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Zirkon tipolojisi metodu, Pupin (1980) tarafindan 6nerilmis olan, granitik kayaclardaki zirkon
kristal tiplerinin incelenerek istatistiksel olarak degerlendirilmelerine dayanarak granitoyidin
petrolojisinin arastirilmasina iliskin bir yontemdir. Bu metod, granitoyidlerin kokenine (6r: kitasal, hibrid
veya manto) iligkin veriler saglarken granitoyidlerde bulunan farkli mineral topluluklarindan yola ¢ikarak
granitoyidlerin olusum sicakliklari hakkinda da onerilerde bulunmaktadir. Bu metodda, granitoyidden
zenginlestirilen en az 100-150 zirkon kristali mikroskop altinda incelenir. Kristal yiizeyleri belirlenerek
prizma ve piramit yiizeylerinin goreceli gelisimlerine gore Pupin (1980) simiflamasina gore tanimlanir.
Belirlenen zirkon kristal tipleri zirkon tipoloji diyagramina yerlestirilir. Zirkon tiplerinin tipoloji
diyagramindaki dagilimlarina dayanarak yapilan istatistiksel hesaplamalarla granit siniflamasi igin
kullanilan tipolojik olusum trendinin yanisira 1sil indeks (I.T.) de belirlenebilir. Bu metoda gore 1s1l
indeks (I.T.) (110) ve (100) zirkon prizma yiizeylerinin goreceli olarak degisimleri ile iliskilidir. Ancak,
zirkon kristal tiplerinin petrolojik ve jeotermometrik yorumlara baz olusturmasi farkli yazarlarca (or:
Vavra, 1990; Benisek & Finger, 1993) sorgulanmis ve zirkon morfolojilerinin granitoyidin yalnizca son
olusum evresindeki fiziko-kimyasal kosullari temsil edebilecegi ileri stiriilmiistiir.

Zirkon tipoloji yOnteminin yanisira, zirkon, apatit ve monazit doygunluk jeotermometre
caligmalarina bagli olarak da magmatik kayaclarin yerlesme sicakliklar1 hakkinda hipotetik yaklasimlarda
bulunulabilmektedir (Watson & Harrison, 1983; Harrison & Watson, 1984; Montel, 1993; Piccoli vd.,
1999). Bu ¢alisma kapsaminda zirkon ve apatit doygunluk termometre ¢alismasi yiiriitiilerek, elde edilen
sonuglarin zirkon tipoloji verileri ile karsilastirilmast ve bu yontemlerin kullanilabilirliginin aragtirilmasi
amaglanmistir. Bu kapsamda, Orta Anadolu’daki I-tipi Baranadag ve Terlemez, S-tipi Hisarkaya ve A-tipi
Camsar1 Granitoyidleri {izerinde zirkon ve apatit jeotermometre caligmalari yapilmis ve zirkon tipolojisi
verileri ile karsilastirilmustir.

I-tipi Baranadag granitoyidi {izerinde yapilan zirkon jeotermometre ¢aligmasi 741,7 ile 754,4°C,
apatit jeotermometre ¢alismasi ise 877,1 ile 903,4°C araligini gostermektedir (Tablo 1). I-tipi Baranadag
granitoyidi zirkon kristalleri, zirkon tipolojisi diyagraminda 750-900°C araliginda bir dagilim
gostermekte, 1si1l indeksi 850°C’ye karsilik gelen I1.T.=680 (Koksal vd., incelemede) olarak
hesaplanmaktadir. Buna ek olarak, I-tipi Terlemez granitoyidi zirkon jeotermometre ¢aligmasi 769.6°C,
apatit jeotermometre caligmasi ise 892,9°C verilerini sunmaktadir. I-tipi Terlemez granitoyidi zirkon
tipolojisi ¢alismasi ise bu kayag i¢in 750-850°C araliginda kristal tiplerine ve 850°C’ye karsilik gelen 1s1l
indekse (I.T.=731; Kdksal vd., incelemede) isaret etmektedir. Zirkon ve apatit jeotermometre ¢aligmalari
ile zirkon tipolojisi verileri karsilastirildiginda, bu iki granitoyid i¢in zirkon jeotermometre verilerinin
zirkon tipoloji ¢alismasi ile ortaya konan kristal tiplerine karsilik gelen yaklasik en diisiik sicakliga, buna
karsin apatit jeotermometresi verilerinin ise hemen hemen en yiiksek sicakliga karsilik geldigi ve tipoloji
verilerinden elde edilen 1s1l indeks degerlerinin zirkon ve apatit jeotermometresi verilerinin arasinda bir
degere karsilik geldigi goriilmektedir.



S-tipi Hisarkaya granitoyidini temsil eden Hisarkaya-a ve Hisarkaya-b 6rnekleri, zirkon tipoloji
caligmalarina gore diisiik 1s1l indekslere sahip granitik kayaclardir. Hisarkaya-a Ornegindeki zirkon
kristalleri 600-800°C araliginda dagilmakta ve 700°C’ye karsilik gelen 1.T.=376 (Koksal vd., incelemede)
indeks degerini vermektedir (Tablo 1). Buna karsin Hisarkaya-a 6rnegi igin zirkon jeotermometresi
calismas1 827,9°C, apatit jeotermometresi c¢alismasi ise 771,3°C sicakligimi vermektedir. Ayni iliski
Hisarkaya-b 6rnegi i¢in de gecerli olup zirkon tipleri 600-750°C araliginda dagilim gdsterirken 1s1l indeks
650°C’ye karsilik gelen 1.T.=333 (Koksal vd., incelemede) degerini vermektedir. Hisarkaya-b 6rnegi igin
zitkon jeotermometresi 842,9°C, apatit jeotermometresisi ise 759,4°C vermektedir. Hisarkaya
granitoyidinde, zirkon tipoloji verilerinden elde edilen 1s1l indeks degerleri, diger iki metodun verilerine
gore diigikk kalmaktadir. Zirkon jeotermometresi diger iki metoda gore yiiksek sonuglar sunarken apatit
jeotermometresi sonuglart bu granitoyiddeki zirkon tiplerinin yaklasik en yiiksek sicaklik diizeyine
karsilik gelmektedir.

A-tipi Camsar1 granitoyidi ise zirkon tipoloji ¢alismasina gore yiiksek 1sil indeks gostermekte
zirkon tipleri nispeten dar bir aralikta dagilim gostermektedir. I.T. indeksi bu kayag icin 795 (Koksal vd.,
incelemede) olup, 900°C’ye karsilik gelmekte, zirkon tipleri tipoloji diyagraminda 850-900°C civarinda
yeralmaktadir (Tablo 1). Buna karsin zirkon ve apatit jeotermometresi verileri daha disiiktiir: zirkon
jeotermometresi 712,8-771,0°C, apatit jeotermometresi ise 635,6-713.1°C vermektedir.

Zirkon tipolojisi verileri degerlendirilirken granitoyidlerdeki zirkon kristallerinin sicakligin
yanisira diger birgok faktdrlerce de kontrol edilebildigi gdzoniine almmalidir. Ornegin, granitoyidin
sogumas! sirasinda zirkon kristalleri magma odasindaki iz elementleri yapilarina alarak morfolojik agidan
ciddi degisimlere ugrayabildigi gibi (Vavra, 1994), suca-zengin magmalarda ge¢-zirkon olusumlar1 1sil
indeksin diismesine neden olabilmektedir (Pupin, 1980). Benzer sekilde, calisma konusunu olusturan
kayaglardaki zirkon kristallerinde 6zellikle dis zonlardaki ani tipolojik degisimler oncel c¢alismalarda
ortaya konulmustur (6r: Koksal vd., 2006; Koksal vd., incelemede).

Liew & McCulloch (1985) I-tipi granit eriyiginin olusum sicakligiin (800 - 900 °C), S-tipine (<
700 °C) nazaran daha yiiksek sicakliklar gerektirdigini deneysel ¢alismalarla ortaya koymustur. Kokensel
olusum kosullar1 da dikkate alindigi zaman I-tipi Terlemez ve Baranadag granitoyidleri i¢in zirkon
tipolojisi verileri ile apatit jeotermometresi verilerinin karsilastirilabilir oldugu goriilmektedir. Benzer
olarak S-tipi Hisarkaya granitoyidi i¢in apatit jeotermometresi sonuglar1 zirkon tipolojisi verileri ile
karsilastirilabilmektedir. A-tipi Camsar1 granitoyidi igin ise zirkon ve apatit jeotermometresi verilerinin
birbirlerine yakin fakat zirkon tipoloji verilerinin oldukga altinda sonuglar sundugu belirtilebilmektedir.
Zirkon jeotermometresi sicaklik degerlerinin apatit jeotermometresi degerlerinden daha diisiik olmasi,
orneklerde olasi ilksel magmatik fazi karakterize eden zirkon tanelerinde dnceki fazlara ait zonlanma ve
yapilarin veya kalit1 zirkon ¢ekirdeginin olmasindan kaynaklanabilmektedir. Zirkon tipolojisi verileri ile
zirkon/apatit jeotermometre degerleri arasindaki farkliliklarin da kalit ¢ekirdekler veya ilksel evrelere ait
diger zirkon olusumlarindan kaynaklanmasi muhtemeldir. Nitekim I-tipi Baranadag ve Terlemez
granitoyidlerinde magma karisimu ile iliskili olarak farkli magmatik evrelerin varlig1 zirkon kristallerinde
katodoluminesans goriintiilerine dayanilarak onerilmektedir (Koksal vd., incelemede). Ayni sekilde, A-
tipi Camsar1 granitoyidinde de farkli magmatik evrelere ait oldugu diisiiniilen zirkon geligimleri
gozlenirken, S-tipi Hisarkaya granitoyidinde kalinti ¢ekirdek yapilari izlenmektedir (Koksal vd.,
incelemede).

Sonu¢ olarak; Orta Anadolu Granitoyidlerinde, zirkon tipolojilerine dayanilarak yapilan
jeotermometrik degerlendirmelerle zirkon ve apatit jeotermometresi ¢alismalar1 sonuglart bazi 6rnekler
i¢in (or: I-tipi granitoyidler) benzer sonuglar vermekle birlikte ¢ogunlukla farkliliklar gostermektedir. Bu
farkliliklar metodlarin 6zelliklerinden, hatta zaman zaman handikaplarindan kaynaklanabildigi gibi her
bir kayacin kokeni ve olusum siirecleri gibi ozelliklerine de bagli olabilmektedir. Bu nedenle her bir
granitoyidin ayri bir detayli caligma konusu olarak degerlendirilmesi faydali goriilmektedir.
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Tablo 1. Zirkon ve Apatit Jeotermometresi Sonuglari ile Zirkon Tipolojisi Metodu Sicaklik Verileri

Ornek Adi Zirkon D.I.T. Apatit D.I.T. Zirkon Tipolojisi | Zirkon Tipolojisi
(°C) (°O) Sicaklik Araligt Isil Indeks
(°C) Karsiligr Sicaklik
(69

Baranadag 741,7 - 7544 877,1 —903,4

(1-tipi) (6 brnek) (6 6rnek) 750-900 850

Terlemez 769,6 892,9 750-850 850

(I-tipi)

Hisarkaya-a 827,9 7713 600-800 700

(S-tipi)

Hisarkaya-b 842,9 759.4 600-750 650

(S-tipi)

Camsar1 712,8 -771,0 635,6 —713,1

(A-tipi) (5 drnek) (5 drnek) 850-900 900

ABSTRACT

Zircon typology, proposed by Pupin (1980), is a method based on examination of zircon crystal
types in granitic rocks and their statistical evaluation. While providing data for the source of granitoids
(e.g., crustal, hybrid, or mantle), zircon typology also suggests the evolution temperatures. In this method,
at least 100-150 zircon crystals enriched from a granitoid are examined under the microscope. Crystal
faces are determined and zircon crystals are described based on Pupin (1980) classification according to
relative development of the pyramidal and prismal faces. Zircon crystals determined are put into the
zircon typology diagram. According to the distribution of the crystal types on the typology diagram,
temperature index (I.T.) can be determined, besides typological evolution trend which is used for
granitoid classification. Based on this method temperature index depends on the relative change of the
(110) and (100) zircon prism faces. The use of this method for petrologic and geothermometric
discussions is questioned by various authors (e.g., Vavra, 1990; Benisek & Finger, 1993) and it is stated
that the zircon morphologies can only characterize the physico-chemical conditions at the latest stages of
granitoid evolution.

Besides zircon typology, also by geothermometric studies concerning zircon, apatite and
monazite saturation hypothetical approaches can be made on the emplacement temperatures of the
magmatic rocks (Watson & Harrison, 1983; Harrison & Watson, 1984; Montel, 1993; Piccoli et al.,
1999). In the scope of this study, by conducting zircon and apatite saturation thermometry study it is
aimed to correlate obtained results with the zircon typology results, and investigation of applicability of
these methods. In this scope, zircon and apatite geothermometry studies were performed on the I-type
Baranadag and Terlemez, S-type Hisarkaya and A-type Camsari granitoids from central Anatolia, and
correlated with the zircon typology data.

Zircon and apatite geothermometry data on the I-type Baranadag granitoid ranges between 741.7
to 754.4°C, and 877.1 to 903.4°C, respectively (Table 1). I-type Baranadag granitoid zircon crystals, show
distribution in the range of 750-900°C on the zircon typology diagram, and temperature index is
determined as [.T.= 680 (Koksal et al., submitted), which corresponds to 850°C. Additionally, zircon and
apatite geothermometry studies on the I-type Terlemez granitoid yielded 769.6°C, and 892.9°C,
respectively. Zircon typology study on the I-type Terlemez granitoid on the other hand, points out crystal
types of 750-850°C interval and I.T. corresponding to the 850°C (I.T.=731; Koksal et al., submitted).
When zircon and apatite geothermometry studies are compared with the zircon typology data, it is
observed for these two granitoids that zircon geothermometry data correspond approximately to lowest
value represented by crystal types revealed from zircon typology study, whereas apatite geothermometry
data match up about the highest value, temperature index values are in between of the zircon and apatite
geothermometry data.



Samples Hisarkaya-a and Hisarkaya-b representing the S-type Hisarkaya granitoid are granitic
rocks having low temperature indexes according to zircon typology studies. Zircon crystals from
Hisarkaya-a sample distribute in the range of 600-800°C with a 1.T.=376 (Koksal et al., submitted)
representing 700°C (Table 1). Alternatively, for Hisarkaya-a sample zircon and apatite geothermometry
studies give 827.9°C and 771.3°C, respectively. The same relationship is valid for Hisarkaya-b sample of
which zircon types disclose range of 600-750°C, and 1.T.=333 (Koksal et al., submitted) corresponding to
650°C. For the Hisarkaya-b sample zircon and apatite geothermometry results are 842.9°C and 759.4°C,
respectively. In this granitoid I.T. values revealed from zircon typology data is lower than the data of
other two methods. While zircon geothermometry presents higher results than other methods, apatite
geothermometry results are nearly the highest temperature levels of zircon crystal types in this granitoid.

Moreover, A-type Camsari granitoid show rather narrow zircon crystal distribution with high
temperature index. I.T. for this rock is 795 (Koksal et al., submitted) corresponding to 900°C, and zircon
types on the typology diagram are around 850-900°C field (Tablo 1). On the other hand, zircon and
apatite geothermometry data are rather low: zircon geothermometry gives 712.8-771.0°C, whereas apatite
geothermometry presents 635.6-713.1°C.

While evaluation of the zircon typology data it should be noted that the evolution of zircon
crystals within granitoids can be controlled by many other factors besides temperature. For instance
during solidification of a granitoid zircon crystals may be experienced serious morphological alteration by
taking trace elements within magma chamber (Vavra, 1994) or late-zircon growth in the water-rich
magmas may results in the lowering of temperature index (Pupin, 1980). Accordingly, in the previous
studies (e.g., Koksal et al., 2006; Koksal et al., in review) abrupt typological changes, especially in the
outer zones, in zircon crystals of the rocks concerned in this study are detected.

Liew & McCulloch (1985) show by empirical studies that the heat of I-type granite melt (800-
900 °C) needs higher rates than those of S-type one (< 700 °C). If the source characteristics are
considered it seems that the zircon typology data are comparable with the apatite geothermometry data for
I-tipi Terlemez and Baranadag granitoids. Similarly for S-type Hisarkaya granitoid apatite
geothermometry data are comparable with the zircon typology data. However for A-type Camsari
granitoid zircon and apatite geothermometry results are similar but much lower than zircon typology data.
Zircon geothermometry values are lower than apatite geothermometry results probably because of zones
and structures or inherited zircon cores belong to previous phases those characterizing the probable
primary phase in the samples. Differences between the zircon typology data and =zircon/apatite
geothermometry values are possibly result from inherited cores and zircon growths of primary phases.
Indeed in the I-type Baranadag and Terlemez granitoids presence of distinct magmatic episodes related
with the magma mixing were suggested based on the cathodoluminescence images from zircon crystals
(Koksal et al., submitted). Correspondingly while in the A-type Camsari granitoid zircon growth belong
to the distinct magmatic phases are detected, in the S-type Hisarkaya granitoid inherited zircon cores were
noticed (Kdksal et al., submitted).

Consequently, in the Central Anatolian Granitoids, geothermometric assessments based on the
zircon typologies are comparable with zircon and apatite geothermometry studies for some samples (e.g.,
I-type granitoids), they show commonly differences, which maybe originated from properties, even
occasionally handicaps, of the methods, they may also because of the individual properties of the rocks
like source and generation processes. Therefore it would be beneficial to consider each granitoid as a
detailed case study.

Keywords: Zircon, Apatite, Geothermometry, Typology, Granitoid, Central Anatolia



Table 1. Results of Zircon and Apatite Geothermometry Studies and Zircon Typology Methodu
Temperature Data

Sample Name Zircon D.I.T. Apatite D.I.T. Zircon Typology Temperature

(°C) (°C) Temperature Correspond to
Range Zircon Typology
(°C) Temperature
Index (°C)

Baranadag 741.7-754.4 877.1-903.4

(I-type) (6 samples) (6 samples) 750-900 850

Terlemez 769.6 892.9 750-850 850

(I-type)

Hisarkaya-a 827.9 7713 600-800 700

(S-type)

Hisarkaya-b 842.9 759.4 600-750 650

(S-type)

Camsart 712.8 -771.0 635.6—713.1

(A-type) (5 samples) (5 samples) 850-900 900
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