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Dogu Karadeniz Bolgesi’ndeki (KD-Tiirkiye) Trabzon alkalen volkanitlerinin (TAV) mineralojik ve
jeokimyasal o6zellikleri ile Sr-Nd izotopik bilesimleri, bu kayaglarin kdkeninin, gelisim siirecinin ve
kristallenme sartlarmin anlagilmasi i¢in incelenmistir. Carpigsma sonrasi karakterli bu volkanik kayaglar
Miyo-Pliyosen yasli olup (Hoskin ve Wysoczanski, 1988; Aydin ve dig., 2001) mineralojik olarak ii¢
degisik, farklilasmis seriden olusur (feldispat-igermeyen, feldispat ve feldispatoid-igeren, feldispatoid-
icermeyen). Feldispat-igermeyen serinin (Grup A) kimyasal bilesimi bazanitten tefrite degisir. Silikaya
doymamuis bu seri feldispat ve amfibol iri kristalleri icermemesi ile karakteristiktir. Genellikle porfiritik,
glomeroporfiritik ve vitrofirik dokuya sahiptirler. Forsteritik bilesimli olivin (Foe-s3) ve zonlu iri
klinopiroksen (Mg#: 0.66-0.87) kristalleri, klinopiroksen, sodalit, analsim, yalanci 18sit, olivin, biyotit,
apatit ve opak minerallerden olusan ince taneli bir hamur iginde bulunur. Feldispat ve feldispatoid
minerallerini birlikte igeren seri (Grup B), silikaya doymamis olan Grup A’nin bir alt serisi olarak
goriilebilir ancak ondan feldispat ve daha diisiik oranda mafik mineral icermesiyle ayrilir. Bu seri
¢ogunlukla porfiritik, glomeroporfiritik, subofitik ve seri dokular1 gosterir ve serinin kimyasal bilesimi
Ol-tefritten fonotefrite degisir. Bu kayaglar sodalit, analsim ve 16sit gibi foid minerallerinin yaninda,
osilatory ve sektor zonlu iri klinopiroksenler (Mg# = 0.71-0.79], Ca’ca fakir (Ans.as) ve Ca’ca zengin
(Anso.s7) plajiyoklaslar ve daha az oranda olivin (Fogo-77; bilyilik oranda klorite doniismiis), amfibol, biyotit
ve apatit mineralleri de igerirler. Diger taraftan feldispatoid-igermeyen seri (Grup C), alkali bazalt,
trakibazalt, trakiandezit, trakit ve riyolit bilesimli ¢ok sayida silikaya doymus kayaclardan olusur ve
bunlarda olivin minerali bulunmaz. Porfirik dokuya sahip alkali ve traki bazaltlardaki iri klinopiroksen
kristalleri (Mg#: 0.67-0.84), Ca’ca fakir (Anys.4) ve Ca’ca zengin (Ans;.7) plajiyoklaslar, kalsik amfibol
ve Mg’ca zengin biyotitlerle birlikte ince taneli, fakat kristallenme orani yiiksek bir hamurda bulunurlar.
Porfiritik ve fluidal dokulu trakiandezitlerde ise, iri klinopiroksen ve plajiyoklas kristalleri daha kiigiik
klinopiroksen, andezin, sanidin ve opak minerallerden olusan bir hamur i¢indedir. Trakitler tipik olarak
trakitik dokuya sahiptir ve mineral bilesimi agisindan, alkali feldispat orani harig, trakiandezitlere
benzerler. Son olarak riyolitik kayaglarda alkali feldispat mikrofenokristallerince baskin olan ortofirik
doku gozlenir. Bu kayaclardaki klinopiroksen kristalleri ¢ok kiigiik ve diger kayag tiirlerine gore daha az
orandadir. Mikrokristalin hamur feldispat, klinopirpksen ve opak minerallerden olusur.

TAV kayaglarmin Grup A ve B serilerinde gozlenen osilatory zonlanma, alkalen magmanin
farklilagmasiyla birlikte, kristallenme sartlarindaki ani degisimlerin (basing, soguma orani vs.) bir sonucu
olarak olugmustur. Buna karsin sektdr zonlanma ergiyikteki belli iyonlarin difiizyon oranlar1 arasindaki
reaksiyonla ve kristalin bilylime oraniyla kontrol edilmistir. Diger taraftan Grup C serisindeki iri
klinopiroksenlerde gozlenen zonlanma normal zonlanmadir; yani klinopiroksenlerin kristal merkezinden
kenarina dogru Fe, Ti ve Na elementlerinde zenginlesmeler gézlenir. Bu da farklilagsmanin bir sonucudur
(Aydin ve dig., 2004).

Her bir serideki dokusal o6zellikler ve klinopiroksen barometresine gore (Nimis, 1999) hesaplanan
basinglar, alkalen kayaglarin diisiik basing sartlar1 altinda sig bir magma odasindan itibaren
kristallendiklerini gdstermektedir. Grup A ve B serisine ait kayaglarin kristallenme basinct 4-4.5 kbar
iken, Grup C ise 3 kbar civarindadir; bu da yaklasik 9-14 km lik bir kristallenme derinligine karsilik gelir.



TAV’1n silikaya-doymamus serileri (Grup A ve B), silikaya-doymus Grup C serisine gore (SiO,: % 47-69,
CaO: % 10.3-2.1, MgO: % 5.3-0.6), daha diisiik SiO, (% 40-48) ve daha yiiksek CaO (% 15.6-10.3) ve
MgO (% 8.0-3.6) igeriklerine sahiptir. Bircok drnegin diisiik Mg# (< 0.55), Cr (< 50 ppm) ve Ni (< 70
ppm) igeriklerine sahip olmasi, onlarin 6nemli derecede farklilasmaya maruz kaldiklarina igaret eder.
Gergekten her bir seriye ait kayaglarin benzer iz ve NTE degisimleri sunmasi, onlarin ana magmasinin
ayn1 manto kaynagindan tiiredigini ve bu kayaglarin gelisiminde fraksiyonel kristallenmenin 6nemli bir
rol oynadigini gosterir. Kayag serilerinin jeokimyasal 6zellikleri, 6rnegin LILE ve LREE zenginlesmesi,
HREE ve HFSE tiiketilmesi, yiikksek Ba/Nb ve low Nb/Y oranlari, negatif Nb, Ta, P ve Ti anomalileri,
yitimle iliskili magmalarinki (Pearce, 1983) ile uyumludur. Bununla birlikte, kuzeydogu Tiirkiye’de
Miyo-Pliyosen zamaninda aktif bir yitim bugiine kadar bilinmemektedir. Dolayisiyla calisilan
volkanitlerin kdkenini o zamandaki aktif bir yitimle iligkilendirmek miimkiin degildir. Onlarin kokeni
onceki bir yitimle metazomatizmaya ugramis geng bir litosferik manto kaynaginin diigiik dereceli kismi
ergimesiyle agiklanabilir. TAV’ i uyumsuz elementlerindeki asiri zenginlesme (kondrite gore 500 kat
zenginlesmis) ya manto malzemesinin farkli bilesimdeki (alkalen ya da karbonatitik) ergiyikler ve
stvilarla etkilesime girmesiyle ya da kaynak alandaki farkli bilesenlerin katkilariyla (ya zenginlesmis
manto ya da yiten slab) iligkilidir (Carr ve dig., 1990; Patino ve dig., 2000)..

Tiim serilerin ilksel Nd-Sr izotopik bilesimleri, 6zellikle Grup A ve B’nin ¢ok benzerdir. Ayrica oldukga
homojen ve hafifce tiiketilmis bir izotopik bilesime sahiptirler. Bunlarin I, degerleri 0.70500°den
0.70564’e ve ena(13 Ma) degerleri +0.7°den +1.7’ye degisir ve geng Nd model yaslar1 (Tpy=0.51-0.59
Ga) onlarin kékeninde geng bir litosferik mantonun varligina isaret eder. ilksel Sr izotopik oranlar1 SiO,,
Rb ve eyqg ile herhangi bir korelasyon gostermez. Bu &zellikler, diger jeokimyasal verilerle birlikte,
asimilasyon-+fraksiyonel kristallenme (AFC) ve magma karigim siirecleriyle uyumlu degildir.
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ABSTRACT

In order to understand their genesis, evolution and crystallization conditions, mineralogical-geochemical
and Sr-Nd isotope compositions of the Trabzon alkaline volcanics (TAV) in the Eastern Black Sea Region,
northeastern Turkey, were investigated. Post-collision related these volcanics are of Mio-Pliocene age
(Hoskin and Wysoczanski, 1988, Aydin et al., 2001), and they mineralogically consist of three diverse
evolutionary series (feldspar-free, feldspar & foid-bearing and foid-free rocks). Feldspar-free series
(Group A) ranges in chemical composition from basanite to tephrite. It is silica undersaturated and
characterized by the lack of feldspar and amphibole phenocrysts. These rocks have usually porphyric,
glomeroporphyric and vitrophyric textures with high-Mg olivine (Foo-s3) and zoned Cpx with Mg# of
0.66-0.87 in a microcrystalline groundmass composed of cpx, sodalite, analcite, leucite pseudomorphs,
olivine, biotite, apatite, and opaques. Feldspar- & foid-bearing series (Group B) is subordinate as
compared to the silica undersaturated Group A, but it has feldspar and lower contents of mafic minerals.
The Group B series ranges in chemical composition from Ol-tephrite to phonotephrite. These rocks have
usually porphyric, glomeroporphyric, subophitic and seriate textures, and they contain foid minerals
(sodalite, analcite and leucite) with oscillatory and sector zoned clinopyroxenes (Mg# = 0.71-0.79], Ca-
poor (Anzs.zs) and Ca-rich plagioclase feldspars (Anse.s;) and minor amounts of olivine (Fosy-7;,, widely
altered to chlorite), amphibole, biotites and apatites. On the other hand, foid-free series (Group C) is just
silica saturated. It consists of alkaline basalt, trachybasalt, trachyandesite, trachyte and rhyolite in
composition and is characterized by the lack of feldspathoid and olivine crystals. Alkaline and
trachybasalts have porphyritic texture with cpx-phenocrysts (Mg# = 0.67-0.84], Ca-poor (Anss.4) and
Ca-rich plagioclase feldspars (Ansi.z), calcic amphibole and Mg-rich biotites in a fine-grained,
holocrystalline groundmass. Trachyandesites have porphyric to fluidal textures and contain cpx and
plagioclase phenocrysts in the groundmass composed of cpx, andesine, sanidine, biotite and opaques.
Trachytes typically have trachytic texture and are mineralogically similar to the trachyandesite with the
exception that they contain abundant alkaline feldspar. Finally, rhyolite samples have orthophyric
textures dominated by alkaline feldspars microphenocrysts. The phenocrysts of cpx are very small and
less abundant. The groundmass is microcrystalline and consists of feldspar, cpx, biotite and opaques.



Oscillatory zoning in the basic rock types of the Group A and B series of TAV is the result of the abrupt
changes in crystallization conditions (i.e. pressure and cooling rate) during the differentiation of the
alkaline magma whereas sector zoning is controlled by the reaction between the diffusion rates of certain
ions in the melt and the growth rate of the crystals. However, the cpx phenocrysts of the Group C series
show zoning with enrichment of Fe, Ti and Na from core to rim as compared to the other series, which is
the direct result of magmatic differentiation (Aydin et al., 2004).

Textural features and calculated pressures based on cpx-barometer (Nimis, 1999) in the each series
indicate that the alkaline rocks crystallized from shallow crustal magma chambers under a low-pressure
regime of about 4-4.5 kbar for the Group A and B series, and 3 kbar for the Group C series, which
approximately corresponds to a crystallization depth of 9—14 km.

The silica-undersaturated series (Group A and B) of TAV exhibit lower SiO, (40-48 wt.%) content and
higher CaO (15.6-10.3 wt.%) and MgO (8.0-3.6 wt.%,) contents than the silica-saturated Group C series
(Si0:: 47-69 wt.%, CaO: 10.3-2.1 wt.%, MgO: 5.3-0.6 wt.%). Most samples have low Mg# (< 0.55), Cr
(< 50 ppm) and Ni (< 70 ppm) contents, which indicate that they have undergone significant fractional
crystallization from mantle-derived melts. Indeed, similar trace and REE patterns of the rocks in each
series also point out that their parental magmas were derived from the same mantle source and that
fractional crystallization played an important role in the evolution of the TAV. Geochemical
characteristics of the rock series such as enrichments in LILE and LREE, depletion in HREE and HFSE,
and high Ba/Nb and low Nb/Y ratios, negative Nb, Ta, P and Ti anomalies, are consistent with those of
subduction-related magmas (Pearce, 1983). However, in northeastern Turkey, an active subduction is so
far not known in Mio-Pliocene times. Therefore, the origin of the studied volcanics is impossible to relate
to an active subduction at that time. Their origin could be explained by small degree partial melting of a
young lithospheric mantle source metasomatized by previous subduction. Overall enrichment of
incompatible elements (up to 500 times chondritic) of TAV may either be related to the mantle materials
that have interacted with fluids and melts of different composition (either alkaline or carbonatitic) and
provenance (from either the enriched mantle or the subducted slab) (Carr et al., 1990; Patino et al.,
2000).

Initial Nd-Sr isotopic compositions for the all series, particularly Group A and B series, are very similar.
They are also show quite homogeneous and are slightly depleted in isotopic compositions, with Is.
ranging from 0.70500 to 0.70564, eni(13 Ma) from +0.7 to +1.7. Young Nd model ages (Tpy=0.51-0.59
Ga) suggest that a young lithospheric mantle involved in their genesis. Initial Sr isotopic ratios do not
display correlation with SiO,, incompatible elements such as Rb and en. These features, in conjunction
with other geochemical data, are not consistent with assimilation fractional crystallization (AFC) or
magma mixing processes.

Keywords: Northeastern Turkey, Alkaline volcanism, Fractional crystallization, Low-pressure
crystallization, Sr-Nd isotope compositions
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