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ARTICLE INFO ABSTRACT

Article History Manto-type copper mines occur in the Bardaskan-Doruneh copper belt.
Received: 10 March 2024 On the basis of structural sedimentary division of Iran, this belt is located
Revised: 02 May 2024 in the northeastern part of the Central Iran. At the southern border of
Accepted: 05 May 2024 this belt, the Yazd structural block and in the north of it is the Sabzevar

subzone. The important regional structures of the region are Doruneh
and Taknar faults. The majority of the units in this belt are Tertiary
volcanic rocks that is associated with some sedimentary units, also some

Keywords intrusive units are sometimes visible in the form of dyke and stock
Chalcocite structures. The main host-rock of mineralization is conglomerate, which
Mala.Chite is different in grain size, clasts and cement. The most common sulphide
Azurite mineral is chalcocite and the most important copper carbonates are

Bardaskan-Doruneh

malachite and azurite. The intense alteration is not observed in the
Sabzevar subzone

region, and the chloritic alteration is partial, and the alteration of Fe-
Oxide, zeolite, calcite, and silica is just observed locally. Mineral
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EXTENDED ABSTRACT

Introduction

Manto type copper deposits in the Bardaskan-
Doruneh copper belt, with a length of approximately
60 km in a northeast-southwest direction, host more
than ten active copper mines such as Zangalu,
Zarmehr, Dahane-Siah, Mehr-Ajin, Mes-e-Sorh,
Cheshme Hadi, Nasim, Sepidsarw, Cheshme
Marzieh and a number of mineral areas, which
according to the characteristics of these types of
deposits (location, genetic pattern, geometry, host
rock, minerals, etc.) and their similarities with Manto
type copper deposits in Chile, Canada and the
northern Michigan area, it is called as Manto-copper
deposits in Iran.

Materials and Methods

This research includes two parts of field and
laboratory investigations. Field studies were carried
out in a region with about 60 km in length. Field
operations include surveying and searching the area,
sampling and distinguishing rock units and
mineralization indicators, as well as important
geological features of the area. The number of 20 thin
sections for lithological investigations, as well as 20
polished thin sections and 10 blocks of drill cores
(examination and study of 20,000 meters of drill core
related to Nasim, Zarmehr, Mes-e- Sorkh, Cheshme
Hadi and Kimia mines) and surface outcrops for a
map of mineralization in the area was prepared and
studied. Field surveys were conducted for
mineralization controllers and host rock changes in
the mining pits of Nasim, Zarmehr, Mes-e-Sorkh and
Cheshme Hadi mines. Also, due to the importance
of tectonic structures, a structural map of the mines
was prepared.

Discussion and Results

The rock units from old to young include: Basalt,
Andesite-Basalt, Andesite, Conglomerate with more
volcanic fragments, Limestone, Siltstone, Marl and
evaporite sediments including gypsum Marl. The
general extension of this lithological sequence is
northeast-southwest. Mineralization has occurred
within the conglomerate unit. There are different
types of conglomerate based on the size of the clasts,
the lithology of the clasts, and the cement. The type
of conglomerate has a great effect on mineralization
and grade changes. Conglomerate is a suitable host

for mineralization due to the porosity of the rock. The
dip and strike of the ore body follows the dip and
strike of the lithological units of the region and the
deposit is of the stratibound type. Mineralization
zone has a variable thickness between 2 and 6 meters
(in some places, the thickness increases due to the
action of faults). The dip of the ore body varies in
different parts and is between 15 and 80 degrees
towards the south and southeast. The mineralization
texture is mostly disseminated and veined and is
mainly as chalcocite mineral. In some places, due to
effect of tectonic forces and the formation of fault
structures, the order and sequence of units has been
dislocated and messed up.

Fault structures: The first group of fault structures
with the northeast-east to southwest-west direction
are the most important fault structures. These fault
structures form the boundary between the Andesite
unit and the sedimentary units and in the surface of
mineralization outcrop can be seen along its length
and it is one of the old structures in the region
because it has been cut and dislocated many times by
other fault structures. The second group is the north-
south oriented structures and caused displacements
in the mineralized host unit. This fault system, which
itself consists of several parallel fault structures, has
caused the creation of secondary spaces and the
intensification of mineralization, and as a result, the
grade has increased in some parts of the region by
joining these parallel faults together and with
deepening of the basin the intensity of mineralization
has increased.

The third group of fault structures with the
northwest-southeast direction are right lateral strike-
slip and minor left lateral strike-slip faults. These
structures are one of the most important fault
structures in the region, which displaced the rock
units of the region, especially the host of
mineralization.
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Fig. 10. A: Core box containing ore conglomerate-Nasim Mine, B: quartz minerals, hornblende and carbonated fossil
nummulite (green arrow) along with plagioclase (XPL), C: plagioclase crystal and opacified volcanic rock fragment (blue
dashed line) in carbonate cement (XPL), D: volcanic rock fragments (green and orange dotted lines) (XPL), and E: quartz
minerals, plagioclase and veins containing opaque minerals (XPL). Abbreviations after Whitney and Evans (2010) (P1:
plagioclase, Hbl: hornblende, Qz: quartz, Opq: opaque).
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Fig. 11. A: Core box containing ore conglomerate-Nasim Mine, B: quartz minerals in the carbonate background (XPL),
C: A view of a relatively large volcanic rock fragment containing plagioclase microlite and calcium carbonate secondary
mineral and opaque mineral (XPL), D: opacified hornblende mineral with plagioclase and rock fragment (dashed green
line) (XPL), and E:A view of the opaqued pieces with opaque mineral and carbonate fossil crust (XPL). Abbreviations
after Whitney and Evans (2010) (PI: plagioclase, Hbl: hornblende, Qz: quartz, Cal: calcite, Opq: opac).
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Fig. 12. A: Core box containing ore conglomerate-Nasim Mine, B: quartz minerals, opaque mineral and plagioclase
(XPL), C: View of plagioclase crystals with carbonate and iron oxide veins (XPL), D: Image of shaped plagioclase crystals
(XPL), and E: A view of veins containing iron oxide with chlorite and fossils (yellow arrow) (XPL). Abbreviations after
Whitney and Evans (2010) (P1: plagioclase, Hbl: hornblende, Qz: quartz, Cal: calcite, Chl: chlorite, Opq: opaque).
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Fig. 13. Manto-Type Copper Mineralization in Bardaskan Doruneh Belt- Thickness of different lithological units
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Fig. 14. Changes in Conglomerate in Bardaskan Durouneh Belt: decrease in size and number of volcanic fragments,
increase in carbonate cement (yellow arrow) - increase in grade (green arrow)
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Fig. 15. Cu mineralization-Nasim deposit, A: view of the dispersed and amorphous chalcocite mineral (PPL), B: view of
chalcocite mineral remains with malachite (PPL), C and D: malachite mineral (PPL). Abbreviations after Whitney and

Evans (2010) (Cct: chalcocite, Mlc: malachite).
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Fig. 16. Cu Mineralization-Nasim deposit A and B: amorphous chalcocite crystals (PPL), C and D: view of scattered
chalcocite mineral remains (PPL). Abbreviations after Whitney and Evans (2010) (Cct: chalcocite).
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Fig. 17. Mineralization in conglomerate of Bardaskan- Doruneh Belt. A: chalcocite mineralization in drilling core(yellow
arrow)-Nasim deposit, B: chalcocite and malachite mineralization (yellow arrow)- Zarmehr deposit, and C: chalcocite
mineralization (yellow arrow)- Kimia deposit
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Fig. 18. A: Geological units and tectonic structures in a part of the pit being extracted in Nesim mine, B: conglomerate
containing chalcocite (green arrow), and C: native copper
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Fig. 19. A view of andesite of the Mes e sorkh deposit
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Fig. 20. A view of andesite of the Nasim deposit
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Fig. 21. Copper mineralization in andesite unit with structural control-Nasim8 Mine
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Fig. 22. A and B: Cryptocrystalline silica-Bardaskan Doruneh Belt-Cheshmeh Hadi deposit
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Fig. 23. Structural map of the Bardaskan Doruneh region with the location of copper deposits
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Table 1. Comparison of some copper minerals in terms of the amount of Cu, S, Fe, O, CO,
Mineral Cu% S% Fe% 0% CO2%
CuzS 79.85 20.15 - - - Chalcocite
CuS 66.46 35.50 - - - Covellite
CusFeS4 63.31 25.56 11.1 - - Bornite
CuFeS: 345 35 30.4 - - Chalcopyrite
Cu:0 88.82 - - 11.18 - Cuprite
CuO 79.89 - - 20.11 - Tenorite
Cu2CO3(0OH)2 57.50 - - 36.18 20 Malachite
Cu2(C03)2(OH): 55.31 - - 37.1 25.5 Azurite
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Fig. 25. Showing the change of Cu and Fe contents in chalcocite, bornite, chalcopyrite and pyrite
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