Hercynian high-T low-P metamorphism and magmatism in the Eastern Pontides, NE Turkey
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The pre-Liassic basement of the Eastern Pontides is made up of two units: 1. Carboniferous high-
T/low-P metamorphics intruded by high-K granitoids and ultramafic to mafic intrusions. 2. Permo-
Triassic accretionary complexes. Similar rock assemblages are common in the eastern and western
elongations of the Eastern Pontides (e.g. Caucasus and the Sakarya Zone), but are not documented
from the south of the Izmir-Ankara-Erzincan suture. This belt (Sakarya Zone and Caucasus) is
bordered in the north by the Ukranian shield, comprising Archaen-Palacoproterozoic crystalline
rocks.

in the Pulur and Yusufeli areas of the Eastern Pontides, high-T/low-P metamorphic rocks are made
up of upper amphibolite to granulite-facies migmatitic garnet-cordierite gneisses, micaschists,
amphibolites and metaultramafics, equilibrated at >820 °C at 0.7-0.8 Gpa, followed by a near-
isothermal decompression to 0.5-0.4 GPa at 800-730 °C. The peak conditions occurred at -328-331
Ma, and cooling below ~300+50 °C at 310-312 Ma. in contrast, the metamorphic rocks in the
Kurtoglu region are amphibolite-facies micaschists, gneisses and leucocratic metagranites, which
were equilibrated at -650 °C and 0.4 Gpa and cooled below ~300+50 °C at -323 Ma. These
metamorphic rocks show no evidence of prior high-pressure metamorphism.

The high-potassium I-type granitoids form gigantic batholiths (Giimiishane -400 km?, Kose -250
km?), and comprise high-K granodiorite, granite and leucogranite. Geochemical features suggest a
fractionating assemblage of clinopyroxene, amphibole and plagioclase without involvement of
significant amounts of gamet. Emplacement of the granitoids occurred at 319 £ 5 Ma and 328 + 6
Ma, constrained by in-situ zircon dating through LA-ICP-MS. The granitoid magmas were probably
generated by partial melting of high-potassic amphibolitic rocks at depths of-25-35 km, induced by
intrusion of mantle-derived mafic magmas.

The ultramafic to mafic intrusions form several small stocks (up to 6 km?) in the Pulur complex.
Petrographically, the intrusions are made up of plagioclase-hornblende wherlite, olivine
clinopyroxenite, gabbronorite, leucogabbro and anorthosites, intruded by dikes of leucogranite and
microdiorite. in ali rock types, except the dikes, cumulate textures are pronounced. Their ages are
constrained to 325 £ 2 Ma through incremental Ar-Ar dating on hornblende and by zircon
evaporation ages. The intrusions were products of the fractional crystallization of relatively high-
Mg hydrous basaltic melts, derived from an isotopically enriched mantle source.

The emplacement of the high-K granitoids and ultramafic to mafic intrusions took place
concurrently after the peak of the high-temperature metamorphism during the exhumation of the
metamorphic rocks. HT-LP metamorphism is generally though to occur (i) in back-arc setting
during active subduction (ii) during relaxation stages after the Continental collision. The
accretionary complexes in the Pontides are Permo-Triassic in age. There is no known Carboniferous
accretionary complex. Therefore, Carboniferous HT-LP metamorphism and intrusions are
tentatively regarded as late phases of the Hercynian orogen, similar to the Hercynian chain in the
western Europe. The Hercynian orogeny in the Eastern Pontides and the Caucasus is probably
caused by the collision of the Eastern Pontides and Caucasus with the Scythian Platform-Ukranian
shield in the north during the early Carboniferous. Keywords: Low-P high T metamorphism, high-K
granite, ultramafic - mafic intrusions, Eastern Pontides, Hercynian Orogeny

Dogu Pontidler'de (KD Tiirkiye) Hersiniyen yiiksek sicaklik-diisiik basing bagkalagimi ve
magmatizmasi

Dogu Pontidlerin Liyas oncesi temeli iki farkli yasta kaya toplulugu tarafindan temsil edilir: 1.
Karbonifer , yasta yliksek potasyumlu I-tipi granitler, yerel ultramafik-mafik sokulumlar ve bunlarla
iliskili yiiksek sicaklik/diisiik basing metamorfitleri. 2. Permo-Triyas yash y1§isim karmasalari. Bu
kayac topluluklar1 Dogu Pontidler'in dogu ve bati uzanimlarinda (Kafkaslar ve Bat1 Pontidler'de)
genis alanlarinda yiizeylenmekte olup, Izmir-Ankara-Erzincan ekleminin giineyinden su ana degin
tammlanmamistir. Bu kusak (Sakarya Zonu ve Kafkaslar) kuzeyde Arkeen-Paleoprotozoyik
kristalen kayaglardan olusan Ukranya Kalkani tarafindan sinirlandirilir.

Dogu Pontidler'in Pulur ve Yusufeli yorelerinde yiiksek sicaklik-diisiik basing metamorfitleri iist



amfibolit-granulit-fasiyesli migmatitik  granat-kordiyerit gnays, mikagist, amfibolit ve
metaultramafitlerden olusur. Bu kayaglar >820 °C'lik sicakliklarda ve 0.7-0.8 Gpa'lik basinglarda
baskalasimin dorugunu yasamislardir. Doruk kosullarini, yaklasik olarak es-sicaklik basing diismesi
(0.5-0.4 Gpa ve 800-730 °C) takip eder. Baskalasimin dorugu 328-331 My once, kayaglarin
~300+50 °C'nin altina sogumast ise 310-312 My oOnce gergeklesmistir. Kurtoglu ydresindeki
metamorfitler ise amfibolit fasiyesli mikasist, gnays ve agik renkli metagranitlerden olusur.
Dengelenme kosullar1 -650 °C ve 0.4 Gpa'dir. Bu kayaglarin 30050 °C derecenin altina sogumast
ise Pulur'a nazaran 10 My daha once gergeklesmistir (-323 My). Bu yiiksek sicaklik-diisiik basing
kayaglari, hi¢ bir yerde daha dnceden yiiksek basing baskalagimina ugramis olduklarinin herhangi
bir belirtisini tagimamaktadirlar. Pulur yo6resindeki metaultramafitleri, Karbonifer oncesi bir
donemde eski bir orojenik olay sirasinda kabuga eklenmis parcalar olarak telakki etmekteyiz.
Devasa batolitler olusturan yiiksek potasyumlu I-tipi granitoyitler (Glimiishane -400 km?, Kose -250
km?) baslica granodiyorit, granit ve lokogranitlerden yapilmistir. Batolitleri olusturan kayag
tiirlerinin jeokimyasi, klinopiroksen, amfibol ve plajiyoklasli, ancak granatm 6nemli rol oynamamis
oldugu kesirlenen bir mineral topluluguna isaret eder. Batolitlerin yerlesimleri, U-Pb zirkon yas
tayinleri ile 319 + 5 My ve 328 + 6 My olarak sinirlandirilmistir. Granitoyid magmalari muhtemelen
-25-35 km derinliklerde, yiiksek KTu amfibolitik kayaglarin mantodan tiiremis mafik magmalarla
etkilesimi sonucu meydana gelen boliimsel ergimeden tiiremislerdir.

Ultramafik-mafik sokulumlar, -6 km®ye kadar varan kiitleler olusturur. Petrografik olarak, bu
sokulumlar plajiyoklas-hornblend verlit, olivin klinopiroksenit, gabronorit, lékogabro ve
anortozitlerden olusmakta ve biitin bu birimler sik araliklarla l6kogranit ve mikrodiyorit
sokulumlar! tarafindan kesilmektedir. Kiimiilat dokusu biitiin ana kayac tiirlerinde yaygindir.
Lokogranit dayklarmdan ayirtlanan zirkonlar {izerinde yapilan Pb buharlastirma yas tayinleri ile
sokulumlarin yaslar1 325 £ 2 My olarak sinirlandirilmistir. Sokulumlar izotopik olarak zenginlesmis
bir manto kaynagindan tiiremis, sulu, nispeten yliksek Mg'lu bazaltik ergiyigin kesirlenmeli
kristallenme triinleridir.

Yiiksek-K'lu granitoyitler ve ultramafik-mafik sokulumlar yiliksek sicaklik baskalagiminin
dorugundan sonra, metamorfitler yeryiiziine ¢ikarken olusmuslardir. Yiiksek sicaklik-diisiik basing
baskalasimi genelllikle (i) yitim sirasinda yay-ardi ortamlarinda, (ii) kita-kita ¢arpigmasindan sonra
1s1sal rahatlamaya bagl gergeklesir. Dogu Pontidler'de Liyas 6ncesi doneme ait y1gisim karmasalari,
Permo-Triyas donemlerine aittir. Karbonifer doneminde yitim varligina isaret edecek herhangi bir
Karbonifer yashi yigisim karmasasi bilinmemektedir. Bu nedenle, benzetme yoluyla, Dogu
Pontidler'deki Karbonifer baskalagimi ve magmatizmasim, Bati Avrupa'da oldugu gibi Hersiniyen
Orojenizinin ge¢ irlinleri olarak yorumlamaktayiz. Dogu Pontidler'deki Hersiniyen Orojenezi
muhtemelen Dogu Pontidler ve Kafkaslar'm kuzeydeki Iskit Platformu-Ukranya Kalkani ile Erken
Karbonifer'de ¢arpismasi sonucu gerceklesmistir.
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