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Fig. 1. Location of Mazraeh depodit in structural map of Iran (Aghanabati, 2004) and part of 1:100000 scale Geological
map of Kaleybar area adapted from (Mehrparto and Nazer, 2001)
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Fig. 2. A: A wide view of the skarn zone and superficial mineralization (malachite) in contact with granitoid pluton in
Mazraeh deposit, and B: A closer view of the exoskarn zone and mineralization of hematite, limonite and goethite

formation associated with malachite in this zone in Mazraeh deposit
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Fig. 3. A: Propylitic alteration occurred in skarn zone in the vicinity of intrusive rocks in a drill core in Mazraeh deposit,
and B: A view of the drill core in the mineralized skarn zone of Mazraeh deposit where copper mineralization

(chalcopyrite) is seen.
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Fig. 4. Microphotographs of primary and secondary ore minerals in Mazraeh deposit (XPL). A: chalcopyrite and
magnetite mineralization. Chalcopyrite is replaced with Covellite in margins, and B: boronite and chalcopyrite minerals
in mineralization zone with small inclusions of Ag and Bi sulfosalts within the fractures of these minerals (Red circles).
Abbreviations after Whitney and Evans (2010) (Bn: Bornite, Ccp: Chalcopyrite, Cv: Covellite, Mag: Magnetite).
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Fig. 5. Paragenetic sequence of the minerals in Mazraeh deposit
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Table 1. Calculated values of rare earth element ratios in different rock units of Mazraeh deposit

Sample XREE EwEu* Ce/Ce* (Pr/Yb)n (La/Lu)n (La/Sm)n (Gd/Yb)n (La/Yb)n La/Y Al
23-3 Intrusive 294.18  0.68 076  29.82  87.98 9.52 5.13 78.69 885 39.8
24-5 Intrusive 107.83  0.79 0.95 3.18 5.19 2.68 1.55 458 078 304
23-4 Hornfels 285.93  0.89 0.63 9 5024 17.27 1.96 4358 725 @ *
33-1Hornfels 281.15  0.52 0.64 896 6291 2227 2.04 5458 0.07 24.88
43-2 Hornfels 163.68  0.94 0.87 4.61 7.72 2.25 2.07 612 098  *
19-3Skarn 5.9 * .12 7.1 * 2.64 1.87 6.8 1 *
27-2Skarn 106 0.84 0.47 6.2 * 3.78 0.8 1021 1.15 62.74
32-1Skarn  80.14  0.65 099 2487 * 9.69 3.2 454 625  *
32-4Skarn  58.48  0.94 1.01 16.66 * 44 4.19 2951 361 @ *
33-2Skarn  59.94 0.8 0.73 15.4 * 491 3.14 2538 348  *
34-1Skarn  88.76  2.23 0.64 2657 * 8.53 52 6584 547  *
40-2 Skarn 6641  0.71 0.97 472 7.33 2.61 1.95 676 099  *
43-1 Skarn 2233 1 0.8 3.05 * 1.23 1.88 289 04 342
44-1Skarn  82.69  0.58 0.99 2.24 6.54 2.53 1.87 547 078  *
442 Skarn  70.58  1.02 0.64 432 14.55 5.24 2 11.84 151 14.8
51-2 Skarn 20724  0.83 0.87 5.38 8.74 6.88 1.64 1427 248 13.01
53-1Skarn  592.06 0.8 075  19.99 8043  19.29 2.24 6731 10.94 1937
53-3Skarn 39641 1.0 074 2113 755 18.05 2.38 66.67 938  *
58-1 Skarn  202.94  0.65 097 1535  29.26 4.36 3.35 2538 391 63.36
58-2 Skarn  209.75  0.77 0.92 8.75 19.52 4.12 2.5 1513 223  *
39-1Marble 7627 0.8 0.99 8.02 10.39 3.17 2.34 1053 136  6.16
51-1 Marble 77.22  0.58 1.06 6.67 13.58 478 1.98 1279 175 *
Intrusive 9, 76 .73 0.7 9.08 2425 6.65 2.35 214 337 5139
Avarage
Hornfels 4350 040 034 684 3412 1071 206 2776 45 24388
Avarage
ASVl;i;‘ée 143.87  0.92 0.81 1039  19.83 8.01 2.3 263  3.83 25.68
Marble ¢ 5 7 103 732 1192 3.88 216 1166 155 616

Avarage
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Table 2. S isotopic ratios and calculated amounts of (1000 In «) in sulfides of Mazraeh deposit

Sulfur

1000 In

Sample No Mineral Content CSS,‘:,S(?,/;) o(Ohmoto and 63?(;ng
(%0) Rye, 1979)
19-3 chalcopyrite 36.9 0.9 -0.15 1.05
19-3 pyrite 50.5 0.6 1.24 -0.64
43-1 Chalcopyrite 30.3 1.2 -0.15 1.35
40-2 Chalcopyrite 30.1 3.2 -0.15 3.35
44-2 Chalcopyrite 31.0 2.1 -0.15 2.25
53-1 Chalcopyrite 31.9 1.2 -0.15 1.35
43-2 Chalcopyrite 30.4 0.0 -0.15 0.15
24-5 Chalcopyrite 27.5 1.2 -0.15 1.35
58-1 pyrite 45.9 0.9 1.24 -0.34
23-3 Chalcopyrite 33.1 0.8 -0.15 0.95

1. Canyon Diablo Troilite
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Introduction

The Western Alborz - Lesser Caucasus
metallogenic belt includes important Cu and Cu-
Au skarn, porphyry and epithermal deposits of
Tertiary age in Iran, Turkey and Armenia
(Karimzadeh Somarin and Moayyed, 2002;
Karimzadeh Somarin, 2004). Important deposits
such as Sungun and Masjed Daghi have been
situated in this zone in Iran (Ghorbani, 2011).
Some researchers have called this zone in the
north-western part of the Iranian Copper belt
Arasbaran Copper belt (Hassanpour et al., 2010).
The Mazraeh deposit is located 20 km north of
Ahar city between geographical longitudes '47 °
00 and 47 ° 08', and latitudes 38 ° 40 '. In
addition, 38 © 36' is a part of Arasbaran Copper
Belt in the Kaleyber’s 1:100000 geological map.
In recent years, it has become possible to study
subsurface samples in this deposit to a depth of
300 meters and provide the opportunity for
extensive study of mineralogy and geochemistry
of this deposit by conducting systematic
exploratory drillings by the National Copper
Corporation. Considering the relatively high
amounts of gold in cores obtained from drill
holes, the study of relationship between gold
mineralization and other metals in this deposit has
become important for assessing the mineral
potential of this deposit. Better understanding of
the mechanisms of mineralization in this deposit
is useful for its comparison with other similar

deposits and better exploratory design for
exploration of similar undiscovered deposits in
this region. Nowadays, the origin of mineralizing
fluids can be discussed with higher certainty with
advances in experimental methods including
isotopic analysis, fluid inclusion and REE studies
(Bowman, 1998). We can obtain valuable
information about the origin of fluids causing
skarn ore deposits by studying the REE ratios in
rock samples. The study of stable isotopes also
provides valuable information on temperature of
mineralization and physicochemical conditions of
mineralizing fluids. Contrary to old beliefs that
mineralizing fluids originated from magma in all
deposits, the study of stable isotopes has shown
that water from other sources can also play an
important role in the formation of many deposits
(Meinert, 1995). Previous studies have proved that
both magmatic and meteoric water have been
important in the formation and genesis of many
skarn deposits (Taylor and Oneil, 1977). In this
paper, we tried to use data from sulfur isotopic
studies and the geochemistry of trace and rare
earth elements to determine the source and type of
fluids affecting mineralization in the Mazraeh
skarn deposit.

Materials and methods
In order to investigate and identify the fluids
effective in the process of skarn mineralization, 22
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samples (20 samples from the mineralized zone
and 2 samples from the intrusive body) were sent
to the Binaloud laboratory for ICP-MS analysis.
The results were used in geochemical diagrams.
For isotopic studies, samples were taken from
different parts of the mineralized skarn. 10
samples of sulfides (pyrite and chalcopyrite) were
selected to study sulfur stable isotopes. After
crushing the samples, the sulfides were separated
under a binocular microscope from waste gangue
and they were powdered in agate pounder to
obtain a concentrate of mineral sulfide. Purity of
the sulfides as higher than 95% and weight of the
samples was 100 to 150 mg. Isotopic
measurements were performed by a mass
spectrometer at Ottawa University, Canada. The
type of sulfides and their isotope values based on
isotopic standard of the CDT are reported in Table
2.

Results

The results of geochemical studies of rare earth
elements indicate the combined effects of
magmatic and meteoric water in mineralized
fluids in the Mazrach deposit. Accordingly,
magmatic fluids have influenced the mineralizing
fluids in the early stages of mineralization.
However, the effect of meteoric water on
mineralizing fluid in the process of fluid dilution
and precipitation of sulfide minerals during the
retrograde alteration stage has been more effective
in the main and final stages of mineralization. The
results of sulfur isotope analysis indicated that
sulfur in mineralized fluids has originated from
magmatic sources. Also, isotopic thermometry
shows temperature of 369 ° C for sulfide
mineralization. This temperature indicates the
beginning stage of sulfide mineralization in
progressive alteration stage.
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