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Orta Anadolu Volkanik Bolgesi’nin (OAVB) giineyinde yer alan Nigde volkanik sahasi Miyo-Pliyosen
yashh (Besang ve dig., 1977; Gonciioglu ve Toprak, 1992; Tiirkecan ve dig., 2003) dort farkh
stratovolkandan (Tepekdy, Cinarli, Melendiz ve Kegiboyduran) ve Pleyistosen yaslt (Ercan ve dig., 1992;
Tiirkecan ve dig., 2003) ¢ok sayidaki monojenetik volkandan (volkanik koni ve dayklardan) olusmaktadir.
Bolgedeki volkanik etkinlik ilk safhada lav akintilariyla baslayip, genis yayilimli ignimbiritleri olusturan
piroklastik iiriin ¢ikislariyla devam etmistir. Bu aktiviteyi daha sonra ¢ok sayida dayk cikiglar1 izlemistir
(Bor ve Kitreli lavlar: gibi).

Miyo-Pliyosen Volkanitleri (MPV) ¢ogunlukla andezitik bilesimli olup, bunlar yiiksek oranda iri kristal
igerigi ile karakterize edilir (% 27-42). Porfiritik, glomeroporfiritik ve seri dokusu gosteren bu volkanik
kayaglar, plajiyoklas, ortopiroksen, klinopiroksen, hornblend, biyotit ve Fe-Ti-oksitten olusan genis bir
mineral birlikteligi sunar. Baz1 dengeli kristallenme dokular1 yaninda, iri kristallerin bircogunda dengesiz
kristallenmenin kanitlar1 gozlenir (Aydin ve dig., 2005; Karsli ve dig., 2005). Ornegin; (i) osilatory ve ters
zonlu iri plajiyoklas ve piroksenler, (ii) elek, emilme ve hiicremsi dokuya sahip plajiyoklaslar, (iii) kenar1
opasitlesmis amfibol ve biyotitler, (iv) ksenokristik kokenli kemirilmis iri kuvars kristalleri. Bu
kayaclardaki plajiyoklas kristalleri andezin ve labradorit bilesimlidir. Ortopiroksen (enstatit) ve
klinopiroksenlerin (ojit) birgogunun kenar kisimlari merkeze gore Mg’ca daha zengindir. Biyotitler
Mg’ca, amfiboller ise Ca’ca zengindir (edenitik bilesimli). Bazi titanomagnetitler iyi gelismis eksoliisyon
lamelleri igerir ve bunlarm Fe*', Fe** ve Ti igerikleri oldukc¢a degiskendir. Diger taraftan Pleyistosen
Volkanitleri (PV) mikrolitik-porfirik doku gosteren alkalen bazaltlarla sinirlidir. Bu kayaclar, kalk-
alkalenlere gore, daha diigiikk oranda kristal icerigine sahiptir (% 16-18). Alkalen bazaltlarin tipik
fenokristalleri genellikle forsteritik bilesimli olivin, normal zonlu Ca’ca zengin klinopiroksen (ojit) ve
daha az orana sahip kalsik plajiyoklaslardir (labradorit ve bitovnit). Tki-piroksen ile oksit termometrelerini
ve klinopiroksen barometresini kullanarak (Lindsley, 1983; Spencer and Lindsley, 1981; Nimis, 1999),
dengeli fenokristal bilesimlerinden hesaplanan piiskiirme Oncesi kristalizasyon sartlar1 soyledir: Kalk-
alkalen andezitik magmalar i¢in kristallenme sicaklig1r 777 ila 1073 °C, kristallenme basinci ise 2.2-8.1
kbar arasinda degisir. Buna karsin alkalen bazaltik magma igin kristallenme sicaklig1 ve basinci sirasiyla,
885-944 °C ve 2.6-7.6 kbar seklindedir. Bu basing degerleri Orta Anadolu kabugunda depolanan her iki
magma i¢in yaklasik 8-24 km lik genis bir kristallenme derinligine karsilik gelir. Her iki volkanik seriden
elde edilen oksijen fugasite (LogfO,) degerleri NNO buffer ¢izgisinin {izerindedir. Dolayisiyla bu veri
magmalarin oldukga yiiksek oksidasyon sartlarinda kristallendiklerine isaret eder.

MPV kayaclarinin SiO» igerikleri % 55-65 arasinda degismekte olup, bunlar orta ve yiiksek-K kalk-
alkalen afiniteye sahiptirler. Bu kayaglarin MgO ve TiO, igerikleri sirasiyla % 4 ve % 1 den diisiiktiir. Ana
ve iz element igeriklerindeki kimyasal degisimler piroksen, hornblend, apatit ve Fe-Ti-oksitlerin
fraksiyonel kristallenmesini gosterir. Tlksel mantoya normalize edilmis iz element diyagramlari, kalk-
alkalen volkanitlerin K, Rb, Th ve U gibi LIL elementlerce zenginlestigini, HFS elementlerce
fakirlestigini ve negatif Nb, Ta, P ve Ti anomalisi sunduklarin1 gostermistir. Bu 6zellikler yitimle iliskili
bir prosesle degisime ugramis zenginlesmis bir litosferik manto kaynagi ile uyumluluk gosterir. Diger
taraftan alkalen karakterdeki PV kayaclari, MPV ile karsilastirildiginda, daha diisiik SiO, (% 49-51), K,O
(% 0.5-1.7) icerigine ve daha yiiksek MgO (% 5.1-7.3), TiO, (> % 1) icerigine sahiptirler. Olivin,
klinopiroksen ve Fe-Ti-oksitlerin fraksiyonel kristallenmesi, bu kayaglardaki magmatik gelisimin en



onemli prosesidir. Alkalen kayacglarin iz ve NTE degisimleri MPV dekilere benzemekle birlikte, onlardan
biraz daha farkli NTE degisimleri sunarlar. Ozellikle alkalen kayaglarin (La/Yb)y oranlari (4-11), MPV ile
karsilagtirildiginda (La/Yb)n: 9-16) daha diistiktiir. Hatta bu kayaglarin diisiik Rb/Nb (1.2-1.7) ve K/Nb
(695-762) oranlari, dogu ve bati Anadolu’daki alkalen serilerde oldugu gibi, OIB-benzeri bir manto
kaynagini (yani astenosferik bileseni) isaret eder.

Kalk-alkalen karakterli MPV kayaglarinin dengesiz kristallenme dokulari, jeokimyasal 6zellikleri ve
fenokristallerindeki bilesimsel degisimler, bu kayaglarm farklilagma ve magma karisim proseslerini
birlikte iceren karmasik bir gelisim tarihgesine sahip olduklarini gosterir. Jeokimyasal veriler yitim
prosesiyle degisime ugramis litosferik bir mantodan tiireyen magmalarla uyumluluk gosterir. Sonug
olarak, zenginlesmis litosferik mantodan tiireyen bir bazik magma, kabugun derinliklerinde, muhtemelen
mafik alt kabugun dehidrasyon ergimesinden (Rudnick ve dig., 1986) tiireyen felsik bir ergiyikle karigima
ugramigtir. Bazik ve silisik ergiyikler arasindaki hibridlesme alt kabuktaki magma odasinda olustuktan
sonra, meydana gelen melez magmada fraksiyonel kristallenme baglamis ve bu kristallenme magmanin
iist kabuktaki sig bir magma odasina dogru yiikselimi siiresince devam etmistir. MPV kayaglarindan agiga
cikarilan kristallenme sartlari, uzun siireli ve yiliksek kristallenme oranina sahip magma odalarinin
varligini desteklemektedir. Bu kayaglardaki kiimiilat ksenolitlerin olusumu genis bir basing araligindaki
kristallenmeyi (yaklagik 2-8 kbar) destekleyen 6nemli bir veridir. Diger taraftan alkalen PV kayaglarindan
elde edilen mineralojik ve jeokimyasal veriler, yitim yerine levha i¢i bir afiniteyi gostermektedir. Bu
kayaglarin kristallenme sartlar1 MPV ile benzerlik sunmasina ragmen volkanizmanin jeokimyasal
karakterindeki farklilik, OAVB’ndeki tektonik rejimin zaman i¢indeki degisimi olarak yorumlanabilir.
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ABSTRACT

Nigde volcanic area located in the south of the Central Anatolian Volcanic Province (CAVP) comprises
four separate stratovolcanoes (Tepekoy, Cwnarli, Melendiz and Keg¢iboyduran) of Mio-Pliocene age
(Besang et al., 1977, Génciioglu and Toprak, 1992; Tiirkecan et al., 2003) and a number of monogenetic
vents (cinder cones and dyke injections) of Pleistocene age (Ercan et al., 1992; Tiirkecan et al., 2003). In
the area, the early stage of volcanic activity began with large lava flows and continued with pyroclastics
consisting of extensive ignimbrite sheets, and then the activity was followed by several dyke injections
(i.e., Bor and Kitreli lavas).

Mio-Pliocene Volcanics (MPV) are generally andesitic in composition and are characterized by their
high phenocrysts contents (27 to 42 %). They show porphyritic, glomeroporphyric and seriate texture and
contain wide variety of phenocrysts consisting of plagioclase, orthopyroxene, clinopyroxene, hornblende,
biotite and Fe-Ti oxide. In addition to some equilibrium-crystals, most of the phenocrysts indicate
evidence of disequilibrium textures (Aydin et al., 2005; Karsli et al., 2005). For example; (i) oscillatory
and reversely zoned plagioclase and pyroxene phenocrysts, (ii) sieved, resorbed and boxy-cellular
textured plagioclase, (iii) reacted amphibole and biotite, and (iv) xenocrystic embayment quartz. The
compositions of the plagioclase crystal are andesine and labrodorite. Most of the orthopyroxenes
(enstatite) and clinopyroxenes (augite) have a rim with a more Mg-rich composition than the core.
Biotites are Mg-rich, and amphibole crystals are Ca-rich (edenitic in composition). Some
titanomagnetites display well-developed exsolution lamellae and they have variable ferric and ferrous Fe
and Ti contents. However, the Pleistocene Volcanics (PV) are alkaline basalts with microlitic-porphyritic
texture, and they have lower phenocrysts contents (16 to 18 %) compared to the calc-alkaline rocks.
Typical phenocrysts of the alkaline rocks are generally forsteritic olivine and Ca-rich clinopyroxene
(augite) with normal zoning and lesser Ca-rich plagioclase (labradorite and bitownite). Pre-eruptive
conditions, calculated from the equilibrium-phenocryst composition, using two-pyroxene and oxide
thermometers and the clinopyroxene barometer (Lindsley, 1983; Spencer and Lindsley, 1981; Nimis,
1999), ranged from approximately 777 to 1073 °C and 2.2-8.1 kbar for calc-alkaline andesitic magma,
885 to 944 °C and 2.6-7.6 kbar for alkaline basaltic magma, which correspond to a depth of 8-24 km for
storage region of the Central Anatolian crust. Oxygen fugacity (LogfO,) values obtained from both
volcanics fall above the NNO buffer curve, indicating highly oxidizing conditions.



The SiO; contents of the MPV rocks vary from 55 to 65 wt% and they define medium to high-K calc-
alkaline affinities (K>O: 1.1-3.7 wt %). Their MgO and TiO: contents are lower than 4 and 1 wt%,
respectively. Chemical variations in major and trace element contents exhibit fractional crystallization of
pyroxene, hornblende, apatite and Fe-Ti oxides. In the primitive mantle-normalized trace element
diagrams, the calc-alkaline volcanics show enrichment of LIL elements such as K, Rb, Th and U,
depletion in HFSE with negative Nb, Ta, P and Ti anomalies, suggesting an enriched lithospheric mantle
source metazomatized by a subduction-related process. On the other hand, the PV rocks are alkaline in
character. Compared to the MPV, they have lower SiO; (49-51 wt %) and K>O (0.5-1.7 wt %), and higher
MgO (5.1-7.3 wt%) and TiO, (> 1 % wt) contents. Fractional crystallization of the observed phenocrysts
phases such as olivine, clinopyroxene and Fe-Ti-oxides is the main process in the magmatic evolution of
the alkaline rocks. Their trace and rare earth element patterns are similar to those of the MPV but they
have slightly lower fractionated REE patterns with (La/Yb)y ratios of 4-11 compared to the MPV
[(La/Yb)n: 9-16)]. Moreover, the rocks have low Rb/Nb (1.2-1.7) and K/Nb (695-762) ratios such as
eastern and western Anatolian alkaline series, suggesting an OIB-like mantle source (i.e. asthenospheric
component).

Disequilibrium textures, geochemical characteristics and the compositional variations of the phenocrysts
indicate that the calc-alkaline MPV rocks have a complex evolutionary history including crystal
fractionation and magma mixing processes between mantle- and crust-derived magmas. The geochemical
data are consistent with derivation of magmas from a lithospheric mantle source metazomatized by
subduction processes. Finally, a basic magma-derived from the enriched lithospheric mantle could have
interacted with a felsic melt originating from dehydration melting of the mafic lower crust (Rudnick et al.,
1986). Hybridization between basic and silicic melts occurred in a lower crustal magma chamber. Then,
fractional crystallization began crystallizing from the magma at depth and continued crystallizing during
magma ascent into the upper crust and a shallow magma chamber. The inferred magma storage
conditions of the MPV are consistent with the presence of a long-lived, highly crystallized magma
reservoir. The occurrence of cumulate xenoliths in the MPV rocks supports the interpretation of
crystallization over a wide P range (about 2- 8 kbar). On the other hand, obtained mineralogical and
geochemical data from the PV rocks show within-plate signature instead of subduction. Although their
magma storage conditions are very similar to those of the MPV, the difference in geochemical character
of the volcanism in the CAVP can be interpreted as a change of the tectonic regime in time.
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