
procedure for the determination of the rare earths by
neutron activation. J. Radioanal. Nucl. Chem., 1, 337-
348.

Hatch, J. R. & Leventhal, J. S. (1992). Relationship between
inferred redox potential of the depositional environment
and geochemistry of the Upper Pennsylvanian
(Missourian) stark shale member of the Dennis
Limestone, Wabaunsee County, Kansas, USA. Chem.
Geol., 99, 65-82.

37


https://www.sciencedirect.com/journal/journal-of-african-earth-sciences
https://www.sciencedirect.com/journal/journal-of-african-earth-sciences
https://www.sciencedirect.com/journal/palaeogeography-palaeoclimatology-palaeoecology
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi-iqad6-uLAxV1cPEDHaBII78QFnoECAoQAQ&url=https%3A%2F%2Fmaps.google.com%2F&usg=AOvVaw3z2z03MnvIwD2K6kwtdD9z&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi-iqad6-uLAxV1cPEDHaBII78QFnoECAoQAQ&url=https%3A%2F%2Fmaps.google.com%2F&usg=AOvVaw3z2z03MnvIwD2K6kwtdD9z&opi=89978449

Akademik Perspektiften Yer Bilimleri ve Miihendisligi

Hayashi, K., Fujisawa, H., Holland, H. & Ohmoto, H. (1997).
Geochemistry of ~1.9 Ga sedimentary rocks from
northeastern  Labrador, Canada. Geochimica et
Cosmochimica Acta, 61(19), 4115-4137.

Joachimski, M.M., Breisig, S., Buggisch, W., Talent, J.A., Maw
son, R., Gereke, M., Morrow, J. R., Day, J.,
and Weddige, K. (2009). Devonian climate and reef
evolution: Insights from oxygen isotopes in apatite. Earth
and Planetary Science Letters, 284, 599-609.

Jones, B. & Manning, D. A. C. (1994). Comparison of
geochemical indices used for the interpretation of palaeo-
redox conditions in ancient mudstones. Chem. Geol. 111,
111-129.

McLennan, S. M. (2001) Relationships between the Trace
Element Composition of Sedimentary Rocks and Upper
Continental ~ Crust. ~ Geochemistry,  Geophysics,
Geosystems, 2(4), 1-24.

Ozkan, A. M. ve Biger, E. (2011). “Sgiit Yayla - Goélbogazi
Yayla - Meydancik Yayla (Hadim-Konya) dolayindaki
Ge¢ Devoniyen yashh  Golbogazi  dolomitlerinin
sedimantolojik ve jeokimyasal incelenmesi. Selcuk
Universitesi Bilimsel Arastirma Projeleri, Proje no:
10201082, 127 s.

Ramkumar, M. (2015). Chemostratigraphy: Concepts,
Techniques, and Applications. Elsevier, p. 538.

Sial, A. N., Gaucher, C., Ramkumar, M., Ferreira, V. P. (2018).
Chemostratigraphy as a Formal Stratigraphic Method.
Geophysical Monograph Series, Chapter I, Wiley, p. 1-
25.

38


https://agupubs.onlinelibrary.wiley.com/series/5064

Akademik Perspektiften Yer Bilimleri ve Miihendisligi

Taylor, S. R. & McLennan, S. M. (1985). The Continental Crust:
Its Composition and Evolution; Blackwell: Malden, MA,
USA.

Turan, A. (1990). Toroslar'da Hadim (Konya) ve giineybatinin
jeolojisi, stratigrafisi ve tektonik gelisimi. Selguk Univ.
Fen Bil. Enst., Doktora Tezi, 229 s.

Tyson, R. V. & Pearson, T. H. (1991). Modern and ancient
continental shelf anoxia: an overview. Geological Society
Special Publication, 58, 1-24.

Wedepohl, K. H. (1991). The composition of the upper Earth's
crust and the natural cycles of selected elements. Metals
in natural raw materials. Natural resources. In: Merian, E.
(ed.), Metals and their Compounds in the Natural
Environment. VCH, Weinheim, Germany, pp. 3-17.

39



Akademik Perspektiften Yer Bilimleri ve Miihendisligi

DURAYLI iZOTOPLARLA iLGILi GENEL
BIiLGILER VE KULLANIM ALANLARI*

Hiiseyin SENDIR!
Kadir SARIiZ?

1. GIRIS

izotoplar, ayn1 elementin proton sayist ayni ancak ndtron
sayis1 farkli olan atom alt tiirleridir. Bu farklilik, ayn1 elementin
farkli fiziksel ve kimyasal Ozellikler sergileyen tiirlerinin
olusmasina neden olur. Su ana kadar evrende toplam 112 farkli
elementin bulundugu tespit edilmis olmasina karsin, bu
elementlere ait 1700 civarinda farkli atom c¢ekirdeginin
bulundugu bilinmektedir. Bunlardan bir kismi zamana bagl
olarak baska atom c¢ekirdeklerine doniisebilmektedirler. Baska
bir ifadeyle, bazi izotoplar yarilanma Omrii denilen belirli bir
zaman dilimi igerisinde radyoaktif olarak pargalanarak baska bir
elementin bir izotopu haline doniisebilirler. Tipki 87Rb’nin
86Sr’ye donilismesi gibi. Bu tiir izotoplar duraysiz (radyojenik
veya radyoaktif) izotoplar olarak adlandirilirlar ve kayaclarin
yas tayinlerinde kullanilirlar. Buna karsin bazi izotoplar ise
zaman igerisinde bagka izotoplara donlismezler ki bu tiir
izotoplara da durayl izotoplar denilmektedir.
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Durayli  izotop  ¢alismalari, jeotermometre  ve
jeobarometre incelemelerinin yan1i sira maden aramalari
calismalarinda da 6nemli bir yer tutmaktadir. Bu tiir izotoplar
zamana bagl olarak degisime ugramadiklarindan, herhangi bir
jeolojik olayin gelisiminde yol gosterici olarak kullanilabilirler.
Ornegin bir maden yataginin olusmasi esnasinda rol oynayan
cozeltilerin ne tiir bir kaynaktan geldigi, baska bir deyisle, suyun
magmatik mi, meteorik mi ya da deniz suyu mu oldugu bu
tiirden izotoplar yardimiyla aydinlanabilmektedir.

Durayli izotoplarin en Onemli o&zelliklerinden biri,
cevresel, biyolojik ve jeolojik siireglerde iz birakmalaridir.
[zotop oranlari, bir sistemin ge¢misteki sicaklik, kaynak, madde
aligverisi gibi kosullarina dair bilgi verir. Bu nedenle durayli
izotoplar, geg¢mis iklimlerin (paleoklimatoloji), beslenme
bicimlerinin (biyoarkeoloji), su déngustnin (hidroloji), jeolojik
olaylarin  (jeokimya) ve hatta ticari {rlinlerin (gida
izlenebilirligi) anlasilmasinda son derece yararli araclardir
(Hoefs, 1987; Kendall & Caldwell, 1998).

Durayli izotoplar, tiim izotoplar arasinda daha az bir oran
tutmaktadir. Matematiksel bir ifadeyle 1700 radyoaktif izotopa
karsin 271 durayli izotop bulunmaktadir. Proton ve ndétron

sayilar1 cift olan izotoplarin durayli olma sansi daha yiiksektir
(Hoefs, 1987).

Dogada bulunan 271 adet durayli izotoptan sadece
birkac1 jeolojik amacl olarak kullanilabilmektedir. Bunlar, atom
numarast diisiik olan, birden fazla durayli izotopu olan ve
kayaclar icerisindeki bolluk dereceleri ¢ok daha fazla olan
elementlere ait izotoplardir. Bu tanimlara uyan izotoplar;
hidrojen, oksijen, karbon ve kiikiirt izotoplaridir. Hidrojenin
D/H, oksijenin 80/*0, karbonun 3C/*2C ve kikirdin 345/32S
izotop oranlar1 analiz edilmekte ve sonuglar standart maddeye
gore farklihigr gosteren & sapma degerleri %o seklinde (84S, 8D,
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5180 ve 8'3C) ifade edilmektedir. Bu degerler cesitli ortamlar
icin  karakteristik  bazi  degerler ile karsilagtirilarak
yorumlanmaya calisilmaktadir (Ohmoto ve Rye, 1979).

2. DURAYLI iZOTOPLARLA iLGIiLi
AYRINTILAR

Durayli izotoplara ait elementlerin izotopik bilesikleri
icerisindeki bolluk dereceleri, degisik jeolojik, jeokimyasal ve
cografik olaylara bagl olarak siirekli degisim gostermekte yani
farklilagmaktadir. Bu nedenledir ki durayli izotoplar maden
yataklarinin ~ olusumlarmin  yorumlanmasina dair yapilan
caligmalarin ayrilmaz bir par¢ast konumundadir. Ancak
unutulmamalidir ki her izotop analiz sonucu, ancak jeolojik
verilerle birlikte ele alinirsa anlamli olabilmektedir (Sendir,
2009). Maden yataklarinda go6zlenen silfitli ve siilfath
minerallerin bilesiminde bulunan kiikiirtiin, oksitli minerallerin
bilesiminde  bulunan oksijenin, karbonatli minerallerin
bilesiminde bulunan karbon ve oksijenin izotopsal bilesimleri
incelenerek kokenleri ve olusum kosullar1 hakkinda bilgiler
edinilebilmektedir. Belirtilen elementlerin izotoplarina ait bazi
Ozellikler ve kullanilan standartlar Tablo 1°de verilmistir
(Sendir, 2009).

Tablo 1. Kararh izotoplar jeokimyasi incelemesinde yaygin olarak
kullanilan bazi elementlerin izotoplari ve analizlerde kullanilan
standartlar (Akgay, 2002)

Element pogada bulunan Atomjk Analiz edilen izotop Kullamlan standartlar
izotoplar1 bollugu orani
323 95.02%
. 83 0.75% e 132 CDT (Canon Diablo
Kakart ug 4.21% SIS Triyoliti)
363 0.02%
%0 99.7630%
Oksijen go] 0.0375% 80 /%0 SMOW (Okyanus suyu)
80 0.1995%
- H 99.9844%
Hidrojen 2H(D) 0.0156% D/H SMOW (Okyanus suyu)
12 0,
Karbon 13% 918'1819:)2] Bc/tc PDB (Pee Dee Belemniti
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0180 ve 06D izotop degerleri i¢in standart olarak standart
ortalama deniz suyu anlamma gelen SMOW (Standart Mean
Ocean Water) kullanilmaktadir. Bu standart secilirken hidrolojik
dongii baz alinmaktadir. Biinyesinde H elementi barindiran
mineraller (6zellikle sulu silikatlar) ile hidrotermal c¢ozeltilerin
etkileri sonucunda olusan alterasyon mineralleri kullanilarak
hidrojen izotop analizleri yapilmaktadir. Bunlarin yani sira
degisik mineraller igerisindeki sivi kapanimlar da hidrojen
izotop analizleri igin kullanilir. Ancak sivi kapanimlarindaki
Olgiimler, sadece bu minerallerin H izotop degerini ve sivi
kapanim  i¢indeki hidrojen  analizleri ig¢in  kullanilir.
Jeotermometre olarak kullanilamazlar. Ciinkii sulu silikatlarin
izotopik  farklilasma  faktorleri  sicakliktan  bagimsizdir,
minerallerin kimyasal bilesimlerine son derece duyarlidir. Sivi
ile mineraller arasinda H degisiminin diisiik sicakliklarda bile
cok kolaylikla gerceklesebilmesi, dolayisiyle maden yataklari
blinyesinde olusmus olan sulu silikatlarin hidrojen izotop
bilesiminin, sistem igerisinde sonradan etkili olan ¢dzeltiler
tarafindan kolaylikla degistirilebilmesi hidrojen izotopunun
jeotermometre olarak kullanilmasin1 smirlayan bir etkendir
(Cole ve Ohmoto, 1986). Degisik ortamlara ait hidrojen izotop
bilesimleri Sekil 1’de gosterilmistir.

Oksijen, dogada en bol bulunan elementtir. Gaz, sivi ve
kat1 bilesikler icerisinde bulunmaktadir. Bu tiir oksijenli
bilesikler ¢cok genis sicaklik araliklarinda durayli olduklarindan
oksijen, izotop jeokimyasinda en kullanish elementlerden
biridir. Oksijen elementinin %0, O ve 0 olmak (zere (¢
durayli izotopu vardir (Tablo 1). izotop analizlerinde, en bol
bulunan 80/*0 izotoplar1 kullanilir. Oksijen izotop analizleri
silikatlar, oksitler, karbonatlar ve siilfatlar {izerinde yapilabildigi
gibi sivi  kapanimlar1 igerisindeki sivinin {izerinde de
yapilabilmektedir. Degisik c¢ozelti ve kayaclarin oksijen izotop
bilesimleri Sekil 2’de gosterilmistir.
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Sekil 1. Degisik ortamlarin hidrojen izotop bilesimleri (Hoefs,
1987).

Magmatik sivi (magmatik kaynakli OH igeren mineraller) -

Magmatik ve metamorfik kayaglar [ RNRANEEEIN
Sedimanter kayaglar _
Okyanus suyu I

Yiizeysel sular

L L N LN L LA NNLLEmuunnnmunnmnannannna R
-350 -300 -250 -200 -150 -100 -50 0 50

6D (%o)

Sekil 2. Baz1 oksijen iceren maddelerin (¢ozelti ve kayac)
SMOW’a gore oksijen izotop degerleri (Hoefs, 1987).

Meteoritier [N
Bazaltik kayaclar [l
Sedimanter kayaclar [N
Metamorfik kayaclar [N
Granitik kayaclar | ERMM

J] Okyanus Suyu

I -cvl v
T T T | T T T I T T T | T T T | T T T | T T T
-80 -60 -40 -20 0 20 40
18
8" 0(%)

Oksijen izotop analizleri mineral ciftlerinde yapildigi
durumlarda  ¢esitli  denklemler  yardimiyla  sdzkonusu
minerallerin ~ olusum  sicakliklart  bulunabilmektedir. Bu
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denklemler  izotopik  farklilagma  denklemleridir.  Bu
denklemlerin kullanilmasi sirasinda dikkat edilmesi gereken en
onemli nokta, izotopik denge sartlarinin saglanmis olmasidir.
Teorik olarak, iki mineralin birbiri ile surekli i¢ ice blylme
gbstermesi veya birbirlerini rahatsiz etmeden yan yana biiyiimiis
olmalari, dengede olusmus olduklarinin bir géstergesidir. Buna
karsin, bir mineral baska bir minerali kesiyorsa veya bir mineral
baska bir mineral i¢erisinde kapanimlar halinde bulunuyorsa, bu
iki mineral arasinda izotopik dengenin varligindan s6z edilemez.
Bagka bir ifadeyle, izotopik farklilagsma denklemlerinin herhangi
bir mineral g¢iftine uygulanabilmesi igin, sdézkonusu mineral
ciftlerinin es zamanl olusmasi gerekmektedir. Dogal olarak, bir
kayac¢ icerisinde bulunan iki veya daha fazla sayida mineral
arasinda, ayni sicaklikta izotopik denge saglanmissa, bu
mineraller arasinda, olusturulacak her mineral ciftinin izotopik
farklilasma denklemlerinin ayni olusum sicakligini vermesi
gerekir. Oksijen ve Doteryum izotop sonuglarinin birlikte
degerlendirilmeleri ile ¢esitli sularin izotopsal bilesim oranlari
belirlenebilmektedir (Sekil 3).

Evrende en bol bulunan elementlerden biri olan karbon,
yeryuvarinda ancak eser miktarlarda bulunur. Karbonun ?C ve
13C olmak {izere iki durayli izotopu vardir (Tablo 1). Giiney
Karolina’da Kretase yasli Peedee Formasyonundan alinan
Belemnitella Amerikana (PDB) karbon izotop analizlerinde
standart Ornek olarak kullanilmaktadir. C izotoplarinin
incelenmesi ile karbonatli minerallerin ve sivi kapanimlari
icindeki CO2 ve CHas gibi gazlarin yapisindaki karbonun
kokenlerini saptanmaya caligilmaktadir (Sekil 4).
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Sekil 3. Cesitli sularin izotopsal bilesim alanlar1 (Sheppard, 1977;
Evans, 1987).

0 Okyanus suyu ‘,SMOW
Birincil magmatik su
-40
Qll'l
=}
-80
-120 Sedimanter karbonat kayaglar

0 10 20 30
1
5 Ouow

Sekil 4. Jeolojik bakimdan 6nemli bazi malzemelerde Karbon
izotop bilesimleri (Hoefs, 1987).

[ Sedimanter Organik

madde

[ Organik madde

I Denizel karbonatlar

I Atmosferik CO:

[ | Manto

40 30 20 0 0 10
13
& 'C (PDB)%o
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Kiikiirt, yeryuvari igerisinde ¢ok degisik ortamlarda ve
degisik oksidasyon durumlarinda bulunabilen bir elementtir.
Kiikiirt, denizel ortamlarda ve evaporitlerde +6 degerlikli kiikiirt
iceren siilfat halinde, tuz domlarinda ve baz1 volkanik
kayaclarda nabit halde, magmatik, metamorfik ve sedimanter
kayaclarla iligkili olarak olusan metalik maden yataklar
icerisinde de indirgen kiikiirt iceren (negatif degerlikli) siilfidler
halinde bulunur. Kiikirtiin 323, 333, 34S ve 3¢S olmak tzere dort
izotopu bulunmaktadir (Tablo 1). Bu izotoplar arasinda en bol
bulunan 3S/%%S, kiikiirt izotop c¢alismalarinda kullanilan
izotoplardir. Kiikiirt izotop analizlerinde standart drnek olarak
Canyon Diablo demirli meteoritinin bilesiminde bulunan troilit
(FeS) biinyesinden alinan S kullanilmaktadir. Bazik magmatik
kayaglarda &3S degerleri yaklasik 0’dir. Asidik magmatik
kayaclarda yaklasik olarak (+2 ile +30 %o) olarak belirlenmistir.
Tortul kayaglardaki kiikiirt dagilimlari, magmatiklere gore iki
kat daha fazladir. Sonug olarak, 0’a yakin 84S degerleri (-3 ile
+7 %) magmatik kokenli, pozitif isaretli degerler denizel
kokenli, negatif degerler ise bakteriyel ve/veya biyolojik kokenli
olarak nitelendirilmektedir (Sekil 5).

Sekil 5. Dogadaki 6%*S dagihimlar1 (Ohmoto ve Rye, 1979).

A Meteoritler
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Hoefs (1987) §**S izotop degerleri igin biraz daha farkli bir sekil
onermistir (Sekil 6).

Sekil 6. Jeolojik bakimdan 6nemli ¢esitli malzemelerin kiikiirt
izotoplar1 bilesimi (Hoefs, 1987).

Silikath Mineraller M
&§E§§§§§§§§\Ei Bakteriyel / Biyolojik Kikirt I Deniz suyu igindeki siilfat

k Sedimanter Kayaglar \ \

k Metamorfik Kayaglar

Granitik Kayaclar \S§§
itil yag k
Bazaltik Kayaglar N

40 30 20 10 0 10 20 30 40 50
5**S (CDT)%o

Teorik bilgilerin pratige aktarilmasi agisindan secilen
Karbon ve Oksijen izotoplarina ait bir 6rnek asagida verilmistir.

Karbon ve oksijen izotoplar1 kalsit mineralleri {izerinde
yapilmustir (Tablo 2).

Tablo 2. Kalsit minerallerinde 6l¢llen karbon ve oksijen izotop analiz
sonuclari (Sendir, 2009).

Sondaj No Ornek No | Alterasyon tipi ?%lj)c ?(y:j)o
Dos8-1 Cl Fillitik 2,4 23,3
Do0s8-3 C2 Fillitik 2,7 25,3
Dos8-4 C3 Fillitik 1,9 22,6
Dos8-5 C4 Fillitik 2,4 23,6
Dos8-9 C5 Fillitik 3,3 27,8
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S1BC degerleri 1,9 ile 3,3%o arasinda degismektedir.
Hoefs (1987)’de elde ettigi diyagrama gore ¢alisma alanindaki
ornekler denizel karbonatlar alanina diismektedir (Sekil 7)
(Sendir, 2009).

Sekil 7. 3C degerlerinin ¢esitli ortamlara gore karsilagtirilmasi
(Hoefs, 1987).

— Sedimanter Organik
madde
[ Organik madde

& Denizel karbonatlar

[] Atmosferik CO2

] Manto

-4=O -3=U -2=0 -1 I0 O 1=U
& 'C (PDB) %o

3. DURAYLI iZOTOPLARIN UYGULAMA
ALANLARI

Durayl izotoplar, hidrolojik dongii, yeraltt suyu izleme
ve atmosferik siire¢lerin aragtirllmasinda sik¢a kullanilir.
Ornegin, '80 ve 2H izotoplar1, yagis ve buharlasma siireclerinin
izlenmesinde kullanilir (Clark & Fritz, 1997).

Antik diyetlerin ve go¢ yollarinin incelenmesinde *C ve
5N izotoplar1 kullanilmaktadir. Insan ve hayvan kemiklerinde
bulunan bu izotop oranlari, beslenme aligkanliklari hakkinda
bilgi verir (Schwarcz & Schoeninger, 1991).
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Durayli izotoplar, magmatik siireclerin, mineral
olusumlarinin ve metamorfik olaylarin izlenmesinde kullanilir.
Ornegin, '8O/'O oranlari magmatik kayaglarin kokenini
anlamada 6nemli ipuglar saglar (Taylor, 1968).

Gida iriinlerinin  kokeninin belirlenmesinde durayl
izotop analizleri kullanilir. Organik ve geleneksel iiriinlerin ayirt
edilmesinde *H, C, "N ve 'O izotoplar1 olduk¢a etkilidir
(Rossmann et al., 2000).

Tesekkiir

Verilerinden yararlanilan doktora tezi, 1485 4 nolu
Eskisehir Osmangazi Universitesi Arastirma fonu tarafindan
desteklenmistir.

4. SONUCLAR

Durayli izotoplar, modern bilimde genis uygulama alanlari
olan ve dogadaki siiregleri anlamada giiclii araglar sunan
izotoplardir. Gerek c¢evre bilimlerinde gerek arkeolojide ya da
tarimda, izotop oranlarinin analiziyle gegmise ve gliniimiize dair
cok cesitli bilgiler elde edilebilmektedir.

Durayli izotop teknolojisi, Ozellikle 20. yiizyilin
ortalarindan itibaren kiitle spektrometresi gibi analitik yontemlerin
gelismesiyle biiyiik bir ivme kazanmistir. Giinlimiizde izotop
analizleri, disiplinler arasi arastirmalarin merkezinde yer almakta
ve cevresel izleme, siirdiiriilebilirlik ¢alismalart ve adli bilimler
gibi bir¢cok alanda yaygin olarak kullanilmaktadir. Bu baglamda,
durayli izotoplarin sistematik bir sekilde tanitilmasi, kullanim
alanlarinin belirlenmesi ve temel prensiplerinin anlasilmasi biiytik
Onem tasimaktadir.
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BITLiS AHLAT ILCESININ JEOLOJIK VE
JEOTEKNIK ETKILERININ ARASTIRILMASI

Emrullah KANDEMIR!
Derya KOCA?

1. GIRIS

Bitlis, Tiirkiye'nin Dogu Anadolu Bolgesi'nde yer alan,
stratejik konumu ve zengin tarihi mirasiyla dikkat ¢eken bir ildir.
Onemli bir tarihi ticaret yolu iizerinde yer alan Bitlis, Ipek Yolu
da dahil olmak f{izere baslica ticaret yollarinin kesisme
noktasindaki konumu sayesinde ¢esitli kiiltiirel aligverisler i¢in
bir kavsak islevi gormiistiir. Bu bolgede gelisen ekonomik,
kiiltiirel ve sosyal etkilesimler, Ipek Yolu'nun tarihsel dnemine
atfedilebilir. Kentin tarihi mimarisi, kervansaraylar1 ve kopriileri,
yiizyillar boyunca ticaret ve iletisim aginda oynadigi 6nemli roliin
kanitidir. Gilinlimiizde ise sehrin stratejik 6nemi, Emir (2022)
tarafindan da vurgulandig: lizere, dogu-bati ekseninin kesistigi
noktada yer almasiyla ortaya ¢ikmaktadir.

Her ne kadar Mus ile Van arasindaki alan farkli
donemlerde ¢esitli amaglarla bir¢cok jeolog tarafindan incelenmis
olsa da, Ahlat ilgesi bu arastirmalarda yeterince detayli ele
almmamistir. Ahlat bolgesine yonelik ilk jeolojik g¢alismalar,
farkli gerekcelere dayanarak belirli jeologlar tarafindan
gergeklestirilmistir ve bu caligmalar agagida belirtilmistir.

1 QOgrenci, Batman Universitesi Lisansiistii Egitim Enstitiisii Jeoloji Miihendisligi

Anabilim Dali  (Universite, Fakilte, Bolim), e.kandemir.13@hotmail.com,
ORCID: 0009-0004-5133-6900.

2 Dr. Ogr. Uyesi, Batman Universitesi Miihendislik Mimarlik Fakiiltesi - Petrol ve
Dogalgaz, derya.koca@batman.edu.tr, ORCID: 0000-0002-1439-7809.
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1938 yilinda D. B. Ericson, Van ilinin kuzeybati
kesiminde yer alan sahada potansiyel petrol kaynaklarini
degerlendirmek amaciyla bolgeye saha caligmasi
gerceklestirmistir (Ericson, 1938).

1947 yiinda G. Oztemiir, bdlgenin jeolojik yapisini
detayli bi¢imde ortaya koymak amaciyla 1:100.000 6lgekli bir
jeoloji haritas1 hazirlamistir (Oztemiir, 1947).

1957 yilinda i. Akarsu, bélgeyi petrol jeolojisi agisindan
detayli bir bicimde incelemis ve daha once hazirlanmis jeoloji
haritasin1 derleyerek tamamlayici nitelikte bir ¢alismaya imza
atmistir (Akarsu, 1957).

I. E. Altinl1, 1964 yilinda 1:500.000 dlgekli Van paftasinin
derleme caligmalar1 kapsaminda, bolge genelinde revizyon
amacl jeolojik bir degerlendirme gerceklestirmistir (Altinls,
1964).

2. MATERYAL VE METOD

Bu calismanin odak noktasi olan Ahlat ilgesi, Dogu
Anadolu Bolgesi’'nde, Van Goli Havzasi’nin  kuzeybati
kesiminde konumlanmaktadir. idari olarak Bitlis iline bagh alt1
ilgeden biri olan Ahlat; doguda Adilcevaz, glineyde Tatvan,
batida ise Giiroymak ile Mus ilinin Korkut ilgesiyle komsudur.
Kuzeyde ise Mus’a bagli Bulanik ve Malazgirt ilgeleriyle sinir
olusturmaktadir (Sekil 1). Ilgenin toplam yiizol¢iimii yaklasik
1.044 km? olup, Ahlat ilge merkezi deniz seviyesinden yaklasik
1.725 metre yliksekliktedir. Ayrica, Ahlat’in Bitlis kent
merkezine uzaklig1 yaklasik 65 kilometredir (Elmastas, 2009:
481).

Bu calisma ile inceleme alaninda sondaj ve jeofizik
calismalar1 laboratuvar, arazi ve biiro calismalar1 seklinde ii¢
asamada degerlendirilmistir. Bu arastirmanin etiit alaninda
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yapilan yiizey jeolojisi calismalar1 3 adet ve her birinin derinligi
6,00 metre olan temel sondaji ve 2 profil boyunca Sismik
(MASW ve Sismik Kirilma) verilerinden yararlanilmis ayrica
alinan karot numuneleri {izerinde laboratuvar c¢alismalari
yapilmistir.
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Sekil 1. Ahlat ilcesinin lokasyon haritasi

Arastirma; arazi calismalari, laboratuvar ¢alismalar1 ve
biiro calismalar1 olmak iizere li¢ asamada gergeklestirilmistir.
Biiro caligmalar ise arazi ¢alismalar1 dncesi ve sonrasinda yine
iki agsamal1 olarak yapilmistir. Arazi calismalarina baglanmadan
s0z konusu inceleme alani ve yakin g¢evresi ile ilgili eski temel
kazilarina ait ve bolgenin genel jeolojik, jeofizik, tektonik,
jeoteknik ve hidrojeolojik mevcut veriler derlenerek bunlarin
sonuclart gozden gecirilmistir. Yore hakkinda bu on bilgiler
derlendikten sonra inceleme alaninda arazi gozlemlerine
baslanmistir. Arazide yapilan gozlem ve incelemeler sirasinda
celik serit metre, jeolog cekici, GPS, Sismik alet, 9 kg’lik balyoz,
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demir levha, jeofonlar (alic1), ethernet kablosu, kablosu, diziistii
bilgisayar, trigger kablosu, jeolog c¢ekici, fotograf makinesi ve
sondaj makinesi gibi ekipmanlar kullanilmistir.

2.1. Ahlat Ilcesinin Topografyasi ve Jeomorfolojik
Durumu

Ahlat ilgesi ve cevresinde, farkli jeolojik doénemlerde
olugmus cesitli jeomorfolojik birimlere rastlanmaktadir. Bu yer
sekillerinin ortaya c¢ikisinda ozellikle Kuaterner donemine ait
volkanik etkinlikler dnemli bir rol oynamustir. ilcenin dogusunda
yer alan Siiphan, kuzeybatisinda bulunan Bilican ve
giineybatisindaki ~ Nemrut  volkan  konileri,  bodlgedeki
jeomorfolojik cesitliligi belirleyen baglica unsurlar arasindadir.
Nemrut Dagi’nin giineybatisinda, kuzey ve bati kesimlerinde
genis lav platolar1 yer almakta; bu platolar {izerinde bazi parazit
koniler gézlemlenmektedir. Bu olusumlardan en dikkat ¢ekeni,
yaklagik 650 metre capindaki Nemrutbast kiil konisidir. Bu
koninin kuzeyinde yer alan ve Kantasi olarak bilinen lav akintist,
1441 yilinda gergeklesen son volkanik plskirme sonucu
meydana gelmistir. Nemrut Dagi’nin giliney kesiminde yer alan
Nemrut Kalderas1 ise biiylik bir patlama sonucu olusmustur
(Giiner, 1984:36). Ayrica, dagin kuzeyinde Kiralik, Kulingo
(2321 m) ve Bilican (2754 m) gibi ylikseltiler bulunmaktadir. Bu
daglar, Nemrut’un da yer aldig1 kuzey-giiney dogrultulu fay hatti
tizerinde sekillenmistir (Elmastas, 2009: 481).

Ahlat ilgesinin kuzey kesimi, Miyosen donemine ait gre
ve konglomera tiirii tortul kayaglardan olusan genis bir peneplen
alan1 karakteri tasimaktadir (Ering, 1953: 65). Bu alanin daha
kuzeyinde, dogu-bat1 yoniinde uzanan ve 2296 metre yiikseklige
ulasan Yakupaga Daglar1 yer almaktadir. Yakupaga Dagi'nin
kuzeydogusunda ise, Onemli bir c¢okiintii alan1 olan Siite
Depresyonu ile birlikte, bdlgenin en yiiksek volkanik
yapilarindan biri olan 4058 metrelik Stiphan Dag1 bulunmaktadir.
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flge sinirlari igerisinde genis bir alan kaplayan Alaaddin Cayi
Havzasi’nin orta boliimii ise, Ahlat’mn en dikkat cekici diiz
alanlarindan birini olusturmaktadir (Sekil 2).

VAN GOLD

1 | g e i = P8 P

Sekil 2. Ahlat ilcesi ve yakin ¢evresinin fiziki haritasi

Ilgedeki daglik alanlarin biiyiik bir kismi, asir1 derecede
engebeli bir yapiya sahip olmamakla birlikte, tarim ve
hayvancilik gibi ekonomik faaliyetler agisindan oldukga elverisli
kosullar sunmaktadir. Bu nedenle Van Golii Havzasi’nin
kuzeyinde, dolayisiyla Ahlat ¢evresinde genellikle diisiik egimli
bir topografyanin hakim olmasi, insan yerlesiminin ve
faaliyetlerinin yliksek rakimlara kadar ulasabilmesine olanak
tanimistir (Aring, 1997: 397). Bu durum, 6zellikle toprak ve bitki
Ortlistinlin - yogun ve bilingsiz kullanim1 nedeniyle ciddi
tahribatlara ugramasina yol agmistir. Giiniimiizde orman Ortiisti

oldukca azalmis, toplam alanin yalnizca %]1,8’ini kaplar hale
gelmistir.

Ahlat’ta yillik ortalama kar yagish giin sayis1 yaklasik
27,8 gilindiir ve yil boyunca ortalama 73,5 giin karla kapl
geemektedir. Bu veriler 15181nda, il¢ede kis aylarinda ortalama 2,5
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ay boyunca kar Ortlisii etkili olmaktadir. Yiiksek rakimli
bolgelerde bu siire daha da uzamaktadir. Bolgede Olgiilen en
yuksek kar kalinligi 129 cm’ye ulasmis olup, 6zellikle yiiksek
kesimlerde kar ortiisii genellikle 1 metrenin lizerine ¢ikmaktadir.
Bu kar ortusi, ilkbaharda erime siirecine girdiginde ylizeyden
hizla akisa ge¢mek yerine topraga sizarak, ozellikle tarimsal
tiretim acisindan kritik dnemde olan yer alti su kaynaklarini
beslemektedir.

Ahlat ilgesinde ana kayanin niteligi, topografya, iklimsel
kosullar ve bitki Ortiisii gibi dogal c¢evre faktorleri, farkl
Ozelliklerde toprak tiplerinin gelisimini etkilemistir. Toprak
yapisina bakildiginda, bolgede ozellikle volkanik materyaller
tzerinde olusan volkanik regosoller baskin toprak grubunu
olusturmaktadir (Sekil 3). Regosoller, genellikle tortul veya
volkanik ana materyaller {izerinde gelisen ve A horizonu zayif
gelismis olan topraklardir (Atalay, 2006: 324). Bu topraklar,
volkanik kiill ve yumusak tiifler iizerinde sekillenmistir.
Regosollerin olustugu zemin genellikle yumusak katmanlardan
meydana gelmektedir. Kalinligi 30 cm veya daha az olan bu
topraklarin rengi soluk kahverengi ile kahverengi arasinda
degismekte, yapisi ise kumlu-tinhidir. Kil oram diisiik, organik
madde igerigi yaklasik %1 ve pH degeri n6tr seviyeye yakin, yani
7 civarindadir (Topraksu Genel Miidiirliiga, 1971: 36-37).

Sekil 3. Ahlat ilcesinin toprak haritasi.
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2.2. Ahlat ilcesinin Jeolojisi

Inceleme sahas1 ve c¢evresinde, farkli jeolojik donemlere
ait cesitli birimler yiizeylenmektedir. Bu birimler arasinda en
yaslis1 olan Paleozoyik donemden kalma Bitlis masifi yer
almakta; bunu takiben, Ust Kretase donemine tarihlendirilen
Ahlat-Adilcevaz karmasasindan tiireyen Eosen—Oligosen yasl
Ahlat  konglomeras1 gozlemlenmektedir. Bdlgede ayrica,
Pliyosen-Kuvaterner donemlerine ait Nemrut Dagi’na 0zgii
volkanik kayaclar ile Kuvaterner yagh traverten olusumlari,
taracalar ve aliivyonlar da yaygin olarak yiizeye ¢ikmaktadir.

2.2.1.B0lgesel Jeolojisi

Ahlat-Adilcevaz Karmagigi (Ust Kretase): Birim, grimsi
yesil, koyu yesil ve kahverengimsi siyah tonlarinda olup, bol
catlaklidir. Litolojiyi gabro, diyabaz, spilit, bazalt, mikritik
kirectasi, radyolarit, ¢ort, konglomera, kumtasi ve camurtasi
olusturmaktadir.

Ahlat Konglomerast (Eosen-Oligosen): Birim volkanik
kokenli olup bordo, kahverengimsi kirmizi renk tonlarinda olup
genellikle kalin katmanhdir. Cakillarin hemen hemen tamamina
yakini Ust Kretase yasli Ahlat-Adilcevaz karmasigindan
tiiremistir. Volkanik kokenli konglomera gevsek o6zellikte olup
kumlu, killi seriler halinde ardisikli, peklesmemis ve yataga yakin
yerlerde katmanli 6zellik gostermektedir. Birimin yasi, fosil
icermediginden stratigrafik konumuna ve eski caligmalara
dayanilarak Eosen-Oligosen olarak kabul edilmistir. Birimin
litolojik oOzellikleri karasal bir ortamda c¢okelmis oldugunu
gostermektedir.

Taraca (Kuvaterner): Dere yataklar1 boyunca derelerin
tasidiklar1 malzemeleri yatagin her iki tarafinda biriktirmesi
sonucu olusmustur. Tane boyutlar1 silt boyutundan cakil
boyutuna kadar degismektedir. Litolojisi volkanik kdkenli ¢akil,
kum, silt ve piroklastik malzemeden (tiif ve pomza) olusmaktadir.
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Aliivyon (Kuvaterner): Inceleme sahasi ve gevresindeki
alanlarda yer alan altivyon birimleri; akarsu ve dere sistemlerinin
tasidig1 cakil, kum, silt ve kil boyutundaki detritik malzemelerin
birikimiyle olusmustur. Arazi genelinde genis bir dagilim
gOsteren bu allivyon ortlistindeki tanelerin biyik bir béluma,
bolgedeki volkanik kaynakli kayaclarin ayrismasit sonucu
meydana gelmistir.

2.2.2.Stratigrafi

Ahlat konglomerasi, belirgin kirmizi rengi ve cakill
yapisi sayesinde arazi lizerinde kolaylikla ayirt edilebilmektedir.
Bu birim, Ahlat-Adilcevaz karmasik birimleri ilizerinde agisal
uyumsuzlukla (diskordan) yer almakta ve yine uyumsuz bir
bicimde Uzerini Ahlat kalkeri 6rtmektedir. Litolojik olarak, kalin
tabakali kirmizi konglomeralar agirliktadir ve nadiren ince
tabakali, fosil icermeyen kirmizi miltast diizeyleriyle birlikte
bulunurlar. Icerdikleri ¢akillarin biiyiik kismi, Ahlat-Adilcevaz
kompleksine ait farkli kaya¢ birimlerinden tiiremistir. Buna
karsin, Eosen veya Oligosen donemine ait fosilli cakil 6rneklerine
rastlanmamistir. Formasyonun en karakteristik kesitlerinden biri,
Ahlat ilge merkezinin yaklasik 9 km kuzeydogusunda yer alan
Cemalettin ~ koyli  yakinlarinda  gozlemlenmektedir. Bu
formasyon, calisma alaninin merkez, gliney ve gilineydogu
boliimlerinde genis bir yayilim gostermektedir. Cemalettin
cevresinde formasyonun kalinhigr yaklastk 1250 metreye
ulagirken, giiney ve dogu yonlerinde kademeli olarak inceldigi
goriilmektedir. Ornegin, ipekgayir kdyii civarinda kalinlik 550
metreye kadar diiserken, Adilcevaz yakinlarinda sifira iner. Bu
bolgede Ahlat-Adilcevaz kompleksine ait ofiyolitlerin Uzerine,
diskordan olarak Adilcevaz kalkeri gelmektedir. Benzer
stratigrafik iligkiler c¢alisma alaninin giiney kesiminde de
izlenebilmektedir. Ahlat’in  dogusunda bulunan Oralbas:
Tepesi'nin glineyinde konglomera birimi kesintiye ugramakta, bu
alanlarda Adilcevaz kalkerinin alt seviyelerindeki kumlu
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seviyeler dogrudan karmagik ofiyolitlerin iizerinde uyumsuz
olarak yer almaktadir. Ahlat konglomeralar1 bati yOniinde
inceleme sahast disinda kalan Nazik Goli’ne kadar
izlenebilmekte ve burada Nemrut volkanizmasinin yaygin
bazaltik lav akintilar1 altinda sonlanmaktadir (Demirtash &
Pisoni, 1965).

Adilcevaz kalkeri, hem Ahlat konglomeralarinin hem de
Ahlat-Adilcevaz karmasiginin ofiyolitik bilesenlerinin {izerine
transgresif olarak gelmektedir. Bu birim, ag¢ik renkli, masif ya da
kalin tabakali goriiniime sahip olup, tipik bir self (sig denizel)
ortam cokeltisidir. Genellikle taban seviyelerinde, transgresif bir
tabakalanmay1 gosteren kumlu ve cakilli kalker ara seviyeleri
bulunmaktadir. Stratigrafik kesit boyunca zengin makro ve mikro
fosil igerigi ile dikkat ceken bu formasyon, Adilcevaz ilge
merkezine olduk¢a yakin olan Dikis Mahallesi’nde en tipik
ornegini sergilemektedir. Bu bolgede formasyon kalinlig
yaklagik 800 metre olarak belirlenmistir (Demirtashi & Pisoni,
1965).

Aktas konglomerasi, ¢ok kdkenli (polijenik) cakillardan
olusan, gevsek ¢imentolu bir tortul kayag birimidir. Bu birimin en
tipik kesiti, Ahlat’in yaklasik 12 km kuzey-kuzeydogusundaki
Aktas Tepesi’nin kuzey kisminda goriilmektedir. Burada Aktas
konglomerasi, Adilcevaz kalkeri tzerinde diskordan olarak yer
almakta ve maksimum kalinlig1 200 metreye ulagmaktadir. Ancak
formasyon genellikle lokal (yersel) gelisim gostermekte olup,
inceleme alaninin  kuzeydogu ve kuzeybati kisimlarinda
bulunmamaktadir. Fosil icerigi yoniinden fakir olan bu birimin
tizerinde konkordan (uyumlu) olarak Orta-Ust Miyosen yash
Develik formasyonu bulunmaktadir; bu nedenle Aktas
konglomeralarinin ~ yas1 da  Orta  Miyosen  olarak
degerlendirilmektedir (Demirtaghi & Pisoni, 1965).
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Develik formasyonu, Aktas konglomeralarinin var oldugu
bolgelerde bu birimin Gzerine konkordan olarak oturur ve
kumtasi, marn ile seyl ardalanmasindan meydana gelir. Aktas
konglomerasinin  bulunmadigi  kesimlerde ise, dogrudan
Adilcevaz kalkeri Uzerine diskordan olarak gelir. En iyi 6rnegi,
Ahlat ilgesinin yaklasik 8 km kuzeyindeki Develik koyiinde
gozlemlenebilir. Bu alanda formasyonun toplam kalinlig
yaklagik 800 metre olarak tahmin edilmektedir. Ancak
kivrimlanmanin yogunlugu nedeniyle diizenli bir stratigrafik
kesit cikarilamamigtir. Alt seviyelerde yaklagik 300 metrelik
bolim, capraz tabakalanmali kumtaslar1 ile karakterizedir
(Demirtash & Pisoni, 1965).
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Sekil 4. Calisma alaninin genellestirilmis stratigrafik kesiti
(Demirtash ve Pisoni 1965).
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3. BULGULAR VE TARTISMA

Calismada jeolojik — jeoteknik caligmalarin yapilmasi,
zemine ait mihendislik parametreleri (Vp-Vs hizlari, Kayma
Modiilii, Elastisite Modiilii, Bulk Modiilii, Tagima Giigleri vb.)
hesaplanmaya calisilmistir. Jeofizik c¢alismalardan; MASW
(Multi-channel Analysis SurfaceWaves) ve Sismik Kirilma
uygulanmis olup; zemin etlidiinde incelemenin dayandigi
prensipler, etiidiin yapilis1 ve kullanilan aletlerle ilgili bilgiler
verilmigtir.

3.1. Jeofizik Cahismalari

Arazi caligmasinda 1 profil boyunca Sismik MASW ve 1
profil boyunca Sismik Kirllma odl¢iimleri almmistir. Inceleme
alanindaki jeofizik caligmalar Tablo 1’de tablo halinde
verilmistir.

Tablo 1. inceleme alaninda yapilan jeofizik calismalar tablosu

Hat Ad: Atig Jeofqn OfseE Serim Koordinat
Sayisi aralig araligi boyu E K
MASW -1 3 2,00 m 8,00 m 30,00m 38.7551  42.4896
S.KIRILMA-1 3 2,00 m 1,00 m 23,00 m 38.7551  42.4896

3.2. Sismik Kirilma Yontemi

Inceleme sahasinda birbirine dik olacak sekilde 1 profil
tizerinde (MASW Profilleri ile ayni profillerde) sismik kirilma
6lcimi Vp-diz ve Vp-ters olarak yapilmistir. Ara yiizeye (tabaka
sinir1) gelen dalga Huygen’s prensibine gore; ara ylizey boyunca
her bir nokta yeni bir yar1 kiiresel elastik dalga merkezini temsil
eder. Bu dalgalar P-dalgasi yayilimi i¢in Vp hiziyla ortam iginde
hareket ederler. Arazi uygulamalarinda P ve P’ dalga hizlarinin
sismik kirllma yontemiyle tespit edilerek sahaya ait tabaka
hizlari, tabaka smnirlar1 ve derinlik bilgisi hakkinda bilgi
edinilmesi yoluna gidilmistir. Arazi caligmalarinda toplam 1
profilde sismik kirilma kayitlarini elde etmek icin her noktada 2
metre aralikli 14 Hz diisey jeofonlardan olusan bir serim
kullanilmistir. Ofset mesafesi 1,00 metre olarak alinarak 23,00
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metre profil boyu olacak sekilde dlgiiler alinmistir. Profillere ait
Vp dalga hizlarinin derinlik degisim modelleri ek de verilmistir.
S6z konusu sahada Vs Ol¢limii yapilmamistir. Elde edilen Vp
dalga hizlarina gore hesaplanan zemin dinamik-elastik
muhendislik parametreleri Tablo 2’de verilmistir.

Tablo 2. Profil (1,2) igin zeminin Vp-dalga hizlar

Profil No Tabaka No V, (m/sn) H (m)

1 640 3,00

SISMIK KIRILMA 2 750 5,00
3 825 0

3.3. MASW (Cok Kanalh Yizey Analizi) Yontemi

Son yillarda, ylizey dalgalarinin ¢ok kanalli analizine
dayanan MASW (Multichannel Analysis of Surface Waves)
yontemi, Ozellikle S-dalgas1 hiz dagilimlarinin belirlenmesinde
sismik kirilma yontemine tamamlayici ya da alternatif bir ¢6ziim
olarak One g¢ikmaktadir. Bu yontem, Ozellikle sismik kirilma
yonteminin uygulanmasiin gii¢c oldugu yerlesim alanlar1 gibi
cevresel giiriiltii seviyesinin yliksek oldugu sahalarda, 6nemli bir
avantaj saglamaktadir. MASW teknigi, sismik kirilma 6l¢iimiinde
kullanilan dizilim geometrisi korunarak veri kaydi yapilmasina
imkan tamdig1 gibi, daha derin seviyelerdeki jeoteknik
ozelliklerin belirlenmesine de olanak sunmaktadir. Yontemin
diger one ¢ikan yonleri; hizli veri elde etme kabiliyeti, veri igslem
stirecinin goreceli olarak daha basit olmasi1 ve diisik hiz
zonlarinin daha etkin sekilde analiz edilebilmesidir.

Inceleme alaninda 2 adet MASW etiidii yapilarak zemine
ait baz1 parametreler elde edilmistir. Yapilan MASW-1
calismasinda jeofon (alic1) araliklar1 2 metre, ofset aralig1 8 metre
ve serim boyu 30 metreolacak sekilde Ol¢lim yapilmistir.
Calismalar sirasinda PASI marka GEA24 modeli 24 kanall
sinyal biriktirmeli sismogram, trigger kablosu, 12 adet 4.5Hz’lik
P jeofonu, ethernet kablosu, serit metre, demir tabla, 9 kg’lik
balyoz ve bilgisayar kullanilmistir. Alinan kayitlar iizerinde
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biiroda ¢esitli veri-islem teknikleri uygulanmistir. Yorumlama
asamasinda SEISIMAGER programmin modiilleri olan
PICKWIN ve PLOTREFA kullanilarak 2profil igin bir boyutlu
yeralti kesitleri elde edilmistir.

Her bir 6l¢lim noktasina ait ¢ok kanalli yiizey dalgasi
kayitlari, standart veri isleme adimlar1 takip edilerek analiz
edilmistir. 1k asamada, kaydedilen sismik atig verileri frekansa
bagl faz hiz1 egrisinin elde edilebilmesi amaciyla f-k (frekans-
dalga sayisi) doniisiimiine tabi tutulmustur. Elde edilen faz hizi
egrisi lzerinden, yiiksek modlara ait bilesenler ile diisiik
sinyal/giiriilti oranma sahip veriler elenmis ve bdylece ters
¢Oziimde kullanilacak temel moda ait faz hiz1 egrisi se¢ilmistir.
Bu temel mod egrisi, referans alinarak bir baslangic modeli
(sentetik egri) olusturulmus, ardindan bu model ile gézlemlenen
egri arasinda en kiiciik kareler algoritmasi kullanilarak yinelemeli
(iteratif) uyum saglanmistir. Sonug¢ olarak, zeminin fiziksel
ozelliklerini yansitan, derinlige bagli tek boyutlu bir S-dalgas1 hiz
modeli ile birlikte ilgili derinlik parametreleri elde edilmistir.

3.4. Sondajlar

Calisma sahasinda her biri 6,00 metre derinlige sahip
toplam tii¢ adet sondaj kuyusu agilmistir. Bu sondajlar, planlanan
dort katli konut yapisinin zemin 6zelliklerini belirlemek amaciyla
gerceklestirilmistir. Sondaj islemleri sirasinda gegilen zemin
tabakalarina iliskin tist ve alt derinlik bilgileri, numune alinan
seviyeler, yeralt1 suyu seviyesi gibi tim gozlem ve tespitler
detayli bigcimde sondaj loglarina kaydedilmistir. Gergeklestirilen
bu sondajli  aragtirmalarin  temel amaci; zemindeki
streksizliklerin (kirik, catlak, eklem, fay vb.) belirlenmesi,
ayrisma  dilizeylerinin  degerlendirilmesi, bitkisel toprak
kalinliginin  ve yeraltt su seviyesinin tespiti ile jeoteknik
parametrelerin ortaya konmasidir. Ayrica, zemin mekanigi
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laboratuvar deneylerinde kullanilmak iizere karot Ornekleri
alimmustir.

Sondaj verilerine gore, inceleme alaninda yiizeyde
ayrismis ve catlakli yapida olan, derinlik arttikca kiriklilik ve
catlak yogunlugu azalan, daha masif bir 6zellik kazanan volkanik
tiif birimi hakim temel jeolojik formasyon olarak tanimlanmistir.
Bu birimden elde edilen karot ornekleri tzerinde laboratuvar
ortaminda yapilan nokta yiikleme testleri araciligryla nokta yiik
indisi degerleri hesaplanmis ve bu verilere dayanarak tagima giicii
analizleri gerceklestirilmistir. Elde edilen bulgular, zemin
kosullarinin  mevcut yapilasma i¢in herhangi bir zemin
tyilestirmesi gerektirmedigini ortaya koymustur. Zemine iligskin
derinlik bazli katmanlasma Ozellikleri ise Tablo 3’te
sunulmaktadir.

Tablo 3. Sondaj kuyusuna ait bilgiler

Sondaj No Derinlik (mt) Litoloji Sondaj Koordinati
SK-1 0,00-1,00 AltereVolkanik Enlem: 38.7551
1,00-6,00 Tuf+Allvyon Boylam: 42.4994

SK-2 0,00-1,00 AltereVolkanik Enlem: 38.7550
1,00-6,00 Tuf+Allvyon Boylam: 42.4996

SK-3 0,00-1,00 AltereVolkanik Enlem: 38.7549
1,00-6,00 Tuf+Aluvyon Boylam: 42.4995

Sondaj ¢aligmalari sonucunda elde edilen veriler hem
gozlemsel olarak hem de laboratuvarda deneysel olarak
incelenmis olup elde edilen veriler degerlendirilerek inceleme
alanini olusturan birimlerin fiziksel ve mekanik 6zellikleri tespit
edilmistir.

Inceleme alani nemrut volkanizmasi sonucu olusan
Volkanik Tiiflerden olusmaktadir. Nemrut volkanitleri olarak
adlandirilan bu birim kaya niteligindedir. Yapilan sondajlarda
alman Volkanik Tif karotlar1 tizerinde yapilan incelemelerden
anlasildig: lizere, kirik ve catlak siireksizlikleri bulunan ve bu
stireksizlikler dolgu malzeme ile doldugu gozlenmistir.
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Inceleme alanmi olusturan birimler kuvaterner yash
Volkanik Tiif biriminden olugsmaktadir. Yapilan maksimum 6,00
mt lik temel sondajlarinda, bu birim yiizeyden derinlere dogru,
alterasyon derecesi giderek azalan ve masif bir yap1 sunan bir
tabakalanma sunmaktadir. Yapilan 3 adet sondaj kuyusunda da
aynt birim goézlenmistir. Elde edilen veriler birbiriyle ayni
mekanik ve fiziksel 6zellik gostermektedir.

Inceleme alaninda gerceklestirilen jeolojik, jeoteknik ve
sismotektonik degerlendirmeler sonucunda; zemine ait fiziksel,
mekanik ve dinamik parametreler detayli sekilde belirlenmistir.
Bu kapsamda yapilan sondaj ¢aligmalari, laboratuvar testleri ve
jeofizik olgtimler dogrultusunda elde edilen miithendislik verileri,
yap1 giivenligi acisindan temel tasarimina esas teskil edecek
niteliktedir.

Inceleme alaninda gerceklestirilen jeolojik, jeoteknik ve
sismotektonik degerlendirmeler sonucunda; zemine ait fiziksel,
mekanik ve dinamik parametreler detayl sekilde belirlenmistir.
Bu kapsamda yapilan sondaj ¢aligmalari, laboratuvar testleri ve
jeofizik dlgtimler dogrultusunda elde edilen mithendislik verileri,
yap1 giivenligi acisindan temel tasarimina esas teskil edecek
niteliktedir. Alanin zemin sinifi, deprem tehlike parametreleri ve
zemin-yap1 etkilesimi agisindan belirleyici olan karakteristikler,
asagida Tablo 4’te sunulmustur.
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Tablo 4. Veri ve geoteknik parametreleri

Veri ve Geoteknik Parametreleri

Enlem / Boylam 38.7551 42.4996°
Yeralt1 Su Seviyesi (7 Glinliik
Olgiim Sonucunda) YOK
Tasarim Dayanimi(Temel Tagima 2.90 kg/cm2
Glict) at 29.00 ton/m?
Yatak Katsayis1 1624 ton/m3
Deprem Yer Hareketi Diizeyi DD-2
Yerel Zemin Siniflanmasi ZD
) =0.84 =0.22 =0.
Spektral Tvme Katsayisi 55=08 9SSDll=00 48305DS 0.985

En Biiyik Yer Ivmesi (g) ve
Hizi(cm\s)

Bina Onem Katsay1si 1.0

Yatay Elastik Tasarim Spektrumu TA=0.098s TB=0.488s
Diisey Elastik Tasarim Spektrumu TAD=0.033s TBD=0.163s

PGA= 0.353 PGV=21.080

Bina Kullanim Sinifi BKS=3
Deprem Tasarim Sinifi DTS=1
Bina Yukseklik Siniflamasi BYS-6
Zemin Hakim Titresim Periyodu

(To) 0,35sn
Zemin Deprem Biiy(itmesi 2,36
Kayma Dalgasi Hiz1 VS30 m/s) 339
Poisson Orant 0.39

4. SONUC VE ONERILER

Arastirmadaki inceleme alani, Dogu Anadolu Bolgesi'nin
onemli tektonik kusaklarindan biri olan Bitlis-Zagros Kenet
Kusagi 1lzerinde yer almaktadir. Bu kusak, Neotetis
Okyanusu’nun kapanmasina bagli olarak gelismis ve bir dizi
bindirme, kirik ve fay zonunu barindirmaktadir. Alanin yakin
cevresinde aktif fay hatlarinin bulunmasi, yapilasma siirecinde
sismotektonik risklerin g6z onilinde bulundurulmasini zorunlu
kilmaktadir.

Inceleme alani, Kuvaterner yash aliivyon birimleri ile
temsil edilmekte olup, bu birimler genellikle zayif miihendislik
Ozelliklerine sahip, yiksek plastisiteli killer, siltler ve kumlu
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zeminlerden olusmaktadir. S6z konusu zeminlerin oturma ve
tasima gilicii  Ozellikleri bakimindan dikkatli miihendislik
degerlendirmesi gerektirmektedir.

Yerel zemin smiflamasi, Tiirkiye Bina Deprem
Yonetmeligi kriterlerine gore ZD olarak belirlenmistir. Zemin
hakim titresim periyodu To = 0.35 sn, zemin biiyilitme katsayisi
ise 2.36 olarak hesaplanmistir. Zemin profili, dinamik davranis
acisindan dusiik rijitlige sahip olup, yapinin tasiyici sistemi bu
ozellikler goz dniinde bulundurularak tasarlanmalidir.

Yapilan sondaj c¢alismalart ve laboratuvar analizleri
sonucunda; zeminlerin suya doygun, orta ila yiksek plastisiteli
Killi-siltli yapida oldugu, yer yer kum mercekleri icerdigi
belirlenmistir. Tasima giicii  diisiiktiir ve zeminde oturma
potansiyeli bulunmaktadir. Yeralti su seviyesi ylizeye yakin olup,
temele etkisi dikkate alinmalidir.

Arazi ve laboratuvar deneyleri sonucunda zeminlerin
tagima giicii qt = 2.90 kg/cm? (29.00 ton/m?) olarak belirlenmistir.
Yatak katsayisi ise 1624 ton/m? olarak hesaplanmis, bu deger yap1
temel tasariminda kullanilabilir niteliktedir.

Yapilan sismik deneyler (MASW ve Sismik Kirilma) ile
elde edilen wveriler, zemin smifinin Z4 kategorisinde
degerlendirilebilecegini  gdstermektedir. Bu durum, yap1
tasariminda deprem yoOnetmeligine uygun sekilde onem arz
etmektedir. Vs30 degeri diisik ¢ikmis olup, rijit temel
sistemlerine gecis diisiiniilmelidir.

Zemin iyilestirme (jet grout, tas kolon vb.) yontemlerinin
degerlendirilmesi, temel kazisi sirasinda yeralt1 suyu kontroliiniin
saglanmasi, yapi temellerinin derin temel (kazikli sistemler)
olarak projelendirilmesi ve geoteknik parametrelerin saha
kosullaria gore revize edilerek statik projeye entegre edilmesi
tavsiye edilmektedir. Olast zemin sivilasmasi problemi
olmamakla Dbirlikte, temel altindaki zemin tabakalarinda
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sikistirma ve iyilestirme yontemleri (mekanik kompaksiyon vb.)
onerilmektedir.
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