Vol. 15, No. 1, 2023, pp. 143-174 ISSN (Print): 2008-7306  ISSN (Online): 2423-5865

Journal of Economic Geology

https://econg.um.ac.ir A A

RESEARCH ARTICLE @ 10.22067/ECONG.2023.81591.1071

Metallogeny of Manto-copper deposits, special view in Nasim copper deposit,
northwest of Bardaskan, Khorasan Razavi

Touran Ramezaniabbakhsh !, Mohammad Hassan Karimpour 2%, Hossein Azizi 2, Behnam Rahimi 4@,
Saeed Saadat °

1 Ph.D. student, Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran

2Research Center for Ore Deposit of Eastern Iran, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran;
Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran

3 Professor, Department of Mining, Faculty of Technical Engineering, University of Kurdistan, Sanandaj, Iran

4 Professor, Research Center for Ore Deposit of Eastern Iran, Faculty of Science, Ferdowsi University of Mashhad,
Mashhad, Iran; Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran

5> Associate Professor, Department of Petroleum Engineering and Geology, Mashhad Branch, Islamic Azad University,
Mashhad, Iran

ARTICLE INFO ABSTRACT

Article History The most important Manto-type deposits are located in the Coastal
Received: 14 March 2023 and Central Cordillera, northern Chile. Manto-type copper deposits
Revised: 29 April 2023 have been reported in Iran in Saveh-Jiroft zone, the volcanoes of
Accepted: 01 May 2023 eastern Iran, the volcanic-intrusive complex of Alborz-Azerbaijan,

Sabzevar zone, and Sanandaj-Sirjan zone. Nasim copper deposit is
located in the northwest of Bardaskan, northeastern Iran. The deposit
is part of the Iranian Plateau, Sabzevar Subzone, and Oryan region,

Keywords located at the end part of the Khaf-Kashmar-Bardaskan magmatic
Chalcocite belt. The geological units in the area include the Late Tertiary
Andesite (Paleocene-Eocene), volcanic rocks, and sedimentary rocks
g:xgg&‘:e including conglomerate and limestone. In Nasim deposit,

mineralization has been done in conglomerate unit as a particular
horizon. This unit is composed of volcanic fragments with carbonate and
volcanic cements. Chalcocite is the most important and main sulphide
mineral in the study area. Alteration can be divided into pre-
mineralization and syn-mineralization stages. Pre-mineralization
includes Celadonite, Carbonate, Silicified, and Propylitic alteration.
Syn-mineralization consists of small amounts of Chlorite, Zeolite, and
*Corresponding author Calcite. In this system, the chemistry of solution is different from those
of other systems such as IOCG, massive sulfide, porphyry etc., due to
completely reduced and iron and silica-deficient solution.

Oryan region
Sabzevar subzone

Mohammad Hassan Karimpour
£ karimpur@um.ac.ir

How to cite this article

Ramezaniabbakhsh, T., Karimpour, M.H., Azizi, H., Rahimi, R. and Saadat, S., 2023. Metallogeny of Manto copper deposits,
special view in the Nasim copper deposit, northwest of Bardeskan, Razavi Khorasan. Journal of Economic Geology, 15(1): 143—
174. (in Persian with English abstract) https://doi.org/10.22067/ECONG.2023.81591.1071

©2023 The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution
@ ® (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original
A authors and source are cited. No permission is required from the authors or the publishers.


https://doi.org/10.22067/ECONG.2023.81591.1071
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir
https://www.um.ac.ir
https://doi.org/10.22067/ECONG.2023.81591.1071
https://doi.org/10.22067/ECONG.2023.81591.1071
mailto:karimpur@um.ac.ir
https://doi.org/10.22067/ECONG.2023.81591.1071
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ECONG.2023.81591.1071
https://orcid.org/0000-0002-8708-562X
https://orcid.org/0000-0001-9325-5958
https://orcid.org/0000-0002-3917-3545
https://creativecommons.org/licenses/by/4.0/

Ramezaniabbakhsh et al.

Metallogeny of Manto-copper deposits, special view in Nasim copper deposit, ...

EXTENDED ABSTRACT

Introduction

Nasim deposit is located in northeastern Iran, 50
kilometers northwest of Bardaskan. The study
area is part of the lIranian Plateau, Sabzevar
subzone, and Oryan region, which is located in the
end part of the Khaf-Kashmar-Bardaskan
magmatic belt. The most important Manto-type
deposits of Iran are located in Bardaskan region.
The study area includes Paleocene-Eocene volcanic
rocks, major volcanic and minor intrusive fragments.
In this study, the chemistry of solution was
investigated based on alteration and paragenesis
in Bardaskan region.

Material and Methods

This study was done in two parts: field studies and
laboratory works. Sampling and structural studies
were done while doing field studies. Logging drill
cores was done for about 1000 meters in 20
boreholes. After field work, a total of 150 thin
sections and 50 polished sections were prepared and
studied to investigate petrography and mineralogy
and to prepare geological map.

Discussion and Results

Geology of the area includes sequence of volcanic
rocks of basalt, basaltic-andesite and andesite,
respectively, formed in a non-marine
environment. Conglomerate and limestone units
formed after volcanic activity. Mineralization
occurred only within the conglomerate unit due to
useful porosity. Mineralization formed clearly
post-dates conglomerate and limestone in the
region. Chalcocite is the most important primary
copper mineral in Manto Chalcocite systems,
which has a high amount of copper and lacks iron.
Mainly in the conglomerate unit, due to the good
porosity of the conglomerate, the solution has
risen up through the faults and penetrated into the
conglomerate. Limited mineralization is observed
in the carbonate rock. The mineralizations have no
time and origin relationship with the volcanic
cycle and the time of conglomerate formation. The
porosity in the conglomerate and the fault
structure in the region have played an important
role in the mineralization.

Manto copper solution is a solution poor in iron
and poor in silica, and it is completely reducing.
This solution cannot react with lime under any
conditions; so the mineralization rate is very low
in lime, and this shows that the solution has a
special chemistry.

Some exploration consultants have used the word
agglomerate instead of conglomerate in
Bardaskan. This is not acceptable because
agglomerate is created during volcanic activity
and its fragments consist of only one type of
composition and have a rounded state (volcanic
bomb). But conglomerate is formed during the
erosion cycle and all the pieces are rounded when
transported by river water or on the seashore. The
use of the term agglomerate becomes a
fundamental problem regarding the time and
manner of formation of copper mineralization.
Not knowing the exact time of Qata mineralization
challenges the exploration.

Alteration assemblage do not consist of epidote
and quartz due to the lack of iron and silica in the
solution. Moreover, the reducing solution is due
to the presence of organic substances. Some
researchers (e.g., Wilson and Zentilli, 2006;
Tosdal and Munizaga, 2003) suggest a volcanic
origin for Manto-type deposits. The volcanic
rocks contain at least 5% primary magnetite. If the
rocks are the origin, the solution will be rich in
iron, but there is no evidence of iron-bearing
minerals such as chalcopyrite and pyrite in the
area.

Other researchers (e.g., Palacios, 1986; Oliveros
et al., 2008) see intrusive rocks as the origin of
these deposits. If the rocks are the origin, solution
will be definitely rich in silica, iron, and
aluminum, but there is no evidence of quartz-
chalcocite mineral assemblage. Therefore, the
determination of the origin of the deposits
requires further studies and consideration of other
factors.
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Fig. 8. Field and microscopic images of andesite unit in the Nasim copper deposit A: Field image of the gray
andesite unit with mild morphology in the north-west of the Nasim copper deposit (view towards the northeast),
B: Field image of a sample of andesite rock and plagioclase mineral, C: Microscopic image of hornblende and
pyroxene phenocryst minerals in basaltic andesite (XPL), and D: Microscopic image of andesite and plagioclase
phenocryst. Abbreviations after Whitney and Evans (2010) (Px: pyroxene, Pl: plagioclase).
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Fig. 9. Images of conglomerate with different volcanic and intrusive fragments in the Nasim copper deposit. A: (A):
Monzonite with propylitic alteration (epidote), (B): Andesite with plagioclase in background, (C): Shale, (D): volcanic
cement, B: Image of rounded conglomerate fragments, (B): Andesite with plagioclase mineral in the background,
(E): Diorite porphyry with propylitic alteration (epidote), (F): Pyroxene andesite with amygdaloidal texture filled
with silica and carbonate, G: Andesite with opaque in background (mostly magnetite), and C: image of
conglomerate with carbonate cement, (F): Andesite with opaque in background (mostly magnetite)., (E): Pyroxene
andesite with bright and fine-grained background, (H): carbonate cement
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of fault in its formation
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Table 1. characteristics of selected boreholes in the Nasim copper mine

Borehole X Y Depth (m) Cu% Thickness of mineralization
BHMN 203 548493 3912700 69.7 0.26-1.19 6
BHMN 211 547778 3912350 51.8 0.19-0.39 8
BHMN 212 548524 3912650 111.2 0.13-0.41 10
BHMN 215 548656 3912720 1247 0.14-2.79 8
BHMN 220 547399 3912220 60.2 0.13-1.41 14
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Fig.12. Microphotographs of chlorite and calcite (alteration) in the matrix of the andesite in the Nasim copper deposit
(XPL). Abbreviations after Whitney and Evans (2010) (Chl: chlorite, Cal: calcite).
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Fig. 13. Image of conglomerate with different volcanic and intrusive fragments in the Nasim copper deposit, (A):
Monzonite with propylitic alteration, (B): Andesite with opaque in background, (C): Andesite
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Table 2. Comparison of copper minerals in terms of iron content

Mineral S% CO%
CuzS 79.85 20.15 - - - Chalcocite
CugSs 78.10 21.9 - - - Digenite
Cus 66.46 35.50 - - - Covellite
CusFeS4 63.31 25.56 11.13 - - Bornite
CuFeS, 345 35 - - Chalcopyrite
Cu20| 88.82 - - 11.18 - Cuprite
79.89 - - 20.11 - Tenorite
Cu2CO3(0OH)2 57.50 - - 36.18 20 Malachite
55.31 - - 37.1 255 Azurite
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Fig. 14. Tertiary system, comparison the Cu, Fe, and S content of chalcocite, bornite, and chalcopyrite minerals. The
location of Cu Manto deposit and iron oxide copper type deposit is plotted.
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oxide copper type deposit.
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