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Abstract

Mineralogical, petrographical and geochemical data are presented for the Late Cretaceous Degirmentas1 volcanics in the
Eastern Pontides (NE Turkey). These volcanics are of sub-alkaline affinity and present features of subduction-related
volcanism. K/Ar dating method carried out on hornblende of the Degirmentast volcanic rocks yielded 77.99+£3.76 Ma,
corresponding to the Campanian age. They are andesite, dacite and minor rhyolite in composition and consist of
plagioclase, sanidine, quartz, biotite, hornblende and opaque minerals. The studied rocks show calc-alkaline affinities and
have medium to high-K contents. The rocks are enriched in large-ion lithofile elements (LILES) and light rare earth
elements (LREEs) with pronounced depletion in high-field-strength elements (HFSEs) indicating the typical
characteristics of rocks from the subduction-related tectonic setting. The chondrite-normalized REE patterns
(LaN/LuN=4.5-13.8) have low to medium enrichment, demonstrating similar sources for the rock suite. The main
solidification processes consist of fractional crystallization with minor amounts of crustal contamination. According to
geochemical evidence, the parental magma(s) of the the Degirmentasi volcanics rocks were possibly derived from a
subcontinental lithospheric mantle enriched by fluids and/or sediments from a subduction of oceanic crust.

Keywords: late cretaceous, subduction, degirmentas1 volcanics, k-ar dating, geochemistry, eastern pontides.

1. Introduction

The Eastern Pontides, or also the eastern Sakarya
Zone, generally contains Late Cretaceous volcanic
and plutonic rocks that form widespread spreading in
the region. The Eastern Pontides are represented by
three main volcanic phases developed during Liassic,
Late Cretaceous and Early Eocene to Miocene [1-2].
Although the Late Cretaceous aged plutons in the
Eastern Pontides have been well studied in terms of
their geochemical, isotopic and geochronological
aspects [3-6]; the studies on their volcanic
equivalents are limited [7-14]. The radiometric age
data related to Late Cretaceous volcanics in Eastern
Pontides are limited and are given in Table 1. The
ages of the Late Cretaceous volcanics changes from

2. Regional geology and stratigraphy

The Eastern Pontides orogenic belt is located within
the Alpine—Himalayan orogenic belt. This belt is
commonly subdivided into southern and northern
zones, based on lithological and structural
differences. The study area is located on the
transition of northern-southern zone in the Eastern
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7510 92 Ma (Table 1).

Studies on Late Cretaceous aged volcanic rocks in
Torul region are limited [15-17]. Apart from the
general geology of the study area [15, 18], there is no
study on the petrology of the studied Late Cretaceous
Degirmentast  volcanics. In this study, new
petrographic, geochemical, and K-Ar ages as well as
field observations for the studied volcanic rocks are
reported that enable to identify the magmatic
evolution and the origin of this widespread
subduction-related volcanic province in eastern
Pontides.

Pontides.

The basement rocks of the Eastern Pontides is
represented by early Carboniferous metamorphic
rocks [20] that are intruded by Middle-Late
Carboniferous plutons [21-25]. These basement rocks
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are unconformably overlain by the Jurassic
volcanics, volcaniclastic and plutonic rocks [26-29].
The Jurassic rocks are conformably overlain by Late
Jurassic-Early Cretaceous carbonate rocks [30]. The
Late Cretaceous units that unconformably overlie
these carbonate rocks consist of volcanic, plutonic
and sedimentary rocks [10-11, 13-14, 31-32]. These
rocks are overlain by Late Paleocene-Early Eocene
adakitic rocks [33-34], Middle Eocene volcanic, sub-
volcanic and sedimentary rocks [35-45] and cuts by
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Middle Eocene plutonic rocks [46-52]. These units
are overlain by Neogene volcanic rocks [53] and are
covered by Late Miocene and Plio—Quaternary
adakitic volcanic-subvolcanic rocks [54]. Miocene
and post-Miocene magmatisms are calc-alkaline to
alkaline compositions in the Trabzon-Giimiigshane
areas [53-54] and calc-alkaline in the Kandilli-Tlica
areas [55-56]. All units are unconformably overlain
by Quaternary alluvium.

Table 1. Crystallization ages of Late Cretaceous volcanics in the Eastern Pontides

Name Dating Age (Ma) Rock Types Formation Ref.
Degirmentasi K-Ar 77.99+3.76 dacite Kizilkaya  This
(Torul/Giimiishane) study
Artvin 206pp/2%8y  83.04+0.39  rhyolite Kizilkaya  [13]
Artvin 206pp/238y  86.51+0.35  rhyolite Tirebolu [13]
Murgul (Artvin) OAr/BAr 92.1+1.2 basalt Catak [12]
Murgul (Artvin) OArP°Ar  88.8+0.9 dacite Kizilkaya  [12]
Rize OArAr 83.2+1.0 dacite Cayirbag [11]
Akcaabat (Trabzon) “Ar/**Ar 82.61+0.34  basalt [10]
Ordu 206Pp/238y  86.02+0.52  basalt [9]
Ordu OAr/PAr  75.34+£0.10  rhyodacite [9]
Tekke (Giimiishane) 2°°Pb/28U  84.05+0.94  felsic tuff [19]
Tekke (Giimiishane) 2%°Pb/28U  81.09+0.62  felsic tuff [19]
Tekke (Giimiishane) 2%°Pb/28U  77.1+1.0 felsic tuff [19]
Tirebolu (Giresun)  2%Pb/>®U  91.1+1.3 dacite Kizilkaya  [8]
Tirebolu (Giresun)  2%Pb/?2Th  83.1+1.5 rhyolite Cayirbag [8]
Maden (Bayburt) OAr/PAr 80.9 +0.9 trachyandesite [7]
Zigana K-Ar 78.7+£2.3 dacite Kizilkaya  [17]
(Giimiishane)

Zigana K-Ar 753 +£2.4 dacite Kizilkaya  [17]
(Giimiishane)

Hamsilos (Sinop) DArPAr - 79.0+0.3 trachy basalt [14]
Hamsilos (Sinop) DOAr/PAr 773+£04 trachy basalt [14]
Hamsilos (Sinop) QOAr/PAr 78.2+0.7 trachy basalt [14]
Hamsilos (Sinop) OAr/PAr  723+0.5 basaltic andesite [14]

Within the study area, the volcanic, plutonic and
sedimentary rocks are observed (Figure 1). The oldest
units in the study area are formed of neritic
carbonates (Berdiga Formation; [30]). This unit
unconformably overlain by andesite and their
pyroclastics containing local limestone lenses (Catak
Formation [18]). These rocks are conformably
overlain by the Late Cretaceous aged units consisting
of dacite, rhyolite and pyroclastics (Kizilkaya

Formation [18]). All these units are cut by Late
Cretaceous aged intrusions [31-32].

Studied dasitic rocks exhibit well-developed
columnar jointing. Large quartz grains can be
selected macroscopically. Some of the dacite and
rhyolites appear as domes. Pyroclastic rocks are
composed of breccias, aglomerates and tuff, and are
commonly interbedded with limestones.
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Figure 1. Geological map of the study area (modified by [15]).

3. Analytical procedures

In this study, 30 rock samples were collected from
the Degirmentasi (Torul/Glimiishane) area. Based on
microscopic studies, 11 of the freshest and most
representative rock samples taken from lava flows
were selected for whole-rock geochemical analysis.

Major and trace element including REE contents
were performed at the ACME Laboratories Ltd.
(Vancouver, Canada) wusing by ICP-emission
spectrometry and ICP-mass spectrometry, using
standard techniques. Major and trace elements were
analyzed by ICP using 0.2 g of rock-powder fused

with 1.5 g LiBO; and dissolved in 100 ml 5% HNOs.
REE analyses were performed by ICP-MS at ACME.

K-Ar isotopic analyses of the dacitic sample was
determined at the Institute of Geology and
Geophysics, Chinese Academy of Sciences (Beijing).
Potassium (K) contents were examined using a
spectrophotometer (type 6400) and two standards
(trachyte ZGC and biotite ZBH-25) for callibration.
The argon (Ar) contents were performed using a
RGA10 massspectrometer and were adjusted to a
trachyte standard ZGC and a biotite standard

ZBH-25. The parameters used in the age calculation were: A= 5.543x10-10/year, “°K/ZK=1.167x10".

4, Results

4.1. Petrography

Based on their mineralogical, petrographical and
textural characteristics, the studied volcanic rocks of
the Degirmentasi area are mainly andesites, dacites
and minor rhyolites. Andesites have porphyritic,
microlitic ~ porphyritic  and hyalo-microlitic
porphyritic textures with phenocrystals consist of
plagioclase, hornblende and biotite. Das have
porphyritic texture including phenocrystals of
plagioclase, quartz, sanidine and biotite. Rhyolites
are porphyritic and partly spherulitic in texture.

Phenocrystals are composed of plagioclase, sanidine,
guartz, biotite and hornblend minerals. Opaque
minerals, especially pyrites, are observed in all
samples. The groundmass generally consists of
feldspar microlites, Fe-Ti oxides and / or glass,
sometimes alteration products (clay minerals, calcite,
sericite, chlorite and epidote) and accessory apatite
accompany them.
Plagioclases are widely observed in all samples as
subhedral to euhedral phenocrystals and laths, and
1691
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microlites in the groundmass. They are mainly
andesine (Ansss3) in  andesites and andesine-
oligoclase (Anz.3s) in  dacites and rhyolites.
Plagioclase  phenocrystals show albite and
polysynthetic twinning, while small crystals show
albite twinning. Oscillating zoning is observed in
some minerals, while the others has sieve texture.
Large plagioclases have poikilitic texture including
small hornblende, opaque minerals and needle-like
apatite inclusions. Some large crystals are partly
sericitized and calcitized. Hornblendes are generally
seen as euhedral to subhedral prismatic phenocrystals
and microlites in the groundmass. Some crystals

4.2. K-Ar geochronology

Following  petrographical and  geochemical
evaluations, one sample freshly obtained from the
Degirmentasi volcanics were chosen for K-Ar
analyses. K—-Ar age determinations on the hornblende

Volume 10 (1), June 2021, pp 1689-1702

contain plagioclase and opaque mineral inclusions.
They are occasionally chloritized and calcitized.
Biotites are generally found in dacites and rhyolites
as euhedral to subhedral crystals. Some biotite
phenocrystals may contain small plagioclase and
opaque minerals. Chloritization is common in some
crystals. Quartz phenocrystals are commonly
observed in dacites and rhyolites. They are partly
corroded and skeletal. Embayed quartz crystals are
common. Sanidine is generally seen as euhedral to
subhedral lata-shaped crystals, and microcrystals in
groundmass.

separates of one dacite sample is presented in Table
2. The sample yield age of 77.99 + 3.76 Ma for the
dasitic lava flow, corresponding to the Campanian
(Late Cretaceous).

Table 2. K-Ar geochronologic data for the Degirmentasi volcanics

Sample Mineral Age +o6 K OAr BAr WOAr/EA to SBAr/BA to
(Ma) (%) rad (10**mol) r r
(%)
T62 Hb 7799 37 03 2517 2.20E-11 0.5319 0.0048 0.001373 0.0000177
(dacite) 6 2 2

A= 5.543x10-10/year, “°K/ZK= 1.167x10-4, hb; hornblende

4.3. Whole-Rock Geochemistry
The whole-rock major and trace element (including
REE) analyses for the rock samples from the

Degirmentasi volcanic rocks are listed in Table 3.

Table 3. Whole-rock major oxide (wt%), trace (ppm) and REE (ppm) analysis results of the Degirmentasi volcanics.

Rock andesite dacite rhyolite
Sample A9 M8 A0 T11 @ T62 H54 H3 T80 T113 | H10 T102
SiO2 58.27 | 59.06 K 59.85 | 62.92  69.00 R 69.18 | 69.64 | 69.71 | 69.54 | 71.10 | 71.87
TiO2 0.48 0.60 0.37 | 038 | 031 0.39 043 032 0.28 0.35 0.22
Al>O3 16.17 | 16.25 | 16.89 @ 16.46 | 14.56 17.44 15.78 14.49 14.26 14.94 13.34
Fe203" 4.85 731 427 419 @ 3.01 151 241  3.19 2.87 2.56 3.23
MnO 0.10 0.20 | 0.07 | 0.09 | 0.10 0.01 0.01 0.09 0.07 0.06 0.05
MgO 2.12 225 236 232 @ 1.09 0.48 034  1.09 1.46 0.49 0.73
CaO 4.47 6.00 (452 | 420 | 299 0.20 1.55 2.80 0.40 0.30 1.64
Na2O 4.16 274 | 467 455 @ 3.00 1.82 314  3.43 3.95 3.22 4.22
K20 1.18 141 | 157 | 1.03 | 3.33 4.45 2.47 2.96 4.25 4.25 2.19
P20s 0.12 0.16 0.11 | 0.16 | 0.08 0.08 011  0.08 0.08 0.07 0.05
LOI 4.89 3.90 445 350 | 2.30 3.60 3.90 1.60 2.20 2.40 2.20
Total 96.81 99.88 99.13 99.80 | 99.77 99.16 99.78 99.76  99.36 99.74  99.74
Ni 46.0 4.1 300 6.6 1.3 0.5 0.6 1.1 1.0 1.8 0.7
V 182.0 173.0 96.0 @ 72.0 | 52.0 17.0 56.0  52.0 42.0 42.0 22.0
Cu 38.0 61.6 450 1.8 1.1 2.7 3.1 2.3 2.1 1.1 0.4
Pb 46.0 3.1 52.0 | 63.0 | 483 7.8 4.7 311 30.1 7.1 20.4
Zn 67.0 740 88.0  36.0 | 220 18.0 29.0 34.0 41.0 47.0 13.0
W 0.5 0.7 0.8 0.7 0.9 3.6 3.0 13 1.3 2.5 0.7
Rb 36.0 284 | 48.0 | 222 | 639 152.1 | 68.6 67.0 96.3 111.6 | 37.9
Ba 5130 567.9 627.0 214.0 11650 2502.0 1062.0 1017.0 1011.0 1720.0 1090.0
Sr 450.0 # 432.1 | 3150 450.2 2151 |1236 @ 1159 | 2253 | 111.8 | 1147 | 1334
Ta 0.5 0.3 0.6 0.5 0.5 1.2 0.9 05 0.4 0.9 0.6
1692
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Nb 50 |44 50 |71 |62 133 | 115 64 6.3 117 | 7.0
Hf 53 36 46 31 35 7.4 55 37 4.1 5.8 3.9
Zr 2200 | 120.6 1990 975 1156 2064 2089 1243 1366 2114  116.3
Y 280 226 210 149 185 207 260 209 177 239 227
Th 35 |63 68 45 122 249 224 118 132 216 89
U 11 20 25 13 | 37 6.1 47 29 33 4.9 17
Ga 132 154 148 152 130 122 160 120 126 131 1238
La 1500 1620 20.00 19.30 2430 5330 5150 24.80 2420 4470 24.10
Ce 2200 3350 29.00 3620 47.20 9580  93.30  47.00 4330 82.60 48.80
Pr 380 412 515 436 462 1021 925 460 462 804 507
Nd 1350  16.70 18.40 17.20 1610 3450 3200 1590 | 17.00  29.00  17.00
Sm 220 350 295 287 290 541 594 304 304 514  3.66
Eu 092 098 09 08 07L 094 08 070 070 084  0.73
Gd 235 326 275 269 285 421 527 28 269 437 348
Tb 045 063 052 046 049 065 08 049 047 068  0.62
Dy 286 369 253 247 289 378 38 308 269 438  3.63
Ho 055 076 068 064 061 078 100 069 058 085  0.73
Er 145 236 186 179 200 217 281 201 186 265 241
™™ 026 037 024 021 027 037 042 032 028 041 037
Yb 176 236 182 170 196 244 303 221 197 267 242
Lu 026 037 028 024 031 040 044 035 031 044  0.38
(La/Lu)s 597 453 740 833 812 1380 1212 7.34 808 1052 6.57
(Gd/Lu)» 112 109 122 139 | 114 131 149 100 108 123 114
(Eu/Eu*), 123 087 101 092 075 058 046 072 073 053 062
Mg # 49.04 4039 5480 5493 4436 4117 2370 4293 5283 | 2965  33.22

Mg# (mg-number) = molar 100xMgO/(MgO+ Fe203"), LOI is loss on ignition, Eu*=(Sm+Gd)cn/2

The studied volcanic rocks have SiO, contents from
58 to 72 wt.% (Table 3). The Mg numbers (Mg#) of
the samples range from 24 to 55 (Table 2).
K20/Na,0 ratios for the studied samples ranged from
0.2 to 2.5 (Table 3). In the classification diagram
[57], the samples from the Degirmentast volcanics
plotted in the andesite, dacite and minor rhyolite
fields (Figure 2a). In the [58] classification diagram
(Figure 2Db), the rocks plot mainly in the andesite and
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dacite/rhyolite fields. The studied samples are sub-
alkaline on the K;0 vs. SiO; diagram (Figure 2a) and
are medium to high-K calc-alkaline in characters
(Figure 3a). In the AFM triangle diagram [59], all of
the samples are located in the calc-alkaline area,
especially dacite and rhyolites show enrichment
towards the alkaline end (Figure 3b).

(b) .
Comendite/ | Phonolite
1,000 3 Pantellerite
Rhyolite
0,100t Rnyolite/Dacite = Trachyte
0O Trachy-
Andesite @) - andesite
0,010 AngesiteBasalt Alkaline | Bash/
basalt Neph
Subalkaline basalt
0,001 . -
0,010 0,100 1,000 10,000
Nb/Y

Figure 2. (a) Chemical classification diagram [57] and (b) SiO2 vs. Zr/TiO; diagram [58] for the Degirmentasi volcanic
rocks (Alkaline-subalkaline dividing line is from [59]).
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Figure 3. (a) SiO2vs. KO and (b) AFM [59] diagrams of the Degirmentasi volcanic rocks. The field boundaries between
medium-K, high-K and shoshonitic are from [60] (Alkaline—subalkaline and tholeiitic—calcalkaline dividing
curves are from [59]).

Harker variations plots of the studied samples has
systematic variations for some trace elements and
major oxides (Figures 4 and 5). The MgO, CaO,
Fe203m), Al,O3, P20s, TiO2, Sr, Zr, Y and Ni contents

K20 (Wt%)

MgO (wt%)

decrease, whereas KO, Th, Nb, Zr, Rb, Ba and La
increase with increasing SiO; in the samples (Figure
4). The Na;O and Pb show nearly constant trends
(Figures 4 and 5).
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Figure 4. SiO; (wt%) versus major oxides (wt %) variation diagrams for samples from the Degirmentasi volcanic rocks.
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In primitive mantle-normalized spider diagrams, the
studied samples display similar variations, and they
are characterized by significant enrichment in LILEsS,
relative to some HFSEs, especially in Ti and P
(Figures 6a and c). The samples have positive Pb
anomalies. The enrichments in LILE elements along
with the negative anomaly of Nb and Ta refers a
subduction related magmatic processes and/or a
crustal contamination [61] as seen in the studied
samples. The chondrite-normalized REE for the

1000,0

samples have similar concave patterns with
Lan/Lun= 4.53-13.80 (Table 3). These patterns are
parallel to each other, showing a similar origin for
the studied samples (Figures 6d and f). The heavy
REE (HREE) profiles of all samples are almost flat
(Gdn/Lun = 0.99-1.49; Table 3). Basaltic samples
have negativeto slightly positive Eu anomaly
(Eun/Eu*= 0.87-1.23; Table 3; Figure 6d). Dacitic
and rhyolitic samples have negative Eu anomaly
(Eun/Eu*= 0.46-0.75; Table 3; Figures 6e and f).
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Figure 6. (a) Primitive mantle normalized (normalizing values from [62]) trace element patterns and (b) Chondrite
normalized (normalizing values from [63]) trace element patterns for samples from the Degirmentasi
volcanic rocks
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5. Discussion
5.1. Fractional crystallization (FC)

The Degirmentast volcanic rocks have similar
geochemical and petrographical features and offer a
typical K-rich calc-alkaline trend from andesites to
rhyolites. They have similar LILE, HFSE, and REE
patterns. In the selected major oxide and trace
elements versus SiO, diagrams, observed well-
defined negative or positive correlations with
increasing silica (Figures 4 and 5) indicate that the
fractional crystallization processes play important
role during the evolution of the magmas of the
Degirmentast volcanites. The rocks of the volcanics
have high CaO and Sr contents and display weak
negative Sr, Ba and Eu anomalies (Figures 8 and 9),
which indicate fractionation of plagioclase. The
decrease of Al,0s; Fe,03", MgO, CaO and La
contents and increase of K,O and Ba values with
increasing SiO, suggest calcic plagioclase and

Volume 10 (1), June 2021, pp 1689-1702

amphibole fractionation (Figures 4 and 5). The
increases in KyO and Rb with increasing SiO;
content show that biotite and K-feldspar were not
amongst the early phases of fractionation. The
decrease in P20s and TiO, with increasing SiO, may
results from removal of apatite and titanite during
fractional crystallization, respectively (Figure 4).

The Y content of the samples exhibits a near-constant
to positive correlation with increasing Rb contents
(high-Y content, Figure 7a), which can be explained
by clinopyroxene and plagioclase fractionation. In
Rb/Sr vs. Sr (ppm) diagram (Figure 7b) show that the
fractionation of plagioclase and hornblend played an
important role in the evolution of the studied
volcanic rocks.
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Figure 7. (8) Y vs. Rb and Rb/Sr vs. Sr diagrams for samples from the Degirmentasi volcanic rocks. Fractionation trends
are from [64].

5.2. Crustal contamination

In addition to fractional crystallization, crustal
contamination can also be an important process
during the evolution of magmatism in active
continental margins. The continental crust is highly
fractionated and enriched LREE with flat HREE and
has negative Nb-Ta anomalies as well as positive Pb
anomalies [63]. The Degirmentast volcanic rocks are
characterized by pronounced positive Pb and

5.3. Magma source

The Degirmentagi volcanic rocks possess MgO
values of 0.3-2.4%, Mg# values of 24-55 and Ni
values of 1-46 ppm. These values indicate that
Degirmentagt volcanic rocks substantially differ from
the magmas derived from primitive mantle
composition (Mg# = ~ 66 to 75, Ni = ~ 400 to 500
ppm; [65]). The distribution pattern of the some
major and trace elements of the studied samples

negative Nb-Ta anomalies (Figure 5a), recording
that subduction signature and possible minor amount
of a crustal contribution in their evolution. Crustal
components are also rich in Th (avg. 3.5 ppm) and Pb
(avg. 8 ppm) in bulk continental crust [63]. Thus, the
high Th (4 - 25 ppm) and Pb (3 - 63 ppm) values in
the studied volcanic rocks may also be attributed to
the effects of crustal contamination (Table 3).

(Figure 7a-i) support plagioclase + amphibole + Fe-
Ti oxide + apatite fractionations. Enrichments of
LILEs and LREEs, and negative Ta and Nb
anomalies (Figure 8a, b) together with low
(La/Yb), (4.6-14.8) ratios and high Th/Yb (2.0-10.2)
ratios and Yb, (6.9-12.2) values (Figure 6) of the

studied samples indicate  subduction-related
metasomatised mantle source [66]. La/Sm vs. Ba/Th
1696

Kaygusuz et al / Geochemical features and petrogenesis of Late Cretaceous subduction-related volcanic rocks
in the Degirmentasi (Torul/Giimiigshane) area, Eastern Pontides (NE Turkey)



Journal of Engineering Research and Applied Science

and Th/Yb vs. Gd/Yb diagrams show that the melt
was enriched in the fluids [67] during the Late

Volume 10 (1), June 2021, pp 1689-1702

Cretaceous subduction (Figure 8).
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Figure 8. (a) Ba/Th vs. La/Sm and (b) Th/Yb vs. Gd/Yb diagrams for samples from the Degirmentas1 volcanic

In the Nb/Th vs. Nb diagram (Figure 9a) all samples
plot in the arc volcanic sub-field. The low Ce/Pb
ratios (0.3 to 19.9) of the studied samples are
considerably different from those of oceanic basalts
(~25 [68]), suggesting that these rocks are not
derived from normal asthenospheric mantle. The
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Nb/Yb vs. Zr/Yb diagram (Figure 9b) indicates an
apparent E-MORB composition. Low Sr/Y (4.5 to
30.2) and high Y (14.9 to 28.0 ppm) contents of the
studied rocks imply that they are not adakitic rocks,
and they show volcanic arc features (Figure 10a).
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Figure 9. (2) Nb/Th vs. Nb and (b) Zr/Yb vs. Nb/Yb [61] diagrams from the Degirmentasi volcanic rocks. For reference
values in diagrams, see Figure 9 caption in [37].

[69] indicated that lower Nb/La ratios (~ < 0.5)
suggest a lithospheric mantle source, whereas high
Nb/La ratios (Nb/La > 1) demonstrate an OIB-like

asthenospheric mantle source. The Nb/La (0.2-0.4)
and La/Yb (6.9-21.8) ratios of the studied samples
indicate a lithospheric mantle source (Figure 10b).
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Figure 10. (a) Sr/Y vs. Y and (b) Nb/La vs. La/Yb diagrams from the Degirmentasi volcanic rocks. For reference values
in diagrams, see Figure 9 caption in [37].
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In the Nb/Y vs. Th/Y diagram (Figure 11a), the
Degirmentagi volcanic rocks show a coherent trend,
with a Th/Nb ratio close to 0.1, which may be
attributed to the combined effects of fractional
crystallisation and crustal assimilation. As shown in
Figure 11, the displacement of this data array to
higher Th/Y ratios compared to OIB and MORB can
be considered strongly indicative of metasomatism of
the mantle source by subduction zone fluids carrying

10,00

Volume 10 (1), June 2021, pp 1689-1702

the trace element signature of a crustal component.
The Ta/Yb vs. Th/Yb diagram [64] can be used to
identify the source wvariation and crustal
contamination (Figure 11b). In Figure 11b, the
studied volcanic rocks show a trend sub-parallel to
the mantle array but shifted to higher Th/Yb ratios
indicates melt derivation from a source enriched (or
metasomatized) by fluids.
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Figure 11. (a) Th/Y vs. Nb/Y and (b) Th/Yb vs. Ta/YDb [64] diagrams from the Degirmentasi volcanic rocks. For
reference values in diagrams, see Figure 9 caption in [37].

The Degirmentas1 volcanic rocks has relatively high
and flat HREE patterns (Figure 6), indicating the
absence of garnet in the mantle source region.
Instead, these patterns are compatible with the
presence of spinel in the mantle source. The negative
Zr and P anomalies in the primitive mantle-
normalized diagrams (Figure 6) could indicate the
presence of residual zircon and apatite in the mantle

6. Conclusions

1. The studied Degirmentast volcanic rocks are
andesite, dacite and minor rhyolite in
composition defining a calc-alkaline series.

2. K-Ar dating on horblende separates from the
lava flow gave an age of 77.99+3.76 Ma.

3. All 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
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