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Abstract 

The Eocene Gümüşdamla-Erikdibi (Bayburt) volcanics in the south zone of the Eastern Pontides were studied as mineral 

chemistry and petrography. The main units in the study area are Late Cretaceous Ardıç Volcanites, Eocene Sırataşlar 

Formation, Eocene Yazyurdu Formation and Eocene Taşlıburun Diorite that cuts these units. The youngest unit in the field is 

Quaternary alluviums. The studied volcanic rocks are basalt, basaltic andesite and andesite in composition and the main 

minerals are plagioclase, alkali-feldspar, pyroxene, hornblende, biotite and opaque minerals. Pyroxenes are clino-pyroxene in 

composition (Wo40-48En39-46Fs9-19) and differ from diopside to augite. Crystallization temperatures calculated from 

clinopyroxene minerals are 819 °C to 1157 °C, and pressure values are 0.14 to 7.79 kbar. Based on the obtained data, it is 

suggested that the magmas had undergone anhydrous and hydrous crystallizations in the shallow to mid-crustal magma 

chambers 
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1. Introduction  

 

The Eastern Pontides (NE Turkey) located in the 

Alpine-Himalayan orogenic belt is one of the significant 

areas of volcanic and plutonic rocks that are commonly 

observed. Three main volcanic phase, namely Liassic, 

Cretaceous and Eocene (and later), have been identified 

in the Eastern Pontides [1-3]. The Eastern Pontides were 

divided into two zones as norther and southern by [4]. 

Accordingly, the study area is located in the southern 

zones in the Eastern Pontides. 

 

Many studies conducted on the development of Eocene 

volcanic rocks [5-8] in the Eastern Pontides. These 

studies indicated that the magmas of Eocene volcanics 

are probably composed of an enriched mantle source 

(lithospheric mantle) metasomatized by previous 

subduction fluids ± melts and differentiated by complex 

magmatic processes.  

 

In this study, mineralogical, petrographic and mineral 

chemical properties of the Gümüşdamla-Erikdibi 

(Bayburt) volcanics have been revealed and an attempt 

has been made to provide thermobarometer (pressure-

temperature) conditions during the crystallization and to 

determine settlement of the volcanics. This study is a 

part of the master’s thesis prepared by [9]. 

 

2. Geological setting 

 

The basement rocks of the Eastern Pontides consist of 

Early Carboniferous metamorphic rocks [10-16]. These 

basement rocks are overlain by the Early and Middle 

Jurassic volcano-sedimentary rocks [17-18] and are cut 

by Early to Late Jurassic plutonic rocks [13, 19-20]. All 

these rocks are overlain by Late Jurassic to Early 

Cretaceous carbonates [21]. Late Cretaceous series that 

unconformably overlie these carbonates consist of 

volcanic, plutonic and sedimentary rocks [22-28]. Late 

Cretaceous rocks are overlain by Late Paleocene-Early 

Eocene adakitic rocks [29-31], Early to Middle Eocene 

volcanic-subvolcanic rocks [7-8, 29-40] and cuts by 

Middle Eocene plutonic rocks [41-51]. These units are 

overlain by Late Eocene and Oligosene volcanic rocks 

[7-8, 32, 52-53], and are covered by Miocene to 

Pliocene adakitic and non-adakitic volcanic-subvolcanic 

rocks [31-32, 33, 52-55]. Miocene and post-Miocene 

magmatisms are calc-alkaline to alkaline compositions 

in the Trabzon-Gümüşhane areas [39, 52, 54-55] and 

calc-alkaline in the Ilıca-Kandilli areas [56-57]. 

Quaternary units comprise alluvium and terraces. 
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The study area located in the south zone of the Eastern 

Pontide Tectonic Unit consists of an area of about 50 

km
2
 and is generally dominated by volcanic, plutonic 

and sedimentary rocks (Figure 1).  
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Figure 1: Geological map of the study area (modified by [9]). 

 

The oldest rocks in the study area consists of Late 

Cretaceous Ardıç volcanics. This unit is incompatibly 

overlain by Eocene Sırataşlar Formation. Eocene 

Yazyurdu Formation overlies this unit. All these units 

were cut by Eocene Taşlıburun Diorite. Quaternary 

alluviums constitute the youngest unit of the study area 

(Figure 1). 

 

3. Analysis methods 

 

Within the scope of the study, thin sections of rock 

samples collected from the field were prepared and 

detailed petrographic properties were determined by 

polarizing microscope. Electron microprobe analyses on 

carbon-coated polished sections were carried out at the 

Ifermer Epma laboratories, Brest (France), using a 

Cameca SX-100 electron microprobe. Details of 

analysis technique are given in [38]. 

 

4. Petrography 

 

The Eocene Gümüşdamla-Erikdibi (Bayburt) volcanics, 

which constitutes the main subject of this study, consists 

mainly of andesite, basalt and their pyroclasts. In the 

microscopic examination, the andesites show microlitic 

porphyritic, porphyritic and partially cumulophyric 

texture (Figure 2 and 3). The main minerals are 

plagioclase, alkali-feldspar, pyroxene, amphibole, 

biotite and opaque minerals. Basalts show mainly 

microlitic and lesser extent microlitic porphyritic 

texture. The main minerals are plagioclase, pyroxene, 

olivine and opaque minerals. Their groundmass contains 

the microlites of plagioclase, amphibole, biotite, Fe–Ti 

oxide, and glass (Figure 2). Pyroclastic rocks consist of 

volcanic breccia and tuffs. 
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Figure 2: Porphyritic texture observed in andesites in the Yazyurdu Formation A) Crossed nicol, B) Crossed polarized light) (Pl: 

Plagioclase, Pir: Pyroxene, Op: Opaque minerals) 

 

 
Figure 3. Cumulophyric texture observed in andesites in the Yazyurdu Formation A) Crossed nicol, B) Crossed polarized light) 

(Pl: Plagioclase, Pir: Pyroxene, Amf: Amphibole, Op: Opaque minerals) 

 

5. Mineral chemistry 

 

Clinopyroxene minerals were commonly observed in 

the studied volcanic rocks. The minimum and 

maximum values of the microprobe compositions for 

clinopyroxene are given in Table 1. Pyroxene forms 

subhedral to euhedral crystals, and mainly forms zoned 

phenocrysts. All the pyroxenes are of calcic clino-

pyroxene (Wo40-48En39-46Fs9-19) and are generally augite, 

and minor diopside in composition (Figure 4a). Mg 

number (Mg#) of clino-pyroxenes range from 0.72 to 

0.83 (Table 1). They are placed in the CATS field in the 

Ti-Na-Al
4
 diagram [58] (Figure 4b). 

 
Table 1: Minimum, maximum and average values of microprobe analyze for pyroxene 

(n=27) SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O Total  

min 48.94 0.35 1.54 0.00 5.32 0.07 13.41 18.67 0.18 0.00 99.31  

max 52.80 1.02 5.35 0.71 11.25 0.45 16.32 23.14 0.39 0.03 101.10  

avg 51.41 0.57 3.06 0.05 8.27 0.28 15.05 21.14 0.29 0.00 100.14  

sd 0.89 0.17 1.07 0.16 1.24 0.11 0.73 1.04 0.06 0.01 0.42  

 Structural formula based on 6 oxygen atoms   

 Si Ti Al Cr Fe(ii) Mn Mg Ca Na K Wo En 

min 1.84 0.01 0.07 0.00 0.16 0.00 0.75 0.75 0.01 0.00 38.24 39.36 

max 1.95 0.03 0.23 0.02 0.35 0.01 0.90 0.92 0.03 0.00 48.09 45.87 

avg 1.91 0.02 0.13 0.00 0.26 0.01 0.83 0.84 0.02 0.00 43.39 42.96 

sd 0.03 0.01 0.05 0.00 0.04 0.00 0.04 0.04 0.01 0.00 2.33 1.67 

min: minimum values, max: maximum values, n= sample number, avg: average, sd: standard deviation 
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Figure 4: Classification diagrams of pyroxene, a) Wo-En-Fs [48], b) Ti-Na-Al

(4)
 [58]. 

 

6. Intensive parameters 

 

6.1. Clinopyroxene thermobarometry 
Estimates of quantitative pressure and temperature on 

the clinopyroxene composition were re-evaluated by 

[59]. [59] gave an equilibrium constant using the Fe–

Mg exchange and KD(Fe-Mg)
cpx-melts

 = 0.27±0.03. The 

calculated results of the studied rocks show pressures 

ranging from 0.24 to 3.62 kbar and temperatures 

ranging from 1021 to 1077 °C (Table 2). 

 
Table 2. Clinopyroxene temperature and pressure calculations in the studied volcanic rocks 

(n=15) P (kbar) T (
0
C) KD (Fe-Mg) 

Minimum 0.24 1021 0.26 

Maximum 3.62 1077 0.27 

 

7. Discussion and conclusions 

 

Although there were different opinions [20, 28, 34, 45], 

the most accepted opinion [7-8, 19, 22, 30-31, 33, 35-

36, 39, 42, 49, 53-55] suggest that the Eocene 

magmatism had generally post-collision characteristics 

and were derived from a sub-continental lithospheric 

mantle source previously modified by fluids and/or 

sediments from a subduction zone. In addition, the 

crustal structure throughout the Eastern Pontides is not 

homogeneous with varying thicknesses from 29 to 40 

km [60] and 29 to 47 km [61]. For this reason, 

petrographic and mineral chemical properties of the 

volcanic rocks would be changed depending on the 

magma chamber processes at different crustal levels. 

The petrographic characteristics of the studied Eocene 

volcanics have anhydrous and hydrous suites. Hydrous 

suites crystallize from water rich magma and affects the 

melt dynamics and controls magmatic processes such as 

differentiation, assimilation, contamination and mixing 

[62-63]. Amphibole-bearing magmas have disputed 

water content, ranging 2 to 3 wt.% according to [64], to 

approximately 5 wt.% according to [65-67], and  to 6 

wt.% according to [68]. [38] indicated that the estimated 

H2O melt content ranges from 3.9 to 5.8 wt.% for the 

Aydıntepe-Yazyurdu volcanics rocks in the Bayburt 

area. 

 

According to [54], the magma increased because of the 

decreasing density or replenishment of fresh magma 

associated with volatile release under extensional 

tectonic regime and ascending magma stalls at mid-

crustal level. This mid-crustal magma reservoir is 

characterized by the occurrence of clinopyroxene at a 

depth of 8 to 16 km on the basis of clinopyroxene 

barometry. The crystallization of Al–Fe rich diopside, 

augite, and medium An plagioclases starts at this level 

[54]. [54] indicated that the crystallization pressure 

estimates, which are constrained by the presence of 

brown mica, show that the ascending magma ponded at 

depths ranging from 5 to 6 km form shallow crustal 

magma chambers. The dominated mineral assemblage 

that crystallized in the magma chambers are brown mica 

and low An plagioclase at lower temperatures.  

 

[38] indicated that the calculated crystallization 
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temperatures and pressures using the chemical analysis 

of amphibole and orthopyroxenes in the Bayburt 

volcanics are 819 to 1157 °C and 0.1 to 7.8 kbar, 

respectively. [54] stated that the oxygen fugacity (log10 

ƒO2) values of the volcanics varied between -11.0 and -

12.1. On the basis of clinopyroxene thermobarometric 

calculations, magmas of Eocene volcanic suites in 

Tonya and Trabzon area crystallized at pressure ranging 

from 1.84 to 5.39 kbar and temperature ranging from 

1100 to 1244 °C. Hornblende thermobarometry, oxygen 

fugacity, and hygrometer argued that the crystallization 

pressure ranging from 6.49 to 6.52 kbar, the temperature 

ranging from 956 to 959 °C and the water content 

ranging from 7.83 to 8.57 wt.% in the Eocene volcanic 

suites [54]. The petrographic and mineral chemistry 

properties of the studied Gümüşdamla-Erikdibi volcanic 

suggest that they developed in hydrous and anhydrous 

environments. The calculated crystallization 

temperatures and pressures in the studied volcanic rocks 

using the chemical analysis of orthopyroxenes are 1021 

to 1077 °C and 0.24 to 3.62 kbar, respectively (Table 2). 

The combined petrographic, mineral chemistry, and 

thermobarometric features indicate that the magmas had 

undergone anhydrous and hydrous crystallizations in 

shallow to mid-crustal levels (Figure 5). 
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Figure 5: Schematic illustration of pre-eruptive crystallization paths for the studied volcanic rocks in the Eastern Pontides. 

 

8. Acknowledgment 

 

This study was supported by GÜBAP project 

(17.F5114.01.03) and partly by TÜBİTAK project 

(115Y154). Authors sincerely thanks the editor and the 

anonymous reviewer for their improvement of the 

manuscript. We would like to thank H. Enes Atay for 

their help during the field work. 

 

References

 

[1] Çamur, M.Z., Güven, İ.H., Er, M. Geochemical 

characteristics of the eastern Pontide volcanics: 

an example of multiple volcanic cycles in arc 

evolution. Turkish Journal of Earth Sciences 

1996; 5: 123-144. 

[2] Arslan, M., Tüysüz, N., Korkmaz, S. Kurt, H. 

Geochemistry and petrogenesis of the eastern 

Pontide volcanic rocks, Northeast Turkey. 

Chemie der Erde 1997; 57: 157-187. 

[3] Altherr, R., Topuz, G., Siebel, W., Şen, C., 

Meyer, HP., Satır, M., Lahaye, Y. Geochemical 

and Sr-Nd-Pb isotopic characteristics of 

Paleocene plagioleucitites from the eastern 

Pontides (NE Turkey). Lithos 2008; 105:149-

161. 

[4] Özsayar, T., Pelin, S., Gedikoğlu, A. Doğu 

Pontidler’de Kretase, KTÜ Yer Bilimleri 

Dergisi 1981; 1: 65-114. 

[5] Tokel, S. Eocene calc-alkaline andesites and 

geotectonism in Black Sea Region. Geological 

Society of Turkey Bulletin 1977; 20: 49-54. 

[6] Arslan, M., Aliyazıcıoğlu, İ. Geochemical and 

petrological characteristics of the Kale 

(Gumuşhane) volcanic rocks: implications for 

the Eocene evolution of eastern Pontide arc 

volcanism, northeast Turkey. International 

Geology Review 2001; 43: 595-610. 

[7] Arslan M., Temizel İ., Abdioğlu E., Kolaylı H., 

Yücel C., Boztuğ, D., Şen, C. 
40

Ar-
39

Ar dating, 

whole-rock and Sr-Nd-Pb Isotope geochemistry 

of post-collisional Eocene volcanic rocks in the 

southern part of the Eastern Pontides (NE 

Turkey): Implications for magma evolution in 

extension-induced origin. Contributions to 



Journal of Engineering Research and Applied Science Volume 9 (2), December 2020, 1529 -1537 

 

1534 
Kaygusuz et al / Crystallization conditions and petrography of Eocene Volcanic rocks in the Gümüşdamla-Erikdibi area 

(Bayburt, NE Turkey) 

Mineralogy and Petrology 2013; 166: 113-142. 

[8] Kaygusuz, A., Arslan, M., Wolfgang, S., Şen, C. 

Geochemical and Sr–Nd isotopic characteristics 

of post-collisional calc-alkaline volcanics in the 

eastern Pontides (NE Turkey). Turkish Journal 

of Earth Sciences 2011; 20: 137-159. 

[9] Selvi, D. Gümüşdamla - Erikdibi (Bayburt) ve 

civarındaki eosen yaşlı volkanik kayaçların 

petrografisi, jeokimyası ve petrolojisi, Yüksek 

Lisans Tezi, Gümüşhane Üniversitesi 2019; 84 

pp. 

[10] Topuz, G., Altherr, R., Satır, M., Schwarz, W.H. 

Low-grade metamorphic rocks from the Pulur 

complex, NE Turkey: implications for the pre-

Liassic evolution of the Eastern Pontides. 

International Journal of Earth Sciences 2004; 

93: 72-91. 

[11] Topuz, G., Altherr, R., Wolfgang, S., Schwarz, 

W.H., Zack, T., Hasanözbek, A., Mathias, B,. 

Satır, M., Şen, C. Carboniferous high-potassium 

I-type granitoid magmatism in the Eastern 

Pontides: The Gümüşhane Pluton (NE Turkey). 

Lithos 2010; 116: 92-110. 

[12] Dokuz, A. A slab Detachment and delamination 

model for the generation of Carboniferous high-

potassium i-type magmatism in the Eastern 

Pontides, NE Turkey: Köse Composite Pluton. 

Godwana Research 2011; 19: 926-944. 

[13] Ustaömer, T., Robertson, A.H.F., Ustaömer, 

P.A., Gerdes, A., Peytcheva, I. Constraints on 

Variscan and Cimmerian magmatism and 

metamorphism in the Pontides (Yusufeli–Artvin 

area), NE Turkey from U–Pb dating and granite 

geochemistry. In: Robertson, A.H.F., Parlak, O., 

Ünlügenç, U.C., (eds.), Geological development 

of Anatolia and the easternmost Mediterranean 

Region. Geological Society of London Special 

Publications 2013; 372: 49-74. 

[14] Kaygusuz, A., Arslan, M., Sipahi, F., Temizel, İ. 

U-Pb zircon chronology and petrogenesis of 

Carboniferous plutons in the northern part of the 

Eastern Pontides, NE Turkey: Constraints for 

Paleozoic magmatism and geodynamic 

evolution. Gondwana Research 2016; 39: 327-

346. 

[15] Vural, A., Kaygusuz, A. Petrology of the 

paleozoic plutons in Eastern pontides: artabel 

pluton (Gümüşhane, NE Turkey). Journal of 

Engineering Research and Applied Science 

2019; 8 (2): 1216-1228. 

[16] Kaygusuz, A., Geochronological age 

relationships of Carboniferous Plutons in the 

Eastern Pontides (NE Turkey). Journal of 

Engineering Research and Applied Science 

2020; 9 (1); 1299-1307. 

[17] Kandemir, R., Yılmaz, C. Lithostratigraphy, 

facies, and deposition environment of the 

lower Jurassic Ammonitico Rosso type 

sediments (Arts) in the Gümüşhane area, NE 

Turkey: Implications for the opening of the 

northern branch of the Neo-Tethys Ocean. 

Journal of Asian Earth Sciences 2009; 34: 586-

598. 

[18] Saydam Eker, Ç., Sipahi, F., Kaygusuz, A. 

Trace and rare earth elements as indicators of 

provenance and depositional environments of 

Lias cherts in Gumushane, NE Turkey. Chemie 

der Erde Geochemistry 2012; 72: 167-177. 

[19] Dokuz, A., Karslı, O., Chen, B., Uysal, İ. 

Sources and petrogenesis of Jurassic granitoids 

in the Yusufeli area, northeastern Turkey: 

implications for pre- and post-collisional 

lithospheric thinning of the Eastern Pontides. 

Tectonophysics 2010: 480: 259-279. 

[20] Eyuboğlu, Y., Dudás, F.Ö., Santosh, M., Zhu, 

D.C., Yi, K., Chatterjee, N., Jeong, Y.J., 

Akaryalı, E., Liu, Z. Cenozoic forearc gabbros 

from the northern zone of the Eastern Pontides 

Orogenic Belt, NE Turkey: implications for slab 

window magmatism and convergent margin 

tectonics. Gondwana Research 2016; 33: 160-

189. 

[21] Pelin, S. Alucra (Giresun) Güneydoğu yöresinin 

petrol olanakları bakımından jeolojik 

incelemesi. KTÜ Yayını 1977; 87: 103 p., 

Trabzon. 

[22] Karslı, O., Dokuz, A., Uysal, İ., Aydın, F., 

Kandemir, R., Wijbrans, J.R. Generation of the 

Early Cenozoic adakitic volcanism by partial 

melting of mafic lower crust, eastern Turkey: 

Implication for crustal thickening to 

delamination. Lithos 2010; 114: 109-120. 

[23] Kaygusuz, A., Siebel, W., Şen, C., Satır, M. 

Petrochemistry and petrology of I-type 

granitoids in an arc setting: the composite Torul 

pluton, Eastern Pontides, NE Turkey. 

International Journal of Earth Sciences 2008; 

97: 739-764. 

[24] Kaygusuz, A., Arslan, M., Temizel, İ., Yücel, 

C., Aydınçakır, E. U–Pb zircon chronology and 

petrogenesis of the Late Cretaceous I-type 

granitoids in arc setting, Eastern Pontides, NE 

Turkey, Journal of African Earth Sciences 2020. 

https://doi.org/10.1016/j.jafrearsci.2020.104040. 

[25] Kaygusuz, A., Aydınçakır, E. Petrogenesis of a 

Late Cretaceous composite pluton from the 

eastern Pontides: the Dağbaşı pluton, NE 

Turkey. Neues Jahrbuch Für Mineralogie 2011; 

188/3: 211-233.  

[26] Özdamar, Ş. Geochemistry and geochronology 

https://doi.org/10.1016/j


Journal of Engineering Research and Applied Science Volume 9 (2), December 2020, 1529 -1537 

 

1535 
Kaygusuz et al / Crystallization conditions and petrography of Eocene Volcanic rocks in the Gümüşdamla-Erikdibi area 

(Bayburt, NE Turkey) 

of Late Mesozoic volcanic rocks in the northern 

part of the Eastern Pontide Orogenic Belt (NE 

Turkey): implications for the closure of the 

NeoTethys Ocean. Lithos 2016; 248-251: 240-

256.  

[27] Temizel, İ., Arslan, M., Yücel, C., Abdioğlu 

Yazar, E., Kaygusuz, A., Aslan, Z. U-Pb 

geochronology, bulk-rock geochemistry and 

petrology of Late Cretaceous syenitic plutons in 

the Gölköy (Ordu) area (NE Turkey): 

Implications for magma generation in a 

continental arc extension triggered by slab roll-

back. Journal of Asian Earth Sciences 2019; 

171: 305-320. 

[28] Eyuboğlu, Y., Santosh, M., Bektaş, O., Ayhan, 

S. Arc magmatism as a window to plate 

kinematics and subduction polarity: example 

from the Eastern Pontides belt, NE Turkey. 

Geoscience Frontiers 2011; 2 (1): 49-56. 

[29] Topuz, G., Alther, R., Schwarz, W.H., Siebel, 

W., Satır, M., Dokuz, A. Post-collisional 

plutonism with adakite-like signatures: the 

Eocene Saraycık granodiorite (eastern Pontides, 

Turkey). Contributions to Mineralogy and 

Petrology 2005; 150: 441-455. 

[30] Karslı, O., Uysal, I., Ketenci, M., Dokuz, A., 

Aydın, F., Kandemir, R., Wijbrans, J. Adakite-

like granitoid porphy riesin Eastern Pontides, 

NE Turkey: potential parental melts and 

geodynamic implications. Lithos 2011; 127: 

354-372. 

[31] Dokuz, A., Uysal, İ., Meisel, W., Turan, M., 

Duncan, R., Akçay, M. Post-collisional adakitic 

volcanism in the eastern part of the Sakarya 

zone, Turkey: Evidence for slab and crustal 

melting: Contributions to Mineralogy and 

Petrology 2013; 166: 1443-1468, 

[32] Aslan, Z., Arslan, M., Temizel, İ., Kaygusuz, A. 

K-Ar dating, whole-rock and Sr-Nd isotope 

geochemistry of calc-alkaline volcanic rocks 

around the Gümüşhane area: implications for 

post-collisional volcanism in the Eastern 

Pontides, Northeast Turkey. Mineralogy and 

Petrology 2014; 108: 254-267. 

[33] Temizel, İ., Arslan, M., Ruffet, G., Peucat, J.J. 

Petrochemistry, geochronology and Sr-Nd 

isotopic systematic of the Tertiary collisional 

and post-collisional volcanic rocks from the 

Ulubey (Ordu) area, eastern Pontide, NE 

Turkey: Implications for extension-related 

origin and mantle source characteristics. Lithos 

2012; 128: 126-147. 

[34] Eyuboğlu, Y., Dudas, F.O., Santosh, M., Yi, K., 

Kwon, S., Akaryalı, E. Petrogenesis and U-Pb 

zircon chronology of adakitic porphyries within 

the Kop ultramafic massif (Eastern Pontides 

Orogenic Belt, NE Turkey). Gondwana 

Research 2013; 24 (2): 742-766. 

[35] Aydınçakır, E., Şen, C. Petrogenesis of the post-

collisional volcanic rocks from the Borçka 

(Artvin) area: implications for the evolution of 

the Eocene magmatism in the Eastern Pontides 

(NE Turkey). Lithos 2013; 172-173: 998-117. 

[36] Aydınçakır, E. The Petrogenesis of Early 

Eocene non-adakitic volcanism in NE Turkey: 

Constraints on the geodynamic implications, 

Lithos 2014; 208-209: 361-377. 

[37] Kaygusuz, A., Merdan Tutar, Z., Yücel, C. 

Mineral chemistry, crystallization conditions 

and petrography of Cenozoic volcanic rocks in 

the Bahçecik (Torul/Gümüşhane) area, Eastern 

Pontides (NE Turkey). Journal of Engineering 

Research and Applied Science 2017; 6 (2): 641-

651. 

[38] Kaygusuz, A., Gücer, M.A., Yücel, C., 

Aydınçakır, E., Sipahi, F. Petrography and 

crystallization conditions of Middle Eocene 

volcanic rocks in the Aydıntepe-Yazyurdu 

(Bayburt) area, Eastern Pontides (NE Turkey). 

Journal of Engineering Research and Applied 

Science 2019; 8 (2): 1205-1215. 

[39] Yücel, C., Arslan, M., Temizel, İ., Abdioğlu 

Yazar, E., Ruffet, G. Evolution of K-rich 

magmas derived from a net veined lithospheric 

mantle in an ongoing extensional setting: 

Geochronology and geochemistry of Eocene and 

Miocene volcanic rocks from Eastern Pontides 

(Turkey). Gondwana Research 2017; 45: 65-86. 

[40] Kaygusuz, A., Şahin, K. Petrographical, 

geochemical and petrological characteristics of 

Eocene volcanic rocks in the Mescitli area, 

Eastern Pontides (NE Turkey), Journal of 

Engineering Research and Applied Science 

2016; 5 (2): 473-486. 

[41] Boztuğ, D., Jonckheere, R.c., Wagner, G.A., 

Yeğingil, Z. Slow senonian and fast Paleocene-

Early Eocene uplift of the granitoids in the 

Central Eastern Pontides, Turkey: Apatite 

Fission-track Results, Tectonophysics 2004; 

382: 213-228. 

[42] Karslı, O., Chen, B., Aydın, F., Şen, C. 

Geochemical and Sr-Nd-Pb ısotopic 

compositions of the Eocene Dölek and Sarıçiçek 

Plutons, Eastern Turkey: Implications for 

magma ınteraction in the genesis of high-K calc-

alkaline granitoids in a post-collision 

extensional setting, Lithos 2007; 98: 67-96. 

[43] Kaygusuz, A., Öztürk, M. Geochronology, 

geochemistry, and petrogenesis of the Eocene 

Bayburt intrusions, Eastern Pontide, NE Turkey: 



Journal of Engineering Research and Applied Science Volume 9 (2), December 2020, 1529 -1537 

 

1536 
Kaygusuz et al / Crystallization conditions and petrography of Eocene Volcanic rocks in the Gümüşdamla-Erikdibi area 

(Bayburt, NE Turkey) 

implications for lithospheric mantle and lower 

crustal sources in the high-K calc-alkaline 

magmatism. Journal of Asian Earth Sciences 

2015; 108: 97-116. 

[44] Özdamar, Ş., Roden, M.F., Billor, M.Z. 

Petrology of the shoshonitic Çambaşı Pluton in 

NE Turkey and implications for the closure of 

the NeoTethys Ocean: insights from 

geochemistry, geochronology and Sr-Nd 

isotopes. Lithos 2017; 284 (285): 477-492. 

[45] Eyuboğlu, Y., Dudas, F.O., Thorkelson, D., Zhu, 

D.C., Liu, Z., Chatterjee, N., Yi, K., Santosh, M. 

Eocene granitoids of northern Turkey: Polybaric 

magmatism in an evolving arc–slab window 

system. Gondwana Research 2017; 50: 311-345. 

[46] Kaygusuz, A., Yücel, C., Arslan, M., Sipahi, F., 

Temizel, İ., Çakmak, G., Güloğlu, Z.S. 

Petrography, mineral chemistry and 

crystallization conditions of Cenozoic plutonic 

rocks located to the north of Bayburt (Eastern 

Pontides, Turkey). Bulletin of the Mineral 

Research and Exploration 2018; 157: 75-102. 

[47] Kaygusuz, A., Yücel, C., Arslan, M., Temizel, 

İ., Yi, K., Jeong, Y-J., Siebel, W., Sipahi, F. 

Eocene I-type magmatism in the Eastern 

Pontides, NE Turkey: Insights into magma 

genesis and magma-tectonic evolution from 

whole-rock geochemistry, geochronology and 

isotope systematics. International Geology 

Review 2019: 62 (11): 1406-1432. 

[48] Akaryalı, E. Geochemical, fluid inclusion and 

isotopic (O, H and S) constraints on the origin of 

Pb–Zn ± Au vein-type mineralizations in the 

Eastern Pontides Orogenic Belt (NE Turkey). 

Ore Geology Reviews 2016; 74: 1-14. 

[49] Dokuz, A., Aydın, F., Karslı, O. Postcollisional 

transition from subduction-to intraplate-type 

magmatism in the eastern Sakarya zone, Turkey: 

Indicators of northern Neotethyan slab breakoff. 

Geol. Soc. Am. Bull 2019; 131: 1623-1642. 

[50] Temizel, İ., Abdioğlu Yazar, E., Arslan, M., 

Kaygusuz, A., Aslan, Z. Mineral chemistry, 

whole-rock geochemistry and petrology of 

Eocene I-type Shoshonitic plutons in the Gölköy 

area (Ordu, NE Turkey), Bulletin of the Mineral 

Research and Exploration 2018; 157: 121-152. 

[51] Temizel, İ., Arslan, M., Yücel, C., Abdioğlu 

Yazar, E., Kaygusuz, A., Aslan, Z. Eocene 

tonalite–granodiorite from the Havza (Samsun) 

area, northern Turkey: Adakite-like melts of 

lithospheric mantle and crust generated in a 

post-collisional setting. International Geology 

Review 2020; 62 (9): 1131-1158. 

[52] Aydın, F., Karslı, O., Chen, B. Petrogenesis of 

the Neogene alkaline volcanics with ımplcations 

for post collisional lithospheric thinning of the 

Eastern Pontides, NE Turkey, Lithos 2008; 104: 

249-266.  

[53] Karslı, O., Dokuz, A., Aydın, F., Uysal, İ., 

Şengün, F., Kandemir, R., Santosf, J.F., 

Anderseng, T. Tracking the timing of 

Neotethyan oceanic slab break-off: 

Geochronology and geochemistry of the quartz 

diorite porphyries, NE Turkey Journal of Asian 

Earth Sciences 2020; 

https://doi.org/10.1016/j.jseaes.2020.104456 

[54] Yücel, C., Arslan, M., Temizel, İ., Abdioğlu, E. 

Volcanic facies and mineral chemistry of 

Tertiary volcanics in the northern part of the 

Eastern Pontides, northeast Turkey: Implications 

for pre-eruptive crystallization conditions and 

magma chamber processes. Mineralogy and 

Petrology 2014; 108: 439-467. 

[55] Yücel, C. Geochronology, geochemistry, and 

petrology of adakitic Pliocene–Quaternary 

volcanism in the Şebinkarahisar (Giresun) area, 

NE Turkey. International Geology Review 

2019; 61 (6): 754-777. 

[56] Kaygusuz, A. K/Ar ages and geochemistry of 

the post-collisional volcanic rocks in the Ilıca 

(Erzurum) area, eastern Turkey. Neues Jahrbuch 

Für Mineralogie 2009; 186/1: 21-36. 

[57] Kaygusuz, A., Aslan, Z., Aydınçakır, E., Yücel, 

C., Gücer, M.A., Şen, C. Geochemical and Sr-

Nd-Pb isotope characteristics of the Miocene to 

Pliocene volcanic rocks from the Kandilli 

(Erzurum) area, Eastern Anatolia (Turkey): 

Implications for magma evolution in extension-

related origin. Lithos 2018; 296/299: 332-351. 

[58] Papike, J.J., Cameron, K.L. Baldwın, K. 

Amphiboles and Pyroxenes: Characterization of 

other than Quadrilateral Components and 

Estimates of Ferric Iron from Microprobe Data. 

Geological Society of America 1974; 6: 1053-

1054. 

[59] Putirka, K.D. Thermometers and barometers for 

volcanic systems. In: Putirka, K.D., Tepley, F., 

(eds). Reviews in mineralogy 2008; 69: 61-120. 

[60] Çakır, Ö., Erduran, M. Constraining crustal and 

uppermost mantle structure beneath station TBZ 

(Trabzon, Turkey) by receiver function and 

dispersion analyses. Geophys J Int 2004; 158: 

955-971 

[61] Maden, N., Gelişli, K., Eyüboğlu, Y., Bektaş, O. 

Two-andthree-dimensional crustal thickness of 

the eastern Pontides (NE Turkey). Turk J Earth 

Sci 2009; 18(2): 225-238. 

[62] Sisson, T.W., Grove, T.L. Experimental 

investigations of the role of H2O in calc-alkaline 

differentiation and subduction zone magmatism. 

https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=4jRIq_0AAAAJ&sortby=pubdate&citation_for_view=4jRIq_0AAAAJ:_kc_bZDykSQC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=4jRIq_0AAAAJ&sortby=pubdate&citation_for_view=4jRIq_0AAAAJ:_kc_bZDykSQC
https://scholar.google.com.tr/citations?view_op=view_citation&hl=tr&user=4jRIq_0AAAAJ&sortby=pubdate&citation_for_view=4jRIq_0AAAAJ:_kc_bZDykSQC


Journal of Engineering Research and Applied Science Volume 9 (2), December 2020, 1529 -1537 

 

1537 
Kaygusuz et al / Crystallization conditions and petrography of Eocene Volcanic rocks in the Gümüşdamla-Erikdibi area 

(Bayburt, NE Turkey) 

Contrib Mineral Petrol 1993; 113: 143-166. 

[63] Barclay, J., Carmichael, I.S.E. A hornblende 

basalt from western Mexico: water-saturated 

phase relations constrain a pressuretemperature 

window of eruptibility. J Petrol 45: 485-506. 

[64] Luhr, J.F. Slab-derived fluids and partial melting 

in subduction zones: insights from two 

contrasting Mexican volcanoes Colima and 

Ceboruco. J Volcanol Geotherm Res 1992; 

54:1–18. 

[65] Eggler, D.H. Water-saturated and undersaturated 

melting relations in a Paricutin andesite and an 

estimate of water content in the natural magma. 

Contrib Mineral Petrol 1972; 34: 261-271. 

[66] Helz, R.T. Phase relations of basalts in their 

melting ranges at PH2O =5 kb as a function of 

oxygen fugacity. J Petrol 1973; 14: 249-302. 

[67] Naney, M.T. Phase equilibria of rock-forming 

ferromagnesian silicates in granitic systems. Am 

J Sci 1983; 283: 993-1033. 

[68] Merzbacher, C., Eggler, D.H. A magmatic 

geohygrometer: application to Mount St. Helens and 

other dacitic magmas. Geology 1984; 12: 587-590. 
 

 

 


