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Bodrum Magmatik Kompleksinin Stratigrafisi ve Petrolojik Ozellikleri
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Bodrum yarimadasinda ylizeyleyen birbirleriyle yasit pliitonik, yar1 derinlik ve volkanik kayalar
‘Bodrum magmatik kompleksi’ olarak bilinir. Bu kayalar Ege bolgesi Neojen magmatizmasinin geng
donemlerinin {irlinleridir ve ayn1 magmatik provensin en giineydeki temsilcileridir. Bu magmatik
kayalar Orta Miyosenin ge¢ donemleri ile Ge¢ Miyosen olmak {izere baslica iki magmatik evre
sirasinda olugmuslardir. Magmatizma ge¢ Orta Miyosen’de (11.2+1.6 My) monzonitik pliitonik
kayalarin Bodrum yarimadasi temel kayalari igine yerlesmesi ile baslamistir. Ilk magmatik evrenin ana
kaya tipleri monzonitler, kuvars monzonitler ve monzo gabrolardir. Pliitonik kayalarla az ¢ok es yash
olarak, yiizeyde volkanik bir topluluk gelismistir ve Ust Miyosen (7.75+0.25 Ma) dénemine kadar
stirekli olmustur. Yariderinlik (hipabisal) kayalar1 stoklar, porfiri dayklar1 levha intriizyonlar ile
temsil olunurlar. Genellikle monzonit porfiri, latit, trakit ve kuvars porfirlerden olusmaktadir.
Volkanik dizi icerisinde belirgin bir stratigrafik diizen vardir. Volkanik topluluk altta asidik-felsik
lavlar ve iligkili piroklastikler ile baslayarak iiste dogru trakiandezit ve andezitler ile takip olunur.
Istifin daha iistiine dogru ortag-bazik volkanik kayalar egemen olur. Bodrum volkanik kayalar1 en iistte
asidik-felsik ve mafik kayalar ile (riyolit, trakit, bazaltik andezitler) soniimlenir.

Bodrum magmatik kompleksinin pliitonik ve en alt volkanik kayalar1 alkalen sinirina yakin, kalk-
alkalen karakterdedir. En {ist volkanik kayalar (Ust Miyosen; 10-7.7 My) zayif alkalen ve alkalen
jeokimyasal egilim sunar. Kalkalkalenden alkaline degisen bu jeokimyasal nitelik magmatik ve
tektonik evrimde oOnemli degisikliklere isaret ediyor olmalidir. Bodrum magmatik kompleksi
jeokimyasal yonden dalma-batma ile ilisliki magmatik topluluklara benzerlik gostermektedir. Bu,
onemli LIL element zenginlesmesi ve N bile Ta fakirlesmesi sergilemesi ile belirgindir. Nb ve Ta
fakirlesmesinin mertebesi iist alkali kayalarda daha azdir ve bu durum da dalma-batma kayitlarinin
zaman igerisinde azaldigina isaret eder. Mevcut Sr ve Nd izotop verilerine gére Bodrum magmatik
kompleksi Ege mantosu ile kitasal kabugu arasinda hybrid bir karakter sergilemektedir. Ege bolgesinin
tektonik evrimi ve jeokimyasal verilerin birlikte degerlendirmesi ile Bodrum magmatizmasinin
Helenik dalma-batma zonunda, dalan dilimin geri ¢ekilmesi (slab roll-back) sonucunda olusan
gerilmeli bir tektonik rejim altinda meydana gelmis oldugu fikri 6ne siiriilebilmektedir.

Anahtar Soézciikler: Bodrum Yarimadasi, Neojen, magmatizma, monzonit, volkanik kayalar,
jeokimya, petroloji
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The coeval plutonic, hypabyssal and volcanic rocks which crop out in the Bodrum peninsula are
known as the ‘Bodrum Magmatic Complex’. These rocks are the products of the young magmatic
episode and represent the southernmost outcrops the Aegean Neogene magmatism. They were formed
in two essential phases during the late Middle Miocene and Late Miocene period. The magmatism
started with the emplacement of the monzonitic rocks in to the basement rocks of the Bodrum
peninsula during the late Middle Miocene (11.2+1.6 Ma). Monzonites, quartz monzonites and monzo
gabbros are the main rock types of this phase. A volcanic association was produced coevally with the
plutonic rocks, and lasted until Upper Miocene (7.75+0.25 Ma). Hypabyssal rocks are represented by
stocks and porphyry dikes as the sheet intrusions. These rocks are formed mainly from porphyries
such as the monzonite porphyry, latite, trachyte and quartz porphyries. There is an apparent
stratigraphical ordering within the volcanic succession. The volcanic rocks start with the acidic-felsic
lava and related pyroclastics at the base, and are followed by the trachyandesite and andesites together
with related pyroclastic rocks. Up to the section, intermediate-basic volcanic are dominated. The
Bodrum volcanic succession ceased with the acidic-felsic and mafic volcanic rocks (i.e. rhyolites,
trachytes, basaltic andesites).

The plutonic and the lower volcanic rocks of the Bodrum magmatic complex are CA in nature, close
to the alkaline boundary. The upper volcanic rocks (Upper Miocene; 10—7.7 Ma) display mildly
alkaline to alkaline geochemical affinities. This may reveal that the important changes in magmatic
and tectonic evolution. The Bodrum magmatic complex shows similar geochemical character to the
subduction-related magmatic associations. It displays significant large ion litophyle element
enrichments and depletions in Nb and Ta. The Nb and Ta anomalies are less in the alkaline volcanic
serie, implying that the subduction signatures decrease through the time. Available isotope data
indicate that all of the members of Bodrum magmatic complex are hybrid in character and display a
trend between Aegean mantle and crustal components. Considering the tectonic evolution of the
Aegean region together with the geochemical data, we may assume that the Bodrum magmatism was
formed within an extensional environment which caused by to the slab roll-back mechanism of the
Hellenic subduction zone.

Key Words: Bodrum Peninsula, Neogene, magmatism, monzonite, volcanic rocks, geochemistry,
petrology
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Istranca ve istanbul Zonlar1 (KB Tiirkiye) Icerisinde Yiizeylenen
Granitoyidlerin Jeokimyasi ve SHRIMP Zirkon U-Pb Yaslandirmasi

Sabah Yilmaz Sahin', Yildirim Giingér®, Namik Aysal® ve Sinan Ongen”
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Pontid tektonik birliginin bat1 kesiminde tanimlanan Istranca ve Istanbul zonlar1 igerisinde farkli
yaslarda, farkli jeotektonik konumlarda ve farklt magmatik kokenlerde olugsmus granitoyidler
yiizeylenmektedir. Istranca Zonunun en giineydogu ucunda yer alan Catalca bolgesinde, Prekambriyen
yash Catalca metagraniti ve Permiyen yash Tepecik kataklastik graniti temel kayaglan icerisinde
yiizeylenirken, dogusundaki Istanbul Zonu’daki Paleozoyik yasl sedimanter birimler icerisinde geg
Kretase yasli Cavugbasi granodiyoriti ile Devoniyen yasli sedimanter birimler i¢erisine sokulum yapan
Permiyen yashi Sancaktepe graniti (Gebze) yiizeylenmektedirler. Mineralojik-petrografik-jeokimyasal
ve jeokronolojik Ozellikleri bakimindan Catalca yoresi granitoyidleri ile Sancaktepe graniti benzer
ozelliklere sahiptir.

Jeokimyasal olarak, Catalca bolgesi granitoyidleri ile Sancaktepe granitinin subalkalin, yliksek K’lu
kalkalkalin ve peralumino ozellikte oldugu, Cavugbasi granodiyoritinin ise subalkalin, orta K’lu
kalkalkalin ve metalumino karakterli oldugu go6zlenmistir. Element davraniglart agisindan
bakildiginda; Catalca ve Sancaktepe birimlerinin alkaliler bakimindan artan SiO, ye gore K,O
degerinde oldukga belirgin bir artis (% 3—6), Na,O bakimindan normal degerler (% 3—4) gosterdigi,
Cavusgbasgi granodiyoritinde ise K,O un oldukga diisiik (% 1-2) degerler gosterdigi izlenmektedir. Her
tic birimde de o6rneklerin gogunlugunun ASI degerleri, 1.1 den kiigiiktiir, ancak, birka¢ 6rnekte 1.1 den
daha biiyiiktiir. Bu degerlere gore her ii¢ birim de I-tipi magma karakterinde olup, bazi drnekler I-tipi
ile S-tipi arasinda konumlanmaktadir. iz element jeokimyasina gére, her ii¢ birim de benzer 6zellikler
sunmakta, LIL elementlerden HFS elementlere dogru bir diisiikliik; REE davranislarinda da hafif REE
den agir REE’ne dogru zayif da olsa bir fakirlesme gozlenmektedir. Negatif Eu anomalisi, Sancaktepe
granitinde ¢ok belirgin ancak diger birimlerde ¢ok zayif gézlenmektedir. Granitoyidlerin jeotektonik
ortamlarini belirlemeye yonelik diyagramlarda Catalca ve Sancaktepe granitoyidleri carpismayla ilgili
bolgede, Cavusbagi birimi ise volkanik yay granitoyidleri bdlgesinde konumlanmaktadir. izotop
jeokimyasi verilerine gore, Catalca metagraniti disiik ilksel *'Sr/*Sr ve '"Nd/'*Nd degerlerine
sahipken (0.6941 ve 0.5120), Sancaktepe granitinde nispeten yiiksek (0.6989 ve 0.5122) ve Cavusbasi
granodiyoritinde ise en yiiksek degerler (0.7035 ve 0.5127) gézlenmektedir.

Jeokronolojik ¢alismalarda, SHRIMP-Zirkon U-Pb yaslandirma sonuglarina goére, Catalca
metagranitinde 534.5+4.7 MY, Tepecik kataklastik granitinde 249.4+1.5 My; Sancaktepe granitinde,
253.7£1.75 My ve Cavusbasi granodiyoritinde ise 67.75+0.59 My yaslar1 bulunmustur. Bu ¢alisma ile
Istranca masifi granitlerinde ilk defa Erken Kambriyen yasi saptanmis olup, Tiirkiye’de bu yas
araliginda birka¢ lokasyonda (6rnegin, Bolu, Bitlis ve Menderes masifleri) saptanan diger
granitoyidlerle karsilastirabilme imkami dogmustur. Boylece, elde edilen yas verileri ile tiim
jeokimyasal veriler birlestirildiginde, bdlgenin tektono-magmatik evriminde g¢esitli orojenik safthalar
ile Paleo-Tetis okyanusunun kuzeye dalimi ile ilgili olusan magmatizmanin etkinliginden s6z
edilebilmektedir.

Anahtar Sézciikler: Istranca, Istanbul Zonu, granitoyid, SHRIMP, zirkon, U-Pb yaslandirma,
tektono-magmatik evrim

598



, 13—17 April 2009, MTA—Ankara, Tlrkiye
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The Istanbul and Strandja zones, which may be separated by tectonic zones, are located at the Western
part of the Pontides, one of the main tectonic units of Turkey. The Granitoids with different age,
geotectonic setting and magma genesis are determined within these zones. In the Catalca region, tip of
the southeastern part of the Strandja Zone, Precambrian Catalca metagranite and Permian Tepecik
cataclastic granite mtruded into the basement rocks. In the eastern part of the studied area, within the
Istanbul Zone, the Permian Sancaktepe granite (Gebze) and the Upper Cretaceous Cavugbasi
granodiorite intruded into the Paleozoic sedimentary rocks. According to the mineralogical-
petrographical-geochemical and geochronological properties the granitoids in the Catalca region are
similar to the Sancaktepe granite.

In terms of the geochemical features, the granitoids in the Catalca region and the Sancaktepe granite
have subalkaline, high-K calkalkaline and peraluminous characters, while the Cavusbasi granodiorite
display subalkaline, middle-K calcalkaline and metaluminous characters. The Catalca and Sancaktepe
units have high values (3—6 %) of K,O and normal values (3—4 %) of Na,O according to increased
Si0,. The Cavugbasi granodiorite, on the other hand, has low values (1-2 %) of K,O. ASI (Aluminum
saturation index) are lower than 1.1 for most of the samples from the three units, but a few samples
have higher ASI values. All three units display I-type magma character, but some samples are between
I-type and S-type according to the geochemical results. Trace element geochemistry shows that all of
the units display similar features in the normalized diagrams. They display decreasing normalized
concentrations from large ion lithofile (LIL) elements to high field strength (HFS) elements and from
light (LREE) to heavy rare earth elements (HREE). Negative Eu anomaly is clearly visible at the
Sancaktepe granite, but poorly seen in the other units. In tectonic discrimination diagrams, the samples
from the Sancaktepe and Catalca region granitoids plot in the collision related field, while those from
the Cavusbasi granodiorite plot in the volcanic arc granitoids field. According to isotope geochemistry
the Catalca granitoids have low values of initial *’Sr/**Sr and '“Nd/"**Nd isotopes (0.6941 and
0.5120), while Sancaktepe granite has higher values (0.6989 and 0.5122). The Cavusbasi granodiorite
display the highest values of isotopic ratios (0.7035 ve 0.5127).

SHRIMP Zircon U-Pb geochronology indicates that the Catalca metagranite formed during the Late
Precambrian (534.5+4.7 Ma) and the Tepecik and Sancaktepe granites during the Permian (with age
determinations of 249.4+1.5 Ma and 253.7+1.75 Ma respectively). The youngest unit of this region is
the Cavugbasi granodiorite which yields an Upper Cretaceous age (67.75+£0.59 Ma). It is reported here
for the first time that some Early Cambrian granitoids exist within the Strandja massive. This would
provide some comparison of these granitoids with the granitoids of the same age in other localities in
Turkey, i.e. Bolu, Bitlis and Menderes massives. Therefore, geochemical and geochronologic data
presented here have some significance to explain tectono-magmatic evolution of this region and
magmatism related to a possible northward subduction of Paleo-Tethyan ocean.

Key Words: Strandja, Istanbul Zone, granitoid, SHRIMP, Zircon U-Pb dating, tectono-magmatic
evolution
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Ust Kretase’de Orta Anadolu Kitasal Kabugunun Homojenlesmesi:
Orta Anadolu Kristalen Karmasig1 (Tiirkiye)’nin Bat1 Kenarindaki
Granitoyidlerde Zirkon U-Pb Yas Tayini ve Lu-Hf Izotop Verileri
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Ekecikdag ve Agacoren Magmatik Birlikleri (Orta Anadolu-Tiirkiye), iki-mikali granitoyidler olan
biyotit-muskovit graniti, mikrogranit ile 16kogranit birimlerini ve hornblend igeren granitoyidler olan
hornblend-biyotit graniti, granodiyorit ile monzonit birimlerini icermektedir. Tiim-kaya¢ jeokimya
verileri, kalk-alkalen ozelligi ve tliketilmis mantoya gore normalize edilmis c¢oklu-element
grafiklerindeki Th, U, K, Pb zenginlesmesi ve Ba, Nb, Ta, P ve Ti negatif anomalileriyle belirlenmis
olan Oncel bir dalma-batma zonu bilesenine sahip bir kitasal kabuk kaynagini 6nermektedir. Ayrica,
Ekecikdag ve Agacoren granitoyidlerinin tiim-kaya¢ Sr ve Nd izotop verileri kitasal kabuk kaynagi
ozelliklerini gdstermektedir. Buna ek olarak, sdzkonusu granitoyidlerden elde edilmis zirkon
kristallerindeki tipoloji ve ig-yap1 incelemeleri, kalit ¢ekirdeklerle karakterize edilen kitasal kabuk
kokenini dnermektedir. Zirkon kristallerindeki salinimli zonlanmay1 kesen ve ara ¢dziinme zonlarina
yol agan daha sonraki magmatik olaylarin varligi da kaydedilmistir. Petrografi, tim-kaya¢ elementel
ve izotop jeokimyasi verileri ile zirkon 6zelliklerine dayanarak, biyotit-muskovit graniti, mikrogranit
ve lokogranit S-tipi, digerleri ise I-tipi granitoyidler olarak degerlendirilmistir.

Ortalama LA-SF-ICP-MS *%Pb/**U yaslar1 Orta Anadolu’da Ust Kretase’deki iki ana magmatik
evreyi ortaya koymaktadir. Biyotit-muskovit graniti, mikrogranit, 16kogranit, hornblend-biyotit graniti
ve granodiyorit 85-80 My doéneminde olugsmus, monzonit sokulumu ise yaklasik 74 My’da
gergeklesmistir. Bu iki evrenin arasinda olusmus olan granitik dayklar da mevcuttur. Kalit zirkon
cekirdeklerinden ise Arkeyana kadar uzanan yaslar elde edilmistir. Ayrica, U-Pb yaslartyla birlikte
degerlendirildiginde, LA-MC-ICP-MS Lu-Hf izotop verileri, Arkeyan’da yeni magma girisi, Erken
Proterozoik’te kitasal kabugun yeniden islenmesi, Orta ve Geg¢ Proterozoyik’te kitasal kabugun
yeniden islenmesinin yanisira sinirli miktarda yeni magma girisi ile Paleozoyik’te ve Mesozoyik’in
Geg Kretase oncesini kapsayan doneminde kitasal kabugun yeniden islenmesi olaylariyla karakterize
edilen heterojen kokenleri onermektedir. Ayrica, Geg Kretase donemi —1.3+0.5 ile —8.8 £0.6 arasinda
degisen eHf(; verileriyle ortaya konan kitasal kabuk imzasi ile karakterize edilmektedir. Buna ek
olarak, farkli granitoyidlerin Ge¢ Kretase yash zirkon ¢ekirdek ve zonlarindan elde edilen '"°Hf/ 177Hf(t)
verilerinin ¢akismasi ve 0.282472 ile 0.282683 arasindaki ¢ok dar bir aralikta sinirlanmasi izotopik
homojenlesmenin gdstergesi olarak nitelendirilebilir. Heterojen kaynaklardan tiiremis olmalarina
ragmen, Ekecikdag ve AgagOren granitoyidlerinin sokulum sirasindaki Lu-Hf izotop verilerinin
benzerligi, kitasal kabukta homojenlesmeye isaret etmektedir. Sonug olarak, Orta Anadolu kitasal
kabugunun Geg Kretase’deki iki evreli granitoyid gelisimi sirasinda homojenlestigi 6nerilmektedir.

Anahtar Sozciikler: zirkon, Orta Anadolu, LA-SF-ICP-MS, U-Pb yas tayini, LA-MC-ICP-MS, Lu-
Hf izotoplari
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Homogenization of the Central Anatolian Crust in the Late Cretaceous:
Zircon U-Pb Ages and Lu-Hf Isotope Data from the Granitoids of the
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The Ekecikdag and Agacoren Igneous Associations (central Anatolia-Turkey) comprise two-mica
granitoids with biotite-muscovite granite, microgranite and leucogranite units and hornblende bearing
granitoids with hornblende-biotite granite, granodiorite and monzonite units. Whole-rock geochemical
data imply calc-alkaline features and a crustal source with earlier subduction-related components. This
is evident from the primitive mantle-normalized multi-element plots displaying enrichment in Th, U,
K, Pb and negative anomalies in Ba, Nb, Ta, P and Ti. Moreover, whole-rock Sr and Nd isotope data
from the Ekecikdag and Agacdren granitoids show crustal source characteristics. Furthermore,
typological and intra-crystalline examinations of zircons from these granitoids suggest a crustal origin
characterized by inherited cores. Subsequent igneous events resulting in intermittent dissolution zones
that disrupt oscillatory zoning within the zircon crystals were also recorded. Based on petrography,
whole-rock elemental, isotope data and zircon characteristics the biotite-muscovite granite,
microgranite and leucogranite are interpreted as S-type, and the others as I-type granitoids.

Mean LA-SF-ICP-MS **Pb/***U zircon ages reveal two main episodes of magma generation in central
Anatolia within the Late Cretaceous. The biotite-muscovite granite, microgranite, leucogranite,
hornblende-biotite granite and granodiorite formed at 85-80 Ma; monzonite intrusion, on the other
hand, occurred at ca. 74 Ma. There are also granitic dykes formed in between of these episodes. Ages
extending back to the Archean were determined from the inherited zircon cores. Moreover, LA-MC-
ICP-MS Lu-Hf isotope data combined with the U-Pb ages suggest heterogeneous sources,
characterized by juvenile magma input in the Archean, reworked Early Proterozoic crust, input of
limited juvenile magma and reworking of crust in the Middle to Late Proterozoic, and reworking of
crustal material from the Paleozoic to the pre- Late Cretaceous. Additionally, the Late Cretaceous is
characterized by a crustal signature, with zircon eHf(; data ranging from —1.3+0.5 to —8.8 +0.6. In
addition, '"*Hf/"""Hf,, data of Late Cretaceous zircon cores and zones from distinct granitoids overlap
and are constrained in a very narrow range between 0.282472 and 0.282683, which can be interpreted
as an indication of isotopic homogenization. Although the Ekecikdag and Agacdren granitoids were
generated from heterogeneous sources, the similarity of their Hf isotope data at the time of intrusion
points to crustal homogenization. Consequently, we suggest that the central Anatolian crust has been
homogenized during two episodes of granitoid evolution in the Late Cretaceous.

Key Words: zircon, central Anatolia, LA-SF-ICP-MS, U-Pb age determination, LA-MC-ICP-MS, Lu-
Hf isotopes
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Ulubey (Ordu) Yoresi Tersiyer Yash Carpisma ve Carpisma Sonrasi Volkanik
Kayaclarin Kokeni ve Jeodinamik Gelisimindeki Petrolojik
ve Sr-Nd Izotopik Kanitlar, KD Tiirkiye

[rfan Temizel ve Mehmet Arslan

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 Trabzon
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Ulubey (Ordu) yéresindeki Eosen (*Ar-*Ar: 44.6-49.4 My) yash ortag-asidik bilesimli ¢arpisma
volkanitleri ve Miyosen (*’Ar-*’Ar: 15.1 My) yasl carpisma sonrasi bazik volkanitler; trakibazalt
(TB), trakidasit-dasit takimi1 (TDT), trakiandezit-trakidasit-riyolit takimi (TTRT) ve andezit-
trakiandezit takimi (ATT) olmak tizere dort gruba ayrilmustir.

Incelenen bazik, ortag ve asidik volkanitler, toleyitik-kalkalkalenden hafif alkalene kadar degisen
jeokimyasal karaktere sahip olup, orta-yiiksek-K igerirler. Harker diyagramlarmmda goézlenen iyi
gelismis korelasyon, bazik kayaclarin (TB) gelisiminde klinopiroksen + plajiyoklas + magnetit
ayrimlagmasinin, ortag-asidik kayaglarin (ATT, TTRT ve TDT) gelisiminde ise hornblend + biyotit +
plajiyoklas =+ magnetit + sanidin =+ apatit ayrimlagsmasinin O6nemli Ol¢lide rol oynadigini
gostermektedir. Bu volkanitlerde; plajiyoklas fenokristallerinde halkali zonlanma, elek dokusu ve
korrozyon; hornblend fenokristallerinin kenarlarinda gelisen kismi ergime ile olusan parcalanma ve
opaklagsma, kuvars ksenokristallerinin ¢evresini bir zarf seklinde saran ignemsi klinopiroksen
mikrofenokristallerinin olusturdugu reaksiyon dokusu ve klinopiroksenlerdeki bozunma gibi
dengesizlik dokular1 gézlenmistir. Tiim bu 6zellikler, volkanitlerin gelisiminde dengesiz kristallenme
ve/veya magma karigiminin onemli bir sekilde rol oynadigini gostermektedir. Volkanitlerin N-tipi
Okyanus Ortast Sirt1 Bazalti’na normalize edilmis iz element dagilimlari; biiyiik iyon yarigapl litofil
Element (LILE), Th ve Ce igeriklerinde zenginlesme, Zr, Y ve TiO, igeriklerinde fakirlesme
gostermektedirler. Volkanitlerin kondrite normalize edilmis nadir toprak element dagilimlari,
kayaclarin benzer kaynaktan tiirediklerini gostermektedir.

Sr ve Nd izotop analizlerine gore; bazik kayaglarm (*’Sr/*Sr); oranm1 0.705027, (**Nd/"**Nd); oram
0.512611 ve eNd; degeri —0.26. Ortag-asidik kayaglarin (*’Sr/*’Sr); oranlar1 0.704347-0.704909
arasinda, (‘*Nd/'**Nd); oranlar1 0.512563-0.512748 arasinda ve eNd; degerleri —0.81 ile +2.83
arasindadir. Volkanitlerin (*’Sr/**Sr); oranlar1 eéNd; degerleri, yiten kabuk malzemesinin karismasiyla
zenginlesmis bir manto kaynagina isaret etmektedir.

LILE’lere kiyasla azalan Nb ve Ta igerikleri, orta derecede hafif nadir toprak element / agir nadir
toprak element ve yiiksek Th/Yb oranlari, Sr ve Nd izotop jeokimyasi bulgulari; volkanitlerin
gelisiminde fraksiyonel kristallenme + magma karigimi £ AFC’nin 6nemli bir rol oynadigmi ve
volkanitlerin ana magmasiin Ge¢ Kretase—Eosen zamaninda, daha oOnceden yitim akiskanlari
tarafindan metazomatizmaya ugratilmis zenginlesmis bir kaynak bdlgeden tilireyebileceklerini
gostermektedir. Buna ilaveten, Ulubey volkanik kayaclarin derin-s1g seviyelerdeki magma
odalarindaki fraksiyonel kristallesmeyle gelistikleri sdylenebilir. Litosferik mantodan tiireyen Eosen
yasl ortag-asidik volkanitler ile astenosferik mantodan tiireyen Miyosen yash bazik volkanitlerin; Ust
Kretase—Eosen zamaninda Pontid eski magmatik yayinda muhtemel litosferik dilim kopmasima (slab
break-off) bagli transtansiyonel gerilme rejimiyle olusan litosferin incelmesiyle iligkili oldugu
diistintilmektedir.

Anahtar Sozciikler: Dogu Pontid, Ulubey (Ordu), Tersiyer volkanitleri, fraksiyonel kristallenme,
magma karigimi, petrojenez, Sr-Nd izotop jeokimyasi, litosferik dilim kopmasi

602



, 13—17 April 2009, MTA—Ankara, Tlrkiye

Petrological and Sr-Nd Isotopic Evidence on the Origin and Geodynamic
Evolution of Tertiary Collisional and Post-Collisional Volcanics
of the Ulubey (Ordu) Area, NE Turkey

Irfan Temizel & Mehmet Arslan

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

Eocene (“Ar-’Ar: 44.6-49.4 Ma) intermediate-acidic collisional volcanics and Miocene (*’Ar-"Ar:
15.1 Ma) aged basic post-collisional volcanics in the Ulubey (Ordu) area are divided into four groups;
trachybasalt (TB), trachydacite-dacite suite (TDT), trachyandesite-trachydacite-rhyolite suite (TTRT)
and andesite-trachyandesite suite (ATT).

The volcanics have tholeiitic-calkalkaline to mildly alkaline affinities, and medium to high-K contents.
Geochemically, major and trace element variations in the rocks can be explained by fractionation of
common mineral phases such as clinopyroxene + plagioclase + magnetite in TB, and hornblende +
biotite + plagioclase = magnetite = sanidine + apatite in TDT, TTRT and ATT suite. In these rocks,
disequilibrium textures are observed such as oscillatory zoning, sieve texture and corrosion in
plagioclase phenocrysts, breakdown and opaque in hornblendes, quartz mantled by clinopyroxene
microlites and dissolution in clinopyroxenes. All these microscopic feature may indicate that
disequilibrium crystallization and/or magma mixing played a significant role during the evolution of
the rocks. N-type mid-ocean ridge basalt-normalized trace element patterns indicate enrichment in
large-ion lithophile element (LILE), Th and Ce, and depletion in Zr, Y and TiO,. The chondrite-
normalized rare earth element patterns suggest a similar source for the volcanics.

Sr and Nd isotopic composition for the basic rocks is (*'Sr/**Sr)= 0.705027, (**Nd/"**Nd)= 0.512611
and eNd= -0.26. Compared with the basic rocks, the intermediate-acidic rocks are relatively
homogeneous in isotopic composition, with (*’Sr/**Sr); ranging from 0.704347 to 0.704909,
(*®Nd/"**Nd); from 0.512563 to 0.512748 and eNd; from —0.81) to (+2.83). (*’Sr/**Sr); ratios and eNd;
values of the volcanics reveal a depleted mantle source region enriched by slab components.

Depletion in Nb and Ta relative to LILE, moderate light rare earth element / heavy rare earth element
and high Th/Yb ratios, and Sr-Nd isotope geochemistry data suggest that fractional crystallization +
magma mixing + assimilation fractional crystallization played a significant role in the evolution of the
volcanic rocks, and the parental melts of the volcanics were derived from an enriched mantle, which
had been previously metasomatized by fluids derived from subducted slab during Late
Cretaceous—Eocene time. Moreover, the Ulubey volcanic rocks developed by high to shallow-level
fractional crystallization of the parental magma(s). Eocene intermediate-acidic volcanics derived from
lithospheric mantle source and Miocene aged basic volcanics derived from asthenospheric mantle
source should be related to the thinning of young lithosphere caused by transtantional extensional
regime developed by possible slab break-off in the Pontide palaco-magmatic arc during Upper
Cretaceous—Eocene time.

Key Words: Eastern Pontide, Ulubey (Ordu), Tertiary volcanics, fractional crystallization, magma
mixing, petrogenesis, Sr-Nd [sotope geochemistry, slab break-off
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Kiiciikkuyu (Biga Yarimadasi) Miyosen Tiiflerindeki Analsim Olusumlarinin
Mineralojik, Petrografik ve Jeokimyasal Ozellikleri

Sevgi Ozen ve M. Cemal Génciioglu

Ortadogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 06531 Ankara
(E-posta: ozsevgi@metu.edu.tr)

Ayvacik-Kiiciikkuyu arasinda bulunan Miyosen yasli Behram Volkanikleri andesit ve andesitik
aglomera yaninda yaygin olarak golsel ¢okellerle ardalanan tiif seviyeleri icermektedir. Arikli Tifii
olarak bilinen bu birim ve icerdigi analsimler sirasiyla optik mikroskop, X-1sinlar1 difraktometresi,
elektron mikroskobu ve DTA metodlari ile incelenmistir.

Ince taneli olan tiifiin i¢inde bulunan birincil mineraller kuvars, biyotit, plajiyoklas ve sanidindir. Cam
kiymiklari, pomza ve kaya parcalart ise litik birlesenleri olusturur. Hemen hemen her vitrik tif
orneginde pomza pargalari goriilmesine ragmen Y ve V-sekilli cam kiymiklar1 sadece iki Ornekte
gozlenmistir. Matrikste ya da pomza parcalarinin i¢inde bulunan ikincil olusumlar ise analsim, kalsit,
fillosilikat ve K-feldspattir.

Arikli Tiifi’'niin i¢inde bulunan analsim kristalleri renksiz, izotrop ve Ozsekilli olup diisiikk rolyef
ozellikleri ile karakteristiktirler. XRD incelemelerinde, 25 adet tiif 6rneginde karakteristik analsim
pikleri saptanmigtir. SEM ¢aligmalar ile analsimlerin cubo-octahedral ve trapezohedral morfolojileri
tayin edilmistir. Analsimlerden alinan EDX spektrumu Na’nin baskin birleseni olusturdugunu
gostermektedir. Benzer sekilde genis endotermik pik sunan DTA analizi de analsimin varligini
desteklemektedir.

Analsimler, matriksin ve plimis klastlarinin bosluklarda iri taneli 6zsekilli ya da yar1 6zsekilli kristaller
halinde veya hamurun i¢inde gomiilii halde tek ya da kiime halinde bulunurlar. Yapilan ¢alismalarinin
15181 altinda calisma alanindaki zeolitlerin volkanik camdan alterasyon yolu ile ve alkali sulardan
cokelme ile olustugu yorumlanmistir. Tiim kaya jeokimyasi verileri de bu olusum modellerini
desteklemektedir.

Anahtar Sozciikler: analsim, tiif, volkanik cam, petrografi, Biga Yarimadas1
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Mineralogical, Petrographical and Geochemical Properties of Analcimes
in Miocene Tuffs in Kiiciikkuyu (Biga Peninsula)

Sevgi Ozen & M. Cemal Gonciioglu

Middle East Technical University, Geological Engineering Department,
TR—06531 Ankara, Turkey (E-mail: ozsevgi@metu.edu.tr)

In the Biga Peninsula (Kii¢iikkuyu), Miocene Behram Volcanics consist of andesite, andesitic
agglomerate and Arikli Tuffs that alternate with sedimentary rocks. In this study, analcimes found in
Arikl1 Tuff are investigated by optical microscope, XRD, SEM and DTA methods.

Ariklt Tuff is fine-grained and consists of primary quartz, biotite, plagioclase and sanidine
phenocrysts, together with lithic fragments which are glass shards, pumice and rock fragments. The
secondary minerals are analcime, calcite, phyllosilicate and K-feldspar.

Fine-grained and coarse-grained analcime crystals in Arikli Tuff are determined by their colorless,
isotropic and low relief grains. The characteristic peaks of analcime are found on the XRD patterns of
25 samples. SEM studies also confirmed the presence of analcime crystals with characteristic cubo-
octahedral and trapezohedral morphology. EDX spectrums of analcimes display a distinct peak of Na.
DTA method also confirmed the presence of analcime by displaying a typical broad endothermic peak.

Analcimes are found as coarse-grained euhedral or anhedral crystals in cavities and pumice fragments
and as single crystals or clusters of fine-grained analcimes embedded in the matrix. Two types of
analcime formation are suggested by petrographical and mineralogical studies; alteration of volcanic
glass and precipitation from alkaline solution. Whole-rock geochemistry indicates Na enrichment and
thus supports the formation types.

Key Words: analcime, tuff, volcanic glass, petrography, Biga Peninsula
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Gelisen Bir Orojende Yay Magmatizmasindan Carpisma Sonrasi
Magmatizmaya Gegcis: Giineydogu Anadolu Orojenik Kusagi Magmatizmasi

Gonca Gengalioglu-Kuscu', ilkay Kuscu', Richard M. Tosdal?,
Thomas D. Ullrich? ve Richard Friedman®

" Mugla Universitesi, Jeoloji Miihendisligi Béliimii, 48100 Kotekli, Mugla
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? Mineral Deposit Research Unit, Department of Earth and Ocean Sciences,
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Glneydogu Anadolu Orojenik Kusagi’ndaki Geg¢ Kretase-Orta Eosen yaglh kalkalkalen-alkalen
magmatikler Neotetis okyanusal basenlerinin Alp-Himalaya orojenezi sirasinda Avrasya kitasal kenar1
altina dalmasi1 ve Avrasya ve Afro-Arap levhalarinin carpismasmin bir sonucudur. Dogu-orta
Anadolu’da giineyde Baskil (Elazig)’den kuzeyde Divrigi (Sivas) ve Copler (Erzincan)’e ve
giineybatida Karamadaz: (Kayseri) ve Horozkdy (Nigde)’e kadar uzanan bu kayaglar yas, dagilim ve
bilesimleri agisindan gesitlilikler sunarlar. Onemli pliitonlarin U-Pb ile de desteklenen *’Ar/*Ar
jeokronolojisi, magmatizmanin giineyden (Baskil-83 My) kuzeye (Divrigi-Keban-69 My) dogru genel
olarak genglestigini, bu magmatizmanin yay sekilli ve kuzeydogu dogrultulu bir kugsak boyunca Horoz
ve Copler arasinda daha geng (44 My yasli) magmatik kompleksler tarafindan takip edildigini ortaya
koymaktadir. Genel olarak, magmatik kayaclarin iz ve NTE jeokimyasi magmalar i¢in (1) yay-tipi
magma olusturan bir manto kamasi ve dalan bir okyanusal litosfer, ve (2) levha igi izleri tagiyan ve
dalma batma ile modifiye olmus bir metasomatize litosferik manto kaynag: seklinde iki ana kaynagi
gostermektedir.

Dogu-giiney dogu bdlgesindeki magmatizmaya ait jeokimyasal ve jeokronolojik veriler, dalma-
batmadan c¢arpisma sonrast ve gec orojenik magmatizmaya zaman ve mekansal gecisin ortaya
¢ikarilmasi i¢in bir temel olusturmaktadir. Dalma-batma ile ilgili magmatizmanin kdkeni NeoTetis
okyanusunun kapanmasiyla dogrudan ilgiliyken, c¢arpisma sonrasi ve geg-orojenik levha igi
magmatizma giineydogu Anadolu Orojenik Kusagi’nin kuzey ucunun kuzeyden gelen ofiyolitik
kayaclar ile ¢arpigsmasinin bir sonucudur. Magmatik gecis giineydogu Anadolu Orojenik Kusagi’nda
kuzey ve kuzeybati dogrultulu kusaklar boyunca gézlenmektedir. Giineyde (Baskil) derin yay-tipinden
gec-orojenik magmatizmaya kuzeyde (Divrigi) erozyona ugramig daha sig pliitonlara ve
kuzeydogudan (Copler, Kabatas, Bizmisen-Calt1) giineybatiya (Karamadazi and Horoz) levha
yirtilmasi (slab-rupture) ile ilgili magmatizmaya gecis gézlenmektedir. Magmatiklere ait zaman yas
gegisleri, kuzey kdkenli ofiyolitlerin ¢arpigmasindan sonra dalma agisinin degigsmesinin (roll-back) ve
bunu takiben dalan levhanin agisinin artmasi ve yirtilmanin bir sonucu olarak agiklanabilir. Bu olaylar
transtensional blok faylanmaya ve kuzeydogu yonlii bir hat boyunca s1g derinlikli magmatik {iriinlerin
korunmus olarak bulunmasina yol agmustir.

Anahtar Sozciikler: yay, carpisma sonrasi magmatizma, kalk alkalen, alkali, dalma agisiin
degismesi, dogu-giineydogu Anadolu, Tiirkiye
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Transition from Arc to Post-Collisional Setting in an Evolving Orogen:
Magmatism in the Southeastern Anatolian Orogenic Belt
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Late Cretaceous to middle Eocene calc—alkaline to alkaline magmatic rocks emplaced within the
southeastern Anatolian orogenic belt, result from the complex collision between the Afro-Arabian and
Eurasian plates and the subduction of the Neotethyan oceanic basins beneath the Eurasian continental
margin during the Alpine—Himalayan orogeny. In a region in east-central Turkey extending from
Baskil (Elazig) to Divrigi (Sivas) and Copler (Erzincan) to the north, to Karamadazi (Kayseri) and
Horozkdy (Nigde) to the southwest, these magmatic rocks vary in time, spatial distribution, and
composition. *’Ar/’Ar ages supplemented by a few U-Pb ages geochronology from major plutons
demonstrate a general younging of magmatism in the transect from ca. 83 Ma in the south (Baskil) to
ca. 69 Ma in the north (Divrigi-Keban), followed by a ca. 44 Ma scattered magmatic complexes now
found along a northeast trending arcuate belt between Horoz and Copler. In general, trace element and
REE geochemistry in the magmatic rocks suggest two main sources for the melts; (1) a mantle-wedge
and subducted oceanic lithosphere producing arc-type magma, and (2) metasomatized lithospheric
mantle modified by subduction producing magmatic rocks with more metasomatized mantle and
within plate signatures.

The combination of geochemical and geochronological data provides a basis to reconstruct the
temporal and spatial transition from subduction-related to post-collision and to late-orogenic
magmatism in the eastern southeastern Anatolia. Subduction-related magmatism is rooted to closure of
the NeoTethyan ocean, whereas post-collision and late orogenic-within plate-related magmatism is
driven by the collision of a northern promontory of the southeast Anatolian orogenic belt with
northerly derived ophiolitic rocks. The magmatic transition occurs regionally in northerly to
northwesterly trending belts in the southeastern Anatolian orogenic belt. The magmatism exhibits a
clear shift from deep seated arc-type to late-orogenic from south (Baskil) to more deeply eroded mid-
crustal plutons at the north (Divrigi), then to magmatism related to incipient slab-rupture from
northeast (Copler, Kabatas, Bizmisen-Calt1) to southwest (Karamadazi and Horoz). The age
progression is explained as a consequence of slab roll-back after the collision/obduction of northerly
ophiolites followed by slab steepening and incipient rupture leading to transtensional block faulting
and subsidence, and thus to the preservation of near-surface magmatic products along a northeast
trending belt.

Key Words: arc, post-collisional magmatism, calc-alkaline, alkaline, slab roll-back, eastern-
southeastern Anatolia, Turkey
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Dogu Pontidler’de Sin-orojenik I-tipi Hersiniyen Plutonizmasi:
Kose Kompozit Plutonu
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Kose kompozit plutonu, 250 km? lik yiizeyleme alani ile Dogu Pontidler’deki ikinci biiyiik Hersiniyen
granitoyidini olusturur. Yaklasik 9 km genislikte oval bir sekle sahip birim kuzeydogu-giineybati
yoniinde 25 km kadar uzanmaktadir. Caligmanin amaci, Kose kompozit plutonunun yagini
smirlandirmak, petrolojik karakteristiklerini ve olustugu tektonik ortami ortaya koymaktir.

Arazi gozlemleri, plutonun ig-ice yerlesmis iki farkli intrusif birimden meydana geldigini
gostermektedir. Ortalama 5 km genislige sahip merkezdeki birim, diyoritten monzogranite kadar
degisen yelpazede kayaglardan olusmakta ve 10 m genislige ulasabilen porfir dayklar1 igermektedir.
Bu kiitle, ortalama genigligi 4 km olan monzogranitic kiitle tarafindan kuzeyden ve kismen de
giineyden cevrelenmektedir. Bu goriiniim, merkezdeki kiitle i¢in ¢evreleyen monzogranitik kiitleden
daha sonraki bir yerlesim yasmi ongdrmektedir. Ancak, arazi gozlemleri ve petrografik incelemeler
tam karsit bir yas iliskisine isaret etmektedir. Sadece merkezdeki kiitleye ait bu goézlemler: (1) bazi
kayaglarda kuvars ve daha az olarak ta biyotitin tercihli yonelim ve alt tane olusumu gibi diisiik
dereceli metamorfizma izleri sunmasi, (2) ¢evreleyen monzogranitik kiitle ile aym bilesimde porfir
dayklarmin varligi, ve (3) milonit ve psodotakilit i¢ceren kesme zonlarimin varligi, bu zonlarin
monzogranitik halkay1r olusturan ana magmanin intruzyonundan Once veya intruzyonu sirasinda
olustuklarina isaret etmektedir.

Plutonun yerlesim zamanini sinirlandirmak igin dért adet mineral ayrimu iizerinde asamali *Ar-**Ar
yaslandirmas1 yapildi. Merkezdeki birime ait hornblend ve biyotit ayrimlar1 sirast ile 318+2.4 ve
322.243.8 My plato yaglar vermislerdir. 306.6+4.2 My plato yas1 arazi ve petrografik gézlemler ile
uyumlu olup, ¢evreleyen monzogranitik birime ait K’lu feldspat ayrimindan elde edilmistir. Ancak,
biyotit ayriminda ayni basariya ulasilamamistir. 183.2£2.0 My plato yasi, K’lu feldpat ayrimindan
elde edilen yastan 6nemli dl¢lide diisiik ve bolgenin stratigrafik yas siirlamalar ile uyumlu degildir.

Merkezdeki birime ait kayaclar genellikle orta-yiiksek K’lu kalkalkali I-tip seri sunarken,
monzogranitik halkaya ait kayaclarin hepsi yiiksek K’lu I-tip seri sunarlar. Ug¢ adet mafik mikrotaneli
anklav (MMA) ve bir diyorit drnegi disinda, plutona ait tiim kayaclar peralumin olup, aleminyum
doygunluk degerleri (ASI) 1.0 ile 1.31 arasinda degismektedir. MMA’larin metalumin karakterli
olmalar1 (ASI degerleri 0.81 ile 0.94 arasinda), peralumin kabuk kayaglarinin bdliimsel ergimesi ile
olusma olasiliklarini ortadan kaldirmaktadir. Merkez ve onu ¢evreleyen birime ait izotopik Is, oranlari
strast ile 0.708-0.721 ve 0.721-0.757 arasinda olup, kaynak alan olarak bazik-orta¢ bilesimli kitasal
kabuk kayaclarina isaret etmektedir. Sr icerigi azaldik¢a artan Sr; oranlari, diisiik radyojenik Ig, icerikli
metaliimin bir magma ile yiiksek radyojenik I, igerikli peralumin bir magmanin karigimina ve
izotopik dengelenmeye isaret etmektedir. R1-R2 diyagrami, merkezdeki birime ait kayaclar i¢in
carpisma oncesi ortami dngoriirken, ¢evreleyen monzogranitik kiitle i¢in es-orojenik ve porfir dayklari
i¢in ise es-orojenikten geg-orojenige gegis ortamini dngdérmektedir.

Anahtar Sézciikler: Dogu Pontidler, Kése kompozit plutonu, *’Ar-*’Ar yaslandirmasi, Ig, oranlari,
kdken, magma karigimi, tektonik ortam

608



, 13—17 April 2009, MTA—Ankara, Tlrkiye
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The Kdse composite pluton forms the second largest Hercynian basement granitoid in the Eastern
Pontides, with an outcrop area of 230 km®. It has a northeast-southwest elongate elliptical shape at
outcrop extending for 25 km with a nearly constant width of 9 km. The aim of this study is to
constrain its age, and to expose its petrologic characteristics and tectonic setting in which it occurred.

The field observations obviously indicate that the pluton consists of two separate intrusive bodies
emplaced into each other. The central body with its average width of 5 km consists of a large
lithological spectrum ranging from diorite to monzogranite, and includes porphyre dikes up to 10
meters in width. It is enveloped by a ring-like monzogranitic body to the north and, in part, to the
south with an average width of 4 km. This map appearance implies relatively younger emplacement
age for the central body than that of the envelope. But, evidence depends on the field and petrographic
observations point to opposite age relation. These characteristics observed within the central body only
are: (1) in some rocks, markers of very low degree of metamorphism, such as preferred orientation and
subgrain formation of quartz and, to a lesser extent, biotite, (2) presence of porphyre dikes in same
composition with the surrounding monzogranite, and (3) existence of mylonite and pseudotachylyte
bearing shear zones, indicating that the generation of these zones were taken place during or prior to
intrusion of the monzogranitic ring’s parent magma.

To constrain the timing of emplacement of the pluton, four mineral separates were dated by
incremental “’Ar-*’ Ar method. Hornblende and biotite separates from the central body yielded 318+2.4
Ma and 322.2+3.8 Ma, respectively. The age value of 306.6+4.2 Ma was attained over the K-feldspar
separates from the monzogranitic ring, concordant with the age constraints deduced from the field and
petrographic observations. But the same success was not provided over the biotite separates. The age
value of 183.242.0 Ma is significantly lower than that of the K-feldspar separates and not concordant
with the stratigraphic age constraints of the region.

While the rocks from the central body show generally medium to high-K calc-alkaline I-type series, all
the rocks from the monzogranitic ring belong to high-K calc-alkaline I-type series. With the exception
of three mafic microgranular enclaves (MME) and one dioritic sample from the central body, all the
rock types of the pluton are peraluminous with the aluminum saturation values (ASI) of 1.0 to 1.31.
Metaluminous nature of MME (ASI range from 0.81 to 0.94) excludes derivation by melting of
peraluminous crustal rocks. Central body and surrounding monzogranite have isotopic I, ratios
ranging between 0.708—0.721 and 0.721-0.757, respectively, suggesting basic and intermediate crustal
rocks as source. Increasing Sr; ratios with decreasing Sr concentrations in the central body show
mixing of a low radiogenic Ig5-content metaluminous magma with a high radiogenic Ig.-content
perluminous magma and isotopic equilibration for Sr. R1-R2 diagram indicates a pre-collision setting
for the rocks of the central unit while a syn-collison setting for the rocks of monzogranitic ring and a
transition from syn-collision to late-orogenic setting for the rocks of porphyre dikes.

Key Words: Eastern Pontides, Kose composite pluton, *’Ar-*’Ar dating, I, ratios, source, magma
mixing, tectonic setting
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Dogu Pontid’lerin Kuzey Zonu’nda yer alan Dagbasi ve ¢evresinde yiizeylenen Ust Kretase yasl
volkanik kayaglar mineralojik, petrografik ve kimyasal olarak incelenmistir. Ust Kretase volkanitleri
baslica andezit, dasit ve riyolit bilesimlidir. Andezitler plajiyokas (Angs-;), hornblend ve biyotitten;
dasit ve riyolitler plajiyoklas (Ansg_3;), kuvars, sanidin, biyotit (Mg#= 61.82-63.98) ve hornbled
minerallerinden olugsmaktadir. Volkanitler kalk-alkalen karakterli olup, diisiik-orta potasyum igerigine
sahiptirler ve (La/Lu)y degerleri 3.2—7.6 arasindadir. Artan SiO,’ye karsi K,O, Rb ve Ba igerikleri
pozitif, CaO, MgO, Fe,0;, Al,Os, P,Os, TiO,, Zr, Sr, Nb ve Y igerikleri negatif korelasyon gostererek,
kayaclarin gelisiminde plajiyoklas, hornblend ve Fe-Ti oksit fraksiyonlagmasinin etkili olduguna isaret
etmektedir. N-tipi MORB’a goére normalize edilmis iz element degisim diyagraminda LILE
elementlerce zenginlesmis, HFS elementlerce fakirlesmislerdir. Negatif Nb ve Ti anomalileri, ana
magmanin gelisiminde yitim bileseninin etkisinin oldugunu gostermektedir. Ba/La oranlari 2—41
arasinda olup ada yay1 bazaltlarina yakinlik gosterirler. La/Nb, Ba/Nb, Ba/Th, Rb/Nb, K/Nb, Ba/La,
K/Ba, Nb/Th, Zr/Nb ve Sm/Nd oranlar1 adayay1 kalk-alkalen bazaltlara benzerlik gosterirler. Kayaclarda
magma karigimi veya girisimine (magma mixing) isaret eden dengesizlik dokularindan bazilar1 olan
plajiyoklaslardaki salimimli zonlanma, elek dokusu, resorbe plajiyoklas, kemirilmis kuvars, hornblend
ve biyotitlerde gozlenen opaklagsma ve bozunma yapilari yaygin olarak gozlenmistir. Mineralojik,
petrografik ve jeokimyasal veriler, Dagbas1 volkanik kayaclarinin fraksiyonel kristallenme, magma
karisimi = kontaminasyon/asimilasyon olaylar1 sonucunda gelistiklerini ve volkanitlerin kaynaginin
yitim sonucu metasomatizmaya ugramis MORB mantosu olabilecegini gostermektedir.

Anahtar Sozciikler: kalk-alkalin, yitim, petrografi, jeokimya, Dagbast volkanitleri, Ust Kretase
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Mineralogical, petrographical and geochemical features of the Late Cretaceous volcanic rocks in the
Dagbasi region, located in the Northern Zones of Eastern Pontides, are investigated. Late Cretaceous
volcanics are andesite, dacite and rhyolite in composition. Andesite contains plagioclase (Angs_;),
hornblende and biotite; dacite and rhyolite contains plagioclase (Ansg_3;), quartz, sanidine, biotite
(Mgtt= 61.82-63.98) and hornblende. These volcanics are calc-alkaline in nature and have low to
medium K contents and (La/Lu)y values between 3.2 and 7.6. In binary plots, K,O, Rb and Ba show
positive correlation, whereas CaO, MgO, Fe,0;, Al,Os, P,0Os, TiO,, Zr, Sr, Nb and Y show negative
correlation with silica content of the rocks, suggesting significant plagioclase, hornblende and Fe-Ti
oxide fractionation during the evolution of volcanics. These volcanics are enriched in LIL elements
but depleted in HFS elements at the N-type MORB normalised trace element diagrams. Negative Nb
and Ti anomalies show influence of subduction component during the evolution of main magmas.
Ba/La ratios range between 2 and 41 and are similar to typical island arc basalt. La/Nb, Ba/Nb, Ba/Th,
Rb/Nb, K/Nb, Ba/La, K/Ba, Nb/Th, Zr/Nb and Sm/Nd ratios show similarities to island arc calc-alkaline
basalt. Disequilibrium textures such as oscillatory zoning, sieve textured and resorbed plagioclase
phenocrysts, embayed quartz, breakdown of hornblendes and biotites are commonly observed in these
rocks and indicate magma mixing. Mineralogical, petrographical and geochemical data indicate that
the Dagbasi volcanic rocks evolved by the fractional crystallization and magma mixing =+
contamination/assimilation of a parental magma, and the sources of those volcanics are possibly
subduction metasomatised MORB mantle.

Key Words: calc-alkaline, subduction, petrography, geochemistry, Dagbasi volcanics, Late
Cretaceous
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Calisma alan1 Gordes alt masifinde, Demirci ilgesinin batisinda yer almaktadir. Calisma alaninda
bulunan birimlerden 6zel olarak secilen 2 migmatit, 4 granit ve 7 pegmatit drneginden toplam 13
ornek tlizerinde mineral mikro analizleri gerceklestirilmistir. Segilen drneklerin her birinden ince kesit
yapilmig, mineral parajenezleri ve petrografik 6zellikleri belirlenen bu 6rneklerde toplam 563 noktasal
mineral analizi gerceklestirilmistir. Feldispat minerallerinde yapilan noktasal analizlerde her 3 kayag
grubunda da 2 feldispat tespit edilmistir. Granitlerde bulunan feldispatlarin Albit-Oligoklaz
bilesiminde herhangi bir zonlanma gostermedikleri, ortoklazlarin ise Org_9;—Abs_j3 araliginda bir
bilesimi olup yogun bir sekilde pertitlesme gosterdikleri tespit edilmistir. Migmatitlerde
plajiyoklazlarin  Oligoklaz-Andezin, Pegmatitlerde ise Albit-Oligoklaz bilesiminde oldugu
belirlenmistir. Granitlerde bulunan mika mineralleri muskovit ve biyotitlerdir. Biyotitlerin Mg/Fe
oranlar1 0.3 olarak tespit edilmistir. Pegmatitlerde mika grubu minerallerden muskovit agirlikli olarak
bulunurken, Mg/Fe oram1 0.4 olan biyotit minerallerinede rastlanmaktadir. Migmatitlerde bulunan
mika mineralleri Mg# 44-59 araliginda degisim gostermektedir. Her 3 kayagc tiirli igerisindeki granat
minerallerinin almandin oldugu tespit edilmis, baskin olmayan diger u¢ bireylerin ise bu kayaclar
icerisinde farklilik sundugu gézlemlenmistir. Granit ve pegmatitlerde almandinin yan1 sira spessartin
bulunurken, migmatitlerdeki granatlar almandin+grossular seklindedir. Turmalin mineraleri iizerinde
gerceklestirilen mikro analizler sonucu granit ve pegmatitlerde bulunan turmalin minerallerinin
yaklagik olarak sorl bilesimi sundugu goriilmiistiir. Polarizan mikroskop altinda belirgin bir
pleokroizma gosteren bu turmalin mineralleri, merkezden kenara dogru gidildik¢e agik yesilden zeytin
yesiline dogru degisen bir zonlanma gostermektedir. Mineral kimyasi ¢alismalarinda bu zonlanmanin
mineralin merkezinden kenarma dogru demir igerigindeki artistan kaynaklandigi belirlenmistir.
Mineral kimyasi ¢alismalarinda elde edilen veriler kullanilarak granit ve pegmatitlerde Granat-
Muskovit, iki Feldispat ve Biyotit jeotermometreleri hesaplamalar1 gergeklestirilmistir. iki Feldispat
Jeotermometresi kullanilarak pegmatitlerde ki feldispatlarin olusum sicakliklar1 yaklasik olarak
471-480 °C araliginda bulunmustur. Pegmatitlerde uygulanan Granat- Muskovit jeotermometresine
gore bulunan sicaklik degerleri ise 523—-530 °C seklindedir. Pegmatitlerden elde edilen bu veriler
1s1ginda olusum sicakliklarinin yaklasik 470-530 °C araliginda bulundugu tahmin edilmektedir.
Granitlerde iki feldispat jeotermometresinden feldispatlarin olusum sicakliginin 511-515 °C araliginda
oldugu, biyotit jeotermometresinden biyotitlerin olusum sicaklik araliginin 578—598 °C oldugu tespit
edilmistir. Bu veriler 1518inda granitlerin olusum sicakliginin 511-600 °C araliginda oldugu tahmin
edilmektedir. Inceleme alaninda bulunan granitlerde tespit edilen diger bir mineral ise monazit
mineralidir. Monazit [(Ce,La, Th)PO,] minerallerinin en énemli 6zelligi uranyum, toryum ve kursun
elementlerinden yararlanilarak yas tayini yapilabilmesidir. Mikro analizlerde granitlerde bulunan
apatitler icerisinde veya apatit minerallerinin ¢evresinde 2 um ile 40 pm arasinda degisen boyutlarda
monazit mineralleri tespit edilmistir. Bu monazit minerallerinde mikro analizlerin yani1 sira profil
analizleri gerceklestirilmis ve element haritalar1 olusturulmustur. Bu analizlerde monazitlerde fosfor,
kalsiyum, silisyum gibi major elementlerin yani sira seryum, uranyum, toryum, lantanyum ve kursun
gibi elementleri de igerdigi goriilmiistiir.

Anahtar Sézciikler: mineral kimyasi, jeotermometre, monazit, turmalin, granat
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The study area is located in Gordes sub-massif on the west side of Demirci county. We applied
mineral micro-analyses on selected 13 samples including 2 migmatites, 4 granites and 7 pegmatites.
Spot mineral analyses were carried out on 563 samples where the mineral paragenesis and
petrographic features were previously identified. We determined two-feldspar in each rock types;
migmatite, granite and pegmatites. While the plagioclase minerals in the granites have a composition
of albite-oligoclase with no zonation, ortoclase minerals with a chemical range of Org;.9;-Abs_ ;s widely
show perthitic texture. Plagioclase minerals are of the oligoclase-andesine varieties in migmaties but
albit-oligoclase in pegmatites. Granites have both muscovite and biotite micas. The Mg/Fe ratios of
biotite micas were determined to be 0.3. Muscovite micas predominantly occurs but biotite micas with
Mg/Fe ratios of 0.4 exist in pegmatites. Magnesium numbers of mica minerals in migmatites range
from 44 to 59. The garnets in each rock types belong to the almandine series but other endmembers
show varieties. Granites and pegmatites involve spessartine beside almandine, migmatites have
endmembers such as almandine and grossular. The micro-analyses on tourmaline minerals in granites
and pegmatites designate scorl compositon. Under polarizing microscope, tourmaline minerals show a
clear pleocroism and also show zonation changing from clear green to olive green from center to rim.
The micro-analyses associate the color changes to iron enrichment from center to rim. Using the data
from mineral composition analyses, garnet-muscovite, two-feldspar and biotite geothermometer
calculations were performed for granites and pegmatites. According to the two-feldspar
geothermometer the feldspar mineral formation temperature in pegmatites was evaluated as
approximately in the interval of 471-480 °C. The garnet-muscovite geothermometer application in
pegmatites yielded temperatures such as 523-530 °C. In light of data obtained from pegmatites, the
mineral formation temperatutes between 470-530 °C are expected. In granites, mineral formation
temperatures of 511-515 °C and 578-598 °C were determined from two-feldspar and biotite
geothermometer calculations, respectively. Consequently, formation temperatures between 511-600
°C are suggested for granites. Monazite is also one of the minerals determined in granites. Monozite
minerals [(Ce,La,Th)PO,] provide opportunity for dating using the uranium, thorium and lead
isotopes. Monazite minerals in 2-40 pum size were determined in or around apatites in granites.
Chemical profile analyses and mapping beside micro-analyses were performed on monazite minerals.
Beside some major elements such as phosphorous, calcium, silicon, elements such as cerium, uranium,
thorium, lantanium and lead also exist in monazites.

Key Words: mineral composition, geothermometer, monazite, tourmaline, garnet
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Granat, kayaglarin olusumu sirasindaki magmatik kristallesme ve metamorfik siireglerin tayin
edilmesinde miikemmel bir mineral tarihgesi ortaya sunar. Granat grubu mineraller, Raman
spektrometri caligmalarinda silikat yapisinin belirgin ve iyi titresimsel spektroskopik o6zelliklerini
sergiler. Kristal sistemlerindeki yliksek simetriden dolay1 belirgin ve yiiksek spektrum sergilerler.
Buna ek olarak granatlarin son ug¢ iiye bilesimlerinin spektrasindaki degisiklikler karmasik bir
kimyasal bilesime sahip piralspit ve ugranditin incelenmesine yol gosterir. Yozgat Intriizif
Kompleksi’nden ve Orta Anadolu’nun metamorfik temelinden, Raman spektrumlarinin korelasyonu
ve kristallesmeleri sirasindaki olusumlarini tartigsmak icin degisik granatli 6rnekler toplanmustir.
Granath mika granitin Raman spektra sonuclar1 spessartin ve nadiren almandin bilesimini
yansitmaktadir. Diger taraftan metamorfik temelin Raman spektrasi almandin, grossular ve nadiren
andradit bilesimini vermektedir. Bu granatlarin Raman spektrasi baglica iki bolgede elde edilmistir;
bunlar (a) dis titresimi 380 cm "’in altinda ve (b) i¢ titresimi 380 cm ’in iistinde olanlardir. Dis
titresimin 372 cm™"e kadar olan ilk kismi SiO, tetrahedrasi ve iki degerlikli katyonlarla baglanmustir.
Bu granatlarin i¢ titresimi SiO4’e ait olup ve spektrumlar1 380 cm™' ve 680 cm™' arasindadir. Si-O
gerilme modlart 680 cm "in iizerinde bulunur. Granit ve metamorfik temelin granatlarinin farkl
bilesimsel spektrasi ile farkli titresimsel modlari, Orta Anadolu’daki bu granatlarin olusumlari
sirasinda farkli kaynak ve kosullarin varligi ile olusmustur.

Anahtar Sézciikler: Konfokal Raman Spekroskopisi, granat, Orta Anadolu
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Garnet represents an excellent mineral history in the determination of magmatic crystallization and
metamorphic processes during the formation of the rocks. Garnet mineral groups exhibit clear and
good vibrational spectroscopic properties of silicate structure in the Raman spectrometry studies. They
provide clear and high spectrum because of their high symmetry in their crystal systems. In addition
pyralspite and ugrandite give to the garnet a complex of chemical composition which led to investigate
changes in the spectra with changing their end member compositions. Different garnet bearing
samples are collected from the Yozgat intrusive complex and from metamorphic basement of central
Anatolia for correlation their Raman spectrums and to discuss their formations during the
crystallizations. The results of Raman spectra of the mica granite bearing garnet are reflect the
composition of spessartine and rarely almandine. On the other hand the Raman spectra of the
metamorphic basement reflect the composition of almandine, grossular and rarely andradite. The
Raman spectra of these garnets are mainly derived in two regions; these are (a) external vibration
below 380 cm™' and (b) internal vibration above 380 cm™'. The first part of the external vibration up to
372 cm! is attributed to SiO, tetrahedra and divalent cations. The internal vibration of these garnets
reflect the SiO4 which is between 380 cm™' and 680 cm™'. The Si-O stretching modes are found at
above 680 cm™'. Different vibrational modes with the different compositional spectra of the garnets of
granite and metamorphic basement suggest different source and condition during the formation of
these garnets in Central Anatolia.

Key Words: Confocal Raman Spectroscopy, garnet, Central Anatolia
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Almacik Dagi (KB Anadolu) ve dolaylarinda Orta Eosen ve daha geng kayalara temel vazifesi goren
tektonik birlikleri bolgesel bir diskordans ile 6rten yaygin bir volkano-tortul istif bulunur. Literatiirde
Dikmen volkanitleri olarak bilinen bu istif, Neo-Tetis okyanusu kuzey kolunun ge¢ Kretase’de
tilkketilmesiyle sonuglanan kita-kita ¢arpismasi ardindan gelismis ve farkli tektonik birlikleri yaygin bir
ortii gibi ortmiistiir. Dikmen volkanitleri altta bazik (bazaltik andezit-bazalt), iiste dogru da ortag,
ortag-asidik (andezit, dasit) bilesimli lavlar ve bunlarla iliskili epiklastik ve piroklastik birimlerle
temsil edilir. Ik kez bu calismada elde edilen radyometrik yas bulgular1 48.7+4.1 ve 41.1£1.6 milyon
yil (K-Ar) araliginda olup, volkanik aktivitenin Biirlikseliyen-Bartoniyen siiresince etkin oldugunu
gosterir.

Volkanik kayalar kalkalkalen ve baslica diisiik-orta potasyumludurlar. Belirgin LIL element (Sr, K,
Rb, Ba ve Th) zenginlesmesi ile Ta, Nb, Ti ve P elementlerinde gozlenen fakirlesmeler magma
gelisiminde daha onceki dalma batma ve kabuk katkisi siireglerinin énemli rol oynamis olduklarinm
diisiindiirmektedir. Dikmen volkanitlerine ait lavlarin ilksel Sr (*’Sr/**Sr= 0,70418—070523) ve Nd
("*Nd/"*Nd= 0,512503-0,512857) izotop degerleri ile eNd igerikleri (—1,5+5,4) 6rneklerin toplam
yerkiire bilegsimine (Bulk Earth) ve manto dizisine yakin bir alanda bulunduklarina isaret etmektedir.
Analiz edilen 6rneklerin 5'°O igerikleri (%08,5-13) magma evriminde kabuksal katkinin giderek 6nem
kazandig1 seklinde yorumlanabilir. Kursun izotop degerleri (***Pb/***Pb= 18,676-18,806; **’Pb/***Pb=
15,609—15,633; 2**Pb/**Pb= 38,635-38,857) lavlarin bilesimsel a¢idan toplam yerkiire (Bulk Earth)
ile MORB arasinda degerlere sahip olduklari ve zenginlesmis manto kaynagiyla (EM II) benzer
ozellikler tasidigini ortaya koymaktadir. Elde edilen jeokimya ve izotop verilerinin 6n degerlendirmesi
ile Dikmen volkaniklerini lireten magmanin kita alt1 litosferik mantonun (SCLM) ergimesinden
tireyen sivilarin FC ve/veya AFC prosesleri ile evrimlesmesi sonucunda gelistigi sonucuna
varilmaktadir.

Anahtar Sozciikler: Almacik Dagi, Dikmen volkanitleri, Eosen, volkanik kaya, radyometrik yas,
izotop, jeokimya
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Middle Eocene aged volcano-sedimentary succession of the Almacik mountain and surroundings is a
common cover unit rests on the basement rocks of the region with a region-wide unconformity. It is
known as ‘Dikmen volcanics’ in the literature. It was deposited on the different tectonic units after the
continental collision event that resulted by total elimination of the northern branch of the NeoTethyan
oceanic realm during the latest Cretaceous period. The Dikmen volcanics are represented by basic
lavas (basalt, basaltic andesites) and related pyroclastic and epiclastic rocks at the bottom, and
intermediate to acidic volcanic rocks at the top of the succession. The first radiometric ages obtained
from this study indicate that the volcanic activity was formed during the Bruxellian — Bartonian
(48.7+4.1 — 41.1£1.6 Ma; K-Ar).

The volcanic rocks display low- to medium-K calc-alkaline character. They show significant LILE
(Sr, K, Rb, Ba and Th) enrichments and negative anomalies in Ta, Nb, Ti and P elements. This may
possibly indicate that the previous subduction event(s) together with the crustal contributions had
played an important role in the magma genesis. Initial Sr, Nd isotope contents (*’Sr/*°Sr=
0.70418-0.70523; "“*Nd/"**Nd;= 0.512503-0.512857) and eNd values (—1.5 to +5.4) of the samples of
Dikmen volcanics are close to the bulk Earth and mantle array. The 5'°O contents (8.5-13 %o) may be
interpreted to indicate the existence of the crustal contributions in magma evolution. The lead isotopic
data (*”°Pb/**'Pb= 18.676—18.806; **’Pb/***Pb= 15.609-15.633; ***Pb/***Pb= 38.635-38.857) reveal
that the Dikmen volcanics are in between the bulk Earth and Mantle fields, and similar to the enriched
mantle (EM II). The preliminary interpretations of the geochemical and isotopic data obtained from
this study show that the magma that produced the Dikmen volcanic was derived from the partial
melting of the subcontinental litospheric mantle (SCLM) and evaluated by FC and AFC processes.

Key Words: Almacik mountain, Dikmen volcanics, Eocene, volkanic rocks, radiometric age, isotope,
geochemistry
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Cubukludag Grabeni I¢cindeki Karasal Felsik Volkanizmanin
Jeolojik ve Volkanolojik Ozellikleri, Bati Anadolu, Tiirkiye

Zekiye Karacik ve S. Can Geng

Istanbul Teknik Universitegi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii,
34469 Maslak, Istanbul (E-posta: zkaracik@itu.edu.tr)

Bati Anadolu’da yeralan Cumaovasi felsik volkanizmasi (Alt Miyosen, 17 My) karasal silisik
olkanizmanin volkanostratigrafik ve morfolojik ozellikleri acisindan tipiktir. Volkanik iriinler
KD-GB uzanimli Cubukludag grabeni icinde yeralan riyolit dom kiimeleri ve lav akintilar ile
bunlarla iligkili piroklastik ¢okellerle temsil edilir. Cumaovast volkanik dizisi graben dolgusunun iist
seviyelerini olusurur ve havza i¢indeki graben ile yasit kirik zonlarindan ¢ikmustir.

Volkanizmanin ilk iirlinleri baglica, biiylik 6lgekli patlamali piiskiirmeler ile {iretilmis olan ince taneli
kil tifti ¢okelleridir. Bunlar yer yer golsel ortamlarda c¢okelmistir ve golsel cokeller ile
ardalanmaktadir. Piroklastik yagis {irinii olan bu ¢okeller bdolgenin kuzeydogu kisminda
fretomagmatik kokenli ‘base surge’ birimlerine geger. ince taneli kiil, pumis ve es kokenli kaya
parcalarinca zengin c¢okeller iyi gelismis ¢apraz tabakalanma, ondiilasyon yapilar ve U-sekilli kanal
yapilar1 gibi siiriiklenme yapilari sergilemektedir. Patlamali evrenin ana iiriinleri olan piroklastik akma
cokelleri kaynaksiz pumis ve kiil ¢okellerinden olusur. Bol pumis, es kokenli ve ¢evreden derlenmis
kaya pargalari ile karmagik akma yapisi bu ¢okellerin ana karakteristikleridir.

Baslica riyolitik lavlardan olusan lav fazi KD—GB uzanimli grabeni denetleyen ana faylar boyunca ve
onlara az ¢ok dik konumlu gerilme ¢atlakalari boyunca dizilmis olup dom kiimeleri olusturmustur.
Klasik, loblu, ignemsi gibi farkli dom cesitleri lavlarda izlenen yaygin morfolojik 6zellikleridir.
Domlarin ana litolojileri foliasyonlu tas riyolit, riyodasit, dasit, obsidyen, perlit ve akma bresleridir.
Kristallenme tipleri ile dokusal 6zelliklere bagl olarak bosluklu riyolit, pamisli lav akintisi, sferulitik
ve litofaz fasiyesleri belirlenmistir. Alt Miyosen yasindaki Cumaovasi volkanizmasi bati Anadolu’da
yaygin olarak izlenen KD—GB gidisli ¢apraz (cross) grabenlerde depolanmis ¢okel birimlere eslik
eden volkanik dizilerin tipik bir temsilcisidir.

Anahtar Sozciikler: Bat1 Anadolu, riyolitik domlar, base surge, Cumaovasi, Miyosen
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Geologic and Volcanological Aspects of the Subaerial Felsic Volcanism
within the Cubukludag Graben, Western Turkey
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Maslak TR-34469 Istanbul, Tiirkiye (E-mail: zkaracik@jitu.edu.tr)

Cumaovasi felsic volcanism (Lower Miocene, 17 Ma) is a typical for the volcanostratigraphic and
morphological features of the subaerial silicic volcanism in west-central Anatolia. Volcanic products
represented by cluster of rhyolite domes and lava flows together with the pyroclastic deposits which
located in NE—SW-trending Cubukludag graben. The Cumaovasi volcanic succession forms an upper
part of the graben infill which reflects a crustal fissure-fracture zone within the basin.

The first products of the volcanism was produced by large-scale explosive eruptions are mainly
represented by fine-grained ash tuff deposits. These are partly deposited in a lacustrine environment
and intercalated with the lacustrine sediments. This fallout deposits pass-through to base surge beds of
phretomagmatic origin to the northeastern part of the region. Fine grained ash, pumice and juvenile
lithic fragment-rich deposits represent well developed traction structures such as cross bedding,
sandwave beds and U-shape channels. Pyroclastic flow deposits are the main products of the explosive
stage and are formed from unwelded pumice and ash deposits. Abundant pumices, cognate and
accidentally lithic fragments and chaotic flow structures are the main characteristics of them.

The lava phase, mainly rhyolitic lavas, extruded from domes and fissures which are aligned along
NE-SW-trending faults and the extensional cracks nearly perpendicular to the main faults within the
graben and form spacely-developed hills. Different type domes such as classic, lobate, spiny dome
forms are the common morphological features of the lavas. Main lithologies are foliated stony
rhyolite, rhyodacite, dacite, obsidian, perlite and autobrecciated flows. Intensely vesicular rhyolite,
pumiceous lava flows, spherulitic and lithophysal facies are defined based on the style and intensity of
crystallization. The Cumaovasi volcanic succession is the representative for the felsic volcanism
which is coeval with the sedimentation of the NE-SW-trending cross-grabens.

Key Words: West Anatolia, rhyolitic domes, base surge, Cumaovasi, Miocene
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Orta Anadolu Volkanik Bolgesi’nde Carpisma Sonrasi Volkanizma:
Tepekoy Volkanik Kompleksi (Nigde)
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Orta Anadolu Volkanik Bolgesi (OAVB)’'nde Neojen—Kuvaterner carpisma sonrast volkanizma,
cogunlukla kalkalkalen andezit-dasitler ve monojenetik konilerden kaynaklanan toleyitik-ge¢isli-hafif
alkalen bazaltlarla temsil edilir.

Nigde bolgesinde Tepekdy Volkanik Kompleksi (TVK) base surge depozitleri, orta-yiiksek
potasyumlu andezitik-dasidik lav akintilari ve monojenetik konilerle iligkili bazaltik andezit
akintilarindan olusur. Tepekdy lav akintilar1 petrografik olarak magma karigmasina isaret eden denge
dis1 kristallenme dokular1, ve jeokimyasal olarak yiiksek LIL ve diisik HFS element igerikleri ve
mantoya gore normalize edilmis desenlerde negatif Nb—Ta, Ba, P ve Ti anomalisi sunmaktadirlar. Bu
acidan OAVB ‘deki diger kalkalkalen volkaniklere benzerlik gostermektedirler. Bununla birlikte,
TVK lav akintilar1 daha yiiksek ve degisken Ba/Ta, Ba/Nb, Nb/Zr, Ba/TiO, oranlarina sahiptirler. Bu
ozellik heterojen ve zengin akiskan icerigine sahip bir kaynagi ifade etmektedir. TVK’nin tiim
jeokimyasal Ozellikleri orojenik andezitlerle benzesmekte ve daha onceki dalma-batma siirecleri
nedeniyle uyumsuz elementlerce zenginlesmis litosferik manto kaynagini isaret etmektedir.

OAVB’nin bazaltik monojenetik volkanlar1 da benzer dzellikler ve mantoya gore normalize edilmis
desenlerde HFS anomali desenleri sergiler. Bunlar, orojenik andezitler ile levha i¢i bazaltlar arasindaki
degerlerde uyumsuz element oranlarina da sahiptirler. Buna gore kalkalkalen ve gegcisli-hafif alkalen
bazaltik magmalar ortak bir kaynak bdlgeden gelmis olabilirler.

TVK’de ve genelde OAVB’de magma olusumu, gerilmeli bir tektonik rejimin neden oldugu
dekompresyon ergimesi seklindedir. Litosfer derinliklerine kadar uzanan dogrultu-atiml fay sistemleri
ile desteklenen gerilmeli tektonik rejimin ilerlemesi, astenosferik yiikselmeye ve dolayisiyla sicaklik
artisina yol agmistir. Bu durum akiskan etkisindeki zengin bir st litosferik manto veya alt kabuk
kaynaginin akigkanca zengin ortamda ergimesi ve ayrica astenosfer kokenli eriyiklerle de karismasina
neden olmustur. Hibrid kaynak &zelliklerine sahip bu magmalar, kabuktaki yerlesme siirelerine baglh
olarak toleyitik-gecisli-hafif alkalen bazaltlar1 olusturmuslardir. Gerilmeli garpigsma sonrasi rejimin
yardimiyla yilizeye hizli bir sekilde tasinan hibrid magmalar hafif alkalen monojenetik bazaltlari
meydana getirmistir. Kabuktan yiizeye dogru yiikselme sirasinda kalkalkalen magma odalariyla
etkilesen hibrid magmalar ise hizla yilikselen magmalara nazaran daha uzun yerlesme siirelerine sahip
olduklarindan bir miktar fraksiyonel kristallenme ve kabuksal kirlenmeden etkilenmislerdir. Bu model
OAVB’de hem dalma-batma hem de levha i¢i magmatizma izleri tasiyan kuvars-normatif, olivin-
hipersten-normatif ve nefelin-normatif monojenetik bazalt spektrumunun bir arada bulunmasini
aciklamaktadir.

Anahtar Sozciikler: Neojen—Kuvaterner, ¢carpigsma sonrasi volkanizma, polijenetik, monojenetik, kalk
alkalen, andezit, Orta Anadolu Volkanik Bolgesi, Tiirkiye
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Post-collisional Volcanism in the Central Anatolian Volcanic Province, with
Special Reference to the Tepekoy Volcanic Complex (Nigde)
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Neogene—Quaternary post-collisional volcanism in Central Anatolian Volcanic Province (CAVP) is
mainly characterized by calc-alkaline andesites-dacites of the polygenetic volcanoes, with subordinate
tholeiitic-transitional-mildly alkaline basalts of the monogenetic cones.

Tepekdy Volcanic Complex (TVC) in Nigde area consists of base surge deposits, and medium to high-
K andesitic-dacitic lava flows, and basaltic andesitic flows associated with monogenetic cones.
Tepekoy lava flows petrographically exhibit disequilibrium textures indicative of magma
mixing/mingling and a geochemisty characterized by high LILE and low HFSE abundances, negative
Nb-Ta, Ba, P and Ti anomalies in mantle-normalized patterns. In this respect, they are similar to the
other calc-alkaline volcanics of the CAVP. However, TVC lava flows have higher and variable Ba/Ta,
Ba/Nb, Nb/Zr, Ba/TiO, ratios, indicating a heterogeneous, variably fluid-rich source. All the
geochemical features of the TVC are comparable to orogenic andesites elsewhere and point to a sub-
continental lithospheric mantle source enriched in incompatible elements due to previous subduction
processes.

Basaltic monogenetic volcanoes of CAVP display similar patterns, and HFS anomalies on mantle-
normalized diagrams, and have incompatible element ratios intermediate between orogenic andesites
and within-plate basalts (e.g., OIB). Accordingly, the calc-alkaline and transitional-mildly alkaline
basaltic magmas may have a common source region.

Magma generation in the TVC, and CAVP in general is via decompression melting facilitated by a
transtensional tectonic regime. Acceleration of the extensional regime coupled with transcurrent fault
systems extending deep into the lithosphere favoured asthenospheric upwelling at the base of the
lithosphere, and as a consequence, an increase in temperature. This created fluid-present melting of a
fluid-enriched upper lithospheric mantle or lower crustal source, but also mixing with asthenosphere-
derived melts. These magmas with hybrid source characteristics produced the tholeiitic-transitional-
mildly alkaline basalts depending on the residence times within the crust. Hybrid magmas transported
to the surface rapidly, favored by extensional post-collision regime, and produced mildly alkaline
monogenetic volcanoes. Hybrid magmas interacted with the calc-alkaline magma chambers during the
ascent to the surface suffered slight fractionation and crustal contamination due to relatively longer
residence time compared to rapidly rising magmas. This model can explain the coexistence of a
complete spectrum of g-normative, ol-hy-normative, and ne-normative monogenetic basalts with both
subduction and within-plate signatures in the CAVP.

Key Words: Neogene—Quaternary, post-collisional volcanism, polygenetic, monogenetic, calc-
alkaline, andesite, Central Anatolian Volcanic Province, Turkey
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Istanbul Kuzeyindeki Ust Kretase Volkanizmasinin Jeokimyasal Ozellikleri
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istanbul’un kuzeyinde, baskin olarak Istanbul zonu igerisinde yaklasik olarak 300 km® lik alan
volkanik ve volkanoklastik kayaglar tarafindan ortiilmektedir. Bu teblig bu volkanik kayaglarin saha
iligkilerini, jeokimyasal niteliklerini ve yasini ele almakta ve nasil bir jeotektonik ortamda olustugunu
tartigmaktadir.

Volkanitlerin taban1 gozlenmemekte, ancak Paleozoyik ve Triyas yash tortul kayaclar sdzkonusu
volkanitlerle tektonik dokanaklidir. Volkanik ve volkanoklastik istifin gdzlenebilen en alt seviyesinde
icinde andezit bloklar1 olan silisiklastik ¢okel kayalar bulunmaktadir. Bu seviyenin iizerine dasit,
riyodasit, andezit, bazaltik andezit ve bazalt bilesimli volkanoklastik ¢okellerin baskin oldugu ve yer
yer lav seviyelerinin bulundugu istif gelmektedir. En {istte ise inceleme alaninin yalnizca bati
kesiminde, yaklasik olarak 4 km® lik alanda yiizeyleyen volkanojenik kumtasi seviyeleri ile
ardalanmali olan olivinli bazalt bilesimli birim gelmektedir.

Jeokimyasal olarak volkanitlerin tiimii orta K’lu kalk-alkalen niteliktedir. ALL,O; igerikleri dikkate
alindiginda, bazaltlar > % 17°den biiylik Al,O; igerikleriyle yliksek Al-bazaltlara karsilik gelmektedir.
Mg numaralar1 34—55 arasinda degismektedir. Ancak serinin en iistiinde, Istanbul Bogazi’'nin bati
kesiminde bulunan olivinli bazaltlar géreceli olarak diisiik Al,O; igerigi (% 14) ve yiiksek MgO igerigi
ile (% 9-10 yiliksek Mg’lu bazalt) inceleme alanindaki diger lavlardan ayrilmaktadir. N-MORB’a gore
normlastirllmig yiiksek Al’lu bazaltlar oOriimcek diyagramlarinda negatif Nb, Ta anomalileri
gostermekte ve Sr, K, Rb, Ba ve Th gibi elementlerce zenginlesme sunmaktadir. Olivinli bazaltlarda
ise negatif Nb, Ta anomalisi gozlenmemektedir. Kondrite gore normlastirilmis nadir toprak
elementlerinin desenleri Eu anomalisi gostermemekte ve La/Yb oranlar 2—-7 arasinda degismektedir.
Bu jeokimyasal nitelikler volkanitlerin yitim zonuyla iligkili bir ortamda olustuklarma isaret
etmektedir.

Volkanik istifin yagini sinirlandirmak i¢in bir andezitik ara seviyeden derlenen 6rnegin biyotit minerali
iizerinde K-Ar yontemiyle yapilan yas tayininde 75+2 My yas1 (Mastrihtiyen) elde edilmistir. Bu yas
degeri  serinin  fosilli  kesimlerinden elde edilen paleontolojik sinirlamalarla  (Orta
Kampaniyen—Mastrihtiyen) uyusmaktadir. Olivinli bazaltlar iizerinde yapilan K-Ar tiimkaya
yaslandirmasi ise daha geng 67+2 My yasin1 (Mastrihtiyen) vermistir.

Yukarida sunulan verilerin 1s13inda Istanbul’un kuzeyinde gdzlenen Mastrihtiyen yasli volkanizma
yitimle baglantili olmalidir. S6zkonusu yitim ise Izmir-Ankara siituru veya i¢ Pontid okyanusunun

kuzeye dogru Istanbul Zonu altina olan yitimi ile iliskili olmalidir.

Anahtar Sozciikler: Istanbul volkanitleri, jeokimya, petroloji, yitim zonu
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The area studied is located to the north of Istanbul covering 300 square kilometers and consists
volcaniclastics and volcanic rocks. This paper deals with the stratigraphic facial features, geochemical
characteristics, and age relationship of these rocks and discusses the geotectonic position. The
basement of volcanics consists of Palacozoic and Triassic sedimentary rocks which are in contact
tectonically with the volcanic rocks. The lower levels of volcanic sequence consist of siliciclastic
sedimentary rocks with andesitic blocks. On top of this unit, the seguence consists of volcaniclastic
facies ranging compositionally from dacite, rhyodacite, andesite, basaltic andesite to basalt including
some lava levels. The uppermost unit is olivine basalt alternating with volcanogenic sandstone
sequence.This is seen in the western part of the study area, and covers about 4 square kilometers.

Geochemically the volcanic rocks are moderately K- kalkalkaline. Basaltic rocks have > 17 % Al,O;
content anda re high Al-basalts. Mg numbers range between 34 and 55. The olivine basalts, at the top
of the volcanic sequence in the west part of Bosphorus, differ from the other lavas in the area with
their low Al,O; (~14 %) and high MgO contents (9—10 %). High Al-basalts show negative Nb and Ta
anomalies and Sr, K, Rb, Ba and Th enrichments in N-MORB normalized plots. Olivine basalts also
have negative Nb and Ta anomalies. The chondrite normalized rare earth element patterns do not
display Eu anomalies and La/Yb ratios of the samples range between 2 and 7. The geochemical
characteristics of the volcanics indicate subduction influences.

K-Ar dating on a biotite seperate from an andesitic rock yielded 75+2 Ma for the volcanic sequence.
This age seems consistent with the age range obtained from palaeontological studies (Middle
Campanian—Maastrichtian). The K-Ar whole rock age determination on olivine basalts gave 67+2 Ma
(Maastrichtian). In the view of data presented above, this volcanism with Maastrichtian age is clearly
subduction related. This subduction is inferred to have taken place either along the Izmir-Ankara
suture or intra-Pontide suture.

Key Words: Istanbul volcanics, geochemistry, petrology, subduction zone
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‘FC-AFC-FCA and Mixing Modeler’: Ayrimlasmah Kristalizasyon, Kabuksal
Kirlenme ve Magma Karisimi Sonucunda Gelisen Kimyasal Farklilasmalarin
Sayisal Modellemesi I¢in Yeni Bir Microsoft® Excel® Program
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35160 Buca, Izmir (E-mail: yalcin.ersoy@deu.edu.tr)

Magma odalarinda, magmanin jeokimyasal olarak farklilasmasini kontrol eden (1) ayrimlagmali
kristalizasyon (fractional crystallization; FC), (2) birbirine bagimli ve bagimsiz olarak gelisen
ayrimlagsmali kristalizasyon ve kabuksal 6ziimseme (coupled and decoupled fractional crystallisation
and assimilation; AFC and FCA), ve (3) magmatik karisim iglemlerinin grafiksel modellemesi igin
Microsoft® Excel® tabanli bir program hazirlanmustir. Grafiksel modellemelerde her bir islemin
literatiirde tanimlanmis matematiksel denklemleri kullanilmigtir. ‘FC-AFC-FCA and mixing modeler’
programi, modern petrolojide siklikla kullanilan FC, AFC, FCA ve magmatik karisim islemleri
sonucunda geligen teorik farklilasma vektorlerini etkilesimli bir programdir. Program, kullanicinin iki
bilesenli lineer veya logaritmik diyagramlar ile nadir toprak elementleri ve ¢oklu element Sriimcek
diyagramlar1 (normalize diyagramlar) iizerinde yapilabilen modelleme sonuglarinin resim formatinda
(GIF dosyasi olarak) ¢ikti almasina olanak saglar. Program igerisinde ayrica, magmatik petrolojide
siklikla kullanilan bazi siniflama diyagramlar1 ve Harker degisim diyagramlari da iiretilebilmektedir.
Program etkilesimli olarak hazirlandigindan, secilen parametreler iizerinde yapilan herhangi bir
degisiklik biitiin diyagramlar {izerinde ayni anda izlenebilir. Programda cesitli izotop oranlari da
modellenip diyagramlarda gosterilebilir. Eu*/Eu, Mg#, €Sr, eNd, oNd (Nd model yaslar1) gibi ¢esitli
parametreler otomatik olarak hesaplanir.

Anahtar Soézciikler: petrolojik modelleme, ayrimlasmali kristalizasyon, kabuksal 6ziimseme, magma
karismasi
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Fractional crystallisation (FC), combined crustal assimilation and fractional crystallisation (AFC),
decoupled fractional crystallisation and assimilation (FCA) and mixing processes that modify the
geochemical composition of the magma in relatively shallow-levels in the lithosphere are graphically
programmed using Microsoft® Excel® spreadsheet program on the basis of already proposed
differentiation equations of these processes. The FC-AFC-FCA and mixing modeler; an interactive
Microsoft® Excel® spreadsheet program that models the consequent theoretical vectors of FC, AFC,
FCA and mixing processes which are frequently used in modern petrology. The program enables the
user to get exported outputs of linear- or logarithmic-scaled bivariate diagrams and also rare earth
elements (REE)- and multi element-spider diagrams (in GIF format) of the modeling results. It also
plots some classification diagrams as well as bivariate variation (Harker) diagrams frequently used in
studying of geochemistry of volcanic rocks. Since the program is based on interactive nature, changes
in any parameters are simulated simultaneously onto all diagrams. Several isotopic ratios and
parameters such as Eu*/Eu, Mg#, Sr, eNd, oNd can also be calculated automatically and modeled by
the program.

Key Words: petrologic modeling, fractional crystallization, assimilation, mixing
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Dogu Anadolu’da Carpismayla iliskili Neojen Volkanizmasi: Kepez
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Calisma alani, Bitlis Kenet Kusagi boyunca Arap plakasi ile ¢arpisan Anadolu plakasinin iizerinde
yeralmaktadir. Bu c¢arpisma siireglerine bagli olarak gelisen Neojen—Kuvaterner yasli yaygin
volkanizmanin {iriinleri her iki plaka {izerinde genis alanlar kaplar. Anadolu plakas1 {izerindeki bu
volkanik ytizleklerden birisi de Kepez volkanikleridir. Jeokimyasal agidan alkalin 6zellik gosteren
birka¢ ornek harig, genelde kalkalkalin karakterli {ic ana grup tamimlanabilmektedir. Kepez
volkaniklerini olusturan dasit, bazalt ve andezitik kayag gruplarindan elde edilen *°Ar/Ar*’ yas verileri
13.5-15.5 milyon yil yas aralifinda degismektedir. Dasitik volkaniklerin, bazaltik ve andezitik
volkanik iiriinlerden daha yasli oldugunu gostermektedir.

Ana ve eser element analizlerinin SiO,’ye gore Harker oran diyagramlarinda magma karigim tirtinii
olan andezitik kayaglar (bazaltik andezit ve andezit) alt kabugun kismi ergimesinden olusan dasitik
kayaclarla degisik fiziksel sartlarda olusan birincil bazaltik magmanin homojen karigiminin (magma
mixing) iriinleridir. Ozellikle SiO,’ye gére yapilan ana ve eser element Harker diyagramlarinda
homojen bir magma karisimini temsil eden dogrusal bir dagiliminin yami sira, bu magmada bir
homojen karigimin varliginin petrografik kanmitlann da goriilmektedir. Bu bulgular, Kepez
volkanitlerinin bazaltik triinlerinin astenosferik mantodan, dasitik ve andezitik iiriinlerin ise kitasal
kabuktan tiiredigine isaret etmektedir. Ayrica yiiksek Sr ve Nd izotop verileri andezitik ve dasitik
iiyelerin mantodan daha ziyade kitasal kabuktan olustuklarini géstermektedir.

Dogu Anadolu’nun yaklasik 45 km kalinlikta bir litosferik mantoya sahip oldugu goriisiine karsin, bu
bolgede ya cok ince ya da hi¢ yoktur. Kepez volkaniklerinden elde edilen jeokimyasal ve petrografik
bulgularimiz, literatiirde ileri siiriilen goriisii dogrular nitelikte olup, litosferik mantonun ya ¢ok ince
ya da hi¢ olmadigin1 gostermektedir. 13.5—15.5 milyon yillik period boyunca Anadolu plakasinin dogu
kesimi, okyanusal litosferik dilimin {izerinde incelmis ve kisalmis olmalidir. Kabuksal yapiy1 ortaya
koyan yeni jeofizik verileri, litosferik mantodaki kirilmanin yaklasik 40—45 km’lik derinlikte
gerceklesmis olabilecegini isaret eder. Teorik olarak, Anadolu plakasinin altina dalan litosferik manto,
biiyiik olasilikla, 13—15 milyon yil dncesinde kirilarak astenosfere gomiilmiis olmalidir. Arap ve
Anadolu plakalarinin carpigmasina ve Dogu Anadolu bolgesinin hizli yiikselmesine bagli olarak,
13.5—15.5 milyon yillar arasinda Kepez volkanizmasi gelismistir.

Anahtar Sézciikler: Dogu Anadolu, ¢arpigsma, jeokronoloji
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Collision-Related Neogene Volcanism in the Eastern Anatolia: New
Geochronological and Geochemical Finding from Kepez Volcanics (Turkey)
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The area studied is located on the Anatolian Plate which collides with Arabian Plate along the Bitlis
Suture Zone. The Neogene—Quaternary volcanic products, which are produced in relation with this
collision processes, cover wide areas on both plates. One of these volcanic exposures on the Arabian
Plate is the Kepez volcanic. In terms of geochemical characteristics, although some examples display
alkaline affinities, the majority of the volcanic is calc-alkaline and can be defined in three main
groups. *’Ar/*’Ar data obtained from dacite, basalt and andesite rock groups within the Kepez volcanic
yield ages of between 13.5-15.5 Ma. It is shown that dacitic volcanic are older than basaltic and
andesitic volcanic products.

Trace element versus SiO, binary plots show that the andesitic rocks (basaltic andesite and andesite)
are products of homogeneous mixing between primary basaltic magmas and dacitic magmas which are
the products of partial melting of lower crustal lithologies. Homogeneous mixing is evident by linear
distribution of major and trace elements in Harker plots, as well as by petrographic observations
indicative of magma mixing. These findings indicate that the basaltic products of Kepez volcanic are
asthenospheric mantle derived, while dacitic and andesitic volcanic are crustal origin. High Sr and Nd
isotope ratios may indicate that andesitic and dacitic products were originated from continental crust
rather than the mantle.

Although some suggest that the eastern Anatolia has lithospheric mantle with a thickness of
approximately 45 km, some others suggest a very thin or no lithospheric mantle in the region. The
geochemical and petrographic findings obtained from the Kepez volcanic support the view(s) in the
literature and this shows that there is little or no lithospheric mantle in the region. During 13.5-15.5
Ma time period, the Eastern part of Anatolian plate must become thin and short above an oceanic
lithosphere. New geophysical data regarding the crustal structure indicates that break-off of
lithospheric plate could have taken place at 40—45 km dept. Theoretically, the lithospheric mantle,
which is subducting underneath the Anatolian plate, must have experienced slab break-off processes
13—-15 million years ago and sunk into the asthenosphere. Kepez Volcanics were produced 13.5-15.5
Ma ago in relation with the collision between Arabian and Anatolian Plates and related uplift of East
Anatolia region.

Key Words: Eastern Anatolia, collision, geochronology
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Dogu Pontid Alkalen Volkanitlerindeki (KD-Tiirkiye) Klinopiroksenlerin Kristal
Kimyasinin Elektron Mikroprob ve Tek-kristal X-1sinlar1 Difraksiyonu
Kullanilarak Arastirilmasi: Magma Rezervuarlarinin Derinligi
I¢in Petrolojik Kamitlar

Faruk Aydin', Richard M. Thompson®, Orhan Karsli’, Hinako Uchida®,
Jason B. Burt” ve Robert T. Downs®

! Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51200 Nigde (E-posta: faydin@nigde.edu.tr)
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Bu caligmada kuzeydogu Tiirkiye’deki Dogu Pontid Alkalen Volkanitleri (DPAV)’nde tipik olarak
gdzlenen klinopiroksen fenokristallerinin yapisal 6zellikleri ve kimyasal bilesimleri detayli bir sekilde
aragtirildi. Oncelikle DPAV nin ii¢ farkli potasik serisinden (Grup A: bazanit-tefrit, Grup B: tefrit-
fonolitik tefrit, Grup C: alkali bazalt-trakibazalt) toplam on iki adet klinopiroksen fenokristali segildi.
Yan kayag tiirline gore gruplandirilan bu klinopiroksen fenokristalleri, daha sonra elektron prob
mikroanaliz (EPMA) ve tek-kristal X-ray difraksiyon (TK-XRD) yontemleri kullanilarak incelendi.

DPAV’ndeki klinopiroksen fenokristallerinin bilesimleri ¢ok sinirli aralikta degismekle birlikte, onlar
kimyasal agidan Grup A ve B serileri igin Ti- ve Fe’"ce zengin Al-diyopsid (AB-kpir) ve Grup C
serisi igin Ti- ve Fe*"ce fakir Al-diyopsid (C-kpir) olmak iizere baslica iki grupta siniflandirilabilirler.
Tiim klinopiroksenlerde gergeklestirilen EPMA c¢alismalari, herhangi bir tetrahedral Fe’e gerek
kalmaksizin, tetrahedral odaciklarinda (T) eksik Si’un yerini doldurmak igin her zaman yeteri kadar
Al’'un mevcut oldugunu gosterdi. C-kpir’lerine gore (0.11-0.25 a.f.u.), AB-kpir’lerinin T odacigi
goreceli olarak daha yitksek Al' igerigi ile karakterize edilir (0.20-0.39 a.fu.). Oktahedral
odaciklardan M1 odacig1 Mg ile biiyiik oranda baskindir (0.57—-0.82 a.f.u.), geriye kalan bosluklar az
oranda Fe’" (0.05-0.14 a.f.u.) ve degisebilir oranlarda R** (Fe* +Ti* +AP +Cr’" = 0.12-0.37 a.fu.) ile
doldurulmustur. Buna karsin, M2 odacig1 baslica (Ca+Na) ile doldurulur (0.84—-0.98 a.f.u.) ve buna az
oranda Mg (0.01-0.06 a.f.u.), Fe*" (0.004-0.09 a.f.u.) ve Mn (0.002-0.01 a.f.u.) eslik eder. TK-XRD
ile analiz edilen tiim klinopiroksen fenokristalleri hemen hemen benzer a (9.73-9.75 A), Vcell
(437.2-440.9 A%) ve <beta> agis1 degerlerine (106.01-106.23°) sahiptir. Bununla birlikte AB-kpir’leri
ile C-kpir’lerinin hiicre parametrelerinde ve geometrilerinde bazi farkliliklar gozlenmistir. Bu tiir
farkliliklar kismen farkli kristalizasyon basinglartyla iligkili olmasina ragmen, ¢ogunlukla magma
bilesiminin degisimiyle ve muhtemelen kristallenen diger mineral fazlarinin etkisinden kaynaklanir.

Klinopiroksen jeobarometresine gore, AB-kpir’leri daha yiiksek kristallenme basing degerlerine
sahipken (5.6-10.6 kbar), C-kpir’leri i¢in basing degerleri 4.5 kbar’dan diisiiktiir. Bu basing
farkliliklarina ragmen, incelenen klinopiroksenler kabuksal bir ortamda farkli basing kosullarinda
kristallenmislerdir. Klinopiroksen-ergiyik jeotermometresine gore, C-kpir’lerinin kristallenme
sicakliklar1 1170 °C’den kiiciik iken, AB-kpir’lerinin sicakliklar1 ¢ogunlukla 1180—-1260 °C arasinda
degismektedir. Bu sicaklik degerleri DPAV nindeki Grup A ve B kayag serilerindeki alkalice zengin
lavlarin daha yiiksek soguma oranina sahip oldugunu gdsterir.

Sonug olarak, elde edilen kristal-kimyasi verileri DPAV’ne ait magmatik sistemin gelisim siireci ve
magma rezervuarlarimin derinligi hakkinda 6nemli bilgiler saglamistir. Hesaplanan basing-sicaklik (P-
T) degerleri ile Onceki jeodinamik-petrolojik modellere gore, incelenen klinopiroksen
fenokristallerinin kristallendigi ana magmanm litosferik manto derinliginden kaynaklandigi ve bu
magmanin Neojen siiresince ¢arpisma sonrasinda meydana gelen agilmali bir tektonik rejim sayesinde
alt kabugun fiist seviyelerine kadar yiikseldigi sonucuna wvarilabilir. Ayrica, magma yiikselimi
stiresince, s6z konusu ana magmanin dogu Pontid kabugunun farkli seviyelerindeki kapali magma
odalarinda degisken basinglarda fraksiyonel kristallenmeye maruz kaldigi sdylenebilir.

Anahtar Sozciikler: klinopiroksen, kristal-kimyasi, polibarik kristallenme, magma rezervuari, dogu
Pontidler
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In this study, it has been investigated the structural features and chemical compositions of
clinopyroxene phenocrysts (cpxs) observed typically in the eastern Pontide alkaline volcanites
(EPAV) from the northeastern Turkey. Total twelve cpx-samples have been firstly selected from three
different potassic series (Group A: basanite-tephrite, Group B: tephrite-phonolitic tephrite, Group C:
alkaline basalt-trachybasalt) of the EPAV. These samples, which are classified in terms of the type of
host rocks, have been secondly analyzed by means of single-crystal X-ray diffraction (SC-XRD)
combined with electron probe microanalyses (EPMA).

The cpxs in the EPAV can be chemically classified as Ti- and Fe*"-rich Al-diopsides for Groups A and
B (AB-cpxs) and Ti- and Fe*"-poor Al-diopsides for Group C (C-cpxs) though they have a poorly
variable composition, clustering in the diopside field. In all of the cpxs, EPMA shows that they have
sufficient Al to compensate for Si deficiencies in the tetrahedral site (T) without requiring any
tetrahedral iron. Compared to T site in the C-cpxs (0.11-0.25 a.fu.), T site in the AB-cpxs is
characterized by relatively high Al' content (0.20-0.39 a.f.u.). Of the octahedral sites, the M1 is
dominated by Mg (0.57-0.82 a.f.u.) with minor amounts of Fe*" (0.05-0.14 a.f.u.) and variable
contents of R*" (Fe’™ + Ti*" + A" + Cr’* = 0.12-0.37 a.f.u.) while the M2 is essentially filled by
Ca+Na (0.84-0.98 a.fu.) and rarely Mg (0.01-0.06 a.fu.), Fe*" (0.004-0.09 a.fu.), and Mn
(0.002-0.01 a.f.u.). All cpxs analysed by SC-XRD have nearly similar a (ranging from 9.73 to 9.75
A), Ve (437.2-440.9 A%), and <beta> angle values (106.01-106.23°). However, some differences in
polyhedral parameters and geometries of the AB-cpxs and C-cpxs have been observed. Such
differences are partly related to different crystallization pressures, these differences are mostly related
to variation in melt composition and, possibly, the influence of other crystallizing mineral phases.

Based on the cpx-geobarometry, the AB-cpxs have definitely high- crystallization pressure values
(5.6-10.6 kbars) while the pressures for the C-cpxs are lower than 4.5 kbars, suggesting that these
cpxs be crystallized at variable pressures in a crustal environment. Depending on the cpx-liquid
geothermometry, while the crystallization temperatures of the C-cpxs are lower than 1170 °C, those of
the AB-cpxs range mostly from 1180 to 1260 °C. The temperature values indicate a higher cooling
rate of the alkaline-rich lavas in the Groups A and B rock series of the EPAV.

Consequently, the obtained crystal-chemical data have provided considerable information on the depth
of magma reservoirs and the evolution process of the magmatic system of the EPAV. According to the
values of pressure-temperature (P-T) estimated from this study and previous geodynamic-petrogenetic
models, it was concluded that parent magma hosting the cpxs rose from lithospheric-mantle depths,
and reached the upper part of the lower crust due to post-collision extensional regime during Neogene.
During the process of magma ascent, the magma underwent polybaric fractional crystallization in the
closed magma chambers at different levels of the eastern Pontide crust.

Key Words: clinopyroxene, crystal-chemistry, polybaric crystallization, magma reservoir, eastern
Pontides
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Orta Anadolu’daki Farkli Turmalinlerin Konfokal Raman
Spektrometrisi ile Tanimlanmasi
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(E-posta: bgullu@eng.ankara.edu.tr)

Kompleks bir borosilikat grubu olan turmalin, magmatik ve metamorfik kayalarda tali mineral olarak
gozlenirler. Turmalinler biiylimeleri esnasinda igerisinde bulunduklar1 akigkanlarin kimyasal
degisimlerinin belirlenmesinde 6nemli rol oynarlar. Turmalin dogal magmatik siire¢lerin belirleyicisi
ve metamorfik kaya olusumlarmin basing ve sicaklik iliskilerinin goéstericisi olarak kullanilabilir.
Turmalin’in temel kimyasal formiili XY3Z47c0,5(BO3);V3W seklinde olup burada, X= Na, Ca, K; Y=
Mg, Fe*", Li, Al, Fe’"; Z= Al, Mg, Fe*’, Cr’*, V*"; T= Si, Al, B; B= B; '= OH, O; W= OH, F, O’yu
ifade etmektedir ve ¢ogunlukla turmalin mineralleri farkli baglarla yer degistirebilirler.

Turmalin optik mikroskop, X-Ray Difraktogramlar1 (XRD) analizleri ve kimyasal kompozisyonlarinin
analizi ile tanimlanabilir. Ancak mikroskop ve XRD belirlemeleri turmalinin alt gruplarinin
belirlenmesinde basarili degildir. Ayni zamanda turmalinlerin kimyasal kompozisyonlarinin,
jeokimyasal siireglerin kesin bir belirleyicisi olarak kullanimi da yaniltici olabilir. Bu ¢alismada Orta
Anadolu’da yiizeyleyen Behrekdag, Yozgat ve Karakaya granitlerinin pegmatitlerinden alinan farkl
turmalinlerin optik 6zellikleri, XRD ve kimyasal kompozisyonlar1 ile Raman spektrumlar
karsilagtirilarak tanimlanmigtir.

Mikroskop altinda incelenen biitiin turmalinler mavimsi yesil renkte 6zsekilli iri kristaller halinde
gozlenmektedir. XRD c¢aligmalarinda sorl-dravit-elbait seklinde turmalin pikleri belirlenmistir.
Kimyasal kompozisyonlarina bakildiginda ise Y, Zr, Nb, Ta ve Th igerigi bakimindan zengin olan
Karakaya turmalinlerinin aksine Behrekdag ve Yozgat turmalinlerinin Fe’ce zengin olduklari
gdzlenmistir.

Behrekdag, Yozgat ve Karakaya granitlerinden alinan turmalinlerin konfokal Raman spektrumlari
sirasiyla sorl, sorl ve elbait’tir. Turmalin gruplarinin baskin kompozisyonlar1 sorl bilesimindedir.
Turmalinlerin Raman Spektrumlari yaklasik olarak 1050, 750, 400 ve 300 cm™' olmak iizere dort bag
merkezinde toplanmistir. Birinci grup bag Si-O gerilmesinden, ikinci grup bag B-O gerilmesinden ve
diger ikisi Si-O-Si’nin simetrik deformasyonu ile O-B-O ve B-O-Al ’nin egilme modlarina bagh
olarak ortaya ¢ikmustir. 360 cm™' Raman piki en giiglii spektrum olan Al-O baglarma ait olmalidir.
Sonu¢ olarak konfokal Raman c¢aligmalart turmalinin ana kayadaki minerallerin yapisinin
karsilagtirilmasinda ve belirlenmesinde daha saglikli sonug¢ vermektedir.

Anahtar Sézciikler: Konfokal Raman spektrometri, sorl-elbait, turmalin, Orta Anadolu
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Tourmaline defines a group of complex borosilicate observed as an accessory mineral in magmatic
and metamorphic rocks. This group of minerals has significance in determining the chemical changes
in the composition of the host fluid. Tourmaline can be used as an indicator for pressure and
temperature conditions of metamorphic occurrences and the nature of magmatic processes. The main
chemical composition of tourmaline is: XY3Z¢75015 (BO3);V3W, where X= Na, Ca, K; Y= Mg, Fez+, Li,
Al, Fe*"; 7= Al, Mg, F e, Cr3+, V**; T=Si, Al, B; B= B; V= OH, O; W= OH, F, O; and tourmaline
minerals display heterovalent replacements in their structure.

Tourmaline can be identified by optical microscopy, X-Ray Difragtogram (XRD) analyses and by
determining its chemical composition. However, microscopic and XRD analyses are not useful for
further determination of tourmaline sub-groups. In addition, the use of chemical composition of
tourmaline as a strict indicator of geochemical processes might be misleading. In this study, variable
tourmaline crystals were collected from the pegmatitic occurrences of Behrekdag, Yozgat and
Karakaya granitic bodies of Central Anatolia to compare their Raman spectrum with their optical
features, XRD analyses and chemical compositions.

All the tourmaline minerals are bluish green in color with uniform shape under the microscope. They
have schorl-dravite-elbaite complex peak in XRD determination. The tourmalines from the Behredag
and Yozgat granites are rich in Fe, whereas the tourmaline from the Karakaya granite is rich in Y, Zr,
Nb, Ta and Th.

The confocal Raman spectrometry of collected tourmalines from the Behrekdag, Yozgat and Karakaya
granites are in the compositions of schorl, schorl and elbaite respectively. The dominant compositional
group of these tourmalines is schorl. The tourmaline Raman spectra revealed four bands centered at
almost 1050, 750, 400 and 300 cm™". The first group of the band arises from SiO stretching, the second
from B-O stretching and the other two belong to bending modes of O-B-O and B-O-Al with
symmetrical deformation of Si-O-Si. The strongest spectra near 360 cm™' should belong to the
bonding of Al-O. As a result, it can be said that confocal Raman studies are more sensitive for
determining tourmaline compositions and comparing them with the other associated minerals in their
host rocks.

Key Words: Confocal Raman spectroscopy, schorl-elbaite, tourmaline, Central Anatolia
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Ankara ve Yakin Cevresi Ge¢ Kretase—Tersiyer Volkanitlerinin
Stratigrafisi ve Yeni Yas Bulgular
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Calisma alaninda Sakarya kitasi, Izmir-Ankara-Erzincan zonu ve Kirsehir Bloguna ait birimler ile bunlarm
ortii kayaclari yer alir. Sakarya Kitasi’na ait kayaglar Izmir-Ankara-Erzincan Zonu’na ait kayaclar
lizerinde, Izmir-Ankara-Erzincan Zonu’na ait kayaglari ise Kirsehir bloguna ait kayaglar iizerinde
bindirmeli olarak goézlenir. Calismanin asil konusunu Geg¢ Kretase-Tersiyer yasli volkanitler olusturur.
Bolgedeki volkanitler, Ge¢ Kretase—Miyosen zaman araliginda etkinligini siirdiirmiis olup, Geg
Kretase—Erken Paleosen, Geg Paleosen—Erken Eosen, Orta Eosen, Erken Oligosen ve Miyosen volkanitleri
olmak iizere bes doneme ayrilarak incelenmistir. Ge¢ Kretase—Erken Paleosen volkanitlerini, Izmir-
Ankara-Erzincan-zonu igerisindeki filisel ¢okellerle aradiizeyli andezit-dasit bilesimli Culuk volkanitleri
olusturur. Kirsehir Blogu iizerindeki Gec¢ Kretase volkanitleri ise Kotiidag volkanitleri olarak
adlandirlmistir. Geg Paleosen—Erken Eosen yash volkanitleri, Sakarya kitasi, Izmir-Ankara-Erzincan Zonu
ve Kirsehir Blogu iizerinde gozleriz. Geg¢ Paleosen—Erken Eosen volkanitleri Sakarya kitasinin ortii
volkanitlerini olustururlar. Volkanitler Girmeg¢ volkaniti ve Sarikoz volkaniti olarak tanimlanmuistir. Girmeg
volkaniti, denizel ortamda etkin olmus olup, K/Ar (tiim kaya¢) yontemi ile birimden yapilan jeokronolojik
yaslandirmadan 57.4+2.3 my.yas bulunmustur. Volkanitler tefrit, 18sitit gibi feldispatoyidik bilesimli
kayaclar ile dikkati ¢eker. Sarikoz volkaniti karasal ortamda etkinligini siirdiirmiistiir. Birim dasit ve granit
porfir bilesimli lavlar igerir. Sarikoz volkanitlerinden, K/Ar yontemi ile (tiim kayag) yapilan jeokronolojik
yaslandirmadan 56.4+2.4 milyon yil yas elde edilmistir. Izmir-Ankara-Erzincan-zonu igerisindeki Geg
Paleosen—Erken Eosen volkanitlerini, filigel ¢okellerle ara seviyeli olarak gozlenen Sarikaya volkaniti
olusturur. Kisehir blogu iizerindeki Geg Paleosen—Erken Eosen ortii volkaniti ise Kiirebogazi volkaniti
olarak adlandirilmistir. Kiirebogazi volkanitleri andezitik bilesimli lav ve piroklastik kayaglardan olusur.
Orta Eosen ve Miyosen yas araligindaki volkanitler genel ortii volkanitleri olarak degerlendirilmistir. Orta
Eosen volkanitlerini, Liitesiyen yasli, denizel ortamda ¢okelmis Cayraz formasyonu ile ara diizeyli bazaltik
bilesimli Yenikoy volkaniti ve Cavuslu volkaniti olusturmaktadir. Orta Eosen yasl karasal volkanitler;
andezitik-dasidik bilesimli Deliler volkaniti, egemen andezitik bilesimli Hiiseyingazi volkanitleri (K/Ar,
44.8+1.7 my), andezitik trakiandezitik, dasitik bilesimli Kurtsivri volkanitleri (K/Ar, 44.5+1.7 my.) ve Sele
volkaniti (K/Ar, 44.8£1.7 my ve 44.3£1.9 my), bazaltik bilesimli Omercik volkaniti, riyolitik-dasitik
bilesimli Susuz volkanitleri (K/Ar, 43.1£1.7 my) ve bazaltik bilesimli Emirler volkaniti (K/Ar, 43.1+1.7
my) olarak tamimlanmustir. inceleme alaninda Polatlar volkanitleri olarak tanimlanan ve bazalttan andezite
kadar degisen bilesimlerdeki Erken Oligosen yash volkanitler, siirli bir alanda yiizeylenmekte olup,
birimden K/Ar yontemi ile yapilan jeokronolojik yaslandirmadan 32.0 = 1.3 milyon yil yas bulunmustur.
Calisma alani1 igerisindeki Hangili formasyonu ile ara diizeyli Erken-Orta Miyosen yasli volkanitler,
Elmadag, Haymana-Polatli, Cubuk ve Kalecik yoresi olmak iizere dort bolgede toplanmistir. Elmadag
bolgesi volkanitleri, andezit ve bazalt bilesimli Elmadag volkanitleri (K/Ar, 19.7+£0.8 my.), Ogulbey dasiti
(K/Ar, 18.8+0.8 my), dasitik-riyolitik bilesimli Tohumlar volkaniti (K/Ar, 17.5+1.2 my.), bazaltik bilesimli
Evciler volkaniti'nden (K/Ar, 15.8+0.9 my), Haymana-Polath bolgesi volkanitleri, andezitik bilesimli
Yenice volkaniti, Balkuyumcu andeziti, riyolit-dasitik bilesimli Hisarlikaya volkaniti, andezit, dasit,
riyolitik bilesimli Oyaca volkaniti (K/Ar, 18.9+£0.9 my), bazaltik bilesimli Polatli volkanitleri’nden (K/Ar,
14.841.7 my), Cubuk bdlgesi volkanitleri, Aydos bazaltindan(18.4+0.7 my) ve Kalecik bolgesi volkaniti,
dasitik bilesimli Kalecik volkanitinden olusur. Ozellikle olivin bazalt bilesimli Evciler ve Polath
volkanitleri ile Erken Miyosen’den itibaren gesitli evrelerde faaliyetini siirdiiren Aydos bazaltinin 6nemli
bir boliimii Orta Miyosen’de etkinligini siirdiirmiis olup, bdlgenin son volkanik faaliyetlerini olustururlar.

Anahtar Sézciikler: Ankara, volkanik, Kretase, Tersiyer, stratigrafi, jeokronoloji
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The Stratigraphy of Late Cretaceous-Tertiary Volcanic Rocks
in Ankara and Surroundings and New Age Findings
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In the study area the units of Sakarya Continent, Izmir-Ankara-Erzincan Zone, Kirsehir Block and
their cover lithologies crop out. The rocks of Sakarya Continent thrusted over the rocks of izmir-
Ankara-Erzincan Zone and the rocks of Izmir-Ankara-Erzincan Zone thrusted over the rocks of
Kirgehir Blocks. The main subject of the study is Late Cretaceous—Tertiary volcanic rocks. The
volcanism in the region lasted from Late Cretaceous to Miocene. The distinct periods of volcanic
activity in the area are Late Cretaceous—Early Paleocene, Late Paleocene—Early Eocene, Middle
Eocene, Early Oligocene and Miocene. The Late Cretaceous—Early Paleocene volcanics are known as
the Culuk volcanics which are andesitic-dacitic in composition and interbedded with flyschoid
deposits of Izmir-Ankara-Erzincan Zone. The Late Cretaceous volcanics on the Kirsehir Block are
named as Kotiidag volcanics. Late Paleocene—Early Eocene volcanics are observed on the Sakarya
Continent and the Kirsehir Block and within the Izmir-Ankara-Erzincan Zone. Late Paleocene—Early
Eocene volcanics are the cover volcanics of the Sakarya Continent. These Volcanics are defined as
Girmeg volcanite and Sarikoz volcanics. Girme¢ volcanite was active in marine environment and has
been dated at 57.4+2.3 Ma by K/Ar (whole rock) method. These volcanics are tefrites and leuctites
with abundant feldspathoids in their mineral assemblages. Sarikoz volcanics was active in continental
environment. This unit consists of lavas with compositions of dacite and granite porphyr. Sarikoz
volcanics has been dated at 56.4+2.4 Ma by K/Ar (Whole rock) method. The Late Paleocene—Early
Eocene volcanics within the Izmir-Ankara-Erzincan zone are represented by Sarikaya volcanics which
are interbedded with flyschoid deposits. The Late Paleocene—Early Eocene cover volcanics on the
Kirgehir Block is named as Kiirebogazi volcanics. Kiirebogazi volcanics consist of lavas and
pyroclastics with andesite composition. The volcanics of the Middle Eocene—Miocene age were
considered in general to be the cover units. The Middle Eocene volcanics are represented by basaltic
Yenikoy and Cavuslu volcanics which are interbedded with the Lutetian marinal Cayraz formation.
The Middle Eocene continental volcanics are defined as andesitic-dacitic Deliler volcanics, andesitic
Hiiseyingazi volcanics (K/Ar, 44.8+ 1.7 Ma), andesitic, trackyandesitic and dasitic Kurtsivri volcanics
( K/Ar, 44.5£1.7 Ma), the Sele volcanics (K/Ar, 44.8+1.7 and 44.3£1.9 Ma), basaltic Omercik
volcanics, rhyolitic-dacitic Susuz volcanics (K/Ar, 43.1+1.7 Ma) and basaltic Emirler volcanics (K/Ar,
43.1+1.7 Ma). In the study area, the Early Oligocene volcanics with a compositional range from basalt
to andesite are defined as Polatlar volcanics and are observed in a restricted area. This rock unit is
dated by K/Ar method at 32.0+1.3 Ma. The Early-Middle Miocene volcanics which are interbedded
with the deposits of the Hangili formation crop out in four different regions, namely Elmadag,
Haymana-Polatli, Cubuk and Kalecik. The volcanics of Elmadag region include the andesitic and
basaltic Elmadag volcanics (K/Ar, 19.7£0.8 Ma), dacitic Ogulbey volcanics (K/Ar, 18.8+0.8 Ma),
dacitic-rhyolitic Tohumlar volcanics (K/Ar, 17.5+1.2 Ma) and basaltic Evciler volcanics (K/Ar,
15.8+0.9 Ma). The volcanics in the Haymana-Polathi region are andesitic Yenice volcanics, andesitic
Balkuyumcu volcanics, rhyolitic-dacitic Hisarlikaya volcanics, andesitic, dacitic, rhyolitic Oyaca
volcanics (K/Ar, 18.9+0.9 Ma) and basaltic Polatli volcanics (K/Ar, 14.8+1.7 Ma). The volcanics in
the Kalecik region is dacitic Kalecik volanics. The last volcanic activity in the area is represented by
the olivine basaltic Evciler and Polatli volcanics and the Aydos basalts. This activity lasted in different
periods from the Early Miocene onward and during the Middle Miocene.

Key Words: Ankara, volcanic, Cretaceous, Tertiary, stratigraphy, geochronology
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Akdeniz Kusagi, Merkezi Kesimlerinde Yiizeylenen Yiiksek
Potasyumlu Bazik Alkali Magmatik Kompleksin Evrimi

M.N. Mamedov, G.J. Babayeva & M.A. Poormohtari

Azerbaijan National Academy of Sciences, Institute of Geology, AZ 1143 Baku, Azerbaijan
(E-posta: musamamedov@rambler.ru)

Akdeniz kusagi bati Avrupadan baglayarak Endonezyaya kadar 15 bin km den fazla bir mesafe
boyunca uzanir. Bu kusagi merkezi kesimi batida Erzincan kesisimi ve doguda Ural-Umman hatt1 ile
sinirhidir. Merkezi kesim iginde yiiksek potasyumlu alkali kompleksler Sarai adasi, Iran, Kiigiik
Kafkaslarin Pambak zonu ve Talysh zonunda gézlenmistir. Bunlarla birlikte yiiksek potasyumlu 16sitit
ler Bati Daralagez de saptanmustir. Ge¢ Eosen—Erken Oligosen yasli Pambak yiiksek potasyum
volkano-pliitonik topluluklar Kiigiik Kafkaslarda Geicha-Shirak senklinalinin kuzey-bati uzantisiyla
iligkili olarak gelismistir. Bu yiiksek potasyumlu alkali volkano-pliitonikler stok ve at nali benzeri ve
koni sekilli morfolojileriyle tipiktir. Yiiksek potasyumlu alkali serilerin erken safha olusumlar1
epilositik tefrit, trakibazalt, latit, fonolit ve trakit ile temsil edilen patlamali ve efiizif triinlerin
olusumuyla karakteristiktir. Kayalarin mineral bilesimleri 16sit psddomorflar1 (ortoklas, albit, nefelin,
analsim), salitik ve ejirin ojitik klinopiroksen, barkevikit, biyotit, ortoklas, plajioklas ve daha az
oranda titano-magnetit, apatit, ve sfen icerir. Kayalarin subvolkanik fasiyesleri kirtk zonlar1 ve
volkanik merkezlerle iligkilidir. Bunlar nefelin siyenit, kersantit, vogesit ve tinguait den olusur.
Pambak yiiksek potasyumlu alkali kayalarin jeokimyasal ve petrolojik 6zellikleri kullanilarak ilksel
magma kaynaklar1 ve iz element zenginlesme igslemlerine yonelik sonuglara varilabilir. La/Yb,-Yb,
oranlarina goére magmalarin olusumunda metasomatize manto katkisi %1,0-2,5 ten fazla degildir.
Ayrica, yiiksek potasyum alkali bazalt magmasi olasilikla metamorfik temele ait karbonatli kayalar
assimile etmistir. Yiiksek potasyumlu alkali kayalar Elburs sisteminin kuzeybati uzantis1 olan Talysh
zonunda da gozlenmistir. Bunlar Eosen yasli olup 16sitik trakibazalt, absarokit, psoddlositik bazalt ve
fonolitlerden olugsurlar. Kapant1 seklindeki ilksel olusumlar salitik klinopiroksenin impregnasyonuyla
iligkilidir. Diger baz1 durumlarda ortoklas ve analsime donilismiislerdir. Yiiksek potasyumlu alkali
bazaltik kayalar1 Urmia-Dokhtar zonunda Sarai adasinda da gozlenmistir. Burada temel, Ge¢ Eosen-
Erken Oligosen yasli volkanik kayalardan olusur. Alkali volkanizma Miyosen doneminde geligsmistir
ve iki kompleks halinde olugsmustur. Bunlardan biri Erken Miyosen volkanizmasi olup 16sitik tefrit ve
iliskili 16sitit, 10sitik trakibazalt, l9sit-klinopiroksen-olivin trakibazalt topluluklarmi kapsar. Geg
Miyosen volkanizmasi ise afirik ve porfiritik trakit, alkali siyenit ve lamprofirlerden olusur. Jeolojik
ve tektonik aktiviteler yliksek potasyumlu bazaltik alkali magmatizmanin olusumunda 6nemli bir rol
oynamistir. Akdeniz kusaginin orta kesimleri Eosen doneminde carpigsma tektoniginin etkisinde
kalmigtir. Boyuna faylar gelismis ve magmalar1 yilizeye tasiyan sistemler olarak islev gdrmiistiir.
Bolgedeki yiiksek potasyumlu alkali magmatik komplekslerin olusumu bu faylarla iligkilidir.
Volkanizmanin erken agamalarinda yiiksek potasyumlu alkali bazik magmadan flogopit ve psddolosit
kristallenmis ve kiimiilatif kapantilar olarak olusmuslardir. Daha sonraki asamada ise sirasiyla 16sitik
tefritler ve trakibazaltlar, sonkinitler ve son asamada ise lositik fonolitler, trakitler ve siyenitik
intriizifleri olusmustur.

Anahtar Sozciikler: Akdeniz kusagi merkezi kesimleri, 10sit, alkali magmatik compleks, Kiigiik
Kafkaslar, yliksek potasyumlu kayalar, Urmiya-Dokhtar zonu
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Evolution of High-potassium Basic Alkaline Magmatic Complexes
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M.N. Mamedov, G.J. Babayeva & M.A. Poormohtari

Azerbaijan National Academy of Sciences, Institute of Geology, AZ 1143 Baku, Azerbaijan
(E-mail: musamamedov@rambler.ru)

The Mediterranean belt stretches from the West Europe as far as Indonesia more than 15 ths km. The
central segment of the belt in the west is limited by the Erzinjan syntaxis and in the east — by the Ural-
Oman lineament. High-potassium alkaline complexes within the central segment have been
determined in Sarai isle in the Islamic Republic of Iran, in the Pambak zone of the Lesser Caucasus
and in the Talysh zone. Alongside with them, the high-potassium leucitic rocks have been recorded in
the West Daralagez. The Pambak high-potassium volcanic-plutonic association of a central type, of
the late Eocene—early Oligocene age, has been related to the north-west continuation of the Geicha-
Shirak synclinorium of the Lesser Caucasus. The studied high-potassium alkaline volcanic-plutonic
association is characterized by stock-like, horseshoe-like and conic morphological types. The early
stage of the formation of high-potassium alkaline series has been marked by the manifestation of the
explosive-effusive facies which is represented by epileucitic tephrite, trachybasalt, latite, phonolite and
trachite. Mineral associations of the rocks include pseudomorphs of leucite (orthoclase, albite,
nepheline, analcime etc.), salitic and ehirine-augititc clinopyroxene, barkevikite, biotite, orthoclase,
plagioclase and in subordinate amount, titanomagnetite, apatite and sphene. Subvolcanic facies of
rocks are related to fractures and volcanic centres. They are composed of nephelinic syenite,
kersantite, vogesite, tinguaite. On the basis of petrological-geochemical characteristics of rocks
composing the Pambak high-potassium alkaline massif one can draw a conclusion about their primary
magma source and trace element enrichment processes. According to (La/YDb),-Yb, ratio,
metasomatized mantle in their magma source is not more than 1,0-2,5%. In addition, the primary
high-potassium alkaline-basalt magma, probably partially assimilated carbonaceous-metamorphic
rocks of the basement. High-potassium alkaline rocks were determined in the Talysh zone which is the
north-west continuation of the Elburs folded system. High-potassium rocks here composed of leucitic
trachybasalts, absarokites, pseudoleucitic basalt and phonolite are of the Eocene age. Primary rocks in
the form of inclusions are related to impregnations of salitic clinopyroxene. In other cases they are
replaced by orthoclase and analcime. High-potassium alkaline basaltoid series were determined in
Sarai isle in the Urmiya-Dokhtar zone. Basement of the isle is composed of volcanic formation of the
upper Eocene and early Oligocene. Here volcanism manifested itself in the Miocene period and is
characterized by two complexes. The first complex corresponds to the early Miocene substage of
volcanism. These are composed mainly of leucitic tephrite accompanied by minor amount of
leucitites, leucitic trachybasalts, leucite-clinopyroxene-olivine trachybasalt. In Sarai isle, rocks of late
Miocene trachytic complex consist of phonolite, aphyric and porphyric trachite, alkaline syenite and
lamprophyre. Geological and tectonic activities played significant role in the evolution of high-
potassium basic alkaline magmatism. The central segment of the Mediterranean belt experienced
collision events during the Eocene period. Longitudinal faults were developed and worked as magma
conduit systems. High-potassium alkaline magmatic complexes in this region are related to the cross
faults. In earlier stage of the evolution, phlogopite and pseudoleucite crystallized from the high-
potassium alkaline basic melt in the form of accumulative inclusions. At the next stage of the
evolution there occurred crystallization of leucitic tephrites, leucitic trachybasalts and shonkinites.
Leucitic phonolites, trachytes and their intrusive syenites crystallized out of this melt last.

Key Words: central segment of the Mediterranean belt, leucite, alkaline magmatic complexes, Lesser
Caucasus, high-potassium rocks, Urmiya-Dokhtar zone
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Kuzeydogu Irak Paleojen Pliitonizmasi: Bulfat Kompleksi

Mohsin M. Ghazal, Khalid J. Aswad, Yasin K. Elyas ve D.N. Ojha

Mosul University, College of Science, Department of Geology, Mosul, Iraq
(E-posta: Mohsin_ghazall @yahoo.com)

Kuzeydogu Irak, Qala-Dizeh bolgesi, Hero koyii ¢evresinde yer alan Bulfat magmatik kompleksi
bolgedeki Tersiyer pliitonlarindan biridir. Literiirdeki K-Ar yaglar1 45 My (Daniyen—Orta Eosen) lik
soguma yasina isaret etmistir. Pliitonikler, bolgesel olarak metamorfize olan Albiyen-Senomaniyen
yaslt Qandil Formasyonu igine yerlesmis ve gabroyik kayalardan itibaren 1.5 km ye varan genislikte
yiiksek sicaklik-diisiik basing kontak metamorfik bir zon olusturmustur. Magmatik-metamorfik
kompleksi Bulfat blogu olarak tanimlamistir. Bu kompleks, Walash volcano-sedimenter kayalarinin
yanisira Mawat ve Penjwin ofiyolit topluluklarinida igeren bindirme zonu iginde yeralir. Bulfat blogu
deforme kirectasi, fillit, sist, mermer ve dolomit’ten olusur. Bulfat magmatik grubunun gabrolarini
daha geng, olivin iceren ve daha yasli, olivin icermeyen olarak iki alt gruba ayirmistir. Bu ¢alisma
daha geng grup iizerine yogunlagsmaktadir.

Bu kompleks, olivin gabro, troktolit ve piroksen-hornblend gabro olarak tanimlanmis uyumlu ii¢ mafik
magmatik katmandan olugur. Bu gabroyik kayalarin mineral bilesimleri baslica plajioklas (labrador,
Ans;_sy), olivin (Fozg_sg), klinopiroksen (Fejp_19) and kahverengi amfibol (kersiitit) dur. Aksesuar
mineraller baglica magnetit, apatit ve siilfitlerdir. Ana minerallerin olusturdugu baslica dokular orto ve
meso kiimiilat ve bazi durumlarda da interkiimiilat tir. Birlikte biiyiimiis olivin ve plajioklas kristalleri
katmanli magmatik kayalarin ana bilesenlerini olustururlar. Mineraller, evrimlesmis magmanin
fiziksel kosullarinin ve kimyasal bilesiminin zaman i¢indeki degisiminden dolay1 gelismis kriptik
katmanlanma ile karakteristiktir. Bu durum, bilesimleri fraksiyonel ergime ve kristallenme
islemlerince kontrol edilen iz element trendleriyle gosterilmistir.

Pliiton, kalk-alkalen gabroyik kayalar igerir, fakat ayrimlagsma islemlerinin son asamalarinda olusan
magma bilesimi daha alkali nitelikte olan nefelin siyenittir. Kristalizasyonun son sathasindaki bilesim
degisiminin, Bulfat mafik kayalarinin igine yerlestigi Qandil metamorfik serilerina ait metapelitlerin
ergimesi ve assimilasyonu sonucu oldugu diisiinlilmektedir. Bulfat kompleksi kayalari, farkli
derinliklerde gelisen ii¢ farkli magma sokulumu dongiisiine isaret eden veriler sunarlar. Bunlar
sonucunda bilesimde gabroyik (kotektik bilesim) kiimiilatlardan troktolite bir doniisiim
gerceklesmistir. iki farkli magma bilesimi bagimsiz olarak olusmus ve evrimlesmistir. Troktolitler,
mineral fazlarmin yeniden olustugu magma odasi duvarlari boyunca kristallenmistir. Plajioklas
kristalleri ¢ogunlukla magma odasi duvarlarina yakin yerlerde yogunlasmigtir. Magma karigimi
gerceklestiginde, magma icinde asili plajioklas kristallerinin olivinlerle birlikte ergiyerek yeni bir
magmay1 olusturdugu ve bu magmadan plajioklas kristalizasyonu sonucu plajioklasca zengin
(16kokratik) gabrolarin olugmaya basladig: diistiniilmektedir.

Tektonik olarak, onerilen model Bulfat kompleksinin, Tetis okyanusal plakasinin yitimini takiben
gergeklesen ofiyolit yerlesimi sonrasi pliitonizmanin firiinleri olarak gelistigi seklinde bir yaklagimi

tanimlamak i¢in sunulmustur.

Anahtar Sozciikler: Bulfat kompleksi, KD-Irak, Paleojen, gabroyik kayalar
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The Bulfat igneous complex around Hero village, Qala-Dizeh area in northeastern Iraq is one of the
Tertiary plutonics in the area. The K-Ar dating of this intrusion indicated a cooling age of 45 Ma
(Danian to Middle Eocene). The plutonics intrude the regionally metamorphosed Qandil Formation of
Albian-Cenomanian age forming high temperature low-pressure contact aureole as far as 1.5 km from
the exposed gabbroic rocks. The igneous-metamorphic complex is referred as Bulfat block. It is
situated within the thrust zone that includes ophiolitic complexes of Mawat and Penjwin as well as
Walash volcano-sedimentary rocks. The Bulfat block as assigned by Bolton is composed of sheared
limestone, phyllite, schist, marble and dolomite. The gabbros of the Bulfat igneous group are classified
into two groups, the younger gabbros (olivine-bearing) and older gabbros (olivine-free). The present
work is concerned with the younger gabbros.

The complex comprises rhythmic layers of three basic igneous rock groups namely olivine-gabbro,
troctolite and pyroxene-hornblende-gabbro. The mineral constituents of these gabbroic rocks are
mainly plagioclase (labradorite, Ans;_s;), olivine (Foss_sg), clinopyroxene (Fejo_j9) and brown
amphibole (kaersutite). The accessories are mainly magnetite, apatite and sulphides. The prevalent
textures of the essential minerals are ortho- and meso-cumulus and some are intercumulus. The
composite crystals of olivine and plagioclase are the main constituents of layered rocks having higher
density than that of the melt. The minerals are characterized by height-dependent chemistry (cryptic
layering) due to the gradational change in chemical composition and physical condition of the evolved
magma. This is confirmed by the established trends displayed by trace elements controlled by
fractionation followed by limited fractional melting processes.

The pluton contains calc-alkaline gabbroic rocks, but the magma composition produced during the late
stages of the differentiation processes is nepheline-syenite, which has more alkaline affinity. The
deviation in the affinity at the late stage of crystallization is thought to be due to assimilation and
complete melting of metapelites of Qandil metamorphic series through which the Bulfat basic rocks
were intruded. The Bulfat complex comprises three cycles of replenishment of magma at three
different heights. The replenishment process caused a shift from gabbroic (cotectic composition) of
cumulates towards the troctolite. Two separate batches of magma are formed and evolved
independently. The troctolites crystallize along the walls of the magma chamber where mineral phases
reformed. Plagioclase crystals are mostly suspended near the chamber walls. The suspended
plagioclase crystals as well as the associated olivine are melted when mixing took place, and the
newly formed melt enters the primary phase of plagioclase and then plagioclase-rich (leucocratic)
gabbros begin to crystallize.

Tectonically, a proposed model is given to illustrate the situation of the studied Bulfat complex, where
it is considered to be a post ophiolitic plutonism occurred after the subduction of the Tethyian oceanic

plate.

Key Words: Bulfat complex, thrust zone, NE-Iraq, Paleogene, gabbroic rocks
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Kiiciik Kafkaslarin Azerbaycan kesiminde c¢arpisma iliskili Geg¢ Senozoyik volkanizmasi Orta
Miyosen’den itibaren aktif olmustur. Orta Miyosen’de molasik havzalarin (Nakhchyvan, Garadag)
yamaglarinda 14—15 My lik trakiandesit ve alkali bazaltlar olusmustur. Ge¢ Miyosen’de kalk-alkali ve
yuksek-K kalk-alkali serilerle iliskili farklilasma iirlinli andezit-dasit-riyolitler (merkezi Kiiglik
Kafkaslar — agdzhagyz ve basarkechar topluluklari) ve andezitler (Nakhchyvan-bichenag serileri)
olusmustur. Ust Pliyosen-Kuaterner doneminde ise aktivite hafif alkalen bazalt-trakibazalt-
bazaltiktrakiandeezit-trakiandezit farklilagma iiriinii kayalarin yanisira riyolitlerle temsil edilmistir.

Primitif mantoya normalize edilmis diyagramlarda andezit-dasit-riyolit toplulugu kayalarin HFSE
lerde (Ta, Nb, Hf, Y, Yb) tiikketilme ve LILE ve LREE lerde (K, Sr, Rb, Ba, La, Ce) zenginlesmeler
gosterdigi gozlenmistir. Ta, Nb, P ve Ti negatif anomalileri bu kayalarin yitim iligkili ortamlarda
olustuklarma isaret etmektedir. Bolgedeki riyolitik kayalar ise yine benzer iz element dagilimlarina
sahip olmalarina karsin tist kabuk bilesimlerine yakin element icerikleriyle tipiktir.

Farklilagsma iiriinii trakibazalt-bazaltik trakiandezit-trakiandezit kayalar genis iyon capli ve yiiksek
alan katyonlarinca zenginlesmeler ve yiliksek La/Yb ve La/Sm oranlan1 sunarlar. Farklilagma
islemlerinde iz element bilesimleri ergiyigin bilesimine, sicakliina ve i¢erdigi minerallerin bilesim ve
kristal kimyasal 6zelliklerine bagli olarak degisir. Normalize diyagramlarda hafif alkali bazaltlarin
LILE ler ve bazi yiiksek alan katyonlarinca (Sr, Rb, Ba, Th, Nb, La, Ce, Zr, Hf and Sm) zenginlesme
gosterdigi gozlenmistir. Hafif (La, Ce) ve agir (Yb, Lu) nadir toprak element bilesimleri kondritik
bilesimlere gore sirasiyla 200—300 ve 8—16 kez zenginlesme gosterir ve (La/Yb), oranlar1 12,0 ve 30,3
arasinda degigsim sunar. Kayalar ayni zamanda (Tb/Yb),= 1,7-3,0 ve (Ce/YDb),= 9,4—23,2 oranlartyla
agir nadir toprak elementlerde diisiik, hafif nadir toprak elementlerde ise giiclii fraksiyonasyon
gosterir.

Volkanik serilerin olusumunda kismi ergime, fraksiyonel kristallenme, asimmilasyon ve levha
ergimesi gibi islemler bu c¢alismada tartisilmistir. Jeokimyasal verilerin Kafkaslarim diger
bolgelerindeki volkanik kayalarla karsilastirilmasi ile bu bolgedeki Geg Senozoyik volkanizmasinin
carpisma, levha i¢i gerilme, delaminasyon ve levha dalimi gibi islemlerin bir kombinasyonu sonucu
olustuklarini gosterilmektedir.

Anahtar Sozciikler: Kiiciik Kafkaslar, Ge¢ Senozoyik ¢arpisma volkanizmasi, jeokimya
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In the Azerbaijan part of the Lesser Caucasus, the late Cenozoic collision-related volcanism
commenced from the middle Miocene. In the Middle Miocene, in flanks of molassic troughs
(Nakhchyvan, Garadag) were formed trachyandesites and alkaline basalts (age 14—-15 Ma), while in
the late Miocene (Sarmatian—Meotian—Pontian) andesite-dacit-rhyolite (central part of the Lesser
Caucasus-agdzhagyz and basarkechar suites) and andesite (Nakhchyvan-bichenag series) were formed
as differentiation products in association with high-K calc-alkaline and calc-alkaline series. In the
Upper Pliocene—Quaternary period the activity was characterized by rhyolites and their volcanic
glasses, as well as mildly alkaline basalt-trachybasalt-basaltic trachyandesite-trachyandesite
differentiated series.

Primitive mantle normalized diagrams indicate that the rocks of andesite-dacitic-rhyolite association
demonstrate depletions in high field strength elements (Ta, Nb, Hf, Y, Yb) and enrichments in large
ion lithophite and light rare earth elements (K, Sr, Rb, Ba, La, Ce). Negative Ta, Nb, P and Ti
anomalies for these rocks may be interpreted to reflect a subduction related origin. Distribution of
trace elements in primitive mantle normalized plots show that rhyolites demonstrate similar trace
element patterns but their high-charge element concentrations are very close to the composition of the
upper crust.

Rocks of trachybasalt-basaltic trachyandesite-trachyandesite differentiated series are characterized by
high concentrations of large-ion low-valent (Sr, Ba, La, Ce) and some high-charge (Zr, Ti, Nb, Y)
elements, as well as by high values of La/Yb, La/Sm ratios. In the differentiation processes, trace
element concentrations change regularly depending on the composition of the melt, its temperature
and also composition and crystal-chemical properties of rock-forming minerals. In the normalized
diagrams the mildly alkaline basalts are enriched in large ion lithophile and some high-charge
elements (Sr, Rb, Ba, Th, Nb, La, Ce, Zr, Hf and Sm). The concentrations of light (La, Ce) and heavy
(Yb, Lu) REE in these rocks exceed the chondrite level 200-300 times and 8—16 times, respectively
and (La/Yb), ratios range between 12.0 and 30.3. At the same time there occurs weak fractionation of
heavy REE (Tb/Yb),= 1.7-3.0 and strong fractionation of light REE (Ce/Yb),= 9.4-23.2.

The possible mechanisms for the formation of the volcanic series (FC, AFC, partial melting, slab-
melting and the processes of enrichment for the mantle source) are discussed in this study.
Comparison of the geochemical data with the other volcanic regions in the Caucasus suggest that the
late Cenozoic volcanisms in the Caucasian region are linked to the combination of processes such as
collision and intraplate extension, probably related with delamination of subducted lithospheric slab.

Key Words: Lesser Caucasus, Late Cenozoic collision volcanism, geochemistry
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Camard Yoresindeki (Nigde, Orta Anadolu-Tiirkiye) Volkanik Kayac¢larin
Petrografik, Mineralojik ve Jeokimyasal Ozellikleri

Faruk Aydin, Mustafa Sonmez ve Abdurrahman Lermi
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Orta Anadolu’daki (Tiirkiye) Ulukisla Havza’sinin kuzeydogusundaki Camardi yoresinden toplanan
Geg Kretase—Erken Tersiyer yasli denizalti {iriinii volkanik kayaclarin petrografik, mineralojik ve tiim
kayac¢ jeokimyasal verileri, ana magma kaynagini ve gelisim siirecini incelemek i¢in, bu ¢aligmada
rapor edilmistir. Tim kaya¢ kimyasal siniflama diyagramlarina gore, volkanik kayaclar, bazalt-
bazaltik andezit-trakiandezit (Grup A), trakit-trakidasit (Grup B) ve bazalt-bazaltik trakiandezit (Grup
C) seklinde baslica ii¢ farkli kayac serisine ayrilabilirler. Grup A serisi yastik lavlardan, masif lav
akintilarindan ve piroklastitlerden ve bunlarla ardalanmali sedimanter kirintili kayaglardan ve
karbonatlardan meydana gelir. Buna karsin Grup B serisi genel olarak lav domlar ile karakterize
edilir. Grup C serisine ait kayaglar ise ¢ogunlukla arazide dayklar seklinde gozlenirler ve Grup A
serisine ait kayaclari keserler.

Grup A kayaglari, hipokristalen bir hamura, orta-yiiksek oranda porfiritik ve glomeroporfiritik bir
dokuya sahiptir ve plajiyoklas + sanidin + ojit = hornblend igermektedir. Buna kargin, Grup B
kayaclar1 tamamen porfiritik bir doku gosterirler ve plajiyoklas + sanidin + biyotit fenokristalleri
icerirler. Grup C kayaglarn ise plajiyoklas + sanidin + olivin fenokristal birlikteliginden olusan
genellikle porfiritik bir doku sunarlar. Grup A ve B kayaglarinin ¢ogunun degisebilir oranlarda
hidrotermal alterasyona ugradig1 gézlenmistir. Bu alterasyon kloritlesme, iddingsitlesme ve oksitlesme
ile karakterize edilir.

Incelenen volkanik kayaglar alkalen (6zellikle Grup B ve C drnekleri) ve diisiik- ila yiiksek-K igerigi
arasinda degisen kalk-alkalen (Grup A kayaglari) bir karakter gosterirler. Ug grubun mafik ornekleri
diisiik Mg-numarasina (0.30-0.58), Cr (< 340 ppm) ve Ni (< 100 ppm) igeriklerine sahiptir. Bu
ozellikler incelenen volkanitlerin mantodan-tiireyen ergiyiklerden itibaren O©nemli oranda
farklilasmaya maruz kaldiklari isaret etmektedir. Tiim kayag¢ gruplarina ait ana oksitlerin ve iz
elementlerin degisimleri, klinopiroksen, olivin ve amfibol gibi yaygin mafik mineral fazlarinin
farklilagmasiyla agiklanabilir.

Ilksel mantoya gére normallestirilmis iz element degisim grafikleri, tiim kayac gruplarinin LILE’ce
zenginlestigini, bununla birlikte Nb, Ta, P ve Ti elementlerce de tiiketildigini gostermistir. Ayrica
kayaclar orta derecede LREE/HREE oranlarina ve yiiksek Th/Yb oranlarina sahiptirler. Tim bu
Ozellikler ana magmanin, muhtemelen daha Onceleri yitim bilesenleriyle bilesimi degistirilmis olan
zenginlesmis bir litosferik mantodan tiiredigini gostermistir. Kondrite gore normallestirilmis NTE
degisim grafikleri, tiim kayac serileri i¢in benzer kaynagi isaret eden diisiik-orta zenginlesme
derecesini gosteren konkav bir sekle sahiptir. Buna ragmen, Grup B kayac¢larinin NTE degisim
grafikleri negatif Eu anomalisi gdsterir. Bu anomalinin gézlenmesi muhtemelen trakitik kayaglarin
gelisimindeki plajiyoklas farklilasmasindan kaynaklanir.

incelenen volkanik kayac serilerine ait kayaglarin yiiksek *’Sr/*°Sr (0.7065-0.7087) ve diisiik
"SNd/"**Nd (0.5123-0.5125) oranlar1 yari kitasal bir litosferik manto kaynag: ile uyumludur. Ayrica
epsilon Nd degerleri —2.7 ila —5.9 arasinda degisir ki, bu degerler Camardi volkanitlerinin magma
kaynaginin zenginlesmis olduguna isaret eder.

Anahtar Sozciikler: petrografi, jeokimya, alkali, kalk-alkali, volkanik kaya¢, Camardi, Orta Anadolu,
Tiirkiye
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In order to investigate their parental magma source and evolution process, the petrographical,
mineralogical and whole-rock geochemical data for Late Cretaceous—Early Tertiary submarine
volcanic rocks from Camardi region in the northeastern of Ulukisla Basin, central Anatolia (Turkey)
have been reported in this study. Based on the chemical classification diagram, the volcanic rocks can
be mainly divided into three rock groups that comprise of basalt-basaltic andesite-trachyandesite
(Group A), trachyte—trachydacite (Group B), and basalt-basaltic trachyandesite (Group C) series. The
Group A series consists of pillow lava, massive lava flows and pyroclastics alternating with
sedimentary clastic rocks and carbonates whereas the Group B series is mainly characterized by lava
domes. The Group C series is generally observed as dykes in the field and cut the rocks of the Group
A series.

The Group A rocks show a moderate to strong porphyritic and glomeroporphyritic textures with a
hypocrystalline groundmass and contain plagioclase + sanidine + augite = hornblende whereas the
Group B rocks have completely porphyritic texture and include plagioclase + sanidine =+ biotite
phenocrysts. The Group C rocks are generally porphyritic with phenocryst assemblages of plagioclase
+ sanidine + olivine. Most of the Groups A and B rocks show a variable degree of hydrothermal
alteration as evidenced by chloritization, iddingsitization and oxidation.

The studied volcanic rocks show alkaline (paticularly samples from the Groups B and C) and calc-
alkaline affinities with low- to high-K contents (the Group A rocks). Mafic samples of the three
groups have low Mg-number (0.30-0.58), Cr (< 340 ppm), and Ni (< 100 ppm), which indicates that
they have undergone significant fractional crystallization from mantle-derived melts. The variations of
major oxides and trace elements of the all groups can be explained by fractionation of common mafic
mineral phases such as clinopyroxene, olivine and amphibole.

Primitive mantle-normalized trace element patterns show that all rock groups are enriched in LILE but
depleted in Nb, Ta, P and Ti. Besides, the rocks have moderate LREE/HREE ratios and high Th/Yb
ratios, all of which indicate that parental magma(s) probably derived from an enriched lithospheric
mantle, which was previously modified by subduction component. The chondrite-normalized REE
patterns are concave with low to medium enrichment, indicating similar source areas for all the rock
series. However, the REE patterns of the Group B rocks also show negative Eu anomalies, suggesting
probably associated with plagioclase fractionation in the evolution of the trachytic rocks.

The high initial *’Sr/**Sr (ranging from 0.7065 to 0.7087) and low '*Nd/'**Nd (ranging from 0.5123 to
0.5125) isotopic ratios of the studied volcanic rock series are consistent with a subcontinental
lithospheric source. Initial epsilon Nd values range from —2.7 to —5.9, clearly indicating the enriched
nature of the source of the Camard1 volcanites.

Key Words: petrography, geochemistry, alkaline, calc-alkaline, volkanic rock, Camardi, central
Anatolia, Turkey
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Cataldag ve Ilica granitoyidi Sakarya kitasi i¢cinde kuzeybat1 Anadolu’da biiyiik intriizif kiitleler olarak
aciga cikmiglardir. Cataldag intriizif kiitlesinin uzun ekseni hemen hemen dogu bati dogrultusuna
paraleldir ve yaklasik olarak dikddrtgen bigimindedir. Kiitle 350 km*’lik bir alani kaplamaktadir. Ilica
intriizif kiitlesinin uzun ekseni kuzey giiney dogrultusuna paraleldir ve 150 km”lik bir alam
kaplamaktadir. Her iki intriizif kiitle Karakaya sutiir zonuna sokulum yapmustir. Karakaya
formasyonunun kayagclari ile kontak metasomatik ve migmatitik kaya¢ olusumlarindan olusan keskin
dokanaga sahiptirler. Cataldag intriizif kiitlesi holokristalin tanesel doku, felsik minerallerin zenginligi
ile daha az bollukta mafik mikro tanesel anklavlarca (MME) tanimlanir. Intriizif kiitlenin sadece
merkezi kisimlari feldispat kaba taneli porfiritik doku ile mafik mikro tanesel anklavlarin bolluguna
sahiptir. Ilica intriizif kiitlesi kaba taneli, holokristalin tanesel doku, mafik ve felsik minerallerce
zenginligi ile bol mafik mikro tanesel anlavlarca tanimlanir. Ilica granitoyidinin ¢esitli yerlerinde
diyabaz ve diyorit porfir tim intriizif kiitleyi mafik ve orta¢ dayklar olarak keser. Mikroskobik
analizler Cataldag granitoyidinin dis zonlarimin syenogranit ve monzogranit bilesiminde kuvars,
oligoklaz, mikroklin ve ortoklaz zenginligi ile az miktarda biyotit ve amfibol varligin1 géstermektedir.
Ilica intriizif kiitlesinin modal mineralojik bilesimleri monzogranit, granodiyorit ve kuvars monzonit
bilesiminde oldugunu gostermektedir. Cogunlukla kuvars, oligoklaz, ortoklaz, amfibol, biyotit ile az
miktarda piroksen minerallerinden olusmaktadir. Cataldag ve Ilica intriizif kayaglarinin her ikisi de
subalkalin ve kalkalkalin kokenlidir. Cataldag intriizif kayaclarinin en dis zonu peraliimina ve en i¢
zonu ise metaaliimina karaktere sahiptir. Ilica pliitonu ¢ogunlukla metaaliimina koken kayaclari ile
karakterize edilir. Rb’a karsi Y+Nb diyagrami volkanik yay graniyoyidi ile iliskili magma
kaynaklarin1 gostermektedir. Okyanus sirt1 granitine gore normalize edilmis elementel 6rnekler HFS
elementleri ile ilgili LIL elementlerinde zenginlesmeyi gosterir. Jeoloji, petrografi ve tiim jeokimyasal
veriler Cataldag ve Ilica intriizif kiitlelerinin her ikisininde levha yakinsamasindan tiiredigini ve
kaynaklarinin i¢inde manto ve kabuksal bilegsimlerin varligini isaret etmektedir.

Anahtar Sézciikler: Ilica granitoyidi, Cataldag granitoyidi, petrografi, jeokimya, anklav
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Cataldag and Ilica granitoid are exposed as large intrusive bodies at the North western Anatolia within
the Sakarya continent. The longest axis of Cataldag intrusive body is almost parallel east west
direction and roughly within the rectangular in shape. The body covers an area of 350 km®. The
longest axis of Ilica intrusive body is parallel to the north south direction and covers an area of 150
km®. Both of the intrusive bodies are intruded to the Karakaya suture zone. They have sharp contact
with the Karakaya formation rocks forming contact metasomatic and migmatitic rock formations.
Cataldag intrusive body is characterized by holocrystaline granular texture, rich in felsic minerals with
less abundant of mafic microgranular enclaves (MME). Only the central part of the intrusive body has
feldspar coarse grain porphyritic texture with abundant of the mafic microgranular enclaves. Ilica
intrusive body is characterized by coarse grain holocrystaline granular texture, rich in mafic and felsic
minerals with abundant of mafic microgranular enclaves. Diabase and diorite porphyry cut the whole
intrusive body as mafic and intermediate dykes in the various locality of Ilica granitoid. The
microscopical analyses reveal that the outer zone of Cataldag garnitoid has quartz, oligoclase,
microcline and orthoclase rich with minor amount of biotite and amphibole in the composition of
syenogranite and monzogranite. However the inner part of this intrusive body is rich with quartz,
oligoclase, orthoclase, biotite, amphibole with minor amount of microcline in the compositions of
monzogranite and granodiorite. The modal mineralogical compositions of Ilica intrusive body reveal a
monzogranite, granodiorite and quartz monzonite in composition. They are mainly constituted of
quartz, olicoglase, orthoclase, amphibole, biotite with the minor amount of pyroxene minerals. Both of
the Cataldag and Ilica intrusive rocks are subalkaline and calkalkaline in nature. The outer zone of
Cataldag intrusive rocks have peralumina and the inner zone has metaalumina character. The Ilica
pluton is mostly characterized by metaalumina nature rocks. Rb versus Y+Nb diagram reveal a
volcanic arc granitoid related magma sources. Ocean Ridge granite normalized elemental patterns
reveal LILE enrichment relative to HFSE. The geology, petrography and whole geochemical data
suggest that both of Cataldag and Ilica intrusive bodies are derived from plate convergent and the
presence of mantle and crustal components in their sources.

Key Words: Ilica granitoid, Catldag granitoid, petrography, geochemistry, enclave
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Dogu Pontid Orojenik Kusagi farkli litolojik ve tektonik 6zelliklere bagl olarak kuzeyden giineye
dogru, baslica ii¢ zona ayrilir. Bu calismada, dogu Pontidlerin Giiney zonunda yer alan, Arzular
(Gimiighane) yoresindeki Eosen volkaniklerinin jeokimyasal ve petrografik ozelliklerini konu
almaktadir. Calisma alanindaki volkanik kayaclar baslica, bazalt, bazaltik andezit ve bunlarla iliskili
piroklastik kayac¢lardan olusmaktadir. mikrolitik porfirik dokuya sahip olan bu volkanik kayagclar,
baslica plajiyoklas, hornblend ve biyotitten olugsmaktadir. Calisilan volkanikler kalkalkali toleyitik
gecisli olup, diisik K,O (% 0.2-1.25) TiO; (% 0.64-0.99) orta CaO ( % 7.37-12.47) Na,O (%
2.83-4.01) FeOr (% 6.33-11.37) ve yiksek AlLO; (% 18.05-21.31) igerikleri karakteristiktir.
Volkaniklerin SiO, igerikleri ise % 46.02 ve % 53.69 arasinda degismektedir. Incelenen volkanikler N
tip MORB ve kondirite gore, biiyiikk iyon yaricapli elementler (LILE) ve hafif nadir toprak
elementlerce (LREE) yiiksek ¢ekim alanli elementler (HFSE) ve hafif nadir toprak elementlere gore
daha fazla zenginlesmislerdir. Biitiin bu jeokimyasal 6zellikler, bu volkaniklerin gelisiminde yitim
iligkili yay volkanizmasinin 6nemli bir rol oynadigini géstermektedir.

Anahtar Sézciikler: dogu Pontidler, Arzular volkanikleri, petrografi, kalk-alkalen, jeokimya, yitim
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The eastern Pontide Orogenic Belt is divided into three subgroups as Northern, Southern and Axial
zones from north to south based on different lithological and tectonic characteristics. This study
focuses on the geochemical characteristics and petrographical of the Eocene volcanic exposing in the
Giimiishane-Arzular area in the Southern zone of the eastern Pontides. The studied volcanic rocks
consist mainly of basalt, basaltic andesite, and associated pyroclastics. They have a microlitic
porphyric texture and include plagioclase, hornblende, biotite. The volcanic, which are tholeitic to
calc-alkaline in compositon, are characterized by low K,O (0.2—1.25 wt%), TiO, (0.64—0.99 wt%),
medium CaO (7.37-12.47 wt%), Na,O (2.83-4.01 wt%) Fe,0O5 (6.33—11.37 wt%) and high Al,Os
(18.05-21.31 wt%) contents. Their SiO, content also range between 46.02 and 53.69 wt%. The
volcanics show LILE and LREE enrichment relative to HFSE and HREE with respect to N-type
MORB and chondrite. They have negative Nb, Zr and Ti anomalies. These geochemical characteristics
suggest that the subduction processes played and very important role on petrogenesis of the studied
volcanics.

Key Words: ecastern Pontides, Arzular valcanites, petrography,subduction, calc-alkaline,
geochemistry, subduction
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Dogu Pontid Magmatik Ark’inin Kuzey Zonu’nda, Borcka (Artvin) ydresinde ylizeyleyen Tersiyer
volkanitleri baslica bazalt, bazaltik trakiandezit, andezit ve bunlarla iliskili piroklastik kayaglardan
(volkanik bres, vitrik ve kristal tiif) olusmaktadir. Bu volkanik kayagclar, mikrolitik-porfirik, porfirik,
yer yer entersertal, entergraniiler, akma ve glomeroporfirik doku gdstermekte olup, plajiyoklas,
klinopiroksen, hornblend, daha az oranda da magnetit ve apatitten olusmaktadir. Bunun yan1 sira,
plajiyoklas fenokristallerinde halkali zonlanma, elek dokusu, kemirilme; hornblenlerde opaklagsma ve
bozunma ve klinopiroksenlerde de kemirilme yapilar gibi dengesizlik dokular1 gozlenir.

Caligilan volkanitler, toleyitik ve kalk-alkali gegisli olup, diisiik-orta derecede K,O (% 0.18-2.0)
igerirler. N-tipi MORB ve kondrite gére normalize edilmis iz element degisim diyagramlarinda, biiyiik
iyon yaricapl litofil elementler (LILE) ve hafif nadir toprak elementler (LREE) bakimindan
zenginlesme, yliksek alan enerjili elementler (HFSE) ve agir nadir toprak elementler (HREE)
bakimindan tiiketilme gosterirler. Volkanitlerin (La/Lu)y degerleri 1.08—19.67 arasinda degismektedir.
Volkanitlerin gelisiminde klinopiroksen, hornblend, plajiyoklas ve Fe-Ti oksit fraksiyonlasmasi etkili
olmustur. Biitlin bu jeokimyasal veriler, volkanik kayaglarin fraksiyonel kristallenme, magma karigimi
+ kontaminasyon/asimilasyon olaylari sonucunda gelistiklerini ve volkanitlerin kaynagimin
muhtemelen daha dnceden akiskanlar tarafindan metazomatizmaya ugratilmis zenginlesmis bir kaynak
bolgeden (muhtemelen litosferik manto) tiireyebileceklerini ifade etmektedir.

Anahtar Sozciikler: dogu Pontidler, kalk-alkalen, fraksiyonel kristallenme, Borgka volkanitleri,
Tersiyer, jeokimya
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Petrographical and Petrochemical Characteristics of Tertiary Calc-alkaline
Volcanic Rocks in the Borcka (Artvin) Area, Eastern Pontides, NE Turkey
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The Tertiary volcanics exposing in the Borcka (Artvin) area in the Northern Zone of the eastern
Pontides consist mainly of basalt, basaltic tracy-andesite, andesite and associated pyroclastics
(volcanic breccia, vitric and crystal tuff). These volcanics are composed of plagioclase, clinopyroxene,
hornblende, rarely magnetite and apatite and are characterized by microlitic-porphyritic, porphyric,
rarely intersertal, intergranular, fluidal and glomeraporphyric textures. In addition, they show
disequilibrium textures such as oscillatory zoning, sieve textured and desorbed plagioclase
phenocrysts, breakdown and opaqued hornblendes, dissolution in clinopyroxene.

The studied volcanics are tholeiitic to calc-alkaline transitional in character, and generally have low to
medium K,0 (0.18-2.0 wt%) contents. They are enriched in large ion lithophile elements (LILE),
light rare earth elements (LREE), depleted in high field strength elements (HFSE) and heavy rare earth
elements (HREE) with respect to N-type MORB and chondrite. (La/Lu)y values are between 1.08 and
19.67. Fractionation of clinopyroxene, hornblende, plagioclase and Fe-Ti oksides played an important
role on their evolution of these volcanites. All geochemical features indicate that the Borg¢ka volcanic
rocks evolved by the fractional crystallization and magma mixing + contamination/assimilation of a
parental magma, and the sources of those volcanics are probably derived from an enriched source
region (probably lithospheric mantle) which was previously modified by fluids.

Key Words: eastern Pontides, calc-alkaline, fractional crystallization, Bor¢cka volcanites, Tertiary,
geochemistry
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Orta Sakarya Bolgesi (KB Anadolu)’nden bir Kamptonit
(Alkalin Lamprofir) Dayki

Fazli Coban', M. Selman Aydogan', Hakan Coban®,
Gokhan Biiyiikkahraman' & Semsettin Caran’

! Balikesir Universitesi, Jeoloji Miihendisligi Boliimii, 10145 Cagus, Balikesir
(E-posta: selmanbaklan@hotmail.com)
? Siileyman Demirel Universitesi, Jeoloji Miihendisligi Béliimii, 32260 Isparta

Bu ¢aligmada, KB Anadolu, Orta Sakarya Bolgesi’nden, KD-GB-gidisli bir lamprofir dayki ilk kez
rapor edilmektedir. Dayk 350 cm genisliginde olup ge¢ Karbonifer yasli S6giit granodiyoritini ve
Paleozoiyk sistleri kesmektedir. Daykin mineralojisi amfibol (kersutit), klinopiroksen (ojit), feldispat
(plajiyoklaz, sanidin) ve opak minerallerden olusur. Bol olarak bulunan amfibol fenokristallerinin
biiyiikliigli milimetreden 1-2 santimetreye kadar degismektedir. Terminolojisine goére, kahverengi
amfibol ve/veya ojit, ve plajiyoklas iceren lamprofirler kamptonit olarak tanimlanir. Incelenen
ornekler ayni zamanda, jeokimyasal kriterlere gore alkalin lamprofir olarak simiflandirilmistir.
Ornekler, silis bakimindan tiiketilmis (SiO,, %44.5-45.5) olup sodik dogali, alkalin ana element
bilesimine sahiptir (Na,O, %2.3-2.6; K,0, %0.6—0.9). Kamptonit &rneklerinin Al,O; igerikleri
%16.9—-17.4 ve mg-numaralart %53-51 arasinda degismektedir. LIL elementlerince (6rn., Rb, 20-35
ppm; Ba, 100-260 ppm) ve HFS elementlerince (LREE-6rn. La, 10—-13 ppm; Nb, 5—6 ppm; Zr, 75-85
ppm; Th, 2.0-2.6 ppm; U, 0.5-0.6 ppm) kuvvetli bir zenginlesme gostermezler. Tektonik
diskriminasyonlar kamptonitler i¢in orojenik bir jeokimyasal isaret (6rn., Nb, Ta tiiketilmesi, yiiksek
Th/Zr ve diisiik Nb/Zr oranlar1) tanimlamasina kargin. onciil bulgular, Orta Sakarya bolgesinden
tanimlanan ekstansiyon iligkili (yaslandirilmamig) kamptonit daykinin, bdlgede post-metamorfik
riftlesme i¢in lokal tektonik bir izleyici olabilecegini isaret etmektedir.

Anahtar Sozciikler: kamptonit, lamprofir, jeokimya, dayk, Orta Sakarya
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A Camptonite (Alkaline Lamprophyre) Dyke from
Central Sakarya Region (NW Turkey)
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? Siileyman Demirel Universitesi, Jeoloji Miihendisligi Boliimii,
TR-32260 Isparta, Tiirkiye

Here we report, as a new finding, a NE-SW-trending lamprophyre clan dyke in the Central Sakarya
Region from NW Anatolia. The dyke is ca. 350 cm wide and cuts a late Carboniferous Sogiit
granodiorite and Palaeozoic schist. It is made up of phenocrysts of amphibole (kaersutite),
clinopyroxene (augite), feldspar (plagioclase, sanidine) and opaque minerals. The size of the intense
amphibole phenocrysts ranges from mm to 1-2 cm. According to the terminology, lamprophyres
containing brown hornblend and/or augite and plagioclase called as camptonite. Studied samples are
also classified as alkaline lamprophyre using the geochemical criteria. The samples are silica-
undersaturated (Si0,, 44.5-45.5 wt%) and sodic alkaline in nature (Na,O, 2.3-2.6 wt%; K,0, 0.6—0.9
wt%). Al,O;3 contents and mg-numbers of camptonite samples range between 16.9-17.4 wt% and 53—
51, respectively. They do not show any strong enrichment in LILE (e.g., Rb, 20-35 ppm; Ba, 100-260
ppm) and HFSE (LREE- e.g., La, 10—13 ppm; Nb, 5-6 ppm; Zr, 75-85 ppm; Th, 2.0-2.6 ppm; U,
0.5-0.6 ppm). Although tectonic discriminations reflect the orogenic geochemical signature (e.g., Nb,
Ta depletion, high Th/Zr and low Nb/Zr ratios) for camptonites, preliminary data suggest that the
emplacement of the extension-related (undated) camptoinite dyke recorded from central Sakarya
region may be a local tectonic precursor for the post-metamorphic rifting of the region.

Key Words: camptonite, lamprophyre, geochemistry, dyke, central Sakarya
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Karpat ve Kafkasya Bolgelerinden Tesenitlerin Petrolojik
ve Mineralojik Ozellikleri

M.N. Mamedov, G.J. Babayeva ve V.M. Kerimov

Azerbaijan National Academy of Sciences, Institute of Geology, AZ 1143 Baku, Azerbaijan
(E-posta: musamamedov@rambler.ru)

Tesenitler alkali intruzif kompleksler arasinda daha az yaygin olarak bulunurlar. Pek ¢ok durumda
farkli kalinliklarda lakolit benzeri intruzifler olusurlar. Karpat ve Kafkasya bolgelerinde tesenitler tist
Kretase yasl olup Biiyiik Kafkaslarin kuzey yamacinda yiizeylenirler. Kafkasya bolgesinde bazi daha
geng (Eosen—Oligosen) tesenitler Lok-Garabagh, Talysh ve Araz zonlarinda bulunurlar. Karpat
bolgesinde ise Kretase tesenitleri Polonya ve Slovakyada bulunur. Kafkasya tesenitlerinde oldugu gibi
Karpat bolgesindekilerde lakolit benzeri intruzyonlar olustururlar. Bu tesenitlerin petrografik analizleri
erken kristalizasyon fazlarmin krizolit- hyalosiderit olivinler oldugunu ve bunlarin titanomagnetit ve
salit piroksen ile takip edildigini gostermistir. Korsiitit ve barkevikit amfiboller ksenomorfik
formlardadir ve olasilikla plajioklastan sonra kristallenmislerdir. Analsim kristalizasyonu magmatik
sathanin son asamasim temsil eder. Bunlara ilave olarak yiiksek titanyumlu biyotitler melanokratik
tesenitlerde gozlenir. Tesenit siyenitlerde yiiksek demir ve titan biyotitlerin oraninda artig gézlenir ve
ortoklas ve analsim esit miktarlarda bilesime girer. Yapilan analizler temelinde su sonuglara
vartlmigtir: potasyum, rubidyum, baryum ve kismen stronsiyum melanokratik tesenitlerde kalinti
ergiyik i¢inde toplanmislardir. Tesenit siyenitler son saftha ergiyiginden tiiremislerdir ve yukarida
belirtilen genis katyonlar biyotit, K-feldspat ve kismen nefelinin bilesiminde tutulmustur.

Anahtar Soézciikler: Karpat, Kafkasya bolgesi, tesenit, Talysh, kristallizasyon, alkali intrusif
kompleksler
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Petrological and Mineralogical Aspects of Teschenites
from Karpat and Caucasian Regions

M.N. Mamedov, G.J. Babayeva & V.M. Kerimov
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(E-mail: musamamedov@rambler.ru)

Teschenites are relatively less abundant among main alkaline intrusive complexes. In many cases they
form laccolith-like intrusives with different thickness. Teschenites in Karpat and Caucasian regions
are of Upper Cretaceous age and they are found on the northern slope of the Greater Caucasus,
Georgian block. In the Caucasian region some younger (Eocene—Oligocene) teschenites are also found
in the Lok-Garabagh, Talysh, Araz zones. In the Karpat region Cretaceous teschenites were formed in
Poland and Slovakia. Similar to the Caucasian teschenites these also form laccolith-like intrusives.
Petrographic analysis of these teschenites shows that the earlier crystallizing phase is chrysolite-
hyalosiderite olivine. The next are titanomagnetite and salite clinopyroxene. Plagioclase, kersutite and
barkevikite amphibole have a xenomorphic contour and were probably crystallized later than
plagioclase. Magmatic stage of crystallization was completed by emission of interstitial analclime.
Along with them single leaves of high-titanium biotite can be found in melanocratic teschenites. The
amount of iron and titanium biotite noticeably increases in composition of teschenite-siyenite and
orthoclase and analcime participate in equal proportions. On the basis of the analyses one can
conclude the following: large cations such as potassium, rubidium, barium and partially strontium
accumulated in the residual melt in composition of melanocratic teschenites. Teschenite-siyenite
crystallized from the final melt and the above-mentioned large cations were in composition of biotite,
potassium feldspar and partially nepheline.

Key Words: Karpat, Caucasian regions, teschenite, Talysh, crystallization, alkaline intrusive
complexes
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Igralishte Pliitonunun (GB Bulgaristan) Petroloji, Jeokimya ve Jeokronolojisi
ve Bolgenin Permiyen—Triyas Tektono-magmatik Evrimine iliskin Yaklasimlar

Irena Peytcheval’z, Eugenia Tarassova’, Albrecht von Quadtl, Mihail Tarassov®,
Nikola Zidarov® ve Valentin Andreichev*

! Institute of Isotope Geochemistry and Mineral Resources, ETH, 8092 Zurich, Switzerland
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2 Geological Institute, BAS, 1113 Sofia, Bulgaria
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GB Bulgaristanda, Ograzhden daginda yer alan Igralishte graniti 32 km? lik kiigiik bir pliiton olarak,
Balkan yarimadasinin baglica tektonik iinitelerinden biri olan ve gnays, mikasist, amfibolit, amfibol-
biyotit ve amfibol-piroksen sist ve daha nadir olarak mermer gibi yiiksek-orta derece meta-pliitonik ve
meta-sedimenter kayalardan olusan Serbo-Makedoniyen masifinin metamorfik kayalar1 igine
yerlesmistir. Kristallenme sirasina gore graniti olusturan ana mineraller plajioklas (zonlu kristaller,
Anyg 1), biyotit (kahverengi, Fe-zengin), muskovit (zonlu kristaller, TiO, igerigi %1.2 ye kadar),
kuvars, potasyum feldspat (mikroklin, mikropertit fenokristalleri). Aksesuar mineraller, magmatik
ergiyik i¢inde bliydiiklerine igaret eden iyi gelismis zonlu yapilariyla zirkon, monazit ve ksenotim
kristallerini kapsar. Modal mineral igerikleri kayalar1 monzogranit olarak siniflar. Renk indisleri
(mafik mineral % orani) genellikle <9 dur. SiO, icerikleri %74.1-75.7 arasinda degisim gdsterir ve %
6.5—7.5 arasinda degisen toplam alkali (K,0O+Na,0) igerikleri kayalar1 yiiksek potasyum, kalk-alkali
magmatik seriye ait olarak siniflar. 1.05-1.29 arasinda degisen aliiminyum doyumluluk indeksi (ASI)
granitleri peraliiminyum olarak tanimlar. Hesaplanmig zirkon (Tz) ve monazit (T rgg) doyumluluk
sicakliklari dar bir aralikta degisim sunar ve soguk olarak tanimlanan granitler icin tipik olan 770°C lik
bir ortalama sicaklik verir. Incelenen kayalarda magmatik muskovitin varligi asidik ergiyik igin
minimum kristalizasyon basincinin 3 ve 3.5 kbar arasinda olduguna isaret etmektedir. Incelenen
granitlerin yaglar1 konkordan zirkonlar iizerinde (ID-TIMS ile) yapilan analizlerle 243.28 + 0.84 My
olarak saptanmigs ve bu sonuglar monazitler ilizerinde LA-ICP-MS ve EPMA metodlariyla
dogrulanmistir. Igralishte granitinin Erken Triyastaki yerlesimi, Ograzhden dagindaki yiiksek derece
metamorfizmasimnin Triyas Oncesi olarak bilinen maksimum yagini destekler niteliktedir. Pliitonik
kayalar iizerinde tektonik ve hidrotermal etkilerin yagi, Rb-Sr tiim kaya-biyotit referans ¢izgisi
kullanimiyla 36.36 = 0.56 My olarak bulunmustur. Granitlerin REE profillerinde HREE e gére LREE
ler bakimindan belirgin zenginlesmeler (Lan/Lux= 6.1-8.7) ve kayalarin ve kalint1 zirkonlarin ilksel
stronsiyum izotop oranlar1 *’Sr/**Sr;= 0.7078 gibi veriler kabugun baskin oldugu bir magma kaynagina
isaret etmektedir. Igralishte pliitonunun olusumuna iligkin en olasi senaryo, kabugun alt kesimlerinde
yerlesen ve dehidrasyon ergimesini tetikleyen mafik sokulumlarin varligin1 ve orta-iist kabuk
kesimlerinde Permiyen—Triyas sinir1 ve Alt Triyas donemlerinde granit olusumunu 6nermektedir.

Anahtar Sozciikler: ¢ift mika granit, Permiyen—Triyas, U-Pb, zirkon, monazit, Serbo-Makedoniyen
Masif, Bulgaristan
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Petrology, Geochemistry and Age Dating of Igralishte Pluton in SW Bulgaria:
Implications for the Permian—Triassic Tectono-magmatic Evolution of the Region
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Igralishte granite (Ograzhden Mountain, SW Bulgaria) has been intruded as a small 32 km” pluton in
the high-metamorphic rocks of the Serbo-Macedonian Massif which is a major tectonic unit on the
Balkan Peninsula mostly composed of high to medium grade meta-igneous and meta-sedimentary
rocks such as gneisses, micaschists, amphibolites, amphibole-biotite and amphibole-pyroxene schists
and rare marbles. The pluton is built up by porphyritic after feldspars and middle- to coarse-grained in
matrix two-mica granites. Main rock-forming minerals in the granites according to their crystallization
succession are: plagioclase (zoned crystals, Any o), biotite (brawn, Fe-rich), muscovite (zoned
crystals, content of TiO, to 1.2 wt%), quartz, potassium feldspar (microcline microperthite
phenocrysts). Accessories include zircon, monazite and xenotime with well pronounced zonal
structure proving their growth in magmatic melt. The modal mineral contents classify the rocks as
monzogranites. Colour index (content of mafic minerals in %) is generally <9. The content of SiO,
varying between 74.1-75.7 wt% and the sum of alkaline oxides K,O+Na,O of 6.5-7.5 wt. % define
the studied rocks as belonging to the high-potassium calc-alkaline magmatic series. The aluminium
saturation index (ASI) equal to 1.05—1.29 specifies the granites as peraluminous ones. The calculated,
both zircon (Tz) and monazite (Tirgg), saturation temperatures of the magma vary in narrow range
and give the average temperature of 770 °C typical for the so-called “cold” granites. The presence of
magmatic muscovite in the studied rocks indicates the minimal pressure of the crystallization of acidic
melt between 3 and 3.5 kbar. The granite is dated at 243.28+0.84 Ma by concordant zircons (ID-TIMS
data) confirmed also by in-situ LA-ICP-MS and EPMA monazite datings. The intrusion of the
Igralishte granite at early Triassic time brackets the maximum age of the high-grade metamorphism in
Ograzhden Mountain as pre-Triassic. A tectonic and hydrothermal overprint of the plutonic rocks is
dated at 36.36+£0.56 Ma by the Rb-Sr whole-rock-biotite reference line. This age is considered as the
youngest thermal event in the region of the Igralishte pluton with temperature reached 300£50 °C (the
closing temperature of the Rb-Sr isotope system in the biotite, not resetting the Rb-Sr isotope system
of the muscovite). Several facts, as the distinct enrichment in LREE compared to HREE (Lan/Lun=
6.1-8.7) in the REE patterns of the studied granites, the initial strontium ratio of *’Sr/**Sr;= 0.7078 of
the rocks as well as the established inherited cores in the zircons speak in favor of crust dominated
source of the magma. The most probable scenario of the Igralishte pluton formation suggests the
presence of mafic intrusions at the base of the crust triggering dehydration melting and granite
formation in the middle/upper crust at the Permian—Triassic border and the Lower Triassic.

Key Words: two-mica granite, Permian—Triassic, U-Pb, zircon, monazite, Serbo-Macedonian Massif,
Bulgaria
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Giimiildiir Ates Opalinin Jeolojik, Mineralojik ve Gemolojik Karakteristikleri
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34469 Maslak, Istanbul (E-posta: zkaracik@jitu.edu.tr)
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Bati Anadolu’da Giimiildiir (Izmir) bdlgesinde yer alan dasitik volkanikler iginde cesitli tiirde silika
mineralleri bulunur. Bunlarin, ana kayanin hamuru i¢inde olusmus olan iki tiirli; mikro kuvarslar (MQ)
ile mikro silis kristalitlerinin birlikteligi olan kiirecikler seklindeki diizensiz kristobalit, diger ifadeyle
opal-C (O-C)’dir. Diger iig tiir ise kayag igerisindeki bosluk dolgusu bigimlerinde bulunan olusumlara
ait polimorflardir. Bunlar baglica masif opal-CT (O-CTy) ile nadir gézlenmis lussatite tiir opal-CT (O-
CTL) ve muhtemel amorf opaldir (O-A). Kirmiz1 ve turuncu renkli opal nodiilleri gemolojik olarak
Ooneme sahip ates opallerine yakin benzerlikler sergilerler. Bunlar, optik ve taramali elektron
mikroskop, kimyasal, termal ve yapisal analizlerle incelenmislerdir. O-CT), jel gibi veya nano taneli
dokuludur. O-CTy, fibrik bi¢imli, kalsedon benzeri dokudadir. Kirmizi opal bir miktar daha fazla
tridimit katmanlhdir. O-CTy i¢in 4 A band degeri ile su igerigi arasinda dogru, yapisal diizenlik ile
bunlar arasinda ise ters iligkiler vardir. Giimiildiir ates opalinde H,O’ nun biiyiik kismi molekiiler
tiptedir, kiigiik kismu silanol gruptur. Opal nodiillerinin olusumunda ¢6ziilmiis Si diisiik sicaklik ve
basing kosullarinda, Si-zengin soliisyonlardan dogrudan ¢okelmistir. Kirmizi ve turuncu renklenme
ylksek demir konsantrasyonuyla iligkili bulunmustur. Kirmizi ve turuncu renkli Glimiildiir ates opali
gemolojik dneme sahiptir. Opallerin parlatilmis yiizeyleri re¢ineden yari-camsi parlaklifa degisen
parlaklik sergilerler. Bunlar oval veya dom tiirii kabason kesilebilirler.

Anahtar Sozciikler: ates opali, Bat1 Anadolu, gemoloji, opal-CT
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Various type silica minerals were found in dacitic volcanics from Giimiildiir (izmir) region, west
Anatolia. Two of them are micro-quartz (MQ) and disordered opal-C (O-C) as lepidospheres in the
groundmass of the rock. The other three polymorphs from pore-filling nodules of the rock are mainly
massy opal-CT (O-CTy) and rarely lussatite (O-CTy) and probably amorphous opal (O-A). These
nodules show close similarity to the gem-quality fire opals. Opals were studied by optical and
scanning electron microscope, chemically, thermally and structurally. O-CTy was found as gel-like
and nano-grains in texture. O-CTy has fibrous, chalcedony-like texture. Red opal contains more
tridymite layers than the orange ones. 4 A band values and water contents are directly proportional in
the Giimiildiir opals. The water content increases as the structural order estimated from 4 A band
values decreases. The majority of the H,O is molecular water, and silanol group water was found in
minor amounts. Dissolved Si was possibly precipitated directly from Si-rich solution to form of opal at
lower temperature and pressure conditions. Red and orange colored massy opals appear to be related
to increasing iron concentration in solution. The Giimiildiir red and orange colored fire opals have an
importance as gemstone. Polished surfaces of the opals display resinous to sub-vitreous luster. They
could be cut as cabochon with medium dome as ovals rounds.

Key Words: fire opal, West Anatolia, gemology, opal-CT
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Kiiciik Kafkaslar Gazakh Baseni (Azerbaycan) Neojen Volkanizmasi
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Azerbaycanda Gazakh baseni magmatik olusumlari, Ge¢ Kretase Paleojen volkanik aktivitesi sonucu
olugmustur. Ge¢ Kretase doneminde olusmus volkanikler bazalt (dolerit) tan riyolite kadar degisen
genis bir bilesim araliginda degisim gosterir ve bazalt-andesit-dasit-riyolit kaya topluluklarini igerir.
Volkanik eriipsiyon merkezleri, enine ve boyuna faylarin kesisim noktalariyla smirlt ¢izgisel bir
dagilim sunar.

Volkanizma genel olarak patlamali aktivite ile karakteristik olup piroklastik tiriinlerin lav akintis1 ve
volkanosedimenter olusumlarla ardalanma gosterdikleri gozlenir. Bu volkanizmanin yagsi faunal olarak
karakteristik Senomaniyen-Alt Koniyasiyen cokelleri ve iizerleyen Kampaniyen kirectaslar ile
belirlenebilir. Volkaniklerin daha derin yerlesimli esdegerleri, Gazakh baseninin yamaglar1 boyunca
ekstiizif domlarla eslik edilen ekstriizif damarlar ve subvolkanik morfojenetik tiplerle karakteristiktir.
Ornegin, Yukhary Oksuzly koyii, Touzchai nehri yakininda yiizeyleyen Keroglu ve Gyzylgaya
ekstriizifleri hornblend riyolit ve riyodasitlerden olusur. Bu basenin KB yamacinda dasit, riyodasit ve
riyolitten olugan pek ¢ok ekstriizif asid volkanik dom mevcuttur.

Paleojen doneminde olusmus volkanikler trakibazalt ve trakiandezitlerle temsil edilir. Iliskili
cokelleredeki faunal kalintilardan elde edilen verilerle bu volkaniklerin yasi Eosen olarak
belirlenmistir. Buna karsin, bazi arastirmacilar bu volkaniklerin subvolkanik esdegerleri i¢in, Eosen
yaslt ¢okelleri kestiklerini temel alarak, MiyoPliyosen yasit 6nermislerdir. Bizim radyojeokronolojik
arastirmalarimiz ise bu olusumlar1 yasimi Orta Eosen (42 My) olarak belirlemistir. Son yillarda
uyguladigimiz jeokronolojik ¢aligmalarda Geg Kretase yasli Kerogly ve Gyzylgaya domlarim kesen
dayk kompleksinin yasi 21 My olarak belirlenmistir. Bu sonuglar Kiigiik Kafkaslarin Gazakh
baseninde volkanizmanin Geg¢ Kretaseden Neojene kadar aktif oldugunu ve kompleks bir evrime sahip
oldugunu gostermistir.

Anahtar Soézciikler: Kiiclik Kafkaslar, Gazakh baseni, jeokronoloji, volkanizma
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Neogene Volcanism in Gazakh Through of the Lesser Caucasus (Azerbaijan)

Ismet A. Abdullayev, O.D. Bagirbekova, R.S. Jafarova & R.A. Samedova

Azerbaijan National Academy of Sciences, Institute of Geology, AZ 1143 Baku, Azerbaijan
(E-mail: gia@azdata.net)

Magmatic products of Gazakh trough (Azerbaijan) were formed as a result of the Late Cretaceous and
Paleogene stages of volcanism. Volcanics accumulated during Late Cretaceous period changed in
composition successively from basalt (dolerite) to rhyolite and form the definite formational type of
basalt-andesite-dacite-rhyolite. Volcanics are represented by a linear chain of eruption centers
confined to the knots of longitudinal and traversal faults crossing. Volcanism was mainly powerful
explosive in nature with pyroclastic ejection alternating by lava flows and layers of volcanogenic-
sedimentary rocks. Age of this formation can be determined by occurrence on faunistically
characterized Cenomanian—Lower Coniacian deposits and the overlapping Campanian pelitomorphic
limestones. Root facies of volcanoes is represented by extrusive vent and subvolcanic morphogenetic
types among which extrusive domes prevail and protrude on flanks of Gazakh trough. For example,
Keroglu and Gyzylgaya extrusives, which protrude near the Touzchai river in area of Yukhary
Oksuzly village, consists of hornblende rhyolites and rhyodacites. Many extrusive domes of acid
volcanics (dacites, rhyodacites and rhyolites) can be found on the NW flank of this trough.

Volcanics were formed during the Paleogene are represented by trachybasalts and trachyandesites.
Their formation age was defined as Eocene based on fauna remnants. However, some researchers refer
subvolcanic derivates of this volcanism as MioPliocene because they cut faunistically characterized
Eocene sandy-clayed deposits. Our radiogeochronological research allowed defining their age as
Middle Eocene at 42 Ma.

Over last years we carried out radiological research on the dyke complex cutting the Upper Cretaceous
extrusive domes of Kerogly and Gyzylgaya. As a result we obtained their age as 21 Ma. The results
obtained from geochronological research in Gazakh trough of the Lesser Caucasus show a long lasting

and complex evolution of volcanism from Late Cretaceous to Neogene.

Key Words: Lesser Caucasus, Gazakh through, geochronology, volcanism
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Mesozoik Elbrus (Pontit-Kiiciik Kafkaslar) Bolgesi Magmatik
Kusaklarinin Yapisal, Petrolojik ve Jeodinamik Evrimi

Mirza Mustafayev ve R.A. Samedova

Geology Institute of ANAS, H. Cavid Avenue 294, Az 1143 Baku, Azerbaijan
(E-posta: mmirza@rambler.ru)

Bu makale, Tetis okyanusal havza gelisiminin farkli agsamalarinda olusmus Geycha-Akerian kita
kenarinin mezozoik volkanik topluluklarinin yapisal, petrokimyasal ve jeodinamik 6zellikleri iizerine
yogunlasmistir. Mezotetisin ousum ve kapanim asamalarinda, Erken Jura—Geg¢ Kretase periyodunda
Mezozoik okyanusal alaninin kuzey ve giiney kesimlerinde, volkano-pliitonik kita kenar1 aktivitesi
gelismistir. Bu aktiviteye bagli c¢esitli volkanik topluluklar olugmustur ve bunlarin miktar1 ve
bilesimleri tektonik rejimdeki degisimlerle iliskili olarak belirlenebilir. Farkli zonlarda farkl jenetik
Ozellikte magmatik kaya topluluklari olusur. Bunlar, her biri, Kaflas kita kenarmin Azerbaycan
boliimii i¢inde kendine 6zgii jeodinamik, petrolojik ve metallojenik 6zelliklere sahip olan Kuzey,
Giliney ve Merkezi zonlar1 igerir. Bu zonlarin, okyanusal havzalar, ada yaylar1 ve rift benzeri yapilar
iceren ve aktif kita kenar1 pargalar1 iceren Mezozoik yasl okyanus-kita gegis kusaklar1 olduklarina
isaret edilmistir. Volkanik olusumlarin 6nemli bolimi aktif kita kenart 6zellikler sergiler ve yitim
zonu lizerinde olustuklar1 diistiniiliir. Buna bagli olarak, mezozoik magmatik topluluklarmin levha
kenar1 6zelliklere sahip olduklari gésterilmistir.

Anahtar Sézciikler: Elbrus bolgesi, Kiigiik kafkaslar, magmatik kusaklar, jeodinamik evrim
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Magmatic Belts of Mesozoic Pontian—Lesser Caucasian Elbrus Region:
Structural, Petrological and Geodynamic Evolution

Mirza Mustafayev & R.A. Samedova
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This paper focuses on structural, petrochemical and geodynamic characteristics of mesozoic volcanic
complexes of Geycha-Akerian continental margins formed at different stages of Tethyan evolution. It
is shown that continental marginal volcano-plutonism evolved in the northern and southern parts of
Mesozoic oceanic gulf from the Lower Jurassic to the Late Cretaceous during the formation and
extinction periods of Mesotethys. Variety of volcanic associations with different characteristics
formed in relation to this activity and their volume and composition can be defined by the nature and
dynamics of tectonic regimes. Magmatic rock associations of different genetic types were formed in
different zones. These include the North, South and Central volcanic zones, each having its own
geodynamic character and petrological evolution and metallogeny in the present structure of
Azerbaijan segment of Caucasian continental margin. It is shown that all these belts are Mesozoic
ocean/continent transition zones that include oceanic and suboceanic basins, island arcs, rift-like
structures and are represented by fragments of active continental margins. It was defined that the main
mass of volcanics formed above a subduction zone as they display evidences for island arc
geodynamic conditions. Mesozoic magmatic complexes are therefore characterized by plate margin
properties.

Key Words: Elbrus region, Lesser Caucasus, magmatic belts, geodynamic evolution
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Kiiciik Kafkaslar, Shakhdag Baseni’nde Eosen Volkanizmasi

Mirzaaga Agakhan Mustafaev, Turgay Gummat Akhmedova
ve Rauf Balaakhmad Kerimov

Geology Institute of ANAS, H. Javid Avenue 294, Az 1143 Baku, Azerbaijan
(E-posta: mmirza@rambler.ru)

Kiiciik Kafkaslarin merkezi kesimlerinde Eosen volkanizmasi en belirgin bigimde Shakhdag baseninde
gozlenir. Tektonik olarak bu yap1 Lock-Garabag zonundan kuzeyde Mrowdag fayi ile ayrilmig olarak
ve giineyde Kiigiik Kafkaslarin ofiyolitik birlikleriyle kontak halinde bulunur. Shakhdag baseninin
Eosen donemindeki evrimi kalin bir (2000 m) terrijen sediment, vokanojenik sediment ve pek ¢ok
granit intriizyonuyla kesilen volkanik olusumlarla karakterize edilir. Volkanik seriler alkali ve sub-
alkali kaya gruplarm igerir. Volkanojenik kompleks trakiandezit, trakidasit ve trakiriyolit bilesimli lav
akintilar1 ve daha az orandada piroklastik kayalar1 kapsar. Bu kompleks, gelisiminin son asamalarinda
yaygin dom ve dayk olusumlariyla tipik olan Ganlin stratovolkaninin aktivitesine bagli olarak
olusmustur. Olusan dayklar yiiksek potasyumlu alkali trakiandezitler, pantelleritler ve komenditlerden
olusur. Jeokimyasal calismalar Shakhdag baseni volkaniklerinin olusumu i¢in yay i¢i ve kitasal rift
ortamlaria isaret etmistir. Iz element jeokimya calismalarina gore orta Eosen ve ge¢ Eosen
volkaniklerinin sirastyla yay i¢i ve kitasal rift ortamlarinda olustuklart Onerilmistir. Jeodinamik
ortamdaki sikigsmali rejimden gerilmeli rejime dogru olan zamansal ve yersel degisim volkanizmanin
dogasindaki degisimle tanimlanabilen en dnemli bulgulardan biridir. Orta Eosen volkanojenik topluluk
yay i¢i ortamda olusuma isaret eden farklilagma {iriinii yiiksek aliiminyum ve diigiik titanyum icerikli
serileri kapsar. Lokal gerilme zonlarinin gelisiminin ise yay i¢i ortamlar i¢in tipik olmayan alkali
trakidasit-pantellerit-komendit bilesimli {ist Eosen kayalarini olusturabilecegi ve buna bagl olarak bu
kaya gruplarinin kitasal bir rift ortaminda olusmus olabilecegi diisiiniilmektedir. Boylece, Shakhdag
baseninin bagimsiz olarak gelisim gosteren ve yay i¢i ve kitasal rift ortamlara isaret eden kaya
gruplarini kombine ettigi diistiniilmektedir.

Key Words: volkanogenik kompleksler, subalkalin, alkalin, ada yayi, kitasal rift, n zon
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Eocene Volcanism in the Shakhdag Trough in the Lesser Caucasus
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(E-mail: mmirza@rambler.ru)

Eocene volcanism in the central part of the Lesser Caucasus most intensively manifests itself in the
Shakhdag trough. Tectonically this structure in the north is separated from the Lock-Garabag
structural-formational zone by the Mrowdag fault and in the south it is adjacent to the Lesser
Caucasian ophiolitic associations (Gekcha-Akerine). The Eocene stage of evolution of the Shakhdag
trough is characterized by the accumulation of a thick series (2000 m) of terrigenous-sedimentary,
volcanogenic-sedimentary and volcanogenic complexes, intruded by numerous granitoid massifs. As a
whole they comprise both sub-alkaline and alkaline series. The volcanogenic complex consists of lava
flows with compositions of trachyandesite, trachydacite and trachyriyolite along with less abundant
pyroclastic rocks. The volcanogenic complex was formed by the activity of the Ganlin stratovolcano,
which in the late stage of activity manifested itself in the form of extrusive domes and dykes.
Composition of the latter is represented by high-potassium alkaline trachydacites, pantellerites and
comendites. Geochemical studies suggest a tectonic setting similar to insular arcs and continental rifts
for the studied series of volcanic rocks in the Shakhdag trough. Using trace element concentrations the
middle and upper Eocene volcanics are inferred to have been formed in an insular-arc and a
continental rift setting, respectively. Thus, significant change in the geodynamic setting in time and
space from compression to extension is one of the most important implications recorded by the nature
of volcanic activity. Middle Eocene volcanogenic complexes include differentiated, high-aluminous
and relatively low-titanium series reflecting the formation in an insular-arc setting. Development of
local extension zones may have permitted only for the formation of rocks of the alkaline trachydacite-
pantellerite-comendite of the upper Eocene which are not typical of the insular-arcs. Formation of
these rock associations in the Shakhdag trough is inferred to have taken place in a continental rift
environment. Thus, the Shakhdag trough may be related to independently evolving genetic group
combining features with both insular arc and continental rift signatures.

Key Words: volcanogenic complexes, subalkaline, alkaline, insular-arc, continental rifts, frontal zone

661



	19_Kapak
	19_BILDIRILER

