Upper Cretaceous magmatic evolution and related Cu-Au mineralization in Bulgaria and Serbia:
constraints from geochemistry and geochronology
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The Apuseni-Banat-Timok-Srednogorie (ABTS) belt of extensive calc-alkaline magmatism and Cu-
Au mineralization is related to the subduction of the Tethys Ocean beneath the European
Continental margin during the late Cretaceous time. Major economic porphyry-style and epithermal
ore deposits are restricted to certain segments along the belt and are aligned on the Panagyurishte
corridor (Central Srednogorie) in Bulgaria and the Timok region in Serbia. Present study reviews
and compares the geology, geochemistry and geochronology of igneous events in these two regions
and some features of the related Cu-Au mineralization. in the Central Srednogorie the U-Pb dating
of zircons from subvolcanic intrusions and major plutons, supplemented by published Ar-Ar and
Re-Os age data for the hydrothermal ore deposits reveal a general younging of magmatism from ca.
92 Ma in the north (Elatsite deposit) to ca. 78 Ma in the south (von Quadt, 2005, Peytcheva, 2009).
in Timok region the magmatism seems to start at 86-84 Ma (first phase) and to end with the
intrusion of plutons about 82-78 Ma. Economic Cu-Au mineralizations in both sections are related
to subvolcanic or volcanic suits and are dated in the range of 92 to 86 Ma in Bulgaria and mainly
about 86-84 Ma in the Timok zone. Magmatism and ore formation in individual magmatic-
hydrothermal complexes along the profiles are much shorter lived. The lack of mineralization in the
time span 86-78 Ma (Bulgaria) might be explained with the more deeply eroded mid-crustal
plutons, while the hydrothermal deposits are linked with shallow intrusions. The age progression
correlates in both profiles with an isotope-geochemical trend (Sr-Nd and Hf-zircon data) of
decreasing crustal input into mantle-derived magmas. The age and geochemical trends are
explained as a consequence of slab retreat during oblique subduction. The Eastern Srednogorie are
in Bulgaria formed by the northwards subduction and this zone is characterized by unusually large
volumes of mafic shoshonitic and ultra-K magmatism. The generation of the primitive high-K
ankaramitic magmas is explained by melting of clinopyroxene-rich amphibole- and/or phlogopite
containing lower crustal cumulates or a garnet-free metasomatized upper mantle source (Georgiev,
2009). The oldest Cretaceous magmatism in the Eastern Srednogorie oecurs at 86 Ma, but U-Pb ID-
TIMS and LA-ICPMS zircon age dating show that the mafic high-K magmatism in Eastern
Srednogorie has been formed (main peak) between 80-78 Ma. Most probably, the intra-arc rifting
was caused by a southward trench retreat and associated roll-back of the subdueting oceanic slab.
Later on, trenchward the characteristics of the Cretaceous magmatism changed to more crustal
influenced, which could be related to continent aceretion from the south and the start of continent
collision. in the Ridanj-Krepoljin Zone (Serbia) subvolcanic dacites are dated at 70 Ma and in the
W-Rhodopes Massif (Rila) and in the Eastern Rhodopes (Chuchuliga and Rosino) plutons revealed
U-PDb zircon ages in the range 67-70 Ma Soldatos, 2008).
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Bulgaristan ve Sirbistan'da Geg¢ Kretase magmatik evrimi ve ilintili Cu-Au cevherlesmesi: jeokimya
ve jeokronolojiden kaynaklanan kisitlamalar

Apuseni-Banat-Timok-Srednogori (ABTS) yaygin kalk-alkali magmatizma ve Cu-Au cevherlesme
kusagi, Tetis Okyanusunun Geg¢ Kretase'de Avrupa kita kenarinin altina dalma-batmast ile ilintilidir.
Kusak boyunca, ekonomik deger tasiyan porfiri-tip ve epitermal cevher yataklar1 belirli
segmentlerle sinirlidir ve Bulgaristan'da Panagyurishte koridorunda (Orta Srednogori), Sirbistan'da
ise Timok bolgesinde dizilmistir. Bu calisma, bu iki bélgedeki magmatizmanm jeolojisi, jeokimyasi
ve jeokronolojisini ve ilintili Cu-Au cevherlesmesinin bazi ozelliklerini gézden gegirir ve
karsilastirir. Orta Srednogori'de si1g derinlikteki intriizyonlardan ve biiyiik pliitonlardan alman
zitkonlarin U-Pb tarihle(ndir)mesi ve bunu tamamlayan, hidrotermal cevher yataklarina iliskin
yaymlanmis Ar-Ar ve Re-Os yas verileri, magmatizmada, kuzeyde (Elatsite yatagi) 92 milyon
yildan gilineyde yaklagik 78 milyon yila (von Quadt, 2005; Peytcheva, 2009) bir genclesmeyi agiga
cikarir. Timok bolgesinde magmatizma giliniimiizden 86-84 milyon yil dnce baglamis (ilk evre) ve
yaklagik 82-78 milyon yi1l 6nce gelisen pliiton intriizyonlar: ile sona ermis gibi goriiniir. Her iki
kesimdeki ekonomik Cu-Au cevherlesmeleri s1g derinlikli intriizif ya da volkanik dizilerle ilintilidir
ve Bulgaristan'da 92 ile 86 milyon yil onceleri, Tmok zonunda ise yaklasik 86 ile 84 milyon yil
Onceleri arasina tarihlenirler. Profiller boyunca ayri(k) magmatik-hidrotermal karmasiklardaki
magmatizma ve cevher olusumu ¢ok daha kisa dmiirliidiir. Gliniimiizden 86-78 milyon y1l dnceleri
aras1 zaman diliminde cevherlesme yoklugu (Bulgaristan), hidrotermal yataklar si1g intriizyonlar ile
ilintiliyken, daha derince asinmis kabuk-ortasi pliitonlar: ile aciklanabilir. Her iki profilde yas
gelisimi, manto-tiirevi magmalar i¢ine azalan kabuk malzemesi girisini gosteren izotop-jeokimyasal
egilim (Sr-Nd ve Hf-zirkon verileri) ile iliskilidir. Yas ve jeokimyasal egilimler, oblik dalma-batma
sirasinda dilimin geri ¢ekilisinin bir sonucu olarak agiklanabilir. Bulgaristan'daki Dogu Srednogori
yay1 kuzey-yonlii dalma-batma ile olusmustur ve bu zon alisilmadik hacimda mafik sosonitik ve
asir-K magmatizmas: ile karakterize edilir. Ilkel, yiiksek-K igerikli ankaramitik magmanin
olusumu, klinopiroksence zengin amfibol ve/ya da filogopit i¢eren alt kabuk kiimiilatlarmm erimesi
ile ya da garnet-icermeyen, metasomatize olmus bir iist manto kaynagi ile aciklanabilir (Georgiev,
2009). Dogu Srednogori'de en yash Kretase magmatizmasi 86 milyon yil dnceye tarihlenir; ancak,
U-Pb ID-TIMS ve LA-ICPMS zirkon tarihlemeleri, Dogu Srednogori'de mafik, yliksek K-icerikli
magmatizmanm 80-78 milyon yil Onceleri arasinda (zirve noktasi) gelistigini gosterir. Biiyiik
thtimalle, cukurlugun giiney yonlii gerilemesi ve bununla ilintili olarak dalan-batan okyanusal
kabuk diliminin geriye kaymasi yay-i¢i riftlesmeye neden olmustur. Daha sonra, Kretase
magmatizmasmm cukurluk egilimli 6zelligi daha ¢ok kabuksal etkiler tasiyan 6zellige doniismiistiir;
bu, giineyden kita eklenmesi ve kita ¢arpigmasinin baglamasi ile ilintili olabilir. Ridanj-Krepoljin
zonunda (Sirbistan), si1g derinlikli dasitler 70 milyon yil Onceye tarihlenmistir; Bati Rodop
Masifindeki (Rila) ve Dogu Rodoplardaki (Chuchuliga ve Rosino) pliitonlar, 60-70 milyon yil
araligina yayilan U-Pb zirkon yaslar1 verirler (Soldatos, 2008). Anahtar Kelimeler: Jeokronoloji, U-
Pb zirkon tarihle(ndir)mesi, Srednogori, izotop jeokimyasi, jeodinamik evrim



