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Fig. 1. Major structural zones of Iran (Nabavi, 1976) and the location of Nahand-Ivand area in the western Alborz-

Azarbaijan zone
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1. Total Organic Carbon (TOC)
2. Intergrown

3. Chinese Academy of Geological Sciences (CAGS)
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Fig. 2. A: Geological map of Nahand-Ivand area (after geological map with 1:100000 scale) (Asadian, 1993)
(Sandstone host rock is shown with green color). B: Location of mineralization horizons
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Table 1. Representative chemical analysis of Mass Spectrometry for §**S, TOC and sulfur in Nahand- Ivand area

Sgl —args adhate 10 5,555 s TOC 3MS sl 0y miwinls ogigh! 5L bs ) Jguar

Longitude 5*Sv.
Sample Rock Type Main Sulfide TOC S
and latitude cpT1%0
46° 29" 431"
IR-NA-5 Gray Sandstone Barite 2 <0.10  0.025
38° 13" 459"
IR-NA- 46° 16' 000" )
Shale Native Sulfur -19.9 1.28 10.38
22(Sulfur)  38°08 691"
46° 21’ 002"
IR-S-36 Gray Sandstone Pyrite -12.4 0.16 0.039
38° 13" 495"
46° 15' 965" Covellite-
IR-K-45 Gray Sandstone o 2.4 0.17 0.14
38° 13’ 608" Djulerite
46° 15' 906"
IR-K-48 Gray Sandstone Barite 2.9 0.25 1.72
38° 13’ 604"
46° 15' 856" )
IR-K-51 Shale Native Sulfur 0.9 0.34 0.055
38° 13’ 637"
46°27' 211"
IR-MR-55a Gray Sandstone Barite 7.8 0.13 0.079
38° 10" 542"
46°27' 211"
IR-MR-55b Gray Sandstone Pyrite -27.9 0.2 0.28
38° 10" 542"
46° 27 211"
IR-MR-55¢ Shale Native Sulfur -4.2 0.37 0.027
38° 10" 542"
46° 27" 585"
IR-MR-56 Gray Sandstone Barite 9.4 0.14 0.061
38° 09’ 848"
46° 28" 858" Djulerite-
IR-MR-57 Gray Sandstone ) -5.5 1.06 1.26
38° 12’ 368" Chalcopyrite
46° 28' 863" Djulerite -
IR-MR-58 Gray Sandstone ) -13 0.46 0.57
38° 12’ 338" Covellite
46° 11' 805" )
IR-MN-65 Shale Native Sulfur 0.5 0.18 0.017
38° 16’ 531"
46° 21’ 126" Pyrite -Djulerite -
IR-S-HS Gray Sandstone ) -25 4.36 5.46
38° 13" 432" Covellite
46° 17' 101" )
An.ch5.3 Gray Sandstone Pyrite -4.1 / /
38°07' 904"
46° 16' 066" )
An.ch13.3 Gray Sandstone Pyrite 1.3 / /

38° 08" 659"
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Fig. 3. Sulfur isotope composition of main sulfide minerals in NahandIvand area

1. Bacterial sulphate reduction
2. Thermochemical sulfate reduction
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Fig. 4. 5**S values for sulfur bearing minerals in various deposits (Kalender, 2011) and comparision them with the

results of study area in Nahand- Inand
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Table. 2. Representative chemical analysis for sulfur and TOC in sadstone with different mineralization of Nahand-

Ivand area

Sample Group TOC(%) S(%) Cu(ppm)
IR-BA-27 Weak mineralization 0.1 0.01 13.6
IR-MR-T56 Weak mineralization 0.14 0.061 22.3
IR-S-38 Weak mineralization 0.13 0.035 24.4
IR-K-44b Weak mineralization 0.15 0.047 24.9
IR-NA-2 Weak mineralization <0.10 0.036 25.1
IR-K-51 Weak mineralization 0.34 0.055 38
IR-MR-55a Weak mineralization 0.13 0.079 52
IR-NA-4a Weak mineralization <0.10 0.08 58.6
IR-AN-19 Weak mineralization <0.10 0.016 69.6
IR-AN-14a Weak mineralization 0.11 0.039 72.8
IR-S-29a Weak mineralization 0.16 0.02 321
IR-S-31 Weak mineralization 0.15 0.033 334
IR-BA-26 Weak mineralization 0.017 513
IR-AN-8a Weak mineralization 0.12 0.046 851
IR-S-36 Weak mineralization 0.16 0.039 975
IR-NA-5 Moderate Mineralization <0.10 0.025 1193
IR-S-33 Moderate Mineralization 0.22 0.066 1484
IR-AN-10  Moderate Mineralization 0.16 0.026 1509
IR-MN-69  Moderate Mineralization 0.1 0.22 2391
IR-MR-55b  Moderate Mineralization 0.2 0.28 3019
IR-NA-la  Moderate Mineralization 0.17 0.063 3511
IR-S-34 Moderate Mineralization 0.61 0.15 5085
IR-NA-6 Moderate Mineralization 0.16 0.047 5936
IR-K-45 High Mineralization 0.17 0.14 35730
IR-NA-3a High Mineralization 1.13 0.76 59990
IR-MR-58 High Mineralization 0.46 0.57 83630
IR-MR-57 High Mineralization 1.06 1.26 125000
IR-S-39 High Mineralization 0.15 1.49 269400
IR-S-HS Sulfide Ore 4.36 5.46 351600
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Introduction

The Tabriz basin is an intra-mountain basin
(Reichenbacher et al., 2011), which includes the
Qom Red Bed Formation along with the Miocene
Upper Red Formation. The lower unit of the
Upper Red formation, M,™ unit, which hosts
copper deposits includes an alternation of green
grey sandstone and red marl with the interlayer of
gypsiferous and saltiferous sediments (Sadati et
al., 2013). Based on paleontological evidence, this
unit is middle Miocene in age and is overlain by
red sandstone, marl, shale (M3™, M4™) and
locally up to red conglomerate (Ms™). In addition,
this unit has considerable evaporitic layers, such
as gypsum and salt.

On the basis of field study all mineralization is
distributed in the light-colored layers of the red
sedimentary sequence, especially at the boundary
between a red layer and a light-colored layer and
is mostly restricted to within palaco channels
which consist of greenish-grey, well-sorted
coarse- to very coarse-grained sandstones to
microconglomerates.

Both pyrite and copper-bearing minerals usually
occur in the stratification of the organic matter-
bearing host rocks which are mainly composed of
gray sandstone.

The size of organic matter varies from a few
millimeters to 5-10 c¢cm in length; almost all
fragments are flattened and oriented conformably
to bedding planes of host sedimentary rocks. Also,
fine-grained sulfides are disseminated along the

bedding planes in the sandstone. Copper
precipitation in these places was possibly
promoted by reduction from such organic
materials.

Sampling and analytical methods

Investigations on mineralized samples showed
that pyrite is the first sulfide mineral precipitated
in the selected samples, followed by chalcopyrite,
bornite, chalcocite, digenit, and covellite. The
intergrown nature of sulphur-bearing minerals,
along with their small grain size and their inter
locking with detrital grains and calcite cement,
make physical separation extremely difficult,
although microdrilling techniques can achieve
spatial resolutions for these samples. In the
laboratory 25 to 100 ug (weight depends on the
mineral analyzed) of the samples derived from
microdrilling was combusted in a Eurovector
3000 elemental analyzer, yielding sulfur dioxide
that was delivered to an Isoprime mass
spectrometer using continuous-flow techniques,
with helium as the carrier gas.

Also, sulfide mineral powder was analyzed for the
sulfur isotope compositions. Some samples were
crushed to 40 to 60 meshes and the sulfide
mineral separates were handpicked under a
binocular microscope. The sulfur isotopes were
analyzed at the Stable Isotope Laboratory,
Institute of Mineral Resources, Chinese Academy
of Geological Sciences, Beijing. The isotopic data
are reported using the o notation in units of per
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mil, relative to the Canon Diablo troilite (CDT)
standard.

Organic carbon (TOC) was determined by treating
powdered samples with 6 M HCI to remove the
carbonate. The sample was then rinsed to remove
the acid. The mass difference between the original
sample and the acid-treated residue was used to
determine the carbonate content.

The dried sample was then combusted and the
evolved CO, was analyzed on the mass
spectrometer. During the mass spectrometric
analysis the sample peak height was calibrated
against organic carbon standards to estimate the
organic carbon content.

Result and Discussion

Framboidal pyrite is the most common typical
byproduct of bacterial sulfate reduction (BSR), a
process that occurs at temperatures from 0°C up to
about 60—80°C (Donahue et al., 2008).

The metabolic activity of the sulfate reducing
bacteria generally depletes (or fractionates) the
resulting sulfide in **S, by up to 70% (Kalender,
2011).

The availability of S content is consistent with
controlling §**Squsde in some portions of this study
area, but not all. Total organic carbon (TOC) is
above 4% for one mineralized sample of the
Upper red Formation.

Sulfide sulphur and organic carbon distribution
shows that pyrite-rich sandstones are the copper
ore precursor, and that mineralizing the processes
provoked the depletion of both reduced S and
organic C as a consequence of interaction with an
oxidized Cu-bearing fluid. On the other hand,
lowed **S values are consistent with bacteriogenic
derivation of sulphur.

Conclusion

Taking into account the sedimentary environment,
the abundant presence of the former evaporit
layers in the host rock, the presence of evaporit
layers below and above the mineralized rocks, and
the absence of a widespread magmatic sulfur
source, it is concluded that the Cu-Co sulfides of

the Nahand-Ivand deposits obtained their sulfur
by either bacterial or thermochemical reduction of
sedimentary sulfate. The examined samples
preserved original sedimentary textures (i.e.
immature organic matter and sedimentary
bedding). These geological evidences point to the
fact that a biological (thermochemical) sulfate
reduction is unlikely. Therefore, the sulfate-
reducing bacteria were responsible for pyrite
formation in the examined sample.

The S isotope composition of pyrite in this
study is related to organic C abundance. Most
of the samples show a correlation between S
and C, but mineralized samples are relatively
enriched in S and TOC content.
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