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CHAPTER1

An Assessment of the Physical and Major Chemical
Parameters of Drinking Water in Relation to Human
Health.

Fatih ERBAS!
Ayla BOZDAG?

Introduction

People demand that the water they consume daily for a
healthy life is fresh, clear and drinkable. Ensuring that the water to
be used for drinking purposes has certain characteristics is one way
of meeting this requirement. The water that will come from the
source to the treatment plant, from there to the distribution network
and to the end user must have important physical, chemical and

microbiological parameters and the ions, minerals, gases and
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bacteria, if any, must be within the permissible limit values for
human health. The physico-chemical parameters relevant to drinking
water are determined as a result of these assessments.

Recently, the increasing use of water due to population
growth and industrial development as well as global warming causes
both the reduction of existing water resources and pollution due to
unconscious use and imprudence. Water chemistry is naturally
affected by water-rock interaction and anthropogenic processes.
Whether geological or anthropogenic, water may contain ions at
levels that may adversely affect human health. For this reason, most
countries, especially the World Health Organisation (WHO), have
set limit values for physicochemical parameters in drinking water to
indicate suitability as safe drinking water. However, the most
important parameter for drinking water in these standarts is the effect
of water on human health.

Drinking Water Quality Parameters

Especially until the beginning of the 20th century, drinking
water was analysed only for disease-causing agents in terms of the
diseases it caused. After the mid-20th century, it has become
important to monitor chemicals due to the increased use of metals
and other organic chemicals. The fact that disease-causing agents
cause disease in a very short time and the effects of other pollutant
chemicals in the medium and long term have revealed the view that
the examination of water not only biologically but also physically
and chemically will be more comprehensive (Oguz, 2015).

Physically, when people evaluate water, they first evaluate it
according to its appearance. This appearance is the general
evaluation of physical parameters such as color, odor, taste, which
are the aesthetic features of water. Although these parameters do not
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have direct effects on the usability and health of water, they hesitate
to consume and do not use water that is too colorful and has too much
smell (WHO, 2011). Therefore, it is important to determine the
chemical properties of water along with these aesthetic appearances
and to determine the elements that cause this aesthetic appearance.

Drinking water standards set by the World Health
Organisation (WHO) and the US Environmental Protection Agency
(USEPA) are widely used worldwide. In addition, the Turkish
Standards Institute (TSE) regulation (TS 266) is also used in Turkey
for water intended for human consumption (Table 1).

Table 1. Physicochemical parameters and limit values used in
drinking water

Turkish World Health S
Standards .. Environmental
Parameter Organization .
(TS 266, (WHO, 2011) Protection Agency
2005) ’ (US-EPA, 2018)

pH 6.5-9.5 6.5-8.5 6.5-8.5
Colour 20 15 15
Taste sensorial sensorial sensorial
Smell sensorial sensorial sensorial
Turbidity (NTU) 5 5 5
Conductivity 2500
(uS/cm)
Total dissolved
substance (TDS) - 1000 500
(mg/l)
Calcium (mg/l) 200 100 -
Magnesium
(mg/1) >0 ) )
Sodium (mg/1) 200 200 -
Potassium (mg/1) - - -
Chloride (mg/1) 250 250 250
Sulfate (mg/1) 250 250 250
Fluoride (mg/1) 1.5 1.5 2
Nitrite (mg/1) 0.50 0.20 -
Nitrate (mg/1) 50 50 45
Ammonium
(me/l) 0.50 1.50 -
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1. Physical Parameters

pH: pH is used to evaluate water for acidity and alkalinity as
a logarithmic measure of the concentration of hydrogen ions in
solution. At 25 °C, pH= 7 is neutral, pH<7 is acidic and pH >7 is
alkaline (Freeze & Cherry, 1979; Poeter et al., 2020). If the pH is
below 7, the water has a bitter metallic taste and is corrosive, and if
the pH is above 7, the water feels slippery and tastes like soda (Oguz,
2015). According to the WHO (2011), the pH of drinking water
should be in the range of 6.5 to 8.5 (Table 1).

Color: Drinking water should not have a colour that is
noticeable to humans. In general, a colour above 15 TCU (true colour
unit) is perceived by humans (WHO, 2011).

Change in the colour of drinking water; it can be caused by
the interaction of the water with the lithological unit in which it
circulates, by pollutants, organic substances, industrial waste and

metals.

Taste: Water has a unique taste. Substances found in water
can change its unique taste, and changing the taste of water makes it
necessary to investigate the substances causing the change.

Smell: From an aesthetic point of view it is undesirable for
water to have an odour. It is very important to identify the source of
odour in drinking water if it is noticeable. Odours in water can be
caused by organic and inorganic chemicals, plastics and biological
agents (Gray, 2005). The parameters identified by Gray (2005) that

can cause noticeable odours in drinking water are as follows;



Decomposition of plants: When organisms such as algae
decompose, they give off odours such as grass and mould, and fish,

while their living forms can cause serious health problems.

Mould and actinomycetes: These cause mould and foul
odours. They can be seen when water is hot and left in the pipes for
too long.

Iron and Sulphur bacteria: These bacteria form a sediment
in the water and give off a bad odour.

Wastes generated by industrial processes: Wastes that are
produced industrially in any sector and the by-products that result

from this production can give rise to different odours in the water.

Chlorine: Although chlorine does not cause an odour in the
water on its own, it can cause an odour when it reacts with

compounds that are present in drinking water.

Turbidity: The turbidity of water is an indication of the
presence of suspended solids or other organic matter in the water.
The turbidity level of water is therefore important for the quality of
drinking water in terms of the detection of these undesirable
substances. According to the TSE, the WHO and the USEPA limit
values for drinking water, the turbidity value must be a maximum of
5 NTU (Nephelometric Turbidity Unit) (Table 1).

Conductivity: Electrical conductivity (EC) is defined as the
conductivity of 1 cm® of water at 25 °C and its unit is
microsiemens/cm (uS/cm). The EC value increases with increasing
ion concentrations in the water. In particular, the electrical
conductivity of groundwater varies depending on the rocks with
which these waters interact until they reach the surface, the
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dissolution properties and types of rocks, the prevailing climate type
and precipitation, etc. (Day & Nightingale, 1984; Hem, 1985).

There is no data to suggest that conductivity has a health
effect on drinking water consumption (WHO, 2011). The
conductivity of water is a measure of the ability of water to conduct
electricity and is a measure of water pollution.

Temperature: Water resources can have different
temperatures depending on a number of factors such as the region in
which they are located, the climatic conditions, the geological
structure, etc. Water temperature affects the density and solubility of
substances in water, as well as the acceleration and deceleration of
chemical and biological activities (Crittenden et al., 2012). High
water temperatures can increase problems such as the development
of micro-organisms, colour, taste, odour and corrosion in the water
(WHO, 2011).

Water temperature does not have an immediate impact on
human health, but water temperatures below 16°C are preferable to
ensure potability (Nemerow et al., 2009).

Hardness: Water hardness is the sum of bicarbonate,
chloride, sulphate and nitrate concentrations formed by dissolved
calcium or magnesium ions and metal cations (Sr**, Mn?*, Fe**, Fe’*",
Al*" etc.) with an ionic charge of “+2” or higher (Hounslow, 1995).
Although it has no direct effect on human health as drinking water,
high hardness water may indirectly affect health if it is high in the
specified ions.

Total Dissolved Substance (TDS): TDS is defined as the
total dissolved solids in water, representing the sum of inorganic and
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organic constituents. In natural water bodies, the inorganic ions
present are predominantly potassium, sodium, calcium, magnesium,
bicarbonate, sulfate, and chlorine, with the presence of heavy metals
such as copper, bromide, iron, or manganese as well (Hem, 1985).
The consumption of water with a high TDS is frequently associated
with a poor taste (salty or metallic) and an unsatisfactory mouthfeel.

The majority of drinking water treatment plants that process
fresh water sources do not include desalination operations with the
specific objective of removing total dissolved solids (USEPA, 1999).
Accordingly, in the event of elevated TDS concentrations in the
source water, the drinking water that emerges from the treatment
plant and traverses the distribution network will also exhibit elevated
TDS levels upon arrival at the consumers. Drinking water treatment
plants are of particular interest with respect to the chloride, sulfate,
and bromide compounds of the TDS. The reason for this is that
elevated chloride and sulfate levels can result in increased pipe
corrosion or decreased efficiency of boilers and heat exchangers, and
increased scaling or scaling problems that may lead to alterations in
the taste and odor of drinking water (USEPA, 2012). Moreover, even
minimal bromide concentrations in water can facilitate the formation
of disinfection by-products (DBPs) in drinking water plants,
resulting in an increase of brominated DBPs. These DBPs are
recognised as carcinogenic and teratogenic (USEPA, 1998), and it is
evident that the risk posed to human health by brominated DBPs is
greater than that of chlorinated DBPs (Richardson et al., 2007;
Richardson, 2008; Wilson et al., 2014).

Total Suspended Solids (TSS): Suspended solids that are

higher than normal are an undesirable parameter for drinking water
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quality because they provide a habitat for micro-organisms that may
be present in the water. Suspended solids can also adversely affect
human health by absorbing heavy metals, hydrophobic chemicals,
pesticides, etc. (AWWA, 2011).

2. Major Ions

Calcium and Magnesium: Water generally contains
between 10 and 100 mg of calcium per litre and similar quantities of
magnesium. Calcium is important for the health of teeth and bones
and for plant development (Hounslow, 1995), but an excess of these
1ons will cause the taste of the water to deteriorate, and an excess of
magnesium will cause the water to taste bitter and undrinkable
(Hounslow, 1995). If these ions are above the limits set by the WHO
and USEPA (Table 1), they can cause calcification.

Sodium (Na*): Sodium chloride, which is quite abundant in
the earth's crust, can easily dissolve as a result of contact with water.
In addition, the Na+ ratio in drinking water increases as a result of
the weathering of Na-plagioclases in rocks in contact with water
and/or chemical replacement of Ca and Na ions in clay minerals
(Foster, 1950; Feth vd., 1964; Back, 1966; Garrels, 1967; Akgiray,
2003; Soyaslan, 2004).

The rate of Na” in water also increases as a result of salt water
intrusion from the sea, mineral deposits, sewage wastes and road
salting for de-icing on highways (WHO, 2011). In terms of human
health, high concentrations of sodium chloride can cause high blood
pressure (WHO, 2003).
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Potassium (K*): Potassium, an important and essential ion
for human life, is present in minor amounts in drinking water but can
pose a potential health risk if it exceeds the limit value (WHO, 2011).

Chloride (CI): It comes to groundwater as a result of
seawater intrusion, contact of evaporitic rocks with groundwater and
atmospheric precipitation (Hounslow, 1995). In addition to these, it
can also be added to drinking water sources from sewage, industrial
wastes, and salting works on highways (NHMRC, 2014).

In terms of human health, chloride is a very important
element for maintaining fluid balance in the body (NHMRC, 2014).
People can tolerate high levels of chloride from freshwater sources
over time, but higher concentrations can lead to sodium chloride-
induced hypertension (WHO, 2003).

Sulfate (SO4%): Sulfate, which is found in sedimentary
rocks of evaporitic origin such as gypsum and anhydrite and
metamorphic rocks such as shale, as well as igneous and other
organic materials, is transferred to natural water resources through
interaction with these rocks and materials. In addition, domestic
wastes from human habitats, sulfate fertilizers used in agricultural
activities, industrial activities and acid drainage of sulphurous
mining sites can also enter groundwater (Eisen & Anderson, 1979;
Hem, 1985; Ford & Tellam 1994; Hounslow, 1995).

High sulfate content in water consumed as drinking water has
been observed to cause diarrhea in people who use the water, and the
competent authorities should be informed about sulfate contents
above 500 mg/l (WHO, 2011).
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Fluoride (F°): Fluorine, which is widespread and widely
distributed in the Earth's crust, is present in all waters, even in trace
amounts. It can enter groundwater as a result of fertilizer use in
agriculture, discharges from aluminum factories and erosion from
natural fluorine sources (WHO, 2011).

From a human health perspective, low fluoride levels
(minimum 0.5 mg/l) provide protection against tooth decay.
However, as the concentration value increases (0.9-1.2 mg/l), it
causes dentalfluorosis and even higher values (3-6 mg/l) cause
skeletal fluorosis (WHO, 2004) Figure 1).

Figure 1. Dental fluorosis (a)
(https://momentumsaglik.com/dental-florozis/ - Retrieved on:
07/09/2024), (b) Dental fluorosis, (Kaya, 2021).

3. Nitrogen Derivatives and Phosphate

Nitrite (NO?): Nitrite, which is a derivative of nitrogen,
indicates that there is a biological contamination in water. Compared
to the amount of nitrate, nitrite is found at a very low rate, and nitrite
is added to the groundwater with the wastes of decomposed plants
and animals, the use of fertilizers in agriculture, wastewater
discharged from industrial plants, and the washing of nitrogen in the
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earth as a result of precipitation (McNeely et al., 1979, Erguvanl &
Yiizer, 1987; Yalgin et al., 2004).

Nitrate (NO*): Nitrate, which is an important nutrient
source for living life and plants, is found in natural resources and can
be mixed into groundwater from fertilizers and pesticides used in
agricultural activities, industrial wastewater, human and animal
fertilizers and domestic wastes (Gray, 2008).

In the human body, nitrate turns into nitrite and becomes
harmful to health. If there is more than 5-10 mg/l of nitrate in
drinking water, it indicates that the water is contaminated with an
external pollutant. If there is more than 45 mg/l nitrate in drinking
water, methemoglobinemia disease called blue baby syndrome can
be seen (Freeze & Cherry, 1979; Hem, 1985; Uslu & Tiirkman,
1987; Bouchard et al., 1992; Aiuppa et al., 2003) (Figure 2).

Figure 2. Blue baby syndrome
(https://www.americanscientist.org/article/the-blue-baby-
syndromes - Retrived on: 07/09/2024)
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Phosphate (PO4*): Phosphate, which has a widespread use
in chemical fertilizers, cleaning and food industry, is found more
intensively in groundwater sources than in surface water sources
(Oguz, 2015).

Phosphate, which is an inorganic structural element for bone
and dental health, is an important component for human health. The
maximum intake of phosphate, which has a need close to the same
dose as the daily calcium need, has been determined as 800 mg/1 (De
Zuane, 1990). WHO and US-EPA do not specify a limit value for
phosphate.

Ammonium (NH*"): Ammonium, which is a derivative of
nitrogen and mixes into groundwater from pollutants and sources of
organic, inorganic and anthropogenic origin, is found intensively
especially in wastewater produced domestically. The limit value
determined as 1.5 mg/l in drinking water according to WHO (2011)
1s 0.5 mg/1 according to TS-266.

Conclusion

The determination of the purposes for which water resources
can be used is revealed by determining the physico-chemical
parameters of water. This provides numerous concrete benefits to
human life by revealing the major and minor elements contained in
the water, which can be used for a variety of purposes, including
agricultural activities, industrial activities and, most importantly, as
a source of drinking water. This is achieved through detailed
analyses and the provision of easily accessible water of good quality.

The contamination of water, which is a necessity for human

existence, can have significant adverse effects on human health. The
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World Health Organization (WHO) has established standard
guidelines that determine the parameters and limit values to be
monitored in water intended for human consumption. The necessity
for monitoring elements that exceed the specified limit values is
often determined through the implementation of accurate analytical
procedures. It is of great importance to monitor the quality of
drinking water, which is one of the most fundamental food sources,
particularly for infants, the elderly and individuals with weakened
immune systems who are susceptible to waterborne pathogens. After
the mid-20th century, it has become important to monitor chemicals
due to the increased use of metals and other organic chemicals. The
fact that disease-causing agents cause disease in a very short time
and the effects of other pollutant chemicals in the medium and long
term have revealed the view that the examination of water not only
biologically but also physically and chemically will be more
comprehensive. It is of particular importance to conduct regular
monitoring of specific parameters, including nitrate and its
derivatives, fluorine, and total dissolved substances, for individuals
belonging to vulnerable groups. In order to determine the
accumulation that may occur in cells at daily doses and long-term
use and the damages that this accumulation may cause, it is
necessary to establish a monitoring network in the natural conditions

of drinking water sources and in distribution network.
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CHAPTER 11

Natural Graphite: Industrial Applications, Global
Distribution, and Tiirkiye’s Potential

Hatice KANBUR CAVUS
Berna YAVUZ PEHLiVANLI

1. Introduction

The world is entering a transformative era of industrial
development, driven by innovation and the rapid growth of strategic
emerging industries [1-3]. Amid this global shift, the graphite
industry has gained unprecedented attention as a critical raw material
for both traditional applications and emerging technologies. Despite
its significance, natural graphite extracted through mining often
contains high levels of impurities, necessitating beneficiation and
purification to meet the demands of advanced applications. Once
refined, natural graphite serves as a vital material for thermal
management, lithium-ion battery anodes, nuclear reactors, and more
[1-5].

Tiirkiye, with its rich mineral reserves and strategic
geographic location, holds untapped potential for contributing to the



global graphite supply chain. Although less developed compared to
major global producers, Tiirkiye’s graphite resources present
promising opportunities for utilization in traditional industries and
cutting-edge technologies. This review explores the comprehensive
utilization of natural graphite, including its classification and
distribution with a specific focus on Tiirkiye's graphite reserves.
Finally, this work highlights future opportunities and strategies for
enhancing the development and sustainable use of graphite
resources, with an emphasis on Tiirkiye's role in the global market
[4,5].

2. Classification and Distribution Natural Graphite

The basic compounds that make up the living structure are
examined in two groups as inorganic and organic. Water, acid, base,
salt and minerals are inorganic; carbohydrates, lipids, proteins,
enzymes, hormones, vitamins, nucleic acids and ATP are organic
components (Figure 1).The process from organic matter to graphite
formation involves a series of stages that occur over long geological
time periods. Organic matter (plant and animal remains)
accumulates in aquatic environments or swamps. During this
accumulation, decomposition begins in oxygen-free environments
(anaerobic conditions). The accumulated organic matter turns into
peat, called bog coal. Peat is a type of sediment in which low-degree
decomposed organic matter is concentrated.Over time, peat turns
into low-quality coal, called lignite, under the influence of increasing
pressure and temperature. As the coalification process continues,
lignite turns into denser and carbon-rich coal types (bituminous coal,
anthracite). Following the coalification process, under higher
temperature and pressure conditions (metamorphic conditions), coal
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can turn into graphite. This process is called metamorphism and can
last for millions of years. During metamorphism, the crystal
structure of organic carbon is rearranged and carbon atoms form
graphite crystals. During this process, the crystals are arranged in
layers and acquire the graphite structure. As a result, the initial
organic matter is transformed into carbon minerals called graphite.
Graphite has high thermal and electrical conductivity due to the
layered crystal arrangement in its structure. These processes occur
in nature as a result of complex and long-term geological events that

last millions of years [6,7].

The chemical content of graphite formation is determined by
various  geological and environmental factors. During
metamorphism, organic carbon is transformed into graphite under
high temperature and pressure. These conditions determine the
purity and crystal structure. Low-grade coals or organic materials in
the initial stage produce graphite with lower purity and more
impurities. Different organic materials, such as plant or animal
residues, have different chemical compositions. This directly affects
the chemical content of the graphite that will be formed. The rocks
that contribute to graphite formation (e.g. limestone or shale) affect
the level of impurities and mineral composition. The pH and redox
potential of the medium during graphite formation determine the
purity and mineral phases. Acidic or alkaline conditions can cause
the formation of different impurities (e.g. silicates, oxides). The
water and other components in the solution (e.g. ionic compounds)
present during the graphite formation process affect the chemical
composition of graphite. Metamorphism over long periods of time
helps carbon crystallize into a purer form. Higher grade

metamorphic processes tend to produce higher purity graphite.
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Mineral impurities in graphite (e.g. sulfur, iron) affect the quality
and economic value of graphite. For example, graphite with lower

sulfur and iron content is considered more valuable.

.BASIC COMPONENTS OF LIVING THINGS '
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Figure 1. Main components of living things [6]

The minerals frequently encountered in graphite generally
depend on the environmental and chemical conditions present during
the formation of graphite. Quartz (Si0O2); It is usually found
alongside graphite deposits and is known for its hardness. Quartz can
be separated with graphite due to its lack of magnetic properties.
Feldspar (KAIS1:0s - NaAlSi;:0s - CaAl2Si20s); It is usually found
in igneous and metamorphic rocks and can be part of graphite
deposits. Mica (KAl2(AlSi:010)(F, OH).); Especially biotite and
muscovite mica species are common in graphite deposits. Mica
minerals can be an important source of impurities in the process of

enrichment of graphite. Pyrite (FeS:); Pyrite, known as a sulphide
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mineral, is usually found in graphite deposits. It is recognized by its
bright golden yellow color. Calcite (CaCOs); It is usually associated
with carbonate rocks and can be found as a calcium carbonate
mineral in graphite deposits. Dolomite (CaMg(COs)2); Dolomite, a
carbonate mineral similar to calcite, is commonly found in graphite
deposits. Magnetite (FesO4); Magnetite, an iron oxide mineral, can
be distinguished in graphite deposits due to its magnetic properties

[7].

The conditions of graphite formation determine the physical
properties as well as the chemical content and purity. These factors
directly affect the potential for use in industrial applications of
graphite [7].Naturally occurring graphite is composed almost
entirely of carbon, with a typical carbon content ranging from 70%
to 98%, depending on the type of graphite. There are three main
types of natural graphite; Amorphous Graphite: Contains about 70-
90% carbon. It is the most common type and is formed by the
metamorphism of coal or shale, Flake Graphite: Contains about 85-
98% carbon. [7].Natural graphite is composed primarily of the
element carbon, which is the most stable allotropic form of carbon.
However, other minerals are often found in natural graphite deposits.
Carbon (C); the main component of graphite and is usually found in
high purity.

Natural graphite is a mineral resource with abundant
reserves, particularly concentrated [8,9]] in Tiirkiye, Brazil, and
China (Table 1). Natural graphite, particularly in its high-purity
crystalline forms, is critical for industries requiring advanced
materials like batteries, refractories, and lubricants. Based on its

mineralization conditions and crystal size, natural graphite is
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classified into three main types [8-10]. Amorphous
(microcrystalline) graphite: Also referred to as cryptocrystalline
graphite, this type forms through the metamorphism of coal beds
under high pressure and temperature. It appears as fine, earthy
particles within metamorphic rocks and is primarily produced in
Mexico, China, and South Korea. Flake graphite: Flake graphite
forms through the metamorphism of organic material deposited in
sedimentary layers. These deposits are later altered under high
temperature and pressure, often in association with gangue minerals
such as schist and gneiss. Crystalline graphite (vein or lump
graphite): This variety represents the highest quality of natural
graphite, with the highest purity and crystalline form. Vein graphite
typically forms in the fissures and cavities of metamorphic rocks
through the accumulation of organic materials, often accompanied
by minerals like feldspar, quartz, mica, pyroxene, zircon, and apatite
(Table 2).

The most important component in natural graphite is carbon.
There are also elements such as oxygen, sulphur, aluminium, iron,
silicon [8, 14, 15] in graphite (Table 3). This graphite can be made
suitable for industrial use with purification processes (flotation,
chemical washing, and thermal treatment). Purified graphite
provides high performance especially in applications such as
lithium-ion batteries, graphene production, electronics and energy
storage systems. Graphite is a critical component in the anode
section of lithium-ion batteries and the high electrical conductivity,
chemical stability and capacity providing properties of these
batteries increase the efficiency of energy storage systems.
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Graphite mining in Tiirkiye began in 1941, and to date, over
22 regions with economically valuable graphite deposits have been
identified. Although Turkiye has the largest natural graphite
resources in the world actively operated graphite deposits are quite
limited. These deposits are located in the provinces of Kastamonu,
Yozgat, Balikesir, Kiitahya, Mugla, Adiyaman, izmir, istanbul,
Aydin and Artvin. Almost all of the graphite in Turkey is
disseminated in the form of microcrystalline structures within rocks
that fall under the “amorphous” graphite classification found in most
deposits worldwide. The graphite formations in Balikesir (Susurluk),
Kastamonu, Yozgat, and Adiyaman are identified as Tiirkiye's most
highly graphitized carbon-bearing regions. On the other hand, the
formations in Kiitahya, Bandirma, Konya, Kastamonu, and Mugla
exhibit characteristics that occasionally contain graphite but are
mostly transitional formations between "semi-graphite" and "meta-
anthracite" [4].Other graphite-like formations found in almost every
region of Tirkiye are typically "meta-anthracite" deposits,
representing organic matter that has undergone relatively less
metamorphism, with a degree of coalification closer to the "meta-
anthracite" stage (Table 4) (Figure 2) [16].

The first graphite mine in Tiirkiye was operated in Catalca,
Istanbul [17-18]. It is reported that the mine was worked in a very
rudimentary manner in two nearby open pits, with manual sorting
carried out to enrich the material. After enrichment, samples taken
from the mine were reported to contain 40.33% graphite [4]. The
graphite occurs as a thin layer with a thickness of 30-35 cm,
embedded within crystalline strata, with shale at the base and
quartzite at the top. However, the graphite mineralization in the

Kiitahya Oysu deposit, the only operational mine in Tirkiye, is
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found in the Emirgazi Formation of Upper Palaeozoic age, which
consists of amphibolite gneiss, schist, quartzite, and marble,
representing high temperature and high pressure conditions. The
amorphous graphite mineralization is distributed along the
metamorphic layers. Due to strong tectonic deformation, the ore
zones are often discontinuous, and the ore thickness ranges from 5
to 10 meters.

Table 1:World production of nature graphite by country or locality
(unit is ton)[8-11]

Country or Locality Graphite Category 2017 2018 2019 2020 2021
China Flake 350000 416000 392000 7562000 820000
China Amorphous 275000 277000 308000 636000 580000
Brazil Flake S0000 95000 96000 63600 58000
Canada Flake 40000 40000 110000 8000 2600
India Flake 31500 31500 31500 6000 8500
India Amorphous 3500 3500 3500 3500 3500
Mozambique Flake 1042 104000 107000 28000 30000
Russiz Flake 12200 13200 12100 25000 27000
Russiz Amorphous 12000 12000 12000 25000 27000
Madagascar Flake 14529 46900 43000 20900 22000
Ukraine Flake 20000 20000 20000 16000 17000
Morway Flake 11000 16000 16000 12000 13000
Morth Korea Flake 4500 4920 4920 3100 2700
Vietnam Flake 5000 5000 5000 5000 5400
sri Lanka Vein 3900 4000 4000 4000 4300
Mexico Amorphous 9000 9000 9000 3300 3500
Turkey Amorphous 1300 1300 1000 500 600
Australia Amorphous 1000 1000 1000 250 270
World Total 880000 1110000 1100000 966000 1000000
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Table 2: Classifications and Features of Different Natural
Graphite [8-12].

Ore
Graphite Type Morphology Grade Crystallinity Grain Size
Vein (Lump) Interlocking aggregates of coarse graphite ~ 40%-— Crystalline Upto 10
crystals 90% cm
Flake Well-developed crystal platelets of 5%-50% Crystalline 1 pm—4
graphite cm
Microcrystalline  Earthy to compact fine-grained graphite 50%— Microcrystalline = <1 pm
90%

Table 3: Chemical composition and major mineral impurities of
nature graphite [ 8, 13, 14].

Chemical
Graphite Type Composition Major Mineral Impurities
Flake C O Si, Al, Mg, Quartz, feldspar, biotite, pyrite, pyrrhotite, rutile, monticellite, etc.
Ca, Fe
Microcrystalline  C O, Si, Al, Mg, Quartz, chlorite, serpentine, montmorillonite, calcite, illite, mica,
Fe Ca chalcopyrite, pyrite, kaolin, limonite, petalite, etc.
Vein C, O Fe, Ca Mg, Quartz, pyroxene, pyrrhotite, pyrite, chalcopyrite, sphalerite,
Si, Al marcasite, chlorite, calcite, siderite, dolomite, copper, etc.
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Figure 2. Tiirkiye graphite deposits map [16].
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Table 4: Tiirkiye Graphite Mines, Reserves and Resources [4].

Source, Carbon

Province District Location Type Reserve Content ~ Host Rock Status
Kitahya Alnntag Chysu Amorphows | 7.2 Mt 205 Metamarphic Active
Ming
Mugla Milas Amorphows | 500 Kt 1065 Metamarphic Cid
Ming
Istankul Catalea Comuzderesi | Crystalline Unkmown - Metamarphic Cid
Ming
Ealikasir Susurluk Crystalline Unkmown - Metamarphic
Izrnir Tz Amorphows | 350 Kt <10% Metamarphic
Adryaman Sindik Amorphows | 30Kt 45%% Metamaorphic
Yozgat Akdagmadeni Cry=talline 100 Kt 453 Metamorphic
Kastamonu inebalu Anday Amorphows | Unknown | 6062 Wetamaorphic
Konya Salculdu Drarbent Amorphous 342K - Metamorphic
Kastamonu Doganyurt Amorphows | 4.5 Mt 6.06% Metamorphic Source
Kahramanmaras = Gaksu Fandikdidooyak Amorphows | 2.3 Mt Eg%k Metamaorphic Research
Kastamonu Merkaz Imam Amorphows | TAGKL 3.05- Metamarphic
467
Kastamaonu Tosya Ozhoyu Amorphows | 33Kt 525- Metamarphic
607%
Kastamonu Merkaz Miskinar Amorphous 1377 ke 105% Hydrothermal
Dare Altaration
Kastamaonu inebalu Gilmet Amorphows | 237 Kt S.6-
Tig%
Farldar=h Demirkdy
Kitahya Altemtaz Sarayok 31426 I02%
Sibilik Drare
Artvin Degirmantas! willage
{Lusuncur)
Ealikasir Bandema Cigrnag

3.Purification and Applications of Natural Graphite

There are some important differences between pure graphite
and graphite in nature. Pure graphite consists of high purity carbon
atoms and is usually produced in a laboratory environment. It can be
99% or higher purity. Since it has high electrical conductivity, it is
used in electronic devices, nuclear reactors and high temperature
applications. High thermal and electrical conductivity, chemical
resistance, low coefficient of friction. Natural graphite is usually
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found in crystal, flake or amorphous form. The purity rate varies and
can usually be between 70-90%. It is used in pencils, foundries,
lubricants, battery rods and refractory materials. Natural graphite has
electrical and thermal conductivity, chemical resistance and

mechanical properties that vary depending on its purity.

Pure graphite is much more purity and homogeneous than
natural graphite. While pure graphite is preferred in applications
requiring high technology, natural graphite is preferred in more
common and general-purpose uses. Pure graphite has more
consistent and predictable properties, while natural graphite can
exhibit variable properties depending on its purity and form.In order
for natural graphite to be economically evaluated, its chemical
content is very important. The economic value of graphite depends
on its fixed carbon content. Generally, high-quality graphite deposits
have a fixed carbon content of 90% and above. However,
economically exploitable graphite deposits can usually have a fixed
carbon content between 30% and 90%.The economic value of
graphite is determined not only by the fixed carbon content, but also
by the amount and type of impurities. For example, graphite with
low sulfur and iron content is more valuable. In order for graphite
deposits to be economically exploited, factors such as the size, depth
and extraction costs of the deposits should be taken into account in
addition to the fixed carbon content [19].

Graphite, owing to its exceptional physical and chemical
properties, finds applications in a broad range of industries. These
properties include excellent thermal and electrical conductivity, high
resistance to heat and acids, lubricity, and structural stability. High-
purity graphite is a critical component in lithium-ion batteries, dry
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cells, and other energy storage devices due to its superior electrical
conductivity and stability. Graphite’s excellent electrical
conductivity and ability to withstand high temperatures make it ideal
for electrodes in arc furnaces and electrical motors, as well as for
brushes used in electric motors. Used in the manufacture of
components for electronics, such as conductive parts and thermal

interface materials.

3.1. Methods to Remove Inorganic Substances from Organic
Compounds

Removing inorganic substances from organic compounds
typically depends on the specific nature of the substances involved.

Here are common methods used in laboratory and industrial settings

3.1.1.Filtration

Filtration is a fundamental physical method used to separate
solid inorganic substances from liquid organic compounds. If the
inorganic substance is insoluble, such as a salt or metal oxide, it can
be separated using filter paper and a funnel.Vacuum filtration is
often employed to speed up the process. In this technique, a Buchner
funnel and a flask connected to a vacuum source are used to pull the
liquid through the filter, leaving the solid residue behind. This
method is commonly used in laboratory settings for small-scale
samples.Extraction: Utilizes the differences in solubility of organic
and inorganic compounds in different solvents. Organic compounds
are generally soluble in organic solvents, while inorganic

compounds are soluble in polar solvents like water.

3.1.2. Extraction

Extraction involves the use of two immiscible solvents to

separate organic compounds from inorganic substances. Inorganic
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impurities typically dissolve in a polar solvent like water, while
organic compounds dissolve in a non-polar solvent like ether.Using
a separatory funnel, the mixture is shaken, allowing the two layers
to separate based on density and solubility. The inorganic impurities
partition into the aqueous phase, while the organic compound
remains in the organic phase. This method is highly effective for
purification.These methods increase the purity of organic
compounds by removing inorganic contaminants, and the choice of
method depends on the properties of the mixture and the desired
level of purity.

3.1.3. Washing

Washing is used to remove inorganic impurities adhering to
or mixed with organic compounds. For instance, washing an organic
solution with water can remove water-soluble salts. Similarly, acidic
impurities can be neutralized with a basic aqueous solution (e.g.,
sodium bicarbonate), and basic impurities can be neutralized with a
dilute acidic solution (e.g., hydrochloric acid). This process is often
combined with extraction and is effective for removing surface

impurities. Care must be taken to select a solvenPrecipitation

3.1.4. Precipitation

Precipitation is used to selectively remove inorganic
substances by converting them into insoluble solids. For example,
metal ions can be precipitated as insoluble salts using a suitable
reagent. Calcium ions, for instance, can form calcium oxalate
precipitate when treated with oxalate ions.The resulting precipitate
can be separated using filtration or centrifugation. This method is
particularly useful for removing trace inorganic impurities.t that

does not react with the organic compound.
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3.1.5. Decantation

Decantation relies on differences in density to separate
substances. When the inorganic substance is a heavy precipitate, it
settles at the bottom of the container over time. The liquid organic
phase can then be carefully poured off, leaving the inorganic
precipitate behind. This method is simple and quick but does not
achieve complete separation. It is often followed by filtration for

better results.

3.1.6. Distillation

Distillation separates components based on differences in
boiling points. If the inorganic impurities are non-volatile and the
organic compound is volatile, distillation can purify the organic
compound. For example, distillation can remove water from an
alcohol-water mixture. For mixtures with close boiling points,
fractional distillation may be required. It is important that the organic
compound is thermally stable to prevent decomposition during
heating.

3.1.7. Crystallization

Crystallization is a method for purifying organic solids
contaminated with inorganic impurities. The mixture is dissolved in
a solvent that dissolves the organic compound but not the inorganic
impurities. Upon cooling, the organic compound crystallizes,
leaving the impurities in the solvent. This method is widely used in
industries like pharmaceuticals, where high-purity organic
compounds are essential. The choice of solvent and cooling rate
greatly influence the quality of the crystals.
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3.1.8. Sublimation

Sublimation is used for organic compounds that can
transition directly from solid to gas without passing through a liquid
phase. If inorganic impurities do not sublime, the organic compound
can be purified by heating under reduced pressure. This method is
suitable for volatile organic solids, such as naphthalene, and is often

used in small-scale laboratory settings.

3.1.9. Ion exchange

Ion exchange removes ionic inorganic impurities by passing
the solution through an ion exchange resin. Cation exchange resins
remove positively charged ions (e.g., metal cations), while anion
exchange resins remove negatively charged ions (e.g., chloride or
sulfate). This technique is frequently employed in water treatment
and in the purification of solutions containing sensitive organic
compounds.

3.1.10. Dialysis

Dialysis separates small inorganic ions from larger organic
molecules using a semipermeable membrane. The membrane allows
inorganic ions to diffuse out while retaining larger organic
molecules. This method is particularly useful in biochemistry for
purifying proteins or removing salts from biological samples. A
dialysis bag is typically used for this purpose.

3.1.11. Drying agents

When water is the inorganic impurity, drying agents such as
anhydrous magnesium sulfate (MgSO.) or calcium chloride (CaCl:)
can be added to the organic solution. These agents absorb water,
forming hydrates, which are then removed by filtration. This method
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is widely used to dry organic solvents or remove residual water from

organic reactions.

3.1.12. Electrodialysis

Electrodialysis is a technique that removes inorganic ions by
applying an electric field. The ions migrate through selective ion-
exchange membranes, leaving the organic compound behind. This
method is commonly used for desalination and in processes

requiring the removal of ionic impurities from complex mixtures.

Each of these methods is chosen based on the specific
properties of the organic compound and the nature of the inorganic
impurities. Combining multiple techniques is often necessary to
achieve optimal purification.

3.2. Purification Methods of Natural Graphite

Purification of graphite is essential to enhance its quality and
expand its range of applications. Below is an overview of each
method and its key features.

3.2.1.Flotation

Flotation is a separation process that utilizes the unique
hydrophobic (water-repelling) properties of certain materials, such
as graphite. In this method, the material to be separated (e.g.,
graphite) is mixed with water, along with specially selected
chemicals, to enhance its natural hydrophobicity. These chemicals
often include surfactants or frothers that help create stable bubbles
in the liquid.Graphite, mixed with water and chemicals, rises to the
surface and is collected. However, it is generally suitable for
achieving moderate purity levels.
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Flotation is a cost-effective and widely used technique.
Flotation is widely used in the mining industry for graphite ore
beneficiation. It is an essential step in producing graphite suitable for
applications such as lubricants, refractories, and pencil
manufacturing. For higher-purity requirements, such as in lithium-
1on batteries or fuel cells, flotation is often combined with chemical
leaching or thermal purification.In summary, flotation leverages
graphite’s natural hydrophobicity to separate it from impurities in a
cost-effective and scalable manner, making it a cornerstone of
graphite processing techniques.Magnetic Separation: This method is
used to remove magnetic minerals from graphite ore by applying a
magnetic field. It is particularly preferred for graphite ores
containing magnetic impurities and is easy to implement.

3.2.2. Electrostatic separation

Electrostatic separation is a purification method that utilizes
differences in the electrical conductivity of materials to separate
them. Graphite, being a good conductor of electricity, can be
effectively separated from non-conductive impurities using this
technique. This method is especially effective when a high level of
graphite purity is required, such as for use in advanced industrial
applications like batteries or electronics. Leaching Method: Through
chemical dissolution, impurities in the graphite ore are removed.
Using suitable solvents based on the chemical structure of graphite,
high-purity levels can be achieved. However, environmental impacts
and chemical costs should be considered.

3.2.3. Gravity separation

Gravity separation is a physical process used to separate
materials based on differences in their specific gravities or densities.
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This method is commonly applied to mixtures where the components
have significant density differences. For graphite purification,
gravity separation can be used to remove heavier impurities like
silicates, metal oxides, and other minerals that are denser than
graphite. While it may not achieve the ultra-high purity required for
specialized applications, it is an excellent first step in the
beneficiation process, particularly for large-scale mining operations.

The choice of purification method depends on the physical
and chemical properties of the graphite ore, the desired purity level,
and cost/environmental considerations. Purified graphite offers high
performance, especially in applications such as energy storage,

electronics, composite materials, and lubricants[19].

These methods are widely applied to increase the purity of
graphite and make it suitable for industrial applications.Graphite is
extensively used in the production of steel and in
electrometallurgical processes, where it serves as a high-temperature
electrode material. Lower-grade graphite is used in making
refractory coatings, furnace linings, and crucibles due its resistance
to high temperatures and chemical stability.It is an essential material
for foundry applications, especially as a mold release agent and
additive in casting processes. Graphite’s versatility ensures its
relevance across traditional industries like metallurgy and advanced
technologies such as energy storage, electronics, and nuclear power.
Its properties, particularly its resistance to heat, acids, and wear,
along with its high conductivity and lubricating capabilities, make it

a vital material in both modern and conventional applications.
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3.3 Applications of Natural Graphite

The application areas of graphite are quite wide due to its
properties. It is used in the casting and refractory industry, crucibles
and laboratory materials due to its resistance to heat and acids. It is
used in the production of electrodes, motor brushes, battery bars and
electronic devices due to its good electrical conductivity [20-22].

Graphite is an excellent refractory material due to its high
temperature stability and chemical inertness. The use of graphite in
this industry has a large place in the world market. Initially, very
large flake graphite was preferred in refractory products [20].Grafit
kayganligl, yumusaklig1 ve makina parcalari lizerine uzun miiddet
yapisabilmesi 0zelligi nedeniyle makina yataklarinda yaglama
maddesi olarak uygulanabilir. Bu sahada kullanilabilecek grafitin
cok saf olmasi (en az %95 grafitlesmis karbon) ve kuvars gibi sert
mineralleri icermemesi gerekmektedir. Dola-y1siyla en uygun grafit
tiirti, pulsu sekilde olanlardir.Graphite can be used as a lubricant in
machine bearings due to its slipperiness, softness and ability to
adhere to machine parts for a long time. The graphite to be used in
this field must be very pure (at least 95% graphitized carbon) and
must not contain hard minerals such as quartz. Therefore, the most
suitable type of graphite is the flake type [21].Since graphite has a
very high melting point, it is heat resistant. Its expansion constant is
very low; its resistance to mechanical loading, chemical effects and
temperature changes is very good. Its properties such as conducting
heat very well and its outer surfaces being slippery so that a liquid
cannot grip and hold the metal are among the preferred qualities for
casting crucibles [20,21].

—-4)--



Efficient and stable anodes based on graphite are being made
for batteries manufactured with both synthetic and natural graphite.
The increasing demand for graphite in this market is due to the
growth in the production of lithium-ion batteries. In order to increase
the existing high electrical storage and good charge cycle properties
of natural graphite to be used in this sector; after impact milling, acid
or thermal purification (>99.5% Graphitic carbon ‘Cg’) is applied to
turn graphite flakes into round shapes and then coated with a thin
amorphous carbon film [20]. The graphite and its derivatives have
applications in the aviation industry due to their extremely high
thermal stability properties. Substances with small amounts of
graphite added are applied in rockets due to their resistance to very
high thermal shocks [22].In addition, Pebble-bed nuclear energy
generators, which are gaining importance today, are small modular
reactors that are gaining importance in the energy sector. Pebble-bed
reactors use uranium fuel embedded in golf ball-sized graphite-
coated pebbles that act as a moderator, instead of uranium-enriched
rods [22].The consumption of graphite, which replaces asbestos in
the automotive industry, has increased significantly since the 1980s
when the dangers of asbestos were recognized. Graphite is more
useful in brake pads of heavy vehicles as opposed to passenger cars.

4. Conclusion

Natural graphite is a fascinating material with several unique
properties. Graphite is composed of carbon atoms arranged in a
hexagonal lattice, forming layers. These layers are held together by
weak van der Waals forces, allowing them to slide over each other
easily. Due to the delocalized electrons within its layers, graphite is
an excellent conductor of electricity. Graphite remains stable at high
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temperatures and sublimates at around 3,000°C, making it useful in
high-temperature applications. The weak bonding between layers
gives graphite a slippery feel, making it an effective dry lubricant.
Graphite is very soft and can cleave with light pressure, which is why
it is used in pencils. It has a low specific gravity and density, which
contributes to its lightweight nature. Graphite is relatively non-
reactive, making it stable in. It has a metallic luster and is typically
black or dark gray in color. These properties make natural graphite
valuable in many applications, including as a lubricant, in batteries,

and as a moderator in nuclear reactors.

Graphite is becoming an increasingly vital strategic and
critical raw material due to its diverse and expanding range of
applications in high-tech industries such as energy storage,
electronics, metallurgy, and nuclear technologies. The global
demand for graphite continues to rise, driven by its role in advanced
technologies like lithium-ion batteries for electric vehicles,

renewable energy systems, and emerging industrial applications.

Given these factors, it is imperative to focus on enhancing
the beneficiation and enrichment of domestic graphite resources to
reduce reliance on imports and support the growth of national
industries. Producing high-quality graphite concentrates with
elevated carbon content is essential for meeting the stringent
requirements of industries such as battery manufacturing and high-
temperature applications.Traditional beneficiation techniques such
as flotation, magnetic separation, and leaching may need to be
supplemented or replaced with innovative methods, such as
bioleaching, advanced chemical treatments, or environmentally

friendly processes, to improve recovery rates and reduce
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environmental impact.The creation of specialized graphite grades
tailored for specific applications (e.g., spherical graphite for
batteries, nuclear-grade graphite, or expanded graphite for thermal
management) will enable the country to meet the needs of high-value
markets.Promoting research into novel graphite processing
technologies and fostering collaborations between industry,
academia, and government institutions can accelerate the
development of competitive technologies and sustainable
processes. While pursuing technological advancements, it is essential
to prioritize eco-friendly processing methods and cost-efficient

practices to ensure the long-term viability of graphite production.
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CHAPTER III

Origin, Formation and Characteristics of Cenozoic
Evaporite Deposits in Eastern Anatolia (Tirkiye)

Pelin GUNGOR YESILOVA

1.Introduction

Numerous marine and non-marine evaporites that were
deposited at different times throughout the Cenozoic can be found in
Anatolia. These deposits are significant because they provide insight
into the tectonic events and climatic shifts of those eras, as well as
the paleogeographic development of the Tethys Ocean (such as
opening-closing-shallowing-deepening). Both large and small
continental blocks make up Anatolia, which is encircled by the
branches of Paleotethys and Neotethys (Sengér & Yilmaz, 1983;
Giirer & Giirer, 1999). During the Early Mesozoic Era, the northern
region of Gondwana began to rift, opening the Neotethys Ocean
(Platzman & et al., 1994). The Neotethys Ocean was divided into
two branches, the northern and southern Neotethys, in an area
located on the Anatolian plateau today (Yilmaz, 1993) (Figure 1).
Yilmaz & Yilmaz (2019) stated that the closure of the northern and



southern branches of Neotethys may have occurred in different
periods. The branches of this ocean started to close from the Late
Cretaceous. The closure of the northern branch between the Pontide
arc and the Anatolide-Tauride platform continued until the Middle
Eocene (Yilmaz, Boztug & Oztiirk, 1993; Platzman & et al., 1994).
The southern branch of Neotethys, south of the Bitlis and Piitiirge
continental units, closed in the Middle Miocene (Yilmaz, 1993;
Robertson & et al., 2006, 2007; Okay, Zatin & Cavazza, 2010).

The northern branches of Neotethys are divided into Izmir-
Ankara-Erzincan ocean and Inner Taurus ocean, while the southern
branches are divided into Maden (=Berit) ocean and Ciingiis ocean
(Karadenizli & et al., 2016). Erzincan basin located on Inner Taurus
and Malatya basin located on Maden (=Berit) ocean are forearc
basins and accumulated marine origin rocks between Late Eocene
and Early Miocene. The closure of Inner Tauride ocean is at the end
of Late Early Miocene (Gokten, 1983). When Inner Tauride ocean
shrank, evaporites accumulated during Chattian (Upper Oligocene)
period due to arid climate. In Early Miocene period, carbonate
sedimentation became dominant due to tropical-humid climate
(Karadenizli & et al., 2016).
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Figure 1. Paleogeographic distribution of the northern and
southern branches of Neotethys in Turkey (modified Sengor &
Yilmaz, 1983)

Giirer & Giirer (1999) attributed the origin of evaporites in
Western and Central and Eastern Anatolia to changes in latitude and
altitude. For example, during the Oligocene, Western Anatolia was
higher and located at northern latitudes than at present. On the other
hand, at this time, Central and Eastern Anatolia was located at
southern latitudes and partly at almost sea level, and evaporitic
conditions were dominant (Luttig & Steffens, 1976). During the
Early Oligocene, continental basins such as Sivas and Erzincan
developed in Eastern-Central Anatolia. Approximately in these
basins, reddish conglomerates, sandstones and mudstones extending
in the E-W direction were deposited. Considerable amounts of
gypsum were observed in these deposits (Kurtman, 1971). During
the Late Oligocene, under arid climate conditions, these basins
expanded and underwent short-term marine transgression (from
Iran) leading to widespread evaporite deposits (such as gypsum and
halite) (Cater & et al., 1991; Steininger, 1985). In Southern, Central,
and Eastern Anatolia, marine transgression and the development of

local rift systems took place during the Early Miocene (Fairbridge &
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et al., 1997). The majority of Eastern Anatolia was still underwater.
During this time, the Mediterranean Sea transgressively covered
Malatya, Erzincan, and their environs, depositing carbonates and
clastics (Luttig & Steffens, 1976). The Middle Miocene saw the
beginning of the neotectonic regime in Anatolia due to the collision
of continents (Sengoér & Yilmaz, 1981), which resulted in a change
in the region's climate (Fairbridge & et al., 1997). In Eastern
Anatolia, this tectonic regime led to uplift and N-S compression.
Consequently, the sea between Eastern Anatolia and Central
Anatolia retreated entirely (Sengdr & Yilmaz, 1981). The collision
of the Anatolian and Arabian plates during the Late Miocene caused
East-Central Anatolia to be uplifted and displaced to northern
latitudes. This led to the end of evaporative conditions and
evaporative accumulation and the local development of glacial
environments (Giirer & Giirer, 1999).

2.Eastern Anatolian evaporite deposits

Part of the Alpine-Himalayan orogeny, the Eastern Anatolian
High Plateau 1s a 200 km wide belt that runs roughly east-west
between the Bitlis-Zagros suture mountains in the south and the
Pontide Mountains in the north. The geological evolution of Eastern
Anatolia has been greatly impacted by the neotectonic regime that
began in the Middle Miocene (Sengdr & Yilmaz, 1981). Folds, thrust
and strike-slip faults, and extensive extensional fractures have all
been created as a result of the region's compressional tectonic regime
during the neotectonic era. Both intermountain and pull-apart basins
have developed as a result of the influence of all these structural
components. (Sengér & Yilmaz, 1981). Among these, the Mus,
Ahlat-Adilcevaz, Erzurum-Pasinler-Horasan and Karayazi-Tekman
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basins are intermountain basins affected by strike-slip faults. The
Kagizman-Tuzluca basin developed in the pull-apart type (Hiising &
et al., 2009) (Figure 2).

The Eastern Anatolia Region contains many marine and
continental evaporite basins of Paleocene-Pliocene age. At the same
time, there are many marine and terrestrial evaporite deposits of the
same age range in the Siirt, Bismil-Diyarbakir, Batman, Sirnak
basins of the Southeastern Anatolia Region within the southern
branch of the Neotethys (Stdcklin, 1968; Ozkaya, 1974; Dagistan &
Simsek, 2005; Dogan, 2005; Ozdogan & et al., 2011; Yesilova,
Glingor-Yesilova & Helvaci, 2011; Yesilova & Helvaci, 2012,
Glingor-Yesilova & Helvaci, 2012; Yesilova & Helvaci, 2013;
Glingor-Yesilova & Helvaci, 2013; Hosgormez & et al., 2014;
Glingor-Yesilova & Helvaci, 2017, Yesilova, Helvacit & Carillo,
2018). The basins in Eastern Anatolia that contain evaporite are
Malatya-Darende-Balaban, Erzincan-ilic-Kemah-Refahiye,
Erzincan-Tercan-Cayirli,  Erzurum-Askale,  Erzurum-Tekman-
Karayazi, Erzurum-Hinis, Igdir-Tuzluca, Elazig-Baskil, Elazig-
merkez, Mus-Bulanik-Malazgirt, Agri-Dogubeyazit, Van-Bagkale,
and Van-Timar (Figure 3).
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Figure 2. Location map of the subbasins in Eastern Anatolia
(NAFZ: North Anatolian Fault Zone, EAFZ: East Anatolian Fault
Zone, TGF': Tuz Golii Fault, EF: Ecemis Fault, DSFZ: Death Sea

Fault Zone, BSZ: Bitlis Suture Zone (modified from Sahintiirk,
Saroglu & Captug, 1988b, Kogyigit, 1991, and Sancay, 2005).
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The Southeastern Anatolian suture zone and the Karliova
triple junction of the South Anatolian and North Anatolian faults
(Allen, 1969; Arpat & Saroglu, 1972; Sengor, 1979) border the
Pontides. The eastern Anatolian basins are located at the northwest
end of the Turkey-Iran plateau (e.g. Tekman-Karayazi, Tercan-
Askale, Pasinler-Horasan, and Hinis-Mus-Van) (Figure 2). The
origin and age of evaporite deposits belonging to all these basins in
Eastern Anatolia have been revealed by some researchers so far with
isotopes such as Sr, S, O, elemental analyses, sedimentological-
petrographic and mineralogical studies, stratigraphic, palynological
and paleontological data. (Senalp,1969; Kurtman, 1973; Tatar, 1978;
Ozgiil & et al., 1981; Sengdr & Canitez, 1982; Hempton & Dunne,
1984; Saroglu & Yilmaz 1984; Siimengen &et al. 1987; Yazgan,
1987; Barka & Giilen, 1989; Kogyigit, 1991b; Sahintiirk, 1992;
Karaman & et al., 1993; Poisson & et al., 1996; Palmer, Helvac1 &
Fallick, 2004; Sancay, 2005; Bati & Sancay, 2007; Bilgic, 2008;
Hiising & et al., 2009; Gedik, 2010; Sirel & Gedik, 2011; Sen & et
al.,2011; Aydingakir, 2013; Abdioglu etal., 2015; Varol et al., 2015;
Karadenizli & et al., 2016; Giingor-Yesilova, 2020; Giingor-
Yesilova & et al., 2020; Giingoér Yesilova & Gokmen, 2020;
Abdioglu-Yazar & et al., 2021, Giingor-Yesilova & Yesilova, 2021;
Gilingor-Yesilova & Yavuz, 2021; Giingor-Yesilova & Baran, 2023,
etc.).
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Figure 3. Distribution of Cenozoic evaporite deposits in Eastern
Anatolia (modified from Saygili, 2020).

2.1.Characteristics of evaporites in the basins located in the
northern branch of Neotethys

2.1.1.Kemah-ili§-Refahiye basin (SW Erzincan)

Munzur limestones form the base of this basin, followed by
the Bozbel formation and Giines ophiolites. These units are
unconformably covered by the evaporites in this basin (Figure 4).
These marine-derived, Late Oligocene (Shattian) evaporites are
situated southwest of Erzincan and are composed of primary,
secondary, and anhydrite gypsum (Altunsay, 1993; Kavak, 1998;
Glingor-Yesilova & Yavuz 2021). Rocks like limestone, dolomite,
mudstone, sandstone, claystone, tuff, and basalt are interbedded with
them. Primary gypsum changes into secondary gypsum and primary
anhydrite grows in the host sediment during early-late diagenetic
processes. Sedimentary structures (chicken-wire, enterolithic, and
cross-bedding) resulting from tectonism and diagenesis are
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frequently observed in lithofacies (Figure 5a). There are several
types of secondary sulphate lithofacies, including satin spar gypsum,
anhydrite, massive, massive-bedded, intraclastic, nodular
brecciated, nodular, nodular banded, and nodular laminated
(Karadenizli & et al. 2009, 2016; Glingor-Yesilova & Yavuz 2021).
These exhibit secondary gypsum textures of the alabastrin or
porphyroblastic types, where primary gypsum is anhydritized and
then transformed into secondary gypsum. Gypsarenite, gypsum rose,
radial-fibrous gypsum, free-growing twinning selenitic gypsum, and
prismatic-lenticular gypsum are the main types of gypsum
lithofacies found in this basin. Based on these lithofacies in the basin,
Glingor-Yesilova & Yavuz (2021) separated the depositional
environment of evaporites into coastal sabkha, lagoon, and seaside

arcas.

2.1.2.Erzincan-Kemah basin

Evaporites belonging to this basin are distinguished within
the Lower Miocene Kemah formation coal member. It overlies the
Eocene Gulandere formation (Figure 4). These evaporites crop out
in the south of the North Anatolian Fault between Kemah district and
Erzincan and in the north and south of the Erzincan-Kemah road.
The unit generally consists of sandstone, claystone, mudstone,
clayey limestone, siltstone alternation. In addition, this unit contains
red, yellow, white and green colored, thin-medium-thick bedded,
folded and overturned thin carbonates, coal and gypsum. The
gypsiferous units here are primary and secondary (alabastrine
textured) (Figure 5b) and may have carbonate intercalations. These

evaporites were deposited in environments ranging from shallow
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2.1.3.Erzincan-Cayirh basin

The Lower Miocene Balikli formation, which appears in the
Cayirli region, contains evaporites that are part of this basin.
Bituminous marl, claystone, shale, bituminous limestone, and
gypsum alternations make up the formation, which begins with
conglomerate (Arpat, 1964) (Figure 4). These gypsums have lost
water and transformed into anhydrite in some areas, and are typically
seen as primary selenitic gypsum (Figure 5¢). Lagoon and coastal

sabkha environments are where they originated.

2.1.4.Tercan-Cayirh basin

Tercan group evaporites can be found in this basin in both
the Yaylayolu and Kizilca formations (Figure 4). The evaporites of
the Kizilca formation are terrestrial-fluvial in origin and date to the
Early-Middle Miocene (Temiz & et al., 2002). In the southeast of the
Tercan-Cayirli region, the Kizilca formation, which contains
evaporite units, appears. This formation is composed of siltstone,
yellow mudstone, cross-bedded red conglomerates, and a lot of
gypsum. Thin-bedded mudstones, siltstones, small sandstones, and
limestones make up the Yaylayolu formation, which is situated in
this basin and above the Kizilca formation. Gypsum is found in the
upper layers of the formation. Microfossils indicate that this
formation is Early-Middle Miocene in age (Temiz & et al., 2002).

2.1.5.Erzurum-Askale basin

The Askale formation contains the evaporites in this basin
(Figure 4). Sandstone, mudstone, limestone, and evaporites make up
the formation (Abdioglu & et al., 2015). Anhydrite and gypsum
make up evaporites, and the formation contains massive, nodular,
nodular banded, laminated, and Ilaminated-banded gypsum
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lithofacies in addition to chicken-wire and uncommon enterolithic
structures (Figure 5d). These are Early-Middle Miocene in age and
suggest a sabkha, lagoon, or shallow marine environment (Sungurlu,
1971; Abdioglu-Yazar & et al., 2021).

2.1.6. Tekman-Karayaz basin

The northern branch of Neotethys started to spread in the
eastern part of the Anatolian plate in this basin during the Jurassic
period, and its subduction and closure occurred between the Late
Cretaceous and Middle Eocene (Yilmaz & Yilmaz, 2013). The
evaporites in this basin are located in the north of Tekman-Karayazi,
southeast of Erzurum. It consists of Oligocene evaporite shallow
marine-lagoon units (C1g1lgan Formation) (ilker, 1966, Aziz, 1971;
Erdogan, 1972; Havur, 1972; Tanriverdi, 1971; Gedik, 1985) (Figure
4). The formation is mostly composed of shale, claystone and marl,
occasionally gravelly sandstone levels and clayey-sandy limestone
beds. The uppermost parts of the formation contain occasional
gypsum-bearing interlayers. The formation is generally greenish-
bluish in color and thin to medium-thick layered. Base structures,
gradation, parallel and folded laminations and sand-concretions are
common in this unit (Figure 5e). Andesitic basalt interlayers are
rarely observed. This basin consists of limestone and marl lake
sediments starting from the Late Oligocene (Agcakoca Formation)
(Gedik, 1985; Yilmaz, Terlemez & Uysal, 1988; Ayyildiz & et al.,
2018). In the Early Miocene, it is again composed of conglomerate,
variegated sandstones and marl alternations belonging to the
lagoonal Yastiktepe formation, and sometimes there are white
gypsum and limestone layers (Figure 4). The upper part of the
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Yastiktepe formation is intercalated with volcaniclastic rocks
(Saroglu & Yilmaz, 1986).

2.1.7.Pasinler-Horasan basin

This basin's evaporites are situated northeast of Erzurum.
The Early-Middle Miocene Giilliice Formation is represented in this
basin by reddish conglomerates, sandstones, and claystones with
some gypsum layers. (Figure 4) (Sungurlu, 1972). According to
Sahintiirk & Kasar (1979), the Giilliice Formation is typically 700
meters thick and reflects shallow marine depositional conditions
(Figure 4). Beige silty shale, clayey marl, and trace amounts of
sandstone and conglomerate levels from the Zirnak formation are
found in this basin during the Upper Miocene-Pliocene period.
Furthermore, there are very thin evaporitic layers with carbonate
rocks (dolomite and dolomitic limestone) and volcanic rocks (basalt
andesite, tuff). According to Sahintirk & Kasar (1979), this
formation is representive of transitional and continental-lacustrine

environments.

2.1.8.Hinis-Tekman basin

Evaporites belonging to this basin are in the Alibonca
formation between Hinis and Tekman (Erdogan & Soytiirk, 1974).
The Upper Miocene Alibonca formation consists of conglomerate,
sandstone, mudstone, marl, clayey limestone, gypsum, and
pyroclastic rocks (ilker, 1966b; Sungurlu, 1967, Saroglu & Y1ilmaz,
1986). This formation corresponds to the lowest levels of the Zirnak
formation (Soytiirk, 1973). The Alibonca formation accumulated in
a terrestrial environment between a stream and a lake where volcanic
activity took place. In addition, there is a unit consisting of the

alternation of conglomerate, sandstone, claystone, mudstone,
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carbonate, marl and gypsum belonging to the Upper Miocene-
Pliocene Haciomer formation in this basin. The gypsum here was
formed in a fluvial environment (Erdogan & Soytiirk, 1974; Gedik,
1985).

2.1.9.Kagizman-Igdir-Tuzluca basin

East of the point where the main North and East Anatolian
Fault systems converge (near Karliova), this basin is situated in
northeastern Anatolia (Allen, 1969; Sengdr, 1979). There are lake
and fluvial environments in this intermountain basin (Varol & et al.,
2015). The Tuzluca formation contains evaporites here (Figure 4).
Claystone, siltstone, sandstone, mudstone, limestone levels, their
intermediate bands, clay-rich evaporite units, primary gypsums,
halite, recrystallized salts, and gypsum pseudomorphs make up the
Tuzluca Formation (Figure 5f, g, h). Evaporites consist of selenite
(Figure 4g), gypsum arenite, halite and small anhydrite nodules. This
sequence is approximately 170 m thick. Grooves, folds, ripples and
parallel laminations are frequently observed in gypsum. Varol & et
al. (2015) and Giingor-Yesilova & Yesilova (2021) stated the
existence of these formations as playa lakes and salt-mud flats. The
evaporites here are Upper Miocene in age (Varol & et al., 2015;
Gilingor-Yesilova & Yesilova, 2021).

2.1.10.Agr1-Dogubeyazit basin

This basin's Lower-Miocene evaporites have a marine origin.
Marl, limestone, gypsum, and fine-grained detrital rocks alternate
with green marl and limestones at the beginning of this basin's
sequence (Altinli, 1953).
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Figure 5. Evaporites belonging to the basins in the northern
branch of Neotethys. (a) Clustered structures of the Ilic-Kemah
Basin, (b) gypsums with alabastrin texture (gyp) of the Erzincan-
Kemah Basin, (c) selenites with carbonate intercalations of the
Erzincan-Cayirli Basin, (d) laminated and nodular gypsums of the
Erzurum Askale Basin (modified Abdioglu et al. 2015), (e)
laminated-folded gypsums of the Tekman-Karayazi Basin, (f, g)
recrystallized salts intercalated with clays and selenitic gypsum
with carbonate intercalations of the Igdir-Tuzluca Basin, (h)
pseudomorphic gypsums in mudstone cracks of the Kagizman Basin

(pso gyp).
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2.2.Characteristics of evaporites in the basins located in the
southern branch of Neotethys

2.2.1.Malatya-Darende basin

The Darende formation contains evaporites that are
associated with this basin. The Late Eocene-aged units in this
formation were formed in shallow waters. Light gray-brown gypsum
alternations, marl, sandstone, claystone, conglomerate, and
limestone make up the formation (Akkus, 1971; Karaman & et al.,
1993; Gedik, 2010). According to Karaman & et al. (1993) and
Nazik, Giirbliz & Erdogan (2016), the foraminiferal assemblage in
this basin indicates that these evaporite units are Middle-Late
Eocene in age. The layers of siltstone and sandstone contain load and
flute cast traces from sedimentary structures. The sediments of the
Eocene (Lutetian) sea began to fold with the Pyrenean orogenic
phase. During this time, the sea lost its character and became an
inland sea, and in this inland sea, gypsum formations that filled the
center of the basin were deposited. The thickness of the gypsum
increases from 3 meters to 12 meters at the base (Akkus, 1970). The
gypsum is observed as layered and laminated.

2.2.2.Malatya-Hekimhan basin

The Late Paleocene-Early Eocene Darende formation
contains these evaporites, which were formed in a variety of
environments, including continental, coastal, and shallow marine
sabkha (Girer, 1994; Yalcin & Bozkaya, 1996). Light gray gypsum
makes up the evaporites in this basin, which are intercalated with red
sandstone, siltstone, and marl (Figure 6). The gypsum exhibits
chicken-wire, laminated, folded, and folded structures. Nonetheless,
some gypsums exhibit chaotic folding, which could be the
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consequence of syn-tectonic deformation or partial dissolution and
collapse. Because of diagenetic processes, the gypsums have
secondary textures like some alabastrine and porphyroblastic, and

they are laterally discontinuous.

2.2.3.Elazig-Baskil-Kuscular basin

The Elazig basin developed during the closure of the
southern branch of Neotethys during the Tertiary period. Aktas &
Robertson (1984) define the boundary line of an active plate margin
of southern Neotethys south of Elazig. The Tethyan sea became
shallower during the Oligocene and retreated northward. Shallow
marine carbonates and clasts accumulated in the basin from
Oligocene to Early Miocene time (Aksoy, Tiirkmen & Turan, 2005).
The evaporites here are in the Kuscular formation in the southwest
of Elazig, in the Baskil district (Figure 6). This formation contains
terrestrial red beds including massive conglomerate, layered
conglomerate, sandstone, mudstone and secondary gypsum
(Tirkmen, 2004). The gypsum is layered and intercalated with
mudstone and sandstone. Secondary gypsum is observed as nodular
and is observed between red-green mudstones or mudstone cracks.
In addition, nodular, nodular banded gypsum and alabastrine satin-
spar gypsum and chicken-wire structures are present (Tiirkmen,
2004) (Figure 7a). Gypsum crystals are common in the sandstone
and most of the grains are cemented with gypsum. Anhydrite is
found as very fine microcrystalline inclusions in the gypsum. These
secondary gypsums are derived from anhydrite. This formation is
Lower Paleocene in age and is of terrestrial origin (Figure 6). These
evaporites are of terrestrial origin and were formed in the playa salt
mud flats environment (Turan & Tiirkmen, 1996).
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2.2.4.Elaz1g-Kovancilar basin

The evaporites in this basin are found in the Caybagi
formation in the vicinity of Kovancilar in the east of Elazig. They
are Upper Miocene-Pliocene in age and have a lacustrine character.
Elaz1g Caybagi formation consists of conglomerate, sandstone,
mudstone, claystones with coal intercalations, marl, tuffite and
limestone (Tiirkmen, 1991). Conglomerates are generally red in
color and are composed of andesite, basalt, sandstone and limestone
pebbles. Mudstones are red in color and contain coal seams.
Claystones are seen intercalated with coal. Very well preserved leaf
traces are found in these. Claystones are gray, yellow in color, have
many cracks and the cracks are filled with secondary gypsum with
alabastrin texture (Tiirkmen, 1991).

2.2.5.Mus-Bulanik basin

This basin is located in the northeast of Mus. Evaporites in
this basin consist of gypsum and anhydrite. Gypsum consists of
primary and secondary gypsum. Primary and secondary gypsum are
intercalated or alternated with beige-white colored marl, yellowish-
gray claystone, siltstone and sandstone, yellowish-gray and red
colored mudstone and limestone units (Gilingor-Yesilova, 2019)
(Figure 6). Due to regional compressional tectonism, the layers in
these places are very close to right angles and are generally observed
as post-sedimentary folds (Saroglu & Yilmaz 1986). Primary and
secondary gypsums are divided into lithofacies. They are
distinguished as massive nodular, nodular banded and laminated
banded secondary gypsum, discoidal (Figure 7b), selenitic and
gypsum arenite primary gypsums (Gilingor-Yesilova & et al., 2020).
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In addition, sedimentary structures such as chicken-wire, enterolithic
structures, ripple marks and folds are observed (Figure 7c¢).

When evaluated with all these elements, it was determined
that the evaporites in this basin were deposited in an environment
ranging from shallow marine to lagoon and coastal sabkha (Giingor
Yesilova & et al., 2020). Isotope evidence indicated that this basin is
of marine origin and Lower Oligocene age (Figure 6) (Glingor-
Yesilova & et al., 2020).
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2.2.6.Mus-Malazgirt basin

This basin's evaporites are found in the Zirnak region's
Aktuzla Formation (Figure 6). Conglomerate, sandstone, marl,
mudstone, clay bands, carbonate, and gypsum make up the
formation. In certain locations, these evaporites are intercalated with
clasts and carbonate (Figure 7d). Arenite and selenitic gypsum make
up the majority of these gypsums (Figure 7d). In certain locations,
temperature, sedimentation, and diagenetic processes have
converted these gypsums into anhydrite. These evaporites are marine
in origin and date to the Lower Miocene (Aquitenian) based on
stratigraphic and palynological data. The basin resembles a shallow
platform lagoon (Sancay, 2005; Ilker, 1966; Senalp, 1966; Birgili,
1968).

2.2.7.Van-Timar basin

This basin is located in the Tusba district in the northwest of
Van. The evaporites here are within the Koluz gypsum member of
the Middle-Late Miocene Kurtdeligi formation (Figure 6). These
evaporites are Upper Miocene in age and are of terrestrial origin
(Acarlar & et al., 1991; Ates & et al., 2007; (Glingor-Yesilova &
Gokmen, 2020). These evaporites are composed of gypsum and
anhydrite and are intercalated with limestone, dolomite, travertine,
sandstone, claystone, mudstone, marl and clay interbands (Gokmen
& Giingor-Yesilova, 2017; Gilingor-Yesilova & Gokmen, 2020). The
gypsums here are primary and secondary formations. Primary
gypsums are separated as selenite, discoidal and radial. Some
selenites are observed as carbonate or gypsum cemented (Figure 7e).
Secondary gypsums are formed as massive, laminated, nodular and

satin spar. Secondary gypsums are formed after the hydration of

--68--



anhydrite and anhydritized primary gypsums (Glingor-Yesilova &
Gokmen, 2020). Nodular anhydrites are encountered at some levels
(Figure 7f). Tectonics, climate, salinity change, biological activity
and diagenetic and hydrothermal fluids have played a major role in
the formation and transformation of these sediments. According to
all these data, Giingor-Yesilova & Gokmen (2020) indicated that
these evaporites were deposited in an environment ranging from
mud flat to playa lake.

2.2.8.Van-Baskale basin

This basin is located southeast of Lake Van. Evaporites in
this basin are overlain by the Yiksekova complex (Figure 6).
Evaporites in this basin mainly consist of primary (selenite and
gypsum arenite) and secondary (massive, laminated and satin-spar)
gypsum lithofacies and also minor amounts of anhydrites and are
intercalated and alternated with clastic and carbonate units. Primary
gypsums are transformed into massive alabastrine textured gypsums
with diagenesis (Figure 7g). Sedimentological-mineralogical and
geochemical findings reveal that the depositional basin extended
from a lagoon to the inner regions. These evaporites were subjected
to diagenesis and alteration under the influence of hot-dry and
slightly humid climate, tectonism and pressure. Isotope values
indicate that these evaporites are of Lower Miocene marine origin
(Giingor-Yesilova & Baran, 2023).

2.2.9.HakKaéri basin

The evaporites are distributed in Narli village of Cukurca
district in the south of Hakkari. These evaporites in the Kapikaya
formation are Early Miocene in age. Evaporites are interlayered and
intercalated with red sandstone, mudstone, shale and limestone
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(Duran & et al., 1988; Peringek, 1990; Tetiker, Baran & Ding, 2015).
It consists of red-brown and gray mudstone, siltstone and sandstone
intercalations with gypsum, tuffite and limestone. White gypsum
minerals are found in sulfate rocks, and it has been determined that
these minerals are accompanied by calcite and quartz minerals.

Figure 7. Evaporites belonging to the basins in the southern
branch of Neotethys. (a) Nodular gypsums and clustered structures
of the Elazig-Kus¢ular Formation (modified Tiirkmen, 2004), (b, c)
Discoidal gypsum and enterolithic folds of the Mus Bulanik Basin,
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(d) Gypsarenites with carbonate intercalations of the Mus-
Malazgirt Basin, (e, f) Carbonate-cemented selenitic gypsum and
nodular anhydrite of the Van-Timar Basin, (g) Alabastrin-textured
massive gypsum (2yp) of the Van Bagskale Basin, (h, i) Carbonate-

intercalated selenitic gypsum (gyp) and alabastrin-textured gypsum
of the Hakkari Basin.

Volcaniclastic levels accompanying rocks representing
shallow marine sediments were fed by the Miocene volcanism active
in the region and caused the formation of analcime and smectite
minerals. Lower Miocene Kapikaya formation unconformably
overlies these units. The upper levels of Kapikaya formation are
represented by Zokayit limestone member. The gypsum-bearing
parts of the unit are defined as Derge Evaporite member (Peringek,
1978). Red-brown and gray colored conglomerate-sandstone,
siltstone and mudstone alternations are dominant in Kapikaya
Formation. However, evaporites (gypsum) are observed especially
in the base levels and carbonate rocks (limestone) in the upper levels.
The gypsums observed as intercalations in the lower part of the unit
are white, 50-70 cm thick and have a layered appearance. The
gypsums consist of transparent selenite and white colored alabastrine
gypsum and satin-spar gypsum (Figure 7h, 1).

These contain clay intercalations in the lower levels and have
transformed into anhydrite. Considering the sedimentological
features of these evaporites, it was determined that they were
deposited in the shoreline-shallow marine environment (Duran & et
al., 1988, 1989).

3.Conclusion

While the evaporites in the Upper Eocene-Oligocene
Malatya Darende-Balaban basin located in the southern branch of
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the Neotethys in Eastern Anatolia are of marine origin, the
evaporites in the Elazig-Baskil basin (Kusgular Formation) are of
Early Paleocene lacustrine origin. Again, the evaporites in the Lower
Oligocene (Rupelian) Mus-Bulanik-Malazgirt, Lower Miocene
Mus-Zirnak Aktuzla Formation and Lower Miocene Van-Baskale
basins located along the southern line of the Neotethys are of shallow
marine-lagoon character, while the Van-Timar Basin is of Upper
Miocene lacustrine character. The Upper Oligocene Erzincan-
Kemah-Refahiye Basin evaporites located in the northwestern parts
of the Eastern Anatolia Region and within the northern branch of
Neotethys are of marine origin and contain shallow marine-lagoon-
coastal sabkha environments, while the Tercan-Cayirli basin
evaporites located in the eastern parts of Erzincan are of Lower-
Middle Miocene continental origin. Moving northeast, the Early-
Middle Miocene Erzurum-Askale, Oligocene Erzurum-Hinis and
Upper-Eocene-Oligocene Erzurum-Karayazi basins evaporites were
formed in shallow marine lagoonal environments, while the
Erzurum-Tekman and Erzurum-Pasinler-Horasan evaporites were
deposited in the Upper Miocene lacustrine environment. Further
north, the evaporites in the Agri-Dogubeyazit basin are of Lower-
Middle Miocene age and of marine origin, while the evaporites in
the Kars-Kagizman and Igdir-Tuzluca basins are of Middle-Upper
Miocene age and accumulated in a lacustrine environment.
Accordingly, Erzincan and Erzurum basins contained shallow
marine lagoonal environments in the Lower Oligocene, while
Erzincan was still shallow marine and Erzurum was terrestrial-
fluvial in the Upper Oligocene. While Erzurum and Agr1 basins were
shallow marine in the Lower-Middle Miocene, the sea in the
Erzincan basin completely regressed in the Middle Miocene and the
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basin became terrestrial. Starting from the Upper Miocene, all basins
located in the northern branch of Neotethys turned into terrestrial

lacustrine and fluvial basins until the Pliocene.

Malatya and Elazig Basins contained shallow marine
environments from the Late Eocene to the Middle Miocene, and
Mus, Van and Hakkari basins contained shallow marine lagoonal
environments from the Lower Oligocene to the Middle Miocene.
Later, all these basins transitioned to a terrestrial environment until
the Middle-Late Miocene and Pliocene.

In other words, the northern and southern branches of
Neotethys in Eastern Anatolia became shallower from the west
towards the mountains from the Lower Oligocene to the Pliocene
and were completely closed. While all these evaporitic basins were
forming, the paleogeographic conditions of that period such as
climate, tectonism and volcanism also came to the fore in their

formation.

—73--



References

Abdioglu, E., Arslan, M., Aydingakir, D., Giindogan, 1. &
Helvaci, C. (2015). Stratigraphy, mineralogy and depositional
environment of the evaporite unit in the Askale (Erzurum) sub -

basin, Eastern Anatolia (Turkey). Journal of African Earth Sciences,
111, 100-112.

Abdioglu Yazar, E., Arslan, M., Helvaci, C., Giindogan, 1.,
Temizel, i. & Aydmgakir, D. (2021). Geochemistry of Miocene
evaporites from the Askale region (Erzurum, Eastern Turkey):

constraints for Paleo-environment. Bulletin of Mineral Research and
Exploration, 165, 113-140

Acarlar, M., Bilgin, Z. A., Erkalin, T., Giiner, E., Sen, A. M.,
Umut, M., Elibol, E., Gedik, i., Hakyemez, Y. & Uguz, M. F. (1991).
Van Golii dogu ve kuzeyinin jeolojisi. Ankara: MTA

Akkus, M. F. (1970). Darende-Balaban havzasindaki
(Malatya, ESE Anadolu) litostratigrafik birimler ve jipshi
formasyonlarin yas1 hakkinda yeni bilgiler. M.T.A. Dergisi, 75.

Akkus, M. F. (1971). The geologic and stratigraphical
research of Darende-Balaban Basin (Malatya ESE Anatolia). Miner.
Res. Explor. Inst., Bull., 76, 1-60.

Aksoy, E., Tiirkmen I & Turan, M. (2005). Tectonics and
sedimentation in convergent margin basins: an example from the
Tertiary Elazig basin, Eastern Turkey. Journal of Asian Earth
Sciences, 25 (3), 459-472.

Aktas, G., Robertson, A. H. F. (1984). The Maden Complex,
SE Turkey: evolution of a Neotethyan continental margin. In: Dixon,
J.E. & Robertson, A. H. F (Eds.), The geological evolution of the


https://www.sciencedirect.com/journal/journal-of-asian-earth-sciences
https://www.sciencedirect.com/journal/journal-of-asian-earth-sciences
https://www.sciencedirect.com/journal/journal-of-asian-earth-sciences/vol/25/issue/3

Eastern Mediterranean. (pp. 375-402). London: Geol. Soc., Spec.
Publ.

Aktimur, H. T., Sariaslan, M., Kecer, M., Tursucu, A., Olcer,
S., Yurdakul, M. E., Mutlu, G., Aktimur, S. & Yildirim, T. (1995).
Erzincan dolayimin jeolojisi. Ankara: Mineral Research and
Exploration Institute

Allen, C. R. (1969). Active faulting in Northern Turkey.
California: Inst. Technology, Division of Geological and Planetary
Sciences

Altinh, 1. E. (1953). Hakkdri giineyinin jeoloji incelemesi.
Ankara: TPAO

Altunsoy, M. (1993). Karacadren (Imranli)-Diktas (Divrigi)
yoresi Tersiyer ¢okellerinin sedimanter petroloji, petrol ana kayast
ve organik fasiyes ozelliklerinin incelenmesi. Sivas: University of
Cumbhuriyet

Arpat, E. (1964). Erzincan Caywrli bélgesinin petrol
olanaklar:. Ankara, MTA

Arpat, E. & Saroglu, F. (1972). Dogu Anadolu fayi ile ilgili
baz1 gozlemler ve diisiinceler. MTA Dergisi, 78, 44-50.

Ates, S., Mutlu, G., Ozerk, O. C., Cicek, I. & Giilmez, F. A.
(2007). Van ili kentlesme alanlari yer bilim verileri. Ankara: MTA

Aydingakir, D. (2013). Piwrnakapan (Askale, Erzurum)
civarindaki evaporitlerin mineralojik, petrografik ve jeokimyasal
incelenmesi. Trabzon: Karadeniz Teknik Universitesi, Fen Bilimleri
Enstitiisii

--75--



Ayyildiz, T., Varol, B., Giindogan, 1., Herece, E. & Sirel, E.
(2018). Tekman-Karayazi Havzast (GD Erzurum) Tersiyer

birimlerinin sedimantolojisi ve petrol jeolojisi. Ankara: Tiibitak

Aziz, A. (1971). Erzurum I46b-4 v e I46¢-1 pafialarimn detay
Jjeolojisi ve petrol olanaklari. Ankara: MTA

Barka, A. A. & Giilen, L. (1989). New constraints on the age
and total offset of the North Anatolian fault zone: implifications for
tectonics of the Eastern Mediterranean Region, METU. J Pur App
Sci, 21, 39-63.

Bati, Z. & Sancay, R. H. (2007). Palynostratigraphy of
Rupelian sediments in the Mus Basin, Eastern Anatolia, Turkey.
Micropaleontology, 53, 249-283.

Bilgig, T. (2008). Geological maps of Turkey in 1: 100.000
scale: Divrigi J39, J40, J41 sheets. Ankara: the General Directorate
of Mineral Research and Exploration of Turkey, Spec. Publ.

Birgili, S. (1968). Mus bolgesi 1:25 000 olgekli Karakose
J48-d3-d4 ve Mus K47-b2 paftalarinin detay petrol etiidii hakkinda
rapor. Ankara: MTA

Cater, I. M. L., Hanna, S. S, Ries, A. C. & Tuner, P. (1991).
Tertiary evolution of the Sivas Basin, Central Turkey.
Tectonophysics, 195, 29-46.

Dagistan, H. & Simsek, S. (2005). Geological and
hydrogeological investigation of Kozluk-Tashidere (Batman)
geothermal field. Proceedings World Geothermal Congress, 24-29
April 2015, Antalya, (pp. 1-8).

--76--



Dogan, U. (2005). Holocene fluvial development of the
Upper Tigris Valley (Southeastern Turkey) as documented by
archaeological data. Quaternary International, 129 (1), 75-86.

Duran, O., Semsir, D., Sezgin, L. & Peringek, D. (1988).
Gilineydogu Anadolu’da Midyat ve Silvan Gruplarinin stratigrafisi,
sedimantolojisi ve petrol potansiyeli. TP.JD Biilteni, 1 (2), 99-126.

Duran, O., Semsir, D., Sezgin, L. & Peringek, D. (1989).
Giineydogu Anadolu’da Midyat ve Silvan Gruplarmmin stratigrafisi,
sedimantolojisi ve paleocografyasi, paleontolojisi, jeoloji tarihi,
rezervuar ve diyajenez ozellikleri ve olasi petrol potansiyeli. Ankara:
TPAO Arastirma Merkezi

Erdogan, T. (1972). Erzurum (Karayazi) bolgesinin jeolojisi
ve petrol imkanlari. Ankara: MTA

Fairbridge, R., Erol, O., Karaca, M. & Yilmaz, Y. (1997).
Background to Mid-Holocene climatic change in Anatolia and
adjacent regions. In H. N. Dalfes, G. Kukla, H. Weiss (Eds.), Third
millennium bc climate change and old world (pp. 595-609). Berlin:
Springer

Gedik, A. (1985). Geology of the Tekman (Erzurum) basin
and petroleum possibilities. Bull. Miner. Res. Explor., 103 (103—
104), 1-24.

Gedik, F. (2010). Benthic foraminiferal description and
biostratigraphy of Oligo-Miocene shallow-water sediments of
Malatya basins. Ankara: University of Ankara

Gokmen, D. & Giingdr- Yesilova, P. (2017). Karaagac-
Ermigler Koyt (KD Van) civarindaki Kurtdeligi Formasyonuna ait

--77--


https://www.sciencedirect.com/journal/quaternary-international
https://www.sciencedirect.com/journal/quaternary-international/vol/129/issue/1
https://avesis.yyu.edu.tr/yayin/ee48ec16-feba-4796-87bc-7981d3480c1e/karaagac-ermisler-koyu-kd-van-civarindaki-kurtdeligi-formasyonuna-ait-jipsli-birimlerin-diyajenetik-surecleri-ve-depolanma-ortami
https://avesis.yyu.edu.tr/yayin/ee48ec16-feba-4796-87bc-7981d3480c1e/karaagac-ermisler-koyu-kd-van-civarindaki-kurtdeligi-formasyonuna-ait-jipsli-birimlerin-diyajenetik-surecleri-ve-depolanma-ortami

jipsli birimlerin diyajenetik siirecleri ve depolanma ortami. 70.
Tiirkiye Jeoloji Kurultayi, 10- 14 Nisan 2017, Ankara, Tiirkiye.

Gokten, E. (1983) Sarkisla (Sivas) giiney-glineydogusunun
stratigrafisi ve jeolojik evrimi. Geological Bulletin of Turkey, 26,
167-176

Glingor-Yesilova, P. & Helvaci, C. (2013). Kurtalan sahasi
(GB Siirt) Germik Formasyonu Oligosen evaporitlerinin diyajenezi
ve paleocografik gelisimi, Tirkiye. Yerbilimleri Uygulama ve
Arastirma Merkezi Dergisi, 34, 1-22.

Glingor-Yesilova P., Gokmen D & Yesilova C. (2017). Orta-
Geg Miyosen Koluz Uyesi jipsli birimlerinin paleocografik evrimi
ile birlikte sedimantolojik parametreler, Dogu Anadolu Bolgesi (KD
Van): Neotetis Okyanusunun Kapanmasi ile Ilgili Bir I¢ Havza.
Sedimantoloji Calisma Grubu, 14- 17 Eylil 2017, Rize, Tiirkiye,

(pp.30-31).

Glingor-Yesilova, P. & Helvaci, C. (2017). Petrographic
study and geochemical investigation of the evaporites associated
with the Germik Formation (Siirt Basin, Turkey). Carbonates and
Evaporites, 32 (2), 177-194.

Glingor-Yesilova, P. (2019). Bulamik (KD Mus)
cevresindeki karasal evaporitlerin depolanma kosullar1  ve
diyajenetik gelisimi ile ilgili parametreler (Dogu Anadolu, Tiirkiye).
IMCOFE, 24- 26 Nisan 2019, Antalya, Tiirkiye, (pp.1-2).

Glingor-Yesilova, P. & Gokmen, D. (2020). The
paleodepositional environment, diagenetic and depositional
conditions of the Middle-Late Miocene Koluz gypsum member (NE
Van, Eastern Turkey). Carbonates and Evaporites, 35, 3.

--78--


https://avesis.yyu.edu.tr/yayin/ee48ec16-feba-4796-87bc-7981d3480c1e/karaagac-ermisler-koyu-kd-van-civarindaki-kurtdeligi-formasyonuna-ait-jipsli-birimlerin-diyajenetik-surecleri-ve-depolanma-ortami
https://avesis.yyu.edu.tr/yayin/121cae03-6b87-4576-ac4c-7236e7219498/kurtalan-sahasi-gb-siirt-germik-formasyonu-oligosen-evaporitlerinin-diyajenezi-ve-paleocografik-gelisimi-turkiye
https://avesis.yyu.edu.tr/yayin/121cae03-6b87-4576-ac4c-7236e7219498/kurtalan-sahasi-gb-siirt-germik-formasyonu-oligosen-evaporitlerinin-diyajenezi-ve-paleocografik-gelisimi-turkiye
https://avesis.yyu.edu.tr/yayin/121cae03-6b87-4576-ac4c-7236e7219498/kurtalan-sahasi-gb-siirt-germik-formasyonu-oligosen-evaporitlerinin-diyajenezi-ve-paleocografik-gelisimi-turkiye
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=121cae03-6b87-4576-ac4c-7236e7219498&modalDisplayedControllerId=5&journalName=Yerbilimleri%2FHacettepe%20%C3%9Cniversitesi%20Yerbilimleri%20Uygulama%20ve%20Ara%C5%9Ft%C4%B1rma%20Merkezi%20Dergisi
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=121cae03-6b87-4576-ac4c-7236e7219498&modalDisplayedControllerId=5&journalName=Yerbilimleri%2FHacettepe%20%C3%9Cniversitesi%20Yerbilimleri%20Uygulama%20ve%20Ara%C5%9Ft%C4%B1rma%20Merkezi%20Dergisi
https://avesis.yyu.edu.tr/yayin/f7d2644b-cb8a-4d90-8e8a-7ca334e4de57/orta-gec-miyosen-koluz-uyesi-jipsli-birimlerinin-paleocografik-evrimi-ile-birlikte-sedimantolojik-parametreler-dogu-anadolu-bolgesi-kd-van-neotetis-okyanusunun-kapanmasi-ile-ilgili-bir-ic-havza
https://avesis.yyu.edu.tr/yayin/f7d2644b-cb8a-4d90-8e8a-7ca334e4de57/orta-gec-miyosen-koluz-uyesi-jipsli-birimlerinin-paleocografik-evrimi-ile-birlikte-sedimantolojik-parametreler-dogu-anadolu-bolgesi-kd-van-neotetis-okyanusunun-kapanmasi-ile-ilgili-bir-ic-havza
https://avesis.yyu.edu.tr/yayin/f7d2644b-cb8a-4d90-8e8a-7ca334e4de57/orta-gec-miyosen-koluz-uyesi-jipsli-birimlerinin-paleocografik-evrimi-ile-birlikte-sedimantolojik-parametreler-dogu-anadolu-bolgesi-kd-van-neotetis-okyanusunun-kapanmasi-ile-ilgili-bir-ic-havza
https://avesis.yyu.edu.tr/yayin/f7d2644b-cb8a-4d90-8e8a-7ca334e4de57/orta-gec-miyosen-koluz-uyesi-jipsli-birimlerinin-paleocografik-evrimi-ile-birlikte-sedimantolojik-parametreler-dogu-anadolu-bolgesi-kd-van-neotetis-okyanusunun-kapanmasi-ile-ilgili-bir-ic-havza
https://avesis.yyu.edu.tr/yayin/f7d2644b-cb8a-4d90-8e8a-7ca334e4de57/orta-gec-miyosen-koluz-uyesi-jipsli-birimlerinin-paleocografik-evrimi-ile-birlikte-sedimantolojik-parametreler-dogu-anadolu-bolgesi-kd-van-neotetis-okyanusunun-kapanmasi-ile-ilgili-bir-ic-havza
https://avesis.yyu.edu.tr/yayin/0344b2ab-6265-49e3-a6f4-e8e2da522a52/petrographic-study-and-geochemical-investigation-of-the-evaporites-associated-with-the-germik-formation-siirt-basin-turkey
https://avesis.yyu.edu.tr/yayin/0344b2ab-6265-49e3-a6f4-e8e2da522a52/petrographic-study-and-geochemical-investigation-of-the-evaporites-associated-with-the-germik-formation-siirt-basin-turkey
https://avesis.yyu.edu.tr/yayin/0344b2ab-6265-49e3-a6f4-e8e2da522a52/petrographic-study-and-geochemical-investigation-of-the-evaporites-associated-with-the-germik-formation-siirt-basin-turkey
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=0344b2ab-6265-49e3-a6f4-e8e2da522a52&modalDisplayedControllerId=5&journalName=CARBONATES%20AND%20EVAPORITES
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=0344b2ab-6265-49e3-a6f4-e8e2da522a52&modalDisplayedControllerId=5&journalName=CARBONATES%20AND%20EVAPORITES
https://avesis.yyu.edu.tr/yayin/c9f10de7-d7f5-45d7-8042-c0ceb47108b9/bulanik-kd-mus-cevresindeki-karasal-evaporitlerin-depolanma-kosullari-ve-diyajenetik-gelisimi-ile-ilgili-parametreler-dogu-anadolu-turkiye
https://avesis.yyu.edu.tr/yayin/c9f10de7-d7f5-45d7-8042-c0ceb47108b9/bulanik-kd-mus-cevresindeki-karasal-evaporitlerin-depolanma-kosullari-ve-diyajenetik-gelisimi-ile-ilgili-parametreler-dogu-anadolu-turkiye
https://avesis.yyu.edu.tr/yayin/c9f10de7-d7f5-45d7-8042-c0ceb47108b9/bulanik-kd-mus-cevresindeki-karasal-evaporitlerin-depolanma-kosullari-ve-diyajenetik-gelisimi-ile-ilgili-parametreler-dogu-anadolu-turkiye
https://avesis.yyu.edu.tr/yayin/3c821683-c58a-4d6d-adc9-6b7fa28c978d/the-paleodepositional-environment-diagenetic-and-depositional-conditions-of-the-middle-late-miocene-koluz-gypsum-member-ne-van-eastern-turkey
https://avesis.yyu.edu.tr/yayin/3c821683-c58a-4d6d-adc9-6b7fa28c978d/the-paleodepositional-environment-diagenetic-and-depositional-conditions-of-the-middle-late-miocene-koluz-gypsum-member-ne-van-eastern-turkey
https://avesis.yyu.edu.tr/yayin/3c821683-c58a-4d6d-adc9-6b7fa28c978d/the-paleodepositional-environment-diagenetic-and-depositional-conditions-of-the-middle-late-miocene-koluz-gypsum-member-ne-van-eastern-turkey
https://avesis.yyu.edu.tr/yayin/3c821683-c58a-4d6d-adc9-6b7fa28c978d/the-paleodepositional-environment-diagenetic-and-depositional-conditions-of-the-middle-late-miocene-koluz-gypsum-member-ne-van-eastern-turkey
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=3c821683-c58a-4d6d-adc9-6b7fa28c978d&modalDisplayedControllerId=5&journalName=CARBONATES%20AND%20EVAPORITES

Glingor-Yesilova, P., Yesilova, C., Aclan, M. & Giindogan,
I. (2020). Geochemical characteristics of gypsum lithofacies in
northeastern of Mus (Eastern Anatolia-Turkey): an indication of the
Neotethys closure. Carbonates and Evaporites, 35, 4.

Gilingor-Yesilova, P. (2020). Bulanik (Mus) Paleojen
evaporitlerinin petrografik- mineralojik incelemesi ve diyajenetik
tarihgesi. Maden Tetkik ve Arama Dergisi, 162, 83-92.

Gilingor-Yesilova, P. & Yesilova, C. (2021). Depositional
basin, diagenetic conditions and source of miocene evaporites in the

Tuzluca Basin in Northeastern Anatolia, Turkey: Geochemical
Evidence. Geochemistry International, 59 (13), 1293-1310.

Giingor-Yesilova, P. (2021). Kaledibi-Ciftlikkdy koyleri
arasindaki jipsli istifin litofasiyes ozellikleri ve ¢okelme ortamlar
(Erzincan Havzasi-Dogu Anadolu). Sedimantoloji Calisma Grubu,
2- 05 Eyliil 2021, Balikesir, Tiirkiye.

Gilingor-Yesilova, P. & Yavuz, S. (2021). Sedimentological
and mineralogical-petrographic  characteristics of Miocene

evaporitic deposits (SW Erzincan). Manas Journal of Engineering,
9 (1), 1-16.

Glingor-Yesilova, P. & Baran, O. (2023). origin and
paleoenvironmental conditions of the Kopriiagz1 evaporites (Eastern
Anatolia, Turkey):  sedimentological,  mineralogical and
geochemical constraints. Minerals, 13 (2), 1-21.

Glingor-Yesilova, P.  (2024). Post-halite = gypsum
pseudomorphs with evidence of challenging climatic conditions and
diagenetic replacement: a study from the southwest of Kagizman

--79--


https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=497eb4f2-85d6-4e1a-8b31-48eb3b72793b&modalDisplayedControllerId=5&journalName=CARBONATES%20AND%20EVAPORITES
https://avesis.yyu.edu.tr/yayin/42a1e727-744d-45f1-8c07-1fc384dbcf14/bulanik-mus-paleojen-evaporitlerinin-petrografik-mineralojiki-ncelemesi-ve-diyajenetik-tarihcesi
https://avesis.yyu.edu.tr/yayin/42a1e727-744d-45f1-8c07-1fc384dbcf14/bulanik-mus-paleojen-evaporitlerinin-petrografik-mineralojiki-ncelemesi-ve-diyajenetik-tarihcesi
https://avesis.yyu.edu.tr/yayin/42a1e727-744d-45f1-8c07-1fc384dbcf14/bulanik-mus-paleojen-evaporitlerinin-petrografik-mineralojiki-ncelemesi-ve-diyajenetik-tarihcesi
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=42a1e727-744d-45f1-8c07-1fc384dbcf14&modalDisplayedControllerId=5&journalName=Maden%20Tetkik%20ve%20Arama%20Dergisi
https://avesis.yyu.edu.tr/yayin/9d83c675-0c54-407a-a858-c808a6ac9fdf/depositional-basin-diagenetic-conditions-and-source-of-miocene-evaporites-in-the-tuzluca-basin-in-northeastern-anatolia-turkey-geochemical-evidence
https://avesis.yyu.edu.tr/yayin/9d83c675-0c54-407a-a858-c808a6ac9fdf/depositional-basin-diagenetic-conditions-and-source-of-miocene-evaporites-in-the-tuzluca-basin-in-northeastern-anatolia-turkey-geochemical-evidence
https://avesis.yyu.edu.tr/yayin/9d83c675-0c54-407a-a858-c808a6ac9fdf/depositional-basin-diagenetic-conditions-and-source-of-miocene-evaporites-in-the-tuzluca-basin-in-northeastern-anatolia-turkey-geochemical-evidence
https://avesis.yyu.edu.tr/yayin/9d83c675-0c54-407a-a858-c808a6ac9fdf/depositional-basin-diagenetic-conditions-and-source-of-miocene-evaporites-in-the-tuzluca-basin-in-northeastern-anatolia-turkey-geochemical-evidence
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=9d83c675-0c54-407a-a858-c808a6ac9fdf&modalDisplayedControllerId=5&journalName=GEOCHEMISTRY%20INTERNATIONAL
https://avesis.yyu.edu.tr/yayin/6ee472b7-6efb-4bb9-9a7c-2accf2607373/kaledibi-ciftlikkoy-koyleri-arasindaki-jipsli-istifin-litofasiyes-ozellikleri-ve-cokelme-ortamlari-erzincan-havzasi-dogu-anadolu
https://avesis.yyu.edu.tr/yayin/6ee472b7-6efb-4bb9-9a7c-2accf2607373/kaledibi-ciftlikkoy-koyleri-arasindaki-jipsli-istifin-litofasiyes-ozellikleri-ve-cokelme-ortamlari-erzincan-havzasi-dogu-anadolu
https://avesis.yyu.edu.tr/yayin/6ee472b7-6efb-4bb9-9a7c-2accf2607373/kaledibi-ciftlikkoy-koyleri-arasindaki-jipsli-istifin-litofasiyes-ozellikleri-ve-cokelme-ortamlari-erzincan-havzasi-dogu-anadolu
https://avesis.yyu.edu.tr/yayin/e0cd65d6-de73-4b74-af66-e33a4470e179/sedimentological-and-mineralogical-petrographic-characteristics-of-miocene-evaporitic-deposits-sw-erzincan
https://avesis.yyu.edu.tr/yayin/e0cd65d6-de73-4b74-af66-e33a4470e179/sedimentological-and-mineralogical-petrographic-characteristics-of-miocene-evaporitic-deposits-sw-erzincan
https://avesis.yyu.edu.tr/yayin/e0cd65d6-de73-4b74-af66-e33a4470e179/sedimentological-and-mineralogical-petrographic-characteristics-of-miocene-evaporitic-deposits-sw-erzincan
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=e0cd65d6-de73-4b74-af66-e33a4470e179&modalDisplayedControllerId=5&journalName=Manas%20Journal%20of%20Engineering
https://avesis.yyu.edu.tr/yayin/1c68272b-90d8-4b96-a0f0-20b2e08a1aa5/origin-and-paleoenvironmental-conditions-of-the-kopruagzi-evaporites-eastern-anatolia-turkey-sedimentological-mineralogical-and-geochemical-constraints
https://avesis.yyu.edu.tr/yayin/1c68272b-90d8-4b96-a0f0-20b2e08a1aa5/origin-and-paleoenvironmental-conditions-of-the-kopruagzi-evaporites-eastern-anatolia-turkey-sedimentological-mineralogical-and-geochemical-constraints
https://avesis.yyu.edu.tr/yayin/1c68272b-90d8-4b96-a0f0-20b2e08a1aa5/origin-and-paleoenvironmental-conditions-of-the-kopruagzi-evaporites-eastern-anatolia-turkey-sedimentological-mineralogical-and-geochemical-constraints
https://avesis.yyu.edu.tr/yayin/1c68272b-90d8-4b96-a0f0-20b2e08a1aa5/origin-and-paleoenvironmental-conditions-of-the-kopruagzi-evaporites-eastern-anatolia-turkey-sedimentological-mineralogical-and-geochemical-constraints
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=1c68272b-90d8-4b96-a0f0-20b2e08a1aa5&modalDisplayedControllerId=5&journalName=MINERALS
https://avesis.yyu.edu.tr/yayin/f946f386-48c8-4032-8715-eaabe70be3ce/post-halite-gypsum-pseudomorphs-with-evidence-of-challenging-climatic-conditions-and-diagenetic-replacement-a-study-from-the-southwest-of-kagizman-basin-eastern-anatolia-turkiye
https://avesis.yyu.edu.tr/yayin/f946f386-48c8-4032-8715-eaabe70be3ce/post-halite-gypsum-pseudomorphs-with-evidence-of-challenging-climatic-conditions-and-diagenetic-replacement-a-study-from-the-southwest-of-kagizman-basin-eastern-anatolia-turkiye
https://avesis.yyu.edu.tr/yayin/f946f386-48c8-4032-8715-eaabe70be3ce/post-halite-gypsum-pseudomorphs-with-evidence-of-challenging-climatic-conditions-and-diagenetic-replacement-a-study-from-the-southwest-of-kagizman-basin-eastern-anatolia-turkiye

Basin (Eastern Anatolia, Tiirkiye). Bulletin of the Mineral Research
and Exploration, 174, 111-124.

Gilingor-Yesilova, P. (2024). Genesis of sulfate lithofacies
between Erzincan-Divrigi Basin with sedimentologic and
geochemical evidences: an example from the Paleogene basins of
Eastern Turkey. Carbonates and Evaporites, 39 (4), 103.

Giirer, O. F. (1994). Hekimhan-Hasangelebi y&resinin Ust
Kretase stratigrafisi ve havza evrimi. Tiirkiye Jeoloji Biilteni,
37 (2), 135-148.

Giirer, O. F. & Giirer, A. (1999). Development of evaporites
and the counterclockwise rotation of Anatolia, Turkey. Int Geol
Rev., 41, 607-622.

Havur, E. (1972). Erzurum 1-47 C1, C2, D2, D3 paftalarinin
Jjeolojisi ve petrol imkanlar:. Ankara: MTA

Hempton, M.R. & Dunne, L.A. (1984). Sedimentation in
pullapart basins: Active example in eastern Turkey. The Journal of
Geology, 92, 513-530

Hosgoérmez H., Yalcin M. N., Soylu, C. & Bahtiyar
I. (2014). Origin of the hydrocarbon gases carbon dioxide and
hydrogen sulfide in Dodan Field (SE-Turkey). Marine and
Petroleum Geology, 57, 433-444.

Hiising, S. K., Zachariasse, W. J., Van Hinsbergen, D. J.,
Krijgsman, W., Incedz, M., Harzhauser, M., Mandic, O. & Kroh, A.
(2009). Oligocene Miocene basin evolution in SE Anatolia, Turkey:
constraints on the closure of the eastern Tethys gateway. Geo Soc
Lon Spec Pub, 311, 107-132.

--80--


https://avesis.yyu.edu.tr/yayin/f946f386-48c8-4032-8715-eaabe70be3ce/post-halite-gypsum-pseudomorphs-with-evidence-of-challenging-climatic-conditions-and-diagenetic-replacement-a-study-from-the-southwest-of-kagizman-basin-eastern-anatolia-turkiye
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=f946f386-48c8-4032-8715-eaabe70be3ce&modalDisplayedControllerId=5&journalName=BULLETIN%20OF%20THE%20MINERAL%20RESEARCH%20AND%20EXPLORATION
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=f946f386-48c8-4032-8715-eaabe70be3ce&modalDisplayedControllerId=5&journalName=BULLETIN%20OF%20THE%20MINERAL%20RESEARCH%20AND%20EXPLORATION
https://avesis.yyu.edu.tr/yayin/8e87eff8-e6cd-4533-831d-082533eb2536/genesis-of-sulfate-lithofacies-between-erzincan-divrigi-basin-with-sedimentologic-and-geochemical-evidences-an-example-from-the-paleogene-basins-of-eastern-turkey
https://avesis.yyu.edu.tr/yayin/8e87eff8-e6cd-4533-831d-082533eb2536/genesis-of-sulfate-lithofacies-between-erzincan-divrigi-basin-with-sedimentologic-and-geochemical-evidences-an-example-from-the-paleogene-basins-of-eastern-turkey
https://avesis.yyu.edu.tr/yayin/8e87eff8-e6cd-4533-831d-082533eb2536/genesis-of-sulfate-lithofacies-between-erzincan-divrigi-basin-with-sedimentologic-and-geochemical-evidences-an-example-from-the-paleogene-basins-of-eastern-turkey
https://avesis.yyu.edu.tr/yayin/8e87eff8-e6cd-4533-831d-082533eb2536/genesis-of-sulfate-lithofacies-between-erzincan-divrigi-basin-with-sedimentologic-and-geochemical-evidences-an-example-from-the-paleogene-basins-of-eastern-turkey
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=8e87eff8-e6cd-4533-831d-082533eb2536&modalDisplayedControllerId=5&journalName=CARBONATES%20AND%20EVAPORITES
https://www.sciencedirect.com/journal/marine-and-petroleum-geology
https://www.sciencedirect.com/journal/marine-and-petroleum-geology
https://www.sciencedirect.com/journal/marine-and-petroleum-geology/vol/57/suppl/C

Iiker, S. (1966). Erzurum bolgesinde Erzurum i47cl, c4, d2,
d3 paftalarinin detay petrol etiidii hakkinda rapor. Ankara: MTA

Karadenizli, L., Sarag, G., Sen, S., Seyitoglu, G., Gedik, F.,
Kangal, O., Kayakiran, 1., Kazanci, N., Giil, A. & Erten, H. (2009).
Bati ve Orta Anadolu Oligosen paleocografyasi. Ankara: The
General Directorate of Mineral Research and Exploration

Karadenizli, L., Varol, B. E., Sara¢, G. & Gedik, F. (2016).
Late Eocene-Early Miocene palacogeographic evolution of Central
Eastern Anatolian Basins, the closure of the Neo-Tethys Ocean and
continental collision. J. Geol. Soc. Ind., 88, 773-798.

Karaman, T., Poyraz, N., Bakirhan, B., Alan, 1., Kadinkiz,
G.,Yimaz, H. & Kiling, F. (1993). Malatya-Dogansehir-Celikhan
dolaymmin jeolojisi. Ankara: The General Directorate of Mineral
Research and Exploration

Kavak, K. S. (1998). Savcun ve Karacadren (Sivas GD ’su)
yoresinde Sivas Tersiyer Havzasinin tektonostratigrafisi, tektonik
deformasyon bi¢cimi ve sayisal goriintii iglem yontemiyle

incelenmesi. Sivas: University of Cumhuriyet

Kogyigit, A. (1991). Changing stress orientation in
progressive intercontinental deformation as indicated by the
Neotectonics of the Ankara Region (NW Central Anatolia), Bull.
Turk. Assoc. Petrol. Geol., 31 (1), 48-55.

Kurtman, F. (1971) Sivas-Divrigi arasindaki sahanin
jeolojisi ve jipsli seri hakkinda miisahadeler. MTA Dergisi, 56, 14-
25.

--81--



Kurtman, F. (1973). Sivas-Hafik-Zara ve Imranli bolgesinin
jeolojik ve tektonik yapisi. Bull. General Directorate of Mineral
Research and Exploration of Turkey, 80, 1-32.

Luttig, G. & Steffens, P. (1976). Explanatory notes for the
paleogeographic atlas of Turkey from the Oligocene to Pliocene.
Bundesanstalt fiir Geowissenchaften und Rohstoff, 1, 121.

Nazik, A., Giirbiiz K & Erdogan, D. (2006). Biostratigraphy
and paleoenvironmental interpretation of Middle Eocene sequences
from Darende-Balaban Basin (Eastern Anatolia, Turkey). Geologica
Carpathica, 57 (2), 91-101.

Okay, A. I, Zatin, M. & Cavazza, W. (2010). Apatite
fission-track data for the Miocene Arabia-Eurasia collision. Geology
38, 35-43.

Ozdogan, T., Kaya, O., Acikbas, 1., Bahtiyar, 1., & Siyako,
M. (2011). The Miocene Lice basin of southeastern Turkey: an
example of a shallow to non-marine foreland basin. Achaean to

Anthropocene. Geological Society of America Annual Meeting and
Expos, 146—-148.

Ozgiil, N. C., Tursucu, A., Ozyardimci, N., Senol, M.,
Bingdl, 1. & Uysal, S. (1981). Munzur daglarimin jeolojisi. Ankara:
MTA

Ozkaya, 1. (1974). Giineydogu Anadolu Sason ve Baykan
yoresinin stratigrafisi. TMMOB JMO Yayinlari, 17, 51-72.

Palmer, M. R., Helvaci, C. & Fallick, A. E. (2004). Sulphur,
sulphate oxygen and strontium, isotope composition of Cenozoic
Turkish evaporates. Chem. Geol., 209, 341-356.

--82--



Peringek, D. (1978). V-VI-IX. Bolge (Giineydogu Anadolu
otokton-allokton birimler) jeoloji sembolleri. Ankara: TPAO

Peringek, D. (1990). Hakkari ili ve dolaymin startigrafisi,
GDA Tirkiye. TPJD Biilteni, 2, 21-68.

Platzman, E. S., Platt, J. P., Tapirdamaz, C., Sanver, M. &
Rundle, C. C. (1994). Why are there no clockwise rotations along
the North Anatolian Fault Zone? J. geophys. Res., 99, 21705-21715.

Poisson, J. C., Guezou, A., Ozturk, S., Inan, H., Temiz, H.,
Giirsoy, K.S., Kavak, S. & Ozden, S. (1996). Tectonic setting and
evolution of the Sivas Basin, Central Anatolia, Turkey. Int. Geol.
Rev., 38, 838-853.

Robertson, A. H. F., Ustadmer, T., Parlak, O., Unliigeng, U.
C., Tash, K. & Inan, N. (2006). The Berit transect of the Tauride
thrust belt, S Turkey: Late Cretaceous—Early Cenozoic
accretionary/collisional processes related to closure of the Southern
Neotethys. J. Asian Earth Sci., 27, 108—145.

Robertson, A. H. F., Parlak, O., Rizaoglu, T., Unliigeng, U.,
Inan, N., Tasli, K. & Ustadmer, T. (2007). Tectonic evolution of the
south Tethyan ocean: evidence from the Eastern Taurus Mountains
(Elazig region, SE Turkey). In A. C. Ries, R. W. H Butler, & R. H
Graham (Eds.), Deformation of the continental crust: the legacy of
mike coward (pp. 231-270). London: Geological Society, Special
Publications

Sancay, R. H. (2005). Palynostratigraphic and palynofacies
investigation of the Oligocene-Miocene units in the Kars-Erzurum-
Mus subbasins (Eastern Anatolia). Ankara: Middle East Technical
University.

--83--



Saygili, R. (2020). Dogu Anadolu Bolgesinin haritasi.
(10/11/2024  tarihinde  http://cografyaharita.com  adresinden
ulagilmastir).

Sirel, E. & Gedik, F. (2011). Postmiogypsinella, a new
Miogypsinidae (Foraminifera) from the Late Oligocene in Malatya
Basin, Turkey. Revue de Paleobiologie, 30(2), 591-603.

Soytiirk, N. (1973). Murat baseni jeolojisi ve hidrokarbon
olanaklari. Ankara: TPAO Arama Grubu

Steininger, F. F., Senes, J., Kleemann, K. & Rogl, F. (1985).
Neogene of the Meditteranean Tethys and Paratethys. Vienna:

International Geology Correlation Programme

Stocklin, J. (1968) Structural History and Tectonic of Iran: A
Review. American Association of Petroleum Geologists Bulletin,
USA, 52, 1229-1258.

Sungurlu, O. (1971). I[45a, [45b, [46a, I46b, [47a, 147D,
paftalarina ait 1/50000°lik jeoloji haritalar:. Ankara: TPAO

Siimengen, M., Terlemez, 1., Bilgig, T., Giirbiiz, M., Unay,
E., Ozaner, S. & Tifeke¢i, K. (1987). Sarkisla-Gemerek dolayi
Tersiyer Havzasimin stratigrafisi, sedimantolojisi ve jeomorfolojisi.
Ankara: The General Directorate of Mineral Research and
Exploration

Sahintiirk, O. & Kasar, S. (1979). Tekman-Pasinler-
Kagizman-Tuzluca Basenlerinin stratigrafik ve tektonik analizleri
ile hidrokarbon olanaklar:. Ankara: TPAO

Sahintiirk, O. (1992). Tercan- Cayiwrli Basenlerinin jeolojisi
ve hidrokarbon olanaklari. Ankara: TPAO Arama Grubu

--84--


http://cografyaharita.com/

Sahintiirk, O., Saroglu, F. & Captug, A. (1988b). Dogu
Anadolu (Erzurum Kars-Dogubeyazit-Agri) jeoloji gezisi el kitabi.
Ankara: TPAO Arama Grubu

Saroglu, F. & Yilmaz, Y.(1984). Dogu Anadolu'nun
neotektonigi ve ilgili magmatizmasi. Ihsan Ketin Sempozyumu, 20-
21 Subat 1984, Ankara, (pp. 149-162).

Saroglu, F. &Yilmaz, Y. (1986). Geological evolution and
basin models during neotectonic episode in the Eastern Anatolia.
Bulletin of the Mineral Research and Exploration, 107, 70-93.

Sen, S, Antoine, P. O., Varol, B., Ayyildiz, T. & Sozeri, K.
(2011). Giant rhinoceros Paraceratherium and other vertebrates from
Oligocene and Middle Miocene deposits of the Kagizman-Tuzluca
Basin Eastern Turkey. Naturwissenschaften, 98, 407-423.

Senalp, M. (1966). Erzurum-Mus bélgesi | :25 000 olgekli
Erzurum J47-32, J47-b1 ve Karakose J48-cl, c2, c3, c4, J48-b3
paftalarinin detay petrol etiidii. Ankara: MTA

Senalp, M. (1969) Tuzluca (Kars) havzasimin 1:25 000
olgekli detay petrol etiidii raporu. Ankara: MTA

Sengor, A. M. C. (1979). The North Anatolian Transform
Fault: Its age, offset and tectonic significance. Jour. Geol. Soc., 136,
269-282.

Sengor, A. M. C. & Yilmaz, Y. (1981). Tethyan evolution of
Turkey: a plate tectonic approach. Tectonophysics, 75, 181-241.

Sengor, A. M. C. & Canitez, N. (1982). The North Anatolian
Fault. In H. Berekhemer, K. Hsii (Eds.), Alpine-Mediterranean

--85--


https://dergipark.org.tr/tr/pub/bulletinofmre/issue/3926/52248#article-authors-list
https://dergipark.org.tr/tr/pub/bulletinofmre/issue/3926/52248#article-authors-list
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=f946f386-48c8-4032-8715-eaabe70be3ce&modalDisplayedControllerId=5&journalName=BULLETIN%20OF%20THE%20MINERAL%20RESEARCH%20AND%20EXPLORATION

geodynamics (7" ed., pp. 205-216). Washington: Am. Geophys.
Union

Sengoér, A. M. C. & Yilmaz Y. (1983). Tiirkiye'de Tetis'in
evrimi; levha tektonigi acisindan bir yaklasim. Tiirkiye Jeoloji
Kurumu Yerbilimleri Ozel Dizisi, 1, 3-73.

Tanrverdi, K. (1971). Erzurum (Soylemez) ydresinin
Jjeolojisi ve petrol olanaklari. Ankara: MTA

Tatar, Y. (1978). Kuzey Anadolu Fay zonunun Erzincan-
Refahiye arasindaki boliimii {izerinde tektonik incelemeleri.
Yerbilimleri Dergisi, 4, 201-236.

Temiz, H., Guezou, J. C., Tatar, O., Unliigeng, U. C. &
Poisson, A. (2002). Tectonostratigraphy of the Tercan-Cayirli Basin:
Implications for the Neogene-Quaternary tectonic deformation of
the Northeast Anatolian Block, Turkey. International Geology
Review, 44 (3), 243-253.

Tetiker, S., Baran H. A. & Ding, S. (2015). Alt Miyosen yash
Kapikaya Formasyonu’nun (Siirt-Kapikaya) mineralojik 6zellikleri.
Batman Universitesi Yasam Bilimleri Dergisi, 5 (2), 129-146.

Turan, M. & Tiirkmen, 1. (1996). Stratigraphy and

sedimentological features of Kuscular Formation (Lower
Paleocene). Turkish Journal of Earth Sciences, 5, 109-121.

Tiirkmen, 1. (1991). Stratigraphy and sedimentological
features of Caybagi Formation (Upper Miocene-Pliocene) in the
eastern Elaz1g. Bulletin of Turkish Geological Society, 34 (1), 45-53.

--86--



Tiirkmen, 1.(2004). Facies and evaporite genesis of
the Kuscular Formation (Lower Paleocene) saline playa complex,
eastern Turkey. J. Asian Earth Sciences, 24 (1), 91-104.

Varol, B., Sen, S., Ayyildiz, T., Sozeri, K., Karakas, Z. &
Métais, G. (2015). Sedimentology and stratigraphy of Cenozoic
deposits in the Kagizman-Tuzluca Basin, Northeastern
Turkey. International Journal of Earth Sciences, 105, 107-137.

Yal¢in, H. & Bozkaya, O. (1996). A new discovery of the
Cretaceous/Tertiary boundary from the tethyan belt, Hekimhan
basin, Turkey: Mineralogical and geochemical
evidence. International Geology Review, 38 (8), 759-767.

Yazgan, E. (1987). Geology of the northeastern Malatya and
geodynamical evolution of Eastern Taurides. Miner. Res. Explor.
Inst. Turkey Report, 2268, 1-178.

Yesilova, C., Giingoér-Yesilova P. & Helvaci, C. (2011).
Baykan-Kurtalan-Sirvan (Siirt) Bolgesinin jeolojisi ve bolgedeki
tuzlu birimlerin incelenmesi. 64. Tiirkiye Jeoloji Kurultayi, 25-29
Nisan 2011, Ankara, Ttirkiye, (pp.301-302).

Yesilova, C & Helvaci, C. (2012). Stratigraphy,
sedimentology and paleogeographical evolution of the Lice
Formation, (Siirt, SE Turkey). [International FEarth Sciences
Congress on Aegean Regions (IESCA 2012), 1- 05 Ekim 2012,
Izmir, Tiirkiye, (pp. 83).

Yesilova, C. & Helvaci, C. (2012). Lice Formasyonu
evaporitleri ve killerinin ekonomik énemi: Baykan Kurtalan Sirvan
Bolgesi (Siirt). Yiiziincii Yil Universitesi Fen Bilimleri Enstitiisii
Dergisi, 12 (2), 72-78.

--87--


https://avesis.yyu.edu.tr/yayin/30ea39ae-103f-48ad-be24-e6373bca0b7d/baykan-kurtalan-sirvan-siirt-bolgesinin-jeolojisi-ve-bolgedeki-tuzlu-birimlerin-incelenmesi
https://avesis.yyu.edu.tr/yayin/30ea39ae-103f-48ad-be24-e6373bca0b7d/baykan-kurtalan-sirvan-siirt-bolgesinin-jeolojisi-ve-bolgedeki-tuzlu-birimlerin-incelenmesi
https://avesis.yyu.edu.tr/yayin/30ea39ae-103f-48ad-be24-e6373bca0b7d/baykan-kurtalan-sirvan-siirt-bolgesinin-jeolojisi-ve-bolgedeki-tuzlu-birimlerin-incelenmesi
https://avesis.yyu.edu.tr/yayin/354b9864-8ce7-48d4-bd46-7cd3ae33d1bf/lice-formasyonu-evaporitleri-ve-killerinin-ekonomik-onemi-baykan-kurtalan-sirvan-bolgesi-siirt
https://avesis.yyu.edu.tr/yayin/354b9864-8ce7-48d4-bd46-7cd3ae33d1bf/lice-formasyonu-evaporitleri-ve-killerinin-ekonomik-onemi-baykan-kurtalan-sirvan-bolgesi-siirt
https://avesis.yyu.edu.tr/yayin/354b9864-8ce7-48d4-bd46-7cd3ae33d1bf/lice-formasyonu-evaporitleri-ve-killerinin-ekonomik-onemi-baykan-kurtalan-sirvan-bolgesi-siirt
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=354b9864-8ce7-48d4-bd46-7cd3ae33d1bf&modalDisplayedControllerId=5&journalName=Y%C3%BCz%C3%BCnc%C3%BC%20Y%C4%B1l%20%C3%9Cniversitesi%20Fen%20Bilimleri%20Enstit%C3%BCs%C3%BC%20Dergisi
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=354b9864-8ce7-48d4-bd46-7cd3ae33d1bf&modalDisplayedControllerId=5&journalName=Y%C3%BCz%C3%BCnc%C3%BC%20Y%C4%B1l%20%C3%9Cniversitesi%20Fen%20Bilimleri%20Enstit%C3%BCs%C3%BC%20Dergisi

Yesilova, C. & Helvaci, C. (2013). Batman-Siirt kuzeyi
stratigrafisi ve sedimantolojisi. Tiirkiye Petrol Jeologlart Dernegi
Biilteni, 23 (2), 7-43.

Yesilova P. G., Yesilova C & Aclan, M. (2015). Siradere-
Doganbey Koyii Civar1 (KD Mus Havzasi) evaporitli ¢okellerinin
depolanma ortamina 6n yaklasim. 68. Tiirkiye Jeoloji Kurultay, 6-
10 Nisan 2015, Ankara, Tiirkiye, (pp.580-581).

Yesilova, C., Helvaci, C. & Carrillo, E. (2018). Evaporitic
sedimentation in the Southeastern Anatolian Foreland Basin: New

insights on the Neotethys closure. Sedimentary Geology, 369, 13-27.
Yimaz, A., Terlemez, 1., Uysal, S. (1988). Some

stratigraphic and tectonic characteristics of the area around Hinis
(southeast of Erzurum). Bull. Miner. Res. Explor. Inst. Turk., 108
(108), 1-21.

Yilmaz, Y. (1993). New evidence and model on the evolution
of the southeast Anatolian orogen. Geol. Soc. Am. Bull., 105, 251—
271.

Yilmaz, S., Boztug, D. & Oztiirk, A. (1993). Geological
setting, petrographic and geochemical characteristics of the
Cretaceous and Tertiary igneous rocks in the Hekimhan—
Hasangelebi area, northwest Malatya, Turkey. Geol. J., 28, 383—-398.

Yilmaz, A. & Yilmaz, H. (2013). Ophiolites and ophiolitic
melanges of Turkey: a review. Turk. Jeol. Bul., 56 (2), 61-114.

Yilmaz, A. & Yilmaz, H. (2019). Structural evolution of the
Eastern Anatolian Basins: An example from collisional to
postcollisional tectonic processes, Turkey. Turkish Journal of Earth

Sciences, 28, 329-3
--88--


https://avesis.yyu.edu.tr/yayin/418f53db-f301-47e4-b9a7-b35cf628d285/batman-siirt-kuzeyi-stratigrafisi-ve-sedimantolojisi
https://avesis.yyu.edu.tr/yayin/418f53db-f301-47e4-b9a7-b35cf628d285/batman-siirt-kuzeyi-stratigrafisi-ve-sedimantolojisi
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=418f53db-f301-47e4-b9a7-b35cf628d285&modalDisplayedControllerId=5&journalName=T%C3%BCrkiye%20Petrol%20Jeologlar%C4%B1%20Derne%C4%9Fi%20B%C3%BClteni
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=418f53db-f301-47e4-b9a7-b35cf628d285&modalDisplayedControllerId=5&journalName=T%C3%BCrkiye%20Petrol%20Jeologlar%C4%B1%20Derne%C4%9Fi%20B%C3%BClteni
https://avesis.yyu.edu.tr/yayin/4198492c-32ad-4a36-99cf-8d5222a11960/siradere-doganbey-koyu-civari-kd-mus-havzasi-evaporitli-cokellerinin-depolanma-ortamina-on-yaklasim
https://avesis.yyu.edu.tr/yayin/4198492c-32ad-4a36-99cf-8d5222a11960/siradere-doganbey-koyu-civari-kd-mus-havzasi-evaporitli-cokellerinin-depolanma-ortamina-on-yaklasim
https://avesis.yyu.edu.tr/yayin/4198492c-32ad-4a36-99cf-8d5222a11960/siradere-doganbey-koyu-civari-kd-mus-havzasi-evaporitli-cokellerinin-depolanma-ortamina-on-yaklasim
https://avesis.yyu.edu.tr/yayin/4198492c-32ad-4a36-99cf-8d5222a11960/siradere-doganbey-koyu-civari-kd-mus-havzasi-evaporitli-cokellerinin-depolanma-ortamina-on-yaklasim
https://avesis.yyu.edu.tr/yayin/b432c8ca-1154-4365-84e9-85de01c993e2/evaporitic-sedimentation-in-the-southeastern-anatolian-foreland-basin-new-insights-on-the-neotethys-closure
https://avesis.yyu.edu.tr/yayin/b432c8ca-1154-4365-84e9-85de01c993e2/evaporitic-sedimentation-in-the-southeastern-anatolian-foreland-basin-new-insights-on-the-neotethys-closure
https://avesis.yyu.edu.tr/yayin/b432c8ca-1154-4365-84e9-85de01c993e2/evaporitic-sedimentation-in-the-southeastern-anatolian-foreland-basin-new-insights-on-the-neotethys-closure
https://avesis.yyu.edu.tr/journal/getjournaldetailbyarticleid?articleId=b432c8ca-1154-4365-84e9-85de01c993e2&modalDisplayedControllerId=5&journalName=SEDIMENTARY%20GEOLOGY

CHAPTER 1V

Natural Monument and Geological Key; Adilcevaz
(Eastern Anatolia) Tufas

Cetin YESILOVA!
Esin UNAL?

Inroduction

The Lake Van Basin is located on the Eastern
Anatolian Plateau. The plateau is a product of the compression
regime that was effective after the continent-continent collision
between the Eurasian and Arabian plates. Considering its geological
and geomorphological features, the basin is a unique data bank in the
region.

In Adilcevaz District, these tufas, which are trapped within
residential areas, serve as the neighborhood's garbage area and are

constantly damaged under the plowed fields. The rapidly developing

! Dog. Dr., Yiziincti Yil University Department of Geological Engineering, 65080,
VAN, TURKEY ORCID ID: 0000-0002-8884-0842, cetinyesilova@yyu.edu.tr

2 Dr. Ogr. Uyesi., Yiiziinci Yil University Department of Geological Engineering,
65080, VAN, TURKEY ORCID ID: 0000-0002-8337-4651, esinunal@yyu.edu.tr


mailto:esinunal@yyu.edu.tr

culture of protection today is promising in the protection of such
natural structures. It should not be forgotten that not only cultural
heritage but also such geological elements should be protected and
all these beauties should be transferred to future generations without
any problems.

Geological events and structures are the largest and most
important source in understanding the evolution of the world. They
help us understand many important data such as sea level
fluctuations, the state of glaciers, volcanic activities, earthquakes,
mass destructions and climate change throughout the world's history.
According to ProGEO 2011, some of these geological and
geomorphological elements are unique in the world and are rarely
observed. All these elements should be evaluated as geological
heritage. The Van Lake basin, which is a product of the compression
regime effective after the continent-continent collision between the
Eurasian and Arabian plates (Gortr et al., 2015), and some of the
geological-geomorphological elements in this basin can be included
in the scope of geological heritage according to the above definition.
The Van Lake Basin is a natural laboratory with both the lacustrine
sediments and the structures it contains, and the travertines and tufas
that surface in the region. At the same time, the region is a school of
volcanism when considering the volcanoes of Nemrut, Agr1, Siiphan,
Tendiirek, Meydan, Etruscan and many others.

Lake Van, the world's largest soda lake with a history of
600,000 years (Cukur et al. 2014b; Stockhecke et al., 2014), has
great importance with its formation, development, geological and
geomorphological elements, and hosting many civilizations over the
centuries. The sediments and rocks deposited on the shores of Lake
Van, as well as the sediments accumulated on the bottom of Lake
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Van, contain very valuable information in terms of lake records. In
this context, the tufa formations deposited on the shores of Lake Van
are geological heritage that should be protected and transferred to
future generations, considering the data they contain and the beauty
they offer.

The oldest units in the study area are the Lower Miocene
Adilcevaz limestones. Quaternary Siiphan Volcanics unconformably
overlie the Adilcevaz limestones (Yesilova and Yakupoglu, 2008).
Quaternary lacustrine sediments, travertine, tufa and old alluviums
unconformably overlie all these units (Fig. 1). Apart from these,
many evaporite, travertine and tufa formations attract attention in the
Lake Van and surroundings (Giing6r-Yesilova and Gokmen, 2020;
Glingor-Yesilova et al., 2020; Giingor-Yesilova and Baran, 2023;
Yesilova, 2019; Yesilova et al., 2015a, b; 2017, 2019, 2021, 2024).

In this study, the formation conditions, importance and
preservation of the Adilcevaz Tufas, which were observed in the
Adilcevaz District of Bitlis Province (the area between Lake Van and
Stiphan Volcano) and attract attention with their similarities to the
Mono Lake Tufas, will be discussed. The Adilcevaz Tufas are
sediments that were deposited between 112.7 and 19.3 ka, 1701 -
1725 masl, and exhibit visually magnificent features (Yesilova et al.,
2019). These natural monuments, which were determined to have
deposited on the shores of Paleo Lake Van, play a key role in the
region in terms of both the level changes of Lake Van and the
climate. With these features, tufas, which have a unique geological

importance, also offer a unique visual feast.

--91--



f 4298300

= |Delta / Tufa
[ JLacusturine deposits
[Siiphan Volcanites
Dry stream

0 0.5 1 km
——

| Stdyarea

Figure 1. Location (A) and geological map (B) of the study area.
Adilcevaz Tufalan

Tufa is the general name for rocks with dense calcium
carbonate and organic content deposited by cold waters with high
alkalinity (Whiticar and Seuss, 1998; Perissinotto et al., 2014). Due
to both their formation characteristics and composition, they are
important in determining the conditions of the depositional
environment (Ford and Pedley, 1996, Pentecost, 2005), climate and
water level changes (Wright, 1914; Council and Bennett, 1993;
Pentecost, 2005; Szabo et al. 1996). The development of tufas occurs
best in humid and temperate climates (Schuster 1926; Goudie et al.
1981; Almendinger and Leete 1998; Dramis et al. 1999; Zak et al.
2002; Auque et al. 2013; Grube and Usinger 2016).

The tufas in the study area are formed within the thick sand
stacks on the lake shore (Yesilova et al., 2019, 2024 Nar, 2023). The
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surrounding streams and fractures and cracks under the lake help to
transport calcium-rich waters into these thick sand stacks (Yesilova
et al., 2019, 2024 Nar, 2023). Thus, the thick sand stacks serve as
reservoir rocks for calcium-rich fresh waters. When the salty and
denser lake waters encounter these sand stacks, the less dense fresh
waters will move upwards and precipitate the calcium in their
content (Kremer et al., 2019). Thus, unlike microbialites, tufa
formation will occur within the thick sand stacks on the lake shore
(Yesilova et al., 2019, 2024 Nar, 2023). This tufala, which is formed
due to lake level changes, can be found in the lake (rise in water
level) or above the lake level (decrease in water level). Adilcevaz
Tufas were also formed when Lake Van was at an average level of
1700 - 1720 meters (Yesilova et al., 2019, 2024 Nar, 2023). They
came to light with erosion when the lake level dropped to today's
level.

As the lake water level rises, the tufa level also rises (Collins
and Leber 2005). Tufas, which offer similar visuals in terms of
formation and development with the tufas formed in Mono Lake, are
formed in the area where the paleo Tosbaga stream empties into Lake
Van. With the increase in lake level, upward growth occurs in tufas,
thus forming tufa towers and layers (Fig. 2A, B, C) (Yesilova et al.
2019). Tufa formations represent the current Lake Van coast of that
period, and deltas that are laterally transitional with tufas prove this
situation (Fig. 2D) (Yesilova et al. 2019).
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Figure 2. A. Tufa towers resulting from upward growth. B. Fluvial
deposits on tufa layers (these deposits indicate the pause in tufa
formation and fluvial activity in the region). C. General view of
tufa layers deposited on top of each other. D. Delta deposits that

are laterally transitional with tufas.

Yesilova et al. 2019, in their study, stated that the first
transgression occurred between 112.7 ka (1701 masl) and 72.5 ka
(1704 masl) and a second transgression occurred between 30.1 ka
(1646 masl) and 19.3 ka (1725 masl). All these lake level
fluctuations related to the formation of tufas are directly related to
global climate changes (Yesilova et al. 2019). According to the
values given in the relevant study, the generalized block diagram
regarding the formation and development of tufas is given in Figure
3.
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Figure 3. Block diagram showing the development of tufas (drawn
according to data from Yesilova et al., 2019).

Protection and Identification of Tufas
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The tufas are located in a developing region of Turkey. With
the recent investments made in the region, the region has become a
center of attraction, especially for Iranian tourists. However, the
approach of the local people to such geological formations has not
yet reached the required levels. Unfortunately, the area where the
tufas are located is currently used as a garbage dump by the
surrounding small-scale businesses and local settlements (Fig. 4).

Figure 4. A-B. Construction waste in the area where the

tufas are located. C-D. Domestic waste.

The tufas in the region are a bank that holds the exact climate
and altitude records of Lake Van between 112.7 and 19.3 ka. At the
same time, it stands out as the only tufa formation recorded on the
shores of Lake Van to date. Considering the visual beauty of the
tufas, it is obvious that they are rare formations that need to be
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protected. For this reason, the Adilcevaz Tufas should be accepted
as a part of the geological heritage. It is a fact that these formations
can only be protected by raising awareness by the scientific world.
Accepting these tufas as a part of the geological heritage means
protecting a very important resource not only visually but also
scientifically. The most important issue that should not be forgotten
is the protection of such structures in the geography (Burek 2012).
In the protection of such geological or geomorphological elements,
school-age children and young people should be provided with
collective visits to these areas, as in the examples of Italy and
Greece, and the importance of these areas should be explained
(Femeli et al., 2015).

In terms of promotion, first of all, the geological processes
that form tufas should be explained scientifically and their
paleogeographic evolution should be illuminated. Thus, scientific
promotion will be realized. In terms of tourism, three stages need to
be carried out in a general framework in order for the tufa field to
become a national brand and increase its recognition. The first of
these is the stage of naming the place (MacCannell, 1976;
Alaeddinoglu and Aliagaoglu, 2007). After naming, the stage of
revealing the boundaries of the tufa field comes. The next stage is
the mechanical reproduction stage (MacCannell, 1976;
Alaeddinoglu and Aliagaoglu, 2007). At this stage, touristic
attraction gains importance and now turns into a destination or an
area of experience (MacCannell, 1976; Alaeddinoglu and
Aliagaoglu, 2007). Therefore, the tufa field is promoted with all
components of the press, primarily visual, written and electronic, in
the mechanical reproduction stage (MacCannell, 1976;
Alaeddinoglu and Aliagaoglu, 2007).

--97--



Ciltepe and Uzun, (2024) stated in their study that the tufa
and microbialites in the region should be evaluated together with the
historical remains under the waters of Lake Van. The authors
emphasize that all these values in Adilcevaz are very important and
state that they are natural and cultural landscapes that show the
interaction between humans and the environment (Ciltepe and Uzun,
2024).

Discussion

ProGEO, 2011., stated that some of the geological structures
that contain information about the past are rare in the world, unique
and at the same time geological heritage. In this context, the
Adilcevaz Tufas, which offer unique beauties (Fig. 5) and also keep
records of the climate of their time with the fluctuations in the lake
level, fit this definition and exhibit geological heritage

characteristics both in terms of formation and visuality.

The Adilcevaz Tufas do not have sufficient tourism potential
on their own due to the socio-economic structure of the region and
the fact that they are not yet an attraction center. There are countless
natural and historical beauties in the region other than these tufas.
The most striking of these are the Van Lake Microbialites, Aygir
Lake (maar lake), Adilcevaz Kef Castle, Ahlat Seljuk Monumental
Tombs, Ahlat Stone Houses and Nemrut Caldera (Fig. 6).

Protecting the Adilcevaz Tufas should not be limited to
declaring them a geological heritage area. The most important task
here falls on the local people. The contribution of these and similar
areas to the economy and their direct or indirect gains should be
explained to the local people. The awareness of the local people
should be raised and the use of such areas as dumps should be
stopped as soon as possible. The most important thing to remember
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is that the greatest protectors and destroyers of such cultural and
natural heritage areas are the people themselves.

Figure 5. Visual beauties of Adilcevaz Tufas.
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Figure 6. A. The Microbialites of Lake Van . B. Aygir Lake (maar
lake). C. Adilcevaz Kef Castle. D. Ahlat Sel¢uk Monumental
Cemetery. E. Ahlat Old Stone Houses (cave houses). F. Nemrut
Caldera.

Despite the existence of numerous geological
heritage sites in the region, there are only a few publications on the
subject. The most important of these are (i) Uner et al. (2017)'s study
on the evaluation of Lake Van seismites as geological heritage and
(i1) Ciltepe and Uzun, (2024)'s study on the Investigation of Tufa
Microbialites in the Adilcevaz (Bitlis) Terrestrial Ecosystem
According to the Conservation Approach. Such studies should be

-100--



sufficiently multiplied and their controlled gains should be provided
to both the scientific world and the tourism world.

There is a lot of misinformation about the Adilcevaz Tufas
made by people who are not experts in the subject. This information
is available in newspapers, television and the internet. Most of the
explanations made contain either incorrect or incomplete
information. Such incorrect or incomplete information leads to
information pollution and misinforms the masses. Non-experts

should avoid making explanations about such structures.

Conclusion

Adilcevaz tufas should be taken under protection by being
included in the geological heritage list as soon as possible, necessary
markings and promotions should be made in the region, and tufas
should be made one of the dynamics that will contribute to the

regional economy.

The culture of protecting such structures should be instilled
in people by raising awareness, giving trips and even lessons starting
from primary school.
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CHAPTER V

Relationship Between Physical and Abrasion Properties and
Cutting Performance of Igneous Rocks

Ismail INCE!
Hayri ARABACI?
Mustafa FENER?

1. Introduction

Rocks have been widely used as building blocks for
centuries. Recently, the use of rocks as building materials has
increased significantly. This increase has brought to the forefront the
importance of cutting performance, which is the most important
operating cost in the conversion of rocks into building materials.
This has led many researchers to investigate the cutting performance
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of rocks (Ataei et al., 2012; Ghaysari et al., 2012; Sadegheslam et
al., 2013; Almasi et al., 2017; Yilmazkaya et al., 2018; Kahraman et
al., 2004; Yurdakul and Akdas, 2012; Huang et al., 2018). Kahraman
et al. (2004) investigated the relationship between slab production
and rock properties and developed prediction models. Ataei et al.
(2012) investigated the relationship between sawability and energy
consumption. Sadegheslam et al. (2013) investigated the relationship
between cutting speed and rock properties of carbonate rocks.
Yilmazkaya et al. (2018) developed artificial neural network and
regression models using physical, strength and cutting properties for
cutting natural stone samples. Yurdakul and Akdas (2012) estimated
the cutting energy values of large-diameter circular diamond saw
block cutters for carbonate rocks through physical, strength, saw
blade diameter and depth of cut. Bayram (2020) statistically
evaluated the relationships between unit energy and cutting
parameters and environmental parameters and developed a model.
This model predicted unit energy values with high correlation value.
In this study, the relationships between energy consumed in the
cutting process and rock physical and wear properties were

investigated using a saw with automatic cutting feature..

2. Material and Method

In order to investigate the relationship between the cutting
performance of the samples and their physical and abrasion
properties, 16 rock samples were collected from magmatic rock
(plutonic, volcanic and pyroclastic) quarries operated in Anatolia
(Turkey). Firstly, samples (core and aggregate) were prepared from
the collected rocks in accordance with the relevant standards and
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recommended test methods (ISRM, 2007; BS 812 1990). The
prepared core samples were divided into two groups to determine
their physical properties and energy consumed during cutting. While
the methods recommended in ISRM (2007) were taken into
consideration in determining the dry density and porosity values of
the samples, the method recommended in ASTM E494 (2010) was
used in determining the P-wave velocity values of the rocks.

In determining the Bohme abrasion (BA) and aggregate
impact value (AIV) values of rocks, EN 14157 (2004) and BS 812
(1990) standards were used, respectively. Bohme abrasion test is
defined as the abrasion value BA value as a result of the rotation of
the sample on the rotating drum for 352 revolutions (after 16 cycles
consisting of 22 revolutions) when the sample on the abrasion disk
scattered with standard abrasive powder is exposed to a pressure of
0.06 N/mm?. AIV test is defined as the resistance of the aggregate to
sudden shock or impact when a standard weighted pestle (14 kg) is
dropped 15 times from a height of 38 cm on a 750 g aggregate
sample with a certain sieve gap (14 mm, 10 mm).

The energy consumed during the cutting of magmatic rocks
was calculated by measuring the currents and voltages drawn by the
motor during the cutting process of 54.7 mm diameter core samples
in the BRILLANT 250 brand automatic cutting device. The
BRILLANT 250 used in cutting the samples is an automatic wet
cutting machine for materialography, mineralogy, and composite

materials.
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The motor's energy consumed (P) was calculated using the
current, voltage (V), and sample cut-off times (t) obtained when the

core samples were cut.
P(t) =V()I(t) (1)

The total energy (E:) consumed by the motor during the
cutting process was obtained from the integral of the instantaneous
power (P) drawn between the start (to) and end (t1) of the cutting
process.

E, = [}' P(t)dt 2)

The net energy consumed (Enet) was obtained by subtracting
system and motor losses (Eiost) from the total energy consumed by
the system to cut the sample (Ex).

Enet = Et — Epost (3)

3. Results and Discussion
3.1 Some mineralogical and petrographic characteristics

In this study, 16 samples of different types of igneous rocks
(plutonic, volcanic, pyroclastic) collected from quarries operated in
Anatolia were used. The related rock classifications were made using
the mineralogical composition of the samples obtained from thin
sections. The main mineralogical components of the pyroclastic
samples are volcanic glass, plagioclase and rock fragments.
Pyroclastic samples were named as Lithic Tuff and Vitric tuff
according to Schmid (1981) classification. Plutonic and volcanic
rocks were defined according to Streickeisen (1979). According to
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this classification, plutonic samples are named as granite while

volcanic samples are named as dacite and andesite.

3.2 Physical and abrasion properties

Statistical analyses of physical (dry density, porosity, P-wave
velocity) and abrasion properties (Bohme abrasion and aggregate
impact strength test) obtained from rocks used in the study are
presented in Table 1.

Dry density values of igneous rocks used in the study are
between 1.22-2.68 g/cm’. Granites have the highest dry density and
these samples are in the ‘medium’ rock class according to the dry
density classification of NBG (1985). Other samples are in the ‘very
low’ rock class according to the dry density classification of NBG
(1985). Porosity values of rocks vary between 0.65% and 36.83%
and these rocks show ‘low — very high’ porous rock properties
according to the porosity classification of NBG (1985). P-wave
velocity values of rocks vary between 2.02 and 4.42 km/s. BA values
of rocks vary in a wide range and are between 5.21-46.74
cm?®/50cm?. The aggregate impact strength of rocks varies between
53.65% and 87.39%.
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Table 1: Descriptive statistics of data used in the analysis

Variables Data Minimum Maximum Mean Std. deviation Variance

pa- g/cm’ 16 1.22 2.68 1.81 0.45 0.20
n -% 16 0.65 36.83 21.92 11.69 136.59
Vp -km/s 16 2.02 4.42 2.84 0.75 0.56
BA- 16

cm?/50cm? 5.21 46.74 24.70 9.91 98.30
AIV-% 16 53.65 87.39 69.62 11.11 123.38

pq: dry density, n: porosity, Vp: P-wave velocity, BA: Bohme abrasion, Al:
aggregate impact value

3.3 Net energy expended while cutting the sample estimate of
igneous rocks

The relationship between Enet values and the physical and
abrasion values of the rocks was analysed using simple regression
(linear, power, exponential, logarithmic and polynomial) analysis.
The correlations between Enet values and the physical properties of
rock samples are presented in Figure 2. The highest correlation
coefficient between Enet and Vp was determined in the exponential
relationship with 0.8871. The highest correlation relationship
between Enet and n and dry density was determined in logarithmic
(R?: 0.7689) and exponential (R%: 0.7422) relationships, respectively
(Figure 1).

The correlation relationships between the Enet values Enet
and the abrasion properties (BA and AIV) of the igneous rock
samples are shown in Figure 2. The correlation coefficient for the
simple regression relationship between Enet and BA and AIV is
0.9706 and 0.5437 respectively. The highest correlation coefficient
between Enet and physical and abrasion properties was determined
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in BA. This can be explained by the fact that the minerals that resist
cutting and the minerals that resist abrasion are the same.

25000 [2]

20000 y= 22.036el-4422x
R?=10.8871

15000

10000
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Figure 1: Relationship between net energy consumed and physical
properties a) P-wave velocity, b) dry density, c) porosity
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Figure 2: Relationship between net energy consumed and abrasion
properties a) Bohme abrasion, b) aggregate impact value

5. Conclusion

In this study, simple regression analysis was used to predict
the Enet values of 16 igneous rocks using physical and abrasion
rates. The main results obtained from the simple regression analysis
are as follows:

114~



In the simple regression analysis used in the study, the best
relationship between physical properties and Enet is between Enet
and Vp. The correlation coefficient in this relationship is 0.8871.

The best relationship between the abrasion properties of
igneous rocks and Enet was found between Enet and BA, with a
correlation coefficient of 0.9706.

This high correlation relationship is the direct relationship
between the main parameters affecting wear and cutting energy. The
Bohme abrasion value can be used to practically estimate the Enet
value.
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CHAPTER VI

Estimation of Uniaxial Compressive Strength (UCS) Values of
Igneous Rocks Using Gene Expression Programming (GEP)

Mehmet Can BALCI!
Ismail INCE?

1. Introduction

Geotechnical parameters constitute the input parameters for
engineering projects to be constructed in soil or rock. Among these
parameters, uniaxial compressive strength (UCS) is the most
important input parameter. There are different standards for the
determination of UCS, such as ISRM, ASTM, EN, etc. The most
time consuming and expensive part of these standards is sampling.
There are also some rock types for which it is not possible to take
samples with the dimensions and properties specified in the
standards. This has led to the development of indirect methods (point
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load test, Schimdt hammer rebound, Leeb hardness, etc.) to
determine the UCS value of rocks. In addition, researchers have
increased studies on the prediction of UCS value using physical and
mechanical properties of rocks. Initially, simple and multiple
regression analyses were used to determine UCS (Tugrul and Zarif
1999; Yasar and Kahraman 2001, 2014; Yasar and Erdogan 2004;
Kahraman et al 2005). In the twenty-first century, researchers have
developed new methods and methodologies (soft computing models)
to predict UCS. In these soft computing models, UCS values were
estimated using different rock properties (Heidari et al 2018; Tariq
et al 2019; Jin et al 2022; Ozdemir 2022; Qiu et al 2022; Wei et al
2023, Wang et al 2023). Recently, Genetic Expression Programming
(GEP) approaches have also been widely used to predict UCS (Ince
et al 2019; Xue 2022; Khatti and Grover 2024). The aim of this
study is to determine UCS using practical and inexpensive non-
destructive testing techniques that can be used both in the field and
in the laboratory. For this purpose, UCS values of igneous rocks
were estimated by GEP using Leeb hardness (HL) and P-wave
velocity as input parameters, which determine surface hardness
through low application energy.

2. Material and Method
2.1 Sampling and laboratory tests

Fifty rock samples were collected from quarries opened in
igneous rocks (igneous, volcanic and pyroclastic) operating in
different regions of Anatolia. NX diameter (54 mm) core samples
were prepared from 30x30x30 cm homogeneous rock blocks taken
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from the quarries in accordance with the recommendations of ISRM

(2007) for use in experimental studies.

The Vp, HL and UCS values of the rocks were determined
using the prepared core samples in accordance with the relevant
standards (ASTM E494 2010; ASTM D7012 2014). The standards
specified in ASTM E494 (2010) were used for P-wave velocity
determination of the samples. For each rock, P-wave velocity (Vp)
measurement was repeated three times and the arithmetic mean of
these measurements was taken as P-wave velocity. The UCS value
was determined according to the methods recommended in ASTM
D7012 (2014). For each rock unit, 3 samples were measured and

these values were averaged.

Although the Leeb surface hardness test has a universal
standard for metals, there is no existing standard for this test in rocks.
However, some researchers have emphasized that the length to
diameter (L/D) ratio should be 21.5 for HL test measurements in
core samples (Ghorbani et al., 2023; Celik et al., 2023). In this study,
the L/D ratio recommended by the researchers for HL measurements
was followed. Insize ISH-PHB brand D-probe was used to determine
the HL value. The test was performed at 20 different points
perpendicular to the bottom and top surfaces of the samples, evenly
distributed over the surface of the samples. The arithmetic mean of
the measurements made in each sample was defined as the HL value
of the sample.
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2.2 Genetic expression programming (GEP) approach

GEP is a new evolutionary algorithm developed by Ferreira
in 2001 using genetic algorithm (GA) and genetic programming
(GP). According to Ferreira (2001), in GEP, individuals encode the
linear sequences of a genome with fixed dimensions used in GAs
and in a tree structure of different sizes and shapes used in GP. This
tree structure is called expression trees (ETs). The GEP model
consists of function set, terminal set, fitness function, control

parameters and stopping condition.

The ETs for the GEP model developed to predict the UCS
values of igneous rocks are given in Figure 1. During training and
testing of the GEP model, Vp (do) and HL (d1) values were defined
as input variables, while UCS value was defined as output variable
(Table 1). Fifty igneous rock samples were used in this study. Thirty-
eight randomly selected samples were used as the training set for the
GEP approaches, while the remaining samples were used as the test
set for the GEP approaches. Gene X pro Tools 4.0 software was used
to predict the UCS values of the rocks with the GEP method.
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Sub-ET 3

Figure 1: Expression tree of GEP model
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The parameters used in the GEP model to predict the UCS
value of the rocks are given in Table 1. The equations used in the
equation of the developed GEP model are presented in Table 2.

Table 1: Parameters of GEP approach model

Parameter definition GEP-1
Function set +, -, *, /, Sqrt, x3, log, In, exp
Chromosomes 30

Head size 8

Number of genes 3

Linking function Multiplication
Mutation rate 0.044
Inversion rate 0.1

One point recombination rate 0.3

Two point recombination rate 0.3

Gene recombination rate 0.1

Gene transposition rate 0.1

Table 2: Coefficients used in the GEP model

Coefficients Values

GI1CO -0.536102
GICI -0.167785
G2C0 7.657654
G2C1 9.986512
G3C0 -9.994416
G3Cl1 -0.053192

3. Results and Discussion
3.1 Some physical properties of rocks

The input and output parameters of the GEP model
developed to estimate the UCS value of the rocks used in the study
are given in Table 3. The P-wave velocity value of the rocks varied

between 1.56 and 5.38 km/s, while the HL value was determined
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between 220.00 and 896.70. The UCS values of the rocks vary in a
wide range (7.57-167.40 MPa).

Table 3: The input and output quantities used in GEP approach
model

Data used in the models

Input variables Minimum Maximum St. deviation
Vp 1.56 5.38 1.05
HL 220.00 896.70 193.83
Output variable

UCS MPa 7.57 167.40 41.24

Vp: P-wave velocity, HL: Leeb hardness, UCS: Uniaxial compressive strength

3.2 Prediction of uniaxial compressive strength values of
1gneous rocks

The relationship between UCS values and P-wave velocity
and HL values of the rocks was investigated using simple regression
(linear, power, exponential, logarithmic and polynomial) analysis.
The correlations between UCS values and physical properties of
rock samples are presented in Figure 2. The highest correlation
coefficient between UCS and Vp was determined in exponential
relationship with 0.7076, while the highest correlation (R?; 0.878)
between UCS and HL was determined in exponential relationship
(Figure 2). In these two approaches, it was observed that the
deviations from the experimental UCS value increased in the
prediction of high UCS values.
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Figure 2: Relationships between the UCS and physical properties
of the samples, a) P-wave velocity, b) HL

The validity of this model was checked through mean
absolute error (MAE), root mean squared error (RMSE) and
correlation coefficient (R?) (Equations 1-3). The statistical

parameters of the developed model are given in Table 2.

1
MAE =~ ealt; — o4] (D
1
RMSE = \/;2;;1(1:1- —0;)? (2)
R2 (nYtjo;-Yt; ¥ 0;)? (3)

T (32— t)?)(nyor-(op?)

Where ¢ is the value obtained from the experiment, o is the
calculated value and 7 is the total number of data.

The MAE and RMSE values for the training set and testing
set of the GEP approach model developed for the prediction of UCS
value are 9.95 and 12.68 and 10.07 and 11.05, respectively. The
correlation coefficient value of this model is 0.9218 in the training
set and 0.9099 in the testing set (Table 4, Figure 3).
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Table 4: The UCS statistical values of GEP approach model

. GEP-I
Statistical parameters — .
Training set Testing set
MAE 9.95 10.07
RMSE 12.68 11.05
R? 0.9218 0.9099

The comparison between the prediction values obtained from
this GEP approach model and the experimental results shows the
high generalization capacity of the proposed model. The statistical
values (MAPE, RMSE and R?) given in Table 4 show that the
proposed models predict the UCS values quite successfully and the

predicted values are very close to the experimental results.
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Figure 3: Relationship between measured and predicted UCS: a)
Training set, b) Testing set

5. Conclusion
In this study, simple regression analysis and genetic
programming approaches were used to predict the UCS values of 50
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igneous rocks using HL and P-wave velocity. According to the

analysis, obtained main conclusions are the following:

The best relationship obtained in the simple regression
analysis used in the study is between HL and UCS with a correlation
coefficient of 0.789.

In the developed GEP approach, the number of genes was
chosen as 3 and multiplication was used as the link function. The
results obtained from the GEP approaches and experiments are quite
consistent with each other. The R2 values of the training and test sets
of the developed GEP model are greater than 0.90. Moreover, the
validity of this model is confirmed by MAE and RMSE values.
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BOLUM VII

Diinit Bloklarinin Onemi, Olusumlar1 Ve Ozellikleri:
Guleman Ofiyoliti Ornegi

Ayse Didem KILIC!

Giris

Gecmisten giliniimiize ofiyolit kavrami farkli arastirmacilar
(Coleman, 1971; Dewey ve Bird, 1971...vb. gibi) tarafindan
peridotit, gabro, diyabaz, spilit ve bunlarla iligkili diger kayaclar i¢in
kullanilan ve magmatik provensle olusan topluluk olarak ifade
edilmistir. Okyanus litosferinin pargalarinin kita kenarina bindirmesi
esnasinda levha kenarlarinin yenildigini ifade eden arastirmacilar,
okyanus kabugunda belirlenen peridotit gabro-diabaz yastik lav
serilerinin orojenik kusaklarda da bulundugunu ifade etmislerdir.
Magmatik provens sonucunda olusan ve peridotitlerin kiitleler
halinde katilagtigin1 ve bunun gabrolar tarafindan takip edildigini,
piroksenitlerinde bu arada olustugu seklinde basit bir tanimlama

! Dog. Dr., Firat Universitesi, Mithendislik Fakiiltesi, Jeoloji Bolimd, Elazig/ Ttrkiye, Orcid: 0000-0002-6804-
6764 (Orcid liitfen link degil 16 haneli rakamlari yaziniz.), adkilic@firat.edu.tr
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yapmislardir. Okyanus kabugunun kta iizerine yerlesmesi ile olusan
ofiyolit, tektonitler, kiimiilatlar, izotrop gabro, levha-dayk karmasigi
ile bunlar1 kesen diyabaz ve plajiyogranit dayklar1 tarafindan
kesilmektedir.

Alp-Himalaya kusagi igerisinde okyanus sirti, orojenik dag
zincirleri ve yitim zonu igerisinde olusan ofiyolitler, Afrika ve
Avrasya kitalar1 arasinda énemli bir konumda yeralan Tiirkiye’de
oldukca yaygindir. Neotetis okyanusunun Kretase zamanindan
itibaren kapanmasiyla olusan Tiirkiye ofiyolitleri, kapanma sirasinda
bolgede etkili olan sikismali rejim {iriinleridir (Rizaoglu ve dig.,
2004; Onen, 2003; Kilig, 2009).

Guleman ofiyoliti, Glineydogu Anadolu bolgesindeki dnemli
ofiyolit yerlesimlerinden biridir. Peridotit, tektonitler, ultramafik ve
mafik kiimiilatlardan olusan birim; Tektonitler, kiimiilatlar,
plajiyogranit, diyabaz dayklar1 ve bazik volkanik kayaclardan
olusur. Tektonitler, diinit ve podiform kromit i¢ceren harzburjitlerden
olusurken, kiimiilatlar; diinit-verlit-klinopiroksenit ardalanmasi ve
bantli gabrolardan olusur. Guleman ofiyoliti bazik volkanik
karmasik icermemektedir. Ancak, volkaniklerle kokensel iliskili
oldugu diisiiniilen Caferi volkanitleri yayilim sunmaktadir (Ozkan
ve Oztunali, 1984). Kalinlig1 4 km'yi asan tektonitler tiim ofiyolit
kiitlesinin % 60'1 kadardir. Ultramafik kiimiilatlar, diinitler i¢erisinde
sacilimli bantli kromitlerden, verlit ve klinopiroksenite geger.
Kiimiilat seviye bantl1 gabro, izotropgabro, troktolit ve olivin gabro
ile temsil edilmektedir. (Ozkan ve Oztunali, 1984). Gabrolarin en
tipik 6zelligi, hizli kristallesme oranina isaret eden adkiimiilat ve
heteradkiimiilat doku izlenmesidir (Ozkan ve Oztunali, 1984; Parlak
ve dig. 2004).
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Alpin tip peridotitler ve ofiyolitlerin ultramafik boliimlerinin
bir temsili olan (Irvine, 1974; Coleman 1977; Moores 1969; Harkins
et al. 1980) diinitik bloklar, genellikle harzburjit ve/veya lerzolit
icerisinde birkag metre biiytikliiktedir. Diinitik bloklarin olusumuyla
ilgili iki goriis bulunmaktadir. Bunlardan biri magmatik islevler, bir
digeri ise H2O’lu metasomatizmadir. Magmatik kdkenli olusumu
savunan aragtirmacilar, diinitik bloklarin mantodaki kismi ergime
sirasindaki yiiksek sicaklikta olustugunu ve bunun en OSnemli
kanitinin direncli refrakter kalintilar1 olarak gosterir (Dick 1977a,
1977b; Dick ve Sinton 1979). Diger bir grup arastirmaci, Ust
mantoya gegen bazaltik magmalarin geride kalan kristal kiimiilatlari
olarak diinitik bloklar1 ifade eder (Moores, 1969; Dick 1977a).
Gregory (Hopson ve dig., 1981) and Dick (1977a, b) ise diinitik
bloklarin, dinitlerle harzburjitik duvarin reaksiyonu sonucu
olusabilecegini belirtir. Metasomatik kokeni savunan aragtirmacilar
ise, diinitik bloklarin sulu akigkanlarla subsolidiis reaksiyonlar
sirasinda peridotit igerisindeki piroksen ile olivinin yer degistirmesi
sonucu olusabilecegini belirtirler (Dungan and Lallement 1977). Bu
teoriler, iist mantodaki sicaklik ve ugucu bilesenlerden 6nemli
farklilik gosterir. Kismi ergimeyle diinitlerin olugmasi ancak ytiksek
sicaklik veya alt peridotit solidiis sicakliginda miimkiindiir. Her iki
model, ergime sirasinda yalnizca olivinin stabil oldugunu ileri
stirmektedir. Sayet, diinitleri metasomatik kokenli olarak kabul
edersek, list manto ve/veya kabuk boyunca biiyiikk bir H20 akis
olmas1 gerekir ki; Okyanus litosferinde hidrotermal sirkiilasyonlar
oldukca derinde gerceklesir (Kilig, 2009).

Diinitik bloklara diinyanin bazi yerlerinde (Trinity ofiyoliti,

Bushveld kompleksi) rastlanmistir (Hopson ve dig., 1981).

Peridotitler tarafindan c¢evrelenen bagimsiz bu kiitleler, Guleman
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ofiyoliti igerisinde de mevcuttur. Bu calisma, Guleman
ofiyoliti’ndeki birka¢ metre boyutuna varan dinitik kiitlelerin
petrografisi, jeokimyasi ve kokenini belirlemek amacini
tasimaktadir.

2. Guleman Ofiyolitinin Petrografisi

Guleman ofiyoliti, tabandan tavana dogru tektonitler,
ultramafik-mafik kiimiilatlar, izotrop gabrolar ile unlar1 kesen
diyabaz dayklar1 ve plajiyogranitdn olusur (Kilig, 2006). Manto
tektonitleri diinit ve harzburzjitlerle, ultramafik kiimiilatlar diinit,
verlit ve serpantinitler ile mafik kiimiilatlar olivinli gabro, normal
gabro ve izotrop gabrodan olugmaktadir. Bazik volkanik seviye
olmadigindan Guleman ofiyoliti eksik dizi karakterlidir.

Diinitik bloklar ise harzburjit ve mafik kiimiilat gecisinde
birbirinden bagimsiz bloklar seklindedir (Sekil ). Bu kiitlelerin
yapisi, dinitik bir ¢ekirdegi cevreleyen harzburjit, gabro veya
piroksenittir.  Harzburjit/gabro/piroksenit, matrikstir.  Diinitik
bloklarin farkedilebilir 6zelligi serpantinlesme, talk ve Kklorit
alterasyonunun nadiren izlenmesidir. Guleman ofiyoliti diinitik
kiitleleri, kiiglik boyutlu bir magma odas1 iizerindeki blok
faylanmalar sonucu veya yiiksek sicakliktaki diinitik eriyikle
harzburjitik yanduvar arasindaki reaksiyon sonucu olusabilir.

Harzburjit, verlit ve klinopiroksenitler genellikle graniiler,
nadiren elek veya poiklitik doku 0Ozelligi gosterirler (Sekil ).
Kiimiilat gabrolar, kiimiilat doku 6zelligine sahiptir (Sekil ). Diinitik
bloklar igerisindeki diinitler benzer sekilde graniiler dokulu olup,
%90’n1n tizerinde olivin igerirler.

Guleman ofiyoliti kiimiilat seviyeye ait kayaclarda,
magmatik tabakalanma, minerallerin c¢okelimiyle es yash
faylanma(magma odasinda) ve benzeri gibi kristal segregasyonuna
isaret eden yapilar ve dokular izlenir (Ozkan ve Oztunali, 1984).

--136--



Kiimiilatlarda krom, olivin, klinopiroksen, plajiyoklas, hornblend ve
kuvars seklinde izlenen fraksiyonel kristallesme, gabro kayaglarinda
izotrop gabrolarda bantlanmalar seklinde izlenmektedir (Sekil ).
Kiimiilat seviyenin {ist boliimlerini olusturan izotrop gabrolar,
klinopiroksen (%35), olivin (%25) ve plajiyoklaz (%40)
minerallerinden olusurken, normal gabroar, klinopiroksen (%40) ve
plajiyoklaz (%60)’tan olusur. Izotrop gabrolarla tabakali gabrolar
arasindaki onemli fark, doku ve plajiyoklazlarin anortit oranidir
(Beccaluva ve digerleri, 1994). Bu oran incelenen izotrop gabrolarda
%10 kadardir. Normal gabrolarla izotrop gabrolarin gegisinde
izlenen plajiyogranitler, agik renkleri ve ince taneli graniiler doku
gostermeleri ile kolayca kiimiilat seviyede fark edilen kayag tiirtidiir.
Plajiyogranitler, >%60-65 plajiyoklaz (An=20), %20 kuvars, %15
biyotit, manyetit ve diger mineralleri igerirler. Plajiyogranitlerin bir
diger 6zelligi yar1 6z sekilli plajiyoklazlarda zonlanma goriilmesidir
(Sekil ). Diyabaz dayklari, ofiyolitik seriyi farkli seviyelerde kesen
yaklas1 0.5cm.den 1m.ye kadar degisen genislige sahip bu kayaglar,
intersertal dokuya sahiptirler. Mineralojik bilesimler, plajiyoklaz
(%60-65), klinopiroksen (%35-40) ve ikincil mineraller (%5)dir.
Plajiyoklazlar, prizmatik tane sekline sahiptir. Yerlesme sonrasi
gelisen erozyon, Guleman Ofiyoliti’nin levha-dayk karmasigi
seviyesini etkilemistir. Bazi arastirmacilar (Ozkan ve Oztunals,
1984; Kilig, 2009), Caferi volkanitlerini, Guleman Ofiyoliti’nin
bazik volkanik seviyesi oldugu ve tektonik hareketlerle (DAF’a
bagli) ofiyolitten koparak, kuzeyde Maden Karmasigl iizerine
yerlestigini ifade ederler.

3. Guleman Ofiyoliti Diinit Bloklarin Olusumu

Diinit bloklari, harzburjitik bir hamur igerisinde diinit
cekirdekleri icerir. Farkli biiyiikliikte bloklar olarak bulunan bu
kiitleler (100 cm. den 1.5 metreye kadar), harzburjitlerle
kiimtilatlarin gegisinde daginik konumlanan bu bloklar (Sekil )
Guleman ofiyoliti igerisinde dagilim gdstermektedir. Diinit
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kiitlelerinin baglangigtaki yonelimi olusumu tahmin etmek zordur.
Ancak, peridotit’in yiikselmesi sirasinda faylanmayla gabro ve
diyorit pliitonlarinin sokulumu diinit kiitlelerini yerlesim sirasinda
deforme etmis ve dondiirmiis olabilir. Daha sonraki faylar nedeniyle
diinit bloklar1 harzburjit ve kiimilat diinit birimi igerisinde
dagiiktir.

Diinit bloklarinin olusumlar ile ilgili olarak; Hidrotermal,
kristal kiimiilat ve kismi ergime kokeni ifade edilir. Bazi
aragtirmacilar (), piroksen iceren protolitin i¢cindeki akiskanlaridan
olivinin ¢okeldigini ve diinitlerin subsolidiis kosullar1 altinda
olustugunu belirtir. Bu teori, Bushveld (Bunchanan ve dig., 1999;
Cameron, 1978), Stillwater (McCallum, 1996), Duke adasi
karmasig1 (Irvine 1974), Burro peridotitleri (Burch 1969) ve Canyon
ofiyoliti (Dungan and Lallemant, 1977) diinitlerinde goriilmektedir.
Stratiform intriizyonu kadar veya daha kiiglik olan bu karmasik ve
ofiyolitler, ge¢ evrede peridotitlerde plastik deformasyon
gosterirler. Plastik deformasyon kabuk ortaminda H>O’lu
akiskanlarin bulundugu subsolidiis kosullarinda gelisir. Canyon
peridotinde diinit-harzburjit smirinda bol miktarda amfibollerin
varlig1, bu 6zelligi dogrulamaktadir (Dungan and Lallemant, 1977).

Diinitik bloklarin kilometrelerce boyutlarda ve diizlemsel bir
yap1 sundugu Vourinos ofiyoliti (Moores 1969) ve Samail ofiyolitini
(Hopson et al. 1981; Boudier and Coleman 1981) 6rnek gostererek
kristal kiimiilat teoriyi savunmaktadir. Diizlemsel (tabular) sekilleri,
magmatik dayklara isaret etmektedir (Hopson ve digerlerine, 1981).
Coleman ve Boudier (1981), Harkins ve digerleri. (1980) ve Moores
(1969), bu diinit kiitlelerinin okyanus ortasi sirtlar1 altinda ytikselen
pikritik eriyiklerden ayrilan olivin ile doldurulmus kanallar1 veya
besleyici dayklar1 (feeder dikes) isaret eder. Boudier ve Coleman
(1981), bircogunun baslangicta bdyle bir modelin ongordiigl gibi
dikey yonde olustugunu belirtmistir. Semail ofiyolitine ait diinit
bloklarinda yapilan ¢alismada arastirmacilar, subsolidiis kosullari
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altinda hidrotermal islevlerle olusur. Okyanus ortas1 sirti
ofiyolitlerinden biri olan, Semail ofiyolitindeki diinitik bloklarin
1550 km derinlikte ve yitimden hemen 6nce olusan yapisal seviyede
gelismistir (Boudier and Coleman 1981). Okyanusal litosferin bu
bolgesi, okyanus ortasi sirt1 bazaltlarinin diisiik su igerigine bagh
olarak anhidrozdur (Bedard, 1991). Bu bloklar peridotit hala sicak
iken olusur. Sicakligin, sulu peridotit solidiisiiniin iizerinde
oldugunu gosteren en onemli kanitin plastik deformasyon oldugudur
(Boudier and Coleman, 1981). Eger H/O mevcut olsaydi peridotit
erimis olacakti (Green 1973). Diinitik bloklar, mantodaki kismi
ergimeyle iiretilen refrakter kalint1 olarak ifade eden (Dick,1984;
Dick and Sinton 1979), Trinity peridotitindeki diinitik bloklarinsa,
ya kismi ergimenin biiyiik oranda tamamlanip eriyigin uzaklastig
bir durumda veya ergime-uzaklasma aninda olaustugunu miimkiin
gormektedirler. Ancak, akigkanlarin yaygin oldugu
metasomatizmada bu islevlere eslik edebilir. Bloklardan farkl
olarak levhamsi kiitleler, bazaltik eriyikten olivinin ¢dkelimi veya
eriyikle peridotit duvar kayacinin kismi asimilasyonuyla olusabilir.

Diinit bloklarin magmatik kokenli oldugu; diinit olusumu
sirasinda sulu subsolidiis reaksiyonlar1 i¢in bir kanitin olmamasi,
plajiyoklaz lerzolitlerde iz miktarda amfiboliin varligi (Canyon
Mountain) (Dungan and Lallemant, 1977) ve diinit-peridotit
gecisindeki kiigiik kivrimlar, diinit bloklar1 olustuktan sonra oldukga
sicak ve plastik deformasyona ugrayan peridotit kayaclarinda
yuksek sicaklikta korunmus minerallerin varligi ile anlasilir. Bazi
diinit bloklarinda, oikokristal klinopiroksenler, intersitial plajiyoklas
ve kromit ceplerinin varlig1 magmatik kokenin isaretidir (Taylor and
Epstein  1962a, b). Yukanda ifade edilen teorilerle
karsilastirildiginda, Guleman ofiyoliti diinit bloklar1 magmatik
kokenli olup, peridotitin ergimesi sirasinda magma odasi yan
duvarlarinda  gerceklesen blok faylanmalarla olusabilecegi
diistiniilmektedir.
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4. Diinit Bloklarin Jeokimyasi

Diinit bloklarinin ¢ekirdek ve hamur kesimlerinden alinan
orneklere ana oksit XRF analiz sonuglar1 Tablo 1’de verilmistir.

Tablo 1: Guleman ofiyolit diinit bloklarinin ¢ekirdek ve kenarindan
alinan orneklerin XRF sonuclari

Anaoksit(%) |Dtl1 |Dt2 |Hz1 |Hz2 [Gb-l |Gb-2
Si0, 36.35 | 39.57 | 43.66 | 42.05 |49.44 |52.13
ALO; 048 (055 [1.55 [1.07 16.72 |82
Fe,Os 11.03 [9.13 [722 [693 [9.11 15.04
MgO 36.75 | 3446 | 4135 |[4271 |72 11.52
CaO 083 |24 201 [ 101 8.29 9.77
Na,O 0.08 0.1 0.1 0.2 3.44 0.54
K20 0.01 [0.02 [0.02 [0.02 1.07 0.03
TiO, 0.03 [0.04 [0.02 |0.02 1.52 0.47
P,0s 0.05 006 [009 [007 [033 0.08
MnO 010 [0.10 o011 [o0.08 [o.12 0.19
AK. 1123 [10.03 [3.55 [434 [2.46 2.01
Toplam 96.94 |93.46 | 99.68 [99.50 [97.73 | 99.96
CaO/ALO; 1.85 436 |1.28 [048 [0.49 1.19
Mg 076 1079 |0.85 |0.86 [o0.44 0.43

Buna gore ¢ekirdekte bulunan diinitin MgO degeri %34.46-36.75,
Fe;03 degeri %9.13-11.03 ve ultrabaziklerin 6zelligini ifade eden
Si02 igerigi ise % 36.35-36.57 arasindadir. Bu oran, harzburjitlerde
% 42.05-43.66 ve gabrolarda %49.44-52.13tiir. Serpantinlesme
arttikca Ateste Kayip (AK) degeri (%11.23 gibi) de artmaktadir.
Tablo 1’de diinitlerin Al2O; miktar1  %0.48-0.55 arasinda
degismektedir. Coleman (1977) tarafindan ifade edilen, Alpin tip
peridotitlerdeki diinitlerin AlO3 degerinin (% 0.35) biraz
lizerindedir. Yiksek AlOs’lin sebebi, ultrabazik kayaclarda
alterasyona bagli olarak artan kil mineralleri ve AlO3 igeren
minerallerin (piroksen ve spinel) varligina baglamistir. TiO:
miktarlar1 % 0,03 — 0,04 arasindadir. Bu alkali oksitlerin miktari, iist
mantoda bu elementlerin tiiketilme seviyelerini belirlemektedir
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(Orgiin, 1992). Diinitlerin Mg# degerleri 0.9 — 0.94 arasinda
degismektedir. Orneklerin Mg# degerlerinin yiiksek olmasi, yitim
zonu dinitlerin yiiksek forsterit icerigine sahip olduklarmin
isaretidir.

AlO3-MgO diyagraminda diinit 6rnekleri diisiik A1O3 (0,48
— 0.55) igerikleri nedeniyle, az tiikketilmis pirolit alaninda yeralir
(Sekil ). Diinitlerin bu o6zelligi, manto ergimesinin kalintilari
olmasindan kaynaklanir. Orneklerin yiiksek CaO igerigi, alterasyona
isaret etmektedir.

6
5 |- =
Pirolit

S4r {
|(‘_\l‘
< | |

2 - —

1 F .. | —

% % Az tiiketilmis pirolit
T T 1 L1 1

0
30 32 34 36 38 40 42 44 46 48 50
MgO

Sekil 1:Incelenen harzburjit ve diinitlere ait MgO-Al>Oj3
diyagramindaki dagilimlar: (Ringwood, 1975)

5. Tartisma ve Sonuclar

Guleman ofiyoliti, Ust Triyas’tan itibaren Anadolu levhasi
ille Arap levhas1 arasindaki acgilmaya baglayan Neotetis
Okyanusu’nun giiney kolunun, Ust Kretase’ den itibaren kuzeye
dogru dalmaya baslamasi ile bu okyanus kabugu iizerindeki
acilmaya  bagli  oarak  gelisen  Supra-subduction zonu
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ofiyolitlerdendir. Harzburjit tip bu ofiyolit icerisindeki diinit
bloklari, benzerlerine Trinity, Bushveld ve Vourinos ofiyolitinde de
goriilen esdegerleri ile kiyaslayarak olusumlarini belirlemeye
calismaktir.

Bazaltik magmanin pikritik eriyikleri hakkinda 6nemli bir
isaret olan diinit bloklari, baslangicta olive doygun olmayan
eriyiklerle yan duvar reaksiyonuyla veya olivinin fraksiyonel
kristalizasyonuyla olugur. Olusumlar ile ilgili olarak, magmatik,
hidrotermal-metasomatik ve kristal kiimiilat islevlerle olusum
seklinde farkli goriisler vardir. Diinitlerde Al, Ca, K, Na, Ti ve Si
oksitlerin normal degerlere gore yliksek olmasi, duvar kayaglarindan
koparilan pargalarin minimum ergimeyle asimilasyonu sonucudur.
Diinit bloklarinin petrografisi, ofiyolit istifini olusturan kayag
tiirlerinin bilesimiyle benzerlik gostermektedir. Diger esdegerleri ile
karsilastirildiginda, Guleman ofiyoliti diinit bloklar1 diinitik
cekirdek ve onu cevreleyen harzburjit ve/veya gabrodan
olusmaktadir. Diinitteki diger fazlara gore olivinin fazla miktarda
bulunmasi, pikritik eriyiklerle yan duvar arasindaki reaksiyonlarin
isaretidir. Diinit bloklarinin farkli biiyiikliige sahip olmasi, magma
odasi blok faylanmalara baglanmstir ().
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