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Geochemistry and genesis of Qareh Qotoo copper index, Sanandaj-Sirjan, Iran
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The Qareh Qotoo copper deposit has been located in the south of Kerman province and Sanandaj-Sirjan metamorphic
belt. Petrologically, the study area has been formed from crystalline limestone, phyllite, amphibolite, serpentinite, green
schists, calcareous sediments, tuff and diabase units. The host rocks of copper mineralization in this area are generally
the greenschists which their protoliths are basic to intermediate igneous rocks (basalt to dacite), based on geochemical
studies.The nature of these igneous rocks are tholeiitic sub-alkaline and are related to igneous arcs basalts in terms of
geological dispositional environment. The main copper minerals of the ore deposit are chalcopyrite, malachite and
covellite. The average grade of copper in the analyzed specimens was calculated equal to 0.92%.
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INTRODUCTION

The Qareh Qotoo region has been located in the
southern part of Sanandaj-Sirjan metamorphic belt.
This belt is one of the structural states of Iran which
has been named by Stocklin [20] for the first time.
The Sanandaj-Sirjan state in south is separated
from Zagros folded state by the main thrust of
Zagros. The metamorphic activities in the state
have continued from Paleozoic to Cenozoic and
cause this state have the uttermost metamorphic
rocks out cropping among lran's structural states.
Some of these activities have resulted copper
mineralization at various points of Sanandaj-Sirjan
that has been reported by different researchers [1,
3, 10-17, 19, 21]. One of these copper
mineralization areas is Qareh Qotoo region that its
geochemistry and genesis has been investigated in
the current studies.

GEOLOGICAL SETTING

Sanandaj — Sirjan is a narrow strip of the south-
western of central Iran which is in the immediate
North-East of the main thrust of the Zagros zone.
The lithological and structural features of the state
represents a trough or a bloc crevasse in the
Precambrian Shield of Iran and Saudi Arabia [5-6].
Therefore, its geological features have obvious
differences with the adjacent zones. The significant
differences of this zone has attracted the geologists'
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attention since distant past. The most original lithic
collection of Sanandaj-Sirjan zone are gabbro and
metamorphic ultramafic rocks which mainly have
Precambrian age. Lithologically, Qareh Qotoo
region has been formed from crystalline limestone,
phyllite, amphibolite, serpentinite, green schists,
calcareous sediments, tuff and diabase units
(Figure 1). Among the mentioned rocks, green
schists are the host of copper mineralization event
in the area and Figures 3 to 5have displayed an
outcrop of that important geological unit .Figures 6
and 7 have been prepared from microscopic
sections of the schists, hosting copper
mineralization.

STUDY METHOD

In order to identify the rocks and minerals, the
handy specimens as well as thin and polished
sections were studied after field investigations.
Then, 10 specimens were selected from stones
suitable for chemical analyses and were analyzed
using XRF method. Considering the data obtained
from the chemical analyses, the changes in the
magmatic phases in the region were perused, the
primary chemical composition of the magma was
recognized, and type of magmatic series governing
the region was identified and regional tectonic
environment that the results of this part of studies
will be presented accordingly.
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Fig. 1.The geological map of the range of Qareh Qotoo's copper (derived from the Sabzevaran's 1: 100,000 scale map).

Fig. 2. A close-up from green schists out cropping in Qareh Qotoo's mineral range (the host rock of copper
mineralization).

Fig. 3. The general state of outcropping of alteration basic Fig. 4. The sulfidic mineralization (pyrite and
rocks (green schists) within the range of Qareh Qotoo's chalcopyrite) in the green schists of mineral range of
copper. The field and microscopic studies has determined Qareh Qotoo. In this picture, nota bene to the effects of
the combination of these rocks from green schists to analysis and sulfide minerals alteration which has led to
amphibolite. the release of iron oxides and hydroxides.
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Fig. 5. The Chalcopyrite mineral with a vein tissue

in green schists of the region.

STUDY RESULTS

The results obtained from the chemical analyses
on rocks in the environment of GCDKit and Minpet
software have been processed that its results will be
presented separately.

The results of geochemical studies

The XRF method was used to study the basic
elements. In this method, the values of major
oxides including SiO,, Al;Os, Fe,0Os3, CaO, Na;0,
K0, MgO, TiO;, MnO, P;0Os, S, LOI was
determined. Here, considering the diversity of
taken specimens, 8 specimens of copper ore were
selected for the geochemical study. The studies
show that the oxides of silicon, iron and aluminum
are the most important oxides available in the rocks
(Table 1). Also can see that the average frequency
of Cu in the sample is 0.92% and its maximum rate
was determined equal to 2.69% that it is considered
economic for copper massive sulfide deposits
resembling Qareh Qotoo region in Jiroft and it
confirms the need for further exploratory studies.
In this research, Le Bas et al. diagram [9] were used

Fig. 6. The Malachite mineral in green schists of

the region.

to determine the type of rocks (Figure 8). The
obtained results show that the Protolith of green
schists of the region, or in fact, the primary rock,
hosting the copper mineralization in Qareh Qotoo
region have been basalt to dacite rock series.
Additionally, according to this diagram, the rocks
under study have been located within the range of
sub-alkaline. The AFM diagram was used to
determine the magmatic series type (Figure 9).The
resulting graph shows that most of the specimens
have been positioned within the tholeiitic range.
Therefore, the Protolith of rocks hosting the copper
mineralization in the studied specimens are part of
tholeiitic sub-alkaline series.
The genetic studies results

Verma et al. (2006) diagram has been used to
determine the origin of protoliths, hosting copper
mineralization in Qareh Qotoo region (Figure
10).According to the diagram, the majority of the
investigated specimens have been located within
the igneous arc basalts (IAB) range that this issue
is confirmed considering the tholeiitic nature of
these rocks.
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. The position of protoliths of green schists in Qareh Qotoo region in the Le Bas et al. diagram [9].
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Table 1.The results of XRF analysis.

Sample Sizo A|203 Fe203 CaoO Naoo Kzo MgO Ti02 MnO PzOs S L.O.l
% % % % % % % % % % % %
TAS3 | 40.03 | 14.85 | 14.62 1458 | 0.02 | 0.01 | 6.75 | 0.166 | 0.148 | 0.043 | 0.147 | 4.87
TAS5 | 48.75 | 10.74 | 12.61 11.79 | 1.39 | 0.02 | 7.85 | 1.654 | 0.275 | 0.142 | 0.001 | 3.64
T4S13 | 60.68 | 15.21 | 12.01 0.23 | 0.01 | 0.23 | 9.41 | 0.398 | 0.370 | 0.103 | 0.002 | 0.020
TA4S15 | 44.25 | 13.75 | 12.02 6.54 | 1.35 | 0.37 | 825 | 1.114 | 0.475 | 0.064 | 0.002 | 9.35
T4S15 | 11.68 | 0.58 80.12 0.35 | 0.02 | 0.02 | 0.04 | 0.121 | 0.007 | 0.002 | 0.204 | 6.55
T5S4 | 95.85 | 1.22 0.96 031 | 0.14 | 0.08 | 0.02 | 0.001 | 0.002 | 0.002 | 0.183 | 0.48
T5S10 | 52.78 | 9.35 10.59 1141 | 062 | 0.72 | 2.78 | 0.216 | 1.862 | 0.071 | 0.002 | 9.12
T6S1 | 72.85 | 177 2.14 11.76 | 0.15 | 0.01 | 1.81 | 0.070 | 0.029 | 0.009 | 0.002 | 9.05
T6S2 | 58.35 | 17.85 3.49 396 | 9.73 | 0.15 | 257 | 0.230 | 0.061 | 0.010 | 0.113 | 3.13
T6S4 | 45.68 | 15.68 | 18.30 060 | 145 | 0.03 | 7.85 | 0.674 | 0.302 | 0.032 | 0.002 | 5.77
AVR | 53.09 | 10.10 | 16.69 6.15 | 149 | 0.16 | 473 | 0.464 | 0.353 | 0.048 | 0.066 | 5.18
MAX | 95.85 | 17.85 | 80.12 1458 | 9.73 | 0.72 | 941 | 1.654 | 1.862 | 0.142 | 0.204 | 9.35
MIN 1168 | 0.58 0.96 0.23 | 0.01 | 0.01 | 0.02 | 0.001 | 0.002 | 0.002 | 0.001 | 0.02
Sample Cl Ba Sr Cu Zn Pb Ni Cr V Ce La W
ppm | ppm | ppm | ppm ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
T4S3 73 89 265 | 27451 | 38 1 134 94 164 8 3 1
T4S5 59 5 197 | 8654 | 170 4 158 494 259 6 4 1
T4S13 97 43 32 6879 | 1934 | 139 35 82 124 30 13 1
T4S15 62 61 65 15424 | 924 16 120 366 258 21 8 1
TA4S15 | 456 2 43 1013 | 241 4 31 372 168 17 11 2
T554 94 34 18 4785 14 41 46 26 22 21 15 3
T5S10 61 112 208 246 109 4 140 149 146 46 18 1
T6S1 88 16 18 338 66 13 42 5 26 14 9 1
T6S2 90 34 135 674 43 8 61 28 56 16 11 5
T6S4 66 74 14 | 26857 | 412 3 157 203 286 22 14 1
AVR | 114.6 47 99.5 | 9232 | 395.1 | 233 | 924 | 1819 | 150.9 | 20.1 | 10.6 1.7
MAX 456 112 265 | 27451 | 1934 | 139 158 494 286 46 18 5
MIN 59 2 14 246 14 1 31 5 22 6 3 1

Sample Zr Y Rb Co As U Th Mo Ga Nb

pPmM | ppm | ppm | ppm | ppm | ppm | ppm | ppm | Ppm | ppm

T4S3 45 5 15 1 116 2 2 1 6 1

T4S5 96 22 13 2 71 1 1 1 8 1

T4S13 57 13 21 2 860 2 8 1 8 2

T4S15 67 34 29 112 25 1 1 1 4 1

T4S15 11 2 18 4 88 1 3 1 19 1

T5S4 37 5 13 7 39 1 1 1 11 1

T5S10 92 32 32 2 117 1 1 1 12 1

T6S1 27 4 12 2 4 1 1 1 9 1

T6S2 62 12 15 1 36 1 1 1 14 1

T6S4 40 21 17 562 164 2 3 1 4 1

AVR 53.4 15 185 | 69.5 152 1.3 2.2 1 9.5 1.1

MAX 96 24 32 562 860 2 8 1 19 2

MIN 11 2 12 1 4 1 1 1 4 1
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Fig. 8. The position of protoliths hosting the copper of Qareh Qotoo region in the AFM diagram (basis diagram of
Irvine&Baragar [8]). The majority of specimens have been located within the range of tholeiitic series.
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Fig. 9. The position of protoliths of basic schists containing copper in position of igneous arc basalts, basis diagram
of Verma et al. [22].

DISCUSSION AND CONCLUSION and were originally very similar to geological

The most important results obtained from environments of igneous arcs basalts rocks.
this study can be summarized as follows: - Based on geological geochemical evidence as
- The Qareh Qotoo region in the south of Jiroft Wel! as |dent|f|ca_1t|on deposm(_)nal
is a part of Sanandaj—Sirjan. Thus, it follows envir onment for_Proto_Ilth_ Of. green schists,
the lithological and tectonic features of this hos-tmg copper mineralization in Qareh QOt.OO
state. region, it can 'be congluded that studied
- The copper minerals of the region generally copper deposit is very similar to the copper
consist of chalcopyrite, -malachite - and %c?:%sr:;[ ani?Lent Tv?tsr?g:sic is%l;‘g%e;srociys/%e.
covellite which can be seen in keeping with compantt . gn¢ OCKS Up
the minerals such as hematite and goethite to_mtermedlate with the S:L_Jt_)marme_orlgm,_the
which are as a host rock in the green schists existence of sub- tholeiitic alkaline series,
- The protolith of green schists, hosting copper Impact of altera_tlon Processes - on rocks
mineralization in Qareh Qotoo region, were hosting copper ml_nerallzatlon, conflrms that
basic igneous rocks up to intermediate within the copper dep_03|t of Qa_reh Qotoo in th_e
the range of basalt to dacite. south of J_lroft, is very similar to t'he Besshi-
- The Protolith of green schist, were type massive sulfide copper deposits. Table 2
geochemically in tholeiitic sub-alkaline series has shown a comparative study of the results

in more details and using studies carried out
by Cox [2], Seal et al.[18], Fox [4] and Hy [7].
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Table 2. A comparative study of copper deposit of Qareh Qotoowith Besshi-type massive sulfide.

Geological conditions \ Deposit type

Besshi-type massive sulfide*

Qareh Qotoo deposit

Host rock

Altered basic rocks

Greenschist, amphibolite

Associated rocks

Carbonate and siliciclastic
sedimentary rocks

Crystalline limestone, phyllite
and schist

Protoliths
intermediate

Basic igneous rocks up to

Basalt to dacite rock series

Magmatic series

Sub-alkaline and tholeiitic

Sub-alkaline and tholeiitic

Geological environment

Sedimentary basins, such as
back-arc basins

Igneous arcs basalts

Metamorphic processes

Up to greenschist to amphibolite

Generally in the range of green
schist, sometimes amphibolite

Geological age

Upper Paleozoic

Permian (upper Paleozoic)

*According to Cox [2 ], Seal et al. [18], Fox [4] and Hy [7].

REFERENCES

Badrzadeh, Z., (2009) -Petrology and geochemistry of
basaltic pillow lava in Northwest Jiroft, with Special
Reference on Copper mineralization VMS accompanying
them, Petrology Ph.D. thesis, Tarbiat Modares University.
D.P. Cox, Descriptive model of Besshi Massive Sulfide,
in: Cox, D.P., and Singer, D.A.(eds.) Mineral deposit
Models. U.S. Geolgical Survey Bulletin, 1986, pp.136-
138.

M. Fahandezh, Mineralogy and geochemistry study of
Tootak mining index in east of Bavanat Fars province,
Economic Geology MS thesis, Islamic Azad University of
Shiraz, 2012.

J.S. Fox, Canad. Inst. Mining Met. Bull., 77, No.864, 5
(1984).

M. Ghorbani, "Economic geology of natural and mineral
resurces of Iran”, Pars (Arian Zamin Geology Research),
2007, p. 492.

V. Grabeljsek, S. Cvetic, S., R. Mitrovic, D. Stoilovic,
Sabzevaran Geological Map (1:100000), GSI.

T. Hy, Besshi Massive Sulphide, In: Selected British
Colombia Mineral Deposit Profiles, Vol. 1 (Metallics and
Coal), Lefebure, D.V. and Ray, G.E. (edrs), British
Columbia Ministry of Energy of Employment and
Investment, Open file 1995-20, p.40-50.

T.N. Irvin, W.R.A. Baragar, Canad. J. Earth Sci., 8, 523
(1971).

M.J. Le Bas, R.W. Le Maitre, A. Streckeisen, B. Zanettin,
J. Petrology, 27, 745 (1986).

F. Mousivand, Mineralogy, geochemistry and genesis of
copper mineralization in Suriyan volcanic — sedimentary
complex in Fars Bavanat region, Economic Geology MA
Thesis. Tehran Tarbiat Modarres University, 2003.

K. Noori Khankahdani, Petrological and Geochemical
Investigation in Bavanat Area ", Final report of the
research project, Islamic Azad University, Shiraz Branch,
Research Assistant Domain, 2002.

12. K. Noori Khankahdani, A. Amiri, Exploration of
mining potential in Bavanat region, Final report of the
research project, Islamic Azad University, Shiraz
branch, Research Assistant Domain, 2007.

13.K. Noori Khankahdani, A. Zarei, M. Karimi, A.
Mousavi  Makoui,  Application of principal
components analysis method (PCA) linear data in
separation of Surian metamorphic complex rocks
units — Fars Bavanat, National Conference Advances
of Geosciences, Islamic Azad University of
Behbahan, p. 1388, 2009.

14.K. Noori Khankahdani, M. Karimi, (2013)
Mineralogical and geochemical studies of copper
mineralization in the Surian metamorphic complex
(Bavanat, Fars); Final report of the research project,
Islamic Azad University,Shiraz Branch, Research
Assistant Domain, 2013.

15. K. Noori Khankahdani, Adv. Biores., 6, 146 (2015).

16. M. Sabzehei, A.Gh. Yusefi, Introduction to geology
and mining exploration of Sargez massive sulfide
Jiroft mountain, southeast of Iran, Sabzevaran
Armanpazhouh Company, 2000.

17. M. Sabzehei, A.Gh. Yusefi, Final report of exploration
Jiroft mountain Sargaz copper mine, Arman Pazhouhe
Sabzevaran, 2002.

18.R.R. Seal, J.M. Hammarstrom, N.K. Foley, C.N.
Alpers, Geoenvironmental models for seafloor
massive sulfide deposits, U.S., Geol. Survey Open
File Report, 2001, pp.196-212.

19.F. Soroushnejad, "Mineralogical and geochemical
index of Mazayjan copper — north-east of Fars
province" M.S. Thesis of Economic Geology, Islamic
Azad University, Shiraz branch, 2012.

20.J Stocklin, Structural History and Tectonic of Iran -
Geo. B. V.52 -N0.7 (1968).

21.H. Tajeddin, A. Rastad, A. Yaaghoubpour, M. Mahjal,
J. Econ. Geol., 1, 97 (2010).

22.S.P. Verma, M. Guevara, S. Agrawal, J. Earth System
Sci., 115, 485 (2006).

299



