10C

limleri ve
_endlsl"' i

Igl



BIDGE Publications
Yer Bilimleri ve M¢ghendi sl ifjJi 1

Editor:Dr . ¥ r . L yesi Esin | nal
ISBN: 978-625372-493-1

Page Layout: G°zde Y| CEL
1st Edition:

Publication Date25.12.2024

BIDGE Publications,

All rights of this work are reserved. It cannot be reproduced in any
way without the written permission of the publisher and editor,
except for short excerpts to be made for promotion by citing the
source.

Certificate No: 71374

Copyright E BIDGE Publications
www.bidgeyayinlari.com.tr bidgeyayinlari@gmail.com

Krec Bilikim Ticaret ve Organizasyon Ltoc

G¢zeltepe Mahall esi Abidin Daver Sokak
Ankara

I GE

.



Content

An Assessment of the Physical and Major Chemical Parameters of

Drinking Water in Relation to Human Health.......................... 5.
Fati h . ERBAK i, 5
Ayl a BOZDAJ ..o 5

Natural Graphite: Industrial Applications, Global Distribution, and

Tée¢rkiyeodos...Rot.ent.l.al ... 24
Hati ce KANBUR..CAMUK. ... 24

Berna YAVUZ PREHLKMANL.I.......24

Origin, Formation and Characteristics of Cenozoic Evaporite
Deposits in Easter.n. . Anat.al.d®d (Tg¢

Pelin G| NG¥R..YEKKLQV.A. ... 49
Natural Monument and Geological Key; Adilcevaz (Eastern
ANALOLIA) TUFAS ...ceviiiiiiieieee e 89
Cetin YEKKLOVA e 89
Es i n L N AL e 89
Relationship Between Physical and Abrasion Properties and Cutting
Performance of Igneous ROCKS..............oiiiiiceciiiiiinnnnnn. 107

Ksmai l... KNG E. e 107

Hayri ARABACH ... i aeee s 107

Mustafa FENER..............cooiiiiiiiieeee e, 107

Estimation of Uniaxial Compressive Strength (UCS) Values of
Igneous Rocks Using Gene Expression Programming (GEP)9

Mehmet Can BALCH. ... ..o 119
Ksmai l... O D 1 o 119



D¢eni t Bl okl aréneéen ¥nemi, Ol ukum
Of i yol it drnne do e, 133

Ayke Didem. . KLLLG . ... 133



CHAPTER |

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

Fati h ERBAI
Ayl a BCzZDAJ

Introduction

Peopledemandthat the water they consumedaily for a
healthylife is fresh,clearanddrinkable.Ensuringthatthe waterto
be usedfor drinking purposesascertaincharacteristicss oneway
of meetingthis requirement.The water that will come from the
sourceto thetreatmentplant,from thereto the distributionnetwork
and to the end user must have important physical, chemicaland
microbiological parametersand the ions, minerals, gasesand
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bacteria,if any, must be within the permissiblelimit valuesfor
humarhealth.Thephysicechemicalparameterselevanto drinking
wateraredeterminedasaresultof theseassessments.

Recently, the increasinguse of water due to population
growthandindustrialdevelopmenaswell asglobalwarmingcauses
both the reductionof existingwaterresourcesand pollution dueto
unconscioususe and imprudence.Water chemistry is naturally
affected by waterrock interaction and anthropogenicprocesses.
Whethergeological or anthropogenicwater may containions at
levelsthatmayadverselyaffecthumanhealth.For this reasonmost
countries,especiallythe World Health Organisation(WHO), have
setlimit valuesfor physicochemicgbarameters drinking waterto
indicate suitability as safe drinking water. However, the most
importantparametefor drinkingwaterin thesestandartss theeffect
of wateron humanhealth.

Drinking Water Quality Parameters

Especially until the beginning of the 20th century, drinking
water was analysed only fdiseasecausing agents in terms of the
diseases it caused. After the ra@@th century, it has become
important to monitor chemicals due to the increased use of metals
and other organic chemicals. The fact that diseassing agents
cause disease in a vesort 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 wild@ be more comp

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 parametaos do
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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 agtlappearances

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 intendd for human consumption (Table 1).

Tablel. Physicochemicgbarametersaandlimit valuesusedin
drinking water

Turkish us
Standards World He?'th Environmental
Parameter Organization -
(TS 266, (WHO, 2011) Protection Agency
2005) ' (US-EPA, 2018)

pH 6.5-9.5 6.51 8.5 6.51 8.5
Colour 20 15 15
Taste sensorial sensorial sensorial
Smell sensorial sensorial sensorial
Turbidity (NTU) 5 5 5
Conductivity 2500
(e€S/ cm)
Total dissolved
substance (TDS - 1000 500
(mg/l)
Calcium (mg/l) 200 100 -
Magnesium
(mg/l) 50 - -
Sodium (mg/l) 200 200 -
Potassium (mg/l) - - -
Chloride (mg/l) 250 250 250
Sulfate (mg/l) 250 250 250
Fluoride (mg/l) 15 15 2
Nitrite (mg/l) 0.50 0.20 -
Nitrate (mg/l) 50 50 45
Ammonium 0.50 1.50 -
(mg/)
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1. Physical Parameters

pH: pH is usedto evaluatevaterfor acidity andalkalinity as
a logarithmic measureof the concentrationof hydrogenions in
solution At 25 U QpH= 7 is neutral,pH<7 is acidic andpH >7 is
alkaline (Freeze& Cherry,1979; Poeteret al., 2020).If the pH is
below7, the waterhasa bitter metallictasteandis corrosive andif
thepHis above7, thewaterfeelsslipperyandtastedike soda( O u z ,
2015). Accordingto the WHO (2011),the pH of drinking water
shouldbein therangeof 6.5t0 8.5 (Tablel).

Color: Drinking water should not have a colour that is
noticeabldo humansin generalacolourabovel5TCU (truecolour
unit) is perceivedoy humangWHO, 2011).

Changen the colour of drinking water;it canbe causedy
the interactionof the water with the lithological unit in which it
circulates,by pollutants,organic substancesindustrial wasteand
metals.

Taste: Waterhasa uniquetaste.Substancefoundin water
canchangats uniquetaste andchanginghetasteof watermakest
necessaryo investigatehe substancesausingthe change.

Smell: From an aesthetigoint of view it is undesirabldgor
waterto haveanodour.lt is very importantto identify the sourceof
odourin drinking waterif it is noticeable Odoursin watercanbe
causedby organicandinorganicchemicals plasticsandbiological
agentgGray,2005). Theparameter&entifiedby Gray (2005)that
cancausenoticeableodoursin drinking waterareasfollows;



Decompositionof plants When organismssuch as algae
decomposethey give off odourssuchasgrassandmould,andfish,
while their living forms cancauseserioushealthproblems.

Mould and actinomycetes These cause mould and foul
odours.They canbe seenwhenwateris hot andleft in the pipesfor
toolong.

Iron and Sulphurbacteria Thesebacteriaform a sediment
in thewaterandgive off abadodour.

Wastesgeneratedby industrial processesWastesthat are
producedindustrially in any sectorand the by-productsthat result
from this productioncangive riseto differentodoursin the water.

Chlorine Although chlorinedoesnot causean odourin the
water on its own, it can causean odour when it reacts with
compoundghatarepresenin drinking water.

Turbidity: The turbidity of wateris an indication of the
presenceof suspendedolidsor otherorganicmatterin the water.
Theturbidity level of wateris thereforeimportantfor the quality of
drinking water in terms of the detection of these undesirable
substancesAccordingto the TSE, the WHO andthe USEPAlimit
valuesfor drinking water,theturbidity valuemustbe a maximumof
5NTU (NephelometricTurbidity Unit) (Tablel).

Conductivity: Electricalconductivity(EC) is definedasthe
conductivity of 1 cm® of water at 25 °C and its unit is
microsiemens/cni € S/ TheBC.valueincreasesith increasing
ion concentrationsin the water. In particular, the electrical
conductivity of groundwatervaries dependingon the rocks with
which these waters interact until they reach the surface, the
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dissolutionpropertiesandtypesof rocks,the prevailingclimatetype
andprecipitationetc.(Day & Nightingale,1984;Hem,1985).

Thereis no datato suggestthat conductivity hasa health
effect on drinking water consumption (WHO, 2011). The
conductivityof wateris a measuref the ability of waterto conduct
electricityandis ameasuref waterpollution.

Temperature: Water resources can have different
temperaturedependingon anumberof factorssuchastheregionin
which they are located, the climatic conditions, the geological
structuregtc. Watertemperaturaffectsthedensityandsolubility of
substances water,aswell asthe acceleratiorand deceleratiorof
chemicaland biological activities (Crittendenet al., 2012). High
watertemperaturesanincreaseproblemssuchasthe development
of micro-organismscolour, taste,odourandcorrosionin the water
(WHO, 2011).

Water temperaturedoesnot have an immediateimpact on
humanhealth,but watertemperatureselow1 6 Aa@preferableto
ensurepotability (Nemerowetal., 2009).

Hardness: Water hardnessis the sum of bicarbonate,
chloride, sulphateand nitrate concentrationgormed by dissolved
calciumor magnesiunionsandmetalcations(Sr**, Mn?*, F&*, Fe*,
Al?*etc.)with anionic chargeof fi + drdhigher(Hounslow,1995).
Althoughit hasno direct effecton humanhealthasdrinking water,
high hardnessvater may indirectly affect healthif it is high in the
specifiedions.

Total Dissolved Substance(TDS): TDS is definedasthe
totaldissolvedsolidsin water,representinghesumof inorganicand
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organic constituents.In natural water bodies, the inorganic ions
presentarepredominantlypotassiumsodium,calcium,magnesium,
bicarbonatesulfate,andchlorine,with the presencef heavymetals
suchascopper,bromide,iron, or manganesaswell (Hem, 1985).
The consumptiorof waterwith ahigh TDS is frequentlyassociated
with a poortaste(salty or metallic)andanunsatisfactorynouthfeel.

The majority of drinking watertreatmenplantsthatprocess
freshwatersourcesdo not include desalinatioroperationswith the
specificobjectiveof removingtotal dissolvedsolids(USEPA,1999).
Accordingly, in the eventof elevatedTDS concentrationsn the
sourcewater, the drinking water that emergesrom the treatment
plantandtraverseshedistributionnetworkwill alsoexhibitelevated
TDS levelsuponarrival atthe consumersDrinking watertreatment
plantsareof particularinterestwith respecto the chloride,sulfate,
and bromide compoundsof the TDS. The reasonfor this is that
elevatedchloride and sulfate levels can result in increasedpipe
corrosionor decreasedfficiencyof boilersandheatexchangersand
increasedscalingor scalingproblemsthatmayleadto alterationsn
thetasteandodorof drinkingwater(USEPA,2012).Moreover,even
minimalbromideconcentrations watercanfacilitatetheformation
of disinfection by-products (DBPs) in drinking water plants,
resulting in an increaseof brominated DBPs. These DBPs are
recognisedscarcinogeni@andteratogenidUSEPA,1998),andit is
evidentthatthe risk posedio humanhealthby brominatedDBPsis
greaterthan that of chlorinated DBPs (Richardsonet al., 2007;
Richardson2008;Wilsonetal., 2014).

Total SuspendedSolids (TSS): Suspendedolidsthat are
higherthannormalarean undesirablgparametefor drinking water

-11--



quality because¢heyprovidea habitatfor micro-organismghatmay
be presentin the water. Suspendedolidscanalsoadverselyaffect
humanhealthby absorbingheavy metals,hydrophobicchemicals,
pesticidesetc. (AWWA, 2011).

2. Major lons

Calcium and Magnesium: Water generally contains
betweenl0and100mgof calciumperlitre andsimilar quantitiesof
magnesiumCalciumis importantfor the healthof teethandbones
andfor plantdevelopmen{Hounslow,1995),butanexcesof these
ionswill causethetasteof thewaterto deteriorateandan excesf
magnesiumwill causethe water to taste bitter and undrinkable
(Hounslow,1995).If thesaonsareabovethelimits setby theWHO
andUSEPA(Tablel), theycancausecalcification.

Sodium (Na*): Sodiumchloride,whichis quite abundantn
theearth'scrust,caneasilydissolveasaresultof contactwith water.
In addition,the Na+ ratio in drinking waterincreasessa resultof
the weatheringof Na-plagioclasesn rocksin contactwith water
and/orchemicalreplacemenbf Ca and Na ions in clay minerals
(Foster,1950; Fethvd., 1964;Back, 1966; Garrels,1967; Akgiray,
2003;Soyaslan2004).

Therateof Na" in wateralsoincreaseasaresultof saltwater
intrusion from the sea,mineral deposits,sewagewastesand road
saltingfor de-icing on highways(WHO, 2011).In termsof human
health,high concentrationsf sodiumchloridecancausehigh blood
pressurdWHO, 2003).
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Potassium(K*): Potassiumanimportantandessentiaion
for humanlife, is presentn minoramountsn drinking waterbutcan
poseapotentialhealthrisk if it exceedshelimit value(WHO, 2011).

Chloride (CI): It comesto groundwateras a result of
seawateintrusion,contactof evaporiticrockswith groundwateand
atmospherigrecipitation(Hounslow,1995).In additionto theset
canalsobeaddedto drinking watersourcefrom sewageindustrial
wastesandsaltingworks on highways(NHMRC, 2014).

In terms of human health, chloride is a very important
elementfor maintainingfluid balancan thebody (NHMRC, 2014).
Peoplecantoleratehigh levelsof chloridefrom freshwatersources
over time, but higher concentrationgan leadto sodiumchloride
inducedhypertensiofWHO, 2003).

Sulfate (SO#°): Sulfate, which is found in sedimentary
rocks of evaporitic origin such as gypsum and anhydrite and
metamorphicrocks such as shale,as well as igneousand other
organicmaterials,is transferredo naturalwaterresourceghrough
interactionwith theserocks and materials.In addition, domestic
wastesfrom humanhabitats,sulfatefertilizers usedin agricultural
activities, industrial activities and acid drainage of sulphurous
mining sitescanalsoentergroundwateEisen& Anderson,1979;
Hem,1985;Ford& Tellam 1994;Hounslow,1995).

High sulfatecontentin waterconsumedsdrinkingwaterhas
beenobservedo causealiarrhean peoplewhousethewater,andthe
competentauthoritiesshould be informed about sulfate contents
above500mg/l (WHO, 2011).
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Fluoride (F): Fluorine, which is widespreadand widely
distributedin the Earth'scrust,is presenin all waters,evenin trace
amounts.It can entergroundwateras a result of fertilizer usein
agriculture,dischargedrom aluminumfactoriesand erosionfrom
naturalfluorine sourcegWHO, 2011).

From a human health perspective,low fluoride levels
(minimum 0.5 mg/l) provide protection against tooth decay.
However, as the concentrationvalue increases(0.9-1.2 mg/l), it
causesdentalfluorosisand even higher values (3-6 mg/l) cause
skeletalfluorosis(WHO, 2004)Figurel).

Figure 1. Dentalfluorosis(a)
(https://momentumsaglik.com/denthdrozis/ - Retrievedn:
07/09/2024)(b) Dentalfluorosis,(Kaya,2021).

3. Nitrogen Derivatives and Phosphate

Nitrite (NO?): Nitrite, which is a derivative of nitrogen,
indicateghatthereis abiologicalcontaminationn water.Compared
to theamountof nitrate,nitrite is foundataverylow rate,andnitrite
is addedto the groundwatemwith the wastesof decomposeglants
and animals, the use of fertilizers in agriculture, wastewater
dischargedrom industrialplants,andthewashingof nitrogenin the
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earthasaresultof precipitation(McNeelyetal.,1979,Er gu &an | &
Y ¢ z #8987, a | et@.2004).

Nitrate (NO?*): Nitrate, which is an important nutrient
sourcefor living life andplants,is foundin naturalresourcesindcan
be mixed into groundwaterfrom fertilizers and pesticidesusedin
agricultural activities, industrial wastewater,human and animal
fertilizersanddomestiovasteqGray, 2008).

In the humanbody, nitrate turns into nitrite and becomes
harmful to health. If thereis more than 5-10 mg/l of nitrate in
drinking water, it indicatesthat the wateris contaminatedvith an
externalpollutant.If thereis morethan45 mg/l nitratein drinking
water, methemoglobinemidiseasecalled blue baby syndromecan
be seen(Freeze& Cherry,1979; Hem, 1985;Uslu & T ¢ r k ma n ,
1987;Bouchardetal., 1992;Aiuppaetal., 2003)(Figure2).

Figure 2. Bluebabysyndrome
(https://www.americanscientist.org/article/thue-baby
syndromes Retrivedon: 07/09/2024)
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Phosphate(PO4>): Phosphatewhich hasa widespreadise
in chemicalfertilizers, cleaningand food industry, is found more
intensively in groundwatersourcesthan in surfacewater sources
( O] 80a5).

Phosphateyhichis aninorganicstructuralelementor bone
anddentalhealth,is animportantcomponentor humanhealth.The
maximumintake of phosphatewhich hasa needcloseto the same
doseasthedaily calciumneed hasbeendeterminecas800mg/l (De
Zuane,1990). WHO and US-EPA do not specifya limit value for
phosphate.

Ammonium (NH#"): Ammonium,which is a derivative of
nitrogenandmixesinto groundwatefrom pollutantsandsourcesof
organic, inorganic and anthropogeniarigin, is found intensively
especiallyin wastewatermproduceddomestically. The limit value
determinedas1.5mg/l in drinking wateraccordingto WHO (2011)
is 0.5mg/l accordingto TS-266.

Conclusion

Thedeterminatiorof the purposedor whichwaterresources
can be used is revealedby determining the physicechemical
parameter®f water. This providesnumerousconcretebenefitsto
humanlife by revealingthe majorandminor elementsontainedn
the water, which can be usedfor a variety of purposesjncluding
agriculturalactivities,industrialactivitiesand, mostimportantly,as
a source of drinking water. This is achievedthrough detailed
analyseandtheprovisionof easilyaccessiblevaterof goad quality.

The contaminatiorof water,which is a necessityfor human
existencecanhavesignificantadversesffectson humanhealth.The
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World Health Organization (WHO) has established standard
guidelinesthat determinethe parametersand limit valuesto be
monitoredin waterintendedfor humanconsumptionThe necessity
for monitoring elementsthat exceedthe specifiedlimit valuesis
often determinedhroughthe implementatiorof accurateanalytical
procedures.t is of greatimportanceto monitor the quality of
drinking water,which is oneof the mostfundamentafood sources,
particularly for infants, the elderly and individuals with we&ened
immunesystemsvho aresusceptibléo waterborngpathogensAfter
the mid-20th century,it hasbecomeamportantto monitorchemicals
dueto theincreasediseof metalsandotherorganicchemicalsThe
fact that diseasecausingagentscausediseasen a very shorttime
andthe effectsof otherpollutantchemicalsn the mediumandlong
termhaverevealedhe view thatthe examinatiorof waternot only
biologically but also physically and chemically will be more
comprehensivelt is of particularimportanceto conductregular
monitoring of specific parameters,including nitrate and its
derivatives fluorine, andtotal dissolvedsubstancedpr individuals
belonging to vulnerable groups. In order to determine the
accumulatiornthat may occurin cells at daily dosesandlong-term
use and the damagesthat this accumulationmay cause,it is
necessaryo establisramonitoringnetworkin the naturalconditions
of drinking watersourcesandin distributionnetwork.
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CHAPTER 11

Natural Graphite: Industrial Applications, Global
Di stribution, and T¢rkiy

Hati ce KANBUR ¢.
Berna YAVUZ PEHLK

1. Introduction

The world is entering a transformativeera of industrial
developmentgdrivenby innovationandtherapid growth of strategic
emerging industries [1-3]. Amid this global shift, the graphite
industryhasgainedunprecedentedttentiorasacritical rawmaterial
for bothtraditionalapplicationsandemergingechnologiesDespite
its significance, natural graphite extractedthrough mining often
containshigh levels of impurities, necessitatingpeneficiationand
purification to meetthe demandsof advancedapplications.Once
refined, natural graphite servesas a vital material for thermal
managementithium-ion batteryanodesnuclearreactorsandmore
[1-5].

T ¢ r k iwgheits rich mineral reserves and strategic
geographidocation,holdsuntappegotentialfor contributingto the



global graphitesupplychain.Althoughlessdevelopecdcomparedo
major global producers, T ¢ r k i gyaphitesresourcespresent
promisingopportunitiesfor utilization in traditional industriesand
cutting-edgetechnologiesThis review exploresthe comprehensive
utilization of natural graphite, including its classification and
distribution with a specificfocuson T ¢, r k igraphite eserves.
Finally, this work highlights future opportunitiesand strategiedor
enhancing the developmentand sustainable use of graphite
resourceswith anemphasionT ¢ r k role i theglobal market
[4,5].

2. Classification and Distribution Natural Graphite

The basiccompoundghat makeup the living structureare
examinedn two groupsasinorganicandorganic.Water,acid,base,
salt and minerals are inorganic; carbohydrates]ipids, proteins,
enzymeshormonesyitamins, nucleic acidsand ATP are organic
componentgFigure1l).Theprocessfrom organicmatterto graphite
formationinvolvesa seriesof stageghatoccuroverlong geological
time periods. Organic matter (plant and animal remains)
accumulatesin aquatic environmentsor swamps. During this
accumtation, decompositiorbeginsin oxygenfree environments
(anaerobicconditions). The accumulatedrganic matterturnsinto
peat,calledbogcoal.Peatis atypeof sedimenin whichlow-degree
decomposeabrganic matteris concentrated.Ovetime, peatturns
into low-quality coal,calledlignite, undertheinfluenceof increasing
pressureand temperature As the coalification processcontinues,
lignite turnsinto denselandcarbonrich coaltypes(bituminouscoal,
anthracite). Following the coalification process, under higher
temperatur@andpressureonditions(metamorphiconditions) coal

--25-



canturninto graphite.This processs calledmetamorphisnandcan
last for millions of years. During metamorphism,the crystal
structureof organic carbonis rearrangedand carbonatomsform

graphitecrystals.During this processthe crystalsare arrangedn

layers and acquire the graphite structure.As a result, the initial

organicmatteris transformednto carbonmineralscalled graphite.
Graphite has high thermal and electrical conductivity due to the
layeredcrystal arrangemenin its structure.These processe®ccur
in natureasaresultof complexandlong-termgeologicaleventshat
lastmillions of years[6,7].

Thechemicalcontentof graphiteformationis determinedy
various geological and environmental factors. During
metamorphismprganiccarbonis transformednto graphiteunder
high temperatureand pressure.These conditions determinethe
purity andcrystalstructure Low-gradecoalsor organicmaterialsin
the initial stage produce graphite with lower purity and more
impurities. Different organic materials, such as plant or animal
residueshavedifferentchemicalcompositionsThis directly affects
the chemical contentof the graphitethatwill beformed.The rocks
thatcontributeto graphiteformation(e.g.limestoneor shale)affect
the level of impuritiesandmineralcomposition.The pH andredox
potential of the medium during graphiteformation determinethe
purity and mineral phasesAcidic or alkaline conditionscan cause
the formation of different impurities (e.g. silicates, oxides). The
waterandothercomponentsn the solution(e.g.ionic compounds)
presentduring the graphiteformation processaffect the chemical
compositionof graphite.Metamorphismover long periodsof time
helps carbon crystallize into a purer form. Higher grade

metamorphicprocessesend to produce higher purity graphite.
--26--



Mineral impuritiesin graphite(e.g. sulfur, iron) affect the quality
and economicvalue of graphite.For example,graphitewith lower
sulfurandiron contentis considereanorevaluable.

.BASIC COMPONENTS OF LIVING THINGS '
|

.-lnorganic Eompounds . -%anic Compound

Carbohydrates

Proteins

P

cid

Base

i
i

]
:

=

nzymes

Figure 1. Main componentsf living things[6]

The mineralsfrequently encounteredn graphitegenerally
dependntheenvironmentaindchemicalkonditionspresentluring
the formation of graphite. Quartz ( Si Ot i wsually found
alongsidegraphitedepositsaandis knownfor its hardnessQuartzcan
be separatedvith graphitedue to its lack of magneticproperties.
Feldspaf KAl SiNa®@ | S-iCa@ | Siti is usuallyfound
in igneousand metamorphicrocks and can be part of graphite
deposits.Mica ( KAl ( Al ®iH) &3$pedjally biotite and
muscovitemica speciesare commonin graphite deposits.Mica
mineralscanbe animportantsourceof impuritiesin the processof
enrichmentof graphite.Pyrite ( F e ®yrife, known asa sulphide
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mineral,is usuallyfoundin graphitedepositslt is recognizedy its
brightgoldenyellow color. Calcite( C a C Dis ysyallyassociated
with carbonaterocks and can be found as a calcium carbonate
mineralin graphitedepositsDolomite( Ca Mg ( (MOlon)jite,q ;
carbonatemineralsimilar to calcite,is commonlyfoundin graphite
depositsMagnetite( F e Magngtite,aniron oxide mineral,can
be distinguishedn graphitedepositsdueto its magneticproperties
[7].

The conditionsof graphiteformationdeterminethe physical
propertiesaswell asthe chemicalcontentandpurity. Thesefactors
directly affect the potential for use in industrial applicationsof
graphite [7].Naturally occurring graphite is composed almost
entirely of carbon,with atypical carboncontentrangingfrom 70%
to 98%, dependingon the type of graphite There are three main
typesof naturalgraphite;AmorphousGraphite:Containsabout70-
90% carbon. It is the most commontype and is formed by the
metamorphisnof coal or shale Flake Graphite:Containsabout85-
98% carbon. [7].Natural graphite is composedprimarily of the
elementcarbon,which is the moststableallotropic form of carbon.
However othermineralsareoftenfoundin naturalgraphitedeposits.
Carbon(C); themaincomponenbf graphiteandis usuallyfoundin
high purity.

Natural graphite is a mineral resource with abundant
reserves particularly concentrated8,9]] in T ¢ r k Brazié and
China (Table 1). Natural graphite, particularly in its high-purity
crystalline forms, is critical for industries requiring advanced
materialslike batteries,refractories,and lubricants.Basedon its
mineralization conditions and crystal size, natural graphite is
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classified into three main types [8-10]. Amorphous
(microcrystalline) graphite: Also referredto as cryptocrystalline
graphite,this type forms throughthe metamorphisnof coal beds
under high pressureand temperaturelt appearsas fine, earthy
particleswithin metamorphicrocks and is primarily producedin
Mexico, China, and South Korea. Flake graphite: Flake graphite
forms throughthe metamorphisnof organicmaterialdepositedn
sedimentarylayers. These depositsare later altered under high
temperatur@andpressureoftenin associatiorwith ganguaminerals
such as schist and gneiss. Crystalline graphite (vein or lump
graphite): This variety representshe highest quality of natural
graphite with the highestpurity andcrystallineform. Vein graphite
typically forms in the fissuresand cavities of metamorphicrocks
throughthe accumulationof organicmaterials,often accompanied
by mineraldlike feldspar,quartzmica,pyroxenezircon,andapatite
(Table?2).

Themostimportantcomponentn naturalgraphiteis carbon.
Thereare also elementssuchas oxygen,sulphur,aluminium,iron,
silicon [8, 14, 15] in graphite(Table 3). This graphitecanbe made
suitable for industrial use with purification processegflotation,
chemical washing, and thermal treatment). Purified graphite
provides high performanceespecially in applications such as
lithium-ion batteries,grapheneproduction,electronicsand energy
storagesystems.Graphite is a critical componentin the anode
sectionof lithium-ion batteriesandthe high electricalconductivity,
chemical stability and capacity providing properties of these
batteriesncreasehe efficiency of energystoragesystems.
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Graphiteminingin T ¢, r kbegann 1941,andto date,over
22 regionswith economicallyvaluablegraphitedepositshavebeen
identified. Although Turkiye has the largest natural graphite
resourcesn the world actively operatedgraphitedepositsare quite
limited. Thesedepositsarelocatedin the provincesof Kastamonu,
Yozgat, Ba |l é kKesstiartMyp § J|Aad,ée y aamKst anbul |,
Ay d amd Artvin. Almost all of the graphite in Turkey is
disseminatedh theform of microcrystallinestructureswithin rocks
thatfall underthefi a mo r pghaphiteslassificatiorfoundin most
depositsvorldwide.Thegraphiteformationsn B a | € (Sussrluky
KastamonuYozgat andA d € y aareideantifiedasT ¢ r k mgse ' s
highly graphitizedcarbonbearingregions.On the other hand, the
formationsin K ¢, t a B ¢ a d gKkomga KastamonyandMu j | a
exhibit characteristicghat occasionallycontain graphite but are
mostly transitionalformationsbetween’'semigraphite”and "meta
anthracite'{4].Othergraphitelike formationsfoundin almostevery
region of T ¢ r k iarg dypically "metaanthracite” deposits,
representingorganic matter that has undergonerelatively less
metamorphismwith a degreeof coalification closerto the "meta
anthracite'stage(Table4) (Figure?2) [16].

Thefirst graphiteminein T ¢ r kwagoperatedn ¢ at al c a,
Istanbul[17-18]. It is reportedthat the mine wasworkedin a very
rudimentarymannerin two nearbyopenpits, with manualsorting
carriedout to enrichthe material. After enrichmentsamplesaken
from the mine were reportedto contain40.33%graphite[4]. The
graphite occurs as a thin layer with a thicknessof 30-35 cm,
embeddedwithin crystalline strata, with shale at the base and
quartzite at the top. However, the graphite mineralizationin the

K¢ t a @yguadeposit,the only operationalminein T ¢ r kisy e,
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foundin the Emirgazi Formationof Upper Palaeozoiage,which
consists of amphibolite gneiss, schist, quartzite, and marble,
representinghigh temperatureand high pressureconditions. The
amorphous graphite mineralization is distributed along the
metamorphiclayers. Due to strong tectonic deformation,the ore
zonesare often discontinuousandthe ore thicknessrangesfrom 5
to 10 meters.

Table1l:World productionof naturegraphiteby countryor locality
(unitis 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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Table2: Classificationsand Featuresof DifferentNatural
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%

Table3: Chemicalcompositiorand major mineralimpuritiesof
naturegraphite[ 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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Figure2 . T ¢ graphitedepositanap[16].
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Table4: T ¢ r kKGraphdeMines,ReserveandResource#].

Province

Kitahya

Mugla

Istanbul

Ealikssir

Lzrnir

Adryaman
Yozgat
Kastamonu
Konya
Kastamonu
¥ahramanmarag

Kastamonu

Kastamonu

Kastamonu

Kastamonu

Kirklarzh

Kitahya

Artvin

Balikesir

District

Alnntag

Milas

Catalea

Susurluk

Tira

Singik
Akdagmadeni
inebalu
Salculdu
Doganyurt
Gaksu

Merkaz

Tosya

Merkaz

inebolu

Demirkdy

Altemtaz

Degirmantas!
{Lusuncur)

Bandema

Location

Chysu

Domuzderesi

Anday

Crarbent

Fandikdidooyak

Imam
Czboyu
Miskinkar

Dare

Gilmet

Sarayok
Sibilik Drare

willage

Cigrnag

Type

Amorphous

Amorphous

Crystalline

Crystalline

Amorphous

Amorphous

Cry=talline

Amorphous
Amorphous
Amorphous
Amorphous

Amorphous

Amorphous

Amorphous

Amorphous

Source,
Reserve

7.2 Mt

500 K:

Unknowm

Unknowm

350 Kt

30 Kx

100 K

Unknaown

I4kr

4.5 Mt

23 Mt

TAS Kt

33Kt

1377 ke

23T Kt

3142k

Carbon
Content

20%

0%

A5%
A5%

B0

6.06%
E5%
305-
A67H

525-

6073

105%

56
TA0H

302%

Host Rodk

Metamarphic

Metamarphic

Metamarphic

Metamarphic
Metamarphic
Metamaorphic
Metamorphic
Wetamaorphic
Metamorphic
Metamorphic
Metamaorphic

Metamarphic

Metamarphic

Hydrothermal
Ahzration

3.Purification and Applications of Natural Graphite

Status

Active
Ming

Old
Ming

Old
Ming

Source

Research

Therearesomeimportantdifferencesbetweerpuregraphite
andgraphitein nature.Puregraphiteconsistsof high purity carbon
atomsandis usuallyproducedn alaboratoryenvironmentlt canbe
99% or higherpurity. Sinceit hashigh electricalconductivity,it is
usedin electronicdevices,nuclearreactorsand high temperature
applications.High thermal and electrical conductivity, chemical
resistancelow coefficient of friction. Natural graphiteis usually
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foundin crystal,flake or amorphoudorm. The purity ratevariesand
can usually be between70-90%. It is usedin pencils, foundries,
lubricants patteryrodsandrefractorymaterialsNaturalgraphitehas
electrical and thermal conductivity, chemical resistance and
mechanicapropertieghatvary dependingnits purity.

Puregraphiteis much more purity and homogeneoushan
natural graphite.Whilepure graphiteis preferredin applications
requiring high technology,natural graphiteis preferredin more
common and generalpurpose uses. Pure graphite has more
consistentand predictableproperties,while natural graphite can
exhibitvariablepropertiedependingnits purity andform.In order
for natural graphite to be economically evaluated,its chemical
contentis very important.The economicvalue of graphitedepends
onitsfixed carboncontentGenerally high-quality graphitedeposits
have a fixed carbon content of 90% and above. However,
economicallyexploitablegraphitedepositscanusuallyhavea fixed
carbon content between30% and 90%.The economic value of
graphiteis determinecdhot only by thefixed carboncontent butalso
by the amountand type of impurities. For example,graphitewith
low sulfur andiron contentis more valuable.In orderfor graphite
depositgo beeconomicallyexploited factorssuchasthesize,depth
andextractioncostsof the depositsshouldbe takeninto accountin
additionto thefixed carboncontent19].

Graphite,owing to its exceptionalphysical and chemical
properties finds applicationsin a broadrangeof industries.These
propertiesncludeexcellenthermalandelectricalconductivity,high
resistanceo heatandacids,lubricity, andstructuralstability. High-
purity graphiteis a critical componenin lithium-ion batteriesdry
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cells,andotherenergystoragedevicesdueto its superiorelectrical
conductivity and stability. Gr a p h iexcelléns electrical
conductivityandability to withstandhightemperaturemakeit ideal
for electrodesn arc furnacesand electricalmotors,aswell asfor
brushesused in electric motors. Used in the manufactureof
componentdor electronics,suchas conductiveparts and thermal
interfacematerials.

3.1.Methods to Remove Inorganic Substances from Organic
Compounds

Removing inorganic substancegrom organic compounds
typically depend®n the specificnatureof the substancemvolved.
Herearecommonmethodausedin laboratoryandindustrialsettings

3.1.1.Filtration

Filtration is a fundamentaphysicalmethodusedto separate
solid inorganic substance$rom liquid organiccompoundslf the
inorganicsubstancés insoluble,suchasa saltor metaloxide, it can
be separatedusing filter paperand a funnel.Vacuumfiltration is
oftenemployedo speeduptheprocessin thistechniqgueaBuchner
funnelanda flask connectedo a vacuumsourceareusedto pull the
liquid through the filter, leaving the solid residue behind. This
methodis commonly usedin laboratory settirgs for smallscale
samples.ExtractiorJtilizes the differencesin solubility of organic
andinorganiccompoundsn differentsolvents Organiccompounds
are generally soluble in organic solvents, while inorganic
compoundsresolublein polarsolventdike water.

3.1.2.Extraction

Extractioninvolves the use of two immiscible solventsto

separateorganiccompounddrom inorganic substancesnorganic
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impurities typically dissolvein a polar solventlike water, while

organiccompoundslissolvein a nonpolarsolventlike ether.Using
a separatoryfunnel, the mixture is shakenallowing the two layers
to separatdasedn densityandsolubility. Theinorganicimpurities
partition into the aqueousphase,while the organic compound
remainsin the organic phase.This methodis highly effective for

purification.These methods increase the purity of organic
compoundsy removinginorganiccontaminantsandthe choiceof

methoddependson the propertiesof the mixture and the desired
level of purity.

3.1.3. Washing

Washingis usedto removeinorganicimpuritiesadheringto
or mixedwith organiccompoundsForinstancewashinganorganic
solutionwith watercanremovewatersolublesalts.Similarly, acidic
impurities can be neutralizedwith a basicaqueoussolution (e.g.,
sodiumbicarbonate)andbasicimpuritiescanbe neutralizedwith a
dilute acidic solution(e.g.,hydrochloricacid). This processs often
combinedwith extractionand is effective for removing surface
impurities.Caremustbetakento selecta solvenPrecipitation

3.1.4. Precipitation

Precipitation is used to selectively remove inorganic
substanceby convertingtheminto insolublesolids. For example,
metal ions can be precipitatedas insoluble salts using a suitable
reagent. Calcium ions, for instance,can form calcium oxalate
precipitatewhentreatedwith oxalateions.Theresultingprecipitate
can be separatedisingfiltration or centrifugation.This methodis
particularly useful for removing trace inorganic impurities.t that
doesnotreactwith the organiccompound.
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3.1.5. Decantation

Decantationrelies on differencesin density to separate
substancesNVhenthe inorganicsubstances a heavyprecipitate it
settlesat the bottom of the containerover time. The liquid organic
phasecan then be carefully poured off, leaving the inorganic
precipitatebehind. This methodis simple and quick but doesnot
achievecompleteseparationlt is often followed by filtration for
betterresults.

3.1.6. Distillation

Distillation separatesomponentshasedon differencesin
boiling points. If the inorganicimpurities are nonvolatile andthe
organic compoundis volatile, distillation can purify the organic
compound.For example,distillation can remove water from an
alcoholwater mixture. For mixtures with close boiling points,
fractionaldistillationmayberequiredlt isimportantthattheorganic
compoundis thermally stable to prevent decompositionduring
heating.

3.1.7. Crystallization

Crystallization is a method for purifying organic solids
contaminatedvith inorganicimpurities. The mixtureis dissolvedn
a solventthatdissolveghe organiccompoundbut not theinorganic
impurities. Upon cooling, the organic compound crystallizes,
leavingthe impuritiesin the solvent.This methodis widely usedin
industries like pharmaceuticals, where high-purity organic
compoundsare essential.The choice of solventand cooling rate
greatlyinfluencethe quality of the crystals.
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3.1.8. Sublimation

Sublimation is used for organic compoundsthat can
transitiondirectly from solid to gaswithout passinghrougha liquid
phaself inorganicimpuritiesdo notsublime theorganiccompound
canbe purified by heatingunderreducedpressureThis methodis
suitablefor volatile organicsolids,suchasnaphthaleneandis often
usedin smallscalelaboratorysettings.

3.1.9. lon exchange

lon exchangeemovesdonic inorganicimpuritiesby passing
the solutionthroughanion exchangeesin.Cationexchangeesins
remove positively chargedions (e.g., metal cations),while anion
exchangeesinsremovenegativelychargedions (e.g., chloride or
sulfate). This techniqueis frequentlyemployedin watertreatment
and in the purification of solutions containing sensitive organic
compounds.

3.1.10. Dialysis

Dialysis separatesmall inorganicions from largerorganic
moleculeausingasemipermeablmembraneThe membranallows
inorganic ions to diffuse out while retaining larger organic
molecules.This methodis particularly useful in biochemistryfor
purifying proteinsor removing salts from biological samples.A
dialysisbagis typically usedfor this purpose.

3.1.11. Drying agents

Whenwateris theinorganicimpurity, drying agentssuchas
anhydrousnagnesiunsulfate( Mg S @ ca)ciumchloride( Ca C|
can be addedto the organicsolution. Theseagentsabsorbwater,
forming hydrateswhich arethenremovedoy filtration. Thismethod
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is widely usedto dry organicsolventsor removeresidualwaterfrom
organicreactions.

3.1.12. Electrodialysis

Electrodialysigs atechniquehatremovesnorganicionsby
applying an electricfield. The ions migratethroughselectiveion-
exchangeanembranesleaving the organiccompoundbehind. This
method is commonly used for desalinationand in processes
requiringtheremovalof ionic impuritiesfrom complexmixtures.

Each of these methodsis chosenbasedon the specific
propertiesof the organiccompoundandthe natureof the inorganic
impurities. Combining multiple techniquesis often necessaryto
achieveoptimal purification.

3.2. Purification Methods of Natural Graphite

Purificationof graphiteis essentiato enhancets quality and
expandits rangeof applications.Below is an overview of each
methodandits key features.

3.2.1.Flotation

Flotation is a separationprocessthat utilizes the unique
hydrophobic(waterrepelling) propertiesof certainmaterials,such
as graphite. In this method, the material to be separated(e.qg.,
graphite) is mixed with water, along with specially selected
chemicalsto enhancats naturalhydrophobicity. Thesechemicals
often include surfactantsor frothersthat help createstablebubbles
in the liquid.Graphite,mixed with waterandchemicalsyisesto the
surfaceand is collected. However, it is generally sutable for
achievingmoderatepurity levels.
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Flotation is a costeffective and widely used technique.
Flotation is widely usedin the mining industry for graphite ore
beneficiationlt is anessentiastepin producinggraphitesuitablefor
applications such as lubricants, refractories, and pencil
manufacturing For higherpurity requirementssuchasin lithium-
ion batteriesor fuel cells, flotation is often combinedwith chemical
leaching or thermal purification.In summary, flotation leverages
g r a p maturathydsophobicityto separatét from impuritiesin a
costeffective and scalable manner, making it a cornerstoneof
graphiteprocessingechniques.Magneti8eparationThis methodis
usedto removemagneticmineralsfrom graphiteore by applyinga
magnetic field. It is particularly preferred for graphite ores
containingmagnetiampuritiesandis easyto implement.

3.2.2. Electrostatic separation

Electrostaticseparations a purification methodthat utilizes
differencesin the electrical conductivity of materialsto separate
them. Graphite, being a good conductor of electricity, can be
effectively separatedirom non-conductive impurities using this
techniqueThis methodis especiallyeffectivewhena high level of
graphitepurity is required,suchasfor usein advancedndustrial
applicationdike batteriesor electronicsLeachingMethod:Through
chemicaldissolution,impurities in the graphiteore are removed.
Using suitablesolventsbasedon the chemicalstructureof graphite,
high-purity levelscanbeachievedHowever environmentaimpacts
andchemicalcostsshouldbe considered.

3.2.3. Gravity separation

Gravity separationis a physical processusedto separate
materialdbasedn differencesn their specificgravitiesor densities.
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Thismethods commonlyappliedto mixtureswherethecomponents
have significant density differences. For graphite purification,
gravity separationcan be usedto removeheavierimpurities like
silicates, metal oxides, and other minerals that are denserthan
graphite While it maynotachievethe ultra-high purity requiredfor
specialized applications, it is an excellent first step in the
beneficiationprocessparticularlyfor large scalemining operations.

The choiceof purification methoddependson the physical
andchemicalpropertiesof the graphiteore, the desiredpurity level,
andcost/environmentatonsiderationsP urifiedgraphiteoffershigh
performance,especiallyin applicationssuch as energy storage,
electronicscompositamaterials andlubricant$19].

Thesemethodsarewidely appliedto increasethe purity of
graphiteandmakeit suitablefor industrialapplicationsGraphiteis
extensively used in the production of steel and in
electrometallurgicgbrocessesyhereit servesasahigh-temperature
electrode material. Lower-grade graphite is used in making
refractorycoatingsfurnacelinings, andcruciblesdue its resistance
to hightemperatureandchemicalstability.ltis anessentiamaterial
for foundry applications,especiallyas a mold releaseagent and
additive in casting processesGr a p h vetsatililysensuresits
relevanceacrosdraditionalindustriesike metallurgyandadvanced
technologiesuchasenergystorageglectronicsandnuclearpower.
Its properties,particularly its resistanceio heat, acids, and wear,
alongwith its high conductivityandlubricatingcapabilities makeit
avital materialin bothmodernandconventionabpplications.
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3.3 Applications of Natural Graphite

The applicationareasof graphiteare quite wide dueto its
propertieslt is usedin the castingandrefractoryindustry,crucibles
andlaboratorymaterialsdueto its resistanceo heatandacids.lIt is
usedin theproductionof electrodesmotorbrushesbatterybarsand
electronicdevicesdueto its goodelectricalconductivity[20-22].

Graphiteis an excellentrefractory materialdue to its high
temperaturestability andchemicalinertnessThe useof graphitein
this industry hasa large placein the world market. Initially, very
largeflake graphitewas preferredin refractoryproducts[20].Grafit
kaygaynul @j € av&knhakinagar - at amuanmne ddet
y apék abizlemsedehiyle makinay at a k | yaajélnadma
maddesiolarak uygulanabilir.Bu sahadak u | | a n é ¢graditmi | e c e
- odafo | meesaz%95g r af i karbenjvekuwarsgibi sert
minerallerii - e r mgemelerektedirDolay € s ényygungrafit
t ¢ pusuk ek iol @@ | ar deéanbeBedasp lnbridargin
machinebearingsdue to its slipperiness softnessand ability to
adhereto machinepartsfor a long time. The graphiteto be usedin
this field mustbe very pure (at least95% graphitizedcarbon)and
mustnot containhard mineralssuchasquartz.Therefore the most
suitabletype of graphiteis the flake type [21].Sincegraphitehasa
very high melting poirt, it is heatresistantlts expansiorconstanis
very low; its resistanceéo mechanicaloading,chemicaleffectsand
temperaturehangess very good.lts propertiessuchasconducting
heatvery well andits outersurfaceseingslipperysothata liquid
cannotgrip andhold the metalareamongthe preferredqualitiesfor
castingcrucibles[20,21].
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Efficient andstableanodedasedn graphitearebeingmade
for batteriesmanufacturedvith both syntheticandnaturalgraphite.
The increasingdemandfor graphitein this marketis due to the
growthin theproductionof lithium-ion batteriesIn orderto increase
theexistinghigh electricalstorageandgoodchargecycle properties
of naturalgraphiteto beusedin this sector;afterimpactmilling, acid
or thermalpurification (>99.5%Graphiticcarbond C gs@ppliedto
turn graphiteflakesinto round shapesandthen coatedwith a thin
amorphouscarbonfilm [20]. The graphiteandits derivativeshave
applicationsin the aviation industry due to their extremely high
thermal stability properties. Substancesvith small amounts of
graphiteaddedare appliedin rocketsdueto their resistancedo very
high thermal shocks[22].In addition, Pebblebed nuclearenergy
generatorswhich aregainingimportancetoday,aresmall modular
reactorghataregainingimportancen theenergysector Pebblebed
reactorsuse uranium fuel embeddedn golf ball-sized graphite
coatedpebbleghatactasa moderatorjnsteadof uraniumenriched
rods[22].The consumptiorof graphite,which replacesasbestosn
the automotiveindustry,hasincreasedaignificantly sincethe 1980s
when the dangersof asbestosvere recognized.Graphiteis more
usefulin brakepadsof heavyvehiclesasopposedo passengecars.

4. Conclusion

Naturalgraphiteis afascinatingmaterialwith severaunique
properties. Graphiteis composedof carbonatomsarrangedin a
hexagonalattice, forming layers.Theselayersareheld togetherby
weakvan der Waalsforces,allowing themto slide over eachother
easily.Dueto thedelocalizedelectronswithin its layers,graphiteis
anexcellentconductorof electricity. Graphiteremainsstableat high
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temperatureandsublimatesataround3 , 0 0 fakifyjt usefulin

high-temperatureapplications.The weak bonding betweenlayers
givesgraphitea slipperyfeel, makingit an effectivedry lubricant.
Graphiteis very softandcancleavewith light pressurewhichis why

it is usedin pencils.It hasalow specificgravity anddensity,which

contributesto its lightweight nature. Graphiteis relatively non

reactive,makingit stablein. It hasa metalliclusterandis typically

blackor darkgrayin color. Thesepropertiesnakenaturalgraphite
valuablein manyapplicationsjncludingasa lubricant,in batteries,
andasamoderatoiin nuclearreactors.

Graphiteis becomingan increasinglyvital strategicand
critical raw material due to its diverse and expandingrange of
applications in high-tech industries such as energy storage,
electronics, metallurgy, and nuclear technologies. The global
demandor graphitecontinuedo rise,drivenby its rolein advanced
technologies like lithium-ion batteries for electric vehicles,
renewableenergysystemsandemergingndustrialapplications.

Given thesefactors, it is imperativeto focus on enhancing
the beneficiationand enrichmentof domesticgraphiteresourcego
reducereliance on imports and support the growth of national
industries. Producing high-quality graphite concentrateswith
elevated carbon content is essentialfor meeting the stringent
requirement®f industriessuchasbatterymanufacturingand high-
temperatureapplications.Traditionabeneficiationtechniquessuch
as flotation, magnetic separation,and leaching may needto be
swplemented or replaced with innovative methods, such as
bioleaching, advancedchemical treatments,or environmentally
friendly processes,to improve recovery rates and reduce

--44--



environmentalimpact.Thecreationof specializedgraphitegrades
tailored for specific applications (e.g., spherical graphite for
batteries nhucleargradegraphite,or expandedyraphitefor thermal
managementyill enablethecountryto meettheneedof 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.Whilpursuingtechnologicahdvancementg, is essential
to prioritize ecofriendly processingmethodsand costefficient
practicedo ensurehelong-termviability of graphiteproduction.
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CHAPTER I I

Origin, Formation and Characteristics of Cenozoic
Evaporite Deposits in East

Pelin G!NG¥R YEKEF

1.Introduction

Numerous marine and norrmarine evaporitesthat were
depositedatdifferenttimesthroughouthe Cenozoiaccanbefoundin
Anatolia. Thesedepositsaaresignificantbecauseéheyprovideinsight
into the tectoniceventsand climatic shifts of thoseeras,aswell as
the paleogeographiaevelopmentof the Tethys Ocean(such as
openingclosingshallowingdeepening). Both large and small
continentalblocks make up Anatolia, which is encircled by the
branchesof Paleotethysand Neotethys( k e n&g¥Y & | ml®83;
G¢ r&8&G ¢ r ¥999).Duringthe Early MesozoicEra,thenorthern
region of Gondwanabeganto rift, openingthe NeotethysOcean
(Platzman& et al., 1994). The NeotethysOceanwas divided into
two branches,the northern and southernNeotethys,in an area
locatedon the Anatolian plateautoday ( Y € | 19832 (Figurel).
Yél darz2 | nk@ld)statedthatthe closureof the northernand



southernbranchesof Neotethysmay have occurredin different
periods.The branchef this oceanstartedto closefrom the Late
CretaceousT he closureof the northernbranchbetweerthe Pontide

arc andthe Anatolide Taurideplatform continueduntil the Middle
Eoceng Yé |l Bn@az & ¥jz t (199B;Platzmant etal., 1994).

The southernbranchof Neotethyssouthof the Bitlis andP ¢t ¢ r g e
continentalunits, closedin the Middle Miocene( Y é | &98% ,
Robertsor& etal., 2006,2007;0kay, Zatin & Cavazza2010).

The northernbranchesf Neotethysaredividedinto K z mi r
AnkaraErzincanoceanandlnner Taurusoceanwhile the southern
branchesaredividedinto Maden(=Berit) oceanand¢ ¢, n gogean
(Karadenizli& etal.,2016).Erzincanbasinlocatedon InnerTaurus
and Malatya basin located on Maden (=Berit) oceanare forearc
basinsand accumulatednarineorigin rocks betweenLate Eocene
andEarly Miocene.Theclosureof Inner Taurideoceanis attheend
of Late Early Miocene( G° k 1983)WhenInner Taurideocean
shrank,evaporitesaccumulatediuring Chattian(UpperOligocene)
period due to arid climate. In Early Miocene period, carbonate
sedimentationbecame dominant due to tropicathumid climate
(Karadenizli& etal.,2016).
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Figure 1. Paleogeographidistribution of the northernand
southernbranchesof Neotethysn Turkey(modifiedk e n &° r
Yél rhe83),

G¢ r& @ r (2999)attributedthe origin of evaporitesn
WesternandCentralandEasternAnatoliato changesn latitudeand
altitude.For example during the Oligocene WesternAnatoliawas
higherandlocatedat northernlatitudesthanat presentOn the other
hand, at this time, Central and EasternAnatolia was located at
southernlatitudes and partly at almost sealevel, and evaporitic
conditionswere dominant(Luttig & Steffens,1976). During the
Early Oligocene,continentalbasinssuch as Sivas and Erzincan
developedin EasteraCentral Anatolia. Approximately in these
basinsyeddishconglomeratessandstoneandmudstonegxtending
in the E-W direction were deposited.Considerableamounts of
gypsumwere observedn thesedeposits(Kurtman,1971). During
the Late Oligocene,under arid climate conditions, these basins
expandedand underwentshortterm marine transgressionfrom
Iran) leadingto widespreadevaporitedepositgsuchasgypsumand
halite) (Cater& etal.,1991;Steininger1985).In Southen, Central,
andEastermAnatolia, marinetransgressiomandthe developmenbf

localrift systemgook placeduringthe Early Miocene(Fairbridge&
-51--



etal., 1997).The majority of EasternAnatoliawasstill underwater.
During this time, the MediterraneanSeatransgressivelycovered
Malatya, Erzincan,and their environs,depositingcarbonatesand

clastics (Luttig & Steffens,1976). The Middle Miocene saw the

beginningof the neotectoniadegimein Anatoliadueto the collision

of continenty k e n&gY°érl ni884),whichresultedin achange
in the region's climate (Fairbridge & et al., 1997). In Eastern
Anatolia, this tectonicregimeled to uplift and N-S compression.
Consequently,the sea between Eastern Anatolia and Central
Anatoliaretreatedentirely ( k e n&gY érl ni884), The collision

of the AnatolianandArabianplatesduringthe Late Miocenecaused
EastCentral Anatolia to be uplifted and displacedto northern
latitudes. This led to the end of evaporative conditions and

evaporativeaccumulationand the local developmentof glacial

environmentg G¢ & 6§ r ¥999).

2.Eastern Anatolian evaporite deposits

Partof the Alpine-Himalayanorogeny the EasterrAnatolian
High Plateauis a 200 km wide belt that runs roughly eastwest
betweenthe Bitlis-Zagros suture mountainsin the south and the
PontideMountainsin thenorth. Thegeologicalevolutionof Eastern
Anatolia hasbeengreatlyimpactedby the neotectoniaegimethat
begarin theMiddle Miocene( k e n&gr°eérl mi@8i),Folds,thrust
and strike-slip faults, and extensiveextensionalfractureshaveall
beencreatedasaresultof theregion'scompressionaectonicregime
duringtheneotectoniera.Both intermountairand pull-apartbasins
have developedas a result of the influenceof all thesestructural
components( k e n& Y &€ | mi®&1). Among these,the Mu K
Ahlat-Adilcevaz,ErzurumPasinlerHorasanandK a r a-ye&rzag
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basinsare intermountainbasinsaffectedby strike-slip faults. The
Ka] é zTozducabasindevelopedn thepull-aparttype( H¢ s& n g
etal.,2009)(Figure?2).

The EasternAnatolia Region contains many marine and
continentalkevaporitebasinsof Paleocend’lioceneage.At thesame
time, therearemanymarineandterrestrialevaporitedepositsof the
sameage rangein the Siirt, Bismil-Di y ar Bankag,k ér n a k
basinsof the SoutheasterrAnatolia Region within the southern
branchof theNeotethy St ° d968;% mk alp7@;Daj €&t an
ki mk2d05,Do ] a2005;¥ z d o Reemnal.,2011;Yeki | ov a,
G¢ ngylerki &oHvea v 2061€Y e K i & oHveal v 20628 |,
G¢engyekri | & WHae | v20622Y e K1 &oHvea v 20638
G¢ ngylerki Rodved v2063¢HO K g °© &neea., 2014;
G¢ ngylerki Badded v20t7éY,e K i IHeV ar§a Caélllo,
2018). The basinsin EasternAnatolia that contain evaporiteare
MalatyaDarendeBalaban, ErzincanK [-KemahRefahiye,
ErzincanTercant a y € rBrzerumA Kk k a | BEezurumTekman
Kar aybzaremHé n & § dléziuca, E| ©Basljl, EI ©z €]
merkez,Mu 8 u | aMal@Zirt, A] D®] ubevYarB&k k al e,
andVan-Timar (Figure3).
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Figure 2. Locationmapof thesubbasinsn EasternAnatolia

(NAFZ: North AnatolianFault Zone,EAFZ: EastAnatolianFault

Zone, TGF: TuzG° IFault, EF: E ¢ e maulk DSFZ:DeathSea
Fault Zone,BSZ:Bitlis SutureZone(modifiedfromk a hi nt ¢r k ,
k ar of¢laup t1888h;K o - y 19PliahdSancay2005).
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The Southeasterrinatolian suturezoneandthe Kar | € ov a
triple junction of the South Anatolian and North Anatolian faults
(Allen, 1969; Arpat & k a r o J972uk, e n g1979),borderthe
Pontides.The eastermAnatolianbasinsarelocatedat the northwest
end of the Turkeylran plateau(e.g. TekmanK a r a yTareza® ,

A K k aRasnjerHorasan,and H & aMeus¥/an) (Figure 2). The
origin andageof evaporitedepositdelongingto all thesebasinsin
Eastermnatoliahavebeernrevealedy someresearchersofar with
isotopessuch as Sr, S, O, elementalanalyses sedimentological
petrographia@andmineralogicalstudies stratigraphic palynological
andpaleontologicatlata.( k e n a | Kurtniag,®3;Tatar,1978;

¥z g&etal,1981;k e n & Tra n €1982;Hempton& Dunne,
1984;k ar o& Y el ma84;S ¢ me n&eteah 1987; Yazgan,
1987;Barka & G¢ | d4989; Ko - y i199ibtk,a h i ni992r k ,
Karaman& etal., 1993;Poisson& etal., 1996;PalmerHe | v&a c é
Fallick, 2004; Sancay,2005; B a & &ancay,2007;Bi | @d0s; ,

H ¢ s i&retgl., 2009;Gedik,2010;Sirel & Gedik,2011;k e & et
al.,,2011;Ay d & n 204%Aébrd,i etdl.]2Q15;Varoletal.,2015;
Karadenizli & et al., 2016; G¢ n gYerk i 12020;aG¢ ng?° r
Yeki I&oeta., 2020; G¢ n g ek i I&oGrPak meoRo;
Abdi jzdr&uetal.,2021,G¢ n gr°erk i & V@i RORYN a ,
G¢ n gYerk i & Yavua,2021;G ¢ n gylerk i & Bavan,2023,
etc.).
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2.1.Characteristics of evaporites in the basins located in the
northern branch of Neotethys

2.1.1.KemahK | -Refahiye basin (SW Erzincan)

Munzurlimestonedorm the baseof this basin,followed by
the Bozbel formation and G ¢, n ephiolites. These units are
unconformablycoveredby the evaporitesin this basin(Figure 4).
These marinederived, Late Oligocene (Shattian) evaporitesare
situated southwestof Erzincan and are composedof primary,
secondaryand anhydritegypsum (Altunsay, 1993; Kavak, 1998;
G¢ n gYlerk i & Wawuwr 2021).Rockslike limestone,dolomite,
mudstonesandstone;laystonetuff, andbasaltareinterbeddedvith
them.Primary gypsumchangesnto secondargypsumandprimary
anhydritegrows in the host sedimentduring early-late diagenetic
processesSedimentarystructures(chickenwire, enterolithic,and
crossbedding) resulting from tectonism and diagenesis are
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frequently observedin lithofacies (Figure 5a). There are several
typesof secondargulphatdithofacies,includingsatinspargypsum,
anhydrite, massive, massivebedded, intraclastic, nodular
brecciated, nodular, nodular banded, and nodular laminated
(Karadenizli& etal. 2009,2016;G ¢, n gY%rk i & ¥avua2021).
These exhibit secondarygypsum textures of the alabastrinor
porphyroblastictypes, where primary gypsumis anhydritizedand
thentransformednto secondargypsum.Gypsarenitegypsunrose,
radal-fibrousgypsum free-growingtwinning seleniticgypsumand
prismaticlenticular gypsum are the main types of gypsum
lithofaciesfoundin thisbasin Basednthesdithofaciesin thebasin,
G¢ n gYerk i 1&o Yamuz (2021) separatedthe depositional
environmentf evaporitesnto coastalsabkhajagoon,andseaside
areas.

2.1.2.ErzincanKemah basin

Evaporitesbelongingto this basinare distinguishedwithin
the Lower MioceneKemahformationcoal member.lt overliesthe
EoceneGulanderegformation (Figure4). Theseevaporitescrop out
in thesouthof theNorth AnatolianFaultbetweerKemahdistrictand
Erzincanandin the north and southof the ErzincanKemahroad.
The unit generally consistsof sandstone claystone, mudstone,
clayeylimestonesiltstonealternationIn addition,this unit contains
red, yellow, white and greencolored, thin-mediumthick bedded,
folded and overturnedthin carbonates,coal and gypsum. The
gypsiferous units here are primary and secondary(alabastrine
textured)(Figure5b) andmay havecarbonatéantercalationsThese
evaporiteswere depositedin environmentsranging from shallow
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213.Erzincan¢t ay ér | &€ basin

ThelLowerMioceneB a | #@iknhtién,which appearsn the
¢ a y é&agibng contains evaporitesthat are part of this basin.
Bituminous marl, claystone, shale, bituminous limestone, and
gypsum alternationsmake up the formation, which begins with
conglomeratg(Arpat, 1964) (Figure 4). Thesegypsumshave lost
waterandtransformednto anhydritein someareasandaretypically
seenas primary seleniticgypsum(Figure 5¢). Lagoonand coastal
sabkhaenvironmentarewheretheyoriginated.

214 Tercant ay ér | @ basin

Tercangroup evaporitescan be found in this basinin both
the YaylayoluandK é z &olmateons(Figure4). The evaporitesof
theK e z éormatnareterrestriaffluvial in origin anddateto the
Early-Middle Miocene(Temiz& etal.,2002).In thesoutheastf the
Tercan¢ a y éregloreé the K & z éfbrroadion, which contains
evaporiteunits, appears.This formation is composedof siltstone,
yellow mudstone,crossbeddedred conglomeratesand a lot of
gypsum.Thin-beddedmudstonessiltstones small sandsbnes,and
limestonesmakeup the Yaylayolu formation, which is situatedin
this basinandabovetheK € z éltmateon.Gypsumis foundin the
upper layers of the formation. Microfossils indicate that this
formationis Early-Middle Miocenein age(Temiz & etal., 2002).

2.15.Erzurum-Ak kal e basin

The A k k &oftmation containsthe evaporitesin this basin
(Figure4). Sandstonanudstonelimestoneandevaporitesnakeup
the formation ( A b d i & ét &l.u2015). Anhydrite and gypsum
makeup evaporitesand the formation containsmassive ,nodular,
nodular banded, laminated, and laminatedbanded gypsum
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lithofaciesin additionto chickenwire and uncommonenterolithic
structuregFigure5d). Theseare Early-Middle Miocenein ageand
suggesasabkhalagoon,or shallowmarineenvironmen{Sungurlu,
1971;A b d i Xgzar&etal.,2021).

2.16.TekmanKar ayazé basin

The northernbranchof Neotethysstartedto spreadin the
eastermpart of the Anatolianplatein this basinduring the Jurassic
period, and its subductionand closureoccurredbetweenthe Late
Cretaceousand Middle Eocene( Y é | &énd 2 | m20%3). The
evaporitesn thisbasinarelocatedin thenorthof TekmanK ar ay a z &,
southeasbf Erzurum. It consistsof Oligoceneevaporiteshallow
marinelagoonunits( ¢ € ] &drngaton)( K| KO@6rAziz, 1971;
Er d o19@&2Havur,1972;T a n r € & Gedik,1985)(Figure
4). The formationis mostly composedf shale claystoneandmarl,
occasionallygravelly sandstondevels and clayeysandylimestone
beds. The uppermostparts of the formation contain occasional
gypsumbearinginterlayers.The formation is generallygreenish
bluishin color andthin to mediumthick layered.Basestructures,
gradation parallelandfoldedlaminationsandsandconcretionsare
commonin this unit (Figure 5e). Andesitic basaltinterlayersare
rarely observed.This basin consistsof limestone and marl lake
sedimentsstartingfrom the Late Oligocene( A ] ¢ aRomnatian)
(Gedik,1985;Y é | nTerlemez& Uysal,1988;Ay y €& etdl.z
2018).In the Early Miocene,it is againcomposef conglomerate,
variegated sandstonesand marl alternations belonging to the
lagoonal Y a s t é forinatipneand sometimesthere are white
gypsumand limestonelayers (Figure 4). The upper part of the
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Y a s t e fortmatipreis intercalated with volcaniclastic rocks
(kar&Ya luniads),

2.1.7.PasinlerHorasan basin

This basin'sevaporitesare situatednortheastof Erzurum.
TheEarly-Middle MioceneG ¢, | | Fgrmationis representedh this
basin by reddish conglomeratessandstonesand claystoneswith
some gypsum layers. (Figure 4) (Sungurlu,1972). According to
k ahi &tKgsarkl979),theG ¢ | | Fgrmationis typically 700
metersthick and reflects shallow marine depositionalconditions
(Figure 4). Beige silty shale,clayey marl, and trace amountsof
sandstoneand conglomeratdevels from the Z € r folnktion are
found in this basin during the Upper MiocenePliocene period.
Furthermore there are very thin evaporitic layers with carbonate
rocks(dolomiteanddolomitic limestone)andvolcanicrocks(basalt
andesite, tuff). According to k a h i n& Kasde (1979), this
formationis representiveof transitionaland continentallacustrine
environments.

2. 1. 8-Tekh@&n Esn

Evaporites belonging to this basin are in the Alibonca
formationbetweenH € naadsTekman( Er d &jSa iy t 1974k ,
The UpperMioceneAlibonca formation consistsof conglomerate,
sandstone, mudstone, marl, clayey limestone, gypsum, and
pyroclasticrocks( K| 10@6b;Sungurlu,1967,k a r o&Yleud ma z ,
1986).This formationcorrespondso thelowestlevelsoftheZ € r n a k
formation( S o y 19¢3).Khe Aliboncaformationaccumulatedn
aterrestriakenvironmenbetweerastreamandalakewherevolcanic
activity took place. In addition, thereis a unit consistingof the
alternation of conglomerate, sandstone, claystone, mudstone,
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carbonate,marl and gypsum belonging to the Upper Miocene
PlioceneH a ¢ & °fam@ationin this basin.The gypsumherewas
formedin afluvial environmenf{ Er d & S a g t 1974Gedik,
1985).

2. 1. 9. K-h] dTazoearbasin

Eastof the point wherethe main North and EastAnatolian
Fault systemsconverge(nearK a r | étlusvbas)nis situatedin
northeasterrAnatolia (Allen, 1969;k e n gl97®), Thereare lake
andfluvial environmentsn thisintermountairbasin(Varol & etal.,
2015). The Tuzlucaformation containsevaporiteshere (Figure 4).
Claystone,siltstone, sandstonemudstone limestonelevels, their
intermediatebands, clay-rich evaporite units, primary gypsums,
halite, recrystallizedsalts,andgypsumpseudomorphsake up the
TuzlucaFormation(Figure 5f, g, h). Evaporitesconsistof selenite
(Figure4g),gypsumarenite haliteandsmallanhydritenodulesThis
sequencés approximatelyl 70 m thick. Grooves folds, ripplesand
parallellaminationsarefrequentlyobservedn gypsum.Varol & et
al. (2015) and G¢ n gY%erk i & oYveak i |(20621)astated the
existenceof theseformationsasplayalakesandsaltmudflats. The
evaporiteshere are Upper Miocenein age (Varol & et al., 2015;
G¢engrlerki & 6@ RO2Y).a ,
2.1. 1-DopPpubéyazét basin

Thisbasin'd_ower-Mioceneevaporitehaveamarineorigin.
Marl, limestone,gypsum,and fine-graineddetrital rocks alternate

with greenmarl and limestonesat the beginning of this basin's
sequencé¢ Al t1853)l é ,
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S\
amInates ;

Figure 5. Evaporitesbelongingto the basinsin the northern
branchof Neotethys(a) Clusteredstructuresof theK |-Kemah
Basin,(b) gypsumsvith alabastrintexture(gyp) of the Erzincan
KemahBasin,(c) seleniteswith carbonateintercalationsof the
Erzincan¢ a y 8asih,@)laminatedandnodulargypsum®fthe
ErzurumA k k Basie(modifiedA b d i et@l.[2Ql5),(e)
laminatedfoldedgypsum®ftheTekmarK a r a Basia, (€ g)
recrystallizedsaltsintercalatedwith claysandseleniticgypsum
with carbonateintercalationsofthel j ereztucaBasin,(h)
pseudomorphigypsumsn mudstoneracksoftheK a | € Basan

(psogyp).

--63-



2.2.Characteristics of evaporites in the basins located in the
southern branch of Neotethys

2.2.1.MalatyaDarende basin

The Darende formation contains evaporites that are
associatedwith this basin. The Late Eoceneaged units in this
formationwereformedin shallowwaters Light gray-browngypsum
alternations, marl, sandstone, claystone, conglomerate, and
limestonemakeup the formation( A k k1974 ;Karaman& etal.,
1993; Gedik, 2010). According to Karaman& et al. (1993) and
Nazik, G ¢ r &¢Ezr d o (R04.6),the foraminiferalassemblagn
this basin indicates that these evaporite units are Middle-Late
Eocenean age.Thelayersof siltstoneandsandstoneontainloadand
flute casttracesfrom sedimentarystructuresThe sedimentf the
Eocene(Lutetian) seabeganto fold with the Pyreneanorogenic
phase.During this time, the sealost its characterand becamean
inland sea,andin this inland sea,gypsumformationsthatfilled the
centerof the basinwere deposited.The thicknessof the gypsum
increase$rom 3 metersto 12 metersatthebase( A k k1870),The
gypsumis observedslayeredandlaminated.

2.2.2.MalatyaHekimhan basin

The Late Paleocendcarly Eocene Darende formation
contains these evaporites,which were formed in a variety of
environments,ncluding continental,coastal,and shallow marine
sabkha G¢ r1994;Y a | & Bazkaya,1996).Light graygypsum
makesuptheevaporitesn thisbasin,whichareintercalatedvith red
sandstonesiltstone, and marl (Figure 6). The gypsum exhibits
chickenwire, laminatedfolded,andfoldedstructuresNonetheless,
some gypsums exhibit chaotic folding, which could be the
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consequencef syntectonicdeformationor partial dissolutionand
collapse. Becauseof diagenetic processesthe gypsums have
secondarytextureslike somealabastrineand porphyroblasticand
theyarelaterallydiscontinuous.

2. 2. 3-B&skilKa&]- ul ar basin

The E| © basin developedduring the closure of the
southernbranchof Neotethysduring the Tertiary period.A k t & K
Robertsor(1984)definethe boundaryline of anactiveplatemargin
of southernNeotethyssouthof E | © Z'igejTethyanseabecame
shallowerduring the Oligoceneand retreatednorthward.Shallow
marine carbonatesand clasts accumulatedin the basin from
Oligoceneto Early Miocenetime (Aksoy, T ¢ r k &'€uran,2005).
The evaporitesherearein theK u K - forimationin the southwest
of E1 © mmé&hg Baskil district (Figure 6). This formationcontains
terrestrial red beds including massive conglomerate, layered
conglomerate, sandstone, mudstone and secondary gypsum
( T¢r k20@4nh The gypsumis layered and intercalatedwith
mudstoneandsandstoneSecondarygypsumis observedasnodular
andis observedbetweenred-greenmudstone®r mudstonecracks.
In addition,nodular,nodularbandedgypsumandalabastrinesatin
spar gypsumand chickenwire structuresare present( T ¢ r k me n
2004) (Figure 7a). Gypsumcrystalsare commonin the sandstone
and most of the grains are cementedwith gypsum.Anhydrite is
foundasvery fine microcrystallineinclusionsin the gypsum.These
secondarygypsumsare derivedfrom anhydrite.This formationis
Lower Paleocenén ageandis of terrestrialorigin (Figure6). These
evaporitesareof terrestrialorigin andwereformedin the playasalt
mudflats environmen{Turan& T ¢ r k mh39@).,

--65--



2 .

2 .

4 Kblv@nejéel ar basin
The evaporitesin this basin are found in the ¢ ay baj é

formationin the vicinity of Ko v a nin éhdeastof E| © Zleey .

areUpperMiocenePliocenein ageandhavea lacustrinecharacter.
El ©z2 aj b ffnation consistsof conglomerate,sandstone,
mudstone,claystoneswith coal intercalations,marl, tuffite and

limestone( T ¢ r k X18@1Lh Conglomeratesare generallyred in

colorandarecomposeaf andesitebasalt sandstonandlimestone
pebbles. Mudstonesare red in color and contain coal seams.
Claysbnesareseenintercalatedvith coal.Very well preservedeaf

tracesarefoundin these Claystonesregray, yellow in color, have
many cracksandthe cracksarefilled with secondarygypsumwith

alabastrirtexture( T ¢ r k1804)n ,

2. 2. 5BBuMuakn @ k basin

This basinis locatedin the northeasbf Mu kKEvaporitesn
this basin consistof gypsumand anhydrite. Gypsum consistsof
primaryandsecondangypsum.Primaryandsecondarygypsumare
intercalatecbr alternatedwvith beigewhite coloredmarl, yellowish
gray claystone,siltstone and sandstoneyellowish-gray and red
colored mudstoneand limestoneunits ( G¢ Y€ ki 12019)a |,
(Figure 6). Due to regionalcompressionatectonism,the layersin
theseplacesarevery closeto right anglesandaregenerallyobserved
as postsedimentaryfolds ( k a r & )Y & L M@886). Primary and
secondary gypsums are divided into lithofacies. They are
distinguishedas massivenodular, nodular bandedand laminated
banded secondarygypsum, discoidal (Figure 7b), selenitic and
gypsumareniteprimarygypsumg G¢ nYe ki & etal.£2020).

--66--



In addition,sedimentargtructuresuchaschickenwire, enterolithic
structuresripple marksandfolds areobservedFigure7c).

When evaluatedwith all theseelementsjt was determined
that the evaporitesin this basinwere depositedn an environment
rangingfrom shallowmarineto lagoonandcoastalsabkhal G¢ ng° r
Y e kK i & etal.,2020).Isotopeevidencandicatedthatthis basinis
of marine origin and Lower Oligoceneage (Figure6) ( G¢ ng?° r
Yeki&etal@2020).

AGE LITHOLOGY | EXPLANATION
LITHOLOGY

TEROIOIC

MESOZOIC

ZOIC

Van-Bagkale basin

Van-Timar basin

Mug-Malazgirt basin

Figure 6. Generalizedstratigraphicsectionsof the basinsin the
southernbranchof Neotethys.
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2 . 2. 6Malsfiagir basin

This basin's evaporitesare found in the Z & r megién's
Aktuzla Formation (Figure 6). Conglomerate,sandstone,marl,
mudstone, clay bands, carbonate,and gypsum make up the
formation.In certainlocationstheseevaporitesareintercalatedvith
clastsandcarbonaté€Figure7d). Areniteandseleniticgypsummake
up the majority of thesegypsums(Figure 7d). In certainlocations,
temperature, sedimentation, and diagenetic processes have
convertedhesegypsumsnto anhydrite Theseevaporitearemarine
in origin and date to the Lower Miocene (Aquitenian) basedon
stratigraphiandpalynologicaldata.The basinresembles shallow
platform lagoon(Sancay,2005;K | k1866;k e n al966; Birgili,
1968).

2.2.7.VanTimar basin

Thisbasinis locatedin theT u k disaictin the northwestof
Van. The evaporitesherearewithin the Koluz gypsummemberof
the Middle-Late MioceneK u r t dfe@rhaitign (Figure 6). These
evaporitesare Upper Miocenein age and are of terrestrialorigin
(Acarlar& etal., 1991;At &ketal.,2007;( G¢ nYe€wi &ov a
G° k me0R0). Theseevaporitesare composedof gypsumand
anhydriteand are intercalatedwith limestone dolomite,travertine,
sandstoneglaystonemudstonemarl andclay interbandg G° kme
& G¢ n grlerk i ROAAMGe, n gYerk i & &% lkam2080).The
gypsums here are primary and secondaryformations. Primary
gypsumsare separatedas selenite, discoidal and radial. Some
selenitesreobservedscarbonater gypsumcementedFigure7e).
SecondangypsumsareformedasmassiveJaminated,nodularand
satin spar. Secondarygypsumsare formed after the hydration of
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anhydriteand anhydritizedprimary gypsums( G¢ nYyé€ ki & ov a
G° k m20a0).Nodularanhydritesareencounterect somelevels
(Figure 7f). Tectonics,climate, salinity change biological activity
anddiageneticandhydrothermafluids haveplayeda majorrole in

the formationandtransformatiorof thesesedimentsAccordingto

all thesedata,G ¢, n gy°erk i & @9 & m@0R0) indicatedthat
theseevaporiteswere depositedin an environmentranging from
mudflat to playalake.

228VanBakkal e basin

This basinis locatedsoutheasof Lake Van. Evaporitesin
this basin are overlain by the Y ¢ k s e komplex (Figure 6).
Evaporitesin this basin mainly consistof primary (seleniteand
gypsumarenite)andsecondarymassiveJaminatedandsatinspar)
gypsumlithofaciesand also minor amountsof anhydritesand are
intercalatecandalternatedvith clasticandcarbonateunits. Primary
gypsumsaretransformednto massivealabastringexturedgypsums
with diagenesis(Figure 7g). Sedimentologicaimineralogical and
geochemicalffindings reveal that the depositionalbasin extended
from alagoonto theinnerregions.Theseevaporitesveresubjected
to diagenesisand alteration under the influence of hotdry and
slightly humid climate, tectonism and pressure.lsotope values
indicatethat theseevaporitesare of Lower Miocenemarineorigin
( G¢ Y@ ki & Bavan,2023).

229Ha k k ©r i basin

The evaporitesare distributedin Na rvillageof ¢ uk ur c a
district in the southof H a k k ©heseevaporitesntheKap é k ay a
formationareEarly Miocenein age.Evaporitesareinterlayeredand
intercalatedwith red sandstonemudstone,shale and limestone
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(Duran& etal.,1988;P e r i h99CeTktiker,Baran& D i n201p5).
It consistsf redbrownandgray mudstonesiltstoneandsandstone
intercalationswith gypsum,tuffite and limestone.White gypsum
mineralsarefoundin sulfaterocks,andit hasbeendeterminedhat
thesemineralsareaccompaniedby calciteandquartzminerals.

Figure 7. Evaporitesbelongingto the basinsin the southern
branchof Neotethys(a) Nodulargypsumsnd clusteredstructures
oftheE | a-K @ Kk - Bormation(modifiedT ¢ r k 2084),(b, c)
DiscoidalgypsunmandenterolithicfoldsoftheMu B u | aBasink
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(d) Gypsarenitesvith carbonateintercalationsof the M u
Malazgirt Basin,(e,f) Carbonatecementedeleniticgypsumand
nodularanhydriteof the VanTimar Basin,(g) Alabastrintextured
massivegypsum(gyp)of theVanB a k kBadingh, i) Carbonate
intercalatedseleniticgypsum(gyp) andalabastrintexturedgypsum
of the Hakkari Basin.

Volcaniclastic levels accompanyingrocks representing
shallowmarinesedimentsverefed by the Miocenevolcanismactive
in the region and causedthe formation of analcimeand smectite
minerals. Lower Miocene K a p & kfarmation unconformably
overliestheseunits. The upperlevels of K a p € Koamatson are
representeddy Z o k aliyjnéstone member.The gypsumbearing
partsof the unit aredefinedasDergeEvaporitemember( Per i n - ek
1978). Redbrown and gray colored conglomeratesandstone,
siltstone and mudstor alternationsare dominantin Kap é k ay a
Formation.However,evaporiteggypsum)are observedespecially
in thebasdevelsandcarbonateocks(limestone)n theupperevels.
Thegypsumsobservedasintercalationsn thelower partof the unit
are white, 50-70 cm thick and have a layered appearanceThe
gypsumsonsistof transparenseleniteandwhite coloredalabastrine
gypsumandsatinspargypsum(Figure7h,i).

Thesecontainclay intercalationsn thelower levelsandhave
transformed into anhydrite. Considering the sedimentological
featuresof these evaporites,it was determinedthat they were
depositedn theshorelineshallowmarineenvironmen{Duran& et
al., 1988,1989).

3.Conclusion

While the evaporitesin the Upper EoceneOligocene
Malatya DarendeBalabanbasinlocatedin the southernbranchof
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the Neotethysin Eastern Anatolia are of marine origin, the
evaporitesin the E | ©Baskil basin( K u K -Farinaian)are of
Early Paleocen&custrineorigin. Again,theevaporitesn theLower
Oligocene (Rupelian) Mu 48 u | aMul@dzgirt, Lower Miocene

Mu 4 é r Alkiukla Formationand Lower MioceneVanB a Kk k a |

basindocatedalongthesoutherrine of theNeotethysareof shallow
marinelagoon characterwhile the Van-Timar Basinis of Upper
Miocene lacustrine character. The Upper Oligocene Erzincan
KemahRefahiyeBasinevaporitedocatedin the northwesterrparts
of the EasternAnatolia Regionand within the northernbranchof
Neotethysareof marineorigin andcontainshallowmarinelagoon

coastal sabkha environments, while the Tercan¢ a y ébadiné

evaporiteslocatedin the easternparts of Erzincanare of Lower-
Middle Miocene continentalorigin. Moving northeastthe Early-
Middle Miocene ErzurumA kK k aQligogene ErzurumH é nand
UpperEoceneOligoceneErzurumK a r a lyasirse¥aporitesvere
formed in shallow marine lagoonal environments, while the
ErzurumTekmanand ErzurumPasinlerHorasanevaporiteswere
depositedin the Upper Miocene lacustrineenvironment.Further
north, the evaporitesn theA] iD® | u b ebgsmar&of Lower-
Middle Mioceneageand of marineorigin, while the evaporitesn
theKarsK a ] & zanmdd ) drézlucabasinsare of Middle-Upper
Miocene age and accumulatedin a lacustrine environment.
Accordingly, Erzincan and Erzurum basins contained shallow
marine lagoonal environmentsin the Lower Oligocene, while
Erzincan was still shallow marine and Erzurum was terrestrial
fluvial in theUpperOligoceneWhile ErzurumandA | basinsvere
shallow marine in the Lower-Middle Miocene, the seain the
Erzincanbasincompletelyregressed the Middle Mioceneandthe
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basinbecameerrestrial Startingfrom theUpperMiocene all basins
locatedin the northernbranchof Neotethysturnedinto terrestrial
lacustrineandfluvial basinsuntil the Pliocene.

Malatya and E | © Basjns contained shallow marine
environmentsfrom the Late Eoceneto the Middle Miocene, and
Mu kVan andH a k kb@ginscontainedshallow marinelagoonal
environmentsrom the Lower Oligoceneto the Middle Miocene.
Later, all thesebasinstransitionedo a terrestrialenvironmentuntil
the Middle-Late MioceneandPliocene.

In other words, the northern and southern branchesof
Neotethysin EasternAnatolia becameshallower from the west
towardsthe mountainsfrom the Lower Oligoceneto the Pliocene
andwerecompletelyclosed.While all theseevaporiticbasinswere
forming, the paleogeographiconditions of that period such as
climate, tectonismand volcanismalso cameto the fore in their
formation.
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CHAPTER IV

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

¢CetYEKk KLOVA
Esin! NA1

Inroduction

The Lake Van Basin is located on the Eastern
Anatolian Plateau.The plateauis a product of the compression
regime that was effective after the continentcontinent collision
betweerthe EurasiarandArabianplates.Consideringts geological
andgeomorphologicdeaturesthebasinis auniquedatabankin the
region.

In AdilcevazDDistrict, thesetufas, which aretrappedwithin
residentialareas serveasthe neighborhood'gjarbageareaandare
constantlydamagedindertheplowedfields. Therapidly developing
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culture of protectiontodayis promisingin the protectionof such
naturalstructureslt shouldnot be forgottenthat not only cultural
heritagebut alsosuchgeologicalelementsshouldbe protectedand
all thesebeautieshouldbetransferredo futuregenerationsvithout
anyproblems.

Geologicaleventsand structuresare the largestand most
importantsourcein understandinghe evolutionof theworld. They
help us understandmany important data such as sea level
fluctuations,the stateof glaciers,volcanic activities, earthquakes,
masgdestructionsandclimatechangahroughoutheworld'shistory.
According to ProGEO 2011, some of these geological and
geomorphologicaélementsare uniquein the world andarerarely
observed.All theseelementsshould be evaluatedas geological
heritage. TheVan Lakebasin,whichis aproductof thecompression
regimeeffective after the continentcontinentcollision betweerthe
Eurasianand Arabianplates( G° etalr, 2015),and someof the
geologicalgeomorphologicatlementsn this basincanbeincluded
in thescopeof geologicalheritageaccordingo theabovedefinition.
TheVan Lake Basinis a naturallaboratorywith boththelacustrine
sedimentsandthestructurest containsandthetravertinesandtufas
thatsurfacein theregion.At the sane time, theregionis aschoolof
volcanismwhenconsideringhevolcanoe®f Nemrut, A rSé& ,p h
T e n d Meyldn Etruscarandmanyothers.

Lake Van, the world's largestsodalake with a history of
600,000years(Cukur et al. 2014b; Stockheckeet al., 2014), has
greatimportancewith its formation, developmentgeologicaland
geomorphologicatlementsandhostingmanycivilizationsoverthe
centuriesThe sedimentandrocksdepositecon the shoresof Lake
Van, aswell asthe sedimentsaaccumulatedn the bottom of Lake
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Van, containvery valuableinformationin termsof lake records.In

this context thetufaformationsdepositedntheshoresf LakeVan
are geologicalheritagethat shouldbe protectedand transferredo

future generationsgonsideringhe datathey containandthe beauty
theyoffer.

The oldestunits in the study areaare the Lower Miocene
AdilcevazlimestonesQuaternans ¢ p Walaanicsunconformably
overliethe Adilcevazlimestoney Y e K iand¥ & & u p 8008).u ,
Quaternarylacustrinesedimentstravertine,tufa andold alluviums
unconformablyoverlie all theseunits (Fig. 1). Apart from these,
manyevaporitefravertineandtufaformationsattractattentionin the
Lake Van andsurroundingy G¢ nYg€ w i and@°ak m2a02Q;
G¢ n gYerk i etaly2020;G ¢ n gyferk i &nd Basan,2023;
Yeki ROAYYae Kk i étal. \2@L5ab;2017,2019,2021,2024).

In this study, the formation conditions, importance and
preservationof the Adilcevaz Tufas, which were observedin the
AdilcevazDistrict of Bitlis Province(theareabetweeriLakeVanand
S ¢ p Waleaano)andattractattentionwith their similaritiesto the
Mono Lake Tufas, will be discussed.The Adilcevaz Tufas are
sedimentghat were depositedbetweenl12.7and 19.3ka, 1701 -
1725masl,andexhibitvisually magnificentfeatureqYesilovaetal.,
2019). Thesenaturalmonumentswhich were determinedtio have
depositedon the shoresof PaleoLake Van, play a key role in the
region in terms of both the level changesof Lake Van and the
climate.With thesefeaturestufas,which havea uniquegeological
importancealsooffer a uniquevisualfeast.
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Figure 1. Location(A) andgeologicalmap(B) of the studyarea.
Adil cevaz Tufal ar é

Tufa is the generalname for rocks with densecalcium
carbonateand organiccontentdepositedby cold waterswith high
alkalinity (Whiticar andSeuss1998; Perissinotteet al., 2014).Due
to both their formation characteristicsand composition,they are
important in determining the conditions of the depositional
environmen{FordandPedley,1996,Pentecost2005),climateand
water level changes(Wright, 1914; Council and Bennett, 1993;
Pentecost2005;Szabaetal. 1996). Thedevelopmenof tufasoccurs
bestin humid andtemperateclimates(Schuster1 926;Goudieet al.
1981; Almendingerand Leete1998; Dramiset al. 1999; Zak et al.
2002;Auqueetal. 2013;GrubeandUsinger2016).

Thetufasin the studyareaareformedwithin the thick sand
stacksonthelakeshore( Y e K iethl.02018,2024Nar,2023).The
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surroundingstreamsandfracturesandcracksunderthe lake helpto
transportcalciumrich watersinto thesethick sandstacks( Ye ki | o v a
etal., 2019,2024 Nar, 2023). Thus, the thick sandstacksserveas
reservoirrocks for calciumrich fresh waters.When the salty and
denselake watersencountethesesandstacksthelessdensefresh
waters will move upwards and precipitate the calcium in their
content (Kremer et al., 2019). Thus, unlike microbialites, tufa
formationwill occurwithin the thick sandstacks on the lake shore
(Y e K iethl.o2018,2024Nar, 2023).Thistufala,whichis formed
dueto lake level changesgcan be found in the lake (rise in water
level) or abovethe lake level (decreasen water level). Adilcevaz
TufaswerealsoformedwhenLake Van wasat an averagdevel of
1700- 1720meters( Y e K ietlalg 2049,2024 Nar, 2023). They
cameto light with erosionwhenthe lake level droppedto today's
level.

As thelakewaterlevelrises,thetufalevel alsorises(Collins
and Leber 2005). Tufas, which offer similar visualsin terms of
formationanddevelopmentvith thetufasformedin Mono Lake,are
formedin theareawherethepaleoT o s bs&rgarmemptiesnto Lake
Van. With theincreasen lakelevel, upwardgrowthoccursin tufas,
thusforming tufa towersandlayers(Fig. 2A, B, C) ( Y e K ietlalo v a
2019).Tufaformationsrepresenthe currentLake Van coastof that
period,anddeltasthatarelaterally trarsitional with tufasprovethis
situation(Fig. 2D) ( Y e K ietlal®2018).
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Figure 2. A. Tufatowersresultingfrom upwardgrowth.B. Fluvial
depositontufa layers(thesedepositandicatethe pausen tufa
formationandfluvial activity in theregion).C. Generalview of
tufalayersdepositedn top of eachother.D. Delta depositghat

are laterally transitionalwith tufas.

Y e ki ketalv 2019, in their study, statedthat the first
transgressiomccurredbetweenl12.7ka (1701 masl)and 72.5 ka
(1704 masl) and a secondtransgressiomccurredbetween30.1 ka
(1646 masl) and 19.3 ka (1725 masl). All these lake level
fluctuationsrelatedto the formation of tufasare directly relatedto
global climate changes( Y e k iel ab 2049). According to the
valuesgiven in the relevantstudy, the generalizedblock diagram

regardingtheformationanddevelopmenof tufasis givenin Figure
3.
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accordingto datafromY e K i dtabh,2G9).

Protection and ldentification of Tufas
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Thetufasarelocatedin adevelopingregionof Turkey.With
therecentinvestmentsnadein the region,the regionhasbecomea
centerof attraction,especiallyfor Iranian tourists. However, the
approachof the local peopleto suchgeologicalformationshasnot
yet reachedthe requiredlevels. Unfortunately,the areawherethe
tufas are located is currently used as a garbagedump by the
surroundingsmallscalebusinesseandlocal settlementgFig. 4).

Figure 4. AB. Construction waste in the area where the
tufas are located. ©. Domestic waste.

Thetufasin theregionareabankthatholdstheexactclimate
andaltituderecordsof LakeVan betweeril12.7and19.3ka. At the
sametime, it standsout asthe only tufa formationrecordedon the
shoresof Lake Van to date.Consideringthe visual beautyof the
tufas, it is obviousthat they are rare formationsthat needto be
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protected For this reasonthe Adilcevaz Tufas shouldbe accepted
asa partof thegeologicalheritage lt is afact thattheseformations
canonly be protectedby raisingawarenes®y the scientific world.
Accepting thesetufas as a part of the geologicalheritagemeans
protecting a very important resourcenot only visually but also
scientifically. The mostimportantissuethatshouldnot be forgotten
is the protectionof suchstructuresn the geography(Burek 2012).
In the protectionof suchgeologicalor geomorphologicatlements,
schootage children and young people should be provided with
collective visits to theseareas,as in the examplesof Italy and
Greece,and the importanceof theseareasshould be explained
(Femelietal., 2015).

In termsof promotion,first of all, the geologicalprocesses
that form tufas should be explained scientifically and their
paleogeographievolution should be illuminated. Thus, scientific
promotionwill berealized.In termsof tourism,threestagesieedto
be carriedout in a generalframeworkin orderfor the tufa field to
becomea nationalbrandand increaseits recognition.The first of
these is the stage of naming the place (MacCannell, 1976;
Al aeddandAlf il ai] 2aD7).IAfter naming, the stageof
revealingthe boundarieof the tufa field comes.The next stageis
the mechanical reproduction stage (MacCannell, 1976;
Al aeddiamdAjl li nj a2060y7)l At ,this stage, touristic
attractiongainsimportanceand now turnsinto a destinationor an
area of experience (MacCannell, 1976; Al aeddiando] | u
Al i a] 2aD7).Mherefore,the tufa field is promotedwith all
component®f the pressprimarily visual, written andelectronic,in
the mechanical reproduction stage (MacCannell, 1976;
Al a e ddanaAdjilay 2007).1 u,
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¢ i | tamdpzin, (2024)statedin their studythat the tufa
andmicrobialitesin theregionshouldbeevaluatedogethemwith the
historical remains under the waters of Lake Van. The authors
emphasizehatall thesevaluesin Adilcevazarevery importantand
statethat they are natural and cultural landscapeghat show the
interactionbetweerhumansandtheenvironmen{ ¢ i |ahd&zue,
2024).

Discussion

ProGEO2011. statedthatsomeof thegeologicalstructures
thatcontaininformationaboutthe pastarerarein theworld, unique
and at the sametime geological heritage. In this context, the
AdilcevazTufas,which offer uniquebeautiegFig. 5) andalsokeep
recordsof the climateof their time with the fluctuationsin the lake
level, fit this definition and exhibit geological heritage
characteristicbothin termsof formationandvisuality.

TheAdilcevazTufasdo nothavesufficienttourismpotential
on their own dueto the socieeconomicstructureof the regionand
thefactthattheyarenotyetanattractioncenter.Therearecountless
naturaland historical beautiesn the region otherthanthesetufas.
The most striking of theseare the Van Lake Microbialites,Ay g & r
Lake (maarlake), AdilcevazKef Castle,Ahlat Seljuk Monumental
Tombs,Ahlat StoneHousesandNemrutCaldera(Fig. 6).

Protectingthe Adilcevaz Tufas should not be limited to
declaringthema geologicalheritagearea.The mostimportanttask
herefalls on thelocal people.The contributionof theseandsimilar
areasto the economyand their direct or indirect gainsshould be
explainedto the local people.The awarenes®f the local people
should be raised and the use of such areasas dumpsshould be
stoppedassoonaspossible.The mostimportantthing to remember
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is that the greatestprotectorsand destroyersof such cultural and
naturalheritageareasarethe peoplethemselves.

Figure 5. Visual beautiesof AdilcevaZzT ufas.
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Figure 6. A. TheMicrobialitesof LakeVan. B. A 'y gLake(maar
lake).C. AdilcevazKef Castle.D. AhlatS e | Mankmental
CemeteryE. Ahlat Old StoneHousegqcavehouses)F. Nemrut
Caldera.

Despite the existence of numerous geological
heritagesitesin theregion,thereareonly a few publicationson the
subject.Themostimportantof theseare(i) | n etmal. (2017)'sstudy
on the evaluationof Lake Van seismitesasgeologicalheritageand
(i) ¢ i | tamdpzun, (2024)'sstudy on the Investigationof Tufa
Microbialites in the Adilcevaz (Bitlis) Terrestrial Ecosystem
According to the ConservationApproach.Suchstudiesshouldbe
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sufficiently multiplied andtheir controlledgainsshouldbe provided
to boththe scientificworld andthetourismworld.

Thereis alot of misinformationaboutthe Adilcevaz Tufas
madeby peoplewho arenot expertsn the subject. Thisinformation
is availablein newspaperdelevisionandthe 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
shouldavoid makingexplanationaboutsuchstructures.

Conclusion

Adilcevaz tufas should be takenunderprotectionby being
includedin thegeologicalheritagdist assoonaspossiblenecessary
markingsand promotionsshouldbe madein the region, andtufas
should be madeone of the dynamicsthat will contributeto the
regionaleconomy.

The cultureof protectingsuchstructuresshouldbe instilled
in peopleby raisingawarenesgiving tripsandevenlessonstarting
from primaryschool.
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CHAPTER V

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

Ksmai l! KNC
Hayri ARABACI 2
Mustafa FENER3

1. Introduction

Rocks have been widely used as building blocks for
centuries.Recently, the use of rocks as building materials has
increasedignificantly. Thisincreaseéhasbroughtto theforefrontthe
importanceof cutting performancewhich is the most important
operatingcostin the conversionof rocks into building materials.
Thishasled manyresearcher® investigateahecuttingperformance
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of rocks (Ataei et al., 2012; Ghaysariet al., 2012; Sadegheslarst

al.,2013;Almasietal.,2017;Yilmazkayaetal., 2018;Kahramaret

al.,2004;YurdakulandA k d a042;Huangetal.,2018).Kahraman
et al. (2004) investigatedhe relationshipbetweenslab production
androck propertiesand developedoredictionmodels. Ataei et al.

(2012)investigatedhe relationshipbetweensawabilityandenergy
consumptionSadegheslamtal. (2013)investigatedherelationship
betweencutting speedand rock propeties of carbonaterocks.

Yilmazkayaet al. (2018) developedartificial neural network and

regressionmodelsusingphysical,strengthandcutting propertiesor

cuttingnaturalstonesamplesYurdakulandA k d @XL.2)estimated
the cutting energyvaluesof largediametercircular diamondsaw
block cuttersfor carbonaterocks through physical, strength,saw
blade diameter and depth of cut. Bayram (2020) statistically
evaluated the relationships between unit energy and cutting

parameterand environmentaparanetersand developeda model.
This modelpredictedunit energyvalueswith high correlationvalue.
In this study, the relationshipsbetweenenergy consumedin the
cutting process and rock physical and wear properties were
investigatedusinga sawwith automaticcuttingfeature..

2. Material and Method

In orderto investigatethe relationshipbetweenthe cutting
performanceof the samplesand their physical and abrasion
properties,16 rock sampleswere collected from magmaticrock
(plutonic, volcanic and pyroclastic)quarriesoperatedin Anatolia
(Turkey). Firstly, samplegcoreandaggregateyverepreparedrom
the collectedrocksin accordancewith the relevantstandardsand
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recommendedest methods (ISRM, 2007; BS 812 1990). The
preparedcore sampleswere divided into two groupsto determine
theirphysicalpropertiesandenergyconsumediuringcutting. While

the methods recommendedin ISRM (2007) were taken into

considerationn determiningthe dry densityand porosity valuesof

the samplesthe methodrecommendedh ASTM E494(2010)was
usedin determiningthe P-wavevelocity valuesof therocks.

In determiningthe B © h nabrasion(BA) and aggregate
impactvalue (AlV) valuesof rocks,EN 14157(2004)andBS 812
(1990) standardswere used,respectively.B ° h ralerasiontestis
definedasthe abrasiorvalueBA valueasaresultof therotationof
thesampleon therotatingdrumfor 352revolutions(after 16 cycles
consistingof 22 revolutions)whenthe sampleon the abrasiondisk
scatteredvith standardabrasivepowderis exposedo a pressureof
0.06N/mn?. AlV testis definedastheresistancef theaggregatéo
suddershockor impactwhena standardveightedpestle(14 kg) is
dropped15 times from a height of 38 cm on a 750 g aggregate
samplewith a certainsievegap(14 mm, 10 mm).

The energyconsumediuring the cutting of magmaticrocks
wascalculatedoy measuringhe currentsandvoltagesdrawnby the
motorduringthe cutting procesf 54.7mm diametercoresamples
in the BRILLANT 250 brand automatic cutting device. The
BRILLANT 250 usedin cutting the samplesis an automaticwet
cutting machinefor materialographymineralogy,and composite
materials.
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The motor'senergyconsumedP) was calculatedusing the
current,voltage(V), andsamplecut-off times(t) obtainedwhenthe
coresamplesverecut.

Fa gTaka (@

The total energy (E:) consumedby the motor during the
cutting processwvasobtainedfrom the integral of the instantaneous
power (P) drawn betweenthe start (to)) and end (t1) of the cutting
process.

fa . | <™ < @)

ThenetenergyconsumedEne) Wasobtainedoy subtracting
systemand motor losses(Ejost) from the total energyconsumedoy
the systemto cutthe sample(E).

g~ T« [m- v«(3)

3. Results and Discussion
3.1 Some mineralogical and petrographic characteristics

In this study, 16 samplef differenttypesof igneousrocks
(plutonic, volcanic,pyroclastic)collectedfrom quarriesoperatedn
Anatoliawereused.Therelatedrock classificationsveremadeusing
the mineralogicalcompositionof the samplesobtainedfrom thin
sections.The main mineralogical componentsof the pyroclastic
samples are volcanic glass, plagioclase and rock fragments.
Pyroclastic sampleswere namedas Lithic Tuff and Vitric tuff
accordingto Schmid (1981) classification.Plutonic and volcaric
rocksweredefinedaccordingto Streickeisen(1979).Accordingto

-110-



this classification, plutonic samplesare named as granite while
volcanicsamplesarenamedasdaciteandandesite.

3.2 Physical and abrasion properties

Statisticalanalyse®f physical(dry density porosity,P-wave
velocity) and abrasionproperties( B °© hafrasionand aggregate
impact strengthtest) obtainedfrom rocks usedin the study are
presentedn Tablel.

Dry densityvaluesof igneousrocks usedin the study are
betweenl.222.68g/cn?. Graniteshavethe highestdry densityand
thesesamplesarein the 6 me d irackeldssaccordingto the dry
densityclassificationof NBG (1985).Othersamplesareintheé v e r y
I o woodk classaccordingto the dry densityclassificationof NBG
(1985). Porosityvaluesof rocks vary between0.65% and 36.83%
and theserocks show 6 | d wery h i gporéusrock properties
accordingto the porosity classificationof NBG (1985). P-wave
velocity valuesof rocksvarybetweer?.02and4.42km/s.BA values
of rocks vary in a wide range and are between 5.21-46.74
cm®50cnt. The aggregatempactstrengthof rocksvariesbetween
53.65%and87.39%.
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Tablel: Descriptivestatisticsof datausedin theanalysis
Variables Data Minimum Maximum Mean Std. deviatior Variance

" - glem? 16 1.22 268 181 0.45 0.20
n-% 16 0.65 36.83 21.92 11.69 136.59
Vp -km/s 16 2.02 442 2.84 0.75 0.56
BA- 16

cm?/50cn? 5.21 46.74 24.70 9.91 98.30
AlV -% 16 53.65 87.39 69.62 11.11  123.38
" . dry densityg: porosityywnPwave velocity, BA:

aggregate impact value

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

The relationshipbetweenEnet valuesand the physicaland
abrasionvaluesof the rocks was analysedusing simple regression
(linear, power, exponential Jogarithmic and polynomial) analysis.
The correlationdbetweerEnetvaluesandthe physicalpropertieof
rock samplesare presentedn Figure 2. The highestcorrelation
coefficientbetweerEnetandVp wasdeterminedn the exponential
relationship with 0.8871. The highest correlation relationship
betweernEnetandn anddry densitywasdeterminedn logarithmic
(R? 0.7689)andexponentia(R% 0.7422)relationshipsrespectively
(Figurel).

The correlationrelationshipsbetweenthe EnetvaluesEnet
and the abrasionproperties(BA and AlV) of the igneousrock
samplesare shownin Figure 2. The correlationcoefficientfor the
simple regressiorrelationshipbetweenEnet and BA and AlV is
0.9706and0.5437respectively.The highestcorrelationcoefficient
betweenEnetandphysicalandabrasionpropertiesvasdetermined
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in BA. Thiscanbeexplainedby thefactthatthe mineralsthatresist
cuttingandthe mineralsthatresistabrasiorarethe same.

25000 [2]
20000 y= 22.036el4422x &
) R?=10.8871
£ 15000
T
2 10000
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0 4 f . t .
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Figure 1: Relationshipbetweemetenergyconsumeand physical
propertiesa) P-wavevelocity,b) dry density,c) porosity

-113-



50

25000
20000 e y = 434648x1.56%
R2=10.9706
2 15000
z
= 10000
5000 .
L ]
L] Y
04 + t :
0 10 20 30 40
BA- cm?/50cm?
25000
N Y = 2.9627¢00877x
£0000 R: = 0.5437
£ 15000
=
= 10000
5000 u
0 4 2 ' o B
40 50 60 70 80
AIV- %

90

Figure 2: Relationshigbetweemetenergyconsumeandabrasion
propertiesa) B © h abeasion,b) aggregatampactvalue

5. Conclusion

In this study,simpleregressioranalysiswasusedto predict
the Enetvaluesof 16 igneousrocks using physical and abrasion
rates.The mainresultsobtainedfrom the simpleregressioranalysis

areasfollows:
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In the simpleregressioranalysisusedin the study,the best
relationshipbetweenphysicalpropertiesand Enetis betweenEnet
andVp. Thecorrelationcoefficientin this relationshipis 0.8871.

The best relationship betweenthe abrasionpropertiesof
igneousrocks and Enet was found betweenEnet and BA, with a
correlationcoefficientof 0.9706.

This high correlationrelationshipis the direct relationship
betweerthe mainparameteraffectingwearandcuttingenergy.The
B ° h mlwasionvaluecanbe usedto practically estimatethe 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?
Ksmai |2 KNC

1. Introduction
Geotechnicaparametergonstitutethe input parametergor

engineeringprojectsto be constructedn soil or rock. Amongthese
parameters,uniaxial compressivestrength (UCS) is the most
important input parameter.There are different standardsfor the
determinationof UCS, suchas ISRM, ASTM, EN, etc. The most
time consumingand expensivepart of thesestandardss sampling.
Thereare alsosomerock typesfor which it is not possibleto take
sampleswith the dimensionsand properties specified in the
stardards.Thishasledto thedevelopmenof indirectmethodgpoint

1 Asst. Prof., Batman University, Faculty of Engineering and Architecture, Department of Civil Engineering,
Batman/Turkey, Orcid: 00@D0337372556, mehmetcan.balci@batman.edu.tr

2 Assoc. Prof., Konya Technical University, Faculty of Engineering and Natural Sciences, Department of
Geological Engineering, Konya/Turkey, Orcid: 000266927584, iince@ktun.edu.tr
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load test, Schimdt hammer rebound, Leeb hardness,etc.) to
determinethe UCS value of rocks. In addition, researcherfiave
increasedtudieson the predictionof UCSvalueusingphysicaland
mechanical properties of rocks. Initially, simple and multiple
regressioranalysesvere usedto determineUCS (Tugrul and Zarif
1999; Yasarand Kahraman2001,2014; YasarandE r d 0230@4n
Kahramaret al 2005).In the twenty-first century,researcherbave
developediewmethodsandmethodologiegsoftcomputingmodels)
to predictUCS. In thesesoft computingmodels,UCS valueswere
estimatedusingdifferentrock propertiegHeidari et al 2018; Tariq
etal 2019;Jinetal 2022;¥ z d e 2022rQiu etal 2022;Wei et al
2023,Wangetal 2023).Recently GeneticExpressiorProgramming
(GEP)approachebavealsobeenwidely usedto predictUCS (Ince
et al 2019; Xue 2022; Khatti and Grover 2024). The aim of this
study is to determineUCS using practical and inexpensivenon
destructivetestingtechniqueghat canbe usedbothin thefield and
in the laboratory.For this purpose,UCS valuesof igneousrocks
were estimatedby GEP using Leeb hardness(HL) and P-wave
velocity as input parameterswhich determinesurface hardness
throughlow applicationenergy.

2. Material and Method
2.1 Sampling and laboratory tests

Fifty rock sampleswere collectedfrom quarriesopenedin
igneous rocks (igneous, volcanic and pyroclastic) operatingin
different regionsof Anatolia. NX diameter(54 mm) core samples
were preparedrom 30x30x30cm homogeneousock blockstaken
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from thequarriesn accordancavith therecommendationsf ISRM
(2007)for usein experimentabtudies.

The Vp, HL andUCS valuesof the rocks were determined
using the preparedcore samplesin accordancewith the relevant
standard§ASTM E4942010;ASTM D70122014).The standards
specifiedin ASTM E494 (2010) were usedfor P-wave velocity
determinatiorof the samplesFor eachrock, P-wavevelocity (Vp)
measuremenivas repeatedhreetimes andthe arithmeticmeanof
thesemeasurementwastakenas P-wavevelocity. The UCS value
was determinedaccordingto the methodsrecommendedh ASTM
D7012(2014). For eat rock unit, 3 sampleswere measuredand
thesevalueswereaveraged.

Although the Leeb surface hardnesstest has a universal
standardor metalsthereis noexistingstandardor thistestin rocks.
However, some researcherhave emphasizeadhat the length to
diameter(L/D) ratio shouldbe QL.5 for HL testmeasurementi
coresamplegGhorbanietal.,2023;¢ e letalk 2023).In thisstudy,
theL/D ratiorecommendedy theresearcherfor HL measurements
wasfollowed. InsizelSH-PHB brandD-probewasusedto determine
the HL value. The test was performed at 20 different points
perpendiculato the bottomandtop surfacesof the samplesgvenly
distributedoverthe surfaceof the samplesThe arithmeticmeanof
themeasurementmadein eachsamplewasdefinedastheHL value
of the sample.
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2.2 Genetic expression programming (GEP) approach

GEPis anew evolutionaryalgorithmdevelopedy Ferreira
in 2001 using geneticalgorithm (GA) and genetic programming
(GP).Accordingto Ferreira(2001),in GEP,individualsencodethe
linear sequencesf a genomewith fixed dimensionsusedin GAs
andin atreestructureof differentsizesandshapesisedin GP.This
tree structureis called expressiontrees (ETs). The GEP model
consistsof function set, terminal set, fitness function, control
parameterandstoppingcondition.

The ETs for the GEP modeldevelopedo predictthe UCS
valuesof igneousrocksaregivenin Figure 1. During training and
testingof the GEPmodel,Vp (do)andHL (d1) valuesweredefined
asinput variables while UCS valuewasdefinedasoutputvariable
(Tablel). Fifty igneousock samplesvereusedn this study.Thirty-
eightrandomlyselectedsamplesvereusedasthetrainingsetfor the
GEPapproachesyhile theremainingsamplesvereusedasthetest
setfor theGEPapproache<seneX pro Tools4.0sdtwarewasused
to predictthe UCSvaluesof therockswith the GEPmethod.
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Sub-ET 3

Figure 1: Expressiortree of GEP model
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The parametersisedin the GEP modelto predictthe UCS
value of the rocksaregivenin Table 1. The equationsusedin the
equationof thedevelopedsEPmodelarepresentedn Table?2.

Tablel: Parametersof GEP approachmodel

Parameter definition GERI
Function set +,-, % /1, Sqrt, ¥, 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

Table2: Coefficientausedin the GEP model

Coefficients Values

G1Co0 -0.536102
GlC1 -0.167785
G2Co 7.657654
G2C1 9.986512
G3CO0 -9.994416
G3C1 -0.053192

3. Results and Discussion
3.1 Some physical properties of rocks

The input and output parametersof the GEP model
developedo estimatethe UCS valueof therocksusedin the study
aregivenin Table3. The P-wavevelocity valueof therocksvaried

betweenl.56 and 5.38 km/s, while the HL value was determined
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between220.00and896.70.The UCS valuesof therocksvaryin a
widerange(7.57-167.40MPa).

Table3: Theinputandoutputquantitiesusedin GEPapproach
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
égneous rocks

The relationshipbetweenUCS valuesand P-wave velocity
andHL valuesof therockswasinvestigatedisingsimpleregression
(linear, power, exponential Jogarithmic and polynomial) analysis.
The correlationsbetweenUCS valuesand physical propertiesof
rock samplesare presentedn Figure 2. The highestcorrelation
coefficient betweenUCS and Vp was determinedin exponential
relationshipwith 0.7076,while the highestcorrelation(R? 0.878)
betweenUCS and HL was determinedn exponentialrelationship
(Figure 2). In thesetwo approachesjt was observedthat the
deviations from the experimatal UCS value increasedin the
predictionof high UCSvalues.
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Figure 2: Relationshipbetweerthe UCSandphysicalproperties
of thesamplesa) P-wavevelocity,b) HL

The validity of this model was checked through mean
absolute error (MAE), root mean squarederror (RMSE) and
correlation coefficient (R?) (Equations 1-3). The statistical
parametersf thedevelopednodelaregivenin Table2.

060 -B © £s 1)
YO YO -B o ¢ )
. B B B

Y B B B B (3)

Wheret is the value obtainedfrom the experimentois the
calculatedvalueandn is thetotal numberof data.

The MAE andRMSE valuesfor the training setandtesting
setof the GEPapproachmodeldevelopedor the predictionof UCS
value are 9.95 and 12.68 and 10.07 and 11.05, respectively.The
correlationcoefficientvalue of this modelis 0.9218in the training
setand0.9099in thetestingset(Table4, Figure3).
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Table4: TheUCSstatisticalvaluesof GEP approachmodel

Statistical parameters — GEF] -
Training set Testing set
MAE 9.95 10.07
RMSE 12.68 11.05
R? 0.9218 0.9099

Thecomparisorbetweerthepredictionvaluesobtainedrom
this GEP approachmodel and the experimentalresultsshowsthe
high generalizatiorcapacityof the proposedmnodel. The statistical
values (MAPE, RMSE and R?) given in Table 4 show that the
proposedmodelspredictthe UCS valuesquite successfullyandthe
predictedvaluesarevery closeto the experimentatesults.

|E| 180 1 E 140
155 ¥ = 0.9439x + 7.3451 -
R*=0.9218 - . 120 A v =0.9248x + 0.0228
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Figure 3: Relationshipbetweemeasurednd predictedUCS: a)
Training set,b) Testingset

5. Conclusion

In this study, simple regressionanalysis and genetic
programmingapproachewereusedto predictthe UCSvaluesof 50
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igneousrocks using HL and P-wave velocity. According to the
analysispbtainedmainconclusionsarethe following:

The best relationship obtained in the simple regression
analysisusedin thestudyis betweerHL andUCSwith acorrelation
coefficientof 0.789.

In the developedGEP approachthe numberof geneswas
chosenas 3 and multiplication was usedasthe link function. The
resultsobtainedrom the GEPapproacheandexperimentarequite
consistentvith eachother. TheR2valuesof thetrainingandtestsets
of the developedGEP model are greaterthan 0.90. Moreover,the
validity of this modelis confirmedby MAE andRMSE values.
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Gul eman Ofiyoliti ¥rni
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Girick

Ge - mi kg remnofjyplié k a v r faanr@krlaék t € r ma c ¢
(Coleman, 1971, Dewey ve Bird, 1 97 1 égib). t ar af énda
peridotit,gabro,diyabaz spilit vebunlarlai | i & ik jkdany ai--lianr
k ul | ave enhgmatik provensleo | u kopluluk olarak ifade
e di | mkyanuditosferininp a r - a k ak eamaindimaesi
esnadeghaldanar lyameé n dhdepdemair akt ér mac €
okyanusk a b u ] befhrldnen peridotit gabroediabazy a s lae k
serilerininorojenik k u Kk a kdadmu d & n difajeenh mi k1 er di
Magmatik provens sonucundao | u we peridotitlerin k ¢t | el er
halindek at & | aebunérjg&brolartaraé n dtakipe di | di J i n
piroksenitlerindebu aradao | u k k @ kK ubasitdbiet a n &€ ml a ma
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y a p mé kQkyanuekéarb.u | kiag z e ryiem ¢ eilgeonle s kK a n
ofiyolit, tektonitler,k ¢ m¢, | iaotrdpgabrolevhadaykk a r ma kK € |
ile b u n | kasengdiyabaz ve plajiyogranitd ay kt ar af énd a
kesilmektedir.

(o]l

Alp-Himalayak u Kk & § € r iolgyanussl € orbjénikd a
zincirleri ve yitim zonui - e r iosl iuncofeilitler, Afrika ve
Avrasyak € t alr ars ® maheif konumdayeralanT ¢ r ki ye 6 d
ol duxa yg éNMedtétis okyanusununKretasez a manéndan
itibarenk a p a n mals EEK & makofiygliteri, kapanma €é r a s € n d ¢
b° | getkii elans & k € kejimag ré¢, n | (eRe daved il ju. |,
2004;¥ n e2003;K & | 2809),

Gulemarofiyoliti, G¢ n e y Anadolub © | g e Linredmd K i
ofiyolity er | e k i hidie. Parigott,eektonitler,ultramafikve
mafik k ¢ m¢ | atadlau «b@m; Tektonitler, k ¢ m¢ | at | ar
plajiyogranit, diyabaz d a y k Veabazik volkanik k ay a- 1 ar d a
o | u Kektonitler,d ¢ rvépbodiformkromiti - ehareburjitlerden
ol uk uk kneenl, d ¢ kverlit-klinopiroksenita r d al avey ma s €
b a n gdbrelardan o | u kGuleman ofiyoliti bazik volkanik
kar mak &k me mArkcdk,e wlkaniklerlek © k enbs e k ki | i
ol dudij; w ¢ nCaferevalkanitleriy a y ésluennma K t¥a kearn
ve¥ zt uid4).&al éakmdijae dektonitlert ¢ afiyolit
k¢t |l 66i0k @&ad aUltchmafikk ¢ m¢ | g hiatrleegri si nd
s a - e b @ mkrémitlerden, verlit ve klinopirokseniteg e - er .
K ¢ m¢ deayeb a ngalrogzotropgabrotroktolit ve olivin gabro
ile temsil edilmektedir.( ¥ z wva¥hz t u A94).&a b r odnar én
tiplk © zelH&@ &N & st alr lasiexmeadena d k ¢ nvgl at
he t er a d #dokumlgnmasidi( ¥ z ke¥rz t u h984;Parlak
ved i 2009.
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Alpin tip peridotitlerve ofiyolitlerin ultramafikb © | ¢ ml er i n
bir temsiliolan(lrvine, 1974 Colemanl977;Moores1969;Harkins
et al. 1980)d ¢ n iblbkiak genellikle harzburjit ve/veyalerzolit
i -erbsirmereb ¢ y ¢ K| Dk nhedtiokdlamemmuy |l e
ilgili iki g © rb¢ukl u n maBBknlamah@rirmagmatiki K | ebr | er |
di JiserH OO Ime t a s o0 ma Magmatilkakd®°ekr eonl luik u mu
savunana r a kKt € dmpa chd liodkrmantodakik € sarmgime
Sér as g p K askekc a kol | éukkttavg humruen © n e ml i
k anéden éairakteik a | é rolaraklg & s &([Riak 19774,
1977b; Dick ve Sinton 1979). Di | rrgrupar akt édrsmac €,
mantoyag e - bazaltikma g ma beaidel@lankristalk ¢ m¢ | at | ar
olarak d ¢ n ibtl iokkiflade eder (Moores, 1969; Dick 1977a).
Gregory (Hopsonve d i j1981) and Dick (1977a,b) ised ¢ ni t i k
bl okl é&ag reint harburiti@ d u v a reg&siyonu sonucu
ol u Kk a b ibéligirc Mefasomatikk © k samunara r a Kt € r ma c ¢
ise, d ¢ nibtliokk Iswduraekné k k asnbkdair drgaksiyonlar
s ér aperRdotiti a- e r i piroksedile @glivininyerd e] i Kt i r me
sonucw | u kK a b ibéligirtergPunganandLallement1977).Bu
teoriler, ¢ smantodakis é c akluélubul ekehhemden
f ar kgl°ésltBekrsiamimeyled ¢ ni DI @ k ana@akyé& k s e k
S € c avkyhalt peridotits o | is @ g & kK Im@ mé& 13 a-ebrakr .
model, ergime s é r a ¥ @ h a alizingnastabil o | d u Jilerin u
s ¢ r me kkt eeydd ¢ n i tétasamiatikk © k eotatak kabul
edersek,¢, smanto ve/veyakabuk boyuncab ¢ y birkH20 a k € Kk €
o | magesekirki; Okyanuslitosferindehidrotermals i r k ¢lara sy or
ol d uwlérindeg e r - e(kH &2Q69r ,
D¢eni ti k bl okl ar a d¢gnyaneén baze

Bushveld kompl e Hio)psams tvlea.ndie K t

Peridotitl er taraféndan -evrel en
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of iyol i ti i -erisinde de mevcut
ofiyolitidndeki birka- metr e bo
petrografisi, j eoki myasé vV e k
takémaktadeéer .

2. Guleman Ofiyolitinin Petrografisi

Guleman ofiyoliti, tabandan tavana jdo tektonitler,
ultramafikma f i k k¢mel atl ar,l ei auntlraac@
di yabaz dayklaré ve plajiyograni
t ekt oni tvé larzburzjidegen ulttamafik ¢ m¢ | at | ar d

veritveser pantinitler il e mabrmak k¢ m
gabro ve izotropgabral an ol ukmakt adér . Bazi
ol madej éendan Gul eman ofiyoliti e

D¢ nibtliokk | ar i se harzburjit vV e
birbirinden bajémséz blloktllael ekrd
yapéseé, d¢eni t-iekvr b1l ey e gabloavga p u r |
piroksenit i r . Har zburjit/ gabro/ pirok
bl okl ar én f ar kserdantinle me | i rt aP k e lvlei
alterasyonunun nadireizlenmesidr. Gul e man of iyol it
k¢etl el eri, K¢ - ¢k boyutl u bir n

faylanmalar sonucuveya y k s e k sécakl ekt aki
harzburjitik yanduwoenacw |aika s éndaki

Harzburjit, verlit ve klinopiroksenitler genellikigr an ¢ 1 er |,

nadiren elek veya poiklitik doku © z el | i J i gosterir
K¢megl at gabrol ar, k¢megl at doku ©
bl okl ar I -erisindefr anddghuke ollpe r b €
%O M&n ¢ Dénivnrlegre | - er

Guleman ofiyoliti k m¢ | seviyeye ait By adal ar
magmatik tabakalanma,minerallerin - ° khayle e kK yakl é
faylanmg ma g ma o d a s é mgibi&«r)stal eegreghsyamuna r i
i Kar et eden yidepie(l¥azrk ame vdo k¥uzltaurn a
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K¢ m¢ | a tramalivid, &lindpiroksen plajiyoklas hornblend ve
kuvarsk e k| i nde izl enen fraksiyonel |
izotrop gabrolarda bantl anmal ar
K¢ mel at seviyenin i st bg@bkolarm| e r i
klinopiroksen $35), divin (%25) ve plajiyoklaz (%4D

mi ner al | e kenmarmmahgalrdaklinopiroksen (%40) ve
plajiyoklaz (%609 t an .o |Kuzkoutrr ¢tapg apalkableargab
ar as e°nrdearfalrkj doku ve plajiyoklazlaé ranortitoran € d € r
(Beccal uva v e.Bdargnmaelenemrizotrop dabrdadda

%10 k a dNarmal gabrolarla izotrop gabrolaé nge - i Ki nde
izlenen plajiyogranitler,-aé k ern eennkcle t anel i gr an
gestermel er i il e kolayca k¢gmel at
Plajiyogranitler, 366065 plajiyoklaz (AnRz20), %20 kuvars, %A

biyotit, manyetitv e di j er mi n Blajiodgrdnidemibir i - er
di jer yazred I1°%Z7 ikekil | pgl °arj ¢i | ynoeksl i adz
(kekDily ab a z fiyaliykksl earri éy, seviglelardekkésén

y a k D.&cw.den inyekadard e]J i kKen geni Kl i ] e s
intersertal dokuya ahiptirler. Mi ner al o i flajiyjpklaz e Kk i m
(%60-65), klinopiroksen (%35-40) ve ikincil mineraller (%5)dir.
Plajiyoklazlar, prizmatikt ane «kekl iYeel smmseé 5 0on

gel i roryon Geleman Ofiyolitb ni n -dlaggvkh ak ar ma kK
seviyesini.Baez&i heamkké&r macél ar (3
1984 Kel e-, 2009) , Caf é@f i y oloil tkiad

bazi k vol kani k teskenkihyagsikeol eéu] e
b aj bfigo)itten koparak, kuzeyde MadenKar mak €] € ¢ Z
yerl exktifJini i fade ederl er.

3.Gul eman Ofiyol inti Ol Dgmuimu Bl okl ar

D¢éni it bl okl ar e, harzburjitik
-ekirdekl eri i -erir. Farkl é& bg¢y.
ke¢etl eler (100 cm. den 1.5 me t
ke¢megl atl arén ge-i kinde dajéneéek
Guleman ofiyoli i s ndei daj el ém Dglnsitter n
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k¢tl elerinin baklangeée-taki y°nel
Ancak, peridotitdin y¢kgamd vee s i
di yorit pl ¢t onl ar é&n éye rsloekkuil nu maué rd
def or me et mi kK v @ahad Sonrakifaylarpadeniglé a b i
denbltokl!l ar é harzburjit vV e k¢ m¢l
dajéenekteéer.

D¢ni t bl okl aréenéen oHidraketma ar é

kristal k¢mel at vV e k € s mi er gin
araktermaceélar ( ), piroksen i-e
ol i vinin -%kel diJini vV e deni tloe

ol ukt uj u.Bwteob,BUshveldBurnchanan ve di]
Cameron 19798, Stillwater (McCallum, 1999, Duke adas €
kar maké&] & @urropeiidatiteri B9rc¢h 4969) ve Canyon
ofiyoliti (Dungan and Lallemant 9 77) d¢nitl erinde

Stratiform intr¢zyonunbkakar mavkedla
ofiyolitler, ge- evrede per i
gesterirler. Pl astik de 200 Ima sy ¢
akékkanl ar én bulunduju subsol i d,
peri dot i-hnadrez bdig nii t s é n amfdbolletim b o |
var,b@aj @zel |l i] i (RuogaraandLallensakt®7®)d é r
D¢niti k bl okl arén kilometrele
y a p &€ sMouridos giyaliti (Moores 1969ye Samail diyolitini
(Hopsonetall 9 8 1 ; Boudier and Col eman
kristal k¢megl at teoriyi wakiulinlmarki

magmatikdayklara Kk ar et eHomp&boedyVv el198l) | er |
Col eman ve Boudier (1981), Har ki
(1969) , bu d¢gnit kgérl tell eeér@ dna ny ¢okke
pi kritik eriyikl erudreunl mauyr éklaanna |l d |
besleyicidayk ar € ( f ee der . Bbudikrevs Colemanar et
[
d
d

(1981), bir-ojunun bakPang¢ -t ail
di key y°nde ol urSteudaurdu ol e lyior ti mii
bl okl arenda vyapeéelan -al éxkmada ar
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t énda hi droter mal i Kl evlierl e
iyolitlerinden biri ol an, S e m;
50 km derinlikte ve yitimden h
g e | i k(Bdudier and Coleman 1981Qkyanusal litosferin bu

bel gesi, okyanus ortasé seéerteée be
olarak anhidrozdu(Bedard, 1990 Bu bl okl ar peri do
i ken ol ukur . Sécakl éj én, sul u
ol dujunu g°steren en °nelnduj Kkdwnre
(Boudier and Colemart981) E] er H/ O mevcut ol s
erimik ol acakbgéni(tGrke elm!| olk9l7a3r),. me
ergimeyle ¢retilen r ef rDackio@ar k al
Dick and Sinton 1979)Trinity peridotii n d e k i deni ti ko
ya keésmi ergimenin b¢gy¢gk oranda
bir durumda veya ergime z a k| akma anénda ol au
g°rmektedirler. Ancak, akeéekka
met asomati zmada bu I K1 ewnl| efraer ké
olamk | evhamsé k¢tl el er, bazal tik
eriyikle peridotit duvar kayaceén

o= —

a
0
1

D¢ni t bl okl arén magmati k k?©°Kke

sérasénda sulu subsolid¢s reaksi
pl ajiyokl az l erzol i tl er d@nyonz mi
Mountair) (Dungan and Lallemant1977) v e dperidotit

ge-i Kindeki ke¢-¢k kévremlar, de¢n

séecak v e pl astiKk def or masyona |
yé¢ksek sécakl ekta korunmuk miner
d¢nit bl okl ar é nrdkaenleranteksivakpiajiyakiasa | k
ve kromit ceplerinin va(lTaylé&pnd mag

Epstein 1962a, b). Yukar éda i fade edi |
karkel akt érel dej énda, Gul eman 0
k°kenl i ol up, perade®nda i magegmai 1o
duvarl ar énda ger -ekl eken bl ok
déekKenegl mektedir .
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4 . D¢nit Bloklaréen Jeoki myase
D¢ni t bl okl arénén -ekirdek ve

°rneklere ana oksit XRF analiz s
Tablo1:Gul eman ofiyolit d¢gnit bl okl
al eénan ©°rneklerin XRF sonu-1aré

Anaoksit(%) |Dt-1 |Dt2 |Hzl [Hz2 |Gbl |Gb2

Si0, 36.35 | 39.57 | 43.66 | 42.05 | 49.44 |52.13

Al;0s 048 |0.55 |[155 |1.07 16.72 [ 8.2

Fe0s 11.03 | 9.13 [7.22 [6.93 [9.11 15.04

MgO 36.75 | 34.46 | 41.35 |42.71 | 7.2 11.52

CaO 0.83 |24 201 [1.01 [8.29 9.77

NaO 0.08 |0.1 0.1 0.2 3.44 | 054

K20 0.01 [0.02 |[0.02 |002 |[1.07 0.03

TiO2 0.03 [0.04 |[0.02 |002 |[152 0.47

P20s 0.05 |0.06 |0.09 [0.07 |0.33 0.08

MnO 010 [0.10 [0.11 |0.08 [0.12 0.19

AK. 11.23 | 10.03 [ 3.55 |4.34 | 2.46 2.01

Toplam 96.94 | 93.46 | 99.68 | 99.50 | 97.73 | 99.96

CaO/AbOs 185 |4.36 |1.28 [0.48 |0.49 1.19

Mg# 076 |0.79 [085 |0.86 |0.44 |0.43
Buna g°re -ekirdekte bul 86%n dg¢n
FeOzdej er i-1 %903 3ve ultrabazi kIl eri
SiOi -eriji iIB6eb5% d@a6a8bBndadér . Bu
% 42.0543.66 ve gabrolarda %49-442 . 1 3"t ¢ r Ser p:
arttek-a Atekte Kayép (AK) dej el
Tabl o 16de @:;mi ki &r &éh. %A | 48r as €
deji kmektedir. Coleman (1977) t 8
peridotitl erdgkidejderiinilrer (e Al
czerindedi ra0:0 ¢Yhe ksebkebAl, ul traba
al t er as ydanak artnaKil Iméneralleri ve ADs i - er e n
mi nerall erin (pi roksen ve 2Spi ne
mi ktarl a0 0% ara8éndader Bu al k.
mant oda bu el ementl erin t ¢cket il
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(¥rgeé¢n, 1992). D¢ ni til G9rdi na rMgs#e n ¢
deji kmektedir. ¥rneklerin Mg# de
zonu déeni tl erion y¢é¢ksek forsterdi
i karetidir.

Al2Os-Mg O di yagraménda d000,48 °©°r n¢

T0.55) i -eri kl eri nedeni yl e, az
(kekil ) . D¢egnitl erion bu °czel li]
ol maséendan kaynakl anér. ¥rneklIl er
i karet etmektedir.
6
s 1 .
Pirolit
T |
< |
|
2_ p—
| |
1:____..__|_:
% % Az tiiketilmis pirolit
0 | | | | | | 1 |
30 32 34 36 38 40 42 44 46 48 50
MgO
kekKhc&l enen har zbMgOAIROE ve dg¢n
di yagraméndaki daj el eml ar é (
5 Tartékma ve Sonu-1ar
Gul eman ofiyoliti, I st Triyas
il e Ar ap | evhase araseéndaki e
Okyanusudbnun g¢ney kol unun, I st
dojru dal maya bakl amasé il e bu
a-¢eél maya baj li & e no a-sSadigctrom g zohu
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ofiyolitlerdendir. Har zburjit t
bl okl ar &, benzer | e/ourinosofiydlitinderde t vy ,
ger ¢l en ekdejerl eri il e keyas|! e
-al ékmakt eéer .

Bazalti k magmanén pikritik er
i Kar et ol an de¢eni bl okl ar e, ba
eriyiklerle yan duvar reaksiyonuyla veya olivinin fraksiyonel
kristalizasyonuyla ol ukur. Ol uku
hidrotemalmetasomatik vek r i st al | Kklgemgll et | e 0
Keklinde farkle g°r¢kler varder.
oksitlerin normal dejerlere g°re

koparélan par-alarén minimum erg

D¢ni it bl okl ar énéint piesttriofgirnaif i e u |
te¢egrlerinin bilekimiyle benzerl ik
karkel akt érel dej énda, Gul eman 0
-ekirdek Ve onu -evrel eyen h a
ol ukmakt adeér D¢ehretekividnier f &z
bul unmasé, pi kritik eriyikIlerle
i kKaretidir D¢éni bl okl arénén f a
odasé blok faylanmal ara bajl anmé
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