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Abstract

In this study, the Eocene volcanic rocks that crop out in Demiréren (Giimiishane) and its surroundings in the South Zone
of the Eastern Pontides were studied mineralogically, petrographically and geochemically. Eocene aged Demir6ren
volcanics are in basaltic andesite, andesite, dacite and rhyolite in composition and consist mainly of plagioclase, alkali
feldspar, quartz, hornblende, augite and biotite minerals. These rocks are calc-alkaline in character and have low to high-
K content. They are also enriched in large ion lithophile elements (LILES) and light rare earth elements (LREEs) and
depleted in the high field strength elements (HFSEs). The chondrite-normalized rare earth element distributions are
concave-shaped with low to medium enrichment (LaN/LuN = 4-16), indicating that the rocks forming the volcanics
originated from the same source. Fractional crystallization and minor assimilation = magma mixing played a role in the
development of the volcanites. All these data indicate that the parental magma of the volcanites could possibly be a
source of sub-continental lithospheric mantle, enriched by the metasomatism of fluids previously derived from

subduction-related.
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1. Introduction

The Eastern Pontides, located in the Alpine-
Himalayan orogenic belt and also known as the
Sakarya Zone, are one of the regions where volcanic
and plutonic rocks are widely observed and
important mineral deposits have also developed [1, 2,
11-18, 3-10]. Three main volcanic circuits have
been identified in the Eastern Pontides: Liassic,
Cretaceous and Eocene (and later) [19, 20]. The
Eastern Pontides are divided into two zone by
Ozsayar [21] as northern and southern zones since
Cretaceous rocks are lithologically different in the
northern and southern regions. Accordingly, the
study area is in the south zone of the Eastern
Pontides.

Although the Eocene plutonic rocks in the Eastern
2. Regional geology and stratigraphy

The pre-Late Cretaceous rocks are represented by
early Carboniferous metamorphic rocks [33], Middle
to Late Carboniferous plutonic rocks [34-37],

Jurassic volcanics, volcaniclastic and plutonic rocks
[38, 39] and Late Jurassic-Early Cretaceous

aCorresponding author; alaaddinvural@hotmail.com

Pontides have been geochemically, isotopically and
geochronologically well studied [22-26], studies on
their volcanic equivalents are limited [27-31].

In the Demiréren (Giimiishane) region, detailed
studies have been conducted mainly on general
geology,  mineral/ore  deposits, and  also
environmental geochemistry; but studies on the
petrology of Eocene aged volcanic rocks are limited
in this area [17, 32]

In this study, the petrographic, geochemical and
petrological characteristics of the Eocene Demirdren
(Glimiighane) volcanics were revealed, and the
development of Eastern Pontide Tertiary magmatism
was tried to be clarified.

carbonates [40]. The Late Cretaceous series that
unconformably overlie carbonate rocks consist of
volcanic, plutonic and sedimentary rocks [41-44],
and overlain by the Cenozoic units. The Cenozoic
units in the region are represented by Late Paleocene-
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Early Eocene adakitic rocks [45, 46], Middle Eocene
volcanic, sub-volcanic and sedimentary rocks [10,
11, 50, 12, 27, 30, 31, 39, 47-49], Middle Eocene
plutonic rocks [16, 18, 22, 23, 26, 51, 52], Neogene
volcanic rocks [53], Late Miocene-Pliocene adakitic
volcanic-subvolcanic rocks [54]. While the Miocene
and post-Miocene magmatism’s were calc-alkaline to
alkaline compositions in the Trabzon-Giimiishane
areas [53, 54], they show calc-alkaline composition
in the Kandilli-llica areas [55, 56]. The youngest
units in the region are Quaternary alluvium and
terraces [57].

The study area located in the south zone of the
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
under polarizing microscope. Major, trace and rare
earth element analyzes of 8 rock samples belonging
to the study area were carried out in Vancouver, BC
Analysis Laboratory (ACME) in Canada. Major and
trace elements were analyzed by ICP (Inductively
Coupled Plasma) method, and rare earth elements
(REE) by ICP-MS (Inductively Coupled Plasma —
Mass Spectrometry) method. For the major and trace
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Eastern Pontides and is generally dominated by
volcanic and plutonic rocks (Figure 1). The oldest
rocks in the study area are represented by Late
Cretaceous aged basalt-andesite lava and pyroclastics
rocks. These rocks are overlain conformably by Late
Cretaceous aged limestones. Eocene aged volcanics
and volcano-clastic rocks (Kabakdy Formation)
unconformably overlies these units. Eocene rocks
start with the basal conglomerate at the bottom and
transition to andesite, basalts and their pyroclastics
(Kabakoy Formation) upwards. All these units were
cut by the Middle-Late Eocene granodiorites-quartz
porphyries (Figure 1).

element analyzes, 0.2 grams of powder sample was
mixed with 1.5 grams of LiBO; 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. Loss on ignition (LOI) ratios of the
samples were calculated from the weight difference
by heating the samples at 1000 °C. Total Fe content
is expressed in terms of Fe,Os. 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.
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4. Mineralogy and petrography

According to their petrographic and textural features,
the studied volcanic rocks consist of basaltic
andesites, andesites, dacites and rhyolites (Figure 2).

Basaltic andesites and andesites have porphyritic,
microlithic porphyritic and glomerophyric textures
(Figure 2). Major minerals consist of plagioclase,
pyroxene, hornblende, biotite and opaque minerals.
Plagioclases are found as coarse, euhedral and semi-
euhedral elongated crystals and small crystals in the
groundmass. Coarse crystals generally show a zoned
texture. In some minerals, albite twin and
polysynthetic twins are seen. The most common
alteration products are calcite, chlorite and clay
minerals. Hornblendes are seen as coarse, euhedral
and semi-euhedral prismatic crystals and small
crystals in the groundmass. Some minerals contain
plagioclase and opaque mineral inclusions.
Generally, it has been dissociated into calcite and
opaque minerals developed in the margins.
Pyroxenes are generally seen as coarse prismatic
crystals and small grains in some sections in the
groundmass. Biotites are generally in the form of
small prismatic crystals and are seen in some
sections. Reddish brown and yellowish brown
pleochroism is evident. Opagque minerals are
scattered with a small grain. Secondary minerals are
composed of calcite, chlorite, sericite and epidote
minerals. Secondary quartz veins are also observed in
some samples. The groundmass consists of micro and
crypto crystals plagioclase, augite, hornblende and

Figure 2. Demiroren olcanics, )Microlithic porp

A

hyritic texture in basaltic andesites,
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biotite minerals and opaque mineral grains (Figure
2).

Dacites/rhyolites have microgranular, porphyritic and
partially hyalo-porphyritic in texture (Figure 2).
Major minerals consist of plagioclase, hornblende,
biotite and opaque minerals. Plagioclases are found
as coarse, euhedral lath-shaped crystals and
microliths in groundmass. Plagioclases show albite
and albite-carlsbad twins in order of abundance. In
some samples, zoned plagioclase crystals are seen.
The most common alteration types are sericitization,
calcification and clay formations. Quartz is generally
form of euhedral crystals. Coarse crystals generally
show undulated extinction and are fractured. Biotites
are in the form of euhedral and subhedral prismatic
crystals and lamellar. In some sections, they are
observed as being partially decomposed from the
edges and converted to chlorite. Hornblendes are in
the form of euhedral and subhedral plate-like
prismatic crystals. In some sections, it is seen as
decomposed into chlorite and calcite. Opaque
minerals exist as euhedral and subhedral crystals,
both coarse and small. The groundmass consists of
micro and crypto-crystals of plagioclase, quartz,
biotite, hornblende and opaque minerals. Secondary
minerals are composed of zircon and apatite
minerals. Secondary quartz minerals were observed
in some samples. The alteration minerals are chlorite,
sericite and calcite.

) Porphyritic texture in andesites

(Crossed Polar, PI: Plagioclase, Hb: Hornblende, Cpx: Clino-pyroxene)

5. Geochemical features of Eocene Demiroren volcanics

5.1. Major and trace elements

Major, trace and rare earth element analyzes of eight
samples belonging to Demirdren volcanics are given
in Table 1.

SiO; values of the studied samples are between 52
and 77%, the lowest in basaltic andesites (52-53) and
the highest in rhyolites (73-77). The K>O/Na2O ratios
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of the samples vary between 0.1-20.5 and the
magnesium numbers [Mg # = 100 * (MgO / MgO +

Fe,03")] between 35 and 69 (Table 1).

On the SiO; versus (Na,O+K,0O) diagram [58],
Demirdren volcanics consist of subalkaline basaltic

Table 1. Major (%), trace and rare earth element (ppm) analyzes of the samples of Demiréren volcanics.
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andesite, andesite, dacite and rhyolite in composition
(Figure 3a). In [59]'s SiO2-Zr/TiO; diagram, it is seen
that the samples are generally composed of basalt,
andesite, dacite and rhyolite in composition (Figure

3b).

Rock Basaltic andesite  Andesite Dacite  Rhyolite
Sample Duy-1 Duy-2 EOB-2 EOB- Ak-3 NC- TA-3 TA-5
4 137

SiO2 5148 52.63 59.04 60.59 61.28 71.15 73.03 76.58
TiO2 1.17 0.83 0.73 0.59 0.66 0.38 0.16 0.11
Al2O3 16.87  18.17 16.27 1597 15.48 15.79 12.89 12.22
Fe20s 8.69 9.11 7.14 6.37 6.13 3.26 2.88 1.08
MnO 0.11 0.11 0.13 0.12 0.11 0.01 0.33 0.04
MgO 3.78 6.88 3.20 3.44 2.24 0.41 0.69 1.10
CaO 8.59 1.02 6.06 5.08 5.06 0.02 0.79 0.15
Na.O 2.65 0.63 2.95 3.25 2.81 0.23 2.40 2.22
K20 0.27 2.96 2.25 1.77 1.87 471 2.83 4.16
P20s 0.23 0.11 0.16 0.13 0.16 0.07 0.06 0.04
LOI 5.90 7.30 1.80 2.50 4.00 1.90 3.80 2.10
Total 99.75  99.78 99.76  99.78  99.81 99.90 99.85 99.83
Co 20.80 22.80 16.70 16.30 13.20 0.20 4.80 1.00
Ni 3.40 9.10 7.60 8.70 5.10 1.10 6.30 2.20
\Y 262.00 219.00 178.00 156.00 136.00 33.00 30.00 14.00
Cu 27.20  18.50 58.40 36.20  40.80 83.60 17.60 2.00
Pb 8.10 6.40 7.30 3.90 6.70 9.30 42.90 24.10
Zn 78.00 114.00 29.00 42.00 36.00 3.00 160.00 21.00
W 0.50 4.80 0.90 0.80 0.70 6.60 0.50 0.50
Rb 460 78.20 5420 3890 50.70 120.10 103.10 114.70
Ba 432,00 271.00 608.00 576.00 501.00 298.00 812.00 1151.00
Sr 45430 66.80 339.40 305.50 286.10 7.90 72.10 78.70
Ta 0.30 0.30 0.40 0.50 0.20 0.70 0.60 0.70
Nb 6.80 5.70 7.10 6.50 5.90 12.70 8.70 8.10
Hf 2.80 2.70 4.20 3.40 3.60 6.80 2.30 2.10
Zr 107.40 105.30 142.60 119.80 131.70 209.40 75.20 64.70
Y 21.70  20.50 21.10 19.10 22.20 26.60 10.30 5.80
Th 2.90 1.90 6.40 6.30 5.90 10.60 13.10 11.20
U 0.60 0.80 1.60 1.40 1.40 1.50 3.50 3.30
Ga 19.10  20.20 16.10 1560 13.10 20.40 14.70 12.30
La 17.30  13.60 2050 20.30 21.20 26.60 26.10 24.50
Ce 3240  22.40 37.30 36.90 38.20 48.40 39.10 35.90
Pr 4.34 3.31 4.99 4.64 4,98 6.09 4.01 3.69
Nd 17.80  12.90 19.00 16.80 20.10 20.90 12.80 11.40
Sm 3.71 3.08 4.01 3.42 4.21 3.88 1.97 1.55
Eu 1.24 0.69 0.93 0.84 1.02 0.56 0.44 0.35
Gd 3.99 3.30 4.08 3.52 4.09 4.02 1.65 1.19
Tb 0.60 0.51 0.64 0.58 0.65 0.76 0.25 0.17
Dy 3.94 3.14 3.83 3.50 4.10 4.57 1.47 1.01
Ho 0.73 0.67 0.80 0.76 0.87 0.98 0.35 0.20
Er 2.21 2.17 2.47 2.09 2.45 2.90 1.13 0.72
Tm 0.33 0.32 0.37 0.34 0.35 0.41 0.17 0.12
Yb 2.04 2.21 2.32 2.20 2.27 2.96 1.26 0.91
Lu 0.34 0.40 0.38 0.35 0.38 0.44 0.20 0.16
(EU/Eu™)n 0.98 0.66 0.70 0.73 0.74 0.43 0.73 0.76
(La/Lu)n 5.27 3.52 5.59 6.01 5.78 6.26 13.51 15.85
Mg # 48.92  62.44 4966 5431 4458 21.68 34.53 69.16
K20/Na20 0.10 4.70 0.76 0.54 0.67 20.48 1.18 1.87
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Nb/La 0.39 0.42 0.35 0.32 0.28 0.48 0.33 0.33
Ba/Nb 63.53 47.54 85.63 88.62 84.92 23.46 93.33  142.10
La/Nb 2.54 2.39 2.89 3.12 3.59 2.09 3.00 3.02
Ce/Pb 4.00 3.50 5.11 9.46 5.70 5.20 0.91 1.49
Mg# (mg-number) = molar 100xMgO/(MgO+ Fe203"), LOI is loss on ignition,
Eu*=(Sm+Gd)cn/2
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Figure 3. Demiréren volcanics’ a) SiO2 versus total alkali (Na,O+K,0) diagram [58] b) Zr/TiO; against SiO;
classification diagram [59] (Alkali / subalkaline separation curve is taken from [60])

All samples in the AFM diagram are calc-alkaline in
characters (Figure 4a). When the rock samples are

F
(FeOT)

(a)

Tholeiitic

Calc-alkaline

(Na20+K20) (MgO)

(Zr/Ti02)*0.0001

plotted to the K,O-SiO, diagram [58], it is seen that
the samples have low to high-K content (Figure 4b).
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Figure 4. Demirdren volcanics’ a) AFM diagram (tholeiitic-calc alkaline separation curve taken from [60]), b) SiO;
versus K;O diagram (The field boundaries between medium-K, high-K and shoshonitic are from [61]).

Although irregular distributions are observed in
Na,O (Figures 5 and 6), the other samples have a
good correlation between SiO; vs. major and trace
elements indicated that fractional crystallization
plays an important role in the development of the
Demiréren volcanic rocks. In Harker diagrams, CaO,
MgO, Al,Os, Fe,0s", P,Os and TiO, decrease with

increasing silica (Figure 5). A positive correlation is
also observed in KO vs. SiO; (Figure 5).

In trace element variation diagrams, a positive
correlation is observed in Pb, Ba, Rb, Nb and Th
values, and a negative relationship is observed in Sr,
Y and Ni values with increasing SiO: (Figure 6).
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Figure 6. Trace element variation diagrams of the Demirdren volcanics rock

In primitive mantle-normalized [62] spider diagrams,
while the samples exhibit enrichment in large ion

lithophile elements

(LILES),

the depletion

is

observed in terms of compatible elements such as Ti,

Nb

and Ta (Figure 7). The negative Nb and Ta

anomalies show that the subduction component plays
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an active role in the development of the main magma
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Figure 7. Trace element distribution diagrams of Demiréren volcanics (Normalized values after [62]

Chondrite-normalized (Taylor and McLennan 1985)
rare earth element distributions of the studied
volcanic rocks are shown in Figure 8. All of the
samples has parallel patterns to each other, this
indicates that all of the rocks of the volcanics are
derived from a similar mantle source. Light rare earth
elements (LILES) are enriched more than heavy rare
earth elements (HREEs) (Figure 8). The (La/Lu)n
ratios of the samples range from 3.5 to 15.9 (Table
1). Negative Eu anomalies (Eu/Eu* = 0.43-0.98) is
observed in all of the samples (Figure 8; Table 1).

The tectonic environments of the studied volcanics
were tried to be determined according to the
relationship of elements such as Ti, Zr, Sr and Nb,
which are known not to be affected by alteration.
According to the Nb wversus Nb/Th tectonic
discrimination diagram [63], the samples fall into the
area of arc volcanics and nearby places (Figure 9a).
In the Sr / Y wversus Y discrimination diagram
(Drummond and Defant, 1990), the samples are
located in the area of the normal arc volcanic series
(Figure 9b).
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Figure 8. Rare earth element distributions of the Demiréren volcanics rocks (Normalized values after [64]
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6. Discussion

Considering whole rock major, trace and rare earth
data (Figures 5 and 6; Table 1), it is seen that
clinopyroxene, plagioclase, hornblende and Fe-Ti
oxide fractionation is important in the development
of the studied volcanic rocks. The gradual decrease
in TiO; and Fe,03" contents with the increasing SiO;
content indicates the fractionation of Fe-Ti oxides.
The negative relationships in CaO, Fe,O3" and MgO
against SiO» indicate that plagioclase (An> 50) and
clinopyroxene phases are fractionation from the main
magma (Figure 5). The negative correlation of SiO;
against Fe,O3" and Al,O; indicates hornblende
fractionation. Scattering is observed in the SiO;

12

(a)

ol+opx

CaO (wt%)

40 60
Y (ppm)

80

100,0

Ba/Sr

versus Na.O diagram, this indicates that alteration
events are partially effective. There are positive
relationships against SiO, against KO diagram,
indicates the fractionation of basic plagioclase. The
negative correlation observed in the P2Os vs. SiO-
reflects the apatite fractionation. Ni reduction against
SiO; supports the clinopyroxene fractionation (Figure
6). In the Y versus CaO diagram (Figure 10a), the
studied samples show a J-type trend, expressing that
hornblende and clinopyroxene fractionation is
effective. The trend observed in Ba/Sr versus Sr
diagram (Figure 10b) show plagioclase fractionation.
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Figure 10. Y (ppm) versus CaO (%) diagram of Demiréren volcanics [68], Vectors show the fractionation directions of
minerals for basaltic composition.

Negative trends observed in Y / Nb ratios against
SiO, diagram indicate crustal assimilation during
magma development (Figure 11a). Th/ Yb and Ta /
Yb ratios are used effectively in determination of
source composition and crustal contamination. This
is due to the fact that the Th element is affected more
than Ta and Yb in crustal contamination [69]. In the

Th / Yb versus Ta / Yb diagram (Figure 11b), the
studied volcanic rocks form a trend sub-parallel to
the mantle array but shifted to higher Th/Yb ratios.
This suggests melt derivation from a source, which
had been previously enriched (or metasomatized) by
fluids derived from an earlier (i.e., pre-Eocene)
subduction processes.
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Figure 11. Demiréren volcanics’ a) SiO versus Y/Nb diagram, b) Ta/Yb versus Th/Yb diagram [69] (Vectors showing
subduction enrichment and mantle metasomatism are taken from [69], N-type MORB and average upper
crust values are taken from [64, 70])

The enrichment of LILE elements (K, Sr, Rb and
Ba), Th and Ce, and high Th / Yb ratios observed in
Demirdren volcanic rocks indicate that the main
magma of the volcanites may have been derived from
the lithospheric mantle source [71, 72]. In addition,
Nb and Ta depletion compared to LILE elements
observed in the studied volcanic rocks expresses the
property of the subduction-related magma source
affected by the metasomatism of sediments or liquids
derived from the subducted plate [71, 73].

In the Ce/Pb versus Ce diagram (Figure 12a),
samples of the investigated volcanic rocks are
located in the arc volcanics area. The low Ce / Pb
ratios (0.9 to 9.5) observed in the samples differ from
ocean basalts (20 to 30) [65], indicating that the
studied volcanic rocks did not derive from the
asthenospheric mantle source. Nb / La ratios are
useful in determining the partial melting and source
composition in volcanic rocks [74]. High Nb / La
ratios (> 1) indicate an asthenospheric mantle source
like ocean island basalt (OIB), low ratios (<0.5)
indicate a lithospheric mantle source [75]. The Nb/La
ratios of the studied volcanic rocks are between 0.28
and 0.48 (Table 1), indicating the spinel Iherzolitic

(a)
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continental

crust
arc

volcanics

=
o 10p .primitive
O mantle

1 16 160
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lithospheric mantle source (Figure 12b). The studied
volcanic rocks are located in or near the arc volcanics
area on the Figure 12c. Volcanics La/ Nb (2.1 to 3.6)
and Ba / Nb (24 to 142) ratios indicate the source
associated with subduction zone enrichment. During
the subduction, LILE and LREE elements are
transported upwards by slab-derived fluids [71, 76].
Therefore, the significant LILE and LREE
enrichments observed in the studied volcanics
indicate an enriched mantle resource compared to the
depleted mantle resource [77, 78]. The Th /Y versus
Nb / Y diagram (Figure 12d) proposed by [73] is
used to separate melting enrichment products and
subduction enrichment volcanic rocks. Also, Th/Y
and Nb/Y ratios can be used to separate crustal
contamination and homogenization in magma source.
The studied volcanic rocks trend parallel to the OIB
and MORSB line (Figure 112d), but they have higher
Th/Y ratios compared to them. Therefore, it indicates
that the mantle source undergoes metasomatism by
subduction zone fluids. This trend points to the main
magma derived from the source enriched
(metasomatism) of fluids derived through previous
(pre-Eocene) subduction processes.

(b)
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Figure 12. Demiréren volcanics’ a) Ce/Pb versus Ce diagram, b) ) La/Yb versus Nb/La diagram, ¢) Ba/Nb versus La/Nb
diagram [74], d) Th/Y versus Nb/Y diagram [73]. For reference values in diagrams, see Figure 9 caption in

The major and trace element characteristics of the
studied Eocene Demiréren volcanics are similar to
the other Eocene aged volcanic rocks in the Eastern
Pontides, and indicate that the main magma that

7. Conclusions

Basaltic andesite, andesite, dacite and rhyolite type
rocks that make up the studied Demiréren volcanics
generally show microlithic, microlithic porphyritic,
porphyritic, hyalo-porphyritic and glomerophyric
textures, and the main minerals are plagioclase,
alkaline feldspar, quartz, hornblende, augite and
biotite. Good positive and negative relationships
observed in the Harker diagrams show that fractional
crystallization is effective in the development of
rocks and clinopyroxene + plagioclase = hornblende
+ Fe-Ti oxide fractionation plays an important role.
The distribution of trace elements of the volcanites
normalized to the primitive mantle shows enrichment
in large ion lithophile elements (LILES) and light rare
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