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Sumbated kuvars monzodiyoriti (SKM), Kecikaya graniti (KG) ve Dutlupinar granodiyoriti (DG) Artvin-
Yusufeli (Kuzeydogu Karadeniz, Tiirkiye) yoresinde Ust Kretase-Eosen araliginda Alt Jura yash
volkanik-kirmtili tortular igine yerlesmis stoklardir. QAP diyagraminda SKM ve KG bilesimsel olarak
kuvars diyoritten granite kadar degisen K’ ca zengin kalk-alkali yonseme (Lamayre and Bowden, 1982)
sergilerler ve baslica amfibol, plajiyoklas, biyotit, kuvars, K’ Iu feldspat, ilmenit ve klinopiroksenden
olugurlar. Tali mineral olarak da zirkon, apatit, klorit ve serizit igerirler. Buna karsilik tonalit ve
granodiyorit gibi ¢ok sinirli bir kaya ¢esidi ile DG orta K’lu yonseme gosterir ve klinopiroksen hari¢ ayni
minerallerden olusur. Amfibol-plajiyoklas ¢iftleri i¢in yapilan termometrik ve amfibollerin merkez ve
kenar noktalarindaki aluminyum konsantrasyonlari i¢in yapilan barometrik hesaplamalar; SQM, KG ve
DG’ nin sirasit ile 850-760 °C ve 3.7-1.2 kbar, 660-550 °C ve 2.2-0.4 kbar ve 690-600 °C ve 1.5-3.1
kbar kosullar altinda kristallendiklerini gostermektedir. Kenar kisimlar i¢in elde edilen basing degerleri 5
km den daha si1g derinliklere karsilik gelmektedir ve bu derinlikler, 6zellikle KG’ nde yer yer gozlenen
ince taneli grafik, porfiritik ve sferulitik dokularla uyumludur.

Jeokimyasal olarak SKM kuvvetle metaluminus iken, 0.88—1.17 arasindaki molar A/CNK oranlari ile
KG metaluminusden peraluminuse kadar degisen bir dagilim sergilemektedir. Buna karsilik, 0.94 lik
A/CNK oranma sahip bir 6rnek disinda, DG kayalarinin hepsi peraluminusdur. Goreli olarak yiiksek
ferromagnazyen bilesen iceriklerine sahip SKM kayalari, yiiksek ¢ekim alanli elementlerde tiiketilmeler
gosterirler ve ilksel Sr (0.70504-0.70559), hafifce pozitif eNdgomyy (1.4—1.9) degerleri ile tiiketilmis
izotopik bilesimlere sahiptirler. Bu 6zellikler SKM kayalarinin tiiketilmis bir mantodan kaynaklandigini
gostermektedir. Bu durum tiiketilmis mantonun % 5-7 lik iz element kismi ergime modellemesi
sonucunda, kuvars monzodiyoritik ana magmanin elde edilmesi ile de desteklenmektedir.

Nd ve Sr izotop oranlar1 arasinda negatif iligskinin olmayisi, granitoyidlerde yan kayag asimilasyonu gibi,
Alt Jura yash s1g derinliklerdeki kabuktan gelen bir katkinin olmadigini gdstermektedir. Diger taraftan,
SKM orneklerinin Nd ve Sr izotop oranlari, bazi 6rneklerde bir miktar klinopiroksenin varligi ve mafik
bilesen icerikleri; mato peridotitleri ile dengeli bir bilesime sahip kalk-alkali bazaltik bir ergiyikten
itibaren olustugunu 6ngérmektedir. Goreli olarak yiiksek Sr (300—378 ppm) iceriginin ve énemli bir Eu
anomalisinin olmayisi, kdkenin plajiyoklas icermedigini ve bu nedenle olasilikla manto igerisinde yer
aldigin1 gostermektedir. Ayrica, diisiikk La/Yb (5.4—7.3) oranlar1 nedeniyle SKM ana magmasinin granat
iceren bir kokenden itibaren olusumu miimkiin goriilmemektedir. Goreli olarak yiiksek Na,O/K,O
(1.8—6.0) ve orta Rb/Sr (0.07—0.43) oranlar1 ve hidroksilli mineral igerikleri, manto kdkende bir miktar
sulu minerallerin (amfibol, flogopit) varligi ile uyumludur.

Tiiketilmis manto (TM) ve alt kabuk (AK) Rb’ ca kuvvetlice tiiketilmis ve benzer ¥Sr/*Sr ve "*Nd/'*Nd
oranlarina sahip olduklarindan DG’ nin kaynak alan1 i¢in izotopik bir ayirim vermemektedirler. DG’ ne
ana magma olabilecek tonalitik kayag (799), 0.70438 lik ¥Sr/*Sr oram ile AK ve TM kokenli birincil
kayaclarla dengelidir. Bu nedenle izotopik oranlari, olast iki kdken arasinda belirgin bir ayirim
saglamamaktadir. Diger taraftan hafifce pozitif (+2.6) eNd7omy) degeri, DG ana magmasi igin TM kokeni
ongdrmektedir. Bununla birlikte ana kayanin MgO (1.15 wt %) ve Ni (9 ppm) gibi diisiik mafik bilesen
igerigi, 0.68—0.72 araliginda Mg numarast ve 300—500 ppm araliginda Ni igeren manto kokenli birincil



magmalar (Frey et al. 1978) ile dengeli olmaktan ¢ok uzaktir. DG’ nin mafik ince taneli anklavlar
icermeyisi, ¢cok diisiik Mg numarasi (<0.34) ve olduke¢a yiiksek silika igerigine (% 71-74) sahip olmasi
gibi diger veriler, alt kabuk kokenli olabilecegini gostermektedir. Bu nedenle, ister magma karisima, ister
asimilasyon ve baglantili kesirli kristallenme (DePaolo, 1981) olaylari seklinde olsun, kdken olarak
manto kaynakli bir magmanin varlig1 olast goriillmemektedir. Diger taraftan, hafif negatif Eu anomalisi ve
SKM kayalarindan bile daha diigiik nadir toprak element (NTE) icerigine sahip olmasi, DG kayalarinin
kesirli kristallenme ile daha bazik kuvars monzodiyoritik ana magmadan itibaren olusmus olabilme
olasiligini da ortadan kaldirmaktadir. DG kayalart monzodiyoritik bir magmadan itibaren kesirli
kristallenme yolu ile olusmus olsalardi, NTE konsantrasyonlari bakimimdan daha zenginlesmis ve Eu
anomalisindeki ¢anak, onceki plajiyoklas ayrimlagsmasi nedeni ile gittikce derinlesmis olacakti. Biitiin
bunlar DG kayalarmin plajiyoklas duraylilik alani igerisinde yer alan toleyitik bazik kayalardan itibaren
olustuklarin1 gostermektedir.

Intrusif birimler arasinda 6zellikle KG’ ni karakterize eden bilesimsel farklilasma, kayaclarda yer alan
minerallerin Rayleigh-tip ayrimlasmasi ve daha az olarak da assimilasyon-kesirli kristallenme olaylarinin
olas1 bir sonucudur. Farkli kabuk derinliklerinde olabilen yan-kayag¢ assimilasyonu ve kesirli kristallenme;
Rb—Sr izotop oranlar1 ve bazi ana ve iz elementlerdeki degisimleri agiklayabilir. KG’ nin 6zellikle porfir
gibi ileri derecede farklilasmis iirlinlerinde bir takim bazaltik ksenolilerin varligi, bir miktar yan-kayag
asimilasyonuna isaret etmektedir. Ksenolitlerin kdseli ve yari yuvarlaklagmis, daireselden elipsoide kadar
degisen sekillerde ve doleritik dokuya sahip olmalari, assimilasyonun ¢ok smirli veya tamamlanmamis
olduguna ve KG magmasinin s1g derinliklere yerlestigine isaret etmektedir. Granofir ve porfirlerin Rb ve
Sr izotop oranlarindaki sapmalar da bu verileri desteklemektedir. Bununla birlikte, kesirli kristallenme
KG’ nin bilesimsel degisiminden sorumlu temel olaydir ve plajiyoklas, hornblend, biyotit ve ilmenitin
baskin oldugu ana ve iz element kesirli kristallenme modelleri ile de desteklenmektedir.

Anahtar Kelimeler: Artvin-Yusufeli, granitoid, source area, izotopik veriler, ana ve iz eclement
modellemesi

ABSTRACT

Sumbated quartz monzodiorite (SOM), Keg¢ikaya granite (KG) and Dutlupinar granodiorite (DG) were
emplaced into Lower Jurassic volcanic-clastic sediments from early of Late Cretaceous to Mid-Eocene
period in the Artvin-Yusufeli area, northeast of Turkey. The SOM and KG together display a distinct K-
rich calc-alkaline trend (Lamayre and Bowden, 1982) ranging in composition from quartz diorite to
granite on a QAP diagram and consists essentially of amphibole, plagioclase, biotite, quartz, K-feldspar,
ilmenite and clinopyroxene. The accessory minerals are zircon, apatite, chlorite and sericite. In contrast,
the DG has a very limited rock types including tonalite and granodiorite, with an intermediate-K
differentiation trend and also consists of the same minerals with an exception of lacking clinopyroxene.
Al-in-hornblende barometric and coexisting amphibole-plagioclase thermometric estimates for core and
rim compositions show that the SOM, KG and DG crystallized at 850-760 °C and 3.7—1.2 kbar, 660-550
°C and 2.2-0.4 kbar and 690-600 °C and 1.5-3.1 kbar, respectively. These estimates correspond to
depths of shallower than 5 km and are consistent with the observed textural features especially for the
KG, in places, including micrographic, porphyritic and spherulitic textures.

Geochemically, the SOM is strongly metaluminous, while the KG displays a spectrum changing from
metaluminous to peraluminous with a molar ratio of A/CNK from 0.88 to 1.17. On the contrary, the DG
rocks are all peraluminous, with the exception of a sample having 0.94 A/CNK ratio. The SOM rocks
show relatively high ferromagnesian element contents, depletion of HFSE and are depleted in isotopic
compositions, with Isr ranging from 0.70504—0.70559 and slightly positive eNdo wa (1.4-1.9) values.
These features suggest that SOM rocks were derived essentially by partial melting of a depleted mantle,
which is also favored by modeling based on trace element contents suggesting that 5—7 % melting of a
depleted mantle source produced the quartz monzodioritic parent.

The absence of negative correlation between Nd and Sr isotope ratios also indicates no additions of
ambient Lower Jurassic crust, e.g., by wall rock assimilation in the SOM from the shallow section. On the
other hand, Nd and Sr isotope ratios, certain amount of clinopyroxene contents, mafic components of the
SOM samples suggest that they could have been derived by slightly fractionation from the calc-alkaline
basaltic melts in equilibrium with the mantle peridotites. The relatively high abundances of Sr (from 300



up to 378 ppm) and the lack of significant Eu anomalies indicate that the source was plagioclase free and
therefore probably located in the mantle. Furthermore, the formation of SOM parental magma by
variable partial melting of garnet bearing source is precluded by small range (from 5.4 up 7.3) of La/Yb
ratio in SOM rocks. The relatively high Na,O/K;O (1.8-6.0) and moderate Rb/Sr (0.07-0.43) ratios and
their hydrous oxidizing mineralogy are consistent with hydrous minerals (amphibole, phlogopite) being
present in their mantle source.

Source discrimination for the DG rocks can not be done in terms of isotopic ratios as both depleted
mantle (DM) and lower crust (LC) are strongly Rb depleted and have similar ¥ Sr/*Sr and "“Nd/"**Nd
ratios. The tonalitic rock (799) as a parent to the DG has the lowest ¥ Sr/°Sr ratio with a value of
0.70438 in equilibrium with LC and DM derived primary rocks. So, it can not provide an obvious
separation between these two probable sources. On the other hand, it has slightly positive eNd o vy value
of +2.6, suggesting a DM origin for the DG parent magma. However, concentrations of mafic
components such as MgO (1.15 wt %) and Ni (9 ppm) of the parent rock are far away from being in
equilibrium with the mantle-derived primary magmas which have high Mg-numbers of 0.68—0.72 and Ni
concentrations in the range of 300-500 ppm (Frey et al. 1978). Other features such as scarcity of mafic
enclaves, very low Mg# (<0.34) and mafic components, relatively narrow compositional variation,
elevated peraluminosity (A/CNK = 0.94—1.11) and silica contents (71-74 wt %) of the DG argue against
mantle source. Therefore, the involvement of a mantle-derived magma in the DG genesis either in a
mixing process or an assimilation and combined fractional crystallization process (DePaolo, 1981) is
regarded as unlikely. Also, presence of slightly negative Eu anomalies and lower REE contents, even less
than the SOM rocks, ruled out derivation of the DG by fractional crystallization from more basic
monzodioritic magma. If the DG rocks were originated by fractionation from the monzodioritic parent,
they would be enriched more in concentrations of REE and trough in Eu anomaly would be deepened as
it would be gradually depleted by fractionally crystallized preceding phases of plagioclase. All these
support derivation from a tholeiitic basic source for the DG rocks within the plagioclase stability field.

Compositional variation characterizing especially the KG among the intrusives is a likely consequence
mainly of Rayleigh-type fractionation involving minerals that occur in the rocks and, to a lesser extent, of
AFC process. Combined wall-rock assimilation and fractional crystallization at various crustal depths
could possibly explain the variations of Sr—Rb isotopic ratios, major and some of the trace elements in
the KG. The existence of certain amount of basaltic xenoliths especially in highly differentiated end-
members such as porphyres of the KG obviously indicates certain amount of wall-rock assimilation. The
xenoliths are circular to ellipsoidal in shape with generally angular to half rounded corners and non-
modified doleritic texture, suggesting an incomplete or very limited amount of assimilation and an
emplacement to shallower crustal depths for the KG magma. Scattering in Rb and Sr isotopic ratios of
granophre and porphyre samples show a good agreement with these observations. However, despite the
above explained process, crystal fractionation is the fundamental process responsible for the
compositional variations in the KG. This is also favored by major and trace element modeling of crystal
fractionation dominated by plagioclase, hornblende, biotite and ilmenite from monzodioritic magma.
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