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1-Introduction

Sedimentary rock-hosted copper deposits are the second most important producer of copper after porphyry copper
(Taylor et al., 2013). The reserves are formed by the movement of oxidized, copper-bearing fluids through the
reduction front that result in the deposition of copper sulfides. Totally, sedimentary copper can be deposited
through different processes. Precipitation is generally caused by chemical changes, either by the contact with
specific host rocks, or as in the case of sedimentary exhalative deposits, via contact with water (Hitzman et al.,
2005). These deposits are also the most important sources of cobalt and silver as by-products. In addition to cobalt
and silver, some minerals such as nickel, gold, lead, zinc and platinum are important in the Sedimentary copper
deposits (Hitzman et al., 2005; Taylor et al., 2013). Supergiant deposits of sedimentary rock-hosted copper are
currently recognized in only three basins: the Paleoproterozoic Kodaro-Udokan basin of Siberia, the
Neoproterozoic Katangan basin of south-central Africa, and the Permian Zechstein basin of northern Europe
(Hitzman et al., 2005). Iran ranks is 17th in terms of copper deposit in the world, most of which are located in
Kerman and Azerbaijan provinces. Major sedimentary copper deposits in Iran are in the Zagros fold belt and the
Tabas block (Ghorbani, 2007). Mashayekh area is located in Charmahal va Bakhtiari Province and is structurally
located in the high Zagros belt. This region is characterized by two mining districts, namely, the Dehmadan and
the Darreh-Yas, approximately two kilometers apart. The most mineralization is associated with organic-bearing
carbonate rocks in the Dehmadan deposit. The presence of Doab salt dome and Ab-Vanak reverse fault in around
of the study area have been resulted in changing the salinity, Eh, pH and movement of ore forming fluids.

2-Methodology

In the field observation, 12 samples selected and were taken from different units of the Dehmadan and the Darreh-
yas ore deposits. After preliminary investigations, 11 samples were selected for mineralogical studies and 10
samples for mineralogical studies. Thin and polished sections were prepared at Shahid Chamran University of
Ahwaz. Mineralogy of the samples was determined by polarizing-reflected light optical microscopy in Shahid
Chamran University of Ahvaz. Geochemical studies on mineralized and host rocks were performed by inductively
coupled plasma-mass spectrometry (ICP-MS) after lithium metaborate (LiBO,/LiB4Oy) fusion and nitric (HNO3)
digestion of 0.2g of sample in order to determine the major, trace, and rare earth elements at Zarazma Company
in Pardis Science and Technology Park, Tehran. The minimum detection limit for major and trace elements is
0.1ppm and 0.02 ppm for rare earth elements.

3- Results and discussion

According to the petrography, lithologic units of the Dehmadan and the Darreh-Yas ore deposits mainly include
dolomite, quartz and minor feldspar and in addition, clay and silty minerals were also found in the mineralogical
composition of the sedimentary units of the area. According to the mineralography, primary minerals including
chalcopyrite, pyrite, bornite, and secondary minerals are malachite, azorite, chalcocite, covellite, hematite and
limonite. The presence of secondary minerals indicates the effect of weathering and supergene alteration in the
area. Field observations, microscopic and mineralogical studies show the samples in the Dehmadan deposit
containing more mineralization than the Darreh-Yas deposit. The geochemical results represent negative Ce and
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Eu anomalies, LREE enrichment relative to HREE in the Dehmadan deposit that the features are analogous to
that of central African Zambian belt sedimentary copper deposits. The Darreh-Yas deposit also shows weak
negative Ce anomaly and HREE enrichment relative to LREE. In general, the results indicate that metals of old
units have been leached by high saline brines with oxic conditions and entered into sedimentary basins. Then, the
reaction of ore-forming fluid with organic-bearing carbonate rocks lead to ore deposition in a reduced condition.
Finally, the ore has been undergone by late-stage supergene and weathering processes.

4- Conclusion
1. According to the mineralography, two-stage mineralization has accrued in the area and the mineralization
includes primary ores such as chalcopyrite, bornite as the dominant sulphides and secondary ore including
chalcocite, covellite, malachite, azorite ores and iron oxides.

2. The abundance of secondary ores in the Dehmadan deposit is much higher than the Darreh-yas that indicating
the effect of supergene alteration and weathering in the Dehmadan deposit, which has also increased its
economic potential.

3. The presence of effect of organic matter such as bitumen in the Dehmadan deposit, is the difference between
the two studied ore deposits. This factor with reductive role can have a significant impact on sulfide
deposition and increase productively of the Dehmadan ore deposit.

4. The negative Ce anomalies indicate the reductive conditions in the Dehmadan deposit, which can be
attributed to the presence of organic matter and their role in the reductive environment and consequently the
deposition of metals simultaneously with deposition.
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Fig. 4. (a-c) Microscopic images of hypogene ores (Cp: Chalcopyrite, Bn: Bornite) and supergene ore (Cv: Covellite) copper sulfide, and
(d) hand specimen of hypogene ore (Bornite) which has changed color when exposed to air.
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Fig. 5. (a-b) Secondary ores of copper (Mal: Malachite, Cc: Chalcocite, Az: Azorite), (c) Dendritic effects of Manganese mineralization
(Mn: Manganese), and (d) Iron oxide ores.
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Fig. 6. () A view of carbonate-shale units containing organic matter that plays the role of host rock in the Dehmadan ore deposit, and (b)
A view of the iron oxide ores that show the effect of weathering in the Dehmadan ore deposit.
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Table 1. The results of ICP-MS analysis of the Darreh-Yas (DY) and the Dehmadan (DM) ore deposits, Major elements based on percentage
by weight (wt.%) and Trace and Rare earth Elements based on (ppm).

Sample
P Dy-3 Dy-5 Dy-11 Dy-13 Dy-15 Dy-17 Dm-1 Dm-3 Dm-4 Dm-6 Dm-10 Dm-11
Elements
(Wt.%)
SiO; 11.01 20.15 4.37 2.46 11.84 12.30 1.50 6.98 6.20 5.30 4.01 2.16
Al>03 0.03 0.04 0.05 0.05 0.05 0.04 0.54 0.63 121 0.61 0.50 1.40
Cao 4.70 2.15 5.75 5.78 10.43 0.02 56.29 11.72 70.60 73.88 53.85 72.15
Na20 33.61 17.05 3.56 72.09 55.02 25.20 1.21 1.14 0.22 0.46 0.20 0.22
K20 40.30 22.65 53.50 0.01 0.01 24.92 1.43 0.52 0.79 0.61 0.47 0.78
CIA 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.02 0.01 0.01 0.02
(ppm)
Ag 0.03 0.04 0.04 0.03 0.09 0.04 1.20 61.20 0.1 17.80 0.80 0.1
Cr 28.00 70.00 61.00 54.00 47.00 1.50 7.25 6.00 7.00 7.50 8.3 20.00
Co 7.90 0.60 11.10 3.30 0.80 7.80 195.80 36.50 137.80 20.60 187.60 137.10
Hf 0.60 1.06 1.41 1.05 1.26 0.36 0.80 0.79 0.79 0.82 0.76 0.81
In 0.06 0.01 0.03 0.02 0.02 0.05 0.25 1.22 0.30 0.40 1.68 0.24
Nb 2.70 4.20 7.30 4.30 5.90 1.30 0.90 0.50 0.37 0.98 0.66 0.39
S 877.00 1630.00 48.00 3010.00 3420.00 7400 4115.00 89757.00 175.00 2098.00 16264.00 160.00
Sc 6.00 5.00 10.00 4.00 6.00 4.00 0.70 0.44 1.10 0.38 1.60 1.10
Sn 0.90 1.30 1.20 1.20 1.60 0.50 0.60 0.70 0.60 0.60 0.60 0.60
Th 3.67 2.78 4.78 4.10 3.37 1.91 0.27 0.24 0.30 0.19 0.21 0.28
U 0.34 221 0.91 1.33 2.61 0.55 2.50 0.30 1.00 0.80 1.60 0.90
\Y 34.00 40.00 15.00 27.00 52.00 14.00 5.00 10.00 6.00 4.00 6.00 6.00
Mo 0.40 1.40 0.30 1.30 2.30 0.40 2.97 203.60 12.25 5.09 4473 9.38
Cu 42.70 26.50 11.40 10.90 16.90 1590 28537.0 317210.0 2010.00 18473.00 40189.00 1927.00
Zn 19.60 5.20 19.10 6.60 6.10 27.70  2686.00  993.00 192.00 51.00 2862.00 200.00
Ni 20.00 4.00 28.00 8.00 5.00 22.00 24.00 6.00 46.00 9.00 20.00 56.00
La 44.30 38.70 25.20 17.00 117.00 8.79 2.00 0.80 3.00 3.00 2.00 3.00
Ce 94.70 51.00 40.90 31.70 129.00 21.50 3.00 1.00 9.00 10.00 5.00 8.00
Pr 11.40 5.09 3.47 3.20 10.90 2.85 0.82 0.48 1.60 1.70 1.16 1.55
Nd 43.60 17.60 9.60 11.30 31.90 14.40 2.10 <0.5 6.50 6.80 4.30 6.20
Sm 7.63 2.65 1.32 1.79 3.58 4.66 0.71 0.21 1.97 1.66 1.32 1.87
Eu 1.32 0.52 0.25 0.39 0.78 1.17 0.08 0.04 0.44 0.23 0.15 0.41
Gd 4.72 2.96 1.84 1.98 5.73 4.67 0.55 0.03 221 1.74 1.36 2.09
Dy 1.78 1.88 1.58 1.64 221 3.38 <0.05 <0.05 2.22 0.50 0.73 2.06
Er 1.00 1.07 1.03 1.03 1.25 1.49 0.46 0.08 1.73 0.53 0.76 1.65
Tm 0.13 0.17 0.15 0.17 0.21 0.19 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Yb 0.72 1.03 1.03 0.96 1.24 0.99 0.10 <0.05 0.60 0.05 0.20 0.60
Lu 0.13 0.22 0.30 0.20 0.29 0.18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
>REE 211.85 12322  86.92 71.66 304.51 65.01 9.98 2.64 29.66 26.42 17.23 27.81
Ce/Ce* 0.97 0.84 1.01 0.99 0.83 0.99 0.55 0.38 0.94 1.02 0.76 0.86
Eu/Eu* 1.04 0.87 0.75 0.97 0.81 1.18 0.60 2.45 0.99 0.64 0.53 0.98
Pr/Pr* 1.05 1.00 1.03 1.00 1.00 0.96 1.92 0.00 1.24 1.21 1.48 1.29
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Fig. 7. (a) Variation diagram of Si value vs. Al (Toth, 1980), which indicates the study ore deposits are sedimentary, and (b) Weathering
process in diagram of (CaO + Na20)-Al203-K.0 Simplified from (Nesbitt and Young, 1989).
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Fig. 9. Determination of the tectonic setting of the study area based on (a) log (K20/Naz20) vs. SiO2 (Roser and Korsch, 1986), and (b) La-

Th-Sc diagrams (Bhatia and Crook, 1986).
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Fig. 12. Absence of similar behavior in the pattern of bioessential elements indicating low microbial and bacterial activity in the deposits,
(a) The Darreh-Yas, and (b) The Dehmadan (Zarasvandi et al., 2013).
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