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a) r=\ byr=0

Sekil7.  Korelasyon katsayilarinin kiimiilatif % dagilimi
Figure7. Cumulative percentage distribution of correlation coefficients

Benzerlik
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Degiskenler

Sekil8.  Elementlerin benzerlik derecesini gosteren diyagram
Figure8. Diagram indicating similarity degree of elements
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Korelasyon Katsavi Degerleri Korelasyon Katsav: Yiizdeleri
(r=0) (r<0)
0.00-0.10 13,41 30,96
0.10-0.20 9.31 14,29
0.20 - 0.30 633 10,72
0.30 - 040 X094 476
040  0.50 783 3,57
0.30 - 0.60 6.72 3.57
0.60-0.70 237 2.38
0.70 - 0.80 0.35 9.52
(.80 — 0,90 931 9,52
0.90 - 1.00 15,43 10,71
Toplam 100,00 10,00
Korclasyon Katsayr Degerleri Korclasyon Katsayr Nokta Sayist
(r>0) (r<0)

0.00-0.10 36 26
0.10-0.20 25 12
0.20-0.30 17 9

0.30 - 0.40 24 4

0.40 — 0.50 21 3

0.50 — 0.60 18 3

0.60 - 0.70 6 2

0.70 - 0.80 1 8

0.80 - 0.90 25 8
0.90-1.00 95 9

Toplam 268 54

Cizelge7. a) Korelasyon katsayisiyiizdeleri b) Korelasyon katsayisinokta sayilar
Table7.  a) Percentage of correlation coefficient b) Point numbers of correlation coefficient

Korclas‘\f;on Ki.l“a'“ Korelasyon Katsay Kiimiilatif Yiizdeleri (%a)

Degerleri

(r=0) {r<0)
000 - (.10 13.41 30.9R
.10 - (.20 272 45,27
0.20 - 0,30 29,03 33,97
0.30 — (.40 37,99 56,73
0.0 0.50 /582 6.3
050 0.60 2,54 7,87
060 - 0,70 5491 70,23
0,70 — (.80 55,26 15T
0,80 - (.90 64,57 36,29
090 1.00 100,00 200,00

Cizelge 8. Korelasyon katsayisi kiimiilatif yiizde dagilimlari
Table8.  Cumulative percentage distributions of correlation coefficient

Ko“'\lals;:o,n ].imsa.“ﬂ Al Pozitif Korelasyon Negatif Korelasyon
isiplinleri
ivi Korelasyon r=-0,385 r=-(.68&
Orta Korelasyon +0, 53 wra+0, 85 0,28 50,65
Zayif Korelasyon <—0,33 r=-0.28

Cizelge9. Korelasyon katsayisi alt disiplinleri
Table9.  Sub-disciplines of correlation coefficient
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1.

2

grup

(r > +0,83) Iyi pozitif korelasyon

S‘jOQ, A];O_;._ RHO Rb, FC;O_:. \1g0 |V[l‘10, AS., vV, TiOQ._ p2051 Zr, Zl’], \1,
Co, Cu

grup

(=0,53 < r < +0,85) Orta pozitif korelasyon
Ba, Sr, Mo, Pb, W, F, Au, Na,O

3. grup
(r <- 0,68) [i ncgatif korelasyon
Ca0, SO

Cizelge 12. Element grup ve birliktelikleri

Table 12.

TARTISMA ve SONUCLAR

Sakarya Formasyonu jips iiyesine ait bes farkli alt
litofasiyesi temsilen secilen jips-anhidrit kayag
orneklerinde gergeklestirilen jeokimyasal (ana oksit,
eser element ve nadir toprak elementi analizi) ve
mineralojik ¢aligmalar sonucunda elde edilen veriler
ile Aydogdu (2004)'te sunulan bolgedeki evaporitlerin
sedimantolojik-petrografik-mikrodokusal (SEM-
EDS) ozelliklerini kapsayan bulgular1 birbirini
desteklemektedir. Bu paralellik bolgedeki
evaporitlesmelerde, jipslere eslik¢i yogun bir
diyajenetik kil (olas1 simektit tiirli) mineral dolgu ve
sivamalar1 ile karbonatlagsmalarin (dolomit ve
kalsitlesmelerin) gelistigini ortaya koymaktadir.
Ayrica eser elementlerden Ba, Sr, Mo, Pb, W, F ve Au
degerlerinin Dean ve Anderson (1974)'de agiklandig1
gibi evaporitik playa golii olusum ortami kimyasina
gore beklenenden yiiksek miktarda ¢ikmasi ve
birbirleriyle uyum halinde olmasi kokensel agidan
olduk¢a onemlidir. Bu yiiksek degerlerin nedeni;
g06liin mineralojik bilesiminin yani sira, evaporitlesme
sirasinda g6l suyunun kimyasmin zemin suyu ve
indirgeyici ortam kosullarmin denetimi ile fliivyal
sistem kosullarina bagli olarak son derece
degiskenlikler gostermesinden kaynaklandig:
seklinde yorumlanabilinir. Ciinkii literatiirdeki benzer
jeokimyasal c¢alismalar ve bunun sonucu yapilan
kokensel yorumlamalar ile, bu ¢aligmadaki benzer
bulgu ve yorumlar arasinda biiyiik paralellikler vardir.
Bunlardan Necdet and Anil (2006)'da KKTC'deki
Miyo-Pliyosen evaporitlerinde saptadiklar1 100-300
ppm'lik Sr degerini karadan basene gelen freatik

89
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sulara ve Playa vd., (2000)'de ise Dogu Betik
(Ispanya) bogazindaki Ust Miyosen karasal+denizel
evaporitlerinden bantli-yumrulu-laminali jipslere ait
800-1700 ppm arasi1 ¢ikan degerleri normal deniz
suyuna, selenitik ve masiv jipslerdeki 2400 ppm.
civarindaki degerleri de hidrotermal ¢ozeltilere
kokensel agidan kaynak teskil ettigi seklinde ifade
etmislerdir. Ayrica Orti (1997) ve Orti vd., (2007)
caligmalarinda da; Ebro baseni (Ispanya)'nin GD'daki
gblsel Miyosen evaporitlerindeki 500 ppm.'in
altindaki Sr degerleri ile evaporitlerin siilfat ve kloriir
iyon kaynaklarinin, genel olarak ¢evredeki
Mesozoyik yash karasal tuzlarin bulundugu kayagclar
ve bunlarin zemin-ylizey suyuyla yikanmasi olarak
aciklanmigtir. Ayrica evaporit ¢okelimini kontrol eden
faktorler ise; aktif tektonizma, yiiksek CaSO,'ce
zengin meteorik su dongiisii, yar1 kurak iklim sartlar
ve biiyiik boyutlu aliivyal yelpaze gelisimleri olarak
siralanmigtir. Calisma alanindaki evaporitlerin Ca, Sr
ve S iyon kaynaklarinin da, biiyiik olasilikla karasal
Miyo-Pliyosen volkanizmasi ile bolgedeki Neojen
Oncesine ait intriisif ve metamorfik kayaclarin freatik-
vadoz suyla yikanmasi seklinde yorumlanabilinir.
Boylece analiz sonuglartyla belirlenen bu tiir element
zenginlesmelerinin; Tekin vd., (2005)'de de ifade
edildigi gibi gdl ortaminin Miyo-Pliyosen boyunca
siiren yerel volkanik faaliyete bagl olarak inceleme
bolgesinin giineyinde ve kuzeyinde mevcut havzayi
siirlayan faylardan ve kirik sistemlerinden yiikselen
olas1 aktif hidrotermal eriyiklerin yogun etkisinde
oldugunu gosterir. Bu ¢ozeltiler olasilikla fay
kontrollii olup, bolgedeki evaporitli serilerin arasinda
hidrotermal alterasyonlu ara zonlar olusturmuslardir.



Bu alterasyon ara zonlar1 igerisinden alinan 6rneklerin
parlatma kesit incelemelerinde saptanan limonit,
bakteriyel kokenli pirit, detritik mangan ve hematit
mineral parajenezlerinin birlikte gdzlenmesi;
birbirleriyle iyi pozitif korelasyon gosteren 2Fe,O,,
MgO, MnO ve As'nin beraber zenginlesmelerine de
kanit teskil etmektedir. Diger yandan bdlgedeki
evaporitler icerisinde Beypazar1 havzasinda oldugu
gibi; volkanik faaliyet+evaporit ¢6keliminin olas1 yan
driinleri olarak degerlendirilen trona-ternardit-
gluoberit-mirabillit minerallesmelerinin (Orti vd.,
2002) izlenmemis olmasi, bunlarin smirli da olsa
¢Okeldigini fakat, biiyilk bir olasilikla diigey
faylanmalara bagli olarak daha derin zonlarda gdmiilii
olarak bulunabileceklerini diisiindiirmektedir. Buna
karsin inceleme alaninda sadece liineburgit ve
sepiyolit olusumlarina rastlanilmaktadir (Dr.E.Bing6l
ile s6zlii goriisme, 2005).

Sonu¢ olarak; Ust Miyosen yash Sakarya
Formasyonu Jips Uyesine (Sj) ait evaporitlerin
jeokimyasal ve jeoistatistiksel degerlendirmesinde;
paleo iklimsel kosullarin, donemsel karasal
volkanizmanin, depolanmayla es zamanl
tektonizmanin ve farkli litolojilere (silisiklastik ve
karbonatik gibi) sahip depolanma sistemlerinin etkin
olarak gelistigi playa golii kompleksinde ¢okeldigi
belirlenmistir. Bu ¢okelimdeki en 6nemli faktoriin ise
bolgedeki uzun yada kisa siireli iklimsel degisimler
oldugu diisiiniilmektedir. Ciinkii Polatli-Sivrihisar
havzasi “perennial saline lake; Warren, (1999)”
karakterli Miyo-Pliyosen goliinlin genel ¢okel
istifinde, evaporitik (jips-anhidrit agirlikll) ve
paliistrin (karbonat-marn-kil agirlikli) g6l kosullarin
yansitan degisimlerin dikey ve yanal dlgekte birkag
defatekrarlandigi izlenmektedir.
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YDABAG 102 Y 125 nolu bilimsel aragtirma projesi
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EXTENDED SUMMARY

The Neogene stratigraphy of the study area was given
by Gozler et al. (1996). The Midde-Upper Miocene
Sakarya Formation overlies pre-Miocene basement
rocks unconformably and the Pliocene Porsuk
Formation overlies it with low angular unconformity.
Aydogdu (2004), in the first detailed study of these
evaporites, noted that the Sakarya Formation is
represented by 4 members named, from bottom to top,
as i) volcanic metarial intercalated claystone (Svk), ii)
volcanite (Svb), iii) dolomite-limestone (Sd), and iv)
gypsum (Sj). The same researcher indicated that the
gypsum member (Sj) is also divided into 5
sublithofacieses: a) massive secondary gypsums (Sj1)
b) laminated primary anhidyrites (Sj2), ¢) brecciated-
nodular secondary gypsums (Sj3), d) clastic gypsums
(gypsarenites) (Sj4) and e) chevron type selenitic
gypsums (Sj5). These 5 sublithofacieses can be
typically observed at the open pit mine near
Karabaywlar Hill, being white-gray-brown in color
and with a clastic thickness of 80 m. gypsum beds also
bear interbeds with clay-carbonate matrix.

The most widespread sublithofacies of all is
massive secondary gypsum (Sj 1) that bears white-pink
colored, fine crystallised (alabastrine texture),
selenitic gypsum interbeds that show chevron or
swallowtail type twinnings. Their mean thickness is
about 5-10 m. The second sub-lithofacies, a laminated
primary anhidyrite sub-facies (Sj2), has a vertical
transition with massive gypsum and was seen as
stromatolitic fine interbeds on the top of that facies.
These are dirty white-gray colored fair-coarse
crystallised (porphyroblast in texture), pure viewed
and 2-3 m in average thickness. Brecciated-nodular
secondary gypsum (Sj3) is white-pink colored,
lenticular, and massive. The nodules are of 50-70 cm
in diameter. The internal structure of the nodules
exhibits zonning growth, and these are well rounded.
These were transformed to anhidyrites at some
cleaveges and, because of this transformation, a
brecciated apperance likof a chicken-wire texture was
observed in the field. Clastic gypsums, (gypsarenites),
the fourth sub-lithofacies, (Sj4) is white-gray colored,
fine crystallised (alabastrine texture), 3-10 m in
thickness and vertically transits to massive secondary
gypsum. These and chevron type selenitic gypsums are
massive and orange-light brown colored freely
growth-twinned clastic gypsums.
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The lengths of crystals are between 5-15 cm and
these were separated as displacive discoidal and
swallowtail-twinning gypsums according to their
crystal shape. In this study, the evaporites of Middele-
Upper Miocene aged Sakarya Formation that outcrop
around Demirci Village in Polatli-Sivrihisar Neogene
Basin were examined. The facies' properties and their
petrographic and mineralogic characteristics were
used to choose gypsum-anhidyrite rock samples, and
these were analysed by ICP-ES and XRF for major
oxides (Si0O,, Al,O,, 2Fe,0, MgO, MnO, CaO, Na,0,
K,0, TiO, ve P,O;as percent), trace elements (Ba, Ni,
Co, Rb, S, Zr, W, F as etc. ppm), and rare earth
elements (La, Ce, Th etc. as ppm). The results
evaluated by geostatistical methods (“Stratigraphics
5.17 for factor analyses and “Minitab 14" software
for Cluster analyses) and gypsum-anhidyrite samples
were interpreted. According to Cluster analyses study,
elements that move together and opposite in a huge
group were concretized. Afterwards, these three
groups were integrated together. Movement
conditions of these elements were statistically formed.
Thus, ion source, formation conditions and shortly
diagenetic history of evaporites were clarified
byconsidering the study of Aydogdu (2004).

Consequently, intense clay plastering or filling
and carbonization were determined in evaporites of
study area. Also, according to the element data that is
more than the values of evaporitic playa lake
environment and togetherness of 3 group of element
that were determined in geostatistical studies, the
important factor that determine the sediment
characteristics of Mio-Pliocene lake is tectonism
together with climatologic conditions. Consequently,
after gypsum formation following evaporation of lake
water, hydrothermal alteration sub-zones with Mn,
Fe, Swere formed because of faulting in gypsums. It is
betrayed that high values of trace elements are
originated from instability of lake water chemistry
because of hydrothermal solutions, ground water and
reductant environment conditions.
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