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Abstract

Sheikh-Ali copper deposit is located 300-km southeast of Kerman in an
“ophiolitic coloured melange” complex at the southeastern part of the Zagros
Crushed Zone. The rock units mainly consist of pillow basalt lavas, diabase,
pelagic limestone, radiolarian chert, calcareous sandstone and graywacke of
Upper Cretaceous age. These units locally have an east-west trend and are
emplaced as a slice between serpentinite and other ultrabasic rocks such as dunite
and harzburgite, through thrust fault contacts. The country rock which hosts
directly the ore horizon is a brown to red goethitic silica horizon. The silicic ore
horizon was deposited stratiformly between the pelagic limestones and embedded
by the pillow basaltic lavas. Chloritic and propylitic alterations can be seen in the
surrounding rocks. The geometry of ore is lenticular and the lenses are
conformable with the pelagic limestones, as well as pillow basalt lavas. The
mineral paragenesis mainly includes pyrite, chalcopyrite, sphalerite, specularite,
silica, quartz and calcite. The ore textures are massive, laminar, colloform,
disseminated and rarely veinlets are present. The silicic ore horizon is about 550
meters long and 0.7 to 8.5 meters thickness. Mean and maximum content of Cu in
massive ore is about 2.5 and 4.8 percent, respectively. Maximum content of Au
and Ag in massive ore is about 0.64 and 75 g/t, respectively. Geochemical studies
show excellent correlation between Cu and Zn in different parts of the ore body.
Furthermore, the REE patterns are similar in both the pillow basalts and the ore
bodies. Geological, lithological, geochemical and ore paragenesis studies suggest
that the deposit can be introduced as a Cyprus-type (Ophiolite-hosted) VMS
deposit, resulting from submarine volcanic exhalites and fumaroles, synchronous
with the formation of country rocks.
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southeast of Kerman, 150 km southeast of Baft and 130
km east of Hadjiabad (Fig. 1). It lies at the extreme
The Sheikh-Ali copper deposit is located 300 km southeastern end of the Zagros Crushed Zone in an
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“ophiolitic coloured melange” complex [1]. The
ophiolite melange complex, with a northwest- southeast
trend, is parallel to the Zagros thrust fault. It extends
northwestwards to Turkey and finally to the Cyprus
Troodos ophiolite. The Oman ophiolites are indeed the
truncated extension of the same ophiolite melange [2].
This ophiolitic melange faulted and thrusted with listric
faults [3].

The Sheikh-Ali  deposit, Ahmadabad deposit
(abandoned mine) and many ore indications such as
Baghchenar, Mahestan, Dahaneh-kudjin and Razdar
occur within the pelagic sediments and associated
pillow basalt lavas of the ophiolite melange complex
(Fig. 2).

Relicts of large volumes of slag in the mining area
show that ancient mining activities were extensive in the
Sheikh-Ali and Ahmadabad area [4-6].

Geology

The “ophiolitic coloured melange” complex in the
east of Hadjiabad (Figs. 1 and 2) includes ultrabasic
rocks (such as dunite, harzburgite and serpentinite),
Paleozoic marbles, glaucophane schists (blue schists),
basic to intermediate volcanic rocks and pelagic and
terrestrial sedimentary rocks. In the studied area they
have been shown as coloured melange and tectonic
melange (Fig. 2, after [1]).

These rock units are intensively tectonized in the
Sheikh Ali area and have made a tectonic melange with
chaotic slices and mixture of different mentioned
lithological units (Fig. 3).

In the Sheikh-Ali deposit area (Figs. 3 and 4) the
outcroped rocks are basic volcanic with pillow structure,
diabase, pelagic limestone, radiolarian chert, calcareous
sandstone and graywacke. These rocks which are
probably stratigraphically in the uppermost part of the
ultramafic rocks, in the normal ophiolite sequences, are
ruptured as slices due to east-west trending listric thrust
faults.

The basic volcanic rocks contain spilitic basalt to
andesite-basalt pillow lavas, which have a variolitic
texture. These basalts, from geochemical point of view,
are like oceanic floor tholeiitic type, which are
extensively affected by chloritic, propylitic and
occasionally sericitic alterations.

The pelagic limestones comprise pink to creamy,
moderate to thin bedded micritic limestone. Microfossil
evidences, such as Globotruncana Stuarti and
Globotruncana Conica [7,8], indicate that the micritic
limestones are Upper Cretaceous (Maestrichtian) in age.
General trend of limestone beds is east-west and steep
variable dips. These limestones are interbedded with
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pillow lavas (Fig. 5). Abrupt changes in thickness (0.5-
50 m) and lateral facies in these units are very common.
Pelagic sediments such as siliceous shales and
association of pelagic limestone and siliceous shale, can
be seen on different scales.

Black, red to brown banded radiolarian chert beds
with variable thickness (0.2-15 m) are located on the
contact between pillow lava and limestone beds in many
localities.

Terrestrial sediments as calcareous sandstone,
siltstone and graywacke are normally interbedded with
pelagic limestone (Fig. 6). These rocks vary in thickness
between 10 to 40 m. There is a trace of ore-bearing
horizon with a thickness of 1-2 m, 300 m north of main
open pit, in these sediments.

Microscopic studies confirm the relicts of radiolarite
which is diagenetically recrystallized into microquartz
and chalcedony (Figs. 7a and b).

- .
Tabriz

Dowiatabad ¢ Abdasht

X
Sheikh-Adi X
Ahmadabad|

Figure 1. Geographical situation and access ways of Sheikh-
Ali and Ahmadabad deposits as well as Baghchenar ore
indication.
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Figure 2. Situation of the studied area geological structural
zones, abandoned mines and ore indications (after [1]).
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1: Paleozoic marble

2: Ultramafic rocks (dunite, harzburgite)
3: Serpentinite

4: Glaucophane schist (blue schist)

5: Coloured melange and tectonic melange
6: Quaternary sediments

7: Thrust fault, fault

Villages:

SH: Sheikh-Ali

AH: Ahmadabad

BC: Baghchenar

RA: Razdar

DC: Dahaneh Koudjin

\X/ : Abandoned mine

X

: Studied area

A : Ore indication

Characteristics of Silicic Ore Horizon

The country rock of the ore horizon is a brown to red
goethitic silica horizon. This silicic horizon is located
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Figure 3. Geological map of Sheikh-Ali copper deposit.

stratiformly within the pelagic limestones which are in
turn interlayered with pillow basaltic lavas (Figs. 4 and
5). The ore horizon is about 550 m long with an east-
west direction (along pelagic limestone beds), (Fig. 8a).
Congruency of the ore horizon with pelagic limestone is
perfect (Fig. 8b). Ancient mining activities were run all
parallel to bedding of pelagic limestones (Figs. 9a,b).

Oxidation of sulfides in the mentioned ore horizon
caused dark-red to brown colors (mainly goethite).
Traces of malachite and azurite on the surface and in the
matrix of ore-bearing rocks are seen in some localities.
Ore bodies are present as discontinuous lenses of
massive sulfide. The thickness of these lenses varies
from 70 cm to 8.5 m, in the main open pit trench.
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Figure 4. General section of rock units and location of the ore
horizon in Sheikh-Ali deposit (For location see Fig. 3).

Figure 5. A general view of the rock units at Sheikh-Ali

deposit; Pelagic limestones (Gl), Pillow lavas (Bp) and
situation of the quarry (open pit, eastward).
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Figure 6. The location of ore-bearing calcareous sandstone
and gray-wacke unit (Cs) that is embedded with pelagic
limestone (GI) and pillow basaltic lavas (Bp), (westward).
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Figure 7. a) Spherical structures (probably radiolarian shells)
replaced by microquartz and fibrous chalcedony (center of
photo). Matrix is mainly micro to cryptocrystalline silica
stained brown by iron hydroxides. b) A thin section of a chert
sample, medium and coarse crystals of silica (center of photo)
formed by solution and recrystallization of cryptocrystalline
and amorphous silica during diagenetic processes (XPL,x250).

There is a small ore-bearing horizon in the calcareous
sandstone and graywacke (Fig. 6). As mentioned before,
the thickness of this ore-bearing horizon is about 1.5 m.
Traces of malachite with disseminated and laminated
sulfides can be seen in the sandstone. The content of Cu
and Zn in this ore-bearing horizon is 0.5 and 0.21
percent, respectively.

Mean and maximum content of Cu in the silicic ore
horizon is about 2.5 and 4.8 percent, respectively. Zn
grades range from 0.04 to 1.24 percent and Cu/Cu + Zn
ratio varies from 0.58 to 1.00. Au and Ag are not so
much enriched and their maximum content in massive
ore is about 0.64 and 75 g/t, respectively.

Cyprus type (Ophiolite-hosted) VMS deposits are
generally poor in base-and precious metals. The richest
concentrations of copper and gold were exploited from
the oxidized caps. Copper grades range from 0.2 to 7.7
percent, averaging around 2 percent. Published Zn
grades are generally low, and range from 0.06 to 1.2
percent, although Cu/Cu + Zn ratios vary from 0.87 to
0.16. Precious metal values vary considerably, with Ag
ranging between < 5 g/t up to 69 g/t and Au from 0.1 g/t
up to 2 g/t [9].
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Figure 8. a) Beds of pelagic limestones (pink) embedded
within the pillow lava (dark green to black). Ancient works
such as quarry and holes are seen in the same strike as pelagic
limestone bedding (100 m west of quarry, eastward).
b) Silicic ore horizon within the cream to pink pelagic
limestone layers (note the excellent congruency between the
ore horizon and the interbedded folding of the pelagic
limestones).

Mineralogy, Texture and Paragenesis

Ore minerals in hand specimen and on the
microscopic scale show massive, laminated and
colloform textures (Figs. 10, 11 and 12). Colloform ore
minerals are often accompanied by jasper or
cryptocrystalline silica while massive form and coarser
crystals of ore minerals usually are accompanied by
moderate-sized crystals of quartz and chalcedony. Ore
paragenesis contains pyrite, chalcopyrite, sphalerite, co-
vellite, digenite, bornite, specularite and native copper.

The mineral paragenesis in the massive sulfide
deposits depends on the duration and intensity of the
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Figure 9. a) General view of eastern limit of the ancient
quarry,note the relation between silicic ore horizon, lense of
pelagic limestone and altered green basalts that are embedded
by pelagic limestones and pillow basaltic lavas b) Scheme of
Figure 9a. 1: Pillow basaltic lavas 2: Pelagic limestone
(Globotruncana limestone) 3: Green basalt with high chloritic
alteration 4: Silicic ore horizon 5: Massive sulfide lenses 6:
Quarry entrance.

underlying hydrothermal system [9]. In Ophiolite-
hosted massive sulfide deposits pyrite is the principal
sulfide mineral followed by chalcopyrite and sphalerite.
Minor amounts of hematite are also present. Quartz is
the principal gangue mineral, followed by jasper [10].
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Figure 10. Massive ore (dirty green) in silicic ore horizon
(red to pink parts which contain malachite and azurite green
and blue color, respectively) on the surface.

Figure 11. a) Massive ore minerals (pyrite and chalcopyrite)
in hand specimen . b) Sulfide-rich silicic horizon grades into
laminated ore minerals (mainly chalcopyrite) accompanied by
silica (chert).
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Figure 12. a) Colloform pyrite (pyrite-melnicovite), Pyl.,
chalcopyrite (brassy yellow), Cpy., very fine specularite (light
gray), Olig., cryptocrystalline silica or jasper (dark gray
between colloform texture), (reflected light, PPL, oil, x250);
b) Colloform(l) and subhedral(ll) pyrite, sphalerite (dark
gray), Sph., cryptocrystalline silica or jasper (dark gray
between colloform texture), (reflected light ,PPL , oil, x250);
c) Radial aggregate in pyrite, Pyll., (white to creamy),
chalcopyrite (brassy yellow), (reflected light, PPL, oil, x250);
d) aggregate of pyrite, Pyll., (white to creamy), chalcopyrite,
Cpy., (brassy yellow), and specularite, Olig., (light gray),
(reflected light, PPL, oil, x400).
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Figure 13. a) Replacement of chalcopyrite (Cpy), covellite (dark blue), digenite (light blue) in margin
and fractures. b) Chalcopyrite (Cpy), bornite (Bo), covellite (Cov). ( reflected light, PPL, oil, x400).
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Native-Cu
Goethite-
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Figure 14. Paragenetic sequence of minerals in silicic ore horizon of Sheikh-Ali copper deposit.

a: Very fine-grained

d: Very coarse-grained  i: Inclusion

In the Sheikh-Ali deposit pyrite is commonly fine-
grained granoblastic to idiomorphic, with minor
amounts of chalcopyrite and subordinate sphalerite as
inclusions and fracture fillings. It is present in three
forms; i.e., euhedral coarse crystals, subhedral and
colloform amorphous pyrite (pyrite-melnicovite). The
colloform textures contain interlayered pyrite,

b: Fine to medium-grained
c.t: colloform texture
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¢: Medium to coarse-grained
J: jasper or cryptocrystalline silica

chalcopyrite, sphalerite and cryptocrystalline silica
(Figs. 12a and b). Chalcopyrite and sphalerite
occasionally show disseminated and laminated forms
but mainly fill spaces between pyrite crystals as well as
replacing pyrite (Fig. 13).

According to mineralographical and ore texture
studies, there are three types of colloform, fine to
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medium-grained and coarse-grained sulfides and silica
minerals, in the silicic ore horizon. The cryptocrys-
talline or jasper type of silica was formed during
depositional stage. While fine to very coarse-grained
quartz crystals were formed during early to late
diagenesis. Sulfide minerals with colloform textures
were formed syngenetically, and then extended their
crystallization to fine and coarse-grained sulfides by
diagenetic crystallization. Based on these studies, a
paragenetic sequence is proposed (Fig. 14).

The syngenetically formation of sulfides with silica
in the Sheikh-Ali copper deposit, indicate that the
chemical sedimentation occurred in the early stages of
sulfide deposition. Ore textures and congruency of ore
minerals with rock forming minerals confirm that
formation of ore and country rock, was con-
temporaneous during deposition and diagenesis
processes (Fig. 14).

Geochemistry

Geochemical studies were accomplished by analysis
of 27 samples with Neutron Activation Analysis (NAA)
method for detection of 32 elements (Table 1), 21
samples with Atomic Absorption Analysis method for
detection of Cu, Co and Zn (Table 2) and 14 sample for
major oxides analysis (Table 3).

Mean of Cu content in basaltic rocks is about 600 g/t
which is fourfold of that in oceanic floor tholeiitic
basalts. Contents of Zn and Co increase but Ni often
shows decrease in massive ore samples in comparison
with basalts.

In order to detect genetic relationship between
elements, Cluster Analysis performed based on
computed correlation coefficient. In this case, we use
Hierarchical technique which is the most widely
applied clustering technique in the earth sciences [11].
Correlation coefficients of elements demonstrate that Cu
and Zn are well correlated to each other. Dendrogram
analysis of elements also confirmed high congruency of
Cu, Zn and Co (Fig. 15).

Studies on the variance of ore and major elements in
a general section show increasing Cu, Co, Au, As, Ag,
Zn contents and decreasing V, Ni, Mn, Ca, Na contents
in the ore horizon in comparison with the basaltic
country rocks. Furthermore, variance of Cu, Co and Zn
in four short lithogeochemical sections emphasize
increasing contents of mentioned elements in all the
goethitic silica horizons, as compared with basalts (Fig.
16 shows two of these sections). The profiles are
perpendicular to the strike of the ore horizon.

The distribution and variance of REE and Transition
elements in Sheikh-Ali pillow basalts in comparison
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with standard samples indicate the affinity of these
basalts to E-type MORB (enriched-type mid oceanic
ridge basalts) (Fig. 17a). In addition, the presence of a
gradual decrease in transitional element pattern (from Ti
to Ni) is characteristic of MORB [12,13], which is
observable in Figure 17b. Resemblance and coincidence
of ore sample curve and pillow basalts curves are very
clear and indicates confirm that the ore and the country
rock were formed under the same conditions (Fig. 17b).

Discussion and Conclusions

The Sheikh-Ali copper deposit is located in a
volcano-sedimentary slice of the ophiolite melange
complex. The slice is restricted with two east-west
trending listric faults (Figs. 2, 3 and 4).

Basaltic lavas with pillow structure, diabase, pelagic
limestone, siliceous shale, banded chert, terrestrial
calcareous sandstone and graywacke are the main units
in the slice.

Fossils in the pelagic limestone beds indicate upper
Cretaceous (Maestrichtian) age for the complex.

There is no evidence for plutonic activities near the
Sheikh-Ali deposit. In addition, most of the felsic
intrusive rocks in Hadjiabad 1/250,000 geological map
sheet belong to the Triassic and older periods.

The country rock which hosts the ore is a brown to
red goethitic silica horizon. It is well-interbedded with
other sedimentary rock units. The thickness of the ore
horizon changes, from 70 cm to 8.5 m, along the strike.
The ore horizon was deposited between the pelagic
limestones and embedded by the pillow basalt lavas.

There are three types of silica and quartz in the ore
horizon. These types consist of cryptocrystalline silica,
fine and coarse-grained quartz with chalcedony. The
fine and coarse-grained quartz with chalcedony
crystallized in diagenetic processes.

Ore geometry, in the field scale, is characterized by
lensoid bodies which are conformable to the pelagic
sedimentary layering. In hand specimen and
microscopic scale, the ore texture is massive, laminated,
disseminated, and rarely veinlets are observed.

Variolitic and microlitic textures, as well as
spilitization and pillow structure of basalts indicate their
speed chilling under subaqueous conditions [14,15].

Geochemical and petrogenetic studies utilizing
results of REE analysis and various diagrams indicate
that the basalts are MORB or OIB tholeiitic type.

Ore pragenesis is simple and consists of pyrite,
chalcopyrite, sphalerite, covellite, bornite and native
copper. The main ore minerals in the lensoid massive
ore are pyrite and chalcopyrite, and the occurrence of
the latter as open space filling is remarkable.
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Table 1. Trace and REE element analysis of the basaltic pillow lava and ore samples from the Sheikh-Ali copper deposit

E%f"p'e Lithh. Ccr Ni Co S V Cu 2zn € K Rb Cs Ba Sr Ga Ta Hf
59 Basalt 101 1605 29 3953 341 653 103 15 2324 18.75 1.245 120.8 186.8 14.25 1.99 3.96
7 Basalt 31 1419 26 386 436 750 190 195 1079 195 1.035 99 1425 7.12 059 0.48
S6 Basalt 220 159.8 33 4121 258 0.075 99 2475 3818 17.25 1.23 1298 1875 12 041 24
sS4 Basalt 121 162 33 3848 323 187 98 1425 9131 18 1.267 117.8 187.5 16.28 0.52 2.68
S3 Basalt 136 1695 36 4241 335 6915 117 15 4981 17.25 1.297 1245 210 3.09 057 3.44
S2 Basalt 135 1365 27 30.31 239 6165 61 165 6641 14 1.051 107.3 1725 20.98 0.46 193
Gl Basalt 291 1755 32 3631 244 605 91 285 3154 18.75 1.335 140.3 216 23.25 0.56 1.32
G2 Ore 82 45 524 65 52 12030 975 825 1245 15 0825 735 1238 4.28 042 035

G3 Basalt 142 1928 79 5093 332 710 701 135 332 21 153 1358 2333 16.78 0.62 2.8
E5 Basalt 346 1958 73 3275 201 0.23 1300 17.25 4732 25 153 1388 225 195 0.63 2.16
E6 Basalt 220 219 86 29.75 180 0.19 1200 48 3486 21 1.2 144 200.3 16,5 0.56 1.92
E2 Basalt 344 156 45 33.05 264 051 705 45 4483 33 1.185 138.8 190.5 14.25 05 217
M12 Basalt 294 166.5 47 3245 151 0.2 388 1125 4732 22 132 1178 147 1425 0.86 1.32
M14 Basalt 314 163.5 46 39 205 767 120 15 4234 19 1245 1178 1905 105 057 234
M23 Ore 304 34 750 94 75 18400 859 9.8 1411 20 1305 1455 2003 15 104 241
M24 Basalt 370 178.5 57 44 286 4000 300 15.75 1577 20 141 1305 216.8 12.75 0.71 1.85
Al Basalt 315 170.3 35 37 225 770 135 36.75 3320 195 1.282 1455 1455 1275 0.95 219
zZ1 Basalt 508 156 110 28.37 219 2700 1400 24.75 9463 19 1155 1223 362 10.5 211 3.03
Z3 Basalt 245 147 37 3233 247 750 113 18 5396 16.5 1125 1193 174 1425 24 37
B14 Basalt 194 1755 37 2926 197 717 75 3825 4400 20 1.32 1508 211 105 1.37 2.67
Al8 Basalt 227 1695 26 2741 209 825 88 2175 4400 20 1.297 1328 2033 165 252 3.15
All Basalt 213 1208 801 898 70 576 50 195 5894 60 342 117 1433 1481 0.84 5.86
Z4 Basalt 30 90 8 9.04 57 5805 51 15 3901 16 077 325 117 21 052 343
o7 Ore 66 29 1200 85 62 39800 2300 81 7222 17 1013 271 261 195 051 287
A45 Basalt 378 289 39 2633 185 320 33 375 6200 105 6800 145 1298 75 194 281
010 Ore 210 20 825 210 47.8 30000 588 73 5800 18 0.72 120 136 14 14 0425
08 Basalt 620 342 45 2693 171 900 113 4 2000 9.75 0.68 8175 1275 36 173 223

ﬁgﬁple Lith. zZr Ti Th U La Ce Nd Sm Eu Gd Tb Dy Ho Tm Yb Lu
9 Basalt 491.3 13908 169 0585 145 2934 11.79 463 135 1273 145 56 1838 012 38 082
s7 Basalt 378 3507 181 0832 078 13.22 2087 427 119 681 165 1875 1238 0.1 3.65 0.78
s6 Basalt 157 7194 0.338 0.945 6.81 18.41 6.88 303 099 304 102 413 1658 009 3.12 0.7
sS4 Basalt 500.3 12110 0.322 0.548 528 13.67 7.28 339 117 951 139 507 168 01 357 078
s3 Basalt 348 11930 0.34 081 561 1322 7.08 363 113 995 107 567 096 011 376 0.76
s2 Basalt 431.3 5995 0.277 0.623 3.38 9.4 488 271 067 446 081 289 12 011 223 053
Gl Basalt 278 5695 0.352 1.042 258 555 506 1.6 065 261 063 332 1905 011 256 05
G2 Ore 98 550 021 105 033 153 217 018 007 105 0165 042 1185 005 0.26 0.06

G3 Basalt 612 118100.375 0.533 2.1 2505 3.626 196 068 715 06 358 104 0.13 3.87 053
E5 Basalt 558 8093 0.382 0.683 451 114 551 283 088 7.75 098 502 2573 012 2.64 051
E6 Basalt 499.5 7614 0.345 1.74 559 12 998 295 104 223 103 4.06 2513 0.13 241 0.6
E2 Basalt 428 8273 0.337 1628 57 169 1342 547 152 143 163 7.89 2333 0.13 424 0.86
M12 Basalt 466.5 4976 0.337 0.473 6.01 13 569 221 073 813 072 257 1815 0.07 143 0.32
M14 Basalt 493.5 8693 0.322 0.585 458 12.03 358 266 085 6.87 087 4.06 159 0.11 243 048
M23 Ore 118 425 058 18 15 35 314 095 08 12 105 071 119 014 028 0.49
M24 Basalt 549 5515 0.36 0.623 213 6.09 3.623 2382 084 6.79 08 47 1838 011 269 0.6
Al Basalt 518 8813 0.76 1373 7.71 17.71 847 267 078 281 076 412 174 014 27 061

z7 Basalt 478.5 12470 2.25 0.975 19.75 36.54 15.37 3.67 128 512 099 41 1575 0.13 2..26 0.45
Z3 Basalt 438 12829 3.11 0.473 25.62 48.4 1855 5.08 1.12 9.34 0.263 4.09 2.055 0.13 2.69 0.57

B14 Basalt 474 11990 1.07 1305 1241 2433 869 327 09 303 109 347 1613 0.16 184 042
Al8 Basalt 513.8 11870 2.29 0.878 23.75 41.23 1547 468 124 7.77 112 374 2325 012 216 0.46
All Basalt 349.5 2998 7.36 1.75 21.24 38.99 1396 3.16 102 458 041 262 1358 007 183 04
Z4 Basalt 351 2878 4.83 1.66 20.27 36.88 14.68 3.43 077 448 08 3.62 1.823 0.08 217 0.49
o7 Ore 120 450 081 184 215 4 45 284 076 205 083 005 189 015 09 042
A45 Basalt 171 4200 191 15 15232994 1311 0135 14 173 046 45 08 02 19 04
010 Ore 88 325 0.26 2 12 2 32 0264 028 01 08 008 14 02 0408 035
08 Basalt 87 10100 1.96 15 15333053 875 011 157 169 076 38 082 015 22 0.38
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Table 2. Cu, Zn, Co, Ni, Au and Ag contents of basaltic pillow lavas and ore samples, Dis. Ore: Disseminated Ore samples, Mas.
Ore: Massive Ore samples

Sample No. Lithology Zn (ppm)  Cu (ppm) Co (ppm) Ni (ppm) Au (ppb) Ag (ppm) Cu/Cu+Zn

H5 Basalt 325 578 26 127 41 2 0.64
H6 Dis. Ore 2100 4800 101 18 122 9 0.70
H7 Dis. Ore 467 1700 34 17 141 17 0.78
H8 Mas. Ore 869 31500 256 19 420 34 0.97
K1 Dis. Ore 2600 3600 135 15 301 25 0.58
K2 Mas. Ore 742 36100 152 19 359 21 0.98
K3 Dis. Ore 43 7500 185 21 180 12 0.99
M31 Mas. Ore 73 48000 24 37 438 28 1.00
N1 Basalt 48 172 23 171 72 4 0.78
N2 Dis. Ore 53 8500 158 21 172 18 0.99
N9 Mas. Ore 516 43100 147 23 184 10 0.99
02 Mas. Ore 302 36800 520 18 229 17 0.99
05 Basalt 602 338 57 156 34 3 0.36
06 Mas. Ore 2000 42000 266 31 180 16 0.95
o7 Mas. Ore 2300 39800 1200 29 640 75 0.76
S20 Basalt 54 187 27 164 31 3 0.78
S21 Basalt 172 417 19 173 52 3 0.70
S22 Mas. Ore 4800 16400 224 24 245 21 0.77
S23 Basalt 330 341 48 191 35 5 0.51
S24 Basalt 321 231 44 156 8 4 0.42

Table 3. Chemical analysis of major element (oxides) in basalt and diabase rocks

Sample No. Lithology SiO2 TiO2 AI203 Fe203 FeO MnO MgO CaO Na20 K20 P205 H20 CO2

Al Basalt 51.9 13 1543 357 525 013 523 8.67 4.3 042 0.01 1 1.98
B14 Basalt 489 159 1592 302 527 0.18 8.4 8.4 269 051 0.01 1 34
Shil Basalt 50.7 174 1352 31 6.03 039 7.64 7.4 296 0.09 0 25 3.42
Sh12 Basalt 514 185 1273 335 592 0.07 857 6.5 0.05 004 001 2 4.97
M12 Basalt 537 099 1685 33 445 042 8.65 0.7 403 054 0 1 3.03
S2 Diabase 49.7 121 1079 282 621 019 943 135 0.5 0.02 0 1 3.94
S4 Diabase 478 185 1271 345 798 017 549 15 0.94 0.02 0 1 1.82
S6 Diabase 464 147 1637 315 526 029 935 839 336 0.08 0 1 3.12
Z3 Basalt 493 216 1619 2.7 364 039 513 713 524 09 0.23 15 3.59
M24 Basalt 515 117 1412 473 665 021 594 7 35 0.11 0 1 3.04
Z7 Basalt 48.6 18 1574 396 534 015 553 6.01 276 105 0.17 1 3.65
SH4 Diabase  53.8 0.3 142 3.04 6.83 0.19 6.5 706 225 051 - 1 3.01
SH9 Basalt 526 028 1563 148 6.03 022 781 923 172 0.06 --- 15 2.34
Alteration in the enclosing basaltic rocks mainly a) The resemblance and coincidence of distribution
consists of chloritic, propylitic and lesser sericitic types. and variance of transition elements in ore and basaltic
Interpretation of geochemical data revealed that: lava.
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Figure 15. Dendrogram of correlation matrix, clustered by
Between groups linkage method in Sheikh-Ali deposit.
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Figure 16. Variance diagram of Cu-Co-Zn in two lithogeo-
chemical sections at Sheikh-Ali deposit.

b) Mean of Cu in basaltic rocks is abnormally high
(about fourfold of world standard of sea floor pillow
basalts contents), [16].

¢) In lithogeochemical sections, the Cu content
increases in all goethitic silica horizons. Also the
element correlation diagrams confirm excellent
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correlation between Cu and Zn.

The formation of Cyprus-type (Ophiolite-hosted)
VMS deposit, is unanimously regarded as being
synchronous with submarine basic activity in divergent
boundaries [17-27]. Modern polymetallic massive
sulfides have been found in diverse volcanic and
tectonic settings on modern seafloors [10,28,29].

Studies by Skinner and Robert on S-, O- and H-
isotopes resulted in presentation of the seawater sourced
connate hydrothermal fluid circulation model [22,26].
On the basis of this model, fluids will ascend
synchronous with or a short time after the formation of
basaltic pillow lava and cause leaching and transport of
the metal contents of the volcanic rocks. The low
temperature of mixing seawater and reducing conditions
result in sulfide deposition as soon as the connate fluids
reach seawater. In this model, the source of fluids and
sulfur is sea water while the tholeiitic basalts and
diabasic dikes react with high temperature, low pH
connated sea water and release metallic ions [30].

In Ophiolite-hosted deposits, in some cases, sulfide
mineralization occurs within the conformably overlying
sedimentary package. This type of massive sulfide
deposits is known as “Massive sulfide deposits within
sedimented ophiolites” [9]. The massive sulfide deposits
in some “Sedimented Ophiolite” suites are hosted in
higher beds of the sedimentary package within
argillite/graywacke and are associated with mafic to
ultramafic sills [31,32]. The Anayatak copper deposit, in
the Turkish Taurides which is hosted by cretaceous
ophiolites [33], is an example of the Sedimented
Ophiolite- VMS type deposits, and the Cretaceous-
Paleogene Ochiaizawa deposit in the Shimokava mining
district of Japan is another example [34].

Deposits such as those within the Turkish ophiolites,
appear to have been formed in the sediments of
epicontinental rift basins in which MORB basalt-
covered sea floor is quickly inundated with pelagic and
terrestrial sediments or within immature epicontinental
or rifted arc environments. These deposits differ
compositionally from the classic Cyprus- type VMS
deposits. The latter possess more concentrations of Co
and Ni.

On the basis of following evidence, we consider the
Sheikh-Ali copper deposit as a Sedimented Ophiolites of
Ophiolite melange-hosted (Cyprus-type) volcanogenic
massive sulfide deposit:

— The country rock is a part of a slice of ophiolite
melange, volcano-sedimentary unit and the ore horizon
is conformable with basalt pillow lavas and pelagic
limestone beds.

—Ore is accompanied by jasper, chalcedony and
quartz.



Vol. 13 No. 1 Winter 2002

A1 0Z7 OZ3 0B14 CA18 W07 OA45 008 a)

T T 1T

LELRRRLL |

T
Lol

eI

LELMRLLLL

OA1 0Z7 0Z3 OB14 OA18 B07 OA45 008 b)
10000 T T T T T T v T T

0

LRLLLURRAIL BRELL BRRLILL BRRELL IURELL BERLLY
voond cvvnd cvomd ool svvd o 3

.00

Ti
v
]
MnG
FeO [
Co
Ni
Cu
2Zn

Figure 17. a) REE and trace element pattern of basalt
samples normalized to MORB REE. Negative gradient in all
sample curves indicates differentiation in the sampled rocks
and consequently enrichment of the incompatible elements in
comparison with the compatible elements. b) Transition
elements pattern in ore and country rock samples normalized
to P. Mantle; Note the excellent coincidence of the curves for
ore samples and basaltic country rock samples. Fill square:
ore sample, Open circles: lava samples.

— Chloritic, propylitic and sericitic alterations occur
in basaltic rocks.

— Ore paragenesis consists of Cu-Zn and Fe minerals.

— Geochemical values of Cu and Zn in ore and
country rocks are well correlated.

—Plutonism and related processes assumed as
sources of Cu are absent in the area.

— In comparison to classic ophiolite-hosted VMS and
Sedimented Ophiolite VMS deposits, it seems that the
characteristics of Sheikh-Ali deposit, such as content of
Cu, Zn, Au, Ag and Cu/Cu+Zn ratio and association
with pelagic and terrestrial sediments, are more similar
to Sedimented Ophiolite VMS, such as Anayatak copper
deposit in Turkey.
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— The extension of the ophiolitic complex beyond
Iranian borders, in the northwest hosts some Cyprus-
type VMS deposits in Turkey, such as Ergani, Kur, Ana
Yatak,... [34-37] while in the south it hosts some others
such as Lasil, Bayada,... in Oman [38]. The Ghezeldush
prospect in northwest Iran near Maku [39], and the
Remeshk group of ancient mines in southeast Iran [6]
which are all hosted in the same ophiolite complex,
show some similarities with the Sheikh-Ali deposit.
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