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Abstract

It is recognized that magmatic activities have occurred along the Izmir Erzincan suture due to the closure of the Tethyan ocean. In the
western part of Almus (Tokat), which is situated around this suture zone, quartz veins along the fracture lines are observed in the
volcanics owing to the magmatism. There are copper enrichments along the quartz veins with an average thickness of 70 ¢cm in volcanic
rocks. Mineralization occurred as vein type and epigenetic formation. Paragenesis consists of bornite, covellite, pyrite, magnetite in ore
forming phase and goethite, malachite and azurite in supergeneous phase. In geochemical analyzes, the CuO value near the surface
reaches 23% due to the presence of malachite and azurites also 0.03% in non-oxidized zones. This enrichment along the secondary
quartz veins in the fracture lines of Eocene volcanic rocks is associated to the effect of the extension regime in the region.
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Almus Batisindaki Volkanik Kayaclarda Kuvars Damarlari ile Iliskili
Bakir Cevherlesmesinin Jeolojisi ve Jeokimyasi (Tokat-Tirkiye)

Oz

Tetis okyanusunun kapanmasi nedeniyle izmir Erzincan kenet zonu boyunca magmatik faaliyetlerin meydana geldigi kabul
edilmektedir. Bu kenet zonu ¢evresinde yer alan Almus (Tokat) batisinda magmatizma ile iligkili olan volkanik kayaglardaki kirik hatlart
boyunca kuvars damarlari gozlenir. Volkanik kayaglarda ortalama 70 c¢m kalinliginda olan kuvars damarlar1 boyunca da bakir
zenginlegmeleri bulunur. Cevherlesme damar tipi ve epijenetik olusumludur. Parajenez, cevher olusum fazinda bornit, kovellin, pirit,
manyetitten ve siiperjen evrede ise gotit, malakit ve azuritten olusur. Jeokimyasal analizlerde, malakit ve azuritlerin varligindan dolay1
yiizeye yakin CuO degeri %23'e ulasir, ayrica oksitlenmemis bolgelerde de %0.03'e ulasir. Eosen yash volkanik kayaglarin kirik
hatlarindaki ikincil kuvars damarlar1 boyunca meydana gelen bu zenginlesme, bdlgedeki agilma rejiminin etkisiyle iliskilidir.

Anahtar Kelimeler: Kuvars damarlari, Volkanik kayagclar, Bakir, Siiperjen evre, A¢ilma rejimi, Almus (Tokat).
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1. Introduction

There are many sutures in the Anatolian plate. Many
continental collisions occurred due to the closure of different
portions of the Tethyan ocean and magmatic events occurred
during and after this collision [1-3]. The northern branch of
Neotethys was closed with the collision of the Pontides and the
Anatolian plate and as a result of the Izmir-Ankara-Erzincan
suture zone was revealed [1,3] (Fig 1a). Magmatism took place
with the effect of tension tectonic regime around these suture
zones [4]. This magmatism was defined as middle Eocene
volcanosedimentary rocks in and around the west of Almus
(Tokat) [5] and additionally 45 Ma age from basalt and andesites
[6] and 40-41 Ma ages from trachytic lavas were obtained [4].

The metamorphic rocks of the Mesozoic Tokat massif and the
ophiolitic rocks of the Bakimlidag Complex are basement rocks
in and around Almus (Tokat) [7-12] (Fig 1b).

Eocene volcanics and sedimentary rocks are unconformably
overlain by these units. Secondary quartz veins are observed in

the fracture zones of these units which are spread in wide area.
There are Cu enrichments along the fracture zones. Neogene and
Quaternary sediments cover all units as angular unconformities
(Fig. 1b).

2. Material and Method

Vein type epigenetic Cu deposits are observed along the faults
developed with-in the Eocene volcanics in the western Almus.

Supergene alterations are also observed in large areas on the
surface (Fig 2). In these fault zones, secondary quartz veins
(average 70 cm) cut off volcanics and volcanic breccias (Fig. 3).
In these regions, while the ore samples are found deep (Fig 4a),
malachite and azurite minerals are observed intensely in the hand
specimen (Fig 4b).

In the study area, systematic sampling was performed in such
a way as to be perpendicular to the veins. Microscopic study of
ore samples with XRF analysis of these samples was performed
in ITU-JAL laboratory.
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Fig. 1 a. Tectonic location of the study area (Modified from Isik [13], b. Geological map of the area (simplified from Bozkurt and
Kogyigit [8]; Siimengen et al., [11-12].

3. Results and Discussion

In geochemical analyzes, the CuO value near the surface
reaches 23% due to the presence of malachite and azurites also
0.03% in non-oxidized zones (Table 1). In ore microscopy studies,
magnetite inclusions in pyrite (Fig 5Sa-b) and bornite covellite
transformations (Fig 5c-d) are observed. Pyrites are generally
subhedral and irregular. Copper minerals are also generally
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anhedral. Iron oxides are commonly observed in fractures and
cracks.

After the field and laboratouary studies; mineralization
occurred as vein type and epigenetic formation. Paragenesis
consists of bornite, covellite, pyrite, magnetite in ore forming
phase and goethite, malachite and azurite in supergeneous phase
(Figure 6).
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Fig. 3 a. General view of quartz vein and host rock, b. Volcanic
breccia

In geochemical analyzes, the CuO value near the surface
reaches 23% due to the presence of malachite and azurites also
0.03% in non-oxidized zones (Table 1). In ore microscopy studies,
magnetite inclusions in Pyrite (Fig 5a-b) and bornite covellite
transformations (Fig 5c-d) are observed.

malachite
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Fig. 4 a. General view of ore sample, b. supergeneous mineral

e-ISSN: 2148-2683

Fig. 5 Ore microscoby; a-b: Magnetite inclusions, c-d; Bornite-
Covellite transformations, py: pyrite, mag: magnetite, cv:
covellite, Bn: bornite

Table 1. Table of chemical analysis results

Formula| T1 |12 T3 T4 T5
MgO | 0,05% | 8,07%| 6.41%| 5.83%| 6,03%
ALOs | 0,07% | 4,39%| 6,69% |12,02% | 11,82%
Sioy | 2,97% |23.42% [ 37,07% | 37,48% | 27,08%
ca0 | 0,17% | 18,69% | 19,14% | 15,85% | 16,25%
MnO | 0,01% | 044%| 0.42%| 0,29%| 0.40%
Fe0s [22,00%| 6,83%| 8,73%| 6,00% |16,00%
SO;  |43.38%] 4,19%| 3.43%| 1.96%| 1.85%
Cu0 | 0,03% |23.02%| 1.42%]| 1,10%| 5,10%
K20 |0,01% | 0,10%] 022%] 037%] 0,37%

LOI |31,14%]10,35% | 14,72% | 15,91% ] 11,91%
TOTAL ] 99,92% ] 99,76% | 99,87% ] 99,76% | 99,78%

After the field and laboratouary studies; mineralization
occurred as vein type and epigenetic formation. Paragenesis
consists of bornite, covellite, pyrite, magnetite in ore forming
phase and goethite, malachite and azurite in supergeneous phase
(Figure 6).
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Fig. 6 The paragenesis and succession of the ore zone

Various important mineralizations can form in fault zones
that evolve in extensive tectonic situations. Marchev et al., [14]
declared that there are vein type and carbonate substitution Pb-Zn
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mineralizations linked with the ignimbrites in the Rhodope massif
and fault zones are competent in the mineralization.

Esmaeli et al., [15] set forth that there is Khalyfehlou Cu
mineralization in the southeast of the Zenjan region in Iran and
that this vein-type mineralization is situated within the volcano-
sedimentary succession of the Eocene period. The paragenesis of
the Khalyfehlou Cu mineralization is in the form of chalcopyrite,
bornite, chalcosite, covelite, quartz, sericite and calcite
respectively. As a proceeding of fluid inclusions and isotope
studies, it was given that this deposit was established by a
Cordilleran type mesothermal system [15].

Rajapbour et al., [16] mentioned that fault-controlled Cu
mineralization with stratabound character exists within the
Eocene-Oligocene volcanic units in the Urmia-Dokhtar region in
northwest Iran. In the mineral assemblage study, it was stated that
arsenopyrite geothermometer ranged between 250 and 370 oC
and these data show medium-high sulphidation [16].

Shahbazi et al., [17] affirmed that the Zehabad Pb-Zn-Au-Ag
(Cu) deposit formed in fault zones correlated with Eocene tuffs
and mineralization took place in five stages. It has been revealed
that quartz and calcite gangue minerals in the paragenesis are
closely related to mineralization and hydrothermal alterations
form around the ore vein [17].

Yalcin et al., [18] explained that the Hasenekevleri (Maden-
Elaz1g) Cu mineralization is epigenetic and vein type. It was
expressed that the mineralization was associated with quartz veins
in the fracture lines in the diabases and it was suggested that
hydrothermal alterations were observed. Yal¢in et al., [19]
presented that there is epigenetic Cu-Zn mineralization associated
with fault zones in the Kuzuluk region, which is a volcanic
district, and that the hydrothermal activity in the region as well as
the faults are effective in the mineralization.

Yal¢in et al., [20] performed %S isotope analysis from
primary pyrites directly related to copper mineralization in the
Almus region. The isotope results are between 3.6-4.00 %o, and
exhibit that the sulfur that provides the formation of the
mineralization indicates magmatic origin.

The Almus mineralization, which is similar to the
mineralizations in the above-mentioned provinces, is still a
structurally controlled mineralization.

4. Conclusion

Magmatic events occurred during and after the closure of
different portions of the Tethyan ocean. The Cu enrichment along
the secondary quartz veins in the fracture lines of Eocene volcanic
rocks is related to the effect of the extension regime in district.
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