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CHAPTER1

Supercritical Geothermal Energy Resources:
Potential, Exploration Techniques, and Innovative
Technologies

Cihan YALCIN!

Introduction

Supercriticalgeothermalenergy has secureda significant
position amongfuture renewableenergyalternatives.This energy
source encompassesystemsfunctioning at temperaturesabove
3 7 4 an@pressuresf 221 bar. Underthesecircumstancesyater
transitionsto an intermediatestatebetweenliquid and gasphases,
enhancingenergy conversionefficiency ( Fr i 6 | aad Efderss o n
2017). The IDDP-2 Project in Iceland is a groundbreaking
investigationthat thoroughlyexaminessupercriticalcircumstances.
This researchassessedhe feasibility of supercriticalgeothermal
energyby achievinga temperaturef 4 2 7 dn@a pressureof 340
baratadepthof 4659metery F r fssbhetal., 2016).

l1Expl oration Manager . Dr ., G MO02BM0e r gy,
2992 cihanyalcinjeo@gmail.com



Supercritical Geothermal Energy

Supercritical geothermal energy pertains to the energy
producedvhenwaterexhibitscharacteristicef bothliquid andgas
phasesat temperaturesbove3 7 4 an@pressuresurpassing@221
bar. These systems provide much greater energy density and
efficiency compared to traditional geothermal resources
( Fr i o lardEess201r).Undersupercriticalcircumstances,
thedensityandthermalcapacityof wateraugmenthenceenhancing
its energytransporicapacityandconversiorefficiency (Watanabest
al., 2017).

Thermodynamic Properties and Benefits

Supercritical fluids enhance heat transfer in energy
conversionby integratingthe characteristicef both liquid andgas
phases.This property minimizeslossesin energyproductionand
enablegshegeneratiorof greaterenergyatreduceccosts(Lu, 2023).
Moreover, supercriticalreservoirsoccupy a reducedsurfacearea,
leading to a diminished environmental impact compared to
traditionalgeothermaénergysourcegDobsonetal., 2017).

The heat transport capacity of supercritical water is
approximatelyentimesgreatethanthatof conventionagjeothermal
sourcegTsuchiyaetal., 2016).

Supercriticalsystemdypically occurat depthsrangingfrom
3 to 5 kilometers, with temperaturesat these depthspotentially
exceedingl00to 5 0 0 (M@raokaetal.,2014).

Significance of Supercritical Geothermal Systems

Supercritical geothermal resources, in contrast to
conventional geothermal systems, possessa greater ability to
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transportenergyper unit volume. This capacitypresentsignificant
potential for sustainableenergy generationand energyintensive
industries(Asanumaet al., 2015). The Beyond Brittle Projectin
Japanexemplifiesthe advancementf thesesystems.This project
investigatesheengineeringapabilitiesof supercriticareservoirsn
tectonicallyactiveareagMuraokaetal., 2014).

Researchconducted globally indicates that supercritical
geothermal energy systems are significant for both energy
generatiorand environmentakustainability.Drilling in Kakkonda
hasshownthatefficientenergyproductioncanoccurattemperatures
exceeding 0 O (T<bchiyaetal.,2016).

Global SupercriticalResearchicelandThe IDDP-2 Project
in Iceland demonstratedthe viability of supercritical energy,
achievingatemperaturef 4 2 7 at &depthof 4659m. This study
assessetheengineeringiability of reservoirsaadjacento magmatic
intrusions( Fr i 0 laedElfless201 7).

The BeyondBrittle Projectin Japanexamineghe effective
utilization of supercritical reservoirsin low permeability rocks
(Muraokaetal., 2014).

Kakkonda Drilling: Researchconductedin the Kakkonda
regionof Japanndicatesthattemperaturesxceeding 0 0 Caidbe
utilized for geothermaknergygeneratior(Tsuchiyaetal., 2016).

Advancements in Technology and Engineering

Supercriticakystemsiecessitatdrilling equipmenthatcan
withstandelevatedemperatur@andpressureonditions.The IDDP-
2 Projectutilized speciallycoateddrill pipesandmaterialsresistant
to high temperaturegParkeret al., 2003). Additionally, thermal
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shockbased drilling technologies enable secure access to
supercriticakeservoirdNaganawaet al., 2023).

Impacts on the Environment and Economy

Supercritical geothermalenergy enhancesenvironmental
sustainability through the reduction of carbon emissions. The
economidenefitsncludereducedspaceaequirementsndincreased
energydensity (Watanabeet al., 2017). The developmenbdf these
systems necessitates substantial initial investment, thereby
highlighting the significance of subsidies and international
collaboration(Lu, 2023).

Supercritical geothermal energy is developing as an
innovative technology within renewableenergy systems.These
systemscanenhancesnergyproductioncapacitywhile minimizing
environmental impacts. Further investigation is required in
engineering,geologicalmodeling, and economicsustainabilityto
maximize the utilization of theseresourcegDobsonet al., 2017;
Parkeretal., 2003).

Exploration Activities and Geological Context

Successfublevelopmenbf supercriticalgeothermakenergy
systemsrequiresthe identification of appropriatereservoirs.The
integrationof geological geophysicalandgeochemicamethodss
essentialn exploration.

The geologicalenvironmenttypically exhibits supercritical
conditionsin proximity to igneousintrusions.The Reykjanedield
in Iceland representsa successfulexploration in this type of
environmeni{Dobsonetal., 2017).



GeophysicallechniguesMagneticandgravity methodsjn
conjunctionwith seismicreflectiondata,are employedto ascertain
reservoirmpropertiefNaganawatal., 2023).

Geochemicalanalysisof the mineral contentin reservoir
fluids offers insightsinto the existenceof supercriticalconditions
(Lu, 2023).

Advanced Technologies

The development of supercritical geothermal systems
presentgechnicalchallengesiueto high temperatureand pressure
conditions. Technologiesemployed to addressthese challenges
encompastaserassistedrilling systemsand materialsresistanto
high temperatureg¢Parkeret al., 2003). The BeyondBrittle Project
in Japan has introduced novel drilling techniquesaimed at
supercriticareservoirsaadjacento magmatiantrusions(Muraokaet
al.,2014).

OrganicRankineCycles (ORC) facilitate the utilization of
supercriticalfluids in energy conversionsystems,achieving high
efficienciesfrom low-temperatureenergysources(Babatundeand
Sunday,2018).Wanget al. (2010)demonstratethatthesesystems
exhibitreducedenergylossundersupercriticalconditions.

Environmental and Economic Impacts

Supercritical systems contribute to environmental
sustainabilityby markedlydecreasingarbonemissionsLu (2023)
highlightsthatthesesystemsxhibitareducedenvironmentaimpact
relative to traditional energy sources. High initial costs and
technological infrastructure requirements present considerable
challengego economicsustainability.The Europearinion-funded
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DEEPEGSProjectis amongthe studiesevaluatingthe cost and
efficiencyof supercriticakystemgWatanabeetal., 2017).

Supercritical geothermalenergy systemsoffer significant
potential in the renewable energy sector thanks to innovative
technologies and multidisciplinary approaches.However, the
literaturemakesit clearthatmoreresearchs neededo increasehe
economicandtechnologicaliability of supercriticareservoirsThe
future successof these systemsrelies on geological modeling,
technologicalnnovationsandinternationalcooperation.

Material and Methods

This study presentsa thorough literature review on the
potentialof supercriticalgeothermakenergyresourcesexploration
techniquesandadvancedechnologiesOver 50 academiarticles,
reports, and book chapterspublished from 2000 to 2024 were
analyzed.Data were sourcedfrom databasesncluding Web of
Science,Scopus,and Google Scholar,and a thoroughsearchwas
performedusingtermssuchas“ s u p e r geothetmalkcrad r g y ,
“geot hexploratiarime t h oadds ,0r g Rankinec y c | e s .
Significart projects,including the Iceland IDDP-2 Project, Japan
BeyondBrittle Project,and KakkondaDrilling Studies,alongwith
innovativetechnologieslocumentedh theliterature wereassessed.

The literature was analyzedthrough a thematic approach
during the researchprocess. The studies were classified into
geological environments, exploration and drilling techniques,
energy conversion technologies, and economieenvironmental
impacts. In addition, a performancecomparisonof supercritical
systems with conventional geothermal energy systems was
conducted.The analysesconcludedthat supercriticalgeothermal
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systemsoffer high efficiency and environmentalsustainabilityin
energy conversion;however, challengessuch as high costs and
technical difficulties must be addressedThe study's results are
presentedhroughvisualizationsjncludingfiguresandtables.

Results

1. Definition and General Properties of Supercritical
GeothermabBystems

Supercriticalgeothermalsystemsare geothermalresources
thatpossesghysicalandchemicalcharacteristicabovethe critical
point, often found at temperaturesver3 7 4 &nQ@pressurevalues
of 22.1 MPa (Tsuchiyaet al., 2016). Thesesystemshavesuperior
energy density and capacity relative to traditional geothermal
systems.The attainmentof supercriticaltemperature®f 4 2 7 ih C
the Reykjanesgeothermalfield as part of the IDDP-2 projectin
Icelanddemonstratethe potentialof theseresourceso significantly
impactthe energyindustry in the future ( Fr i 6 |laeadEfdeyss o n
2016).

Figure 1 illustrates a hypotheticalmodel of supercritical
conditions inside the Reykjanesgeothermalregion. This model
showsthe positionsof the geothermalvells (brown) andthe IDDP-
2 well (blue),togethemwith thetemperaturgradientsata depthof 5
kilometers.To optimize Iceland'sgeothermalpotential, advanced
drilling and energy production techniqueshave been developed
insidethesesystems.
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Figure 1. ConceptuaModel of ReykjanesseothermakField
( Fr i HlardEMess0l6;Fr i Al etalf 2070 n

2. EnhancedseothermaBystemqEGS)

EnhancedseothermaBystemgEGSs)aremechanismshat
facilitatefluid circulationbetweerninjectionandproductionwells to
harnessenergyfrom hot dry rocks. This approachpermitsenergy
generatiorevenin placeswheretraditionalhydrothermareservoirs
arenot accessibl€Lu et al., 2022). Enhancedseothermaystems
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(EGSs) improve temperature and pressure fluctuations by
augmentingock permeabilityvia fracturing.

Figure 2 illustratesthe fundamentaloperationalconceptof
EGS systems.Hot rocks are accessiblevia an injection well to
circulatefluid, andtheresultantheatis usedto createelectricityin a
geothermalpower plant. This novel methodprovidesa sustainable
resolutionfor theenergyindustry.
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Figure 2. OperationalMechanisnof Enhancedseothermal
System¢Lu etal., 2022;G § a deyak, 2024).

3. JaparBeyondBrittle Project(JBBP)

The JapanBeyondBrittle Project(JBBP)is an avantgarde
initiative aimedatadvancingupercriticageothermasystemsnside
the brittle-ductile transitionzone. This initiative primarily focuses

on high-temperatureocks situatedover shallowmagmachambers
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in the Tohoku area.The geologicalformationsin theseareashave
significant energy potential owing to recent volcanic activity
(Asanumeetal., 2015;Muraokaetal., 2014).

Figure 3 illustratesthe conceptuabaradigmdefinedinside
the JBBP.This modelillustratesthe thermalpotentialgeneratedy
magmachamberssituated3-5 kilometersunder the surface.The
newly suggestetechnologiesn theprojectwereto enhancédracture
permeabilityandstreamlinereservoirmanagemengTsuchiyaet al.,
2016). In addition, developmentis continuing on novel drilling
technologyandmaterialsto boostthefeasibility of suchoperations.

' Hot spring Hydrothermal system

omp
R rae i
] F.

=N

Impermeable rock

Magma chamber — 3 km

Skm

10 km
30 km

Up-flow of melt

104 kin

Figure 3. JapanBeyondBrittle Project(JBBP)ConceptuaModel
(Asanumeetal., 2015; Dobsonetal., 2017).
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4. Ventilation Systemsf Mid-OceanRidges

Hydrothermal vents situated on mid-ocean ridges are
significant for both energy generationand the developmentof
essentialmineral resourcesMetal sulfides have beenreportedto
precipitatefrom low pH hydrothermalfluids at thesevents(Tivey,
2007). Metals like iron, copper,manganeseand zinc enhancehe
economicviability of thesesystems.

Figure 4 illustrates the formation processesand fluid
responsesf these systems.Interactionsbetween saltwater and
igneous rocks provide significant opportunities for energy
generatiorandtherecoveryof preciousminerals(Ronaetal., 1986;
Pederson2010).

|ﬂif:;p Focused, high-temp flow

Aow ¢ through chimneys

Seawater é “r
Low-T alt. ﬂ i :—:

2 350° vent fluid

Mg— smectite/chlorite

+~ H*, Ca’, Na*
Ca*+50,| «+ anhydrite «» water-rock rxn (7)
(eg. ASi, Cu H,)

MORB  phase separation/segregation } “reaction zone"
\ or “root zone”

*He, CO,, CH, H,
~1200°C
Heat source =
magma or hot rock

Albitization

S. Cu, Fe, Mn,
Znewc &

Figure 4. VentilationSystenof the Mid-OceanRidge(Tivey,2007;
Shnelletal., 2019)

5. ThermalShockEnhancedrilling Technology
--14--



Drilling at supercriticalcircumstancepresentssignificant
technicalandengineeringproblemsbecausé¢o elevatedemperature
andpressureThelimitations of traditionaldrilling methodsn these
settingshave promptedthe creationof thermalshockassistedrill
bits (Naganawaetal.,2017).Thesedrill bitsinducerock fractureby
producingthermalshockvia the establishmenof atemperaturend
pressuralifference.

Figure 5 illustrates the drilling and depressurization
mechanismsof a thermal shockassisteddrill bit. These modes
enhancadrilling efficiencyby adjustingto temperatur@andpressure
variationsatvariousdepths.This methodis regardedasa significant
advancemenin the discovery and developmentof supercritical
geothermateservoir{Maurer,1966;Parkeretal., 2003).

Origlnal BitN

Drilling Mode Depressurizing Mode

Figure 5. ThermalShockAssistedrill Bit (Naganaweetal.,
2017a;2017b).

6. ConceptualCrossSection of Supercritical Geothermal
Systems
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Comprehendinghe distinctionsbetweenconventionaland
supercriticalgeothermalsystemsis essentialfor evaluatingtheir
contributionto the energytransition. Supercriticalsystemsexhibit
distinct energy efficiency owing to their elevatedenergy density
(Tsuchiyaetal.,2016;Watanabestal., 2017).

Figure6 presents conceptuatrosssectiornthatcontrastshe
depth, temperature,and geological attributes of ordinary and
supercritical systems. The technical difficulties and economic
prospect®f reservoirattainingsupercriticatonditionsdictatetheir
rolein theenergyindustry.

Conventional
Geothermal
— System 1.5km
200°C
3km
Ssu“c AR R . - s L ]
Brittle-Ductile Transition :
400°C Ductile T
Heat Conductive y .
e R o 5km

Figure 6. ConceptualCrossSectionof SupercriticalGeothermal
SystemgTsuchiyaetal., 2016; Watanabeetal., 2017a;2017b).

7.S U p e r BeoterrhailS&ndaji ¢ TamminiS1 ¢ avel 1 k
BasKasgsul | ar

Theadvancementf supercriticageothermaénergysystems
necessitatedrilling atelevatedemperatur@ndpressureonditions.
Supercritical conditions arise at temperaturesabove 3 7 4 and
pressuresbeyond 22 MPa. These systemspossesanuch higher
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energy density potential compared to traditional geothermal
resources. Nonetheless, drilling under these circumstances
necessitatesaddressing several issues, including equipment
selectiondrilling fluids, andengineeringlesign(Naganawa2015).

Figure 7 illustratesthe projectedtemperatureand pressure
conditionsexperiencedluringsupercriticageothermadrilling. The
diagramdepictsthe shift from the hydrothermakonvectionzoneto
the heat conduction zone, beginning at the surface. The
hydrothermal convection zone encompassespressure and
temperaturegradientsextendingto a depth of 3500 metersand
adherego the boiling pointdepth(BPD) curve.Thecritical pointis
expectedo occurataround3 7 4 andadepthof 3500metersAfter
this point, supercriticalconditionscommenceand the temperature
climbs with a continuousgeothermagradient( 2 0 ° Q) GpGa0
5000meters.

The densityof supercriticalfluids is expectedo vary from
100 k g / 3500 k g / mwith, hydrostatic pressureconditions
maintainedIt hasbeenshownthatin the presencef high-density
fluids like brine, critical pressureand temperatureconditionsmay
increaseThis is a crucial elementin the choosingof equipmentor
drilling (Hefu,2000;Naganawa2015).

This model offers a foundational framework for the
developmenbf drilling plansfor supercriticalgeothermakystems.
It specifically highlights the materials' tolerance to high
temperaturesvhile drilling underthe critical point andthe needof
using improved cooling techniques for optimal equipment
performanceln supercriticaldrilling initiatives like the Kakkonda
WD-1aandIDDP projects,the continuousandefficient circulation
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of drilling fluids has beennotedto maintainlower temperatures
( Fri o laedElfiess201D).

Temperature (°C)
0 100 200 300 400 500 600

Formation temperature with BPD condition
Cold water hydrostatic pressure (20°C)
— BPD pressure (hydrostatic)

1000 r

2000

Hydrothermal
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3000 f Zone
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CP pressure CP temperature

4000 20°C/100m |

Heat
Conduction

Zone 0=0.15G

p=0.58G

————

5000

0 10 20 30 40 50 60
Pressure (MPa)

Figure 7: Projectedtemperatureand pressureparameters
experiencedluring supercriticalgeothermadrilling (Naganawa,
2015;2017b).

Discussion

Supercritical geothermal energy systemsare seen as a
significant advancementn the shift to renewableenergy. These
systems have considerable benefits compared to traditional
geothermalsystems,including energy density and sustainability.
Nonethelessnanyscientific,technologicalandeconomimbstacles
persistin establishingthe commercialfeasibility of supercritical
geothermalsystems(Elderset al., 2014;F r i 0 | endEldessp n
2017;Naganawatal.,2023).

EnergyPotentialof SupercriticalSystems
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Supercritical geothermalresourcesoffer a much greater
capacityin termsof energydensitythan conventionalgeothermal
systemsThis potentialhasbeenshownby successfuprogramdike
thelcelandIDDP-2 Project.Therecordedemperaturef4 2 7 an€
pressureof 340 bar at the IDDP-2 well inside the Reykjanedfield
indicatethattheseresourcefiavethe potentialto transformenergy
production( Fr i o | and Hlders, 20d7). The Beyond Brittle
Project(JBBP)in Japardemonstratetheapplicationof supecritical
energysystemshroughoutabroademgeographicategion(Asanuma
etal.,2015;Tsuchiyaetal.,2016).

The increasedenergy density of supercritical reservoirs
enableghe useof a more efficient thermodynamicycle in power
production. The transcritical Rankine cycle enhancesenergy
conversionefficiency (Babatundeand Sunday,2018; Wanget al.,
2010). The low densityand high thermalcapacityof supercritical
fluids allow a more compact construction of power plants
(Radulovic,2015).

TechnicalandEngineeringObstacles

A significant issue in the advancementof supercritical
systemds drilling at elevatedemperatureand pressureconditions.
Standard drilling apparatusis inadequate for functioning at
temperaturesf 3 7 4 &n@above.Consequentlythe advancement
of high-temperatureesistandrill bitsandwell materialss essential
(Naganawa2015).Specifically,advancedechnologiedike thermal
shockassisted drill bits may enhance drilling efficiency in
supercriticabystemgNaganawaetal., 2017a).

Nonetheless,sustaining fluid circulation and executing

processeslike depressurizationin supercritical levels is a
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considerabléechnicaldifficulty. Projectdike the KakkondawD-1a
haveshownthat continuoudflow delivery methodsmay effectively
reduce drilling fluid temperaturesto addressthese difficulties
(Watanabeetal., 2017).

GeologicalandGeochemicaVariables

Thedevelopmenof supercriticafreservoirgs oftenlinkedto
geologicalzonescharacterizedy elevatedtemperaturegradients.
The amalgamationof geological, geophysical,and geochemical
techniquesis necessanyto identify suchreserves(Dobsonet al.,
2017).Magneticmeasureggesistivityanalysisandgravity datamay
enhancehe delineationof supercriticalreservoirlimits (Naganawa
etal., 2023).

The geochemical composition of reservoirs directly
influencesthe energyconversionefficiency of supercriticalfluids.
Thelow pH valuesandelevatednetalconcentrationsf fluids from
hydrothermakentsmayneedspecializedreatmenprior to theiruse
in powerplants(Tivey, 2007;Pederson2010).

EcologicalandFinancialAspects

The ecologicaleffectsof supercriticalsystemsare oftenless
significant than those of traditional geothermal systems. The
environmental effects of drilling fluids used to maintain well
stability in high-temperaturecircumstancesnust be meticulously
evaluatedParkeret al., 2003).Moreover,the economicviability of
suchinitiatives relies on decreasingenergy productionexpenses.
Advancing novel technologiesand minimizing implementation
expenses may enhance the commercialscale feasibility of
superctiical systemgLu, 2023).
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ProspectiveOutlooks

Supercriticalgeothermabkystemswill play a significantpart
in the future of the renewableenergy transition. Nonetheless,
actualizingthis potentialrequiresmore researchand development
efforts.Experiencesrom thelcelandiIDDP andJapanlBBPprojects
may provideenhancement®s thetechnicalandeconomideasibility
of supercritical energy systems( Fr i 0 | and Elders, 8017,
Asanumaet al., 2015). Moreover, novel methodologiesncluding
laserassisteddrilling technologiesand high-temperatureresistant
materialanayenhancesupercriticaldrilling procedure¢Ezzedinest
al.,2015;Lehretal., 2016).

Supercriticalgeothermaknergysystemshasthe capacityto
transform energy production. Nevertheless, technological,
geological, and environmentalobstaclesmust be overcometo
actualizethispromise Subsequenesearcimustfocusonadvancing
noveltechnologiesndmethodologieso enhancenergyconversion
efficiency and guaranteehe economicfeasibility of supercritical
systemgBabatundeand Sunday,2018; Wanget al., 2010).In this
scenariosupercriticalgeothermaenergywill bepivotalin ensuriry
the sustainabilityof theenergyindustry.

Conclusion

Supercriticalgeothermaknergysystemshasthe potentialto
transformtherenewableenergymarketby providingelevatedenergy
density and sustainability. Thesesystems,originating from deep
geothermatesourcesprovidesuperiorenergyproductionefficiency
comparedo conventionakystemsmakingthemanattractivechoice
for addressingnergydemandand minimizing carbonimpact. The
developmentand executionof thesesystemspose technicaland
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engineeringproblems,including revolutionarymethodsin drilling
technology, reservoir management, and energy conversion
processes.The amalgamationof geological and geophysical
techniquesis essentialfor precise reservoir identification and
exploitation.The economicviability of supercriticalystemscanbe
made more feasible through technology developmentand cost
reductions. International collaboration and sustainable energy
regulationswill solidify their standingin the global energymarket.
In corclusion,supercriticalgeothermaknergysystemsareessential
for the future of renewableenergy,and their integrationwill be
expedited by technology advancementsand comprehensive
scientificstudy.
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CHAPTER 11

Evaluation of Heavy Metals in Drinking Water in
Terms of Human Health

Fatih ERBAS'
Ayla BOZDAG?

Introduction

Water is a fundamentalelementthat is essentialfor the
survival of all living organisms,including plants, animals, and
humans.It is derived from two primary natural sources:surface
water and groundwater.The chemical properties of water are
distinctivedueto its polarity andthe formationof hydrogenbonds.
Consequentlyit is capableof dissolving,absorbing,adsorbingor
suspendinga wide range of compounds.As a result of this
characteristicthe chemistry of water undergoesalterationsin its
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natural state as a consequenceof geogenic, biological and
anthropogeniactivities.

In recent decades,water pollution has emergedas a
significant environmentalconcernon a global scale. Among the
diverse range of pollutants impacting water resources,those
containing heavy metals standout for their pronouncedtoxicity,
even at relatively low concentrationsHeavy metals can enter a
sourceof waterthroughnaturalprocessesaswell asasa resultof
humanactivities. Theseinclude industrial and consumemwaste,as
well asthedissolutionof metalsin acidicrain,which canbreakdown
soil. They are then releasedinto streams, lakes, rivers and
groundwaterlt is, however,the casethat heavy metalspresentin
drinking water representa significant risk to humanhealth. The
origins, amountsandtypesof heavymetalsin drinking waterhave
beenthe subjectof scientific researctfrom the pastto the present.
However,in recentyears,the effectsof heavymetalsin drinking
wateron humanhealthhavebeenthe focusof greaterattentiondue
to the accelerationof water pollution caused by increasing
urbanisation and industrialisation, which have resulted from
populationgrowth.
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Tablel. Heavymetalsandlimit valuesusedin drinking water.

US
Turkish Environmental
World Healt A

Parameter Sg‘édza ggs Organization Agel:;;tectlon

2005) (WHO, 2011a) (US-EPA,

2018)

Antimony 0.005 0.005 0.006
(mgfl)
Arsenic 0.01 0.01 0.01
(mgll) ) ' )
Benzene 0.001 0.005
(mgf) ' '
Boron (mg/l) 1 0.5 -
Bromate 0.01 0.01 0.01
(mgc]jll) ’ ’ ’
Cadmiyum
(qull) 0.005 0.003 0.005
Chrome
(total) (mg/) 0.05 0.05 0.1
Copper
(mg/) 2 2 1
Cyanide 0.05 05 0.2
(mgll) ’ ’ ’
Lead (mg/l) 0.01 0.01 0.015
Mercury 0.001 0.006 0.002
(mgfl)
Nickel (mg/l) 0.02 0.07 -
Iron (mg/l) 0.2 - 0.3
Manganese 0.05 0.4 0.05
(mgll) ’ ’ ’
Selenium 0.01 0.01 0.05
(mgf) ' ' '
Zinc (mgl/l) - - 5
Barium
(mg/l) - 0.7 2
Silver (mg/l) - - 0.1
Beryllium ) )
(ma/l) 0.004

Drinking Water Quality Parameters

Water resourcesare an indispensablestructurefor human
life, social structureand economicdevelopmentand growth of
countrieslt isthereforeessentiathatthedissolvedandanioncations
andotherheavyandtraceelementsn the waterresourcesisedas



drinking waterarewithin the appropriatdimits. The World Health
Organisation(WHO), the United StatesEnvironmentalProtection
Agency(US EPA) andthe Turkish Standardnstitute(TS-266) have
setlimit valuesfor heavyandtraceelementsn drinkingwater(Table
1).

Heavy Metals/Trace Elements

Antimony (Sb): Antimony compoundsin water can be
addedo waterfrom differentsourcesPeoplewvorkingin andaround
minesor facilities whereantimonyoreis extractedcandpeopléeliving
in settlementsare more likely to be exposedto and affected by
antimonythannormal people.When antimonyexposuresontinue
for along time, peoplesufferfrom lung, heart,abdominalpainsand
digestivedisorderdATSDR, 2020).

While the limit value of 0.005mg/l was setby WHO with
TS-266 standardthelimit of 0.006mg/l wassetby US-EPA.

Arsenic (As): Arsenic,which occursnaturallyin theEarth's
crust,is a toxic substanceThe contaminatiorof groundwatemith
arseniccan occur as a result of industrial activities and natural
processes.Examples of geogenic and anthropogenicactivities
include geothermalprocessesyolcanic activities, deep marine
sedimanteryocks,weatheringpf rocksandthecontactof waterwith
theserocks, mining, usingagriculturelpesticidegMortazavi,1995;
Smedley& Kinniburgh,2002;Bissen& Firmmel,2003a;Wang&
Mulligan, 2006;Shankargtal., 2014).

Arsenicis employedextensivelyin a variety of industrial
processesncluding the beneficiationof ores,particularly thoseof
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copperJead,zinc andnickel. (Mortazavi,1995;Bissen& Firmmel,
2003).

The greatest exposure to arsenic is caused by the
consumption of drinking water, which is observedin high
concentrationsin groundwater where favourable geochemical
weatheringconditions are favourablecomparedto surfacewater
(Pontiuset al., 1994; Frey & Edwards,1997;Ca n 1 y 1200ha z ,
C a k ma20ag).

Many acute and chronic diseasesoccur when the human
body is exposedto arsenic.The acute effects of arsenicbecome
apparentwithin the first thirty minutes after it entersthe body
(WHO, 1993; Gorby, 1994). Skin, kidney, intestines stomachand
circulatory systemare the organsmost effected and damagedby
arsenicexposuran the humanbody (Duker, et al., 2005). Arsenic
hasbeendemonstratetb havea considerabl@etrimentaimpacton
humanhealth,with a rangeof adverseeffectsincluding abdominal
discomfort, diarrhoea, muscular discomfort, vomiting and the
developmenbf dermatologicalesions.The effectspersistwith the
lossof sensatiorn thehandsandfeet,whichis followed by theonset
of tingling, musclecrampsand the developmenbf acnelike skin
rashesFurtherexposureo drinkingwaterresultsn thedevelopment
of numbnessand burning sensationsn the handsand feet, a skin
condition known as palmoplantatyperkeratosisthe formation of
fine lines on the nails, and an unresponsiveneds externalstimuli
(Figure 1b). In caseswhere chronicisationoccurs,the following
conditions are observed:skin lesions, skin cancers,peripheral
neuropathybladderandlung cancerandperipherakrterialdisease.
(WHO, 2011b)(Figurel).
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Figure 1. (a) Skinlesionson the handsandfeetcausedoy arsenic
exposurghttps://bilimtrue.blogspot.com/2014/03/arsemi&dir-
zararlar-neler&r.htmI(RetrievedJn: 05/09/2024)(b) meedines
onthenails
(https://en.wikipedia.org/wiki/Mees%?27_lines#/media/File:Mees'_|
ines.jpg(Retrievedon: 05/09/2024).

Benzene (Ce¢Hs): Benzene,a type of hydrocarbon,is a
widely utilised chemicalcompoundin the chemicalindustry. The
source®f benzenen watercanbeattributedto a numberof factors,
including the accumulationof the chemicalin the atmospheric
environmentpil spills, the productionof otherpetroleumproducts
in refineriesandchemicalplants,andthereleasef thechemicalnto
theenvironmenfrom othersources(WHO, 2003).

Benzenewhichis fully absorbedy thedigestivesystem|s
completelydistributedto the body throughthe blood and causesa
decreas@n bloodvalues(WHO, 2003).

Boron (B): Boronis a naturallyoccurringelementthat can
be found in a variety of compoundsin rocks, soil, groundwater,
seawaterplantsandanimals.t is widely availablein natureandhas
awiderangeof uses B a s&Adalay,2014).
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The ingestionof boron,which may manifestas headaches,
diarrhoea, vomiting, depressionand fingertip discolourationin
adults,is indicativeof boronpoisoning.In children,theingestionof
boronhasbeenobservedo resultin comaanddamagedo thebrain's
membranegMc. Kee & Wolf, 1963).

Bromate (Br) : It is possiblethatdrinking waterwhich does
not contain bromatewhenit is first found in naturemay in fact
containbromide Bromide,whichis notaharmfulor life-threatening
factor for human health, can undergoa transformationinto the
bromateform as a result of the utilisation of ozone during the
disinfection processesemployed for the purpose of purifying
drinking water. Ingestingwater with elevatedbromatelevels has
beerinkedto arangeof adverseeffects,includingnauseayomiting,
diarrheaandabdominaldiscomfort.Prolongedexposurdo bromate
may alsoposea cancerrisk (Selinusetal., 2005).

Cadmium (Cd): Cadmium,oneof the mostimportanttoxic
andmobileelementsn ourenvironmentandsoil, canbeeasilytaken
by plants.(Alloway and Jackson]1991; Nies, 1999, 2003).1t is a
heavymetalthat hasa toxic effect o the body evenwhentakenin
low dosesIt hasbeenreportedby the EuropeanCommissionthat
this heavy metal is one of the heavy metalsthat threatenwater
resourceg K 6 K &aniar,2005;Fi ki r 208081 c i ,

In naturalwatersourceghatarecleanandnot contaminated
with any pollutants,the cadmiumrate is generallybelow 1 p g / |
(Fribergetal., 1986).The amountof dissolvedcadmiummeasured
in 11 stagesaroundthe World is lessthan1 y g Mwvhile the highest
measurements in the Rio Rimao centerof Peruwith 100y g / |
(WHO/GEMS,1989).
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Thelethal oral doseof cadmiumfor humanss estimatedo
bebetweer350and3,500mg (Krajnc etal., 1987).Thekidneysare
the organ most severelyaffectedby chronic oral intake. Chronic
cadmiumpoisoningwasfirst discoveredn Japann theearly1900s
with itai-itai disease, which characterisedby renal failure,
osteomlacigsofteningof the bones)ad osteoporosdueto changes
in Caandothernutrients(Arain etal., 2015; Aoshima,2016;Khan
etal.,2017).(Figure2).

Figure 2. Itai itai diseasgFernandesH. & Lisianeetal., 2013).

Chromium (Cr): Chromium, a naturally occurring hard
metallic element.existsin two oxidationstates Cr¥* andCr**. The
Cr** ion is moresolubleandmoremobilethanthe Cr¥* form (Gray,
2017). The presenceof Cr** chromiumhasbeendemonstratedo
exert deleteriouseffects on human health ( O g WR@15). It is
establishedhatthis chromiumis carcinogeniavheninhaledat high
concentrations (NHMRC, 2014). While the World Health
Organizatiorhassetalimit valueof 0.05milligramsperliter (mg/L),
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the United StatesEnvironmentalProtectionAgency (US-EPA) has
setalimit valueof 0.1 mg/L.

Copper (Cu®*): Copperwhichis acontaminanof drinking
water, is also an essentialelementfor living organisms(WHO,
2011a).A concentrationof copperin water exceedingl mg/l is
sufficientto imparta bitter taste(Akgiray, 2003).Excessivecopper
intake hasbeenlinked to the developmenbf diseasesffectingthe
digestivesystemandthe liver andkidneys.In instancesvherethe
concentratiorexceedd mg/l, stainingof laundryandsanitarywater
distributionnetworkshasbeenobserved(WHO, 2011a).

Cyanide (CN°): Hyrdogencyanidecompoundcanbe found
everyehereon the earth and cyanogenic glycosides are used
extensivelyin the least2000facilities aroundathe world. Cyanide,
whichis widely usedin industrialactivities,is producedannuallyin
the world at around1.4 million tonsof hydrogencyanide(Mudder
& Botz,2000).

Industrial activities relaselarge amountsof cyanide into
natureanddrinking water.Since1975,morethan30 majortrasport
accidents,accidentsin the ipe distribution systemand accidents
relatedto tailingsdamshavebeenreportedio haveresultedin large
guantitiesof cyanideentreringwaterresourcegKorte et al., 2000;
Mudder& Botz,2000).

Cyanideis a naturallyoccurringsubstancéhatcanbefound
in water sourcesas a result of pollution andthe decompositiorof
certainplants.In uncontaminatedvatersourcesijt is presentn its
freeform andits concentrations below0.01mg/l (NHMRC, 2014).
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Cyanideexposurénasbeendemonstratetb causesignificant
damageo thebrainandheartwhichcansubsequentlyesultin coma
anddeath(ATSDR, 2006).Evenbrief exposurdo cyanidecanresult
in fatality unlessappropriaténterventionis undertaken.

Lead (Pb*"): In accordancewith the World Health
Organization(WHO, 2011a),a limit value of 0.01 mg/l hasbeen
establishedfor groundwaterand surface water. Furthermore, it
shouldbenotedthatconcentratiorvaluesmaybehigherin industrial
andplumbingcontextWHO, 2011a).

In particular following its entryinto the body,the substance
in questionaffects the nervoussystem.Although the effects are
identicalin childrenandadults,therearesomenotabledifferences.
Forinstancechildrenmayexperiencaveaknessn their fingersand
wrists,increasedlood pressureandanaemialn theeventof higher
exposurethe potentialfor significantdamageo thenervoussystem
andkidneys,andevendeath exists(ATSDR, 2007).

Mercury (Hg): Mercury is a substancethat is used
extensivelyin a numberof sectors,ncluding dentaland electrical
devices. It is typically found in nature as sulfur compounds
(NHMRC, 2014).In surfacewaters,concentrationsf the substance
in questionaretypically below 0.02mg/l in riversand0.1 mg/l in
lakesandotherwatersourcegDe Zuane,1990).

Thetoxicity of mercuryfor humansvariesdependingonthe
chemicalform of mercury,the duration,routeandrateof exposure.
While humanscan be exposedto mercurythroughingestionand
inhalation themostimportantsoutef exposurearewaterandfood
(EEAreport,2018).
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Mercury pollution is open water areason earth; namely
rivers, lakesand oceansconstituteshe biggestproblemfor human
life. Organicand inorganic mercury compoundsenterthe aquatic
environmentvheretheyaretransformednto methylmercury which
is highly toxic at the microbial level and accumulaten sediments
andfood chain.(Klapstein& O* D r i 20t8pHoithis reasorthe
greatestexposureoccurs for people who eat seafoodcaughtin
oceanslakesandrivers(Burger& Gochfeld,2011).

The most significant impact of exposureto inorganic
mercury compoundss observedn the kidneys.In casesof acute
poisoning,the presenceof gastritisand inflammationof the large
intestinehasbeendocumented O § QA045).

The occurrenceof mercurycompoundf organicorigin in
drinking water sourcesis less prevalentthan that of mercury
compoundsof inorganicorigin. However,the toxic effectsof the
former on the human body are more pronounced.lt has been
demonstratetb causesignificantdamagdo numerouwital systems
within the human body, including the nervous systemand the
placenta.The mostseriousconsequencef mercurypoisoningis a
mental and neurological disorder known as Minamata disease
(NHMRC, 2014)(Figure 3ab).
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Figure 3. (a) Handof a Japanesevomanwith Minimatadisease
(https://en.wikipedia.org/wiki/Minamata_diseaRetrievedon:
05/09/2024),

(b) Hand of a Japanesenanwith Minimatadisease
(https://www.blindmagazine.com/stories/shidaiwabara
minamatadiseaseand-the-poisoningof-a-town/Retrievedn:
05/09/2024)

Nickel (Ni): Nickel, which is usedfor stainlesssteeland
nickel alloys, is the mostcommonfood intakein non-smokersand
peoplewho arenotexposedo nickel (NHMRC, 2014).Theabsence
of this phenomenomoesnot presentanyissuesfor humany O§ u z ,
2015).

Iron (Fe***): Iron, which is the mostabundanimetal after
aluminum, is not seen as an elementbut as a result of the
combinationof oxygenandsulfur compoundswith iron ionsandis
foundin freshwatersourcesatconcentrationsf 0.5-50mg/l (WHO,
2011a).

At concentrationsf 3 mg/l andabove ho adverseeffectsare
observedvhenthesubstancés notpresenin drinkingwater( Og u z ,
2015). In accordancevith the World Health Organization(WHO,
2011a)nothresholdvaluehasbeenestablished.
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Manganese (Mn?**): It is a vital componentfor the
sustenanceof human and animal life, facilitating the regular
functioning of vital organsand the activationof enzymes(WHO,
2011a).

TheWorld HealthOrganizatiorhasestablishe@permissible
limit of 0.04 mg/l for manganesewhich is known to cause
discolouration and turbidity in drinking water. At manganese
concentrationgxceedind.1 mg/l, it causegliscolouratiorof pipes
and laundry and resultsin an undesirabletastein drinking water
(WHO, 2011c).

Selenium (Se): The concentrationof seleniumin water
sourcesis typically low, but it varies accordingto a number of
factors,including the pH value of the water, the presenceof iron
salts,andthe geochemicatonditionsin the regionwherethe water
is locatedNHMRC, 2014).

Deficiencyof seleniumavital nutrientfor humanhealth has
beenlinked to the onsetof cardiacinflammation(WHO, 2011d).In
case®f excessivantake,discolouratiorof the skin, toothloss, nail
andhairloss,andalterationsn peripherahervesmayoccur(WHO,
2011a).

Zinc (Zn*): Zinc, which is presentin almostall food and
drinking water, is an essentialtrace elementfor human health
(WHO, 2011a).

The concentrationof zinc in surfaceand groundwateris
observedo rangebetween0.001mg/l andbelow 0.05mg/l (Gray,
2008). At a concentrationof 4 mg/l, zinc is responsiblefor an
astringenttastein waterthat is deemedundesirable Furthermore,
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whenthe concentratiorexceeds3-5 mg/l, zinc causedurbidity in
waterandanoily surfacewhenboiled (WHO, 2011a) A limit value
hasyetto beestablishedby the World HealthOrganization.

Barium (Ba?"): The World Health Organization(WHO,
2011a)stipulateghatbariumin drinking watershouldbelessthan2
mg/l, while concentrationsabovel mg/l are typically causedby
groundwaterTheWorld HealthOrganizatiorhasestablishea limit
valueof 0.7 mg/L, while theUnited State€EnvironmentaProtection
Agency(US-EPA) hassetalimit valueof 2 mg/L.

The ingestionof watersoluble barium compoundsn high
amountghroughtheoral routehasbeenassociatedavith the onsetof
cardiac arrhythmia and paralysis. In the event of shortterm
exposure, the following symptoms may manifest: vomiting,
abdominal cramps, diarrhoea, respiratory distress, hypertension,
muscleweaknessndfacial musclenumbnes¢ATSDR, 2007).

Silver (Ag): The concentratiorof silver in naturalwatersis
typically low; however the useof silver oxidesin waterdisinfection
devicedn certaincountrieshasthe potentialto enhancehe valueof
thesewaters.It hasbeendocumentedhatthe ingestionof silver at
elevated concentrationscan result in adverse effects on the
integumentangystemjncludingdermatitisandalopecia( G U &nd r
Cobanb§7).u,

Beryllium (Be): The presenceof beryllium in water is
attributableto the combustiorof coalandotherindustrialactivities.
Furthermorethe sourceof berylliumin surfacewatersis the contact
of waterwith rocksandsoil thatcontainberyllium (WHO, 2011b).
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It has been documentedthat beryllium, which lacks
substantiablataregardingits effectson humanhealth,canresultin
the formation of intestinal lesions when ingestedorally ( Og u z ,
2015).

Conclusion

In orderto ensurethe provisionof safeandpotablewater,it
is essentiato monitor the concentratiorof heavymetalsandtoxic
elementsn thesourceandalongthetransmissiornine onanongoing
basisuntil the waterreacheghe enduser,the public. Theingestion
of heavymetalsandtoxic elementswhethervia the oral or dermal
routesmay lead to a numberof significant healthissues.These
include dermatological conditions, neurological disorders,
gastrointestinaldisturbancesand, in the worst casas, cancer.In
humansthe mostcommonlyobservedsymptomsarediarrhoeaand
vomiting. The presenceof elevatedconcentration®of theseheavy
metals,which have beendemonstratedo have adverseeffectson
human health, in drinking water may be attributed to various
geogenic and anthropogenicfactors. These include waterrock
interactiondbetweergroundwateandrocksmovingalonghydraulic
channels,mineral dissolution, the presenceof heavy metalsin
hydrothermalalteration zones, the use of agricultural drugs and
fertilisers,domestiovaste jndustrialwaste andothersourcesThese
factors may causethe contaminationof drinking water from the
sourceto thepointof consumptionTheimpactof eachtoxic element
or heavymetalpresenin surfaceor groundwaterwhich may serve
as the sole sourceof water in the region, on human health is
determinedin accordancevith the limit valuesestablishedy the
World Health Organization (WHO), the United States
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EnvironmentaProtectionAgency (US EPA), or the drinking water
standardsetby numerousountriesThelong-termoralingestionof

water containingtraceelementshasbeendemonstratedo increase
both non-carcinogenicand carcinogenicrisks to human health.
Accordingly, the long-term oral ingestionor utilisation of water
containing any heavy metal or toxic element necessitatesan

evaluationthatconsidersrariousparametersncludingage,gender,
weight and duration of use, rather than solely the estallished
drinking water limit values.This evaluationcan be undertakenin

line with the 'humanhealthrisk assessmennhethodspublishedby

the USEPAIn 1989.
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CHAPTER III

Paleoenvironmental Conditions of Evaporites and
Factors Determining These Conditions

Pelin GUNGOR YESILOVA

1. Introduction

Evaporitesarechemicalsedimentaryocksthataretheresult
of coolingandevaporationAll materialsthataredirectly deposited
from waterasa resultof evaporatiorareincludedin the definition
of evaporite.Although they have a lower volume than carbonate
rocks, evaporites,which were formed during different geological
periods, can occasionally be hundredsof meters thick. These
sedimentswhich arecommonin arid climatezonesareleft behind,
particularly after seawater evaporatesA portion of the evaporites
endup in the water of arid basinson land. Someare depositedas
byproductof ocearwateror porewaterin sedimentshatformalong
the shore.Certain evaporitesare createdwhen evaporiteminerals
replacenonevaporitemineralsin rocksthathavealreadyformed.

A high rate of evaporation,a dry and hot climate, a
completely or semiclosed basin that allows salty waters to



concentratethe intermittent or continuousinclusion of seawater
massin the basin, and mechanismghat will createthe physical
conditionsfor theaccumulatiorof theseevaporitesareall necessary
for the precipitation of geologically significant evaporite
successionsThe density and salinity rise as the water'svolume
decreasegiue to evaporation,and the minerals precipitatein a
sequentialorder of decreasingsolubility. For instance,calcium
carbonate calcium sulfate, sodium and potassiumchlorides and
sodium, potassiumand magnesiumsalts precipitate,respectively,
whenseawateheatedo 40°C is periodicallycooled.Calcite,which
is equal to the density of water at a value of 1.0506, startsto
precipitatewhenseawaterdropsto 53.3%of its initial volume.At
that point, 19% of the gypsum(1.1304),halite (9.5%), and bittern

salts (roughly 1.3%) are still present(Valyashko,1962) (Figure
1).

. Precipitation
Marine water rates

0,85M K and Mg salts

3,7M halite

) ;;ot.xﬂ’°de i

—1/ 0,173M gypsum
/ 0,0192M carbonate

4,8M solid

Figure 1. Componentprecipitateddueto evaporationof seawater
(modifiedHandford,1991)
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Themostimportantfeatureof evaporitesedimentatioms that
it showsa zoning.This zoningis asequenc&herethemostdifficult
to dissolvesedimentaredistributedfrom the coastto the middle of
the basin,while the mosteasilydissolvedsedimentsaredistributed
in the middle of the basin(Figure 2). This type of zoningis called
the ox-eyestructure.The calciumcarbonatesndsulphatesvith the
leastsolubility are depositedon the shelf, at the edgeof the basin,
althoughit is still largely coveaed by the sea.Later, the residual
solution, enrichedby sodium and potassiumchlorides and other
potassiunmsalts,fills the centralpart of the basin(Figure2). As an
evaporitebasin evaporatesit is drawn inward over time and the
concentrationincreasesn the middle. In the formation of basin
centeredsaltsedimentsfactorssuchasthebasinbeingsignificantly
subsidedcomparedto the surroundingshelvesand the absenceof
largevolumesof terrigenicclasticsmustoccur.

Ox-eye model

evaporation

VI |

Y
/

margin of
the basin

D Limestone facies

:l Sulfate and NaCl salt facies

D K and Mg salts facies

Figure 2. Evaporitefaciesdepositedrom the margin of the basin
towardsits center(ox-eyemodel)(modifiedNichols,2009).
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2. Evaporite depositional environments

Evaporitecanform in continentaandmarineenvironments.
Some evaporitic lithofacies and sedimentarystructuresare very
importantin understandinghesetypesof basins(Figure3).

2.1. Evaporites deposited in continental environments

The primary basins where continental evaporites are
deposited are swamps, lakes, playa lakes, temporary lakes,
continentakabkhasmudflats, saltpans,andmountainslopesvhere
groundwaterseeps(Figure 3). Continentalbasinsare found in the
valleys of mountainrangesand are groupedin the hydrological
centersof closedbasins(Figure4, 5). They arenot associateavith
any particularelevation.The underlyingbasementnay appearasa
muddy salt surface, dependingon the degree of evaporation
(Kendall, 1978).0On the edgeof playalakes,behindthe shoresof
coastal sabkhas, are lacustrine sabkhas, which are home to
continental or marine sediments from past epochs. Sabkha
formationsarecomposedf sand,silt andclay (Figure3). Theyare
depositedby water that doesnot flow continuouslyfrom graben
slopesor by winds blowing from the north. Sabkhasurfacesslope
inward from the edgeof the depressior{Figure4, 5). The deposits
in the middle of the depressionare almost horizontal (Kendall,
1978).
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- subkha flat
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e
Gypsarenile Sclenile /| Satin-spar

Figure 3. Marine and continentalevaporiticenvironmentsind
their sedimentgmodifiedYavuz 2021)
Someevaporitesnaybe parallelor crossbedded]aminated
andripple-marked.The observatiorof suchstructuresndicatesthe
shallowpartsof the lakes.In addition,the observatiorof evaporite
typessuchasdiscoidalgypsum,gypsumarenite,seleniticgypsum
and chevron gypsum, nodular and beddedhalite determinethe
shallowpartsof theselakes(Schreibei& etal., 1976)(Figure3).

evaporation
salt
lake

sea level

continental
sabkha

Figure 4. Continentalsabkhamodel.
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Figure 5. Yotvatacontinentalsabkha(Amiel & Friedman,1971)

Another continentaldepositionalenvironment,playa, is a
Spanistwordmeaningheshoreor coastof abodyof water.Marshes
and lakes formed in the plains betweenmountainsare evaporite
formation areasand are called playa or playalake (Figure 3, 6).
Playasare formed by groundwaterand are shallow depressions
(Figure6, 7). Theyarecoveredwith athin layerof waterduringthe
rainyseasonThereis no externaldischargento theplayadepression
(Kendall,1978).This hasthelowesttopographyof theexistingarea.
In suchareasmaterialis only displacedoy infiltration, evaporation
andwind drift (Figure7). The sedimentdorming the baseof most
playasareimpermeablgFriedman& Sanders1978).Gypsumand
calicheformationsoccurin the centersof playabasins.
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Salt pansareshallowopenpansusedto evaporatebrine for
salt production. Evaporitesare formed by the sedimentationof
seawateinto a pool (Figure 8). Pansare usually found neara salt
source.Iln many terrestrialdeposits(salt pits and coalescednud
flats), the morphology of salt pansis similar to that in marine
conditions,but their mineralogyis different (Figure 8). The shape
andsize of the evaporitesdepositecheredeterminethe origin and
amountof organicmatter.

Figure 7. Ephemerabried playalake.
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Figure 8. SantaPola (Spanish)kalinepans(Schreiber,1978).

2.2. Evaporites deposited in marine environments

Varioussaltbedswith high solubility, metalsulfidebedsand
some oil beds have formed in marine evaporite environments.
Marineevaporitesandepositin supratidakaltymudflats or coastal
sabkhas]agoons,in deepseasandin drying basins(Figure 3, 9).
Wide coastablainsborderingthelagoonarecalledcoastalkabkhas.
Thick evaporite beds dominatedby carbonatesulfate beds are
formed here. It is used for salt flats or salt marshesthat are
occasionallyflooded by the seabut do not completelycover them
(Figure9).

Flooding

Open sea

Figure 9. Coastalsabkhamodel(modifiedKendall,1979).
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Thedepositionin marine(coastal)sabkhagenerallyoccurs
from the seato the land. Evaporiteformation in coastalsabkhas
depend®nmarineeffects,groundwaterlocationof thegroundwater
table;sedimentgormedin theenvironmentgclimateandtopography
(Figure9). The sequencen marinesabkhass from bottomto top;
carbonatest the base,rarely clastics(subtidal), stromatolitesand
gypsum (intertidatshallow sea) and upwards; nodular anhydrite,
laminated dolomite and anhydritescontaining chickenwire and
enterolithicsedimentarystructuresand marl at the top (supratida
sabkha) (Figure 10). The complete drying of the deep sea
environmentausesabkhaandsaltformationall overthe basin.In
suchvery wide basins,beddedhalite and anhydriteor laminated
anhydritedepositionmayoccurin thewater(Tucker,1981).

Marine marl

Enterolithic anhydrite
Supratidal

Nodular chicken-wire f[js2bicassediments

anhydrite mosaic

Stromatolite+gypsum

Fenestral limestone T Intertidal

Pelleted limestone

Oolitic, bioclastic 1 Shallow (intertidal)

limestone

Marl, claystone T Deep sea (subtidal)

Figure 10. Supratidalsalt flat model(modifiedTucker,1981).

The mostimportantfactor requiredfor the developmenof
evaporitesuccessionin deepseaenvironmentds the presenceof
sedimentanbarriersdue to the developmenbf structural,reef or
sandbankscontrolledby faultsthatwill divide the basininto small,
isolated subbasins (Tucker, 1981) (Figure 11). In such an
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environment, the succession should consist of fine-grained
sedimentgontainingsapropeljndicatingthatthe barrierhasbegun
to form, and laminated anhydritegypsum deposits that have
developedwidely enoughto be followed for kilometers,indicating
thatthebarrierhascompletelyshownits effectandthatevaporation
hasbegun Onthelaminatedanhydrite thereshouldbehalite (which
may containanhydritelaminatesn places)jndicatingthatthe basin
is completelyisolatedandhasbegunto close.Jug beforethe basin
closes and its water dries up completely, K+ and Mg+ salts
precipitate(Figurell).

sediments depositional environment
= T playa/saline
W% potash salt s
2
=1
- - m
halite-massive
or bedded 2
. E T shallowing of the
halite a_nd o @ basin by
anh_ydrlte © evaporite
laminates @ E deposition
[=]
S| &
anhydrite-carbonate § =
organic laminates S @ .y )
" euxinic basin
=%
marine faauna b .
sdimentssalt © open marine
> environment

Figure 11. Generalizedsectionof an evaporiticbasinthat started
asanopenseadeepwateenvironmenand subsequentlglosed.
(modifiedTucker,1981).
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In thedrying deepbasinmodel,evaporatiormustbe greater
thana point wherethe sumof rechargeand sedimentations at its
highestlevel (Figure 12). Theseareasmust be separatedrom the
openseaby ashallowbarrier.Thesilt (bar)in thesealimits theflow
of seawaterinto the basinandthe shallowsill depthprovidesthe
developmenof suitableconditionsfor evaporitedeposition(Figure
12). Thedensitychangesausedy evaporatiorareeffectiveon the
saltwatercirculationin the basinandconstituteimportantstageof
basindevelopmen{ H s187y7).

DEEPWATER, DEEP BASIN
Evaporation at surface
N - *
\\LP

‘\:\\ '4' \

\ /| Shallow
N g ) il ‘
VA /

Pelagic and gravity-
displaced sediments

Figure 12. Drying deepbasinmodel(takenfrom Mann&etal.,
1999).

Along with thesejt is anotheildepositionabhreaof evaporites
in alagoonor a wide shallowbay separatedrom an openseaby a
physicalbarrierthatcanbe overcomeduringabnormallyhigh-water
levels(Figure13). Reeffragmentgshatbreakoff from thereefwalls
generally accumulatein front of and behind the reef and form
barriers.Thesebarrierspreventthe free circulationof wateron the
shelf and provide the formation of evaporiticlagoonenvironments
(Borchert& Muir, 1964). Almost all of the evaporitic formations
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depositedn the lagoonenvironmentoriginatefrom seawater. The
lithology around the reef and back reef that forms the barrier
symbolizesxcessivesalinity (Adams& Rhodes1960).

Evaporation
Refreshment
J =

Open sea

Lagoon

Figure 13. Barriered basinlagoonmodel(modifiedDean,1978).
3. Factors determining paleodeposition conditions in evaporites

Somelithology (massive,laminated,nodular,radial, etc.),
minerals (such as gypsum, anhydrite, celestine and halite),
sedimentary structures (crossbedding, ripples, enterolithic and
chickenwire, etc.), grain size (suchas gypsumrudite gypsarenite
and gypsite), organic matter content and type of twinning in
evaporites provide evidence about paleodepositionconditions.
Evaporitecannotremainstablein nature Evaporitemineralswhich
aregenerallydepositeddirectly from saltwaterin a primary form,
are exposedto sedimentationand diageneticprocessegsuch as
displacement,recrystallization, dissolution, cementation) under
environmentatonditions(suchastemperaturepressuretectonism,
volcanism, diagenetics,underground meteoric and hydrothermal
fluids), replaceeachotherandbecomesecondaryThesestagesand
thefactorsaffectingthe paleoenvironmentatonditionscanonly be
investigated through detailed sedimentarystudies in the field,
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microscopicpetrographic(optical microscope)and mineralogical
(ScanningelectronmicroscopeSemandX-ray diffraction-Xrd, etc.)
studies For example radial type gypsums(Figure 14a)areformed
by the effect of evaporitic ground water in lake shore marshes,
supratidabreasandshallowenvironmentgCody,1976;Hardie& et
al., 1978). Thesegypsumsappearas aggregation®f fine gypsum
crystals at wide anglesin field and petrographicstudies. These
gypsumsare formed whenthe groundwater comingto the drying
cracksformedin the claystoneor carbonatenud flats that cometo
the surfaceduring the drying stagesof the environmentbecomes
saturatedor gypsum(Hardie& etal.,1978;Schreibe& etal.,1976;
Magee, 1991).

Fibrousor satinspartype gypsums(Figure 14b, c) develop
in the fracturesand cracksthat occur during the transformationof
anhydriteand gypsuminto eachother. It is evidenceof effective
dissolutionand top pressurein the evaporitic environment.The
observatiorof thick layeredevaporitesn thebasinindicateshatthe
externalconnectionof the basinwas cut off asa resultof tectonic
effects.Sandsizedevaporiteggypsarenite)Figure 14d) generally
accumulatein the marginsof the basin. They are formed by the
breaking, transportation and re-deposition of coarsegrained
evaporitesby wave action (Hardie & Eugster 1971, Aigner &
Bachmann1989). Primary gypsumslose their water due to the
increasen temperatur@ndsalinity in theearlydiagenesistageand
beginto anhydritewith shallow burial. Thus, in sedimentaryand
petrographicstudies gray gypsumis observedasthin wiresaround
white anhydritesand gives a texturelike a chickenwire (Murray,
1964;Shearmanl978;Gibert& etal.,2007a)Figurel4e).Nodular

sulfatesexposedto tectonismand pressuregain a ductile, fluid
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feature.This type of texturetakeson a enterolithiclike appearance
(Shearman1963; Alsharhan& Nairn 2003; Warren,2016) (Figure
14f).

Nodular anhydritesare characterizedn petrographicthin
sectiondby the coalescencandgrowth of primary anhydritelatsin
anunconsolidatedarbonatanud underthe influenceof increasing
temperatur@ndsalinity duringthesyn-sedimentargtaggSchreiber
& etal., 1976).

Figure 14. Varioustypeof lithologic, sedimentarstructuresand
optical microscopemagesof evaporites(a, b) Twinnedradial
gypsum(darker parts containorganicmatter),satin-spargypsum
within themud(takenfrom G ¢, n gYPerk i & Yawua2021),(c)
Crossedpolarsimageof satinspargypsunmperpendicularto
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bedding,(d) Crossedpolarsimageof clasticsandsized
gypsarenite(e) Chickenwire structure(takenfromG¢ n g © r
Y e K i 2084y, €) Enterolithicstructure,(g) Nodular(nod)
anhydritein mud,(h) pseudomorphianhydrite(psean.) lathsin
thenodular(nod)anhydritein the planelight, (i) glauberitesthat
transforminto secondangypsumwith alabastrinetexture(taken
fromG ¢ n d 030@0)(j) Crossedbolarsimageof spindle
texturedglauberite(takenfrom G ¢, n d 030@0n(k) massive
microcrystallinetexture,(l) Porphyroblastidexture(takenfrom
G¢ n gYlerk i 2020y. a ,

Thesemay later be partially or completelytransformednto
secondangalabastrimmndporphyroblasti¢exturedgypsumasaresult
of earlyand/oratediagenetiprocessesNodularanhydritels mostly
formed in sabkhaenvironmentwhere continental conditions are
dominant(Shearman]1966)(Figure14h). This type of textureis an
indicatorof a sabkhaenvironmen{Shearman]1966).At thesurface
or nearsurface regions, glauberite minerals transform into
secondarygypsum (Figure 14i). Thesesecondarygypsumsmay
show spindleshapedfibrous, networkshapedlaminated, zigzag
shapedibroustexturegeflectingthetransformatiorfrom glauberite
to secondarygypsumin petrographiemineralogical(SEM) studies
(Figure 14j). Secondarygypsumtexturesare generallyevidentin
petrographic studies as alabastrine, massivemicroalabastrine
(Figure 14k), microcrystalline massive, porphyroblastic (Figure
14l), nodularchickerwire, kataclastic,granoblastic,etc. texture
types.Thistextureis formedby the dissolutionandrecrystallization
of evaporitecrystalsby thesaltwatercomingduringtheflood period
(Holliday, 1970).

Somesecondarygypsumsare derivedfrom the rehydration
of anhydritized primary gypsums. The anhydritization process
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manifestgtself assynsedimentargr early diagenetiadependingon
salinity and temperature (Shearman, 1983). Pseudomorphic
structures are presentin some evaporites. In pseudomorphic
structures, the shape of the mineral does not change but a
mineralogical change occurs. This changealso manifestsitself
dependingon salinity andtemperatur¢Hardie& etal., 1983).Their
increasdeadsto thedissolutionof thefirst evaporitemineral.Later,
the migrationof ions suchasNa, Ca, Sr andcationssuchas COs™
enteringthe mineralcauseghis displacemen{Hovarka,1992; Bell
& Suarez,1993). For example,anhydritereplacescalcite crystals
(Figure15a),halite cubesreplacegypsum.Evaporitemineralshave
various sizes, shapesand colors, indicating the extentto which
salinity, temperature organic matter content, pH conditionsand
different water compositions(marine, fresh, brackishwater) have
mixedinto the basin(Cody & Cody,1989;Babel,2004).
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Figurel5. Varioustypesof primaryandsecondargvaporite
shapes(a, b) Pseudumorphi@nhydritelaths (after calcite) in the
gypsumsn the Semandcoarsegrainedselenitecontainingorganic
matter (taken from G U n gyéers i 12020)a(c) Sem image of
lensoidalgypsum(takenfrom G G n gyders i R024),@,.e)image
of landandcrossedgolarsof discoidalgypsum,(f) Gypsumrosettes
(takenfrom G U n d o0 2P@0O))(g) Crossedpolarsimageof gypsum
rosettes transforming into secondary alabastrine gypsum, (h)
Bandedlaminated halite and sylvite, (i) Fibrous gypsumin the
carbonate.

Forexampleunderhigh salinity conditions theformationof
coarsegrain crystals (Figure 15b) of evaporitemineralsis likely
(Javor, 1983; Orti & et al., 1984; GeislerCussey,1986, 1997).
Tabular,lenticular, discoidal,roselike andfibrious crystal shapes
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(Figurelsc,d, e,f, g, h) canbeattributedto increaseerganicmatter
content,slower crystallizationrate and higher salinity, temperature
andpH levels(Cody& Cody,1989;Calvert& Pedersen] 996;Aref
& etal.,1997).Thepresencef bandedrlaminatedcanbeddedalite
(Figurel5i) supportgheexistenceof a saltpanor lakeenvironment
subjectto arid climateconditions floodsanddilution (Rosen 1994,
Lugli & etal.,2007).

The undulations, parallel laminations, load and flute
structures,crossbedding, fracturesand folds in theseevaporites
reflect high energyshallowwaterconditions(suchaslagoons)and
presencef the tectonism(Reineck& Singh,1975;Kendall,1992;
Orti & Rosell 2000, Tinterri & et al., 2016). (Figure 16a, b). In
addition,in mineralogicalstudies,someorganicmaterials(suchas
pellets,ooids, algaeand bitumen, etc.) (Figure 16c) in evaporites
may indicate subtropicaland shallow water environmentsPryor,
1975;Tucker,1981;Deik & etal., 2019).The existenceof massive
type evaporites(Figure 16d) indicatesthat there was an intensive
underwatergypsumdepositionand the basin deepenedinderthe
effect of tectonism(Hardie, 1984). In other words, this type of
gypsummostly showsthe deeppartsof the basin.Simple,chevron,
swallowtail twinningsin evaporitesare acceptedas the result of
increasingoH, temperatureandsalinity of the environmeniAref &
et al., 1997) (Figure 16e). The presenceof some clay minerals
(smectite, illite and caolinite, etc.) (Figure 16f) determinedin
evaporitesn more mineralogicalstudiesmay provide information
aboutclimateanddepositionatonditions(Schnurrenbergei etal.,
2003).
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Figure 16. Microtextureand sedimentangtructuresin various
typesof sulphates(a) undulationsand microfoldsin secondary
laminatedsulfates(b) Crossbeddedf gypsarenitgtakenfrom

G ¢ n d 030@0)(¢) organicmaterial (mat)in thegypsumsn the
Sem(d) massivealabastrinetexturedgypsum(e) Simpletwinning
of selenitecrystalsin thecrossedolars, (f) Smectitaypeclay
mineralswithin the gypsumin the Sem(g) Microbial pyritization

andiron oxidationin gypsumn the Sem(takenfromG ¢, nrg °

Y e K i & Banarg 2023),(h) Reddishbrownishiron oxidationsin
secondangypsumswith alabastrintexturein the crossedoolars,
(i) secondarycelestinecrystalreplacinggypsumn the Sem.

For examplewhile smectitetype clay mineralsindicatethat
theclimateis subtropicalor temperateillite -type claysmay support
cold climateconditions(Kantorowicz,1984).Again, thepresencef
othermineralssuchasfeldspar,quartz,pyrite, calcite,dolomiteand
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Feoxide (hematite, pyrite and microbial pyrite, etc.) deposited
together with evaporites provides insight into paleodeposition
conditions (Figure 16g, h). For example,the presenceof pyrite
reflectsanoxicconditions(Vallentyne,1963),while the presencef
mineralssuchasquartzandfeldsparcanbe attributedto freshwater
inflow, saltfreshwatemixing andsolutionsof different chemistry
carried into the basin. Evaporite minerals may be primary or
secondarydueto diagenesisThey may undergoprocessssuchas
replacemenanddisplacemenby diagenetigprocessesDuring late
diagenesis,secondarycalcite or celestine mixes with incoming
carbonater strontiumrich fluids andreplacesulfateg Figure16i).

4. Conclusions

Evaporatesaccumulateand becomedepositedn semtarid-
aridregions,in extremelysalty,bitter or very alkalineclosedbasins.
In orderfor sedimentatiorio occur,the basinmustbe continuously
fed by the relevantelementthrough sedimentationthere must be
very few streamsthat can bring fresh water to the basinand the
evaporationrate in the region must be very high. Evaporitesare
formedin closedsemiaridregions,in inland seasjn enclosedseas
separatedrom the oceanby a shallowbarriered,in lagoonsJakes,
temporarylakes,marshessabkhamudflatsandon mountainslopes
andfoothills wheregroundwateemergesln closedbasinsthefirst
elementto startto precipitateis the lesssolublesaltsthat reachthe
saturationpoint first; and if the evaporationrate and material
nutrition are suitable,compoundswith high solubility precipitate.
Thus,a seriesof compoundsre precipitated However,changesn
environmentatonditionssuchastheamountof watercomingto the
closedbasin,its sdinity, compositionfemperaturegvaporatiomate,
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concentration,nutrition possibilities, pH, anioncation ratio may
providethe successiverecipitationof the sametype of sediments,
or a seriesof sedimentonsistingof different materialsmay form.
Especiallytemperatureand salinity are the mostimportantfactors
controllingthecompositiorof theprecipitatedsalt.In fact, saltswith
differentcompositionsnayprecipitatedueto seasonaandevenday-
night temperaturedifferences.In marine environmentssuch as
inland seasclosedseasandlagoonswherenutrition is slowerthan
evaporation,hundredsof metersof rock salt, silvine, gypsum,
anhydrite,calcite and nearly thirty Na, K, Caand Mg compounds
havebeendepositedPrimaryanddiageneticsedimentangtructures
andlithologiesin evaporitegprovidethe mostreadableaecordof the
depositional environment. Sedimentological, petrographic and
mineralogical studies on evaporitesreveal the extent to which
evaporitesareaffectedby climate,tectonismanddiagenetidactors.
With all thesestudies the paleodepositiortonditionsof evaporites
(organicmattereffect,temperaturepH, freshor bitter waterinflow,
pressureetc.)aredetermined.
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CHAPTER 1V

[Ik Insanlarin Kullandigi Tas Aletlerin Jeolojik

Ozellikleri
Esin UNAL '
Cetin YESILOVA?
Giris
Evren var ol dugundan beri zam
dal 1 kendi addnemdal eapbgdl g1 zam
gel i stEvmegitmnr ol usumundan bu zal
zaman sinit fl amas:| yer bilimler:i
goren zaman cetvelinden o6nceki d
Bu donem 4,5 milyar vyl ol ar ak

kapsar. Hadeerd 6 ne mi ni n ardindan Preka
basl amasiyla jeolojik zaman cetyv

1Dr . Esin |nal, Van Y¢gzeéence YEI fniversites
Bl ¢m¢, Van/0ODRO0B2B337651 cSmumali@dyu.edu.tr

2 Dog.Dr.Cetin Yesilova, Van Yiziinci Yil Universitesi, Mithendislik Fakiiltesi, Jeoloji

Mihendisligi Boluma, Van/Turkiye, Orcid: 0000-0002-8884-0842,
cetinyesilova@yyu.edu.tr

--78--


mailto:esinunal@yyu.edu.tr
mailto:cetinyesilova@yyu.edu.tr

don&kmivaterneryakkadakygeBi mibiyar
sitnitflandirrir bu zaman cetvel.i
kokenl i bilim dall arina geTdk gi m
devrive Madendevri i Il e il gilenirken, Tar.i
deniilleln “aj, orta -aj,doyeml e+ a]j
ilgilenir.

Tari h Oncesi v e
nanca, | citopaml =g
emld’ar2|ll tarinh
milyon sene 6nc
(I dilin icadi arasindaki z
) . Turkana (Kenya)' dalyohul un:
ak t ar i(Hadmend & ark.,i2018)i Bal imalzemenin

eolit mi yoksa bir hominid, primat yada ilk insanlar fanan d a n
sekill endirmeyl e mi yaplt |l di g1
etmektedirJ eol oji k zaman <cetveli-nde |
Kuvaternerd 6 n e mdiemek gel i r \w®leyldtesen- Pl i vy
Hol osen devrelerini kUnaspts aP | i(yToasbe
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Epi paleolitik Cag/ Mezolitik C
cagindan (MO 12000) tari min basl
sure Mezolitik c¢cag olarak tani ml
'l 1 man i kl'im Kkosullarina uy um
donemde Beopl ayi ci ol arak yasayan
yani sira, 6zelli kle cakmaktas!
mi krolit olarak mizrak ve ok wucgl
kullanitl an mikrolitler Mezolitik

Neolitik Cag, (Cilali1 tas dev
ve Kalokolitik c¢agin baslangi ci
eder . Cil al i Tas, Yeni Tas c¢cagil
ci ftcilik, hayvan evcillestirme
Tas al etl er daha sert materyaller
Canak Coml eksi z Neolitik wve Can
olarak i kiye ayritli1r. Canak Co6 ml

tas aletleri t Chataigner&erk kKl®98 u ol mus

Kal kol iti k Cag (Bakir c¢cag1) E
sitra bakitr kullant I mistir. Bakir
MO 5680 3000 arasindaki donemi t
sirasiyla Tung¢g c¢caglr ve Demaden c¢ag
cagina birrakir. Tas aletlerde i
et mektedir ama azal mistir.

Tas Aletler

Kayacgl ar tek mineralden ol wu
mineralin bir araya gel mesi Il e
kayac¢clara mineral kayac¢ denilir
meydana getirdigi kayaC|nsermkzeII|
derecesi 3 (MOHS sertlik skal asi
kaya¢ yumusak olur. Sabun tasi d
bir kayac¢ yontul mas:! ve 1 sl enme
l ani | amaz ama s udabibrdwWnerdllerin 1 vy a
i ksel 0zell ikl eri vardir . Ren
lakl 1 k, il etkenli k vb. Bu 02zce
n kayacl arin tas al et yap! mi

S
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fiz
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tarafi ndan Tkesidl etdiyanpisminda yo

i ¢cin kull anacagi ni z mal z e me ne
ol mamal 1 dir Kesfedilen tas al et
6zelligi go6ésteren ve sertligi yuiu
tarafi ndanarakayglet olhapi mi nda
goral mektedir. Tas al etin hang
seciminde fiziksel Ozell i klerini
ol mustur Bazalt, obsidyen gibi
i ¢cin bunu i sl eyen toplumlar i1 n
bol gel erde yasami s ol masi gereki
Bu o6zelliklere sahip tas alet
materyaller ve ne amac¢la kull ani
Radyolarit (Radiolarite) Denizel zooplankton olarak
bilinen radyolaryalarin silisli
silisli bir (e d200B)aRmtdeyro | laayag¢ ar
sonr a silis kavki !l ar derin de
radyol aritl eri ol usturur. Kirrilm
yap! mi na Aunyagduonilduw'rda Karain magar
saptanmi stir. Ant al ya vV e civar
magaral arinda tespit edil en Neo
radyolaritten yapilma tas al et
oranda cakmakems kulvieanobsi gy i1 r .
kaynag.l i se Torosozdkadg!l abritrnlti gal u.
birligi uyesi Kayabasi ve Al aki
radyol arit cokell eridir (Ozgul,
yansitan Kkirmizi renklIl i, cakmakl
kapsar Bunl am@@®n bra z iklad riin,l 1tko pgld
karsin Jurasik'ten Ust Kretase'y
eden mi krofauna kapsarlar ve bu
kil ometre yanal devamlil i1k go6ste
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kekil : 1 Radbamdtte 2OL7A) ©°r nej i
Kalsedon (Chalcedony) Mi kr os kobi k gbzene

kuvars kristallerinden ol usan, K
i smi ; bil.egiemiH®N'iQ aSide gi sir. Aki
oni ks, jasper Ve cak@akt ab.| 2 6
Kal sedon genellikle mumsu veya
beyaz, gri, mavi ve kahverengi renklerinde bulunabilir.

lzmir, Aliaga boélgesinde vyer
al aninda bul unan tas aletler K
yaplt |l mistir. Ancak Ege bol gesi
cal it st I mami stir. Ege gubre kazi
farkl 1 a okalsggmlnidt i Kk dénem bul gus
detayl 1 c¢al i1 s ma(Etbir2088n yapi1 | mami s

Cort (Chert) mikrokristalin kuvarstano | us an ol du
kompakt ve serktayoakcam &okl| saayl da
Cogu ¢ort |l konkoidaldam difkradynane sah
Cortl erin sertligi, yont ma kol a
ol mal ar i onl ar I nedeniyl e micev
kullani I mistirHem( Aoni nf,dednd® 24 )i ¢
cakmak tasinin tarih boyunca at ¢
Cakmak tasit ¢oO6rtidn basit bir tar
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kekil: 2 ¢°rt OwlPalcoldkd t asée ©°r
(https://stonetoolsmuseum.com/artefact/europe/mousterian

handaxe3/3508).
Cakmaktas1 (Flint) Siyah veya gri renkli, masif, sert, Kirli
kal sedon <c¢esi di . Konkoyi dal Kior
olarak bilinir €i f t ¢i)., Yay®0® ol ar ak Neol
kullant I mistir. Mi kr ol it ol ar ak
ucu gi bi santi metre boyutunda &
cakmakt as! kull ant I mistir. Me z o

kull anit mi yaygic¢nakanmeak tl aesriid rmat er
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kekil :3 ¢akmaktakeée EI baltas
(https://stonetoolsmuseum.com/artefact/europe/acheulean
handaxel4/6336)

Kuvarsit (Quartzite) Es a s ol ar ak kuvar s
cogunl ukl a kuvars kumt asl ari1 nin
met amor fiKk bir k akyuavcatrisr s(eQitflticgii
mi neral dir . Cogunlukl a tas balt
balta@Gnt &Alpgal eol itik tas aletl eri
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kekKbvdarsit el baltasé °©°
(https://stonetoolsmuseum.com/artefact/africa/acheuleardaxe
2/1135).

Obsidiyen (Obsidian)Das it ve riyolit bil

cam. ( Ci fhagtive riydit0SE30)r a n | yuksek |
tdremis vol kani k kayalardir. On |
hirzl1 sogumasi ile lav cam 06zell
silis icerigi yuksek Il avlarin h
meydana gel ir .kaBuwccarsi¢c akz &laldiag i
kazandirir. Konkoyi dal ki ril ma
siyah ve kahverengi, nadiren ye
Anadol u kokenl i obsidyenl erden
donemdd&nhdml u’ da kullanit I mis hen

(Chataigner & ark., 1998
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kekil :5 Obsi dykalkolitkeki r dek
(https://stonetoolsmuseum.com/artefact/vaessa/corel12/2392/)

Bazalt (Basalt) SIO;i cer i-§b5 &bBasi nda ol ar
kayacg. Obsi dyen gi bi vol kani k a

bul unur . Bazaltlarin yapi si voll
gore farkli1l i1 klar goésterir. Vol Kk
ucucu gaonllaraisn fbazlad t 1 n godzenekl
Cunkld lav yuzeye c¢l1 ktir ktan sonr a
ucucu gazl ar ayrilirr, hava kaba

Eger magma odasindan yiuzeye ul asg
(afirik)ydoklda bir bazalt meydana gel ir
yapi! mi aclsindan i sl enmesi daha
baltalari1t ol dukg¢a yaygindir.
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kekil : 6 Bazalt -ekirdek
(https://stonetoolsmuseum.com/artefact/africa/oldowan
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CHAPTER V

Yesilova Ofiyoliti Ultramafitlerinin Mineralojisi ve
Jeodinamik Evrim
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Li kya Naplari1 '’ ni al t orta ve Us
far kIl ortam kosullaritnda c¢okeln
Orta Naplar’1n peridotit ve Us't
olistrostomlar dan, U iydlitli mMietamj bea r > 1 n
ol i strostomlardan ol ustugunu bel
yap! sal birimlerin stratigrafik
all okt on KkuotToerliedr i pnl aAnfaodromhuun un k-
vV e kuzeyi nden -AnkaraErzincan ipnumdam
kaynaklandi girni yansitir.

Tetis okyanusunun kalinti | ar.
ve okyanus mozayi ginden olusan I
jeol ojisi icerisUstdeKi ee8%Myo(1L7B
donemi i cerisinde ol usar ak K1t

clar smada belirl enmistir ( Ok ay &
1994, Thui zat ve dig. 1981, Cel i k
Delaloye ve Wagner, 1984, Parlak & ark.,1995, Parlak ve Delaloye,

1996, Onen, 2003). Candan ve di g
yajpmi s ol dukl ari1 g¢alirsma il e Neot
al akal hazirl amis ol dukl ar i j e
kol unun yiti mi sonucunrAda i Hapbdron
i cerisinde yer al an Mender es M
Naplaryi1@n s1m prizmasi olusturdu
sonucunda far Kkl derinliklere g6¢@
bagl ol arak metamorfizmaya ugr
arastirmaci |l ar, Li kya Nappel er
Masifininkuzgg i nde bul unan Neotetis'in
i ski | ol dugunu belirtmistir.
Yesil ova of i yoliti, gdir M
Of i yol i tik Mel anj 1, Mar mar i s n
birliklerdir (1) . Mar maris ofiy:
dunit, gabro kayac¢larindan ol usu
(harzburj t ) mafi k kayaclar (dunit,
ol usmaktadi r. Yesil ova ofiyoliti
bircok c¢alitsma bulunur (Kar aman,
1989, Senel & ar k., 1989, Ersoy,
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1996, Kil 1 ¢, 2017) . Yesil oo
vol kani k1l er vV e tum ofiyol
roi kapsar . Ozpinar (1987
t ve dinitten odriydiyabazj unu,
ve kuvarsli1 diyorit kaya
of i- bl gosenlLatasi ydmr

tektonik ol ar ak yerl es
tinin tabarkiarydaeg | auliinnams em
mi sirasinda tabandan ve
t, kal ksi st ve yesilsist
u ve bu kayaclarin ofiyo
sekl i ndei rktoinruuml Menlda rgj1 nii ¢ e
fizma gecirmis Ust Kretas
KretasePal eosen yasl flis yeralir
Kirzilcadag Ofiyolitd]l Mel anj 1/ ol
Yesi-Tevanni mfn ydMésozoyi k yasl

eder . Y1l di z vV e A an (1992),
Mel anj 1’ ni-Me @z eywizloyy&s!l 1 ol dugul
amfibol it bl okl ar 1, azal t, pel
vol kanok!l ast iukl vthrauru r(uKiilgrien,d el 99 6,
2021).

< OO —XOTW
CD+PODO DL
< - —w — S < N X
Q= OO M®—= 0w X-

xXC nw —< o T T —
ST T o< T
o8}

cCoO —<@Q TONQ® T

o
o

mer Cc e
met amor

Yesilova ofiyolitinin tabanir
yapltlan c¢ali smal ardan biri, EIl i 1
Beysddayran Ofiyoliti tabani ndaki
metamorfik dilimin, alkali w~ve to
70 °C si1caklik, 6 = 1.5 k2D&m bas
derinlikte ol ustugunu belirl emi
kosul l ar i, Bat An aAdhdklau ao fSiuyt aulr iut
Akdeni z’ e kadar geni s bir iyluzeyl
tabani ndaki metamorfik dilimler,
ol usmustur (Kirlre ve Gul er, 202
peridotitler:i kesen ve metamorfi
dayklarinda yapti kl ar cal lgmada
zamanl|l arda olustukl ari ni I fade €
Of i yol i ti tabani ndaki amfibolit
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6zelli klerindenlTI0@bChbascak!| kbswu

eder ken, Par |l ak (2016) vV e Par | :
Ofiyolitleri’”nin tabaninda okyan
met amor fizmanin gel i sti gindli ve m
amfibolit, mi kasi st kal ksi st ve
di Il imin 0st bol tminde amfibol it
fasiyesi ol dugunu vV e ters met al
belirtir. Ofiyolitik me | smil v e
metamorfik dilimin o6lculebilen Kk
ve metamorfik dilimdeki tlPbve AFrAr yas anal izl er i
gostermel erinin, okyanus i ci y i
dilimin olusum yasi ni g @s t(e2r0e2b0i)
amfibolit, mi kasi st kal ksi st Vo€
di |l i mdeki gr anai4Ol 1i zaoamfoipb ode gédreirn
bul unmus ol mas , koken kayac.]
gostergesidir.

Yesil ova ofiyoliti, Mar mar i s
tarti smal ofiyolitlerden biridi
Brongni ar't tarafi ndan jeol ojiye
basl angir¢ta melanj ic¢cindé8R1l1s5dep
ayni arastirmaxpenionflieyro'ldetkii, nha gp
(ultramafikl er, gabr o, di yabaz
kull anmistir. Bugtuin biIdiQimiz
Steinmann’a aittir (Ersoy, i®90) .
serpentinitlerini ve onlarl a bi
vol kani k kayal ar da magmat i k f a
yorumlamistir. Ma g ma farkli 1l asm
kaynakl|l anan farkl i1l asma, of i yol
g e | isigimmedenidir.

Bu calisma kapsaminda, Burdur
Ulupritnar vV e l gdir koyl er i cevr
petrografik ve petrolojik 0o6zelli
evriminin belirlenmesi amac¢l anmi

2. Yontem
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Saha cal i1 smal ari1 nda topl anar

metamorfitlere ait 60 kayacg or
Univer s$iabesiatuvarl arinda hazir|
goéoruntuleri alirnmistir. Yesilova
kaya oOornekl eri, ana oksit, iz e
( REE) analizler-Karbgrn, bi Tagsigmtk
degdgir men208 diek r1o5n0 bidydkl tgunde 069
6gutme i sl eminden sonmsrua, k ahralsk ami
temi zl enmi stir Toz hal i ne get i
Laboratuvari’ nda (KanadaRut liend:i
Spektrometrisi (ICAM S ) c i haz ik kirkyadall anatizledle a r a
tabi tutul du. 0.5 gMS oxzi hhaazl1i nidleek
edil di. Secilen minerallerin ele
YEBI M’ de -T(UATrkK ayred yapt |l mistir.,
piroksenlerin ki myaskady uandd g iztl iea
JXA8230 model JEOL marka <ci haz Kk
kesitlerden EMPA anali zi i cin 1K
piroksen i¢ceren). Karbon kapl ama
Ol cumler yapil dii sseetoldiclieam ier dE®L
saglanan ZAF yazil i1 mi kullanilar
3. Bulgular

3.1. Jeoloji

Burdur i1l Yesilova ilcesi’ n
arasindaki of iyol it vV e met amor f
| it er &efelinfYdees i | ov a Ofiyol i ti), Mar
MarmarisYesi | ova Ofi yol i ti gi bi ad |
ofiyolitinin (Karaman, 1987, Oz
Orenci k ve Armut koy koyleri aras
kapsar .alCanimima kuzeyinde Ki zi1 | ceé
guneyde igdir metamorfitleri ile

Yesil ova Ofiyol i ti, harzburj
pl ajiyogranit, diyabaz ve dol eri
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1996) (Sekil 1) . Dunitler il e ha
ol up, kromite yakin yerl erde b
ugramistirr (Sekil 3) . Fayl i al an
iyi gelismis bir elek yapobusuntu
sebe ol dugu goér al ar . Yesil ova
t amamen, kimul at seviyesini I se
koyu siyah renkte ol mal ar. ve t
sayesinde kol ayca f ar Wteboimlérinir . T €
etkilemistir (Sekil 4).

N

A

EXPLANATION

- Domuzdag limestone
(Middle Triasse-Lias)

- Kizlcadag Ophiolitic Melange
(Upper Cretaccous)

- Yesilova ophiolile
(Upper Cretaceous)

0 100 200km
o —

én jeolojik har
énméexkt ér)

kekit¢lalZe.kma al anén
dejiktirilerek al
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k e RiYle k i dfiyoliti altramafitlerininarazig © r ¢ n ¢ my¢
Yesilova ofiyoliti-Arbi ywralilerimbuer i n e
birimin yasini yaklasit k 114 mi.l
2008, Karaman, 1994). Bu birim,
kabugun Gdzerine itirilmis ol up,
| z mAnkaraEr zi ncan BO6l gesi 'dndje m
gostermektedir

k e KBiSkrpantinitlerve serpantinizeéharzburjitlering © r ¢ n ¢ m¢
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Kirzil cadag Mel anj I Ve Ol'i stostr
Of iyolitik Kompl eksi, Gokcebag

Kar 1 s1 mi gi bi KaidZz 1alrd aad algu | Ofainyd la
(Er kman, 1982, Thui zat, 1981, Kogy

kabuguna ai't t emel vol kanitl er,
radyolarit, sist Dbloklari ve ser
dunit kagllbgunndEdaoti k bir ic¢cyap
sahip bu birim, dogudan batiya d
(Sekil 2). Tektonizma yogun alte
sebep ol mustur (Sekil 5). Mel anj
birimler i ¢i nde kataklaz izleri ol us
kekiYlekd.l ova ofiyolitnde g°r ¢
3.2. Petrografi ve Petroloji
Yesilova ofiyoliti, harzburgit,
kesen diyabaz daykindan olusur.
yesi l bir goridnum sergilerken

ugrami s Ornekl erde sabunibhmsk kay
--98--



O < O W
- ®d® X O

terir. Tektoni zma nedeni vyl e,

idasyon yizeyi ve sexsiyparenki nl e
yluzeyindeki kayganl 1 k tipikti
in ve ortopiroksendir. El ek d
it er, karasi z bir mi ner al C
gl er ve saci ni mli doku izl eni
arlak bir sekil ve katman kat
zburjit ve serpantinitdsirmie

itlerin godédsteriyor ol masi tek
nakl anitr (Oberhansl & ar k.,

vVin, manto kosullarinda kri st
vVin, at mosf er i k kuogsrualmaasrid ad ak o
ugu ayrismasitinin gel i smesi n
el i kIl e, alterasyon diunit vV e
| akl ar1 boyunca basl ar ve hi1 z|
[ 1 ¢

T e

R <N =

k e l6iSkerpantinizegabrolardanbirg © r ¢ n ¢ m

--99--



Tektonizmanin bir diger sonucu
hematit mineralinin varl i girdir.
ol ivin vV e manyetit mi neirlkail § ma n
mekani zmas.| ve ani sogumayl a gel
(Irvine, 1971, Zheng & ark.,2008b). Holokristalin ve hipidiomorf
grandual er dokuya sahip l erzol it
piroksenler, yuksek optik engebe
taninir. Hi dr ot er mal alterasyol
lerleyen sirecte serpentinlesmeye
kl orit ve hematit touridndeki ki
hidrojen iyonl ari1nin olivin wyap
rastgel e oksijen i ', oFef ave 1SiFa b a
katyonlaritnin baglanma sekill eri
FE? ni W eFeoksitl enmesi, ortamda of
ki ri k hatlari1i boyunca opak miner

kekiHarZz.burjitlerin mikroskop ¢
ortopiroksen (Opx)

Serpentinize | erzolitleride, ol i
Co | i cobzeltilerin etkisiyle kat
alterasyon merkeze dogru 1 si1nsal
7). Yesilova ofiyolitinin kumdal e
izotrop gabro, pl aj iy ogiroksenitwe i | e
di yabaz bil esi mli daykl ardan ol
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sertlikte izotrop gabrol ar, koy
buyudkl gunde homojen bir dagil v
sebebiyle, kirikli1 c¢catlakli1 Dbir
Cal 1 sma al anindaki bir diger bir
Mel anj arasinda yeral an, lgdir m
6zelligine sahip b u biri m, Ye:
met amor fi zma der ggaaxniul iutst f aagnfy e
karakterindedir. Ancak, Kirzilcad
fasiyesi disidk st cakl 1 k met amor
diasiuk derecel] met amorfi zmadan vy
dogru degisim, yesi/l bi plagypkiax + ¢
+ kuvars £ zirkon = opak miner al
yesil biyotit + muskovit + Kkuva
mi ner al parajenezinin gelismesin
petrografik 1 ncel enelkeairsia,l magrd i
mi ner al iceri gini etkiledidgini (
plajiyoklaz, kuvarchor nbl end/ kl i nopi roksen
sungeri msi pl ajiyoklaz olusuml ar
magma kari1 si1 mini echi xi ngB)ol ggaete
disiuniul dioginde Orta Anadol u- Kri s
Tetisin kal 1 nt agranl er i ol ar ak
kristalen kar masi1 ga s 0 k tfdlsik m y a

magmal ardan mafi k magmaonianbi K reicset
dosidnul mektedir.

3.3. Jeokimya

Yesilova ofiyoliti’ ne ai-¢t kaya
sonuc¢clari1t Tablo 1"de verilmistir
oksit, iz element ve nadir toprak elementi (NTE) analizlerinde; SiO
%38.8550.13, AbO3 %0.3915.69, FeOs %7.4311.19, MgO %
5.1043.64,Ca0 %044 . 22 ve ates 4.8%dborn deg
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Table :Gabr ol arén anaoksit, iz
analizi

Dk-1 | Dk-2 | Dk-3 | Dk-4 | Dk-5 | Dk-6 | Dk-7
SiO: 40.72 | 38.85 | 50.11 | 50.13 | 44.11 | 40.72 | 40.85
ALO; 074 |039 |1572 |1569 | 080 [0.74 |o0.81
TiO: 002 |002 |108 [101 |0.04 |0.01 |0.02
Fe:03 833 [768 [830 [11.19 [810 [743 [9.11
MgO 4212 | 43.64 | 6.18 |5.10 |42.12 |42.12 | 42.15
MnO 011 |009 |6.19 |6.14 |015 [0.12 |0.19
CaO 084 |044 |555 |722 |1.04 |067 |0.72
Na;0 001 |002 [311 [302 |0.01 [0.02 |o0.01
P20s 001 [001 004 |006 |001 [002 |0.02
Ates 436 |659 |172 |114 |304 |6.02 |6.11
kaybi
Toplam | 97.26 | 97.13 [ 98.00 | 100.7 |99.42 | 97.87 | 99.89
Rb 0.1 0.3 1.2 0.1 1.4 1.6 1.3
Y 0.4 2.8 181 [19.2 |07 0.3 22.0
Sc 124 | 1.3 3.1 257 |121 |85 111.4
Nb 0.1 1.4 0.6 0.1 0.7 1.1 0.8
Ba 27 2 43 1 46 62 12
La 050 |[240 |070 |260 |3.70 |280 |3.10
Ce 020 |740 |6.80 |050 |055 |7.30 |0.20
Nd 620 |6.70 [030 [590 |540 |6.90 | 0.30
Sm 176 189 [0.88 [231 [1.99 |0.05 |0.10
Eu 002 |070 |090 |002 |068 |050 |0.04
Gd 271 |005 [312 |005 |277 [|335 |3.21
Tb 001 |060 |051 |052 |0.02 |0.01 |0.60
Dy 0.08 |007 |344 |408 |0.09 |375 |0.06
Ho 002 |08 |073 |002 |066 |058 |0.26
Er 003 [221 |260 |007 |0.03 [|233 |225
Tm 001 |020 |033 |001 |030 |017 |0.14
Yb 080 |067 |074 |088 |082 |076 |0.79
Lu 001 |002 |001 |001 |0.01 |001 |O0.01
Ta 0.1 0.3 0.1 0.4 0.1 0.5 0.1
Hf 0.1 0.1 0.3 0.1 0.2 0.1 0.1
Pb 0.1 0.4 0.1 0.3 0.3 0.1 0.6
U 0.2 0.1 0.1 0.2 0.1 0.1 0.1
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Toplam alkali-s i | i k a

di yagraminda, gabr c
gabro bol uminde y-d\rb/ayl diida gg darmiIniar .g
9), O0rneklerin bir 0rnek haric¢ tol
toleyitik magma 0O0ridnid ol dukl arinin
14 0005
@ | 1007 ®)
* My Ry
12 F e =
1004 g >
%x ~ Tholeitic 2| Alkaline
¥ =
=3 I A i 2
= 10 3
6 bubalkeline -:
3 .
sabby
ok -
40 50 60 70 80 0.01 0.1 1
5102(%) Nb/Y
Sekil 8.
Nb/Y

Gadirlblardny &g kami -( Pear
di yagramlari1 (Middl emost, 1
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Secil en gabrol ari1n, Sekil 9’ da
dedgi si mini Har ker di yagraml ar i
diyagramlarda, MgO ile SiAl20sar asi1 nda negatif
FeOs; CaO,kOveTiGar asit nda pozitif kor el

9) . Pozitif korelasyon gabro bil
korelasyon, mafi k bir magmanin Kk
bir toplulugu isaret eder.

| z el ement i di yagramlarinin Mg O
di yagraml ar da, gabrol ari n V, H
arti1 s 'zl enir. Bu di yagraml ar da
yakindir. Ancak, iz el ement oran
ve Sekil 11) . Bu sonuc¢lar, mafiKk
fraksiyonl anmasi ni v-8 okkitlefinmo p i r «
kristalizasyonunu i saret eder. A
derin ve oldukc¢ca si1 cak bimnerak ayna
fraksiyonl amal ari1 sldrecine girdi
gi bi mi nerall erde yogunlasma eg
Rb'" nin artisi, hidroter mal et k
alterasyon sirecl eri elyri a sg dhdtae r
Rb'" nin artisi, magmani n al kal i
0rnekl erden birinin al kal i al
dogrul amaktadir. Bu el ementl eri
tektonik ortamda (okyanus ortas
ol ugsuthwu ve toleyitik ve al kal:@ b
ortamlari n karakteristigidir.
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3.4. Garbrolarin Mineral Kimyasi

Yesilova ofiyoliti gabro kayalar
tabakal gabro olarak sinifland
doku gosteren gabrol ari1n mi ne
klinopiroksen/ amfi bol Ve ol ivin
Pl ajiyoklaz tanel eri Ohedr al vV e
Pl ajiyoklaz kristallerinin kenar
ve zoisit g0zl eml enme k t emhedral Pi
taneler seklindedir ve plajiyok
piroksen kirik izlerinde klorit
kidcuk t & nmanl) dalinde( bllunur. Kloritler, genellikle
piroksenlerin hidrotermal alterasyonusonutd a gel i smi st i
Petrografik incelemelerde, mi kK r c
gabrol ar da sosuritl esme Izl eni
hi drotermal alterasyonu sonucu g
yal ni zca klinopiroksen v e pl aj
bul unmaktadi r. Hornblende gabrol a
ve %15 klinopiroksen bilesiminde
mi neral ol arak bulunur. Gabrol ar
ma g ma kaynagi ndaki su i c@gibii gi ne
faktorl ere baglidrir. Bu, ma g ma
¢ciIr kabilir Ayri1ca, bu tdr bir m
hidroter mal etkinlikten etkil enc
genel l i kl e daha kidc¢uk janhbimeneralr e s
dagi l it mimna sahiptir. Orta ince t
daha biuyidk ve farkl: kristali za
belirgin olabilir. Bu farkIli11l1k
ve kimyasal b irldeesni nk agyinbaik | faank tr 6 r(l
2005) . i ri taneli amfiboller, ka
i ceren gabrolarin dokusu granul e
subofitik bir dokuya sahiptir. Al
klinopiroksen, %50 pl aji yokl az ve %35 a
subhedr al vV e anhedr al fenokris
hidroter mal mi nerall er ol arak ey
Ayri1 ca, hornblende gabrol ardak
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epi dot ol usmustur -T Amfoikbsoilt,] ebi c
birlesimlerin varli1 g1, bu gabrol
il kel bir magmanin Grdnid ol dugun
Table2:Gabr ol ara ait klinopioksen
sonu-1| ar e
Plajiyoklaz Klinopiroksen
Analizler | Yf-1 Yf1-2 Yf1-3 Yf-4 Yc-1 Yc-2 Yc-3
Si0; 57.91 | 56.11 | 58.74 | 58.45 | 41.93 | 42.14 | 41.84
ALO3 28.44 | 27.75 | 29.03 | 27.15 | 13.50 | 15.24 | 13.46
TiO: 0.08 | 0.09 010 [0.05 [1.88 [1.92 [1.75
Fe:0; 0.35 ]0.39 0.54 [0.62 [11.22 | 11.33 | 15.94
Cr20; 0.01 | 0.00 0.02 [ 0.00 |[0.00 [0.02 |0.00
MnO 0.07 | 0.00 0.06 |[0.04 [0.20 |[0.25 [0.16
MgO 0.08 |0.12 0.09 [0.07 [10.71 | 13.18 | 13.74
Na:0 524 |6.18 509 [621 [1.64 |[1.66 [1.71
CaO 7.98 ]10.33 | 0.02 |[0.43 [11.50 | 11.55 | 12.01
K20 0.44 | 0.47 0.09 [044 |[0.81 |[0.86 [0.72
F 0.15 |0.08 013 [0.20 |[0.07 [0.11 [0.03
Cl 0.05 |0.03 0.02 [0.09 [0.10 [0.06 |0.10
Toplam 100.8 | 101.55 | 94.11 | 93.75 | 93.56 | 98.32 | 101.46

Ki myasal

Mg )

*Mg*Fet) Ve J(2Na) di yagraminda
zenginlestigi goralar (Sekil 13)
EnioFsWos, ile ErngFsisWosz ar asi ndadir Anal
piroksenlerin, di opsit ve ojit
12).

Tablo 2'de ana oksit bil esimler:i
TiO2 (0.791.67%), AbOsi ¢c er i @4.B1%2Na®@ 6i ¢cer— §i 0
040% ve CGiOzi ceri9i 76%041 dugunu ve Mg
ise genellikle %786 ar asi nda degi sti gi g o
il e Ti kil di yagr amralkal dazat S e k i
sinirinda yer aldi gl goérul mekt ed

klinopir ok senl er ,

vV e

Y

f o r J0dolanipiroksérfletde, X Cla,)Na, Fe,

Mg )
kimyasal analiz verileri sunulan gabrolara ait klinopiroksenler, Q(Ca

(Cr,
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minerallerdir.

Or 0.07

(©)

Calc-alkaling-
Tholeitic § .,

0o 05 1(1 15 20 : An 05 06 07 08 09 1 11
Ca+Na

k e KL2. Mlneralb i | e kdiinyl aegrri@)ilin@piro&sen
mineralininQ-Jikili d i y a g(b) &limapiroksenTii Ca+ Na
daj é(c@maj i yQr-RdAas €gkiny agr ameé

NaAlSizOg - CaAbSirkOs bi | esi mine sahip pl aj

sonucl ar Tablo 3'"te veridni st
Anortit bil esi mi il e andezin ve
gorul dogu gi bOsi ¢c&mrin@IBI,UO6 n L AN i §i
%0 . 65" tir Sosiuritl es me surecl e
kal si yum baki mindan zengindir. |

sodyumca zengin plajiyoklazl arin
ve Gul er, 2023) . Dol ay Iemsomdtila , g €
sur ec | ezemie ,plajiyCkiaziar Naengin plajiyoklazlara

donidsmektedirplBy i pyettéakzen Gec

albiteol i gokl az ol usumuna yol ag¢mi st
4 Sonuc¢l ar

Burdur 1li"nin 70 km glineybati si
| gdir koyl er i arasit ndaki Yesil c
petrografisi ve miner al Ki myasin
yakl asi k 35km2’ i k bir a klia n 1 K
Denizli Magbsve Mscchar i t al ar1 i ¢ceri sinde
Yesil ova Ofiyoliti, altindaki K
bulundugu al anda farkl i1 amacl
& ar k., 1996, Klllg, 2012) . G
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metamorfitlerinin adayay.! tol eyl
yapl!l ls@ni o0top analizidir (Kirl1g,
met amor fiti garng@t * mmh i Bodl Rt Ibed i
amfibolitlerin magmati k bir koke
Bir diger c¢calisma Aslan (2023) t
yapi! |l an cal 1 smadir. Arastirmaci ,
cal 1 smasi1 nda Yaebsanionvdaa oyfeiryaollaint i n
l'itol ojik seviyelere avyalrrimiass 1 v
clr kartmirstir. Bu cali smada met an
grandul ot fasiyesine kadar degi se
metamorfitlerin ters metamorfizm

etmi stir.
Li kya Peridotitlerinin kokeni

(Ozpinar & ark., 1996), farkli1 de
S1rt -8 @ b dsuukpsriay o n zonu kal 1 nt
edi |l mi stir. Kar bonat pl atfor mu,
me | aAmadoluTaur i d karbonat platfor mu
sedi mentl eri zerine ilerl emesi
kesi ml erde t amamen y 0 k ol mustur
tektoni zma etkisiyle far kIl me t
(Konak& ark.,2@5). Neotetis Okyanusu'nun kuzey kolunun
kapanmas. neddauyli d AhadoPantid
gercekl-ksta €&atpl smasi , guney yo
il erl emesine Ve kar bonat pl at f
havzaya yerl esmesrne Lsé&pgap Nabpl
guneydoguya dogru en son Tortoni
gercekl esmistir.

Eksi k di zi 6zelligindeki Yesi |
metamor fi kleri, tavanda Kizi1 1l cact
ol usturur Kirzil cadadg of iyol it
radyol arit, serpantinit ve kmltra
sekilde go6rdal mektedir Kirmi zi ms
cesitli boyutl arda kayac¢ parcal a
mel anj 1, maf i k v e ul tramafik k

radyolaritten ibarettir.
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Coklu iz element di
iyoni k yaricapl I i
gi bi yuksek yercekim

gramlar i1 nda
fil el ement

a
0
[ al ani ( HF ¢

goéruludr. Yesilova ofiyollimagmae ai
karakterine sahip, supsubduksiyon zonunu Kkarakterize

et mektedir. Jeoki myasal veriler

asthenosferik mant o kaynagi ndan
Collins & Robertson (1999), Kar :
(2002) dolerit dayklarinin subofi:
piroksen, plajiyokl az, epi dot, |
ol dukl arini, nematobl asti k dokul
piroksen, plajiyoklazelilkmemi sl e
Koralay ve Ozpinar (2003), Yesi l
yer alan altere bazaltlarda ki my
‘diosiuk potasyumlu bazalt’, -“o0oky:
MORB ti pi bazaltl ap; kakakt bmil e
kaynagi! ni gostermektedir. Cel i k
Ofiyolitleri’ ' ne ait met amor fik
sonucunun, okyanus ortasi si1rti

(I'AT) ve plaka ig¢i bakzwpat Ol paol in
ait metamorfik dilim kayaclar i n
ol dugunu belirlemislerdir.

Li kya, Ant al ya, Beysehi«Kar Mamtsii
ofiyolitlerinin metamorfik -dil in
93.8+x1.7 my, MUskoe98t6£0i 8 mge s
yaslari el de edilmistir (Celik &
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