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Kiiciik Kafkaslar’da GB’dan KD’ya dogru ili¢ ana domen ayirt edilmistir. Bunlar; (1) Gondwana
kokenli otokton Giliney Ermeni Blogu (GEB), (2) Sevan-Akera ofiyolitik kenet zonu ve (3) Avrasya
plakasi. Arazi calismalarimiza, stratigrafik, petrolojik, jeokimyasal ve yeni-eski jeokronolojik verilere
dayali olarak Sevan-Akera kenet zonundaki yitim, iizerleme ve carpigsma prosesleri ile ilgili yeni
goriigler sunmaktayiz. Biri Avrasya’nin altina dalan Neotetis yitimi ve digeri de Kiiglik Kafkaslar’daki
ofiyolitlerin yay-gerisi basende olusumu ile ilgili okyanus i¢i yitim olmak iizere iki yitim zonu agikca
tanimlanmaktadir. Uzerleme/yerlesme Ge¢ Koniasiyen—Santoniyen sirasinda meydana gelmistir ve
kenet kusaginin oniindeki yaygin ofiyolit naplarinin sorumlusudur. Okyanusal litosfer kalintilarinin
Avrasya’nin altina daliminmi takiben, Giiney Ermeni Blogu (GEB)’nun Avrasya ile carpismast
tetiklenmis olup, Paleosen sirasinda (1) ofiyolitlerin, yay ve {ist Kretase formasyonlarmin
(Transkafkas masifinden Karabakh’a) kivrimlanmasi, (2) GB’ya dogru bindirme ve (3) kusak oniinde
bir kitadnii baseni olusturmustur. Orta—Ust Eosen birimleri yukarida bahsedilen {ic domeni
uyumsuzlukla orter. Eosen’den Miyosen’e Arap levhasi ile Giiney Ermenistan Blogunun giineyinin
carpismast sonucu, giineye dogru kisalma, kusak boyunca kivrimlanma ve bindirmeler ile
belirlenmektedir. Bu deformasyonlar kalin bir Miyosen—Kuvaterner klastik ortii ve kokeni tartismali
volkanikler tarafindan uyumsuz olarak ortiilmiistiir.

Anahtar Sézciikler: ofiyolitler, Neotetis, Kiiciik Kafkaslar, lizerleme, ¢arpisma, melanj

834



, 13—=17 April 2009, MTA—Ankara, Tiirkiye

Tectonic and Geodynamic Evolution of the Lesser Caucasus Ophiolites
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In the Lesser Caucasus three main domains are distinguished from SW to NE: (1) the autochthonous
South Armenian Block (SAB), a Gondwana-derived terrane, (2) the ophiolitic Sevan-Akera suture
zone and (3) the Eurasian plate. Based on our field works, stratigraphical, petrological, geochemical
and geochronological new data and previous ones we present new insights on the subduction,
obduction and collision processes recorded in the Sevan-Akera suture zone. Two subductions are
clearly identified, one related to the Neotethys subduction beneath the Eurasian margin and one intra-
oceanic (SSZ) responsible for the opening of a back-basin which corresponds to the ophiolites of the
Lesser Caucasus. The obduction occurred during late Coniacian to Santonian and is responsible for the
widespread ophiolitic nappe outcropping in front of the suture zone. Following the subduction of
oceanic lithosphere remnants under Eurasia, the collision of the SAB with Eurasia triggered during
Palaeocene, producing (1) folding of ophiolites, arc and Upper Cretaceous formations (Transcaucasus
massif to Karabakh), (2) thrusting toward SW and (3) a foreland basin in front of the belt.
Upper—Middle Eocene series unconformably cover the three domains. From Eocene to Miocene as a
result of the Arabian plate collision with the SAB to the South, southward propagation of shortening
featured by folding and thrusting occurred all along the belt. These deformations are sealed by a thick
sequence of unconformable Miocene to Quaternary clastic and volcanic rocks of debated origin.

Key Words: ophiolites, Neotethys, Lesser Caucasus, obduction, collision, mélange
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Kretase yagh ofiyolitler Tirkiye ve yakin civarindaki dort kenet kusagi ile iliskili olarak bulunurlar.
KB’da Kretase yash oldugu diisiiniilen ve cok az c¢alismanin oldugu ofiyolitler Intra-Pontid kenet
kusaginda bulunurlar. Daha giineyde, eksikli bir dizi sunan ofiyolitler izmir-Ankara-Erzincan kenet
kusaginin kuzey sinirinda bulunurlar. Bu ofiyolitler batida Anadolu ofiyolitleri olarak tanimlanmis
olup, tektonik dokanakla YB/DS metamorfizmasina maruz kalmig melanj ve Anadolu kitasal levhasini
izerlerler (Burhan, Eskisehir, Sivrihisar, Konya bolgeleri). Kuzeydogu Tiirkiye’deki diger ofiyolitler
(Erzincan, Erzurum bolgeleri) ise hem giineye dogru hem de kuzeye dogru Avrasya levhasinin Pontid
aktif kita kenarma yerlesmislerdir. izmir-Ankara-Erzincan kenet kusaginin giineyi ise, batida
Menderes masifinin iizerleyen ofiyolitler (Likya) ve daha doguda Kirsehir masifini {izerleyen
ofiyolitler (Cigekdag, Sarikaraman) ile temsil edilirler. Orta Anadolu’daki ofiyolitlerin bir kismi ise
konumu hala tartisgitlan I¢ Toros kenet kusagi (Beysehir, Pozanti (Alihoca), Karsanti, Mersin,
Pinarbagi) ile iligkilidir. Tiirkiye’nin giineydogusunda ve Suriye’nin kuzeyinde yeralan ofiyolitler
(Guleman, Ispendere, N Berit-Goksun, Kocali, Hatay and Baer-Bassit) ise Neotetis’in giiney kolu ile
iliskilidir. Troodos (Kibris) ve Antalya (Tekirova) ofiyolitleri de ayn1 kusak i¢inde bulunmaktadir.

Ofiyolitlerden elde edilen yeterli petrolojik ve jeokimyasal veriler, yukarida bahsedilen ofiyolitlerin
bir ¢ok Neotetis okyanusal baseninin kuzeye dalimi sirasinda okyanus i¢i dalma batma zonu {izerinde
olustuklarmi gostermektedir. Tektonostratigrafik veriler, ofiyolitlerin tek bir okyanusal basende
olustuklar1 desteklememektedir. Diger taraftan, farkli kenet kusagindaki ofiyolitlerin i¢ yapisi,
metamorfik dilimlerin yasi1 ve yerlesme zamanlar1 birbirlerine olduk¢a fazla benzerlik sunmaktadir.
Cok basenli ofiyolit kdkeni, bir ¢ok Tetis okyanusal baseni ve mikrokitalar boyunca stress aktarimi
nedeniyle farkli basenlerde eszamanli dalma-batma zonu iizeri yayillma ve yerlesmeyi belirtmektedir.
Onceden olusan MORB tipi okyanusal kabuk ise okyanus i¢i yitim zonunda dalarak eklenir
prizma/melanj ve yay magmatizmasini olugturmustur. Ofiyolitler hendek-kita kenar1 ¢arpismasi ile
giineye dogru pasif kita kenarina (Arap platform ve mikrokitalar) yerlesirken, Kordiller-tipi ofiyolitler
ise aktif kita kenarma (GD Tiirkiye ve Pontidler) eklenerek korunmuslardir.

Anahtar Sozciikler: Tiirkiye, ofiyolitler, yerlesme, Kretase, Tetis, Dogu Akdeniz
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Cretaceous ophiolites are found associated with four suture zones in Turkey and adjacent region. In
the NW, poorly documented ophiolites of probable Cretaceous age occur within the Intra-Pontide
suture zone. Further south, dismembered ophiolites border the north margin of the Izmir-Ankara-
Erzincan suture zone. In the west these ‘Anatolide ophiolites’ overlie HP/LT melange and the
exhumed Anatolide continental margin (e.g., Burhan, Eskisehir, Sivrihisar, Konya areas). Other
ophiolites in NE Turkey (e.g., Erzincan, Erzurum) were emplaced both southwards and also
northwards over the Pontide active continental margin of Eurasia. The southern margin of the IAESZ
is characterised by thrust sheets emplaced over the Menderes Massif in the west (e.g., Lycian
ophiolites) and the Kirsehir Massif further east (e.g., Cigekdag, Sarikaraman ophiolites). Ophiolites
are associated with an additional (but still controversial) suture zone in central Anatolia, the Inner
Tauride Suture Zone (e.g., Beysehir, Pozanti (Alihoca), Karsanti, Mersin, Pinarbasi ophiolites).
Further south, ophiolites are additionally associated with the S Neotethyan suture, especially in SE
Turkey and N Syria (e.g., Guleman, Ispendere, N Berit (Goksun), Kogali, Hatay and Baer-Bassit
ophiolites). The Troodos and Antalya (Tekirova) ophiolites also relate to this southernmost oceanic
lineament.

Sufficient petrological and geochemical evidence is now available to show that all of the above
ophiolites formed in a supra-subduction zone setting related to northward subduction of several
Tethyan oceanic basins. Tectonostratigraphy appears to exclude derivation of all of the ophiolites from
a single oceanic basin. On the other hand, remarkable similarities exist between the ophiolites in
several suture zone including ophiolite pseuodostratigraphy, ages of metamorphic soles, and the
timing of emplacement. Multi-basin ophiolite origin implies stress transmission across several Tethyan
ocean basins and microcontinents, triggering near-simultaneous supra-subduction zone spreading and
emplacement in several basins. Pre-existing MOR-type oceanic crust was subducted creating
accretionary melanges and localised arc magmatism. Ophiolites were emplaced southwards by trench-
margin collisions onto former passive margins (i.e. Arabian continental margin and microcontinents),
while opposing ‘Cordilleran-type’ ophiolites were preserved by accretion in an active margin setting
(e.g., SE Turkey, Pontides).

Key Words: Turkey, ophiolites, emplacement, Cretaceous, Tethys, Eastern Mediterranean
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Kizildag ofiyoliti, giiney Tiirkiye’de en iyi korunmus Neotetis okyanusal litosfer kalintilarindan birisi
olup tabandan tavana dogru manto tektonitleri, ultramafik-mafik kiimiilatlar, izotrop gabrolar, levha
dayk kompleksi, plajiyogranitler ve volkaniklerle temsil edilmektedir. Ultramafik ve mafik kiimiilatlar
dunit, verlit, olivinli gabro, olivinli gabronorit ve gabro’dan olugmaktadir. Kiimiilis fazlarin
kristallenme sirasi, kiimiilatlardaki yiiksek-Mg’lu olivin ve piroksenlerin varligr ve yiiksek-Ca’lu
plajiyoklaslar dalma-batma ile iliskili bir tektonik ortami isaret etmekte olup bu kayaclarim adayay1
toleyitik magmasindan tiiredigini onermektedir. Izotropik gabrolar ofitik-mikrografik doku sunan
gabro, diyorit ve kuvarsh diyoritler ile temsil edilmektedir. Levha dayklar ise ofitik-intersertal dokulu
olup diyabaz ve mikrodiyorit’lerden olusmaktadir. Sakalavitler olarak isimlendirilen boninitik
volkanikler bazaltik karakterli olup hypokristalen porfirik ve hyalopilitik doku sergilemektedir.
Izotropik gabrolar, levha dayklar1 ve Sakalavitlerden elde edilen jeokimyasal veriler Kizildag (Hatay)
ofiyolitinin okyanusal kabuk kayaclarin1 olusturan iki ana magmanin varligini isaret etmektedir.
Bunlar; (i) I. Grup izotrop gabro ve levha dayklarini olusturan adayayi toleyitik serisi ve (ii) II. Grup
izotrop gabrolar, levha dayklar1 ve Sakalavitleri olusturan diigiikk-Ti boninitik seridir. Kizildag
ofiyolitindeki boninitik ve ada yayi toleyitik magmatizmasinin mekansal ve zamansal iliskileri, farkli
magma kaynaklarinin yay-onii tektonik ortaminda eszamanli olarak aktif olduklarini isaret etmektedir.

Kizildag ofiyolitinin (zirkon U-Pb yaslar1 temel alarak hesaplanan) baslangic '“*Nd/"**Nd oranlar
0,513033 ile 0,513093 arasinda ve eNdT degerleri +7,7 ile +8,9 arasinda degisirken, baslangic
7S1/*°Sr oranlar1 0,70476 ile 0,70541 arasinda degismektedir. Elde edilen bu degerler, ofiyolitik
birimlerin tiiketilmis manto bilesiminde oldugunu gostermektedir. Kizildag ofiyolitine ait
plajiyogranitten elde edilen zirkonlardan LA-ICP-MS U-Pb yontemi ile bu birimin kristallenme yas1
90,3+2.4 My olarak hesaplanmistir. Bu yas ve Nd-Sr izotop verileri, Giiney Neotetis’te Ge¢ Kretase
doneminde Kizildag ofiyolitinin Troodos ofiyoliti ile olan zaman-mekan ve kokensel iligkisini agikca
ortaya koymaktadir.

Anahtar Sozciikler: ada yay1 toleyiti, boninit, yay-onii, Jeokronoloji, izotop Jeokimyasi
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The Kizildag ophiolite is one of the best preserved Neotethyan oceanic lithospheric remnants in
southern Turkey and represented by, from bottom to top, mantle tectonites, ultramafic to mafic
cumulates, isotropic gabbros, sheeted dike complex, plagiogranites and extrusives. The ultramafic to
mafic cumulate rocks are composed of dunite, wehrlite, olivine gabbro, olivine gabbronorite and
gabbro. The crystallization order of cumulus phases, presence of highly magnesian olivines and
pyroxenes as well as highly calcic plagioclases in the cumulates are indicative of subduction-related
tectonic environment and suggest their derivation from an island arc tholeiitic magma. The isotropic
gabbros are represented by gabbro, diorite and quartz diorite rocks with granular, ophitic to
micrographic textures. The sheeted dikes are characterized by diabase and microdiorite rocks with
ophitic to intersertal textures. The boninitic volcanics so called Sakalavites are basaltic in composition
and exhibit hypocrystalline porphyric to hyalopilitic textures. All these rocks exhibit tholeiitic
composition. Geochemical data from the isotropic gabbros, sheeted dikes and Sakalavites suggest that
there are two main types of parental basic magmas that form the crustal rocks of the Kizildag (Hatay)
ophiolite. These are (i) IAT series (Group I: isotropic gabbros and sheeted dikes) and (ii) Low-Ti
boninitic series (Group II: isotropic gabbros, sheeted dikes and Sakalavites). Spatial and temporal
relations of the IAT and boninitic magma types in the Kizildag ophiolite indicate that different magma
sources were contemporaneously active in a fore-arc tectonic setting.

The initial (calculated on the basis of relative U-Pb zircon ages) '*Nd/'**Nd ratios vary between
0,513033 and 0,513093, corresponding to eNdr values of +7,7 to +8,9, whereas the initial *’Sr/**Sr
ratios of the ophiolitic units vary from 0,70314 to 0,70541. These results indicate that the ophiolitic
units have a composition of depleted mantle. LA-ICP-MS U-Pb analysis of the zircons separated from
plagiogranites belonging to Kizildag ophiolite yielded a crystallization age of 90,3+2,4 Ma. This age
and Nd-Sr isotope data indicate the spatial-temporal and genetic relations of the Kizildag ophiolite
with the Troodos ophiolite in southern branch of Neotethys during late Cretaceous.

Key Words: island arc tholeiite, boninite, forearc, geochronology, isotope geochemistry
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Giineydogu Anadolu orojenik kusaginda yer alan tektonomagmatik birimler (ofiyolitler, ensimatik ada
yay1 birimleri, ofiyolitle iligkili metamorfik kayaglar ve granitik kayaglar) Neotetis’in giiney kolunun
ge¢ Kretase’deki evrimini anlamada olduk¢a 6nemli unsurlardir. Tiirkiye nin giineydogusunda Dogu
Toroslar’da Neotetis okyanus kabugunun kalintilarindan biri olan Geg¢ Kretase yasli Komiirhan
ofiyoliti Elaz1g bolgesinde Hazar goliiniin batisinda yer almaktadir. Bu ofiyolit kiitlesi batida
Ispendere ofiyoliti ve doguda Guleman ofiyoliti ile kkensel bir iliskiye sahiptir. Kémiirhan ofiyoliti
kuzeyde Malatya-Keban platformu tarafindan tektonik olarak iizerlenmekte ve Baskil granitoidi
tarafindan kesilmekte olup giineyde ise orta Eosen yasli Maden Kompleksi iizerine bindirmektedir.
Komiirhan ofiyoliti eksiksiz bir ofiyolit istifi sunmakta ve tabandan tavana tektonitler, ultramafik-
mafik kiimiilatlar, izotrop gabrolar, levha dayk kompleksi, volkanik ve sedimanter kayaglardan
olusmaktadir. Tektonitlerin tabaninda okyanus i¢i dalma-batma esnasinda amfibolit fasiyesine varan
derecede metamorfizma gegirmis metamorfik dilim kayaclarindan olusan ince bir seviye
gozlenmektedir. Bu metamorfik kayaclar tektonitlerle tektonik bir dokanaga sahip olup sin-kinematik
granit intriizyonlar1 tarafindan kesilmektedirler. Ofiyolitlerle iligkili metamorfik kayaglar tavanda
amfibolitler tabanda ise metasedimanter kayaglari igermektedirler. Tektonizma nedeniyle metamorfik
dilimin gercek kalinligi ve ters zonlanma agik¢a izlenememektedir.

Metamorfik dilim kayaclar1 amfibolit ve yesil sist fasiyesine ait mineral topluluklarini iceren mineral
parajenezine sahiptir. Metamorfik dilim amfibolit, plajiyoklas amfibolit, plajiyoklas-epidot-amfibol
sist, kuvars-plajiyoklas-amfibol sist ve metasedimanter kayaclarla temsil edilmektedir. Amfibolitler
granoblastik doku sunmakta ve iri taneli magnezyen hornblend icermektedirler. Plajiyoklas
amfibolitler granoblastik ve grano-nematoblastik doku gdstermekte ve plajiyoklas (%20-25), amfibol
(%70-75), aksesuar sfen ve manyetit mineralleri ile temsil edilmektedirler. Plajiyoklas-epidot-amfibol
sistler bantli ve nematoblastik doku gdstermekte ve amfibol (%50—60), epidot (%15—20), plajiyoklas
(%5-10), ikincil klorit ve manyetit igermektedirler. Kuvars-plajiyoklas-amfibol sistler bantli ve
nematoblastik doku sunmakta olup amfibol (%70-75), plajiyoklas (~ %20), kuvars (~%S5), aksesuar
sfen ve manyetit ile karakteristiktirler.

Elaz1g bolgesindeki Komiirhan ofiyolitinin altinda yeralan ofiyolit taban1 metamorfikleri Neotetis’in
giiney kolunda okyanusi¢i dalma-batma sirasindaki bindirmelere bagli olarak gelisen dinamotermal
metamorfizmanin izlerini tagirlar. Metamorfik dilim kayacglart genellikle yatay ve hafifce
zenginlesmigten [(La/Yb)y= 2.99-1.40] tiiketilmise [(La/Yb)x= 0.42] dogru degisen hafif nadir toprak
elementleri desenleri gostermektedir. N-MORB’a gore normalize edilmis o6riimcek diyagraminda ise
ofiyolit taban1 metamorfik kayagclar1 bazi yiiksek iyon yaricapl elementlerce (Rb, Ba, Th) zenginlesme
ve Nb tiiketilmesi gostermektedir. Nadir toprak elementleri, ¢oklu element ve tektonomagmatik
simiflandirma diyagramlar1 amfibolitlerin kokeninin toleyitik (Nb/Y=0.07-0.33) bazaltlar oldugunu ve
bu kayaglarin okyanus i¢i dalma-batma zonu (SSZ) iizerinde olustugunu gostermektedir. Minerallerin
kimyasal bilesimlerine dayali jeobarometrik c¢alismalar metamorfizma basincinin 5kb’dan daha az
olduguna isaret etmektedir. Komiirhan ofiyolitine ait metamorfik dilim kayaglari dalma-batma/kita
izerine yerlesme sirasinda Adayayi toleyiti (IAT) tipi bazaltik kayaglarin metamorfizmasi neticesinde
olugmuslardir.

Anahtar Sozciikler: Neotetis, ofiyolit, metamorfik dilim, amfibolit, Kémiirhan, Elaz1g
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The tectonomagmatic units (ophiolites, ensimatic island arc units, ophiolite-related metamorphic rocks
and granitic rocks) within the southeast Anatolian orogenic belt are important elements for
understanding the late Cretaceous tectonomagmatic evolution of the southern branch of Neotethys.
Late Cretaceous Komiirhan ophiolite, one of the Neotethyan oceanic crustal remnants from the eastern
Taurides in southeastern Turkey, is located to the west of the Hazar lake in Elazig region. This
ophiolite body has a genetic link with the Ispendere ophiolite to the west and Guleman ophiolite to the
east. In the north, the Kémiirhan ophiolite is tectonically overlain by the Malatya-Keban platform and
intruded by the Baskil granitoid, whereas in the south, it is thrust over the Middle—Eocene Maden
Complex. The Kdmiirhan ophiolite presents an intact ophiolite pseudostratigraphy and comprises from
bottom to top tectonites, ultramafic to mafic cumulates, isotropic gabbros, sheeted dike complex,
volcanics and sedimentary rocks. A thin slice of metamorphic sole rocks, metamorphosed up to
amphibolite facies during the intra-oceanic subduction, is observed at the base of the tectonites. They
have a tectonic contact with the mantle tectonites and are cut by syn-kinematic granitic intrusions. The
ophiolite-related metamorphic rocks consist of amphibolites at the top and metasedimentary
rocks at the bottom. Inverted metamorphic zonation and actual thickness of the metamorphic sole are
not clearly defined due to tectonic deformation.

Mineral parageneses in the metamorphic sole rocks exhibit amphibolite and greenschist facies
assemblages. It is represented by amphibolite, plagioclase amphibolite, plagioclase-epidote-
amphibole schist, quartz-plagioclase-amphibole schist and metasedimentary rocks. The amphibolites
exhibit granoblastic texture and comprise coarse-grained magnesio-hornblendes. The plagioclase
amphibolites show granoblastic to grano-nematoblastic texture and are represented by plagioclase
(20-25%), amphibole (70-75%), accessory sphene and magnetite minerals. The plagioclase-epidote-
amphibole schists display banded to nematoblastic textures and comprise amphibole (50-60%),
epidote (15-20%), plagioclase (5—10%), secondary chlorite and magnetite. The quartz-plagioclase-
amphibole schists exhibit banded to nematoblastic textures and are characterized by amphibole (70—
75%), plagioclase (~20%), quartz (~5%) and accessory sphene and magnetite.

The sub-ophiolitic metamorphic rocks beneath the Koémiirhan ophiolite in Elazig region record the
traces of dynamothermal metamorphism as a result of intraoceanic subduction/thrusting in the
southern Neotethys. The metamorphic sole rocks show generally flat and slightly LREE enriched
[(La/Yb)y= 2.99-1.40] to depleted [(La/Yb)y= 0.42] patterns. The N-MORB normalized spider
diagrams for the rocks from the sub-ophiolitic metamorphic rocks show some selected LILE
enrichment (Rb, Ba, Th) and Nb depletion. The REE patterns, multi-element and tectonomagmatic
discrimination diagrams confirm that the protholith of the amphibolites is tholeiitic (Nb/Y=0.07—-0.33)
basaltic rocks that formed in a SSZ environment. Geobarometric studies based on chemical
compositions of minerals indicate that average pressure was less than 5 kb. The metamorphic sole of
the Komiirhan ophiolite was derived from metamorphism of an IAT-type basaltic protolith during
intraoceanic thrusting/subduction.

Key Words: Neotethys, ophiolite, metamorphic sole, amphibolite, Kémiirhan, Elazig
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Arnavutluk Ofiyolitlerindeki Farkli Manto Birimleri:
Mineral ve Tiim Kaya¢ Kompozisyon Verileri
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Klasik anlamda, Arnavutluk ofiyolitleri yitim ile iliskili dogu kusak ve okyanus ortasi sirt1 (MOR) ile
iligkili bat1 kusak olmak iizere ikiye ayrilmistir. Bu kokensel iligki manto kayalari ile de yansitilmali
ve doguda harzburjitik batida ise lerzolitik kayaglar dominant olmalidir. Bati kusakta son zamanlarda
yapilan calismalar farkli bir yap1 sergilemektedir. Peridotit masifleri kusak i¢inde bulunduklar yere
bagl olarak oldukca genis bir kompozisyonel degisim gosterirler. Voskopoja, Rehove ve Morava
masiflerinin giiney kesimleri lerzolitge zengindir ve eger varsa da, ¢cok az miktarda harzburjitte
icerirler. Buna karsin, daha kuzeydeki iki masifte, Devolli ve Vallamara’da ise sadece oldukca
tiikketilmis harzburjitler yer almaktadir. Arnavutlugun orta kesimlerinde yeralan Shpati, Kuterman ve
Skenderbeu gibi masiflerde ise manto kayalari ayni oranda harzburjit ve lerzolit igerirler. Tiim bu
masiflere bakildiginda, batida harzburjitler egemen kaya tiirii olarak goriilmekte ve doguya dogru
gidildik¢e lerzolitler daha baskin olmaktadir. Arnavutlugun kuzeyinde yeralan Puka ve Gomsique
peridotit masifleri ise tipki gliney kusaktakiler gibi lerzolitce zengindirler. Bat1 ve dogu kusak arasinda
yer alan Krrabi masifi hem harzburjit hemde lerzolitge zengin olup, dogu kusaga daha yakindir. Dogu
kusaktakiler daha tekdiize ve Shebenik ve Bitincka masiflerinde oldugu gibi sadece harzburjit igerirler.
Peridotitlerin Al,O5 igerikleri olduk¢a degisken olup, % 0.3 ile 3.8 arasinda degismektedir. Bu durum
bir yandan zengin peridotitleri diger yandan da oldukca tiiketilmis peridotitleri isaret etmektedir.
Olivin, kromit/spinel ve piroksen gibi ultramafik minerallerin analizleri de bu litolojik farkliliklar:
yansitmaktadir. Ornek olarak olivinlerin Xy, degerleri lerzolitlerde 0,895, harzburjitlerde ise 0.915
arasindadir. Benzer durum spinellerdeki Cr# numaralarinda da goriilmekte olup, lerzolitlerde 10 ve
harzburjitlerde ise 73’tiir. Benzer bir genis aralik klino- ve orto-piroksenlerin Cr# numaralarinda da
goriliir. Arnavutluk’ta 140 km’den daha fazla kuzey-giiney yoniinde uzanan bati1 ofiyolit kusaginin
manto kompozisyonu, bir ¢ok kez ilksel mantoya benzer lerzolitik bilesimden oldukca tiiketilmis
harzburjit bilesimine degisim gostermektedir. Buna karsin dogu ofiyolit kusag1 peridotitleri ise daha
homojen harzburjitik manto ile temsil edilmektedir.

Anahtar Sozciikler: Arnavutluk, ofiyolit, Jurassik ofiyolitler, peridotitler, harzburjit, lerzolit
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Contrasting Mantle Section in Albanian Ophiolites:
Evidences From Mineral and Bulk Rock Composition
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In the classical view, the Albanian Ophiolites were divide in an eastern SSZ and a western MORB
belt. This genetic view should be reflected in the mantle section as well, by the predominante
occurrence of harzburgites in the eastern and lherzolites in the western belt. Recent investigations in
the western belt revealed a different picture. The peridotitic massifs show regional a wide
compositional variation, depending on their position within the belt. The southern massifs of
Voskopoja, Rehove and Morava are dominated by lherzolites and contain, if any, only minor
harzburgite bodies. By contrast, the next two massifs, Devolli and Vallamara further in the north, are
almost exclusively composed of highly depleted harzburgites. In turn, the massifs situated in central
Albania, such as Shpati, Kuterman and Skenderbeu are built up of almost equal proportions of
harzburgites and lherzolites. In all these massifs, harzburgites are dominating in the western parts,
while lherzolites are restricted towards the east. The Puka and Gomsique massifs situated already in
the northern part of Albania, are like those in the sothern part, dominated by lherzolites. The Krrabi
massif, positioned in between the western and the eastern belt, is formed by both harzburgites and
lherzolites, thus fitting better into the eastern belt. The latter is more uniform and contains only
massifs dominated by harzburgites, such fro example the Shebenik and the Bitincka massifs.

The Al,O5 values in peridotites show accordingly a high variability, ranging from 0.3 to 3.8 wt%. This
is consistent with fertile peridotites on one hand, and extremely depleted peridotites, on the other hand.
Likewise, the composition of typical ultramafic minerals such as olivine, chromian spinels and
pyroxenes reflect this lithological variability. For example, the Xy, values of olivine range from 0.895
in lherzolites to 0.915 in depleted harzburgites. These values are accompanied by Cr# in spinels
ranging from 10 to 73, spanning the composition from lherzolites to depleted harzburgites. A similar
wide variation can be found in the Cr# of both Cpx and Opx. The mantle composition in the Albanian
western ophiolite belt, which extends for more than 140 km in N-S direction, changes several times
from a lherzolitic composition close to primitive mantle to a highly depleted harzburgite. By contrast,
the eastern belt seems to have been formed by a more homogeneous harzburgitic mantle.

Key Words: Albania, ophiolite, Jurassic ophiolites, peridotites, harzburgite, lherzolites
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Abisal- ve Asin Tiiketilmis Yitim-tip Manto Peridotitleri (Mugla, GB-Tiirkiye):
Mineral Kimyasi, Tiim Kaya¢ Jeokimyasi (Ana Oksit—Iz Element-Nadir Toprak
Element—Platin Grubu Element) ve Re/Os-I1zotop Sistematikleri
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Gilneybati-Tiirkiye’de genis yayilimlar sunan manto peridotitlerinin olusum mekanizmalar1 ve
tektonik ortamlarini belirlemek amaciyla, bu kayaclar lizerinde ana oksit, iz element, nadir toprak
element (NTE), platin grubu element (PGE) ve Re/Os-izotopik bilesimlerinin yani sira detayli mineral
kimyasi ¢aligmalari yapilmistir. Manto peridotitleri, modal mineralojileri, jeokimyasal bilesimleri ve
mineral kimyasi verileri dikkate alinarak klinopiroksence zengin harzburjitler, tiiketilmis harzburjitler
ve dunitler olmak iizere {i¢ gruba ayrilmistir. Klinopiroksence zengin harzburjitler, kismen daha
yiiksek CaO (2.27 % ag.; o= 0.22), Al,O; (2.07 % ag.; o= 0.18), NTE (53 ppb; o= 13.3), ve ilksel
Re/Os-izotopik bilesimleri (**’0s/"**0s = 0.12715; o= 0.0021) ile karakteristiktirler. Bunun yan1 sira,
piroksen kristalleri, Al icerikleri bakimindan zengin olup, bunlarla denge halinde kristallenmis spinel
kristallerinin Cr igerikleri disiiktiir (Cr#= 17.7; o= 1.98). Buna karsilik, tliketilmis harzburjit ve
dunitler daha diisiik CaO (0.58 % ag.; o= 0.29), Al,0; (0.42 % ag.; @= 0.20), NTE (1.24 ppb; o= 2.9)
ve ilksel Re/Os-izotopik bilesimlerine (**’Os/'®0s= 0.12113; o= 0.0072) sahiptir. Bu kayaglardaki
piroksen kristalleri Al igerikleri bakimindan daha fakir olup, bunlarla denge halinde kristallenmis
spinel kristalleri Cr igerikleri bakimindan daha zengindir (Cr# = 57.4; o= 6.50).

Mineral bilesimleri ve tiim kayag jeokimyasal verileri, tiiketilmis harzburjit ve dunitlerin, deniz tabani
yayilim1 esnasinda olusan okyanus ortasi sirt1 bazalt-tipi ergiyiklerin (%5—15 kismi ergime) ortamdan
ayrilmastyla geride kalan az tiiketilmis klinopiroksence zengin harzburjitlere oranla daha yiiksek
derecelerde kismi ergimeye ugradigini gostermektedir. Mineral bilesimleri kullanilarak hesaplanan
diisiik dengelenme sicakliklari, hesaplanan oksijen kismi basing degerleri ile spinel kristallerine ait
Cr# degerleri arasindaki pozitif korelasyon ve asir1 tiikketilmis olmalarina ragmen, kondrit degerlerine
oranlanmig grafiklerde gozlenen hafif nadir toprak element iceriklerindeki zenginlesmeler, tiiketilmis
harzburjitlerin, deniz tabani yayilimi esnasinda olusan ve ilk evre kismi ergime kalintilar1 olan
klinopiroksence zengin harzburjitlerin, daha sonrasinda bir yitim zonunda gelisen boninitik karakterli
bazaltik ergiyikler ile etkilesimi ve ileri derecelerde kismi ergimesi (~35%) sonucu olustuklarini
desteklemektedir. Kromitit olusuklarinin etrafini saran dunit zarflarinin olusumu ise, kismi ergime
sonucu olusan ergiyiklerin manto peridotitleri i¢erisindeki hareketleri sonucu gelisen ergiyik-peridotit
etkilesimiyle agiklanmaktadir.

Anahtar Sozciikler: abisal peridotitler, yitim peridotitleri, mineral kimyasi, nadir toprak element,
platin grubu element, Re/Os-izotopu
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Major, trace, rare earth elements (REE), platinum-group elements (PGE), and Re/Os-isotope
geochemistry, as well as detailed mineral chemistry have been studied for the mantle peridotites of the
south-western Turkey, in order to determine their formation and tectonic environment in which they
formed. They are classified as clinopyroxene-rich-harzburgite, depleted harzburgite, and dunite, on the
basis of their modal mineralogy, geochemical features, and mineral chemistry. Clinopyroxene-rich-
harzburgites are characterized by their higher average CaO (2.27 wt%; o= 0.22), Al,05 (2.07 wt%; 6=
0.18), REE (53 ppb; o= 13.3), and initial Re/Os-isotopic composition (‘*’Os/'®0s= 0.12715; o=
0.0021), and contain Al-rich pyroxene with lower Cr content of coexisting spinel (Cr#= 17.7; 0=
1.98). In contrast, depleted harzburgites and dunites are represented with their lower average CaO
(0.58 wt%; o= 0.29), ALLO; (0.42 wt%; o= 0.20), REE (1.24 ppb; o= 2.9), and initial Re/Os-isotopic
composition ("*’Os/'™0s= 0.12113; 6= 0.0072), and contain Al-poor pyroxene with higher Cr content
of coexisting spinel (Cr#= 57.4; o= 6.50).

Mineral composition and whole-rock geochemistry indicate that the depleted harzburgites and dunites
experienced higher degree partial melting than those of clinopyroxene-rich-harzburgite, which is
consistent to be the residua of extraction of mid ocean ridge basalt type melt (5-15% partial melting)
during the sea-floor spreading. Calculated low temperature of equilibration, positive correlation
between the Cr# of spinel and oxygen fugacity values, and light rare earth elements enrichment against
their ultra-depleted nature of harzburgites and dunites, support the idea that clinopyroxene-rich-
harzburgites have subsequently been modified in a suprasubduction environment by percolation with
boninitic melt, produced from high degree partial melting (up to ~35%) of already depleted
clinopyroxene-rich-harzburgite. Dunites around the chromite deposits are considered to be the product
of melt-peridotite interaction.

Key Words: abyssal peridotites, SSZ peridotites, mineral composition, rare earth element, platinum-
group element, Re/Os-isotope
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Harmancik (Bursa, KB-Tiirkiye) Manto Peidotitlerinin Petrolojileri:
Tiim-kayac Jeokimyasi ve Spinel Bilesimleri
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KB-Tiirkiye’de Harmancik-Bursa bolgesinde yiizeyleyen ve Neotetis okyanusal litosferinin kalintisi
olarak kabul edilen peridotitik kayaclardan alinan 6rnekler, bu kayaglarin olugsumlarini anlayabilmek
amaciyla tiim kayag¢ ana oksit ve iz element bolluklariin yan1 sira, mineral bilesimleri agisindan da
detayl1 olarak incelenmistir. MgO igerikleri SiO,, Al,O;, CaO, V, Sc, Yb ve Lu degerleri ile negatif
korelasyon sunup, lerzolit bilesimindeki 6rneklerin Al,O; ve CaO igerikleri (%1.58-2.17; ort: %1.93
ve %0.73-2.31; ort: %1.90), harzburjit bilesimindeki (%0.75—1.44; ort: %1.03 ve %0.58-1.30; ort:
9%0.90) orneklere gore daha yiiksektir. Hem lerzolit, hem de harzburjit bilesimdeki kayaglarin yiliksek
ALO; degerlerine karsilik kismen diisiik CaO igeriklerine sahip olmasi serpantinlesmeye ve
serpantinlesme siiresince meydana gelen Ca tiiketimine isaret etmektedir. Incelenen biitiin 6rnekler
karakteristik olarak diisiik nadir toprak element igeriklerine sahiptir ve kondrit degerlerine oranlanmig
nadir toprak element degerlerinin 1’in altinda olmasi (NTEn<1), calisma alanindaki peridotitik
kayaclarin degisen derecelerde kismi ergimeye ugramigs manto kalintilar1 oldugu goriisiini
desteklemektedir. Harzburjit bilesimindeki kayaclar diisiik nadir toprak element icerikleri ve kondrit
degerlerine oranlanmis grafiklerinde hafif nadir toprak element degerlerindeki zenginlesme egilimiyle
yay Onii peridotitlerine benzer 6zellikler sunmaktadir. Lerzolitler ise yiiksek agir nadir toprak element
degerleri ile abisal peridotitlere daha yakin bir karaktere sahiptir. Ayrica, lerzolit Orneklerinin
gosterdigi hafif nadir toprak element degerlerindeki zenginlesme, bu kayaclarm ergiyik-kayag
etkilesiminden kismen etkilendigine isaret etmektedir.

Spinel bilesimleri tiim drneklerde genis bir dagilim gostermektedir. Lerzolitler diisiik Cr# (18.0—25.3;
ort: 21.1) ve yiiksek Mg# (70.8—79.1; ort: 75.5) igeriklerine sahipken, harzburjitlerin daha yiiksek Cr#
(36.6—56.0; ort: 49.0) ve diisiik Mg# (50.4—68.1; ort: 61.5) igeriklerine sahip olduklar1 goriilmektedir.
Lerzolitik bilesimdeki kayaglarin igerdigi spinel kristalleri genellikle diisik Ti (<%0.10 TiO,; ort:
0.03) icerigine sahip olmasina ragmen bu degerlerin harzburjit bilesimli 6rneklerde %0.20 TiO, (ort:
0.12)’lere kadar ¢iktig1 gozlenmistir. Buna ragmen bazi harzburjit 6rnekleri lerzolitler kadar diisiik Ti
icerikli spineller icerebilmektedir. Lerzolit ve harzburjitlerde gozlenen spinel kristallerinin Fe™#
[=100Fe*"/(Cr+Al+Fe™)] degerleri genel olarak 3.9°dan az olmasina karsin, harzburjitlere ait spinel
kristalleri lerzolitlere oranla kismen daha yiiksek Fe*# degerlerine sahiptir.

Tiim kayag MgO ve V igeriklerinin yani1 sira spinel bilesimleri, incelenen kayaglarin degisen
derecelerde kismi ergimeye (%5-25) ugradigina isaret etmektedir. Harmancik peridotitleri igin
hesaplanan olivin—spinel denge sicakliklar1 (670-765 °C) olduk¢a diigiiktiir. Oksijen fugasitesi,
sicaklik, spinel bilesimleri ve tiim kayag bolluklarindan elde edilen verilere ek olarak ¢alisma alaninda
kromit yataklarmin yogun olarak bulunmamasi gibi parametreler géz Oniine alindiginda inceleme
alanindaki peridotitlerin ¢oklukla abisal peridotit karakterinde oldugu soylenebilir. Ayrica, bu
kayaclarin olusumlarinin yitimle iliskileri géz Oniine alindiginda, bolgedeki peridotitlerinin, yitim
neticesindeki kismi ergime sonrasinda olugan ergiyiklerden yogun olarak etkilenmemekle birlikte,
kismt bir etkilesimin varligindan s6z edilebilir.

Anahtar Sozciikler: lerzolit, harzburjit, jeokimya, spinel kimyasi, oksijen fugasitesi, Harmancik,
Bursa
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Whole rock major and trace element abundances and mineral phases of rock samples from the
Harmancik area, NW—Turkey are investigated to understand the formation of the ultramafic rocks
which are supposed to be remnants of lithosphere of Neotethys Ocean. MgO concentrations correlated
negatively with SiO,, Al,O;, CaO, V, Sc, Yb and Lu. Al,O; and CaO concentrations in lherzolite
samples (1.58-2.17 wt.%; avg: 1.93, and 0.73—-2.31 wt.%; avg: 1.90, respectively) are higher than in
harzburgites (0.75—1.44 wt.%; avg: 1.03, and 0.58—1.30 wt.%; avg: 0.90, respectively), although some
samples from the two rock types have very low CaO contents for the given Al,O; contents, reflecting
Ca depletion during the serpentinization. All samples under investigation are characterized by low rare
earth element contents and the fact that chondrite—normalized rare earth element abundances of all
samples are less than 1 (REEy < 1) indicates that these rocks are mantle residues due to the various
degree of partial melting of mantle. Harzburgite samples closely resemble the forearc peridotites with
low rare earth element contents that are enriched by light rare earth elements, while lherzolites
resemble abyssal peridotites which are characterized by higher heavy rare earth element
concentrations. Light rare earth element enrichments in lherzolite samples may also indicate that these
samples were affected by subsequent melt reaction.

Composition of spinel show wide range of variation. Lherzolite samples are represented with spinel of
low Cr# (18.0—25.3; avg: 21.1) and high Mg# (70.8—79.1; avg: 75.5) whereas harzburgite contain
spinel with higher Cr# (36.6—56.0; avg: 49.0) and lower Mg# (50.4—68.1; avg: 61.5). Ti content of
spinel is low in lherzolite (<0.10 wt.% TiO,; avg: 0.03) but spinel in harzburgite may reach up to 0.20
wt.% TiO, (avg: 0.12), although some harzburgite samples contain spinel with Ti contents as low as
those in lherzolite. Fe*'# [= 100F¢®"/(Cr+Al+Fe*")] is low in Iherzolite and harzburgite being less than
3.9 but harzburgite seem to contain spinel with slightly higher Fe**# than Iherzolite.

Whole rock MgO and V concentrations, as well as spinel composition imply that these rocks formed
by different degrees of partial melting (%5—25). Olivine—spinel equilibration temperatures are low in
Harmancik ultramafics (670—765 °C) and oxygen fugacity values between Alog™? —0.88 to +0.72.
Oxygen fugacity, temperature, mineral composition and whole rock abundances, as well as lack of
abundant chromite deposits in the investigated area, reflect that ultramafic rocks of Harmancik are
similar to the abyssal peridotites and have not been affected intensively by percolating melt if supra
subduction zone origin is considered for the formation of these rocks.

Key Words: lherzolite, harzburgite, geochemistry, spinel composition, oxygen fugacity, Harmancik,
Bursa
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Karadag (Narman-Erzurum) ve Parmakdere (Sarikamis-Kars) Ultramafik-mafik
Kiitlelerinin Mineralojik, Petrografik ve Petrokimyasal Ozellikleri

Hatice Kadayif¢1 ve Hasan Kolayl

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 Trabzon
(E-posta: haticekadayifci@ktu.edu.tr)

Karadag (Narman-Erzurum) ve Parmakdere (Sarikamis-Kars) ultramafik mafik kiitleleri Kuzey Dogu
Anadolu Tektonik Birligi i¢inde yer alir. Kiitleler baslica harzburjit ve daha az oranda piroksenit,
nadiren de dunitik mercekler ile lerzolit kalintilardan olusur. Kiitlelerin bazik gruplar1 gabro ve
mikrogabrodan olusur. Karadag ve Parmakdere kiitleleri erken Kretase sonu—ge¢ Kretase Oncesi
yashdir. Ortii kayaclar1 genellikle ge¢ Kretase yaslh olup, kiitleye ait kirintilar icerir. Kiitleler igindeki
peridotitler nadir toprak element bakimindan kondrite oranla tiiketilmis, gabroyik kayaclar ise hafifce
zenginlesmistir. Peridotitlerdeki ortopiroksenler enstatit, klinopiroksenler diyopsit, olivin ise
genellikle forsterit (fo>0,80) bilesimlidir. Kiitleler baslangigta normal bir okyanus kabuguna ait manto
kalint1 malzemesi olup, hala abisal peridotit izini tasirlar. Daha sonra farkli bir jeotektonik ortama
itilen kiitleler bugiinkii mineralojik ve petrokimyasal Ozelliklerini kazanmiglardir. Peridotitlerin
mineralojik ve petrokimyasal 6zelliklerinin degisiminden yitim zonlarina ait bir olgu olan boninitik
magmalarin sorumlu oldugu anlasilmistir. Ancak yitimin yonii hakkinda herhangi bir veri elde
edinilememistir.

Anahtar Sézciikler: Narman, Sarikamais, alpin tip peridotit, SSZ, ultramafik kayag
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Mineralogical, Petrographic and Petrochemical Characteristics
of Karadag (Narman-Erzurum) and Parmakdere (Sarikamis-Kars)
Ultramafic-mafic Bodies

Hatice Kadayif¢1 & Hasan Kolayh

Karadeniz Technical University, Department of Geological Engineering,
TR—61080 Trabzon, Turkey (E-mail: haticekadayifci@ktu.edu.tr)

Karadag (Narman-Erzurum) and Parmakdere (Sarikamig-Kars) ultramafic and mafic bodies are
located North-Eastern Anatolid Tectonic Unite. Harzburgites are dominated, and pyroxenites are
minor extend in the bodies, Dunites are lens like small bodies and lherzolites are relict parts of the old
abbysal peridotites in the bodies. Mafic rocks are represented by gabro and microgabbro. Karadag and
Parmakdere mafic and ultramafic rocks have the later early Cretaceous and before late Cretaceous age.
Overlying parts have generally Upper Cretaceous age. Peridotites within the both of the bodies have a
deplated but gabbros are enrichment character for rare earth element according to the chondridites.
Orthopyroxene and clinopyroxene in the peridotites are enstatite and diopsite, respectivelly, and fo
number of olivine is more than 0.80. Karadag and Parmakdere ultramafic rocks had an abyssal
character initially, and later they underwent subduction related regime by boninitic magmatism which
occures only supra-subduction zone. But, there is no idea for the polarity of subduction.

Key Words: Narman, Sarikamis, alpin-type peridotite, SSZ, ultramafic rock
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Kahramanmaras-Elbistan-Berit Ofiyoliti Ultramafik Kayaclar: ve
Kromititlerinin Nadir Toprak Element (REE)- Platin Grubu Element (PGE)
ve Baz Metallerinin Jeokimyasi

Hatice Kozlu

Maden Tetkik ve Arama Genel Miidiirliigii, Mineraloji-Petrografi Boliimii, 06520 Balgat, Ankara
(E-posta: haticerdal@mta.gov.tr)

Tiirkiye’nin giineydogusunda Toros bindirme kusagi iizerinde yeralan Berit ofiyoliti birimleri ¢aligsma
bolgesinde iki farkli bindirme dilimi ile iliskili olarak yilizeylemektedir. Alttaki dilim masif ve
levhalanmis metadiyabazlarla temsil edilmekte olup, gabrolar tarafindan {izerlenmektedir. Buna karsin
iistteki dilim ultramafik tektonitlerle baglayarak metagabrolarla devam etmektedir. Berit Ofiyolitinin
Nadir Toprak Elementleri (REE) ve Platin Grubu Element (PGE) jeokimyasi caligilan dunit,
pegmatitik piroksenit, amfibolit, gabro ve diyabaz tiirli kayaglar arazide iki farkli bindirme diliminden
derlenmistir. Demirlik lokasyonunda yapisal olarak ofiyolitik kayaglarin tabaninda ve igerisinde
metamorfik kayaglar ylizeylemektedir. Bu metamorfik kayaclar igerisinde intriizif halde olusmus
granitik kaya mostralar1 baglica muskovit-biyotit granit, granit pegmatit ve gnaysik granitle temsil
edilmektedir. Ayrica ofiyolit igerisinde eklojitik kayalar mevcuttur. Berit ofiyolitinde iki farkli
bindirme diliminin mevcut olmasi yaninda, metamorfik dilimin manto tektonitlerinden daha ¢ok lokal
olarak tabakali dunitlerin iizerinde yeralmalar1 ve degisik derecelerde metamorfizmaya ugramis mafik-
ultramafik kayaglarin bulunmasi (6rnegin amfibolit, granulit, granat-piroksenit ve eklojit) ofiyolitin
sira dis1 6zelliklerindendir.

Piroksenit-amfibolit-gabro-diyabaz 6rneklerinin PGE degerleri Os: 4—6, Ir: 4, Ru: 2—14, Rh: 1-2, Pt:
7-16, Pd: 9—20 ppb arasindadir. Dunit ve mafik kayaglarin baz metal verileri (Ag: 0.3-0.9 ppm, Co:
36—99, Cu: 13—170, Ni: 107-2431 ppm, Au: 6—7 ppb) ve PGE degerlerine gore siderofil elementlerce
(Ni, Pt, Pd, ve Cu) hem dunitler hem de mafik kayaglarda goreceli olarak bir zenginlesme
gozlenmektedir. Kromititlerin PGE ve baz metal analiz verilerine gore (ppb) PGE degerleri Os: 5-523
Ir: 6286, Ru: 11-1275, Rh: 631, Pt: 14-1700, Pd: 14—4469 arasinda ve Pd/Ir ve Pt/Ir oranlari
sirastyla 0.05—17,9 0.05-68 arasinda olup, toplam PGE deger araligi 246—6301 ppb arasindadir. Baz
metal igerikleri ise Bi: 0.03—0.11, Ni: 3177172, Co: 39—171, Cu: 9-2626 Te: 0.1-3 ppm ve Au:
8—172 ppb’dir. Ozellikle Pt ve Pd ‘ce zenginlesmis kromititlerin i¢inde tutulduklar1 anakayaclara gére
baz metallerce zenginlesmis olduklar dikkat cekmektedir.

Gegis zonu dunitlerinin (La/Ce: 0.47-0.75, Ce/Yb: 0.97-20.33, La/Yb:0.52—15.33, La/Sm: 3—15.33,
La/Lu: 3-92) ve kromititlerin (La/Ce: 0.45-0.71, Ce/Yb: 1.81-5, La/Yb: 1.30-3, La/Sm: 2.7-6,
La/Lu: 9-47) toplam NTE degerleri sirasiyla 1-12 ve 1.4—12.7 ppm arasindadir. Mafik kayaglarin
toplam NTE degerleri (La/Ce: 0.40—0.69, Ce/Yb: 1.05-16.29, La/Yb: 0.44—7.62, La/Sm: 0.88-6,
La/Lu: 2.8-55) 12—165 ppm arasindadir. Peridotitlerin Hafif Nadir Toprak Elementlerince (LREE)
zenginlesmeleri, peridotit ve HNTE’lerce zengin eriyiklerin etkilesimi ile agiklanmaktadir. NTE ve
PGE’lerin diisiik sicaklik alterasyonlar1 sirasinda genellikle hareketsiz olduklar1 kabul edilmektedir.
Bununla birlikte Eu gibi bazi elementlerde hidrotermal siireclerde degisimler olusabilmektedir. Berit
ofiyolitine ait bazi kromitit ve ultramafik- mafik kayag¢ (dunit-piroksenit-amfibolit-gabro-diyabaz)
orneklerinde normalize diyagramda pozitif Eu anomalisi saptanmistir. Ultramafik kayaglarda pozitif
Eu anomalisi eriyik impregnasyonu ile mikroskobik ve yar1t mikroskobik olarak eser oranda
plajiyoklaz kristallenmelerine bagli olarak olusabilmektedir. Kromititlerin iginde bulundugu
anakayaglardan daha ¢ok, bazi NTE-PGE ve baz metallerce zenginlesmelerinde eriyik impregnasyonu
mekanizmasinin etken olabilecegi diisiiniilmektedir. Berit ofiyoliti kromititlerin Ir-grubu (Os, Ir, Ru)
ve Pt-grubu (Pt ve Pd) ve ek olarak baz metallerce zenginlesme (birincil ve ikincil) gdsteren verileri
anakayagclarinin olustugu magmanin lerzolitik tipte verimli bir magmadan kismi ergime ile yitim zonu
tektonik ortaminda olusabileceklerine isaret etmektedir.

Anahtar Sozciikler: Berit, nadir toprak elementleri, platin grubu elementleri, baz metal, ultramafik,
kromitit
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Geochemistry of Base Metal and Rare Earth Element (REE)- Platinum Group
Element (PGE) in Chromitites and Ultramafic Rocks of Kahramanmaras-
Elbistan-Berit Ophiolite

Hatice Kozlu

Maden Tetkik ve Arama Genel Miidiirliigii, Mineraloji-Petrografi Boliimii,
Balgat, TR—06520 Ankara, Tiirkiye (E-mail: haticerdal@mta.gov.tr)

The units of Berit ophiolite emplaced in Tauride thrust belt in southeastern of Turkey, are exposed
associated with two different thrust sheet in the studied field. The lower sheet is represented by
massive and sheeted metadaibases, overlain by gabro, whereas the upper sheet begins with ultramafic
tectonites, followed by meta-gabbros. The studied rocks for geochemistry of Rare Earth Elements
(REE) and Platinum Group Elements (PGE) from Berit Ophiolite such as the dunite, pegmatitic
pyroxenite, amphibolite, gabbros and diabases are collected from two different thrust sheet from the
field. The metamorphic rocks are exposed, both within, and at the structural base of ophiolite e.g.
Demirlik location. The granitic rock exposures occurred as intrusions within metamorphic rocks are
mainly represented by muscovite-biotite granite, granite pegmatite and gneisic granite. There have
been also eclogitic rocks in the ophiolite. Beside existing the two different thrust sheet in Berit
ophiolite and locally underlying of layered dunitic rocks rather than mantle tectonites by metamorphic
sheet and presenting different degree metamorphosed mafic-ultramafic rocks are unusual features of
Berit ophiolite.

The PGE values of pyroxenite-ampibolite-gabbro-diabase samples are between Os: 4—6, Ir: 4, Ru:
2—14, Rh: 1-2, Pt: 7-16, Pd: 920 ppb. It is observed that a relative enrichment in siderophile
elements (Ni, Pt, Pd, ve Cu) both dunit and mafic rocks according to base metal (Ag: 0.3—0.9 ppm,
Co: 3699, Cu: 13—170, Ni: 1072431 ppm, Au: 6—7 ppb) and PGE data of dunite and mafic rocks.
According to PGE and base metal analysise results of the chromitites PGE values are between (ppb)
Os: 5523, Ir: 6286, Ru: 11-1275, Rh: 631, Pt: 14—1700, Pd: 14—4469 and Pd/Ir and Pt/Ir ratios are
between 0.05—17,9; 0.05-68 respectively and total PGE values range are between 246—6301 ppb.
Their base metal contents are Bi: 0.03—0.11, Ni: 317-7172, Co: 39—-171, Cu: 9-2626 Te: 0.1-3 ppm
and Au: 8—172 ppb. It is noted that especially Pt and Pd enriched chromitites are relatively enriched in
base metals with regard to their host rocks.

The total REE values of transition zone dunites (La/Ce: 0.47—0.75, Ce/Yb: 0.97-20.33,
La/Yb:0.52—15.33, La/Sm: 3—15.33, La/Lu: 3-92) and (La/Ce: 0.45-0.71, Ce/YDb: 1.81-5, La/Yb:
1.30-3, La/Sm: 2.7-6, La/Lu: 9—47) those of chromitites are between 1—-12 and 1.4—12.7 ppm,
respectively. The total REE values of mafic rocks are between (La/Ce: 0.40—0.69, Ce/Yb: 1.05—-16.29,
La/Yb: 0.44-7.62, La/Sm: 0.88—6, La/Lu: 2.8—55) 12—165 ppm. LREE-enrichment in peridotites are
explained by interaction of the peridotites with LREE-enriched melts. REE and PGE are generally
considered to be relatively immobile during low—temperature alteration. However some elements,
such as Eu, can be modified some what by hydrothermal processes. It has been determined the positive
Eu anomalies in the normalised diagram for some chromitite and ultramafic mafic rock samples
(dunite-pyroxenite-amphibolite-gabbro—diabase) from Berit ophiolite. Positive Eu anomaly could be
occurred depending on crystallization of trace amounts of microscopic to sub-microscobic plagioclase
in ultramafic rocks. It has been suggested that the enrichments of the chromitites for some REE-PGE
and base metals, are determined much higher than those of their host rocks, may be affected by a
mechanism of melt impregnation. The presented data of unusual enrichments in Ir-groups (Os, Ir, Ru)
and Pt-groups (Pt ve Pd) elements and in addition to base metals in the chromitites of Berit ophiolite
indicate that their parental magma may be occurred by partial melting of a fertile lherzolites in a
subduction zone tectonic setting.

Key Words: Berit, rare earth elements, platinum group elements, base metal, ultramafic, chromitite
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Guleman Ofiyoliti’ nin Magma Odas1 Dinamigi Acisindan incelenmesi

Ayse Didem Kilig

Firat Universitesi, Jeoloji Miihendisligi Béliimii, 23100 Elazig (E-posta: adkilic@firat.edu.tr)

Dogu Toros Orojenik Kusagi iginde yer alan Guleman Ofiyoliti, Neotetis okyanusunun giiney kolunu
temsil eden okyanusal litosfer kalintisinin 6rneklerinden biridir.

Inceleme alaninda yiizeylenen litolojik birimler yashdan gence dogru; Piitiirge Metamorfiti
(Paleozoyik—Mesozoyik), Guleman Ofiyoliti (Ust Kretase), Maden Karmas1g1 (Orta Eosen) ve Hazar
grubu (Maastrihtiyen—Paleosen)’dur.

Guleman ofiyoliti alttan {iste dogru; manto tektonitleri, ultramafik-mafik kiimiilatlar ve tekil diyabaz
dayklarindan olusur. Bazik volkanik seviyenin bulunmamasi, ofiyolitin yerlesimden sonraki aginmayla
ilgili olabilir. Manto tektonitleri ¢ogunlukla harzburjit, az oranda diinit ve podiform kromitlerden
ibarettir. Ultramafik-mafik kiimiilatlar ise diinit, sa¢inimli kromit, wverlit, klinopiroksenitten
olugmaktadir. Kiimiilat seviyenin {izerinde kalinlig1 olduk¢a fazla gabro seviyesi ve en iistte ise
plajiyogranitler bulunmaktadir. Gabro seviyesi igerisinde troktolit, izotrop gabro, normal gabro
diizeyleri ayirt edilebilmektedir.

Guleman Ofiyoliti’ndeki mafik-ultramafik kiimiilatlar yaklasik 300 km uzunlugundadir. Bu seviye
icerisinde diinitik bir matriksle c¢evrelenmis, gabro ve klinopiroksenitten ibaret bloksu yapilar
gozlenmektedir.

Ofiyolitlerin petrolojik 0Ozelliklerine gore ultramafik-mafik kayaclar, subalkalen toleyitik magma
iiriinleridir. Gabrolar toleyitik karaktelidir. N-MORB’ a gore, HFS (Nb, Ti, Zr, Y) elementleri ve
LREE (La, Ce, Nd) tiiketilmistir. izotropik gabrolar yiiksek nadir toprak element (NTE)
konsantrasyonuna sahip olup, pozitif Eu anomalisi gosterir. Nadir Toprak Element (NTE) dagilimu,
supra-subduction zonu (SSZ) magmatizmasinin tipik 6zelligi olarak kabul edilir.

Diinit bloklar igindeki klinopiroksenitlerde, LREE ve uyumsuz (U, Th, Ba, Rb) elementler, HREE ‘ye
gore daha zengindir. Bu elementlerin yiiksek konsantrasyonlari, magma odasindaki kristallenme,
stirekli eriyik ilavesi ve/veya olivin ve klinopiroksenin minerallerinin kristalizasyonun sonucu olabilir.
Klinopiroksenlerin iz element analizlerinde Ti, Hf, Zr negatif anomali, Sr ise positif anomali gdsterir.
Bu 6zellik, ultramafik-mafik kompleksin bir yitim zonu tektonizmasiyla yerlestiginin isaretidir.

Anahtar Sozciikler: gabro, diinit, ultramafik-mafik kompleks, Guleman ofiyoliti, magma odasi,
petroloji, Neotetis
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Examination of Guleman Ophiolite in Terms of Magma Chamber Dynamics

Ayse Didem Kilig

Firat Universitesi, Jeoloji Miihendisligi Boliimii, TR—23100 Elazig, Turkey
(E-mail: adkilic@firat.edu.tr)

The Guleman Ophiolite, situated within the Eastern Taurus Belt, is one of remnant of oceanic
lithosphere in the Southern branch of the Neotethyan Ocean.

The lithological units out cropping in the area, from the oldest to young are, Piitiirge Metamorphics
(Paleozoic—Mesosoic), Guleman Ophiolites (Upper Cretaceous), Maden Complex (Middle Eocene)
and Hazar Groupe (Maatrihtien—Paleocene).

The Guleman ophiolite comprises from lower to upper including mantle tectonites, ultramafic-mafic
cumulates and diabase dike. Diabase dikes cut through ophiolitic rocks.A basic volcanic complex in
the Guleman ophiolite was not preserved, possibly because of erosion after emplacement. The mantle
tectonites are harzburgites which contain dunite and podiform chromite. The ultramafic cumulates
start with dunites containing disseminated chromites, wehrlite and clinopyroxenite.The gabbros
comprises from isolated gabro, troctolite, normal gabbros. The gabbro section overlain by
plagiogranites.

The mafic-ultramafic complexes in the Guleman Ophiolite are aligned 300 km long. They consist of a
central dunite body outward into gabbro and clinopyroxenite litologies. These structures is observe in
case of large block.

Petrological features of the ophiolitic rocks show that the ultramafic- mafic rocks belong to sub-
alcaline tholeiitic magma. Gabbros are tholeiitic. The HFS (Nb, Ti, Zr, Y) elements and LREE (La,
Ce, Nd) have been depleted relative to N-MORB.The isotropic gabro exhibit high REE concentration
with positive respectivelly, patterns typical of SSZ magmatism.

Clinopyroxenite within dunite blocks reveal that an enrichment of LREE and highly incompatible
elements (U, Th, Ba, Rb) relative to the HREE. This large concentration range implies the extensive
crystallization of olivin and clinopyroxene continuously replenished and/or tapped, crystallizing
magma chamber. Trace element patterns of the parental melt inferred from clinopyroxene analyses
show negative anomalies for Ti, Zr, Hf and positive anomaly for Sr. These imply subduction zone
related tectonic setting for Guleman ophiolite ultramafic-mafic complexes.

Key Words: gabbro, dunite, ultramafic-mafic complexs, Guleman ophiolite, magma chamber,
petrology, Neotethys
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Ust Manto’daki Ultra-Yiiksek Basin¢ ve Kabuksal Mineraller:
Ofiyolitlerden Veriler

Paul T. Robinson' ve Jing-Sui Yang®

! Department of Earth Sciences, Dalhousie University, Halifax,
Nova Scotia B3H 4J1, Canada (E-posta: p.robinson(@ns.sympatico.ca)
? Key Laboratory for Continental Dynamics, Institute of Geology,
Chinese Academy of Geological Sciences, Beijingl 00037, China

Ultra-yiiksek basing ve kabuksal minerallerin biiylik bir kismu Tibet’teki Dongiao ve Luobusa
ofiyolitleri, Kutup Urallar’daki Ray-Iz ofiyoliti ve Umman’daki Semail ofiyolitine ait podiform
kromititlerde tespit edilmistir. Elmas Luobusa, Donqiao ve Ray-Iz ofiyolitlerinde; koezit ve kyanit
Luobusa ofiyolitinde; moisanit ise sozii edilen tiim ofiyolitlerde goriilmektedir. Birgok kabuksal
kokenli zirkon, korundum, kuvars, almandin garnet, rutil ve feldspat silikat mineralleri de ofiyolitlerde
goriiliirler ve bunlara platin grubu mineraller, ¢esitli alasimlar, oksitler, siilfidler ve nabit elementler
eslik ederler. Elmaslar 6zsekilli 100—200 pm boyuyunda taneler halinde olup, genellikle metalik ve
Mg-Fe silikat inkliizyonlar1 igerirler. Kiiclik bir elmas tanesi Os-Ir bilesigi i¢inde inkliizyon halinde
goriiliir. Koezit ve kyanit ise Ti-Fe alasim tanesinin kenarinda igige biiyiimiislerdir ve ayrica Koezit
prizmatik sekilli oldugundan Stisovit’in psédomorfigi olabilecegini isaret etmektedir. Moisanit s6zii
edilen tiim ofiyolitlerde goriilmektedir ve kiiclik renksiz, yesil veya mavi, camsi parcalar halinde
bulunurlar. Zircon taneleri 20 to 300 um boyutunda ve igsel yapis1 kompleks iyi yuvarlaklagmiglardir.
Zirkonlar genelde kuvars, rutil, ortoz, mika, ilmenit ve apatit gibi diisiik basing¢ inkliizyonlar
icerirler.Zirkonlarda yapilan **Pb/”*U SIMS ve SHRIMP yaslar1 cogunlukla Paleozoyik ve
Prekambriyen olup, ofiyolitlerin olusum yasindan ¢ok eskidirler. Kuvars, almandine garnet, korundum
ve feldspat tanelerinin boyutlart en ¢ok 0.5 mm olabilmekte ve orta-iyi yuvarlaklagmislardir. Bu
tanelerin daha kiiciik kdseli olanlar1 da mevcuttur. Ozellikle zirkonlarin ve sozii edilen tanelerin
yuvarlaklasmis formlari, muhtemelen bu tanelerin tasinmis sedimanter materyaller ile birlikte yitim
zonlarinda mantoya daldiklari isaret etmektedir. Yukarida bahsedilen manto ve kabuksal minerallerin
kromitit olusturan ergiyikler ile kabuk icerisinde si1g derinliklere getirildikleri tarafimizdan
onerilmektedir. Kuvars ve koezit gibi minerallerin manto i¢inde korunmasi1 muhtemelen ksenolitler
igerisinde saklanmis olmalarina baglanabilir. Benzer minerallerin birbirinden uzak dort farkli ofiyolit
istifinde ve farkli laboratuvarlarda tanimlanmasi, dogal ve antropojenik kirliligi safdig1 birakacak
niteliktedir.

Anahtar Sozciikler: UYB mineralleri, elmas, moisanit, koesit, zirkon, kromit, ofiyolit

854



62" Geological Kurultai of Turkey, 13—17 April 2009, MTA—Ankara, Tiirkiye

Ultrahigh Pressure and Crustal Minerals in the Upper Mantle:
Evidence from Ophiolites

Paul T. Robinson' & Jing-Sui Yang®
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A wide variety of ultrahigh pressure and crustal minerals has been recovered from podiform
chromitites of the Dongiao and Luobusa ophiolites of Tibet, the Ray-Iz ophiolite of the Polar Urals
and the Semail ophiolite of Oman. Diamonds are abundant in the Luobusa, Donqgiao and Ray-Iz
ophiolites, coesite and kyanite occur in Luobusa and moissanite is present in all four ophiolites.
Numerous crustal silicate minerals, including zircon, corundum, quartz, almandine garnet, rutile, and
feldspar are also present and these are accompanied by a wide array of platinum group minerals,
various alloys, oxides, sulfides and native elements. The diamonds are mostly euhedral grains,100-200
um across, commonly containing metallic and Mg-Fe silicate inclusions. One small grain of diamond
occurs as an inclusion in Os-Ir alloy. Coesite and kyanite are intergrown with each other on the rim of
a grain of Ti-Fe alloy, and the coesite has a prismatic form suggesting it may be pseudomorphic after
stishovite. Moissanite is common in all four ophiolites and occurs as small colorless, green or blue,
vitreous fragments. Zircon grains range from 20 to 300 um, and are mostly well rounded with very
complex internal structures. They commonly contain low-pressure inclusions of quartz, rutile,
orthoclase, mica, ilmenite and apatite. **°Pb/***U SIMS and SHRIMP dates for the zircons are mostly
Paleozoic and Precambrian, far older than the ophiolites. The grains of quartz, almandine garnet,
corundum and feldspar range up to about 0.5 mm and are moderately to well rounded. Smaller,
angular fragments of such grains are also present. The rounded morphology of these grains, as well as
the zircons, strongly suggests derivation from reworked sedimentary material, presumably transported
into the mantle by subduction. We suggest that the mantle and crustal mineral were picked up by melts
from which the chromitites precipitated and carried to shallow crustal levels. The preservation of such
minerals, particularly quartz and coesite, in the mantle implies isolation from the enclosing rock,
perhaps in xenoliths. The recovery of essentially the same minerals from four widely separated
ophiolites, processed in different laboratories, argues against natural or anthropogenic contamination.

Key Words: UHP minerals, diamond, moissanite, coesite, zircon, chromitite, ophiolite
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Giineydogu Anadolu Orojenik Kusagi Boyunca Gozlenen Ofiyolitler
ve Granitoyidlerin Jeokronolojisi ve I1zotop Jeokimyasi
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Giineydogu Anadolu Orojenik Kusagi, kuzeyinde Toros platformu ve giineyinde Arap platformu
bulunan Neotetis in, Kretase ile Miyosen zaman araliginda kapanimini ve kita-kita ¢arpigmasi sonucu
olusmustur. Orojenik kusak boyunca yiizeyleyen tektono-magmatik birimler Hatay-Kahramanmaras-
Malatya-Elazig bolgelerinde bulunmaktadir. Bu birimler yapisal olarak yukaridan asagi dogru (a)
metamorfik masifler, (b) ofiyolitler, (c) metamorfik dilim kayaglar1 ve (d) granitoyidlerdir. Bu
birimlerin zaman-mekan ve koken iligkileri, Giineydogu Anadolu Orojenik Kusagi'nin evrimini ortaya
koyabilmek i¢in ¢gok 6nemlidir.

Orojenik kusak boyunca godzlenen granitoyid kiitlelerinin (zirkon U-Pb yaslar1 temel alinarak
hesaplanan) baslangi¢ Nd izotop oranlar1 0.51268 ile 0.51302 arasinda ve eNdr degerleri +0.9 ile +7.4
arasinda degisirken, baslangi¢ Sr izotop oranlart 0.7039 ile 0.7065 arasinda degismektedir. Bu durum
oncelikle manto bilesiminde olan granitoyid kiitlelerinin olusumu esnasinda degisen oranlarda
kabuksal kirlenme ile agiklanabilir.

Granitoyidlerin zirkon LA-ICP-MS U-Pb yaslari, Esence granitoyidi 81.1+2.2 My (20) ve Baskil
granitoyidi 82.0+1.2 My ile 84.6+1.1 My (20) olarak hesaplanmistir. Bu kristallenme yaslari
granitoyid kiitlelerin ofiyolitlerden daha sonra olustugunu gostermektedir (Ofiyolitlerin olusum yasi
~90 My). Dogansehir (Malatya) granitoyidinden, 47.94+0.7 ile 48.8+0.7 My (20) arasinda degisen dort
adet U-Pb yas1 Olciilmiistiir. Bu kristallenme yaslari, bolgedeki granitoyid olusumuna neden olan
yitimin Eosen’de de devam ettigini gostermektedir. Dogansehir granitoyidinden yapilan biyotit Ar-Ar
yast 47.9+0.7 ile 48.8+0.8 My (20) arasindadir. Baskil granitoyidinin amfibol Ar-Ar yaslar1 84.0+0.7
ile 81.5+1.1 My (20) arasinda ve biyotit Ar-Ar yaslar1 82.3+0.9 ile 81.5+0.8 My (205) arasindadir.
Esence granitoyidinin amfibol K-Ar yas1 85.7£3.1 My (20), biyotit K-Ar yaslar1 ise 80.4+2.0 ile
77.5+£1.9 My (20) arasinda degismektedir. Bu durum bolgede Geg Kretase’de ve Eosen’de en az iki
farkli donemde olusmus granitoyidlerin, kristallenmesinden sonra ¢ok hizli sogudugunu (~600 °C/My)
gostermektedir.

Apatit fizyon izi (AFI) ile granitoyidlerin yiikselme hizlar1 hesaplanmaya caligilmigtir. Esence
granitoyidinden 29.1+3.7 ve 29.31+£3.9 My (20), Dogansehir granitoyidinden 29.63+7.4 ve 31.85+3.1
My (20) ve Baskil granitoyidinden 31.79+5.4 My (20) AFI yaslar1 hesaplanmistir. AFI yaslar1 bolgede
farkli zamanlarda (84—48 My) olusan granitoyidlerin birlikte yilikseldigini gostermektedir. Bu yaslarin,
granitoyid sokulumlarimin kristallenmesinin ardindan devam eden yiikselimi yerine, Oligosen’de
bolgede Biiyiik Kafkaslar’dan Afrika-Arabistan’in kuzey kisimlarini i¢ine alan ¢ok genis bir alani
etkisi altina alan Neotetis’in Oligo—Miyosen’de kapanimi ile iliskili kita-kita (Torid-Anatolid
Platformu-Arap Platformu) ¢arpismasi ile uyumlu oldugu diistiniilmektedir.

Anahtar Sozciikler: Gilineydogu Anadolu, granitoyid, jeokronoloji, Nd-Sr izotop jeokimyasi, soguma
hizi1, U-Pb, fizyon izi
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Fatih Karaoglanz, Osman Parlak'?, Urs K16tzli’, Martin Thoni’,
Friedrich Koller’, Ewald Hejl* & Tamer Rizaoglu’

" Adiyaman Universitesi, Mesleki ve Teknik Egitim Fakiiltesi, TR-02040 Adiyaman, Tiirkiye
2 Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, Balcali, TR—01330 Adana, Tiirkiye
(E-mail: fkaraoglan@cukurova.edu.tr)

7 University of Vienna, Department for Lithospheric Research, Center for Earth Sciences,
A-1090 Vienna, Austria
* University of Salzburg, Department of Geology and Geography, A-5020 Salzburg, Austria
> Siit¢ii Imam Universitesi, Jeoloji Miihendisligi Boliimii, TR—46100 Kahramanmaras, Tiirkiye

The Southeast Anatolian Orogenic Belt is a result of closure of the Neotethyan Ocean, located
between the Toride platform to the north and Arabian platform to the south, and continent-continent
collision during Cretaceous-Miocene time. The tectono-magmatic units cropping out along the
orogenic belt are located in Hatay-Kahramanmaras-Malatya-Elazig regions. These units are,
structurally from top to bottom, (a) metamorphic massifs, (b) ophiolites, (c) metamorphic soles related
to ophiolites and /d) granitoids. The temporal-spatial and genetic relations between these units are very
important to understand the evolution of the Southeast Anatolian Orogenic Belt.

The initial (calculated on the basis of relative U-Pb zircon ages) Sr isotope ratios of the granitoids vary
from 0.7039 to 0.7065, whereas initial Nd isotope ratios vary from 0.51268 to 0.51302 and eNdr
values vary between +0.9 and +7.4. This situation can be explained by contamination via continental
crust components during the forming of the granitoid units which primarily had a mantle composition.

The LA-ICP-MS U-Pb zircon ages of the granitoids yielded an age of 81.1+2.2 Ma (20) for Esence
(Kahramanmarai) and 82.0+1.2 — 84.6+1.1 Ma (20) for the Baskil (Elazig) locality. These
crystallization ages show that these granitoid bodies formed after the ophiolitic suites (~90 Ma). Four
zircon ages measured from Dogansehir (Malatya) vary between 47.9+0.7 to 48.8+0.7 Ma (20). These
crystallization ages indicate that the subduction, which also led to the formation of the granitoids, was
still progressing during Eocene time. The biotite Ar-Ar ages of the Dogansehir granitoid vary between
47.9+0.7 to 48.8+0.8 Ma (20). The amphibole Ar-Ar ages in the Baskil granitoid vary between
84.0+£0.7 to 81.5+1.1 Ma (20), whereas the biotite Ar-Ar ages range at 82.3+0.9 - 81.5+0.8 Ma (20).
One amphibole K-Ar age ranges at 85.7£3.1 Ma (20), whereas the biotite K-Ar ages vary from
80.4+2.0 to 77.5£1.9 Ma (20) from Esence granitoid. All these data support that the granitoids, formed
at least in two episodes and cooled rather rapidly (~600 °C/Ma) after intrusion.

Apatite fission track (AFT) for the Esence granitoid yields 29.1£3.7 and 29.3+3.9 Ma (20) ages,
whereas the Dogansehir granitoid yields 29.6+7.4 and 31.843.1 Ma (20) and Baskil granitoid yields
31.8+£5.4 Ma (20). These ages define a rather uniform exhumation history for all of granitoids intruded
in the time range between 84-48 Ma. These fission track ages are contemporaneous with the timing of
the continent — continent collision (Tauride-Anatolide block — Arabian block) in spite of continuing
uplift after crystallization of the granitoid intrusions, during Oligocene time related to the
Oligocene—Miocene closure of the Neotethyan ocean which was effective over large areas between the
Greater Caucasus and the northern African-Arabian plate.

Key Words: Southeast Anatolia, granitoid, geochronology, Nd-Sr isotope geochemistry, cooling rate,
U-Pb, fission track
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Dogu Anadolu’daki Ofiyolitlerin Tektonik Ortami: Tekman-Pasinler (GD
Erzurum) Bolgesinden Petrografik ve Jeokimyasal Veriler
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Calisma alan1 Izmir-Ankara-Erzincan Zonu (IAEZ) iizerinde olup, Erzurum ili giineydogusunda
Tekman-Pasinler arasinda yer almaktadir. inceleme analindaki ofiyolitik birimler, Neotetis okyanusal
baseninin kalmtilar1 olarak degerlendirilen Ust Kretase yash Dogu Anadolu Yigisim Karmagigi
tizerinde tektonik dokanakla bulunmaktadirlar. Calismanin konusu olan ofiyolit nap1, Sahvelet ofiyoliti
olarak adlandirilmis olup, Maestrihtiyen—Pliyosen yas araligindaki sedimanter kayaclar ile uyumsuz
olarak ortiiltirler.

Sahvelet ofiyoliti inceleme alaninda genel olarak bir ofiyolitik istifin alt kisimlarini icermekte olup,
tektonitler, kiimiilatlar, izotrop gabro ve izole diyabaz dayklari ile temsil edilmektedirler. inceleme
alanindaki tektonitler genellikle serpantinize harzburjit, dunit ve serpantinitler ile temsil edilmektedir.
Dunitik seviyeler igerisinde kromit zenginlesmeleri yaygindir. Kiimiilat kayaglar esas olarak bantl
gabrolar ile temsil edilmekte olup mezo- ve orto-kiimiilat doku sunmaktadirlar. Ayrica
klinipiroksenlerde uralitlesmeye bagli olarak tremolit veya aktinolit gelisimleri gozlenmektedir.
Izotrop gabrolar ise graniiler ve yer yerde pegmatitik doku sunmaktadirlar. Izole diyabaz dayklari
tektonitleri degisik yapisal seviyelerde kesmekte olup, kalinliklar1 degiskendir (1-2 m ile 8—10 m
arasinda).

Sahvelet ofiyolitine ait birimlerin olustuklar1 jeodinamik ortami tespit etmek amaciyla 20 adet izole
diyabaz 6rneginin ana, iz ve nadir toprak element igerikleri analiz ettirilmistir. Diyabaz dayklarinin
toleyitik (Nb/Y= 0,03—0,07) karakterde olduklar1 ve Nb/Y (0,03—-0,07) — Zr/Ti (0,007-0,01)
oranlarina gore bazaltik magma bilesiminde olduklar1 goriilmektedir. Orneklerin kondrite gdre
normalize edilmis nadir toprak element (NTE) diyagraminda genel olarak yatay ve yatay yakin
goriiniim sunmasi [(La/Yb)y= 0,59—1,32], ada—yay1 toleyitlerini isaret etmektedir. N-MORB’a gore
normalize edilmis 6riimcek diyagraminda ise LIL (Rb, K, Ba, Th) ve Sr-Pb elementleri agisindan bir
zenginlesme, Nb-Ta elementlerince fakirlesme ve HFS elementleri agisinda N-MORB’a gore
paralellik gézlenmektedir. izole diyabaz dayklarindaki Zr, Y, Ti ve Nb element igeriklerinin pozitif
korelasyonu, olivin-klinopiroksen-plajiyoklas kristallenmesini isaret etmektedir. Alterasyona durayli
iz elementlere dayali tektonomagmatik discriminasyon diyagramlari izole diyabaz dayklarinin
okyanus i¢i yay ortaminda olustuklarim gdstermektedir.

Bolgede yapilan arazi ¢alismalari ve jeokimyasal veriler neticesinde ofiyolitik kayaglarin okyanus ici
yitim zonunda ada-yay1 toleyitik (IAT) karakterli bir magmadan tiiredikleri ve Neotetis’in kuzey
kolunun ge¢ Kretase’den itibaren kuzeye dogru dalmasi ile gelisen yay ortaminda olustuklar

gorilmektedir.

Anahtar Sézciikler: Erzurum, Sahvelet, ada-yay, toleyitik, ofiyolit, dayk
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The study area is located along the Izmir-Ankara-Erzincan Zone (IAEZ) between Tekman-Pasinler to
the southeast of Erzurum. The ophiolitic units in the investigated area rest tectonically on the Late
Cretaceous Eastern Anadolia Accretionary Complex that is interpreted as the remnants of the
Neotethyan oceanic basin. The studied ophiolite nappe is named as Sahvelet ophioliteand it is
discordantly covered by Maastrichtian—Pliocene sedimentary rocks.

The Sahvelet ophiolite generally includes lower parts of an ophiolite pseudostratigraphy and is
represented by tectonites, cumulates, isotrope gabbros and isolated diabase dykes. The tectonites are
represented by serpantinizied harzburgite, dunite and serpantinites. Chromite rich dunitic levels is
common in the region. Cumulate rocks are mainly represented by banded gabbros and display meso-
and ortho-cumulate texture. In addition, there are tremolite-actinolite developments related to
uralitization in clinopyroxenes. Whereas isotropic gabbros display granular to occasionaly pegmatitic
texture. The isolated diabase dykes intrude mantle tectonites at different structural levels and show
variable thicknesses (1-2 m to 8—10 m).

Major, trace and rare earth element (REE) contents of 20 rock samples from the isolated diabase dykes
were determined to figure out geodynamic setting of the Sahvelet ophiolite. The diabase dykes have a
tholeitic character (Nb/Y= 0.03—0.07) and were derived from a basaltic magma based on their Nb/Y
(0.03—0.07) — Zr/Ti (0,007—-0.01) ratios. Flat to flat—like patterns of rare earth elements normalized to
chondrites [(La/Yb)y= 0.59—1.32] indicate an island arc tholeiitic (IAT) character. In the N-MORB
normalised spider diagram, they display LIL (Rb, K, Ba, Th) and Sr-Pb element enrichments, Nb-Ta
depletion and similar patterns of HFS elements compared to N-MORB. The positive correlation of Zr,
Y, Ti and Nb elements in the isolated diabase dykes indicates the crystallization of olivine-
clinopyroxene-plagioclase. The tectonomagmatic discrimination diagrams based on immobile trace
elements suggest that they formed in a subduction-related setting.

Field and geochemical studies suggest that the ophiolitic rocks in the region were derived from an
island arc tholeiitic magma in an intraoceanic subduction zone dipping to the north in the northern

branch of Neotehys during Late Cretaceous.

Key Words: Erzurum, Sahvelet, island-arc, tholeitic, ophiolite, dyke
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Orta—Jura yagh Pindos Baseni’nden tiireyen ofiyolitler iki farkli melanj grubu {izerine yerlesmislerdir.
Mezohelenik ¢anaginin batisindaki ofiyolitler ve bu ofiyolitlern ¢anak igerisinde giineydoguya dogru olan
uzantilar1 esas olarak Pindos baseninde Avdella melanji olarak bilinen Jura yash bir yi8isim prizmasi
iizerine yerlesmislerdir. Vourinos ofiyoliti ve doguda Levadi kompleksine kadar uzanan diger ofiyolitik
bloklar ise bir ¢akilli gamurtasi birimi, ki bu birim en doguda diisiik dereceli metamorfikler-sleytli fillit ve
doguda ise sistik amfibolitler ile temsil edilmekte olup, {lizerine yerlesmisledir. Bu metamorfizma
derecesindeki artis Pelagoniyen kitasinin yilizeylemesi ile iliskili olmalidir. Ofiyolitlerin kristallenme yasi
hangi melanj1 iizerlediklerine bakilmaksizin aynidir (~168—171 my) ve ofiyolit bindirmesi tabaninda
yeralan metamorfiklerinin yasi da benzerdir (166—169 my). Bununla birlikte, bahsedilen iki melanj
grubunun eskdkenli olduklari diistiniilmemektedir.

Avdella grubu tipik olarak ‘blok ve matriks’ icerikli sedimanter melanj olup, kaynak malzemesi olusum
ortaminin batisinda ya okyanus i¢i hendek bdlgesinden yada Apuliyen kita kenarindan gelmistir.
Metamorfik dilim ofiyolitin Avdella melanji1 {izerine bindirmesi ile olusmustur. Metamorfik dilim manto
peridotitlerinin tabaninda yeralmakla birlikte, okyanusal kabugun iist seviyelerinde yani MOHO civarinda,
kiimiilatlar ve lav Unitelerinde de sicak makaslama/bindirme yiizeyleri goriilmektedir. Metamorfizma
etkileri metamorfik dilimin tabanindaki Avdella melanjinda da yiizlerce metre goriilmesine ragmen Avdella
melanjmin tabani goriilememektedir.

Vourinos melanj grubu tektonik melan;j niteliginde olup, Pelagoniyen kitasi ile ofiyolitik metamorfik dilim
arasinda sikismig ve deforme olmus biiyiik bindirmelerden olusmaktadir. Metamorfik dilim ince olup,
bindirme ile iligkili metamorfik zonlanma bir ¢ok yerde melanj i¢cinde ve Pelagoniyen kitasinin taban
blokuna da niifuz etmistir. Vourinos grubunun en yaygin matriksini Orta—Ge¢ Triyas yash ¢akilli
camurtagindan olusan Ayios Nikolas formasyonu olusturmakta olup, Triyas—Jura yash bloklar igerisine
ofiyolit dilimi ile Pelagoniyen kitasinin ¢arpigsmasi sirasinda tektonik olaylarla aktarilmigtir. Camurtaglar
icerisindeki kiigiik ¢akillar dogudaki Pelagoniyen kitasindan getirilmislerdir. Cakilli ¢gamurtaglar1 Vourinos
ofiyolitinin yerlestigi alanlarin disinda da yaygin olup, s6zii edilen alanlarda tektonik etkiden yoksundur.
Muhtemelen ofiyolitik dilim bu bolgelere ya hi¢ yerlesmedi veya bindirme sadece pasif bir kayma
niteligindeydi. Cakilli camurtas1 birimi ilksel olarak Pelagoniyen pasif kita kenarmnimn yliksekliklerinde
olustugu disiiniilmektedir. Bu birimin kita izerine aktarimi biiylik ihtimalle ilksel topografyadaki
diizensizlikler gibi heterojen sekilde olmustur.

Pindos baseni ofiyolitleri farkli jeotektonik egilimler icermekle birlikte, bu farkli egilimdeki gruplarin
cografik dagilimlar ilksel okyanusal 6zellikleri olarak da agiklanamazlar. Bu diizensiz dagilim, ofiyolitin
melanj gruplar {izerinde hareketini tamamladiginda yerli yerindeydi ve biiyiik olasilikla bu durum ofiyolit
diliminin melanj iizerindeki hareketi sirasinda kazanilmistir. Metamorfik dilim olusumu igindeki
pargalanmig-kivrilmis metamorfik dilimler ile gosterilen differansiyel makaslama and incelmis metamorfik
zonlanma, lizerleyen dilimdeki heterojen aktarimi gerektirmektedir. Melanj olusumlar1 aktif dekolman
olusumlar1 olup, ofiyolit yerlesiminin ideal mekanik 6zelliklerini gostermektedir. Boyutlar1 ve yerlesme
zaman araligl disiinildigiinde, ofiyolit diliminin melanj izerine yerlesim hizinin kabaca 5 cm/yil
olabilecegi diisiiniilmektedir.

Anahtar Sézciikler: ofiyolit, yerlesme, melanj, Pindos, Kuzey Yunanistan
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Ophiolites derived from the mid-Jurassic Pindos Basin were obducted over two distinct mélange groups.
Ophiolites west of the Mesohellenic trough and along a crescent trending to the southeast below the
southernmost extension of the trough were originally emplaced over a Jurassic accretionary prism, known
as the Avdella mélange in the Pindos area. Ophiolites including Vourinos and fragments of ophiolites
extending to the east as far as the Levadi complex were emplaced over a pebbly mudstone unit with low
metamorphic facies farthest in the west (slatey phyllite), grading to schistose low-amphibolite members in
the east; this increase in metamorphic facies is probably related to exhumation of the Pelagonian continent.
The crystallization age of all the ophiolites is essentially the same (~168—171 my) regardless of which
mélange they overlie, and the age of the sole rocks at the obduction contact of the ophiolites with the local
mélange are also similar (166—169 my). The two mélange groups, however, cannot be interpreted as
cogenetic.

The Avdella group is a typical ‘block and matrix’ sedimentary mélange: source material was derived from
the intra-oceanic trench or from the Apulian continental margin to its paleo-west. Soles formed where the
slab was obducted over the Avdella mélange; this sole is found underlying mantle peridotite massifs, but
also along sole surfaces and hot imbricates extending into upper level oceanic units such as near-moho,
cumulate, and lava units. While metamorphism extends beneath the sole into the Avdella mélange for
thicknesses up to several hundreds of meters, its basement is not exposed.

The Vourinos mélange group is a tectonic mélange, with large imbricates entrapped and deformed between
the ophiolitic sole and Pelagonian continent itself. The sole is thin, and obduction-related metamorphic
zones underlying the sole penetrate through the mélange and into Pelagonian footwall units in several
places. The most common matrix of the Vourinos group is the Ayios Nikolas formation, a pebbly mudstone
that possibly is as old as mid—late Triassic, and which has tectonically incorporated Triassic—Jurassic
fragments during ophiolitic collision with Pelagonia. Small ‘pebbles’ within the mudstone are derived from
a Pelagonian continent to the east. The pebbly mudstone itself is pervasive to areas outside of the Vourinos
emplacement, and in these peripheral regions lacks tectonic inclusions. Possibly the ophiolitic slab was
never obducted over these areas, or the obduction was one of passive gliding above the unit. The pebbly
mudstone is envisioned as having been originally deposited on the continental rise of the Pelagonian
passive margin. Translation over this margin occurred in a heterogeneous fashion, most likely due to
irregularities in the original topography.

The Pindos basin ophiolites include diverse geotectonic affinities, with a geographic distribution of these
affinity groups that cannot be explained as a primitive oceanic feature. This disrupted distribution was in
place by the time of cessation of ophiolitic movement above the mélange groups, and most likely imposed
while the slab was moving above the mélange. Within the sole formations, differential shearing
exemplified by dislocated folded sole terrain and of ‘thinned’ metamorphic zonation necessitate
heterogeneous translation in the overburden slab as well. The mélange formations are active decollement
formations, with ideal mechanical properties promoting ophiolite emplacement. Given their extent and the
time span of emplacement, a very rough estimate of the ‘speed’ of the slab emplacing over mélange would
be five cm/year.

Key Words: ophiolite, emplacement, mélange, Pindos, Northern Greece
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Klasik anlamda, Arnavutluk ofiyolitleri dogu ve bati olmak iizere iki kusak olustururlar. Bati
kusaktaki ofiyolitlerin esas olarak lerzolit, troktolit, gabro ve bazalt igeren MORB-tipi ofiyolitler
olduklart diisliniilmektedir. Bununla birlikte, son zamanlarda yapilan c¢aligmalar bati kusagin
petrografik ve jeokimyasal agidan diisliniilenden daha kompleks oldugunu gostermistir. Luniku
ofiyoliti Kuterman/Shpati (W) masifinin kuzey ucu ile Shebenik (E) masifi arasinda yeralmaktadir.
Orta Jura (165—162 My) yast ofiyolitlerin olusum yas1 olarak verilebilir. Luniku ofiyoliti izotropik
gabro, iyi geligsmis levha dayk kompleksi ve volkanik birimden olugmaktadir. Volkanik birim massif
lav akimtilar1 ve yastik lavlardan olusmakta olup basalt ve dasitlerle temsil edilirler. Evrimlesmis
volkanikler yastik lavlarin iist kesimlerinde yeralirlar. Caligilan volkanikler hem MORB hemde yitim
ile iligkili kompozisyon sunmaktadirlar. Yastik lavlarin istiine serpantinit ¢akillarinca zengin kaba
konglomeralar ~ gelmektedir. ~ Bunlarin  {izerine = de  mikrokonglomeralar  gelmektedir.
Mikrokonglomeralar tabanda ofiyolit¢ce zengin bilesenler, tavanda ise karbonatca zengin bilesenlere
sahiptir. Tabanda yeralan mikrokonglomeralar serpantinit, gabro ve volkanik g¢akillar1 icermekte olup,
karbonatl1 ve detritik ofiyolitik malzeme ile tutturulmuslardir. Mikrokonglomeralarin iist seviyeleri ise
mikritik kiregtagi cakillari ve matriksinden olusmaktadir. Oolitik bilesenlerde yaygindir.
Mikrokonglomeratik tabakalar mikrofosillerce zengindir ve bazi kesimlerde iyi korunmustur. indeks
foraminiferlerin Alveosepta jaccardi (Schrodt) varligi Ge¢ Oksfordiyen—Erken Kimmerisiyen ( ~157
to ~153 Ma yasin1 vermektedir. Ortalama boyutu 100 pm altinda olan yliksek miktardaki detritik
kromit taneleri mikrokonglomeratik tabakalarda bulunmaktadir. Oolitik karbonatlarin bir kismi da
kromit ¢ekirdekleri igermektedirler. Detritik kromitlerin Cr# numarasi 55 ile 80 ve Mg# numarasi ise
40 ve 63 arasinda olmasi oldukga tiiketilmis harzburjitik/dunitik bir kaynagi isaret eder. Buna karsin,
ofiyolitten tliireme mikrokonglomeralar i¢inde yer alan serpantinit ¢akillarindaki kromitler ise lerzolitik
bir kaynag isaret etmektedir. Sedimanlarin Ge¢ Oksfordiyen—Erken Kimmerisiyen yasinda olmasi,
okyanusal kabugun olusumunu takip eden 10—15 my iginde ofiyolitik malzemenin aginip/tasinarak
konglomera/mikrokonglomeralara ¢akil ve matriks verdigini isaret etmektedir.

Anahtar Sozciikler: Arnavutluk, ofiyolit, sedimanlar, Jura ofiyolitleri, kromitler
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In a classical view, the Albanian ophiolites consist of two belts, the eastern one and the western one.
The western belt was supposed to consist predominantly of MORB-type ophiolites with lherzolites,
troctolites, gabbros and basalts. However, recent investigations have showed that petrography and
geochemistry of the western belt is more complex. The Luniku ophiolite is situated between the
northern ends of the Kuterman/Shpati (W) and the Shebenik (E) massifs. A Middle Jurassic age of
165-162 Ma can be assumed for the formation of the ophiolites. The Luniku ophiolite complex is
build up by isotrope gabbros, a well developed sheeted dike sequence and a volcanic section. The
latter consists of massive lava flows and pillow lavas and ranges from basalts to dacites. The more
evolved volcanics are concentrated in the upper part of the pillow sequence. The studied volcanics
show both MOR- and SSZ-related composition. On the top of the pillow lavas a coarse conglomerate
rich in serpentinite clasts is deposited. In turn, it is overlain by microconglomerates. The latter have
predominantly ophiolite-derived components in the lower part and carbonate-derived components in
the upper part. The lower microconglomeratic layer consists of serpentinite, gabbro and volcanic
clasts, embedded in a groundmass of carbonate and detrital ophiolitic material. The upper
microconglomeratic layer consists of micritic limestones clasts and a carbonate matrix. Oolithic
components are common. Both microconglomerate layers are rich in microfossils, which are in part
well preserved. The presence of the index foraminifer Alveosepta jaccardi (Schrodt) in both
microconglomerates suggests a Late Oxfordian—Early Kimmeridgian age (i.e. ~157 to ~153 Ma). High
amounts of detrital chromite grains with an average size below 100 pum occur in both
microconglomerate layers. Some of the carbonatic ooliths may also contain cores of chromite. A Cr#
ranging from 55 to 80 and Mg# between 40 and 63 in detrital chromites indicate a highly depleted
harzburgite/dunite source. By contrast, chromites from the serpentinite pebbles in the ophiolite-
derived microconglomerate display a lherzolithic affinity. The Late Oxfordian-Early Kimmeridgian
age of the sediments indicates that the reworking of the ophiolites resulting in clasts and matrix of
conglomerates/microconglomerates took place in a time span less than 10-15 Ma after the formation of
the oceanic crust.

Key Words: Albania, ophiolite, sediments, Jurassic ophiolites, chromites
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Ankara melanjinin, Izmir-Ankara-Erzincan okyanusunun (Kuzey Neotetis) kuzeye dogru Pontid aktif
kita kenarinin altina dalmasiyla iliskili olarak Geg¢ Mesozoyik’te gelisen yigisim kompleksi oldugu
yaygin olarak kabul edilmigtir. Dalma-batma-y1gisim olaylart orta Anadolu’da melanji lizerleyen Geg
Mesozoyik-Erken Senozoyik’te gelisen bazi yay Onii tipi sedimanter basenlerin olusumlariyla
kanitlanmustir. Izmir-Ankara-Erzincan okyanusunun kapanmasinda anahtar-klavuz jeolojik olaylari
gosteren Kirikkale, Sungurlu, Bayat, Haymana ve Tuz Golii basenleri gibi Orta Anadolu’yu temsil
eden bircok farkli alanlarda tektonik-sedimanter evrimi yeniden degerlendirmek {izere saha ¢alismasi
agirlikli ¢alismalar ile stratigrafik loglar, bazi klavuz alanlarin haritalanmasi, bazaltik kayaglarin
jeokimyasinin yapilmasi, mikropaleontoloji ve kaynak alan belirlemesi ¢aligmalarini siirdiirmekteyiz.
Geg Kretase-Orta Eosen yasghi Kirikkale baseni anahtar bir bolge niteliginde olup, batida Ankara
melanji, doguda Kirsehir masifi {izerinde oturmaktadir. Burada Kirikkale baseninin tektonik geligimi
yeniden degerlendirilecektir. Basenin ylizeyleyen temeli baslica; (1) Ankara Melanji; bindirme ortiileri
ve serpantinize harzburjit, radyolaryali ¢ort, kumtagi, bazaltik andezit, pelajik kiregtagi gibi
bloklarindan olusmakta ve; (2) Ust Kretase yash toleyitik okyanus ortasi sirti tipi bazaltlar (MORB)
pelajik kiregtaslari, radyolaryali ¢ortler, volkanoklastik¢e ve manganca zengin sedimanlarca {izerlenir.
Olgiilen loglara gore, yaklasik 2800 metre kalinliga varan basen ¢okelleri Ust Kretase yasl magmatic
yay kaynakli kaba feldspat- ve hornblendce-zengin biyotit-pirik andezit lav akinti aratabakali
volkanoklastiklerle baslar. Uzerine Mestrihtiyen—Paleosen yash volkanoklastik tiirbiditler ve karbonat
moloz akislar1 (olistostromlar) ve bunlarla birlikte bagimsiz resif bloklar1 (olistolitler) gelmektedir.
Yukar1 dogru giderek siglasan ve konglomeratik moloz akiglari ile aratabakali denizel deltaik
fasiyesten olusan Alt—Orta Eosen istifi, muhtemelen carpigma ile yasit bir tektonik yiikselimi
kanitlamaktadir. Niimiilitce zengin karbonatlar, yerel olarak yiikselmis okyanus temel kayaglar
tizerinde toplanmis olup, bunu da deniz transgresyonu izlemistir. Basenin dogu kenarina yakin yerdeki
Ust Kretase yash okyanusal temel biyotitge zengin per-aliiminus bir granitik pliiton (Karaca Ali
Pliitonu) tarafindan kesilmis olup, bu Orta Miyosen’de yiikselip asmmustir. Onceki yapisal
yorumlamalar, Ankara melanjinin bolgeyi etkileyen asil bindirme fayinin bir kismi olarak havzanin
bat1 kenarinda bdlgeye bindirdigi sekliye gosterilmektedir. Ancak, bolgede yapilan yeni haritalamalar,
yalnizca giliney kesimde gozlenen Paleosen yash yiiksek acili ters faylanma ile birlikte levha
yaklasiminin kuzeye dogru arttigin1 géstermektedir. Basen ¢okellerinin ¢ogunlukla ters fayla kesilmesi
ve yerel olarak kivrimlanmalar nedeniyle ters donmelere ragmen, dnceki raporlara karsit olarak biiyiik
oc¢ekli bindirme ¢aligmalari igin kiigiik kanitlar gosterirler.

Bizim ¢aligma hipotezimiz, dnceden bdlgede mevcut olan Ankara melanji dalma-batma kompleksinin
muhtemelen ge¢ Kretase—Paleosen doneminde yigisimiyla, Kirikkale baseninde yeni olarak ortaya
konan MORB temelin Neotetis okyanusu/yay kabugu temsil etmesidir. Basen daha sonra, gec
Paleosen—erken Eosen zamani boyunca siiregelen kitasal ¢arpisma nedeniyle yiikselmistir.

Anahtar Sézciikler: Ankara melanji, Kirikkale sedimanter baseni, izmir-Ankara-Erzincan okyanusu,
Gec¢ Kretase, Paleosen

864



62" Geological Kurultai of Turkey, 13—17 April 2009, MTA—Ankara, Tiirkiye

Sedimentary Cover of the Ankara Mélange: Role of the
Upper Cretaceous—Middle Eocene Kirikkale Basin, Central Anatolia

Steven Nairn', Alastair H.F. Robertson' & Ulvi Can Unliigeng®

! Earth and Planetary Science Group, School of GeoSciences, University of Edinburgh,
West Mains Road, Edinburgh, EH9 3JW, UK (E-mail: Steve.Nairn@ed.ac.uk)
2 Cukurova Universitesi, Jeoloji Miihendisigi Boliimii, Balcali, TR—01330 Adana, Tiirkiye

It is widely accepted that the Ankara Mélange is a Late Mesozoic accretionary complex related to the
northward subduction of the Izmir-Ankara-Erzincan Ocean (N Neotethys) beneath the Pontide active
margin. Subduction-accretion events are documented by several Late Mesozoic—Early Cenozoic
forearc-type sedimentary basins that overlie the mélange in Central Anatolia. We are carrying out a
field-based study using stratigraphic logging, re-mapping of key localities, geochemistry of basaltic
rocks, micropalacontology and provenance studies to re-assess the tectonic-sedimentary evolution of
representative parts of several different central Anatolian basis; i.e. the Kirikkale, Sungurlu, Bayat,
Haymana and Tuz Golii basins, all of which record key events in the closure history of the izmir-
Ankara-Erzincan Ocean.

A key area is the Late Cretaceous to Mid-Eocene Kirikkale Basin, which straddles the Ankara
Meélange to the west and the Kirsehir Massif to the east. Here, we re-evaluate the tectonic development
of the Kirikkale Basin. The exposed basement of the basin is composed of: (1) Ankara Mélange; i.e.
thrust sheets and blocks of serpentinised harzburgite, radiolarian cherts, sandstones, basaltic andesite,
pelagic limestone and; (2) Upper Cretaceous tholeiitic mid ocean-ridge-type basalts (MORB) overlain
by pelagic limestones, radiolarian cherts, volcaniclastics and Mn-rich sediments. Based on measured
logs, basin-fill sediments, up to ~2800 m thick, begin with Upper Cretaceous coarse feldspar- and
hornblende-rich volcaniclastic sediments with a magmatic arc provenance and interbedded biotite-
phyric andesite lava flows. Above come Maastrichtian—Paleocene volcaniclastic turbidites and
carbonate debris flows (‘olistostromes’) with detached reefal blocks (‘olistoliths’). The Lower—Middle
Eocene sequence shallows upwards to marine deltaic facies interbedded with conglomeratic debris
flows which presumably document tectonic uplift in a syn-collisional setting. Nummulites-bearing
carbonates accumulated locally on uplifted oceanic basement rocks following a marine transgression.
The Upper Cretaceous oceanic basement near the eastern basin margin is intruded by a per-aluminous,
biotite-phyric granitic pluton (Karaca Ali pluton), which was exhumed and eroded by mid-Eocene
time. Previous structural interpretations show the Ankara Mélange as overthrusting the western basin
margin, as part of major thrust faults affecting the area. However, new mapping shows that
convergence increases northwards, with only high-angle reverse faulting of Palacocene age being
observed in the south. Although the basin fill is commonly reverse-faulted and locally overturned by
folding, it shows little evidence of large-scale thrust dissection, in contrast to previous reports.

Our working hypothesis is that the newly discovered MORB basement of the Kirikkale basin
represents Neotethyan oceanic/arc crust that was accreted to the pre-existing Ankara Melange
subduction complex probably during latest Cretaceous—Palaeocene time. The basin was later uplifted
in response to progressive continental collision during the Late Paleocene—Early Eocene.

Key Words: Ankara mélange, Kirikkale sedimentary basin, Izmir-Ankara-Erzincan ocean, Late
Cretaceous, Paleocene
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Hornblend ve Filogopit iceren Kiimiilat Verlit Intriizyonlar1: Dogu Pontidler’de
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Kiimiilat verlitler, Dogu Pontidler’in Giiney Zonu’nda, Aksalur (Amasya) yoresinde yiizeyleyen Tokat
Masifi’ne ait diisiik dereceli metamorfik kayaclar iginde, kiigiik 6l¢ekli (30—100 m ¢apinda), elipsoidal
sekilli diskordan intriizyonlar olarak bulunurlar. Kontakt metamorfizma ve zorlama ile yerlesimin
izleri yan kayaclarda gdzlenmektedir. Ana kiimiiliis mineral tamamen serpantinlesmis olivindir.
Postkiimiiliis mineraller klinopiroksen (Wo4393-5021, Enss¢s—s097, Fe€251-987), hornblend, filogopit, ve
cok nadir olarak da ortopiroksenden olusur. Bu kristalizasyon serisi incelenen kayaglarin sulu bazaltik
bir magmadan tiiremis olduklarina isaret etmektedir. Krom spinel ise kiimiilat verlitlerde aksesuar
mineral olarak bulunmakta olup, kimyasal olarak Alaska—tip mafik—ultramafiklerdeki krom spinellere
olduk¢e benzerdir.

Kiimiilat verlitler diisiik SiO, (% 37.1-39.73), K,O (% 0.02-0.16), TiO, (% 0.36—0.64), yiiksek FeOr
(% 13.41-16.17), Nb (3—5.7 ppm) ve Ni (1112-1391 ppm) icerikleri ile karakteristiktirler. Verlitler
ilksel mantoya gore Biiyiik Iyon Yarigapl (LIL) ve Yiiksek Cekim Alanli (HFS) elementlerce hafifce
zenginlesmis olup, negatif K ve Sr anomalileri oldukga tipiktir. Bu negatif K ve Sr anomalileri ¢ok
muhtemel olarak incelenen kayaglardaki siddetli serpantinlesmeden kaynaklanmaktadir. Kiimiilat
verlitlerin kondirite gore normallestirilmis olan nadir toprak element desenleri Agir Nadir Toprak
(HRE) elementlere gore Hafif Nadir Toprak (LRE) elementlerce hafif¢e zenginlesmis olup, herhangi
bir Eu anomalisi gozlenmez ((La/Lu)exy= 3.11-4.15). Pb izotopik oranlari “*Pb/***Pb igin
18.482-18.553, *”’Pb/*"Pb igin 15.561-15.581 ve ***Pb/***Pb i¢in 38.694—38.801 arasinda degisir ve
Kuzey Yarikiire Referans Cizgisinin (NHRL) iizerinde yer alir.

Jeoloik, jeokimyasal ve petrolojik 6zelikler, daha onceleri okyanusal kabuga ait olduklar diisiiniilen
Geg Triyas yash bu kiimiilatlarin aslinda Dogu Pontid Magmatik Arki’nin yitimle iliskili Alaska-tip

ultramafik kayaclart oldugunu gostermektedir.

Anahtar Sozciikler: Alaska-tip, dogu pontidler, filogopit, kiimiilat, verlit, Pb izotopu
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The cumulate wehrlites occur as small-scaled (30—100 m in diameter) discordant intrusive bodies
emplaced into low-grade metamorphic rocks of Tokat Massif exposing at the Aksalur-Amasya area
situated in the southern part of the eastern Pontides. Contact metamorphism and forcefull injection
traces in the wall rocks are observed. Essential cumulus mineral is olivine. It is all completely replaced
by serpentine. The small chadacrysts contain relict hourglass texture lizardite, which was subsequently
replaced by high temperature antigorite. Intercumulus minerals consist of clinopyroxene (Wo43.93-50215
Eng 685097, Fe€2.51-9.87), hornblende, phologopite and extremely rare orthopyroxene. This crystallization
sequence suggests that cumulate wehrlites are derived from a hydrous basaltic parental magma.
Chromian spinel occurs as an accessory mineral in the studied cumulate rocks and its chemistry is very
similar to those of chrome spinels from Alaskan-type mafic-ultramafic rocks.

The cumulate wehrlites are characterized by low SiO, (37.1-39.73 wt—%), K,O (0.02-0.16 wt—%),
TiO; (0.36—0.64 wt%), high FeOr (13.41-16.17 wt%), Nb (3—5.7 ppm) and Ni (1112—1391 ppm)
contents. They are slightly enriched in LILE and HFSE with respect to primitive mantle and show
remarkably negative K and Sr anomalies. These negative K and Sr anomalies are most probably
caused by intense serpentinization. The chondrite-normalized patterns display slight enrichment in
LREE relative to HREE and lacking Eu anomaly ((La/Lu)cy= 3.11-4.15). Their Pb isotope ratios
range from 18.482—18.553 for **Pb/**Pb, 15.561-15.581 for **’Pb/***Pb, and 38.694—38.801 for
2%pb/***Pb and plot above the northern hemisphere reference line (NHRL).

These geological, geochemical and petrological characteristics suggest that these Late Triassic
cumulates which were previously thought to be a part of oceanic lithosphere are actually Alaskan-type

ultramafic cumulates of the Eastern Pontide Magmatic Arc.

Key Words: Alaskan-type, eastern Pontides, phlogopite, cumulate, wehrlite, Pb isotope
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Karayasmak Mafik-Ultramafik Birligi, Dogu Pontidlerin Giiney kesiminde yiizeyleyen ¢ok sayidaki
mafik-ultramafik intriizyondan biridir. Saha gdzlemleri ve jeokronolojik caligsmalar Karayasmak
Mafik-Ultramafik Birligi’nin Pulur metamorfikleri i¢ine yaklasik 130 milyon yillik bir zaman
diliminin (Ge¢ Karbonifer—Ge¢ Triyas araliginda) farkli zamanlarinda yerlestigini gostermektedir.
Birlik i¢indeki kayaglarin dokanak iliskileri, metamorfizmasi, yapisal, petrografik ve jeokimyasal
ozellikleri dikkate alindiginda bu yerlesimin bes ayr fazda gerceklestigi goriilmektedir: (i) plajiyoklas
peridotit, kaba taneli melagabronorit, ilk tip bantli gabro ve anortozitlerin olusumu (Faz-I); (ii)
pegmatitik gabro dayklarinin yerlesimi (Faz-II); (iii) ikinci tip banthi gabrolarin olusumu (Faz-I11); (iv)
ana gabroik kiitlenin yerlesimi (Faz-1V) ve (v) kiimiilat doku géstermeyen gabroik dayk ve stoklarin
yerlesimi (Faz-V). Bu Liyas oncesi mafik-ultramafik kayaglar, Liyas yasli magmatikler (kuvars
diyorit, diyabaz, bazaltik andezit, dasitik tiif) ve Erken Eosen yagh adakitik volkanikler tarafindan
kesilirler.

Bu calismanin ana konusunu olusturan kiimiilat kayaclar (Faz-I, III ve IV) diisiik dereceli
metamorfizmaya maruz kalmis olanlar (Faz-I) ve metamorfik olmayanlar (Faz-III ve 1V) seklinde iki
ana alt gruba ayrilabilir. Birligin biitiin kiimiilat kayaclarinda Cr-Al spinel, plajiyoklas ve olivin ilk
kristallenme fazlaridir. Interkiimiiliis mineraller piroksen, hornblend, filogopit ve ilmenitten olusur.
Birinci ve {igiincii faza ait kiimiilat kayaclar genel olarak benzer jeokimyasal 6zelliklere sahiptir. Bu
kayaglar, ilksel manto ve kondirite gore Biiyiik Iyon Yarigapli (LIL) ve Hafif Nadir Toprak (LRE)
elementlerce hafifge zenginlesmis, buna karsin Biiyiik Iyon Yarigapli (HFS) ve Agir Nadir Toprak
(HRE) elementlerce tiiketilmistir. Dordiincii faza ait olan Geg Triyas yasl kiimiilatlar birinci faza ait
plajiyoklas peridotitler tarafindan ¢evrelenir ve ters zonlu bir Alaskan-Tip kiitle 6rnegi olustururlar.
Bu kiimiilatlar, Karayagmak Mafik-Ultramafik Birligi’nin erken fazlarina ait kiimiilatlara goére LIL,
HFS, LRE ve HRE elementlerce daha fazla zenginlesmistir. Tiim kiimiilatlar negatif Nb, Ti, P ve Zr
anomalileri ve olaganiistii bir pozitif Eu anomalisi gosterir. Ayrica, Sr-Nd ve Pb izotopik oranlari
caligilan kiimiilat kayaclarin olusumunda tiikketilmis bir manto kaynagmin etkili olmadigini agikca
ortaya koymaktadir.

Karayagmak mafik-ultramafik kiimiilatlarindan elde edilen mineralojik, jeokimyasal ve izotopik
veriler bu kayaclarm ark iligskili Alaska-Tip mafik-ultramafik kiimiilatlar oldugunu ve farkl
zamanlarda ancak jeokimyasal olarak benzer yiiksek aleminyumlu, sulu, bazaltik ana magmalardan
tiiredigini gostermektedir. Magmanin kaynak bdlgesi ise muhtemelen Dogu Pontidler’de Placotetis
Okyanus kabugunun erken yitimi sirasinda, yitimle iligkili prosesler ile zenginlesmis kita alt1 litosferik
mantodur.

Anahtar Sozciikler: kiimiilat, izotop, Alaska-Tip, filogopit, Paleotetis, Dogu Pontidler
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An Example For Reversely-Zoned Alaskan-Type Mafic-Ultramafic Bodies: Pre-
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The Karayasmak mafic-ultramafic association is one of the numerous subduction-related mafic-
ultramafic intrusions, exposing in the southern part of the eastern Pontides. Field studies and
geochronologic data suggest that it emplaced into the Pulur metamorphic massif in different periods of
130 My time span between Late Carboniferous and Late Triassic. The unit, based on contact relations,
metamorphic-structural history, petrography and geochemical characteristics, evolved petrogenetically
at five main phases: (i) formation of the plagioclase peridotite, coarse-grained melagabbronorite, first
type banded gabbro and anorthosites (Phase-I); (ii) emplacement of gabbro pegmatite dikes (Phase-II);
(ii1) formation of the second type banded gabbros (Phase-III); (iv) emplacement of the main gabbroic
body (Phase-IV) and (v) emplacement of the non-cumulative gabbroic dikes and stocks (phase-V).
These pre-Liassic mafic-ultramafic rocks are cut by Liassic rocks (quartz diorite, diabase, basaltic
andesite and dacitic tuffs) and Early Eocene adakitic volcanic rocks.

Cumulate rocks (Phase-I, III and IV) from the main subject of present work and can be divided into
two main subgroups: (i) low-grade metamorphosed cumulates (Phase-I), which include such as
prehnite, pumppellyite, talc, serpentine and chlorite, and (i) unmetamorphosed cumulates (Phase-I11
and IV). Cr-Al spinel, plagioclase and olivine are the first crystallizing phases in all cumulate rocks of
the association. Intercumulus minerals consist of pyroxene, hornblende, phlogopite and ilmenite.
Cumulates belonging to Phase-1 and Phase-III have generally similar geochemical characteristics.
They are slightly enriched in LILE and LREE, depleted in HFSE and HREE with respect to chondrite
and primitive mantle. When compared with cumulates of Phase-I and Phase-II1, late Triassic gabbroic
cumulates (Phase-1V), which are surrounded by plagioclase peridotites of the first phase as in the
reversely-zoned Alaskan-type mafic-ultramafic bodies, display some minor geochemical differences.
They are more enriched in LILE, HFSE, LREE and HREE with respect to early phases of the
cumulate formation. All cumulates show remarkable positive Eu and negative Nb, Ti, P, Zr anomalies.
In addition, their Sr-Nd-Pb isotopic ratios reveal that none of the studied cumulates indicate depleted
mantle as a significant isotopic component.

The mineralogical, geochemical and isotopic data imply that Karayasmak mafic-ultramafic cumulates
are Alaskan-type arc-related mafic-ultramafic cumulates and that they must have been derived from
geochemically similar high aluminous-hydrous basaltic parental magmas. The source region of the
magma was most probably the subcontinental lithospheric mantle enriched with subduction-related
processes during early subduction of Palaeotethys oceanic crust in the eastern Pontides.

Key Words: cumulate, isotope, Alaskan-type, phlogopite, Palacotethys, eastern Pontides
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Giliney Neotetis okyanusal baseni kuzeyde Toros platformu ile glineyde Arap platformu arasinda
Triyas’tan Miyosen’e aktivitesini slrdiirmiistiir. Ge¢ Kretase yasli Goksun ofiyoliti giineydogu
Anadolu’da okyanusal litosferin kita iizerine yerlesmis kalintilarinin en iyi gozlendigi yerlerden birini
olusturmaktadir. Goksun ofiyoliti ge¢ Kretase’de Toros aktif kita kenar1 boyunca kuzeyden ve
glineyden Malatya-Keban metamorfikleri ile ¢evrelenen bir tektonik pencerede yiizeylenmekte ve
volkanik yay granitoyidleri tarafindan kesilmektedir.

Goksun ofiyoliti tam bir okyanusal litosfer kesiti sunmakta olup manto tektonitleri, ultramafik-mafik
kiimiilatlar, izotrop gabrolar, levha dayk kompleksi, plajiyogranit, volkanikler ve volkano-sedimanter
birimleri igermektedir. Kiimiilat kayaglar magmatik laminalanma ve ritmik tabakalanma gibi kiimiilat
yapilart sunmaktadir. Petrografik olarak ultramafik kiimiilatlar lerzolit ve verlitle, mafik kiimiilatlar ise
gabro ve olivinli gabro ile temsil edilmektedirler. Lerzolitik ve verlitik kayaglar mezo-kiimiilat ve
poikilitik dokular sergilemektedir. Lerzolitler ana mineral fazi olarak o6zsekilsiz olivin (~% 70),
ortopiroksen (% 15-20), klinopiroksen (% 15—20) kristalleri ile temsil edilmekte, verlitler ise olivin
(% 65—70), klinopiroksen (% 20—25), ortopiroksen (% <5) ve plajiyoklas (% ~1) icermektedir. Ender
olarak gozlenen kromitler gesitli oranlarda serpantinlesmis olivinler ve piroksenlerin igerisinde
dagilmig olarak goriilmektedir. Gabrolar ve olivin-gabrolar orto- ve mezo-kiimiilat ve poikilitik
dokular sunmaktadirlar. Olivin-gabrolar ana mineral fazi1 olarak plajiyoklas (% 65—70), klinopiroksen
(% 15), ve olivin (% 10) ile, gabrolar ise plajiyoklas (% 65—70) ve klinopiroksen ( % 25—30) ile temsil
edilmektedirler. Aksesuar faz ise olivinlerin ¢atlaklar i¢erisinde dagilmis manyetitler ve kromitler ile
temsil edilmektedir. Mafik-ultramafik kayaglarin tiim kayag¢ ana ve iz element jeokimyasi, Goksun
ofiyolitini olusturan ilksel magmanin modern ada yayi tektonik ortamlarda gozlenen ofiyolitlerle
bilesimsel olarak benzerlik sunduklarina isaret etmektedir. Kiimiiliis ve interkiimiiliis fazlarin
kristallenme sirasi olivin (Fo77-g3), krom spinel, klinopiroksen (Mg#s7—00), plajiyoklas (Angeso),
ortopiroksen (Mg#g-g3) seklindedir. Olivinler merkezden kenara dogru bir zonlanma gostermemekte
diger fazlar (klinopiroksen, ortopiroksen ve plajiyoklas) ise normal zonlanma gostermektedirler.
Kiimiilat kayaglarda magnezyumca zengin olivinler/piroksenler ve kalsik plajiyoklaslarin bulunmasi
kiimiilatlarin dalma-batma ile iligkili bir ortamda olustuklarina isaret etmektedir. Kiimiilat kayagclarla
ilgili tiim veriler bu kayaglarin Geg¢ Kretase’de Neotetis’in giiney kolunda bir okyanus i¢i dalma batma
zonu (SSZ) tektonik ortaminda olustugunu ortaya koymaktadir.

Anahtar Sozciikler: Neotetis, ofiyolit, kiimiilat, jeokimya, Goksun, Kahramanmarag
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The Southern Neotethyan oceanic basin was active during the period from Triassic to Miocene
between the Tauride platform to the north and the Arabian platform to the south. The late Cretaceous
Goksun ophiolite forms one of the best exposures of emplaced oceanic lithospheric remnants in the
Southeast Anatolian Orogen. It crops out in a tectonic window, bounded by the Malatya-Keban
platform both in the north and south, and in turn intruded by the volcanic arc granitoids along the
Tauride active margin in Late Cretaceous.

The Goksun ophiolite is characterized by a complete oceanic lithospheric section and consists of
mantle tectonites, ultramafic to mafic cumulates, isotropic gabbros, sheeted dike complex,
plagiogranite, volcanics and associated volcano-sedimentary units. The cumulate rocks display
cumulate structures such as igneous lamination and rhythmic layering. Petrographically ultramafic
cumulates are represented by lherzolite and vehrlite whereas mafic cumulates are represented by
gabbro and olivine-gabbro. The lherzolitic and wehrlitic rocks exhibit meso-cumulate to poikilitic
textures. The lherzolites are represented by xenomorphic olivine (~70 %), orthopyroxene (15-20 %),
clinopyroxene (15—20 %) crystals, where as the wehrlites comprise olivine (65—70 %), clinopyroxene
(2025 %), orthopyroxene (<5 %) and plagioclase (~1 %) as the main mineral phases. Rare chromites
are seen as dispersed crystals in variably serpentinized olivines and pyroxenes.The gabbros and
olivine— gabbros display ortho and mesocumulate to poikilitic textures. The olivine gabbros are
represented by plagioclase (65—70 %), clinopyroxene (15 %) and olivine (10 %) and gabbros are
represented by plagioclase (65—70 %) and clinopyroxene (25—-30 %) as the main mineral phases. The
accessory phase is represented by dispersed magnetites in the cracks of olivines and chromites. The
whole rock major and trace element geochemistry of the mafic—ultramafic cumulate rocks indicate
that the primary magma generating the Goksun ophiolite is compositionally similar to those observed
in modern island arc tectonic settings. The crystallization order of the cumulus and intercumulus
phases is olivine (Fog;—77), chromian spinel, clinopyroxene (Mg#o-¢7), plagioclase (Ango—s),
orthopyroxene(Mg#s;-s1). The olivines do not show zoning from core to rim whereas the other phases
(Cpx, Opx and Plg) display normal zoning from core to rim. The presence of magnesian olivines,
pyroxenes and calcic plagioclase in the cumulate rocks indicate that they were formed in a subduction
related environment. All the data from cumulate rocks suggest that they formed in a suprasubduction
zone tectonic setting in the southern Neotethys during Late Cretaceous time.

Key Words: Neotethys, ophiolite, cumulate, geochemistry, Goksun, Kahramanmaras
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Pontidler ile Anatolid-Torid Platformu arasinda gelismis izmir-Ankara-Erzincan Kenet Zonu (IAEKZ)
boyunca c¢ogunlukla ofiyolitik diziden kopmus degisik kaya tiirleri gozlenir. Ultramafik-mafik
kayaglar ile radyolaryali ¢ort, ¢amurtasi ve pelajik kirectaglarindan olusan okyanusal litosfer
kalintilar1, Triyas—Jura—Kretase zaman araliginda gelismis Tetis okyanusunun kuzey kolunu temsil
eder. Ofiyolit dilimlerine ait ultramafik kayaclar, kismen veya tamamen serpantinitlere dontismiistiir.
Ultramafik kayaglarin (harzburjit, dunit) SiO; (%30-45), Fe,O; (%7-10), MgO (%35-45) ve CaO
(%0.1-1) igeriklerine karsin listvenitlerde SiO; (%91-95), Fe,05 (%5—7) ve CaO (%0.1-1) igerikleri
tespit edilmistir. Bir 6rnekteki Fe,O; igerigi, %36’a ulasmis olup yerel bir demir cevherlesmesine ait
oldugu gozlenmistir. Listvenitlerde, yaygin olarak kuvars ve kalsedon daha az olarak karbonat
minerallerinden kalsit, dolomit, ankeritler ile kloritler gozlenir. Kalinti halde mafik mineral
pseudomorflari, serpantinlesmis ultramafik protolitleri, Cr-spinel grubu mineraller ve limonitler de
bulunmaktadir. Serpantinite doniismiis ultramafik kayaglarin kendi i¢lerindeki makaslama diizlemleri
veya bindirme zonlar1 boyunca, hidrotermal ¢ozeltilerin alterasyonlart ile listvenitlere doniistiikleri
gozlenmektedir. Caligma alanindaki serpantinitler, karbonat¢a zengin hidrotermal c¢ozeltilerin
alterasyonundan ¢ok, silisge zengin hidrotermal c¢ozeltilerin alterasyonlarmma maruz kalmiglardir.
Bunlardan biiyiik kristalli, temiz, 6z sekilli, bantli kalsedonik kuvarslar ile i¢inde ¢ok fazla miktarlarda
koyu renkli ve hava ile doldurulmus 6z sekilli, ince taneli kristalin kuvarslar, sivi kapanim
caligmalarimizda kullanabilecegimiz Ozeliklere sahip sivi kapanimlari igermezler. Zonlu kuvars
kristalleri ise, bilyiime zonlarmmi tanimlayan birincil sivi kapanimlarimi igermektedirler ve bu zonda
diizensiz sekilli consistent sivi kapamimlar bulunmaktadir. Consistent sivi kapanimlar, diisiik
sicakliklara (<200 °C), diisiik basinca ve diisiik tuzluluga (3,5 %NaCl esdegeri olarak) sahiptir.
Sonug olarak listvenitlerin olusumunda etkili olan kuvarslar farkli evrelerde olusmaktadir. Kuvars
olusumlarmin ilk evrelerinde, ¢ok az veya hi¢ sivi kapanim igermeyen ¢ok kiiciik kristalli kuvarslar
olusurken biiyiik kristalli kuvarslar daha gen¢ olusan kuvarslari veya kuvars olusumunun geg
evresindeki sivilar temsil ederler. Kuvarslar i¢inde kaynama olayina rastlanmamistir. Listvenitlerde
yapilan kimyasal analiz sonuglarima ve sivi kapanim petrografisi verilerine gore listvenitlerde
epitermal siirecte olusmus degerli-metal (Au gibi) olusumlari gézlenmemistir. Bélgede meydana gelen
listvenitlesmenin diisiikk sicakliga, diisiik tuzluluga ve diisiik basinca sahip epitermal ¢ozeltilerce
olusturuldugu diistiniilmektedir.
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birliktelikleri, stvi kapanim dokulari
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There are various rock types, often derived from an ophiolitic suite, through izmir-Ankara-Erzincan
Suture Zone (IAESZ), which took place between Pontides and Anatolide-Tauride Platform. Remnants
of an oceanic litosphere, built from ultramafic-mafic rocks and radiolarian cherts, mudstone and
pelagic limestones, represent northern branch of Tethyan ocean developed during
Triassic—Jurassic—Cretaceous. Ultramafic rocks of ophiolitic slices are partly or entirely
serpentinitized. Ultramafic rocks (harzburgite, dunite) have 30—45% SiO,, 7-10% Fe,0;, 35-45%
MgO and 0.1-1% CaO contents, whereas listwaenites have 91-95% SiO,, 5-7% Fe,O; and 0.1-1%
CaO contents. Fe,O; content of a sample reaches to 36% and it shows a local iron mineralization.
Listwaenites are composed commonly of quartz, chalcedony, chlorite, relict mineral pseudomorphs of
mafic minerals and Cr-spinel and limonite with occasional carbonate minerals such as, calcite,
dolomite, ankerite. Serpantinized ultramafic rocks were turned in to listwaenites, alterating along
shearing planes and thrust zones in ultramafic rocks by hydrothermal solutions. Ultramafic rocks in
study area, are exposed rather alteration of silica-rich hydrothermal solutions than alteration of
carbonate-rich hydrothermal solutions. According to fluid inclusion petrography in quartz found
within the listwaenites, different forms of silica have been observed within the epithermal deposits.
These are large, clear euhedral quartz crystals and banded botryoidal quartz and finely crystalline
euhedral quartz crystals having dark air-filled voids, and are not likely suitable for fluid inclusion
analyses. Zoned quartz crystals contain primary inclusions defining growth zones, and these also have
irregularly shaped, primary inclusion consistent with liquid-to-vapor ratios. Consistent inclusions have
approximately low temperature (<200 °C), low pressure and salinity (0—3.5 %NaCl equivalent). The
earlier phases of quartz generation includes fine-grained with rare or no inclusions while the later
phases includes coarse-grained crystals. This may suggest that the silicification took place at different
and periodical intervals. No evidence for boiling has been observed. The geochemical analyses in
favour of a fact that there is no precious-metal precipitation during listwaenite formation. The
listwaenitization is likely to be resulted from the hydrothermal solutions at low temperature, salinity
and pressure conditions.

Key Words: Listwaenite, epiterhmal systems, fluid inclusion systematics, fluid inclusion
assemblages, fluid inclusion textures
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