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Petrography and mineral chemistry of basaltic host rocks in
the Dohneh Cu mineralization, NE Zanjan

Masoumeh Mohammadi®, Ghasem Nabatian*, Maryam Honarmand?, Mohammad
Ebrahimi?, Ali Haji Abolfath!

1. Department of Geology, University of Zanjan, Zanjan, Iran
2. Department of earth sciences, Institute for Advanced Studies in Basic Sciences (IASBS),

Zanjan, Iran

Abstract

Dohneh area (northeast of Zanjan) is located in the Western Alborz-Azarbaijan zone along
the Tarom-Hashtjin subzone. The outcropped rock units in the Dohneh area include Eocene
volcanic and volcano-sedimentary rocks (equivalent to the Karaj Formation) containing lithic
crystal tuff and basaltic lava flows (amygdaloidal basalt and porphyritic basalt). The main
minerals of basaltic units in the Dohneh area include plagioclase, pyroxene and olivine which
contain secondary minerals such as chlorite, zeolite, calcite, epidote, serpentine and iron oxides.
The opaque minerals such as Magnetite and apatite are present as accessory minerals. The data
resulted from electron microprobe suggest that the pyroxene composition (Cap.os-0.0 Nao.oz-0.04 Fe*?
00108 Mgo.7-11) (MnNo.o1-0.3 Alo.01-02 Tio.01-0.03 Fe**0.01-0.2) (Siz Alo.1-02) Os) in the Dohneh basalts are
as Ca-Mg-Fe bearing pyroxene (low Na) and mostly show diopside, augite and minor amount
clinoenstatite. Based on microprobe analyses on chlorites, their composition is Mg rich (Mgs.s-
7.3, F€O.05-2.3, a12-2.6)6(Sie.2-7.1, a0.8-1.7)a4010 (OH)g) which are grouped as diabantite and pininite.
Moreover, the clinochlore is also detected in this area by XRD. The results obtained from the
electron microprobe analysis on zeolites show that zeolites of Dohneh area are low-content to
medium-content silica (Si/Al=1.57 — 2.08). Na bearing zeolite namely natrolite is also recognized
by XRD. The chemical composition of pyroxene from the Dohneh area suggests that these
minerals crystallized in pressure <5 Kbar from alkaline to sub-alkaline magmas in the back-arc

and subduction related setting.
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Fe203* and FeO™* based on: Preston and Still (2001).
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Zeolite Si/Al molar Some of the common mineral names and their framework
Grade ratio codes
Low <2 Analcime (ANA), Cancrinite (CAN), Na-X (FAU), Natrolite
silica (NAT), Phillipsite (PHI), Sodalite (SOD)
Intermediate 2-5 Chabazite (CHA), Faujasite (FAU), Mordenite (MOR), Na-Y
silica (FAU)
High silica >5 ZSM-5(MFI), zeolite-b (BEA)
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Extended Abstract

Introduction

The Dohneh volcanic complex is located at 84 km northeast of Zanjan in the Tarom subzone and the
western Alborz-Azarbayjan magmatic belt. The Tarom subzone is one of the essential metallogenic subzone
in Iran which contains different types of mineralization such as Kiruna-type Fe-REE deposits, manto-type
Cu deposits, epithermal deposits (Pb-Zn £ Au) and hydrothermal Mn deposit (e.g. Nabatian et al., 2014a,
b; 2016; Saeedi et al., 2018; Mohammadi, 2019). These deposits hosted by early to middle Eocene volcanic
and volcano- clastic and late Eocene intrusive rocks. The intrusive rocks intruded within the early to middle
Eocene rock units in the Tarom subzone. The volcanic rocks with basalt and andesitic-basalt compositions
are the main host rocks of manto-type copper deposits in this region. The Dohneh manto-type copper
deposit in one of the example of this type of deposit in the Tarom region which hosted by Eocene volcanic
and volcano-clastic rocks. Therefore, the study of geological framework, mineralogy and mineral chemistry
in this area can be used to investigate the tectono-magmatic setting and magmatic evolution of the Eocene

volcanic sequences in this part of Alborz magmatic assemblage.

Materials and methods

Petrographic and mineralogical features of the Dohneh volcanic rocks were determined by studying of
52 thin and thin-polished sections. Major and trace element compositions of six volcanic samples (the host
of copper mineralization) were determined by the Iran Mineral Processing Research Center and Zarazma
Company using XRF and ICP-MS methods, respectively. To study the mineral chemistry of the volcanic
rocks in the Dohneh area, 4 thin-polished sections from these samples were selected. Minerals were

analyzed in the electron microscopy laboratory of Iran Mineral Processing and Research Center by electron
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microprobe analysis (EPMA). In the present study, EPMA analyses of pyroxene, plagioclase, chlorite and

zeolite minerals were performed.

Results and Discussion

The main rock units in the Dohneh area include Eocene tuffs and basalts relevant to the Kordkand
member of the Karaj Formation. The tuff unit displays basic composition and is comprised of plagioclase,
pyroxene, minor olivine and opaque minerals. There are also some basaltic fragments within the tuff unit.
The Dohneh volcanic lavas can be divided into two lava flows varying in texture and mineralogy. The
amygdaloidal basalt shows porphyritic and amygdaloidal textures and contains plagioclase, clinopyroxene,
orthopyroxene, olivine and opaque minerals. The secondary minerals are carbonate, serpentine, epidote,
chlorite, zeolite (filling the cavities), sericite and iron oxide. The second lava flow in the Dohneh area is
the porphyritic basalt which shows specified porphyry texture. This rock unit consists of pyroxene
phenocrysts enveloped within the fine-grained matrix including plagioclase, olivine and pyroxene. In
volcanic rocks of the Dohneh area, plagioclase crystals in the form of shaped to semi-shaped blades are one
of the main minerals of these rocks. These crystals are mainly homogeneous and sometimes heterogeneous
(with zoning). To investigate the chemical composition of these minerals, two samples were analyzed by
EMPA method in Iran Mineral Processing and Research Center. The chemical composition of plagioclase
in the volcanic assemblage of the Dohneh area are Sanidin and Labradorite. The composition of all
pyroxenes in the Dohneh area is in the range of iron-magnesium-calcium-rich and sodium-poor pyroxenes.
According to Wo-Fs-En triangular diagram (Morimoto et al., 1988), most of the analyzed pyroxenes are in
the combined range of diopside to augite, but a number of pyroxenes in the porphyry basalt are in the range

of clinoenstatite.

Chlorite is one of the important alteration products of pyroxenes in the Dohneh area. Analyzed chlorites
show that most of these minerals grouped as magnesium type. Based on Fe*? + Fe*® and Si contents, the
composition of chlorites in the Dohneh deposit are mainly in the range of diabantite and pininite. Based on
the results of XRD analysis, the chemical composition of chlorites in the Doneh area is clinochlorine with
the chemical formula (Mg, Fe, Al)s (Si, Cr)s O10 (OH)s. In order to investigate and identify the type of
zeolites occurred as alteration mineral through burial metamorphism, one sample for XRD analysis and two
samples for EPMA analysis were selected and analyzed in Iran Mineral Processing and Research Center.

Based on the results of electron microscopic analysis and Si/Al values, the zeolites of the Dohneh area are
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low silica zeolites and in some cases show medium silica. Moreover, the amounts of calcium, magnesium,
potassium and sodium zeolites of the Dehneh area range from 0.1% to 1%. The chemical composition of
the most zeolites in the Dehneh area is calcium zeolites with lamontite composition. Furthermore, the sodium

zeolite (natrolite) has also been reported in XRD analyses of the selected samples from the Dohneh area.

Conclusion

The values of AIY' in clinopyroxene samples were less than 0.1 suggesting crystallization of
clinopyroxene phenocrysts at pressures of less than 5 kbar (Helz, 1976). Clinopyroxene crystals in the
basaltic rocks of the Dohneh area have a relatively high amount of MgO due to the high temperature of
crystallization. To determine the temperature of clinopyroxenes crystallization in the Dohneh area,
Lindesley (1983) diagram was used, which was drawn based on the molecular percentage of wollastonite-
enstatite-ferrosilite minerals in the quadrilateral of enstatite-ferrosylite-diopside-hedenbergite. Based on the
Lindesley (1983) diagram, the calculated temperatures for the crystallization of diopside and augite
minerals in studied rocks range from 500 to 800 °C. So that the crystallization temperature in amygdolidal
basalts is from 500 to 700 °C and in porphyritic basalts is from 500 to 800 °C. The crystallization
temperature of clinoEnstatite pyroxenes also varies between 700 and 800 °C. The crystallization
temperature of the analyzed chlorites from amygdoidal basalt rocks is in the range of 200-490 °C. The
average crystallization temperature of chlorite in the amygdaloidal basalt, which formed at the same time
as the formation of zeolite alteration, is about 341.43 °C. Based on the XRF results, the magmatic series of
pyroxenes in the basaltic rocks of Dohneh area are mostly in the range of sub-alkaline to alkaline (LeBas,
1962; Leterrier, 1982). The Tectonomagmatic environment of volcanic rocks in the Dohneh area is close to

the OIB and Arc settings.
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