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Abstract

The Esatern Pontides comprises many plutonic rocks varying in age, composition and size from Paleozoic to Tertiary.
Although those of especially Carboniferous aged ones from these 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 paper, Carboniferous aged Tasdelen Gabbroic rocks were investigated petrographically and geochemically. The
Tasdelen Gabbroic rocks mainly consist of plagioclase, pyroxene, hornblende and Fe-Ti oxide minerals. They are calc-
alkaline in characters and have low-K content. The samples have metalluminous characters and have low SiO, contents
(47-49 wt%). They are enriched in-large ion lithophile (LILES) and light rare earth elements (LREEs) and depleted in
high-field strength elements (HFSEs). Chondrite-normalized rare earth element distributions are characterized by
concave-upward shapes (Lan/Yby = 2.59 to 3.07) and show slightly positive to negative Eu anomalies (Eun/Eu* = 0.97 to
1). All these features demonstrate that the studied gabbroic rocks may have been derived from partial melting of

lithospheric mantle.

Keywords: Tasdelen Gabbro, Whole-rock Geochemistry, Lithospheric mantle, Ozdil (Trabzon), NE Tiirkiye

1. Introduction

The Eastern Pontides (NE Tiirkiye), located in the
Alpine-Himalayan orogenic belt and also known as
the eastern part of the Sakarya Zone, is one of the
important areas where plutonic and volcanic rocks
are commonly observed [1-9].

The Eastern Pontides comprise many plutonic rocks,
varying from gabbro to granite in compositions, with
a wide range of age varying from Early Cambrian to
Eocene (Figure 1). These plutonic rocks intruded
mainly at five different time periods including Early
Cambrian, Carboniferous, Jurassic, Cretaceous and
Eocene (Figure 1). Early Cambrian plutons intruded
into the metasedimentary rocks [10], Paleozoic
plutons intruded into the metamorphic rocks [11-19],
Jurassic plutons intruded into the Early Jurassic
volcano-sedimentary rocks [20,21], Cretaceous
plutons intruded into the subduction-related volcanic
rocks [4-6,22-25], and Eocene and later plutons are
intruded all former units [7,23,25-30].

Despite the petrological and geochemical studies
have been conducted on Carboniferous plutons in the
region [13-19,32,33], no study has been conducted
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on the petrographic, geochemical and petrological
properties of the Tasdelen Gabbroic rocks, and were
first demonstrated by this study.

2. Regional geology and Geological Setting

The oldest basement rocks in the Eastern Pontides
consist of Neoproterozoic metasedimentary rocks [34]
and these basement rocks were cut by Early Cambrian
metagranitoid [10]. Early Carboniferous metamorphic
rocks [35] come on these rocks and they were cut by
Late to Early Carboniferous Plutonic rocks [13—
18,32]. These Pre-Jurassic basement rocks are
overlain by the Early and Middle Jurassic volcano-
sedimentary rocks [36-38] and are cut by Mid to
Late Jurassic plutons [20,21,39]. All these units are
overlain by the Late Jurassic to Early Cretaceous
carbonates [40]. The Late Cretaceous units that
unconformably overlie these carbonate rocks consist
of plutonic, volcanic and sedimentary rocks
[22,24,25,41-44] and overlain by the Cenozoic units
consisting of plutonic, volcanic and sedimentary
rocks [7,9,50-54,26,29,30,45-49]. The youngest
units in the region are Quaternary alluvium and
terraces.
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Figure 1. Geologic map showing distribution of plutonic, volcanic, metamorphic and sedimentary units in the Eastern

Pontides (modified from [31]. (1) Palaeozoic metamorphic rocks, (2) Palaeozoic plutons, (3) Liassic—Dogger volcanic

rocks, (4) Malm—Early Cretaceous sedimentary rocks, (5) Late Cretaceous volcanic rocks, (6) Late Cretaceous plutons,
(7) Tertiary calc-alkaline volcanic rocks, (8) Tertiary alkaline volcanic rocks, (9) Eocene plutons, (10) alluvium

The study area is located in the north zone of the
Eastern Pontides and is generally dominated by
volcanic, plutonic and sedimentary rocks (Figure 1).

The basement rocks in the study area consist of
Paleozoic Ozdil Pluton which is monzonite, quartz
monzonite and granite in compositions [16]. These
basement rocks are unconformably overlain by
Liassic volcanic rocks consisting of basalts, andesites
and their pyroclastic equivalents. These rocks are
overlain conformably by Late Cretaceous volcanic
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rocks that include andesite, dacite and their
pyroclastics. All of these lithologies are cut by Late
Cretaceous plutons. Eocene volcanic rocks that
consist of andesite, basalt and their pyroclastics
unconformably overlie all of these rocks (Figure 1).

3. Analysis methods

On the basis of field studies, a total of ten samples
were collected from the studied Tasdelen gabbroic
rocks in the fields. Thin sections of rock samples
were made, and detailed petrographic properties were

2112



Journal of Engineering Research and Applied Science

determined under polarizing microscope. Fresh and
representative rock samples were selected for whole-
rock major, trace and rare earth element (REE)
analyses. 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
analyses, 0.2 grams of powder sample was mixed
with 1.5 grams of LiBO, and analyzed after
dissolving in a liquid containing 5% HNO;, while
0.250 grams of powder sample for rare earth element
analyses 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.

4. Results

4.1. Petrography

The Tasdelen gabbroic rocks are gabbro in

compositions in the modal QAP diagram [55] (not
@) 7 5 ~

5. Whole-rock geochemistry

The whole-rock major, trace and rare earth element
analysis results of five samples from the studied
plutonic rocks are given in Table 1 and 2.
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shown). These gabbroic rocks are generally
holocrystalline, medium to coarse grained, and large
hornblends are of poikilitic texture. Main minerals
are plagioclase, pyroxene, hornblende and Fe-Ti
oxides (Figure 2).

Plagioclases form euhedral and subhedral lath-
shaped phenocrysts. Some of which are partly
replaced by clays, and some contain minor sericite.
Clino-pyroxenes are found as subhedral to anhedral,
weakly-zoned discrete grains and also in aggregates.
Hornblends are in the form of elongated euhedral
prismatic crystals and contain small apatite and
opaque minerals as inclusions. They have well
developed cleavages. Subhedral to anhedral apatites
are relatively abundant accessory minerals. Zircons
are seen as small euhedral prismatic crystals. Opaque
minerals are found as subhedral and euhedral in both
small and large crystals (Figure 2).

_,‘* gL % : 150
Figure 2. (a-b) Microscopic features of the studied Paleozoic Gabbroic rocks (crossed olars, PI: plagioclase, Hb:
hornblende, Opir: Ortho-pyroxene)

Tasdelen gabbroic rocks have low SiO; values (47-50
wt.%) and K,0/Na,O ratios (0.03-0.05, Table 2). The
magnesium numbers
[Mg#=100*(MgO/MgO+Fe,0;')] of the samples
vary between 54 and 57 (Table 2).

Table 1. The whole-rock major and trace element analysis of the studied Tasdelen gabbroic rocks

Sample number |1 2 3 4 5
Rock type gabbro |gabbro |gabbro |gabbro |gabbro
SiO; 4747 148.09 148.88 |49.08 |49.59
TiO, 1.96 1.75 1.83 1.52 1.44
Al,O; 1548 |15.63 |16.79 [16.65 |16.89
Fe,0;" 1253 (1242 1234 |12.37 |12.22
MnO 0.17 0.17 0.16 0.16 0.16
MgO 7.58 7.53 6.98 6.62 6.60
CaO 6.93 6.89 6.58 6.59 6.54
Na,O 4.23 4.27 4,52 4.45 4.39
K,0 0.11 0.12 0.14 0.16 0.20
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P,Os 0.18 0.17 0.19 0.17 0.13
LOI 3.20 2.80 1.40 2.10 1.70
Total 99.84 199.84 |99.81 |99.87 |99.86
Ni 2340 |21.20 |18.70 |18.20 |12.60
V 319.00 |326.00 [333.00 |344.00 |(357.00
Cu 61.30 |30.30 |4.40 4.20 2.10
Pb 1.10 1.35 1.23 1.92 1.85
Zn 35.00 |33.00 (24.00 |16.00 |15.00
W 0.50 0.50 0.90 0.70 1.00
Rb 10.40 ]10.30 |11.60 (1190 |12.50
Ba 62.00 |63.00 |66.00 |65.00 |74.00
Sr 360.60 |358.80 [338.30 |339.20 (322.10
Ta 0.30 0.30 0.50 0.50 0.40
Nb 4.40 4.60 5.50 5.10 6.20
Hf 3.20 3.10 3.40 3.60 3.80
Zr 113.80 (117.20 |139.80 |143.90 (148.10
Y 30.80 |32.50 |38.20 }40.30 |36.30
Th 0.70 0.80 1.10 1.00 1.30

U 0.20 0.20 0.30 0.30 0.20
Ga 1460 (15.80 |17.40 |17.90 |18.40
K,0/Na,O 0.03 0.03 0.03 0.04 0.05
Mg # 57.11 |57.17 |55.46 |54.09 |54.32
A /CNK 0.79 0.79 0.86 0.85 0.87
Ce/Pb 27.64 123.04 |26.42 (17.24 |18.27
Nb/La 0.34 0.36 0.41 0.35 0.42
Mg# (mg-number) = molar 100xMgO/(MgO+ Fe,O3"). LOI is loss
on ignition

Table 2. The rare earth element analysis of the studied Tasdelen gabbroic rocks

Sample number |1 2 3 4 5

La 12.80 1290 |13.40 |[1450 |[14.70
Ce 3040 |31.10 (3250 [33.10 |33.80
Pr 3.46 3.35 3.72 3.56 3.37

Nd 1450 1550 |15.00 |16.50 [15.30
Sm 411 4.35 5.36 5.17 4.67

Eu 1.48 1.52 1.85 1.83 1.71

Gd 4.93 5.14 6.20 6.37 5.96

Th 0.84 0.92 1.09 1.07 1.06

Dy 5.75 6.21 7.15 7.42 6.52

Ho 1.23 1.10 1.46 1.38 1.34

Er 3.74 3.35 4.30 4.22 3.82

Tm 0.50 0.51 0.62 0.63 0.58

Yb 2.82 2.98 3.50 3.56 3.68

Lu 0.42 0.49 0.58 0.60 0.56

(EU/EU*)y 1.00 0.98 0.98 0.97 0.99

(La/Lu)y 3.16 2.73 2.39 2.50 2.72

(La/Sm)y 1.96 |1.87 [157 [1.77  |1.98

(Gd/Lu)y 1.46 1.30 1.33 1.32 1.32

(La/Yb)y 3.07 2.93 2.59 2.75 2.70

Eu*=(Sm+Gd)n/2
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In the SiO, versus (Na,O+K,0) diagram (Figure 3a),
the studied samples are gabbro in composition. Rock

Volume 11 (2), December 2022, pp 2111-2122

samples are in the low-K field in the K,O versus
SiO, diagram [56] (Figure 3b).
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Figure 3. The studied Tasdelen gabbroic rocks; a) Chemical nomenclature diagram [57], b) K,O versus SiO, diagram
(field boundaries between the medium-K, high-K and shoshonitic series, according to [56]
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Figure 4. A/NK versus A/CNK diagram [58] of the studied Tasdelen gabbroic rocks

The A/CNK values of the samples are between 0.79
and 0.87, and they show metaluminous characters
(Figure 4).

Although irregular distributions are observed in some
of the major and trace elements versus SiO, diagrams
(Figures 5 and 6), they give good correlations
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indicating that fractional crystallization plays an
important role in the development of rocks. In the
SiO, versus major element diagrams, Na,O, CaO,
MgO, Al,O;, Fe, 05", TiO, and P,Os values decrease
with increasing SiO, values (Figure 5). A positive
correlation is observed in K,0 and Al,O3 versus SiO,
diagram (Figure 5).
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Figure 5. Variation diagrams of major oxides (wt.%) versus SiO, (wt.%) for the studied Tasdelen gabbroic rocks

In the trace element versus SiO, diagrams (Figure 6),
a positive correlation is observed in Ba, Zr, Rb, Th,
Y and Nb values, whereas a negative correlation is
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(Figure 6).

150

48

49

50

(d)

48

49

Kaygusuz / Petrographic and Geochemical characteristics of Paleozoic Gabbroic rocks
around Tasdelen (Ozdil / Trabzon, NE Tiirkiye)

50

2116



Journal of Engineering Research and Applied Science

1.4

(e)

1.2+

1,0

Th (ppm)

0,8+

0,6
47

(9)

48 49 50
42

40}
—~ 38}
g

836
> 34+
o}

32
O

30
47

48 49
Si0:2 (Wt%)

50

Volume 11 (2), December 2022, pp 2111-2122

24
o (f)
O
—_ 20 L
g o
g 0
Z 16}
12 : : ©
47 48 49 50
7
(h)
. 0
g6
Q.
o o)
o]
Z5 o
0
o)
4 ‘ ‘
47 48 49 50
Si0: (Wt%)

Figure 6. Variation diagrams of trace elements (ppm) versus SiO, (wt.%) for the studied Tasdelen gabbroic rocks

In the primitive mantle-normalized [59] multi-
element variation diagrams (Figure 7a), all of the
samples display similar patterns and differ from N-
MORB and OIB. The samples show enrichment in
large-ion lithophile elements (LILES) and high field-
strength elements (HFSES). In the chondrite-
normalized rare earth element (REE) distributions
[60] diagrams (Figure 7b), as shown in Table 2, the
studied rocks have relatively uniform contents of
total rare earth elements (REES). All of the samples
exhibit enrichment in LREEs, depletion in HREEs,
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and no fractionation in HREEs but fractionation in
LREEs (Figure 7b). The samples have slightly
positive to negative Eu anomalies with a Eu/Eu*
range from 0.97 to 1.00. (La/Lu)y ratios of the
samples vary between 2.39 and 3.16; (Gd/Lu)y ratios
vary between 1.32 and 1.46, and the (La/Yb)y ratios
are between 2.59 and 3.07 (Table 2). As shown in
Figure 7, the studied rocks are generally similar to
each other, indicating that the rocks were derived
from a similar source.
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Figure 7. (a) Primitive mantle-normalized [59] trace element patterns, (b) Chondrite-normalized [60] rare earth element
patterns of the studied Tasdelen gabbroic rocks

In the molar ASI (A/CNK) versus SiO, diagram of
[61], all the samples are located in the field of I-type
(Figure 8a). In the Nb versus 10000Ga/Al diagram
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developed by [62], all the samples are located in the
I-type granite field (Figure 8b).
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Figure 8. (a) ASI versus SiO, diagram [61], (b) Nb versus 10000 Ga/Al classification diagram [62] for the studied
Tasdelen gabbroic rocks

In the Rb versus (Y+Nb) diagram of [63], 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) fields
(Figure 9a) characterized the post-collisional granitoids (Post-COLG). In the (Nb/Zr)y versus Zr diagram [58],
most samples are located in the collision-related field (Figure 9b).
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Figure 9. (2) Distributions of Rb versus (Y+Nb) in the tectono-magmatic diagram [63], (b) Zr versus (Nb/Zr)y diagram
[58] for the studied Tasdelen gabbroic rocks
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Figure 10. MgO versus Sr diagram for the studied Tagdelen gabbroic rocks

6. Discussion

The MgO values vary between 6.60 and 7.58%, Mg
numbers (Mg#) between 54 and 57, and Ni values
between 13 and 23 (ppm) of the studied Tasdelen
gabbroic rocks (Table 1). These values indicate that
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the Tasdelen gabbroic rocks differ significantly from
magmas derived from the primitive mantle
composition (Mg# = ~ 66 to 75, Ni = ~ 400 to 500

ppm; [64]).
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The distribution pattern of the some major and trace
elements versus SiO, (SiO, increases with K,O and
Rb, TiOQ, Aleg, FEQOg, MgO, CaO and P205
decrease with increases SiO,) of the studied samples
(Figures 5 and 6) support plagioclase + hornblende +
pyroxene + Fe-Ti oxide fractionations. The MgO
versus Sr diagram (Figure 10) indicates fractionation
of ferro-magnesian minerals.

The studied samples have low Ce/Pb ratios of 17-28
(Table 1) and differ from oceanic basalts (20 to 30)

Volume 11 (2), December 2022, pp 2111-2122

[65], indicating that the studied rocks did not derive
from an asthenospheric mantle source. Nb/La ratios
are useful in determining the partial melting and
source composition of the rocks [66]. Low Nb/La
ratios (<0.5) indicate a lithospheric mantle source,
and high Nb/La ratios (>1) indicate an ocean island
basalt (OIB)-like asthenospheric mantle source [67].
The Nb/La ratios of the studied rocks range from
0.34 to 0.42 (Table 1), indicating a lithospheric
mantle source (Figure 11).
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Figure 11. Nb/La versus La/Yb diagram for the studied Tasdelen gabbroic rocks. For reference values in diagrams, see
Figure 13a caption in [4].

7. Conclusions

1. The studied gabbroic rocks are gabbro in
composition defining low-K calc-alkaline series.

2. The samples have metaluminous characters and
have low SiO, contents (47-49 wt%).

3. All of the samples display similar geochemical
features characterized by enrichment in LILEs
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