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Abstract 
In the Eastern Pontides, there are many plutonic rocks of different ages and compositions from Paleozoic to Tertiary. 

Although Carboniferous plutonic rocks are widely observed as large bodies in the Southern Zone of the Eastern Pontides, 

they are less common in the Northern Zone and consist of smaller bodies. In this study, Carboniferous plutonic rocks 

cropping out in Erenkaya (Gümüşhane) and surrounding area in the Southern Zone of the Eastern Pontides were 

investigated petrographically and geochemically. The studied Carboniferous plutonic rocks are in granodiorite and 

granite composition and mainly consist of plagioclase, orthoclase, quartz, biotite and hornblende minerals. These 

plutonic rocks have calc-alkaline character and have high K content. The samples have peraluminous to metallumin 

characters and have high SiO2 contents (67-75 wt%). They are enriched in-large ion lithophile and light rare earth 

elements, and depleted in high-field strenght elements. Chondrite-normalized rare earth element distributions are 

characterized by concave-upwardly shapes (LaN/YbN = 3.57 to 6.90) and show negative Eu anomalies (EuN/Eu* = 0.32 to 

0.62). All these features with low molar (Na2O+K2O)/(FeOT+MgO+TiO2), K2O/Na2O, ASI and high 

(CaO+FeOT+MgO+TiO2) and Na2O contents indicates that the studied Carboniferous rocks may have been formed by 

partial melting of meta-magmatic lower crustal source rocks.  
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1. Introduction 

 

Eastern Pontides (NE Turkey), located in the Alpine-

Himalayan orogenic belt and also known as the 

Sakarya Zone, is one of the areas where plutonic and 

volcanic rocks are commonly observed [1-12]. 

 

The plutonic bodies observed in the Eastern Pontides 

between Paleozoic and Cenozoic period are 

represented by mafic to felsic products of the 

magmatic rocks varying from gabbro to granite in 

compositions. The emplacement periods of these 

plutonic rocks in the belt range from Paleozoic [4-5, 

13-20] through Jurassic [21-23], Late Cretaceous-

Paleocene [10, 24-27] to Eocene-Oligocene [1, 11, 

28-34]. 

 

Radiometric age data for the Carboniferous aged 

plutonic rocks in the Eastern Pontides are limited and 

are given in Figure 1 and Table 1. Accordingly, the 

ages of the Carboniferous plutonic rocks vary 

between 302 and 348 Ma (Table 1). 
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Figure 1. Simplified geological map showing the main pluton distribution and geochronological ages in the Eastern 

Pontides (modified after [20, 35]). 

 
Table 1. Geochronological ages of Carboniferous plutons in the Eastern Pontides (changed from [20]) 

Era/Age Pluton/Location Age (Ma) Method Reference 

Carboniferous Köse (Gümüşhane) 322.2±3.8 Ar-Ar [5] 

Carboniferous Köse (Gümüşhane) 306.6±4.2 Ar-Ar [5] 

Carboniferous Köse (Gümüşhane) 318±2.4 Ar-Ar [5] 

Carboniferous Gümüşhane 298 U/(Th-

Pb) 

[13] 

Carboniferous Gümüşhane 304 U/(Th-

Pb) 

[13] 

Carboniferous Gümüşhane 338 U/(Th-

Pb) 

[13] 

Carboniferous Gümüşhane 309.2±5.3 Ar-Ar [4] 

Carboniferous Gümüşhane 316.8±2.9 Ar-Ar [4] 

Carboniferous Gümüşhane 319±5 U-Pb  [4] 

Carboniferous Gümüşhane 329±6 U-Pb  [4] 

Carboniferous Çamlık (Gümüşhane) 302.01±0.68 U-Pb  [17] 

Carboniferous Alazlı (Tonya-Trabzon) 312.1±2.1 U-Pb  [20] 

Carboniferous Derinoba (Tonya-Trabzon) 317.2±3.5 U-Pb  [15] 

Carboniferous Derinoba (Tonya-Trabzon) 311.1±2.0 U-Pb  [15] 

Carboniferous Kayadibi (Kürtün-

Gümüşhane) 

303.8±1.5 U-Pb  [15] 

Carboniferous Özdil (Yomra-Trabzon) 340.7±1.8 U-Pb  [16] 

Carboniferous Özdil (Yomra-Trabzon) 323.1±1.5 U-Pb  [16] 

Carboniferous Seslikaya (Maçka-Trabzon) 335.4±1.4 U-Pb  [16] 

Carboniferous Soğuksu (Maçka-Trabzon) 348.4±1.6 U-Pb  [16] 

Carboniferous Şahmetlik (Tonya-Trabzon) 334.5±1.4 U-Pb  [16] 

Carboniferous Kızılağaç (Tonya-Trabzon) 337.2±0.69 U-Pb  [16] 

Carboniferous Çamlıkaya (Yusufeli-Artvin) 330±4.0 U-Pb  [14] 

Carboniferous Demirkent (Yusufeli-Artvin) 325±3.0 U-Pb  [14] 

Carboniferous Narlık (Yusufeli-Artvin) 330±19 U-Pb  [14] 

 

Despite the petrological and geochemical studies 

have been conducted in recent years on 

Carboniferous plutons in the region [15-20], the 

investigations of the Erenkaya (Gümüşhane) and 

surrounding area are mainly based on the geological 

mapping affords [35].  

 

The Carboniferous aged plutonic rocks in Erenkaya 

(Gumushane) and its surroundings, which are the 

subject of this study, form a part of the Gümüşhane 

Pluton. The Gümüşhane Pluton (according to some 

authors, Gümüşhane Granitoid, Gümüşhane Granite), 

which spreads over an area of approximately 400 

km2, was studied in parts, not as a whole. Although 

there are detailed studies [4; 17-18, 22, 36] in 

different parts of the Gümüşhane Pluton, no study 

has been conducted on the petrographic, geochemical 

and petrological properties of the Carboniferous aged 

plutonic rocks in Erenkaya (Gümüşhane) and its 

surrounding. Therefore, in this study, it was aimed to 

examine the petrographic, geochemical and 

petrological properties of the Carboniferous aged 

plutonic rocks in the Erenkaya (Gümüşhane) and 

surrounding areas. 

 

2. Regional geology and geological setting 

 

Based on lithological and structural differences, the 

Eastern Pontides are generally divided into a 

southern and a northern zone [37-38]. Carboniferous 

plutons are observed both northern and southern 

zones (Figure 1). 

 

The basement rocks of the Eastern Pontides consist 

of Early Carboniferous metamorphic rocks [39] and 

Late to Early Carboniferous Plutonic rocks [4, 15-16, 

18, 20]. These Pre-Jurassic basement rocks are 

overlain by the Early and Middle Jurassic volcano-

sedimentary rocks [40-43] and are cut by Mid to Late 

Jurassic plutons [14, 21, 23, 44]. All these rocks are 

overlain by the Late Jurassic to Early Cretaceous 

carbonates [45]. The Late Cretaceous units that 

unconformably overlie these carbonate rocks consist 
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of plutonic, volcanic and sedimentary rocks [46-49] 

and overlain by the Cenozoic units consisting of 

plutonic, volcanic and sedimentary rocks [1, 8, 11-

12, 31, 47, 50-63]. The youngest units in the region 

are Quaternary alluvium and terraces. 

 

The study area located in the south zone of the 

Eastern Pontides and is generally dominated by 

plutonic and volcanic rocks (Figure 2). The oldest 

units in the study area are the Mid to Late 

Carboniferous Gümüşhane Pluton. This pluton is 

observed in a very large part of the study area. The 

Early to Middle Jurassic Şenköy Formation 

unconformably overlies the Gümüşhane Pluton 

(Figure 2). This formation is found in the northern 

and southern parts of the Gümüşhane Pluton in the 

study area and has faulty contacts with the 

Gümüşhane Pluton. 

 

3. Analytical techniques 

 

Within the scope of this study, thin sections of rock 

samples collected from the field were prepared and 

detailed petrographic properties were determined 

under a polarizing microscope. 

 

Based on the petrographical studies determined under 

a polarizing microscope, fresh and mostly 

representative rock samples were selected for whole-

rock major, trace and rare earth element (REE) 

analyzes. These analyses were made in ACME 

(Vancouver, Canada) Analytical Chemistry 

Laboratory. Major and trace elements were analyzed 

by ICP method, and rare earth elements (REE) by 

ICP-MS method. For the major and trace element 

analyzes, 0.2 grams of powder sample was mixed 

with 1.5 grams of LiBO2 and analyzed after 

dissolving in a liquid containing 5% HNO3, while 

0.250 grams of powder sample for rare earth element 

analyzes was dissolved in four different acids and 

analyzed. Detection limits range from 0.002 to 0.04 

wt% for major oxides, 0.1 to 8 ppm for trace 

elements, and 0.01 to 0.3 ppm for REE. 

 

 
Figure 2. Geological map of the study area 

 

4. Mineralogy and petrography 

 

The studied plutonic rocks are composed of 

granodiorite and granite. Granodiorites are observed 

in the marginal parts, wherease granites are observed 

in the central parts. While granites form a large part 

of the pluton, granodiorites are observed in a smaller 

area. Although the contact of granites and 

granodiorites cannot be observed very well due to 

intense alteration and vegetation, the contacts are 

sharp, and the granites cut the granodiorites. They are 

generally holocrystalline, medium to coarse grained, 

poikilitic, micrographic and rarely micrographic in 

texture.  Main minerals are plagioclase, quartz, 

orthoclase, biotite, hornblende, muscovite and 

opaque minerals (Figure 6).  
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Figure 3. The polished hand sample (a) and thin section view (b) of the studied rocks (Pl: Plagioclase, Ort: Orthoclase, Q: 

Quartz, Bi: Biotite) 

 

Plagioclases forms euhedral and subhedral coarse 

grained crystals. They show polysynthetic twinning, 

and some of them are zoned. The compositions of the 

crystals showing albite twins are andesine (An33-38). 

Quartz is anhedral with irregular cracks and 

interstitial to the other minerals. K-feldspars forms 

anhedral to subhedral crystals of perthitic orthoclase. 

Karlspad twins are observed in some of the large and 

semi-euhedral orthoclases. In some sections, large 

orthoclase crystals form a poikilitic texture including 

smaller plagioclase, biotite and opaque minerals. 

Biotite is observed as subhedral crystals and 

generally chloritized. They show greenish 

pleochroism due to chloritization. There are also 

small amounts of opaque mineral formations with 

chloritization. Hornblendes are in the form of 

elongated euhedral prismatic crystals and contains 

small biotite, apatite, zircon and opaque mineral 

inclusions. Chloritization is common in some 

minerals. Muscovites are found in rare and as small 

crystals. There are opaque minerals of varying sizes 

and anhedral shape. 

 

5. Whole-rock geochemistry 

 

The minimum (min), maximum (max), average (avg) 

and standard deviation (SD) values of whole-rock 

major, trace and rare earth element analyzes of seven 

samples of the studied plutonic rocks are given in 

Table 2 and 3. SiO2 values of the studied samples are 

between 67 and 75%. Granodiorites have the lowest 

SiO2 values (66-67), while granites have the highest 

SiO2 values (72-74). The K2O/Na2O ratios of the 

samples vary between 0.64 and 1.06, and the 

magnesium numbers 

[Mg#=100*(MgO/MgO+Fe2O3
T)] vary between 33 

and 39 (Table 2). 

 
Table 2. Minimum (min), maximum (max), average (avg) and standard deviation (SD) values of whole-rock major and 

trace element analyzes of the studied rocks 

Rock 

 

 

Granodiorite  Granite 

min max avg SD min max avg SD 

SiO2 66.52 68.87 67.61 1.18 72.35 75.06 73.81 1.21 

TiO2 0.18 0.23 0.21 0.03 0.14 0.18 0.16 0.02 

Al2O3 16.36 17.97 16.99 0.86 11.72 12.85 12.38 0.48 

Fe2O3
T 2.16 2.96 2.62 0.41 2.21 2.85 2.53 0.28 

MnO 0.06 0.08 0.07 0.01 0.03 0.05 0.04 0.01 

MgO 0.58 0.85 0.73 0.14 0.53 0.70 0.61 0.09 

CaO 2.26 3.05 2.59 0.41 1.77 2.18 1.92 0.18 

Na2O 3.58 4.20 3.89 0.31 3.25 3.51 3.39 0.11 

K2O 2.65 2.82 2.71 0.09 3.34 3.46 3.40 0.06 

P2O5 0.07 0.11 0.09 0.02 0.04 0.08 0.06 0.02 

LOI 1.40 2.90 2.23 0.76 1.30 1.80 1.50 0.22 

Total 99.67 99.86 99.74 0.10 99.66 99.86 99.79 0.09 

Co 3.90 7.60 6.00 1.90 1.70 2.30 1.93 0.29 

Ni 10.60 24.20 16.10 7.16 8.70 15.30 11.53 2.79 

V 13.00 38.00 26.00 12.53 8.00 12.00 10.00 1.83 

Cu 15.90 38.40 26.57 11.30 14.30 127.70 46.93 54.30 
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Pb 5.70 6.90 6.47 0.67 9.60 13.40 11.93 1.63 

Zn 25.00 33.00 30.00 4.36 23.00 31.00 27.50 4.12 

W 1.30 3.60 2.37 1.16 0.50 4.30 1.70 1.75 

Rb 94.00 101.00 97.00 3.61 102.40 109.60 105.63 3.23 

Ba 523.00 615.00 574.67 47.04 536.00 793.00 642.00 117.52 

Sr 58.00 92.00 78.33 17.95 45.00 53.80 50.40 4.02 

Ta 1.70 1.90 1.80 0.10 1.70 1.90 1.83 0.10 

Nb 7.30 8.90 8.17 0.81 9.00 11.10 10.05 0.93 

Hf 3.10 4.60 4.00 0.79 4.80 5.30 5.13 0.22 

Zr 125.00 163.00 145.33 19.14 149.10 174.90 157.73 11.82 

Y 35.70 49.90 42.63 7.11 34.10 39.90 37.45 2.46 

Th 5.60 8.40 6.70 1.49 6.30 9.40 8.15 1.31 

U 0.90 1.40 1.13 0.25 1.30 1.80 1.53 0.22 

Ga 13.60 15.30 14.37 0.86 14.30 16.00 15.23 0.74 

Mg # 37.15 38.73 37.80 0.83 32.71 36.77 34.56 1.74 

K2O/Na2O 0.64 0.79 0.70 0.08 0.95 1.06 1.00 0.05 

ASI (A/CNK) 1.08 1.31 1.22 0.12 0.95 0.99 0.97 0.02 

Nb/Ta 3.84 5.24 4.56 0.70 5.29 5.84 5.50 0.25 

Y/Nb 4.30 6.84 5.30 1.35 3.59 3.90 3.73 0.13 

Rb/Sr 1.02 1.74 1.30 0.39 1.93 2.28 2.10 0.16 

Ce/Pb 6.24 7.58 6.98 0.68 4.42 7.69 5.75 1.55 

Mg# (mg-number) = molar 100xMgO/(MgO+ Fe2O3
T). LOI is loss on ignition.  

 
Table 3. Minimum (min), maximum (max), average (avg) and standard deviation (SD) values of rare earth element 

analyzes of the studied rocks 

Rock 

 

 

Granodiorite  Granite 

min max avg SD min max avg SD 

La 23.30 31.60 26.53 4.44 30.30 42.70 36.20 5.95 

Ce 40.60 52.30 45.10 6.30 56.10 78.80 66.98 11.03 

Pr 5.59 7.68 6.58 1.05 6.26 8.82 7.57 1.17 

Nd 25.10 31.50 28.03 3.23 23.60 31.10 27.38 3.43 

Sm 3.45 4.62 3.98 0.59 4.74 6.44 5.60 0.72 

Eu 0.76 0.89 0.82 0.07 0.61 0.71 0.66 0.05 

Gd 4.13 5.45 4.95 0.71 5.15 6.51 5.88 0.61 

Tb 0.85 0.95 0.89 0.06 0.91 1.06 0.99 0.06 

Dy 5.82 6.39 6.05 0.30 5.55 6.73 6.14 0.48 

Ho 1.32 1.56 1.44 0.12 1.22 1.38 1.32 0.07 

Er 3.43 4.17 3.80 0.37 3.58 4.26 4.00 0.29 

Tm 0.42 0.58 0.50 0.08 0.57 0.64 0.62 0.03 

Yb 3.42 4.41 3.89 0.50 3.53 4.27 4.01 0.33 

Lu 0.52 0.64 0.58 0.06 0.56 0.66 0.63 0.05 

(La/Lu)n 3.77 6.29 4.82 1.31 5.04 6.80 5.94 0.78 

(La/Sm)n 4.02 4.31 4.19 0.15 3.78 4.27 4.06 0.22 

(Gd/Lu)n 0.99 1.13 1.06 0.07 1.06 1.24 1.16 0.08 

(La/Yb)n 3.57 6.24 4.72 1.38 5.08 6.90 6.09 0.82 

(Eu/Eu*)n 0.51 0.62 0.57 0.06 0.32 0.38 0.35 0.02 

Eu*=(Sm+Gd)n/2 

 

In the SiO2 versus (Na2O+K2O) diagram (Figure 4a), 

the studied plutonic rocks consist of subalkaline 

granodiorite and granite composition rocks. In the 

Ce/Yb vs. Ta/Yb diagram, all of the samples are 

calc-alkaline in characters (Figure 4b). 
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Figure 4. a) Chemical nomenclature diagram [63], b) Ce/Yb vs. Ta/Yb diagram [64] of the rock samples from the studied 

plutonic rocks (field boundaries alkaline/subalkaline series, according to [65]) 

 

Rock samples are located in the high potassium area 

in the K2O vs. SiO2 diagram [63] (Figure 5a). The 

A/CNK values of the samples are between 0.95-1.31 

and they show metallumin to peralumin properties 

(Figure 5b). 

 

 

   
Figure 5. a) SiO2 vs. K2O diagram (field boundaries between the medium-K, high-K and shoshonitic series, according to 

[66]), b) A/CNK vs. A/NK diagram [66] of the rock samples from the studied plutonic rocks 

 

Although irregular distributions are observed in some 

of the major and trace element vs. SiO2 diagrams 

(Figures 6 and 7), they give good correlations 

indicates that fractional crystallization plays an 

important role in the development of rocks. In the 

SiO2 versus major element diagrams, the SiO2 values 

increase, wherease Na2O, CaO, MgO, Al2O3, Fe2O3
T, 

TiO2 and P2O5 decrease (Figure 6). A positive 

correlation is observed in K2O vs. SiO2 diagram 

(Figure 6). 
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Figure 6. Variation diagrams of SiO2 (wt.%) vs. major oxides (wt.%) for the rock samples from the studied plutonic rocks 

 

In the trace element vs. SiO2 diagrams (Figure 7), a 

positive correlation is observed in Ba, Zr, Rb, Th, Nb 

and Pb values as increasing SiO2, wherease a 

negative correlation is observed for Sr, Ni and Y 

contents (Figure 7). 

 

   

     

     
Figure 7. Variation diagrams of SiO2 (wt.%) vs. trace elements (ppm) for the rock samples from the studied plutonic 

rocks 

 

In the primitive mantle-normalized [67] multielement 

variation diagrams (Figure 8a and b), while the 

enrichment is observed in incompatible elements of 

the samples, the depletion is also observed in 

compatible elements such as Ti, Nb, Ta, Sr and P. 

 

The chondrite-normalized rare earth element (REE) 

distributions [68] of the studied rocks are generally 
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similar to each other (Figures 8c and d). This 

indicates that the rocks in the study area are derived 

from a similar source. 

 

In the chondrite-normalized REE diagrams (Figure 

8), light rare earth elements (LREEs) are more 

enriched than heavy rare earth elements (HREEs). 

While the (La/Lu)N ratios of the samples vary 

between 3.77 and 6.80, the (La/Yb)N ratios are 

between 3.57 and 6.90 (Table 3). The (Eu/Eu*)N 

ratios of the samples are between 0.32 and 0.62 and 

they show negative Eu anomalies (Figure 8). 

 

   

    
Figure 8. (a-b) Primitive mantle-normalized [67] trace element patterns, (c-d) Chondrite-normalized [68] rare earth 

element patterns for the rock samples from the studied plutonic rocks 

 

In the SiO2 versus molar A/CNK diagram [69], some 

of the samples are located in the area of I-type and 

some of them in the area of S-type granitoids (Figure 

9a). When compared with the I and S-type granites 

[69] of the Lachlan Belt, it is seen that all of the 

samples fall in the same area with I-type granites of 

the Lachlan Fold Belt (Figure 9b). 

 

  
Figure 9. (a) SiO2 vs. ASI (A/CNK) diagram [69], (b) Na2O vs. K2O (%) diagram for the rock samples from the studied 

plutonic rocks 

 

In the Nb vs. 10000Ga/Al diagram developed by 

[70], all of the samples are located in the I-type 

granite area (Figure 10a). In the multicationic 

diagram of [71], it is seen that the samples mostly 

fell into the syn-collision area (Figure 10b). 
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Figure 10. (a) Nb vs. 10000 Ga/Al classification diagram [70], (b) R1-R2 diagram [71] for the rock samples 

from the studied plutonic rocks. R1=4Si–11(Na+K)–2(Fe+Ti); R2= 6Ca+2Mg+Al 

 

In the Rb vs. (Y+Nb) diagram [72], the studied 

samples are located close to the triple intersection 

point of volcanic arc granitoids (VAG), intraplate 

granitoids (WPG) and syn-collision granitoids 

(Syn+COLG) areas (Figure 11a). In this diagram, it 

is seen that the grouping has shifted a little more to 

the collision granites (syn-COLG) region. The 

samples falling at the triple intersection characterize 

the post-collisional granitoids (Post-COLG) [72]. In 

the Zr vs. (Nb/Zr)N diagram, all samples are located 

in the collision-related area (Figure 11b). 

 

  
Figure 11. (a) Distributions of Rb vs. (Y+Nb) in the tectono-magmatic diagram [72], (b) Zr vs. (Nb/Zr)N diagram for the 

rock samples from the studied plutonic rocks 

 

6. Discussion 

 

The studied plutonic rocks are of high K calc-

alkaline character, has low Ni content (9-24 ppm) 

and relatively low Mg# (33-39) values. All these 

features indicate that the main magma of the studied 

rocks is not in equilibrium with the primary mantle 

composition (Mg# = ~ 66 to 75, Ni = ~ 400 to 500 

ppm; [73]). 

 

As seen in the Harker diagrams (Figures 5 and 6), 

while SiO2 increases with K2O and Rb in the 

samples, whereas the decrease in TiO2, Al2O3, Fe2O3, 

MgO, CaO and P2O5 contents indicate fractional 

crystallization. 

 

The studied plutonic rocks are of calc-alkaline 

character and do not contain any basic composition 

in their geochemical data (SiO2 = 67-75, MgO = 0.5-

0.9, Ni = 9-24). They have negative Nb, Ta, P, Sr and 

Ti anomalies in the primitive-mantle normalized 

diagrams and are enriched in Rb and K. Medium to 

high Rb/Sr ratios (1.02-2.28), high SiO2 (66-75) and 

K2O (2.7-3.5) contents indicate that these rocks may 

derive from metamagmatic, metasedimentary or 

felsic micaceous crustal source rocks [74]. 

 

The average Nb/Ta ratios of the samples are 17.5 for 

mantle-derived magmas and 11-12 for crust-derived 

magmas [75]. The Nb/Ta ratios of the samples are 

between 4 and 6, and these values indicate magmas 

derived from the crustal rocks. [76] suggested that 

the Y/Nb ratio can distinguish between granitoids 

with mantle (Y/Nb < 1.2) and crustal (Y/Nb > 1.2) 

origins. The Y/Nb ratios of the samples are between 

3.6 and 6.8, indicating crustal origin. 
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In spider diagrams normalized chondrite and 

primitive mantle, the samples show negative Nb, Ta, 

Ti and positive Rb, Th, K, Pb anomalies and are 

enriched with LILE and LREE elements. These 

features are generally characteristic of crustal rocks. 

In experimental studies of [77] showed that I-type 

high-K granitoids can be derived from meta-

magmatic rocks with calc-alkaline mafic to 

intermediate composition in the crust by partial 

melting in hydrated environments. According to [78], 

tonalitic and trondjemitic magmas can be formed by 

the hydrous melting of basalt. These magmas may 

produce granitic composition rocks (acidic) through 

fractional crystallization (FC) and/or crustal 

contamination.  

The magmas forming the granitic rocks can generally 

be formed by partial melting of the lower continental 

crust as a result of dehydration of metasedimentary 

and/or metamagmatic rocks [79]. The compositional 

differences of magmas formed by the partial melting 

of different source rocks such as metabasalts, 

metagraywackes, metapelites and amphibolites under 

variable melting conditions may be visualized by the 

molar oxide ratios [79]. The studied samples have 

low molar K2O/Na2O, (Na2O+K2O) / 

(FeOT+MgO+TiO2), ASI and high 

(CaO+FeOT+MgO+TiO2), Na2O contents indicates 

the origin by dehydration melting from mafic lower 

crustal rocks (e.g. amphibolites) (Figure 12). 

 

      

  
Figure 12. Chemical composition of the studied plutonic rocks. Outlined fields denote compositions of partial melts 

obtained in experimental studies by dehydration melting of various bulk compositions. MB, metabasalt; MA, 

metaandesite; MGW, metagrasswack; MP, metapelite; AMP, amphibolite. Data source fields from [79] 

 

7. Conclusions 

 

1. The studied plutonic rocks are granodiorite 

and granite in composition defining a calc-

alkaline series. 

2. The samples have peraluminous to 

metalluminous characters and have high SiO2 

contents (67-75 wt%). 

3. All of the samples display similar 

geochemical features characterized by 

enrichment in large-ion lithofile elements 

and light rare earth elements, with 

pronounced depletion in high-field-strength 

elements indicating similar sources and 

petrogenetic processes. 

4. The main solidification processes involved in 

the evolution of the plutonic rocks consist of 

fractional crystallization.  

5. The geochemical composition of the studied 

plutonic rocks is broadly compatible with an 

origin by dehydration melting from a 

metabasaltic (amphibolitic) source rocks. 
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