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Abstract

There are many Paleozoic to Tertiary plutons in Eastern Pontides with different compositions, sizes and age intervals. Of
these plutons, especially the Paleozoic aged plutons are frequently observed in the southern part of Eastern Pontides,
whereas they are rarely located in the northern part. In this study, the petrographic and geochemical characteristics of the
Paleozoic Artabel Pluton are presented in order to explain the origin and evolutionary processes of the rocks. Artabel
Pluton is granite in composition with primary minerals including plagioclase, quartz, orthoclase, biotite, muscovite and
Fe-Ti oxide. The rocks of the pluton have medium to high-K calc-alkaline characters with I-type features. They are
enriched by light rare earth elements (LREE) and large ion lithophile elements (LILE) with pronounced depleted by high
field strength elements (HFSE). The La,/Lu, ratios of the rocks vary between 4.9 and 8.9, and they display negative Eu
anomalies (Eu/Eu*=0.3-0.6). Major and trace element variations indicate that plagioclase and Fe-Ti oxide fractionation is
effective in the development of the rocks. Crystallization temperatures calculated according to apatite-zirconium
geothermometer range between 690 and 897 °C. All these characteristics, high SiO,, moderate (Al,O3) /
(FeO+MgO+TiO,), (Na,O+K,0) / (FeO++MgO+TiO;) and low (CaO) / (FeO;+MgO+TiO,) content indicate that the

rocks of the Artabel Pluton may have been formed by the partial melting of meta-magmatic source rocks.

Keywords: paleozoic, artabel pluton, geochemistry, petrology, Giimiishane, Eastern Pontides.

1. Introduction

Volcanic and plutonic rocks are frequently observed
in the Eastern Pontides located on the Alpine-
Himalaya orogenic belt. There are many of the
plutons in the region with a wide range of
composition and age interval from the Permo-
Carboniferous to Eocene-Oligocene (Figure 1). These
granitic plutons are settled in three different time
periods as Paleozoic, Cretaceous and Eocene (Figure
1). Of these, the Paleozoic plutons [1-5] have settled
by cutting through the metamorphic rocks. These
plutons are found in the Southern Zone (Giimiishane,
Kose and Artvin) as large blocks [1-2] and as smaller
blocks in the Northern Zone (Trabzon-Magka-Ozdil-
Tonya) [4-5]. Moreover, Early Jurassic Plutons have
settled by cutting through the metamorphic basement

2. Regional geology and geological setting

The basement of the Eastern Pontides is made up the
Early Carboniferous metamorphic rocks and Late
Carboniferous plutonic rocks [2, 4, 5, 29-31]. These
basement rocks are uncomfortably overlain by
Early-Middle Jurassic volcano-sedimentary
sequence [32-33]. Early-Late Jurassic granitic
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rocks [3, 6-7] (Figure 1). Late Cretaceous plutons are
cut the volcanic and/or volcanoclastic rocks related to
subduction [8-11]. Whereas Eocene and post-Eocene
plutons have settled in narrower regions cutting
through all units [8, 12-17] (Figure 1).

Even though there are many studies on the ore
geology, general geology and petrology of the
magmatic rocks in the region [18-27], no studies
have been carried out on the Artabel Pluton
excluding those by [28]. The aim of the present study
was to present petrographic and geochemical
characteristics of the Artabel Pluton for clarifying the
development of the Paleozoic magmatism in the
eastern Pontides.

plutons [7, 34] have cut through these units. Late
Jurassic-Cretaceous period is characterized by
extensive carbonate deposits in the Eastern Pontides.
Late Cretaceous granitic plutons and volcanic rocks
comprise the dominant lithology in the northern
zone [8, 9, 15, 27, 35], while sedimentary rocks
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have been dominant in the southern zone during this
period. Anatolid-Tauride blocks have collided
during the Late Paleocene-Early Eocene period [36].
Formation of the adakitic and non-adakitic rocks
during the Early Eocene [37-41] is considered as
the final stage of the arc-continent collision. Eocene
period in the region is represented by post-collision
calc-alkaline volcanic rocks and high-K calc-
alkaline and shoshonitic plutons [10, 13, 25, 37, 41-
45]. Post-Eocene uplift and erosion brought clastic
input into locally developed basins [46]. In the Late
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Eocene, the region has remained largely above sea
level with continuous minor volcanism and
terrigenous sedimentation [36]. The Miocene and
post-Miocene magmatism are characterized by calc-
alkaline to mildly alkaline compositions [40, 47-48],
while the Miocene to Pliocene volcanism in the
Ilica-Kandilli area is represented by calc-alkaline in
compositions [49-50]. The youngest rocks in the
region are comprised of Quaternary travertines and
alluviums.
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Figure 1. Geological map showing the plutonic and surrou

The study area is located to the south of the Eastern
Pontides. Permo-Carboniferous granites make up the
oldest units in the study area (Figure 2). These
basement rocks are overlaid by Early-Middle Jurassic
volcano-sedimentary rocks (Zimonkdy Formation)
with unconformity. Late Jurassic-Early Cretaceous
Berdiga Formation conformably overlay these units.
Late Cretaceous rocks are represented by the
Kermutdere Formation starting at the basement with

3. Analysis methods

The scope of this study, thin sections were prepared
from 50 rock samples obtained in the field and
detailed petrographic characteristics were determined
with a polarizing microscope and modal analyses of
10 samples were performed.

Major, trace and rare earth element analyses for the 9
samples of the Artabel Pluton were carried out at the
ACME Analytical Laboratory (Vancouver, Canada).
The 0.2 gr powder rock sample prepared for main

nding rocks in the Eastern Pontides (modified from [17]).
sandy limestones, continue with red limestones, and
ending with volcano-sedimentary series. Eocene
Alibaba Formation uncomfortably overlays the
Cretaceous units consisting of sedimentary
interfingered by andesite, basalt and their pyroclastic.
All these units are cut through by Lutetian (44 Ma)
Avliyana Granitoid (Figure 2). The youngest units of
the study area are made up of Quaternary alluviums
and travertines.

and trace element analyses was first dissolved with
1.5 gr LiBO, and with 100 ml %5 HNO; afterwards
followed by measurements via induction coupled
plasma atomic emission spectrometer (ICP-AES).
Rare earth elements (REEs) were analyzed via
induction coupled plasma mass spectrometer (ICP-
MS) after the 0.25 gr powder rock sample was
dissolved in four different acids. Loss on ignition
was calculated from the weight difference after the
samples were burned at 1000 °C.
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Figure 2. Geology map of the study area and its surroundings (modified from [28]).

4. Results

4.1. Field observations

The rocks of the Artabel Pluton outcrops over an area
of 12 km? (Figure 2). They are observed in the
Artabel, Ciplakkiran Hill, Kayakli Hill and Nineva to
the south-southeast of the study area. Tectonic
relations with the surrounding rocks are observed
especially at the Artabel village and Ciplakkiran Hill.
The large tectonic line observed in the N-S direction
at this area has a length of about 8 km up to the
4.2. Petrographic features

The petrographic characteristics and modal analysis
results of the Artabel Pluton have been presented in
detail by [28]. Rock samples of the Artabel Pluton
have granite composition in the QAP diagram based
on modal analysis [28, 51]. The rocks of the pluton

Avliyana village. Structures with multiple cracks and
fractures have developed at some areas and the
blocks of the rocks are not effective. The formations
of the arena are observed especially near and to the
east of the Artabel village. Macroscopically large
orthoclase, quartz and less plagioclase minerals can
be detected.

display granular, poikilitic and micrographic texture.
Primary minerals are plagioclase (% 31-36), quartz
(% 28-35), orthoclase (% 27-31), biotite (% 1-4),
muscovite (% 0.2-0.5) and opaque minerals (% 1-3)
(Figure 3).
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1 mm

te‘rocks of the Artabel Pluton, a) Medium to Iarg granular texture observed in

the granites, b) Large orthoclase minerals include small plagioclase crystals (PI: Plagioclase, Ku: Quartz, Ort:
Orthoclase).

5. Geochemical characteristics

The SiO, values of the rock samples vary in a narrow
interval (75-77 %). The CaO, Fe,Os1, K0, Al,O;
contents of the rocks vary between 0.3-1.2, 1.1-1.8,
2.8-4.9 and 13-14, respectively. While the K,O/Na,O
ratios of the samples vary between 0.7-2.3, A/ICNK
(molar Al,03/CaO+Na,0+K,0) values vary between
1.1-1.7 and magnesium numbers [100 x (MgO/MgO

-
[¢)]

+ Fe,0s71)] vary between 24 and 49 (Table 1).

Plotted on the SiO, vs. (Na,0+K,0) diagram, the
samples are granite in composition and has sub-
alkaline characters (Figure 4a). Samples in the
Artabel Pluton have medium to high-K content in the
K0 vs. SiO, diagram (Figure 4b).
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Figure 4. () (Na,O+K,0) vs. SiO, classification diagram [52], (b) K,0 vs. SiO, diagram [53] for the samples of the
Acrtabel Pluton.

While a negative correlation is observed between
TiO,, P05, Al,Os, Fe,05', CaO and NayO vs.

SiO, variation diagrams (Figure 5), a positive
relationship is observed between SiO; and K;0.
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Table 1 presents the whole-rock major, trace and rare earth element analysis results for the 9 samples of the Artabel

Pluton.
Rock type granite
Sample no GT-8 AVL-9 GT-7 GT-28 GT-14 GT-10 GT-16 GT-12 GT-9
SiO, 75.02  75.07 7530 7548 7557 75.64 76.54 76.71 76.95
TiO, 0.08 0.18 0.09 0.09 0.09 0.07 0.02 0.09 0.09
Al,O3 13.21  14.00 1405 1330 1323 1311 12.72 12.90 12.72
Fe,O3 1.77 1.09 1.11 1.22 1.43 1.05 1.35 1.23 1.30
MnO 0.03 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.01
MgO 0.28 0.17 0.33 0.43 0.25 0.45 0.51 0.32 0.19
CaO 0.65 1.22 0.43 0.68 0.66 0.87 0.78 0.55 0.29
Na,O 3.51 4.03 2.93 3.50 3.59 3.44 2.48 3.74 3.50
K,O 4.26 2.78 4.86 3.99 3.81 4.14 3.43 3.77 3.39
P,0Os 0.03 0.04 0.02 0.04 0.04 0.03 0.02 0.03 0.02
LOI 1.00 1.30 0.70 1.20 1.20 1.10 2.00 0.50 1.40
Total 99.84  99.90 99.83 99.95 99.89 99.92 99.88 99.86 99.86
Co 0.50 1.10 0.90 0.30 0.30 0.40 0.60 0.80 0.20
Ni 3.90 1.50 3.10 2.80 2.40 2.50 3.10 3.60 2.50
\ 8.00 14.00 11.00 8.00 8.00 8.00 8.00 8.00 8.00
Cu 4.70 5.50 4.70 2.80 3.60 2.80 4.60 6.60 4.50
Pb 3.90 11.90 4.60 4.40 4.90 4.70 4.60 3.90 4.70
Zn 16.00 13.00 6.00 13.00 14.00 9.00 16.00 8.00 4.00
W 0.50 0.50 1.80 1.00 3.90 0.50 0.90 0.50 1.30
Rb 136.90 26.30 12450 12340 119.10 106.50 111.30 11540 87.90
Ba 730.00 332.00 726.00 500.00 561.00 641.00 369.00 589.00 617.00
Sr 7650 173.00 7160 8490 6720 83.30 65.40 85.30 55.40
Ta 1.00 0.80 1.00 0.80 1.10 0.70 0.90 0.90 0.80
Nb 7.90 8.70 8.00 7.40 8.70 7.50 5.60 8.70 8.80
Hf 2.70 3.30 3.20 2.90 3.30 2.60 2.30 2.90 2.90
Zr 83.10 106.20 96.70 82.90 9590 76.60 58.60 88.70 99.50
Ti 477.30 107392 536.96 536.96 536.96 417.63 119.32 536.96 536.96
Y 2250  24.40 23.70 2340 27.00 24.60 29.80 20.50 26.60
Th 12.10 1450 1480 1290 1410 1270 13.80 12.30 11.20
U 4.00 2.90 3.00 3.70 3.10 2.10 4.80 2.90 1.90
Ga 1490 13.10 1460 1400 1620 1510 14.20 14.50 14.40
La 25.70  34.30 29.30 2440 2520 2320 19.40 24.50 30.70
Ce 49.00 60.80 5420 49.20 49.70 4550  43.40 46.20 55.60
Pr 5.18 6.00 5.78 4.83 5.10 4.69 4.84 4.86 5.99
Nd 17.70  20.80 1960 17.70 1840 1590 18.70 17.30 23.10
Sm 3.65 3.12 4.10 3.29 3.66 3.66 4.10 3.32 4.19
Eu 0.48 0.67 0.52 0.48 0.46 0.53 0.42 0.44 0.45
Gd 3.61 3.37 4.25 3.16 3.99 3.55 4.15 3.20 3.99
Th 0.60 0.57 0.72 0.57 0.63 0.64 0.72 0.54 0.68
Dy 3.76 3.38 4.05 3.49 411 3.79 4.44 3.07 4.20
Ho 0.80 0.74 0.81 0.78 0.90 0.80 0.90 0.62 0.95
Er 2.45 2.46 2.45 2.34 2.78 2.48 2.80 2.10 2.40
Tm 0.35 0.37 0.37 0.36 0.43 0.36 0.41 0.32 0.43
Yb 2.78 2.40 2.56 2.57 2.90 2.52 2.72 2.06 2.93
Lu 0.39 0.40 0.37 0.38 0.45 0.38 0.41 0.32 0.45
(Eu/Eu*)n 0.40 0.63 0.38 0.45 0.37 0.44 0.31 0.41 0.33
(La/Lu)n 6.82 8.88 8.20 6.65 5.80 6.32 4.90 7.93 7.06
Mg # 25.83  25.56 39.56 43.69 27.79 4855 4541 36.42 24.34
A /CNK (ASI) 1.14 1.18 1.29 1.18 1.18 1.12 1.57 1.15 1.28
K;0/Na,0 1.21 0.69 1.66 1.14 1.06 1.20 2.32 1.01 0.97
T °C (zircon) 747 770 769 749 762 739 736 754 773
T °C (apatite) 843 868 813 871 872 849 824 858 828

Mg#=100xMgO/(MgO+Fe,037), AACNK=Mol Al,03/(CaO+Na,0+K,0), Fe,O3: Total iron, Eu*=(Sm+Gd)y /2
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While Rb, Zr, Ba, Y and Pb display a positive
increasing a SiO,, a negative
correlation is observed for Th, Nb, Sr and Ni (Figure
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Figure 5. SiO, (wt.%) vs. major oxides (wt.%) for rock samples from the studied pluton.
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6). These correlations observed in the rocks indicate
that fractional crystallization has played an important
role in the formation of these rocks.
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Figure 6. SiO, (wt.%) vs. trace elements (ppm) for rock samples from the studied pluton.

In primitive mantle-normalized [54] multi-element

variation diagrams (Figure 7a), all of the rock
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samples show enrichments in the large-ion lithophile
elements (LILEs; Rb, Ba, Th, U) and depletions in
the high-field strength elements (HFSEs; Nb, P and
Ti). In chondrite-normalized REE [55] diagrams,
the samples from the plutons (Figure 7b) show

1000,0 ¢

—_ o
L 2
=) =)

°

Sample / primitive mantle

o

T Y
Rb Th Nb K Ce P

0,0

r P Zr Sm Ti Y Lu
Ba U Ta La Pb Sr Nd Hf Eu Dy Yb

Volume 8 (2), December 2019, pp 1216-1228

enrichment in light REE and relatively flat heavy
REE distribution. The (La/Lu)y values of the samples
vary between 4.9-8.9 and they display negative Eu
anomalies (Eu/ Eu*, = 0.3-0.6) (Figure 7b).

1000

o
S
T

Sample / chondrite
T

1 | | | | | | |
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 7. Trace element variations of the Artabel Pluton, a) Primitive mantle-normalized [54] trace element patterns, b)
Chondrite-normalized [55] rare earth element patterns.

6. Geothermometer

Apatite and zircon saturation temperatures [56-58] are
calculated based on the whole-rock geochemical
analyses of the rock samples correspond to the
minimum or maximum temperature limits for the
intruding magma, depending on whether the melt was

7. Tectonic setting

All samples plot in the I-type granitoid area on Nb
vs. 10000Ga/Al diagram [59] (Figure 8a). Negative
P,Os correlation increasing SiO, supports |-type

100

saturated or undersaturated with these components.
The crystallization temperatures of the rock changes
from 838 to 842 °C based on the calculations using the
zircon values, and from 739 to 872 °C based on the
calculations using the apatite values (Table 1).

trend (Figure 5). In the K,O vs. Na,O diagram
(Figure 8b), majority of the samples plot on the
Lachlan Fold Belt [60].

8

- a b
B ;\? 6 Lanchlan I-type
’g\- A-type \;/ 4 o /
S O P Q o
z F O ® 'S
L Z 2|
I I-type
r 0 ‘ Lgnchlan S‘-type
1 1 1 1 1 1 1 11 0 2 4 6 8
! 10000Ga/Al 10 K20 (Wt%)

Figure 8. (a) Nb vs. 10000Ga/Al [59] diagram, (b) Na,O vs. K,O diagram. | and S-type areas from [60].

The samples from the pluton plot in the volcanic arc
field in the Sr/Y vs. Y diagram [61] (Figure 9a).
Applying the discrimination criteria of [62], all
samples plot in the fields of volcanic arc granites

(VAG) and syn-collisional granites (Syn-COLG) in
the Nb vs. Y diagram (Figure 9b), whereas the
samples plot in the Post-COLG field in the Rb vs.
(Y+NDb) diagram (Figure 9c).
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8. Discussion

8.1. Fractional crystallization (FC)

Most major oxides and trace elements display well-
defined positive or negative correlations with
increasing SiO, content (Figure 5) indicate that
fractional crystallization has played an important role
in the development of these rocks. In Harker
diagrams (Figures 5 and 6), increasing SiO, with
decreasing Al,Os, TiO,, CaO, MgO, Fe,05', P,Os, Sr
and Ni, and increase K,O and RDb indicated
plagioclase, hornblende, pyroxene, apatite and
titanite fractionation. Increasing SiO, with K,O and
Rb indicate that K-feldspar and biotite do not play a
significant role at fractionation. Negative Ti and Nb
anomaly are related to the fractionation of Ti-
containing phases; whereas negative P anomaly is

Two main petrogenetic models are proposed for the
origins of felsic magmas: (1) they are derived from
basaltic parent magmas by fractional crystallization
(FC) or assimilation and fractional crystallization
(AFC) processes [63-64]; or (2) considering the
principle that mantle-derived basaltic magmas
provide heat for the partial melting of crustal rocks
[65-66], the felsic magmas are derived by partial
melting of meta-igneous [67] or meta-sedimentary
rocks [68]. The first model is invalid for the origin of
the studied rocks. Because there is no basic
composition in any of the geochemical data for the
rocks (SiO, = % 75-77, Mg# = 24-49, Ni = 2-4).
Such voluminous felsic magmas cannot be generated
by differentiation of mantle-derived mafic magmas.
In addition, rock components do not vary from
gabbro to granodiorite or to leucogranite. Moreover,
no mafic enclaves were observed in the rocks. All
these characteristics indicate that the rocks of the
pluton have not originated from a basic magma via
AFC. Pluton representing mixtures of basaltic and
granitic magmas is also unlikely because coeval
basaltic members are lacking in the study area. The

100 100
ppm) Y+Nb (ppm)

and (c) Rb vs. (Y+Nb) [62] diagrams.

1000 1 10 1000

Y(
Y

related to apatite fractionation. The fractionation of
feldspar will also result in the depletion of Ba and Sr.
The negative Eu anomalies (Figure 7) and a decrease
in Sr with increasing silica (Figure 6) indicate that
plagioclase is an important fractionating phase.

The positive correlation between SiO, and Y/Nb
contents may be related to crustal assimilation. The
studied rocks also characterized by pronounced
negative Nb-Ta and positive Pb anomalies indicating
a subduction signature and/or some crustal
contribution.

8.2. Magma origin
samples in the Figure 5 and 6 present almost
linear trends, and their bulk-rock composition
can be related to partial melting. Therefore, a
crustal origin of magmas can be considered for
the Artabel Pluton.

The differences in the magma composition may be
due to the partial melting of different source rocks
such as amphibolites, tonalitic gneiss,
metagreywacke and metapelite under variable
melting conditions and this may be explained by
molar oxide ratios or major oxide ratios such as
(CaO) / (FeOT+MgO+TiOZ), (Alzog) /
(FeO+MgO+TiOy) and (Na,0+K;0) /
(FeOt+MgO+TiO,) (Figure 10). Low (CaO) /
(FeOt+MgO+TiO,) ratios, moderate (Al,O3) /
(FEO+MgO+TiO,), (Na,0+K,0) /
(FeOt+MgO+TiO,) values and high SiO, contents
observed in the studied rocks (Figure 10) indicate
that the origin of the rocks may be meta-magmatic
rocks.
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Figure 10. (a-c) Chemical composition for rock samples of the studied pluton. MA: meta-andesites, MB: meta-basalts,
MP: metapelites, MGW: metagreywackes, AMP: amphibolites. Sources: [69].

The rock samples of the Artabel Pluton located on
the lithospheric mantle area in the La/Yb vs. Nb/La
diagram (Figure 11a). The Th/U values of the
samples are between 1 and 6, and they are located on
the lower-middle continental crust area in the U

2,0

against Th/U diagram (Figure 11b). Average Nb/Ta
ratio is 17.5 for the mantle origin magma and
between 11 and 12 for crustal origin magma. The
Nb/Ta ratios of the studied samples vary between 6
and 11 (Table 1) indicating crustal origin magmas.
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Figure 11. (a) La/Yb vs. Nb/La, (b) U vs. Th/U diagrams for the studied samples.

9. Conclusions

1. Artabel Pluton consists of granite in composition
and contains plagioclase, quartz, orthoclase, biotite,
muscovite and Fe-Ti oxide minerals.

2. Artabel Pluton has peraluminous, medium-to-
high-K calc-alkaline, and I-type features.

3. Main and trace element changes indicate that
plagioclase and Fe-Ti oxide fractionation is effective
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