Eosen yash Dolek ve Sarigicek Plutonlarinin jeokimyasal ve Sr-Nd-Pb izotopik
kompozisyonlari, Dogu Tiirkiye Carpisma sonrasi jeodinamik bir ortamda, yiiksek-K
kalk-alkali granitoyidlerin olusumunda magma karisimi kanitlar
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Délek ve Saricigek plutonlarinin, Dogu Tiirkiye, ana kaya¢ ve mafik mikrogranular anklavlrinin ana ve iz element
icerikleri ile Sr-Nd-Pb izotopik kompozisyonlari, kayaglarin petrojenetik evriminin ve olustuklar jeotektonik ortamin
anlasilmasi i¢in ¢aligilmistir. 43 Milyon y1l yash plutonlarin Al-hornblend jeobarometresi ile tesbit edilen yerlesme
derinlikleri yaklagik 5-9 km dir. Plutonlardaki ana kayag bilesimleri diyoritten granite (S10,=%56.98-72.67; Mg#
=36.8-50.0) kadar degisim gostermektedir. Ayrica séz konusu ana kayaglar, gabroik diyoritten monzodiyorite
(§10,=%53.21-60.94; Mg# =44.4-53.5) kadar degisen mafik mikrogranular anklavlar igermektedirler.
Kayaglarin tamamu, yiiksek-K kalk-alkali diferansiyasyon yonsemesi sunmaktadir. Kondrite gére normalize edilmis
NTE patternleri, orta derecede fraksiyonlasma ve yatsi [(La/Yb)cn=5.11 to 8.51] sekildedir. Kii¢iik bir negatif
Eu anomalisi (Ew/Eu*=0.62 to 0.88) ile BIYE’lerce zenginlesme ve YAEE’lerce tiiketilme genel
karakterleridir. Ana kayaclarin ilksel Nd-Sr izotopik kompozisyonlari exe(43 Ma) = -0.6 to 0.8 ve ¢oklukla
Is: = 0.70482-0.70548 dir. Nd model yaslart (7pm), 0.84 ila 0.99 Ga arasindadir. Pb izotopik oranlart
(**Pb/**Pb)= 18.60-18.65, (*"Pb/**Pb)= 15.61-15.66, (***Pb/***Pb)= 38.69-38.85 araliklarindadir. Ana
kayagclarla karsilastirildiginda, mafik mikrogranular anklavlarin izotopik kompozisyonlari; Is, 0.70485 den
0.70517 ye ve &nxa(43 Ma) -0.1 den 0.8 e degismektedir. Pb izotipik oranlar ise; (***Pb/**Pb)= 18.58-
18.64, (*"Pb/*Pb)= 15.60-15.66, (**Pb/**Pb)= 38.64-38.77 araliklarindadir. Mafik mikrogranular
anklavlarin Tpw yaslart 0.86 ila 1.36 Ga arasinda degisir. Bu benzerlikler, anklavlarin hibrid orijinli
oldugu, biiyiik olasilikla alt kabuk ve iist mantodan tiireyen magmalarin karisimiyla meydana geldigine
isaret etmektedir.

Elde edilen verilerden anlasildig1 iizere, plutonlardan derlenen 6rnekler 6riimcek diyagramlarda negatif
Ba, Nb ve Ti anomalileriyle ve BIYE ve HNTE zenginlesmeleriyle karakteristiktir. Bu 6zellikleriyle tipik
bir kabuksal ergiyikden olusuma isaret ederler. Ancak, bu tiir 6zellikler daima kabuksal ergiyigi temsil
etmedigi gibi, kismi ergimeden once zenginlesmis bir manto kaynagina da isaret eder (Hawkesworth ve
dig. 1993). Bu zenginlesme, mevcut ilksel Nd-Sr izotopik oranlari ile ana kayag¢ ve anklavlarin kimyasal
olarak zenginlesmis bir subkontinental litosferk mantonun (SKLM) kismi ergimesinden kaynaklanmig
olabilir. Anklavlarin diisiik silisyum igerikleri (%53-60, coklukla<%57) ve goreceli yiiksek Mg# icerikleri
(45 to 53), olusum sirasinda manto kaynakli magmalarin varlig: ile ilgilidir. Bununla birlikte, diisiik
silisyum (%57 ) ve goreceli yiiksek Mg# igerikleriyle (~50) karakteristik olan en az farklilasmis diyoritik
ornekler (Ed6) saf kabuksal orijin ile uyumlu degildir. Ancak, bunlarin farklilasmamis magmalarin Ni ve
Cr igeriklerine (200-450, and >1000) gore diisiik Ni (6-18 ppm) ve Cr (8-36 ppm) igerigine sahip olmalar1
mafic magma bileseninin karisimdan 6nce, olivin, piroksen ve spinel fraksiyonlagsmasiyla farklilastigini
ortaya koymaktadir. ALO; (%15.52-17.22) igerikleri mantodan tiireyen bazik ergiyikle (ALO; <%15)
uyumlu olmamakla birlikte, bunun muhtemelen olivin ve ortopiroksen gibi Al’ca fakir bazi fazlarin
franksiyonlagmasindan kaynaklanmis olabilecegi anlagilmaktadir. Kayaglarin gdstermis oldugu NTE
patternleri bunu destekler durumdadir. Bu bilgiler 15181 altinda, SKLM yiiksek olasilikla bu kayaglarin
olusumunda 6nemli bir rol oynamistir. Yani, kayaclar1 olusturan magma hibrid bir magma olmalidir,
yalnizca mantodan tiireyen bazik bir magma olamaz. Daha feslik bir u¢ iiye icin, diisiik Sr-Nd
kompozisyonundan dolayi, iist kabuktan tiireyen magma olas1 goriinmemektedir. Plutonlardaki engok
faklilasmis ornekler (Srll), yiiksek silis (~%73), disik Mg# (36) ve orta Is(43 Ma) (0.70548)



karakterlidirler. Bu ozellikleri ile alt kabuktan tiireyen bir ergiyikle uyumluluk sunarlar. Bu izotopik ve
jeokimyasal veriler 15181 altinda, alt kabuktan tiireyen magma, hibrit kayaglarin olusumunda muhtemel
felsik bilesen olarak goriilmektedir. Mantodan tlireyen ve alt kabugun alt kismina yerlesen mafik magma
ve alt kabukta bu magmanin sagladigi 1s1 ile olusan magmanin karigimi, hibrid magmalarin olusumu igin
en favori mekanizma olarak kabul edilmektedir (Rudnick ve dig., 1986). Altlayan bazik magmanin,
dehidrasyon ergimesi (Rushmer, 1991; Rapp ve Watson, 1995; Petford ve Gallagher, 2001) ve granitik
ergiyik olusumu (Tepper ve dig., 1993; Wolf ve Wyllie, 1994; Rapp ve Watson, 1995) igin sicaklik
kaynag1 olabilecegi deneysel olarak ortaya koyuldugu igin bu mekanizma miimkiin goriilmektedir.

Jeodinamik veriler ile biitiinlenen tiim jeokimyasal veriler, zenginlesmis SKLM dan tiireyen bir bazik
magma, kabugun derinliklerinde, mafik alt kabugun dehidrasyon ergimesinden tiireyen felsik ergiyikle
karigimma isaret etmektedir. Litosferik mantonun ergimesi ise yiiksek olasilikla sicak astenosfer
yiikselimi ile iligkilidir. Sr-Nd izotoplariyla gergeklestirilen modelleme, SKLM’dan tiireyen bazik
magmanin, olusuma yaklasik % 77-83 oraninda katkida bulundugunu gdstermistir. Sonug olarak, karigim
olay1 s6z konusu hibrid kiitlelerin olusumunda 6nemli rol oynamigtir. Daha sonara, karigimla olusan
hybrid magma bir miktar kabuksal kirlenme ve 6nemli 6lgiide fraksiyonlagsmaya ugrayarak, genislemeli
bir jeotektonik ortamda, kabugun iist kisimlarinda diyoritten granite kadar degisen bu kayag silsilesinin
olusumuna imkan tanimugtir.
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ABSTRACT

In order to understand their petrogenesis and geodynamic setting, major and trace elements and Sr-Nd-
Pb isotopes of the host rocks and mafic microgranular enclaves (MME) from the Délek and Sarigicek
plutons, Eastern Turkey, were studied. The plutons were emplaced at ~43 Ma at shallow depth (~5 to 9
km) as estimated from Al-in hornblende geobarometry. The host rocks consist of a variety of rock types
ranging from diorite to granite in composition (Si0,=56.98-72.67 wt %, Mg# =36.8-50.0), which contain
MMEs of gabbroic diorite to monzodiorite in composition (Si0,=53.21-60.94 wt %, Mg# =44.4-53.5).
All rocks define a high-K calc-alkaline differentiation trend. Chondrite-normalized REE patterns are
moderately fractionated and relatively flat [(La/Yb)cn=35.11 to 8.51]. They display a small negative Eu
anomalies (Eu/Eu*=0.62 to 0.88), with enrichment of LILE and depletion of HFSE. Initial Nd-Sr isotopic
compositions for the host rocks are eni(43 Ma) = -0.6 to 0.8 and mostly Is. = 0.70482-0.70548. Nd model
ages (Tpy) vary from 0.84 to 0.99 Ga. Pb isotopic ratios are (**Pb/""*Pb) = 18.60-18.65, (*"’Pb/""Pb) =
15.61-15.66, (“"Pb/""*Pb) = 38.69-38.85. Compared to the host rock, MMEs are relatively homogeneous
in isotopic compositions, with I ranging from 0.70485 to 0.70517, ens(43 Ma) -0.1 to 0.8 and Pb isotopic
ratios of (*"Pb/"Pb) = 18.58-18.64, (" Pb/""*Pb) = 15.60-15.66, (***Pb/"*Pb) = 38.64-38.77. The MMEs
have Tpy ranging from 0.86 to 1.36 Ga. These similarities indicate that the enclaves are of mixed origin,
most probably formed by interaction of lower crustal- and mantle-derived magmas.

As evidenced by geochemical data presented above, samples from the plutons are characterized by
pronounced negative Ba, Nb and Ti anomalies in the spidergrams and enriched in LILEs and LREEs,
suggesting typical crustal melts. However, such features are not always that of crustal melts but may
reflect mantle enrichment events prior to melting, as is proposed by Hawkesworth et al. (1993). In fact,
this relative enrichment of the hybrid host rocks and their MMESs, with initial Sr-Nd ratios which could be
inherited from mafic magma derived from melting of a chemically enriched subcontinental lithospheric
mantle (SCLM) source. The relative low silica contents (53-60%, mostly <57%) and relatively high Mg#
(45 to 53) of the MMESs point to a mantle-derived magmas. In addition, the least evolved dioritic samples
(e.g. Ed6) characterized by low SiO; content (57 wt % ) and relatively high Mg# (~50) has to be regarded
as unlikely for pure crustal origin. However, their low Ni (6-18 ppm) and Cr (8-36 ppm) content relative
to those of unfractionated magmas (200-450, and >1000, respectively) suggest that mafic magma must
have undergone a significant fractionation of olivine, pyroxene and spinel prior to the interaction and
their Al,O; contents (15.52-17.22 wt%) are not consistent with basic parent melts (A1,0; <15 wt%) in
equilibrium with mantle source, probably due to the fractionation of some Al-poor mafic phases, such as
olivine and orthopyroxene. This is evidenced by the REE fractionated patterns of the rocks. With these
guidelines, it is likely that the SCLM could have played an important role in their genesis. That is, the



parental magma to the entire intermediate rock spectrum is a hybrid magma, not a purely mantle derived-
basic magma. For a more felsic end-member, upper crustal-derived magma seems improbable due to the
low initial Sr-Nd isotopic ratios of the hybrid granitoid rocks. The most evolved samples (e.g. Srll) are
characterized by high silica (~ 73 wt %), relatively low Mg# (36) and moderate 15(43 Ma) (0.70548),
which would be consistent with the melts derived from lower crustal material. In the light of isotopic and
whole-rock data, lower crustal-derived magma appears likely as more felsic component in generation of
the hybrid plutons. Underplating of mantle-derived melt and its interaction with lower crust-derived
magmas has been recognized as the most favored mechanism for the generation of hybrid magmas (e.g.
Rudnick et al., 1986). This mechanism seems probable as the experimental studies show that
underplating magma could bring the heat source for dehydration melting (e.g. Rushmer, 1991; Rapp and
Watson, 1995, Petford and Gallagher, 2001) and produce granitic melt (e.g. Tepper et al., 1993; Wolf and
Wyllie, 1994, Rapp and Watson, 1995).

All geochemical data, in conjunction with geodynamic evidences, suggest that a basic magma-derived
from the enriched subcontinental lithospheric mantle, probably triggered by upwelling of asthenophere,
could have thoroughly interacted with a crustal melt originating from dehydration melting of the mafic
lower crust at deep crustal levels. Modelling based on Sr-Nd isotope data demonstrates that about 77-83
% of SCLM could have involved in the genesis. Consequently, interaction process may have played an
important role in the genesis of hybrid granitoid bodies, which subsequently underwent a fractional
crystallization process, with minor amounts of crustal assimilation, en route to higher crustal levels
generating a wide variety of rock types ranging from diorite to granite in an extensional regime.
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