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Fig. 1. A: Simplified structural map of Iran showing the location of Chah-Mesi ore deposit (after Mohajjel et al., 2003),
and B: General geological map of the study area (after Dimitrijevic et al., 1971).
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Fig. 2. The quadrangle of all drawn isoconcentration maps, showing the location of drilled boreholes and the main
mineralization zones in the Chah-Mesi ore deposit. The rock units are based on Kan Iran Consulting Engineers, 2006.
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Fig. 3. Field phenomena observed in the Chah-Mesi ore deposit, A: One of the main fault zones in the southern steps of
the pit, showing intense alteration together with mineralization, B: A view of the steps in the northwestern part with
minor alteration and mineralization in comparison to the southern steps, C: Prominent cross-cutting quartz veins. The

mineralization is mainly associated with these veins, and D: The entrance of the exploratory tunnel in the study area
with azurite, malachite, chalcocite and various iron oxides
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Fig. 4. Transmitted-light microphotographs of the Chah-Mesi ore deposit host rocks, A: Porphyritic basalts composed
of olivine and clinopyroxene phenocrysts in a groundmass containing plagioclase microliths (defining a flow texture),
small grains of opaque, olivine and pyroxene. The lddingsitization and carbonatization strongly developed in the
sample, B: Intergranular texture in basalt which consists of iddingsitized olivine crystals and sieve texture plagioclase,
C: Calcite with chlorite as the dominant alteration products in a volcanic rock, and D: Crystal lithic tuff comprised of
lithic fragments and plagioclase crystals. Abbreviations after Whitney and Evans (2010) (Ol: Olivine, Cpx:

Clinopyroxene, PI: Plagioclase, Cal: Calcite, Chl: Chlorite, Lith: Lithic fragment, PPL: Plane polarized light, XPL:
Cross polarized light).
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Fig. 5. Reflected-light microphotographs of surface samples from the Chah-Mesi ore deposit, A: Chalcopyrite and
pyrite, converted to chalcocite on the margins. Malachite and iron oxide are also occurred, B: Development of
malachite due to weathering processes, C: Growth of Chalcocite and covellite on the margins of pyrite and chalcopyrite
in the supergene zone, D: Colloform pyrite in the samples. Abbreviations after Whitney and Evans (2010) (Ccp:
Chalcopyrite, Py: Pyrite, Cct: Chalcocite, Mlc: Malachite, Cv: Covellite, PPL: Plane polarized light).

..S)lnT 3L b&}!éx

(Sod ) Flo

ol it (Sied (s Sl 43 5 (GRasiy ol 2
Llons O gy G5 bl 2 (Siras ] ¢l
984) e splnil plonts gloas 2 YL sl w ax 5 L S
e ((Soed b o (g5 ) S eslinad (505
MO CU jolie Sauer 1 ()2 b (1 dsr) 5
3 b oh i ¢ snol itk j3F€ 3 AQ AU ZN PD
SPDZN ol i by e Soar o b Oln 0 s S
st 5 b pslie a8 C Wl 017 51 i 01 LAG-AU

odisl jole sled 85 Olplas 4 4 5 L dis (p) Az

& o ss

S
e ot ol 51 1 a0l s 4a S s a8 boles
b 4 2 984 o3l ols S w55 (s p s LT
plee Lo oS8 w0 e (55l 4L 5,5030 4 Ly e
QJ"J‘-\_;LSA‘_;};WYEUTJA“&I (\SJASQ\J.:\JM
Pl (1 52 30 SLaB1E el .23 815 oslica
a.\_.':ar.:_;):«:cjﬁz &:i?l.:nd_,lp«.“_g)b sl jre cla ST
O an S a i le s 5 (3l San ¢ iuls 5 3l ey
o iuleT 4 ICP-ES 2,4 3T plail (51 5 o ds sl
LS b ge 2 JSs Wleds Jwyl Olale La 3T,

..\A:L;e Olas b u_.wea\:; 03 gd>en yd a.\..':a‘_;JLG



349 e (grmeolz S, LS 50 (6 LlS g DleaS polie pleondsl) @595 9 (S9STn

(1399 JLo) 3 o )less 12 al>

ole a3 o i oS ey )l T S ke L)
S s e DL ks Saeer MO 2 5 Pb-Z1
obe il )5 53 Skt sl A8 Sk e
45 0 ol 55 (S US|y s o0 iy oS5 by
Sslize slesd 55 Jelse S bl Cu-Fe-Au-Ag ole

-LJJ\J 03 ¢ Mo L) Pb-Zn J-'FL& C}J J‘

obe 5 Sl (Gdm 4z ps )3 el Uil 5 50 S
s — Ol — L Fe-Ag , Cu-Au Cu-Fe Cu-Ag
VL Ker o i 6,8 0 513006 51 i Soves
S Ol o o SIS T g w4z 5 L oo T 5 e
Ll 3 e SalS” ¢ ool Oukre 3 3 g 3o ol (slaalS”

Ol 35 e LAY 5 AU ol (YU Sas b ol

ool LS o Galtises (6 LuslS 5 SleeS yolic (o (Kinrod o sle L Jgo
Table 1. Correlation matrix of different trace and ore elements in the Chah-Mesi ore deposit

Ag(ppm) Fe% Zn (ppm)  Pb (ppm) Au(ppm) Mo (ppm)  Cu%
Cu% .676™ .625™ .081" .093™ .609™ .350™ 1
Mo (ppm)  .331™ .289™ .240™ 247 .364™ 1
Au (ppm)  .736™ .570™ .087" 157 1
Pb (ppm)  .430™ .086™ 775" 1
zZn (ppm)  .321™ 147 1
Fe% 627 1
Ag(ppm) 1

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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Element Maximum concentration Maximum concentration level (meter)
Cu 1.91 wt.% 2300
Mo 23.14 ppm 2500
Fe 8.67 wt.% 2450
Pb 2.37 wt.% 2450
Zn 5.39 wt.% 2400
Au 1.30 ppm 2500
Ag 43.8 ppm 2450
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Introduction

The Chah-Mesi polymetallic vein-type ore
deposit, located 40 km north of Shahre-Babak city
and 1.5 km southwest of Miduk porphyry copper
deposit, is situated in the Dehaj-Sarduieh belt as a
part of the Urumieh—-Dokhtar magmatic Arc
(UDMA) (Figure 1).

The main objectives of this research study are to
investigate: (1) characterization of multi-element
distribution associated with Cu mineralization, in
order to demonstrate prediction of elemental
concentration applied to identify high-grade ore
bodies, (2) evaluating the interrelationships
between copper, molybdenum, iron, led, zinc,
gold and silver.

Materials and methods

Petrography and mineralography of the Chah-
Mesi ore deposit were carried out using thin and
polished sections. More than 980 chemical
analyses of samples collected from 35 boreholes
of the National Iranian Copper Industry Company
(NICICO) were implemented to evaluate the
statistical as well as spatial distribution and
dispersion of multi-element halos. Geochemical
data processing was performed by applying Excel
(2010), SPSS (19), Datamine (Studio3.22.84.0)
and Surfer10 (2011) software packages.

Results

The Chah-Mesi ore deposit consists of four main
and some minor polymetalic (Cu-Pb-Zn-Ag)
quartz-sulfide wveins, with NE-SW and N-S

trending and 65-80 degree dipping, which
intersected the Eocene volcanic and pyroclastic
sequences (Figure 2). It seems that mineralization
has mainly occurred along these quartz-sulfide
veins overlaid by Quaternary alluvium. Based on
rock outcrops, the prominent mineralization has
been controlled by structural features including
faults and fractures that provided proper
conditions for reaction of hydrothermal fluids
with the host rocks.

In the Chah-Mesi ore deposit, silicified veins
containing poly-metallic mineralization have
predominantly occurred along the main faults and
shear zones. The intensity of argillic alteration
dramatically decreases outward from the
mineralized quartz veins (Figure 3). Propylitic
alteration which is composed of calcite and
chlorite minerals has extended in the peripheral
zones and does not represent a clear relationship
with Cu mineralization.

The main host rocks in the Chah-Mesi ore deposit
consist of basalt to basaltic andesite, with
porphyry to glomeroporphyry textures, and to a
lesser extent of pyroclastic rocks (Figure 4). The
ore bodies are mainly composed of pyrite,
chalcopyrite, sphalerite and galena. The ore
minerals are accompanied with chalcocite,
malachite, covellite, azurite and iron hydroxides
that have been formed during supergene and
weathering processes (Figure 5). According to
field surveys, structural controls have played an
important role in the mineralization of the Chah-
Mesi ore deposit.
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Discussion

Geochemical investigation in the Chah-Mesi ore
deposit, using Pearson correlation coefficient of
trace elements (Table 1), indicated the highest
correlation coefficient (more than 0.7) between
Pb-Zn and Ag-Au elements, due to their similar
geochemical  affinities  during  epigenetic
mineralization. Other significant correlations were
observed between Cu-Ag, Cu-Fe, Cu-Au and Fe-
Ag with a correlation coefficient of more than 0.6;
while the Mo shows weak correlation with other
elements.

Based on cluster analysis, the trace elements that
are associated with mineralization can be
classified into four main clusters of Pb-Zn, Mo,
Cu-Fe-Ag and Au (Figure 6). Noteworthy, despite
the fact that Mo and Au each separately form their
individual clusters, Au still shows some
proximities with the Cu-Fe-Ag cluster that
indicate their genetic relationship. However, Mo
displays the most dissimilarity with other clusters,
which indicates the role of different processes in
its distribution. The results of this analysis are
well in line with correlation coefficients.

The geochemical vertical zonality of trace
elements in the Chah-Mesi ore deposit were
studied using four borehole data from different
parts of the ore deposit (Figures 7 and 8). This
demonstrated that variation of elements at
different depths does not follow a uniform pattern
due to differences in the type and amount of ore
minerals in the veins.

The wveins containing lead, zinc and gold
mineralization are highly abundant at the
shallower levels based on geochemical maps of
the Chah-Mesi ore deposit (Figure 9). In contrast,
the wveins containing copper and silver
mineralization have been considerably developed
in both shallow and deeper levels. The high
degree of Mo at shallow levels seems to occur due
to either superimposition of primary geochemical
haloes of various veins (Li et al., 1995, 2016)
and/or the effect of amount of pyrite, pH, and

alkalinity contents of hydrothermal fluids
(Leanderson et al., 1987).

The average value of different elements in
intervals of 50 meters from the shallow (2500
meters) to the deep (2300 meters) levels are
determined by existence of maximum abundance
of lead, zinc and gold elements at surface levels.
However, the highest average abundance of
copper occurs in the deepest level. The highest
average value of silver is also located in the 2450,
2350, and 2500 meters levels, which is
economically valuable (Table 2). Therefore, the
continuation of drilling in the southern part of the
Chah-Mesi ore deposit into deeper levels is
strongly recommended as there may still exist
more concentrations of copper and silver there.
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