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Abstract

The Saheb Fe-Cu skarn deposit is located in the Sanandaj-Sirjan
metamorphic belt, SE Saqqez, western Iran and has been formed along the
contact between the Oligo-Miocene aged Saheb granitoid and the Permian
aged impure calcareous rocks and includes endoskarn and exoskarn.
Exoskarn is widely developed and includes garnet and epidote skarn zones.
The majority of mineralized zones are concentrated in garnet skarn. The
relatively oxidizing mineralogical assemblage of the Saheb skarn includes
garnet (andradite-grossular), pyroxene (diopside-hedenbergite), magnetite
and hematite. Magnetite is the main and abundant ore mineral throughout
the ore deposit. Based on field evidences and microscopic studies of skarn
zone samples, two stages of prograde and retrograde alteration are
distinguishable. According to the results of sample analysis of Saheb skarn
intrusive body by XRF and ICP-MS techniques, the combination of this body
is chiefly granite to granodiorite-diorite and belongs to the I-type granitoids,
metaluminous and K-rich calc-alkaline series. The Saheb granitoid is related
to the VAG (Volcanic Arc Granite) tectonic setting.
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1. Introduction

There are many iron skarns in Iran. Some economically important well-known
iron skarn deposits in Iran are as: Sangan [1] Gelali, Baba Ali, Khosro Abad and
Shahrak [2] and Astamal [3] [4]. According to this, Saheb Fe-Cu skarn deposit is
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well-known, too and located in the city of Saqqez (Kurdestan province),
North-West Iran and coordinated 34°46' to 35°46' east longitude and 36°16' to
36°17' north latitude (part of Sanandaj-Sirjan zone is enclosed). Sanandaj-Sirjan
zone is one of the most active structural zones of Iran and may be incomplete
name of the quietest areas of the institution. This zone is mainly metamorphic
complex and intrusive granitoid rocks [5] and different types of mineralization
have been observed (Figure 1), including several iron deposits for example:
Gol-Gohar, Hame Kasi, Gelali and Baba Ali, Kalat Nasser, Ahangaran and Zafar
Abad can be noted [6]. The northwest Iran has been interest to geologists and
explorers because of the well developed alteration zones and high prospectivity
for mineralization. The intrusive rocks in this area are high potassium
calk-alkaline felsic rocks [5]. These rocks occur in the great belts which com-
monly extend for hundreds or even thousands of miles as individual bodies. One
of the intrusive rocks is located in Saheb area and evidences of old mining oper-
ations are not seen. Volcanic activity, numerous intrusion associated hydro-
thermal fluids have led to formation of a wide variety of deposits. According to
[7] iron deposits in Sanandaj-Sijan north and South is skarn and in the mid is,
sedimentary-volcanic type.

In this research, we have tried to investigate the effects of mineral extraction,
mineralogy and geochemical characteristics of the owner’s store by using field
evidences, laboratory and using the results of analysis of samples taken from the
mineralization area, mineralogy and geochemical characteristics of the reservoir.
Accordingly, after introducing the geology of the region and its various units, we

will look at the characteristics.

2. Geology

The area in the southeastern city of Saqqez, in Kurdistan province, NW of Iran,

and from the structural perspective is placed in the zone of Sanandaj-Sirjan. An

= Sanandaj- Sirjan MEtamorphic Zone

Urumieh- Dokhtar Magmatic Arc

I: Zagros Fold Thrust Belt

Figure 1. Distribution of mineral deposits in Sanandaj-Sirjan zone [10].
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361702.88

area is 2 Km® and is located in a part of the Soltan Mountain. This mountain is
in the southern Chagharlu (Chapan) villages and about 16 km of north East of
Saheb is located. Based on the map (Figure 2) geological units in this area in-
cludes Permian carbonate units, alteration and skarn units, granitoid body. The
rows of limestone carbonate units include moderate to thick gray layer. The unit
is free of any fossil and only based on the stratigraphy, age of this unit, Upper
Paleozoic (Permian) has been reported [8]. Outcrops are limited to a small tab
located in the eastern part of the study area. The lower contact is Cretaceous
rocks units with carbonate units as fault and upper contact is mostly unknown,
and it seems that the slope is continuous. The slope of this layer on the effects of
change and tectonic pressure is variable and often steep and is near vertical (80
to 90 degrees). In addition, the tectonic and metamorphic processes have created
altration and recrystallization of the carbonate units and marble is formed in
parts of it [9]. Skarn unit is, including: limestone and dolomite that in addition
to regional metamorphism, also have to bear contact metamorphism and there-

fore converted to skarn [8] [9].
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Figure 2. (a) Geological Map of the region from the map 1:5000 Saheb; (b) Samples location in section of this map [11].
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2.1. Geology of Skarn Zone

Skarn zone is in the Permian dolomitic rocks and well tolerated transformation
(recrystallization and marble latest). The thickness of this zone varies from 50 to
100 meters. Skarn is divided into two parts: Endo and exo skarn. In parts of
zones of hydrothermal source has greater distance, almost none anhydrous
calc-silicate minerals is formed in the marble zone and epidote and chlorite
minerals only in a small amount is formed. But in parts of the thickness of the
zones and the distance from the heat source is low, anhydrous calc-silicate min-
erals were formed [9] Changes in the thickness of this zone is due to changes in
lithology and density of joints and cracks in the host rock and in the parts pelitic
sediments were present, hornfels formed. Hornfels with characteristics such as
green, microcrystal and high density that adds rock resistance to weathering of
in the desert can be identified. This rocks form in effect contact metamorphic
carbonate rocks with peletic rocks mostly due to high resistance and are very li-

mited in the region, mineralization does not exist in them [9].

2.1.1. Endoskarn

This section of scorn zone is very limited (0.2 to 2 meters), texture of the original
rocks has been preserved and only some secondary calc-silicate minerals such as
epidote and chlorite are added to it. This expansion is under the control of joints
density and fractures in intrusive igneous rock and in places where open space is

enough to provide a fluid motion; this zone also has further spread [9].

2.1.2. Exoskarn

From a macroscopic point of view exoskarn is mostly brown, but on the part of
the zone due to increased amounts of epidote, amphibole (tremolite-actinolite)
and chlorite, is green color. These two colors represent two part: garnet skarn
(on the contacts of the intrusion) and epidote -skarn (on the contacts with mar-
ble [9].Spread garnet skarn zone is more than epidote skarn. In this series, Gar-
net-skarn zone with considerable thickness to be allocated most of the metaso-
matic alteration. Mineralization of Magnetite predominantly and hematite par-
tial, with copper carbonates (malachite) accompanied of exoskarn. Mineraliza-
tion is often mass and lens form and in a lesser degree can be seen as veins and

veinlets [9].

2.2. Acidic Intrusion of Region

Saheb intrusive body, in a hand specimen is pale pink and bright color is seen in
the general case. Based on microscopic studies of plagioclase, alkali feldspar,
amphibole, quartz and biotite are main minerals of this igneous rocks and on the
basis of geochemical classification intrusive rocks, have ranging from granite to
granodiorite-diorite [9] [12]. According to geophysical studies carried out and
dimensions of harvest network, the overall trend of igneous formations is
east-west direction and is designated for local body [9]. Thereby the thickness of

sediments in the west is reduced and in the east is increased. In effect plouton-
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ism of and position and influence of granite mass has brought near the surface,
wide altrations in the region has caused, on the other hand created fragmenta-
tion and shifts in studied collection shows macroscopic samples display of gra-

nitoids area.

3. Methods

In this study, we have tried to field investigations, laboratory and compared to
the previous preliminary research on the characteristics of lithology, mineral-
ogy, geochemistry of mineralization and the deposit is to be surveyed. In this
regard, after collecting data, field survey was carried out rock samples from
different parts of ore (ore body, skarn and different parts of alteration, intrusive
and volcanic rocks of the region) were taken 30 sample in order to prepare
thin-polished sections and 30 samples for chemical analysis (XRF and ICP-MS)
were selected.

4. Mineralogy and Mineralography
4.1. Metallic Minerals

-Magnetite: magnetite is the most original and most abundant minerals in the
ore that along with hematite, chalcopyrite, pyrite and malachite, goethite and
limonite is seen. The texture of magnetite in microscopic sections is massive and
replacement. Dimensions magnetite crystals vary from 2.0 to 6 mm. Sometimes
crystals with dimensions of a few millimeters on all forms of manual are visible.
In some outcrops, effects of tectonic pressures can be seen as a crunch. Much of
magnetite lenses as a result of physical processes have become goethite. The
presence of magnetite can be explained this way in two groups, the first group:
For amorphous and spotted and it seems that the substitution phenomenon is
shaped in the host rocks. In the examination of the depth of the mineralization
remains relatively healthy but in samples of shallow in many cases oxidation and
converted to hematite or are transformed. Hematitization often from the mar-
gins seeds or from within or from the center is beginning to fracture, causing
martitic texture (Figure 3(a), Figure 3(b)). The second group magnetite which
are massive texture the more in sectors that higher grade is visible. The domi-
nant gangue minerals with this type of magnetites are amphibole, feldspar and
silicate minerals.

-Hematite: Hematite frequency is lower than magnetite and economically in
the region does not matter. The near-surface mineralization in areas or in areas
with outcrops of magnetite and magnetite in fracture surfaces were found to be
both primary and secondary. The amount of hematite is inversely proportional
to the depth of the samples. Although hematite can melt under high oxygen fu-
gacity iron oxides, but within the primary effects of hematite is rarely seen. It
seems that almost all the ore hematite magnetite disruption caused by the con-
version and most of the samples near the surface and exposed parts of the body

can be seen. Other forms of hematite is formed during magnetite cleavage
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Figure 3. Microscopic images of metallic minerals formed in the Saheb deposit. (a) (b):
Magnetite massive and the presence of hematite in magnetite. (c) (d): The mineral of py-
rite and chalcopyrite in the Saheb skarn; (e): Malachite green vein in the colloidal texture
in magnetite; (f): Goethite (iron hydroxide) in a sample of the orebody. Magnetite: Mag,
hematite: Hem, pyrite: Py, chalcopyrite: Ccp, goethite: Gth, sphene: Spn [12].

surfaces. This texture is called as Martite, usually secondary and post-ore forma-
tion and the effect of temperature drop is created (Figure 3(a), Figure 3(b)).

-Pyrite: Pyrite is sulphide mineral that in some sections and macroscopic
samples is visible (Figure 3(c)). It seems that the pyrite in the ore with 1.0 to 3.0
mm dimensions and forms to amorphous hypidiomorphic to be seen. And is
plasced in between magnetite and gangue minerals and usually the margins are
becoming secondary hydroxides such as goethite.

-Chalcopyrite: Chalcopyrite is the most abundant sulphide mineral observed
and in the area in the last stages of ore formation is formed. The microscopic
sections, with dimensions of 0.2 to 0.4 mm can be seen (Figure 3(d)) and in the
surface areas of the deposits have to be altered in copper minerals such as mala-
chite.

-Malachite: Malachite with a size of 100 microns to more than a millimeter,
ospace filling and fractures and associated magnetite is present in the form of
thin strips and in the studied sections is seen for bright green color and shows
colloform texture (Figure 3(e)).

-Goethite: goethite is an iron hydroxide mineral and in ore body fractures is
abundance. The mineralization with colloform texture on microscopic sections
manifested and it greatly decreases with increasing depth. The hematite is
formed by dehydration of goethite (Figure 3(f)).

4.2. Waste Minerals

Garnet is one of the most silicate minerals observed in the area with massive
magnetite. This mineral is most abundant non-metallic mineral in this area, in-
cluding garnet isotropic and anisotropic. According mineralogy studies XRD
[13] contains and radite and grossular. It has zonation and near the contact zone

of garnet color change from brown to red to yellow in the distance it will change.
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Garnets in some cases more than 90% of the rock volume makes up a rock. Epi-
dote group minerals (Epidote, Zoisite and Clinozoisite) in local outcrops are
seen in green, after garnets are most abundant of sillicate minerals. Other
non-metallic minerals observed in the region include: calcite, quartz, sphene,

chlorite, amphibole (actinolite-tremolite series) (Figure 4).

5. Discussion
Mineralization

Iron mineralization in Saheb area in the limestone units as replacement, joint
fillers and fractures of dissolution as individual lenses, in the same trend has
taken place. According to most Fe-Cu skarn mineralization in this area are as
lens, with outcrops at surface and in a trending east-west length of 2 km (and
more) and with a thickness of up to 25 meters, although numerous amputation
(on the surface) are visible. Lens length varies from 3 to 100 m and its thickness
from a few centimeters to a few meters and sometimes “a few tens of meters
change. The lens is placed in the center of the area, in particular iron oxides,
magnetite is often included [9]. Mineral outcrops in some areas in parallel are 2
to 3 times. Outcrop of vein malachite can be seen in the vicinity of magnetite
body (Figure 5(e)). The slope of ore body in most cases is high and close to the
vertical and mostly to the south. The ore is concentrated mainly in the form of
magnetite and textures observed in the ore, massive, disseminated and replace-
ment, flooring, space filling texture and the sometimes cataclastic (Figure 5(a),
Figure 5(b)). So we can say that the Saheb iron deposit mineralogy consists of
metallic minerals: magnetite, hematite, geothite, malachite (Figure 5(d)), chalco-
pyrite, pyrite and with significant phases such as epidotization (Figure 5(c)), chlo-
ritization, and kaolinitization has been associated. It seems that during the skarn

and under the conditions prevailing oxygen fugacity, ore body as prevail oxide

Figure 4. Microscopic images of non-metallic minerals observed in Saheb skarn. This
minerals are: Garnet: Grt, chlorite: Chl, Amphibole: Amp, Plagioclase: P, Qartz: Qz, epi-
dote: Ep, Calcite: Cal, Kfs: K-feldspar [12].
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Figure 5. Macroscopic images of outcrop of lithologiic different units of the Saheb depo-
sit; (a) (b) Outcrops of magnetite lenses (sight east); (c) Epidotization observed in rock
units; (d) Outcrop of intrusive body in Saheb skarn; (e) Outcrop of malachite in area; (f)
View of the units skarnization in the Saheb skarn.

phase in the region, is performed. Low frequency sulfide phases in samples that
were collected from the surface, due to the increase in low sulfur fugacity in the
next step. Iron ore consists of two parts or hypogene ore (oxide and sulfide) and
supergene ore [9].

In the formation of very skarn in which mineralization occurred and metaso-
matism process caused skarn formation, one or two steps, prograde altration and
depending on the type and number of secondary minerals one or two steps, re-
trograde altration occur. Based on field evidence and microscopic studies of the
skarn zone, skarnization process (Figure 5(f)) in Saheb area occurs in two main
stage: 1-prograde altration 2-retrograde alteration.

In this area, mineralization in both oxide and sulfide forms and after the for-
mation of initial anhydrous calc silicates and during subsequent changes occur
[14] [15]. In Saheb skarn magnetite is the first metal ore deposited (Figure 3(a),
Figure 3(b)). Hematite is mainly due to the conversion of magnetite (Figure
3(a), Figure 3(b)). Geothite is a productive of magnetite and hematite weather-
ing that has been converted to geothite by meteoric waters (Figure 3(f)). Fe,Os
(magnetite) + H,O = 2FeO(OH)goethite.

Pyrite and calcopyrite are from sulfide ore minerals in Saheb deposite at the
retrograde stage (Figure 3(c)). According to [16] calcopyrite due to the increase
of pH and fO, decrease (Figure 3(d)), formed according with the following
reaction:

FeS, iey + CuCl, + 1/2 HO = CuFeS copyrieey + 2C17 + H' + 1/40, Malachite
is formed by supergene process of Saheb ore, meteoric fluids rotation and altra-

tion of calcopyrite. (Figure 3(e)).

6. Paragenesis

Based on mineralogy, mineralography studied Paragenetic sequence can be
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summarized in for steps. 1) Influence of the granitoid intrusive body; 2) Apply-
ing contact metamorphism and skarnization; 3) prograde and retrograde altera-
tion; 4) Deposited in carbonate rocks. In the stages of prograde altration, garnet
and pyroxene are formed and in the retrograde altration, due to lower tempera-
ture and the possible influence of meteoric waters, hydrous minerals such as ep-
idote and tremolite-actinolite due to altration of the previous stage minerals are
formed. Magnetite is formed at the end of the stages of Prograde or in the be-
ginning of the stage. Sulfid minerals are formed in the end of formation deposit

(Table 1).

7. Geochemistry of Ore Deposits

In the formation of mineral deposits, many factors are effective, and the role of
these factors in the type of deposit, alteration and geochemical characteristics are
reflected. Analysis of XRF and ICP-MS (samples taken from trenches and sur-
face samples) in Table 2 and Table 3 is provided and the behavior of various
elements in rock samples (intrusion body) is checked. In According to [17] in-
trusive body chemical composition is placed mainly of granite, granodi-
orite-diorite and (Figure 6, Figure 5(d)). Based on the [18] and [19] [20] grani-
toids in this area are belonged to series of sub-alkaline with rich potassium and
are metaluminous. On the other hand, due to the presence of hornblende, gra-

nitoids area, the Na content higher than 2.3%, the presence of pyroxene series

Table 1. Paragenetic sequence in the Saheb skarn.

Paragenetic sequence

Metasomatic Altration
Minerals Supergene altration
Prograde stage Retrograde stage

Magnetite
Hematite
Martite
Pyrite
Chalco-Pyrite

Geothite

|

Malachite
Garnet
Diopside

Quartz

Calcite/
Dolomite

Amphibole
Epidote

Cholorite

»M " H"‘
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Table 2. Results of the analysis of samples of surface (oxide major and minor elements of
intrusion body) in Saheb deposite (North West of Iran) by XRF.

Sample. SiO, ALO; Fe,0, CaO Na,0 K,0 MgO TiO, MnO P,0; L.O.I Total
Code % % % % % % % % % % % %
S.2.P 705 14.6 221 214 48 3.02 1.02 034 0.07 0.1 1.81 99.59
S.22.P 59.03 12.82 895 209 1.03 1.01 7.12 1.59 0.177 1.155 1.56 95.51
S.38.P 6792 1287 358 278 221 1.07 4.65 1.092 0.149 0.217 3.07 99.60
S.10.P 6596 1493 598 232 031 1.08 4.68 1.099 0.158 0.312 2.14 98.96
S.11.P 5641 14.07 6.24 535 3.52 281 4.5 1.012 0.054 0.602 0.25 94.81

S$.7.1.LP 6549 1492 3.05 201 4.69 278 283 0412 0.038 0.148 191 98.28
S.34P 6243 1396 425 3.01 475 265 3.13 0.513 0.065 0.159 1.33 96.24
S.30.P 7369 12.08 185 0.81 292 438 0.85 0.301 0.014 0.091 2.26 99.25
S.29.P 5830 1431 6.18 419 495 358 3.19 0.509 0.068 0.476 1.73 96.50
S.76.P 65.78 16.12 155 341 553 391 1.9 053 0.05 039 092 100.11

Table 3. Analysis of trace and rare elements examples intrusive body in Saheb deposite
(North West of Iran) by ICP-MS.

SZTgele Ni Rb (ppm) U \'% Nb (ppm) Y Co Cr
(ppm) (ppm)  (ppm) (ppm)  (ppm)  (ppm)
S.2.P 29 4 7.1 40 3.7 12.6 9 44
S.22.P 36 49 3.1 76 5 3.2 10 49
$.38.P 18 2 1.2 11 1.7 53 12 18
$.10.P 19 4 2.4 51 1.8 12.9 13 42
S.11.P 28 47 33 80 22 113 15 50
S.7.1.P 14 98 2.9 41 6.8 6.2 4 33
S.34.P 23 10 4.3 53 10.9 15.9 9 81
S.30.P 20 62 2.4 78 21.7 13.9 23 145
$.29.P 39 28 3.7 48 6.3 13.1 10 38
$.76.P 31 66 2.3 54 <1 13 16 16
Ab.1 41 35 2.8 26 18 2.1 37 14
Ab.2 30 31 3.9 45 32 14 11 36
Ab.3 16 53 4.7 52 31 19 16 59
Ab.4 31 55 2.3 54 22 28 11 15

diopside [9], sphene and magnetite presence [21] and the charts [18] [19] [20]

[21] Saheb intrusion body is belong to subalkaline, metaluminus, I-type category
of granites and high-k calalkaline, (Figure 7) and based on [22] [23] it belong to
tectomagmatic environment of continental margins subduction zone and VAG

(Figure 8).
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Figure 7. (a) Series magmatic diagram and placements within sub-alkaline magmatic

[18]; (b) Metaluminous and peraluminous Separated chart, intrusive and volcanic rocks
are metaluminous; [19]; (c) Type of granitoids in the area are I-type [20]; (d) The rock
samples belong to high potassium calc-alkaline [21].

According to [24] studies, content MgO, K,O and (Na,O + K,O) versus SiO»,

show the most important distinction between Fe, Cu, Au, W, Mo skarn granito-

id. The chemical composition and geological data means intrusion body on the

DOI: 10.4236/0jg.2018.85031

524

Open Journal of Geology


https://doi.org/10.4236/ojg.2018.85031

Z.Zandietal.

2000 T T T 7
1000f .
Syn-COLG o
WPG - IAG+CAG+CCG
+RRG+CEUG+POG
100} = i~
~ é B -
g 2 =
g " s |
o L L] I:f "
2 [
10F VAG [ ] ORG B | =
- S 1 =
- - OP
1 0 1 1 L
1 10 100 1000 60 70 80
Y+Nb (ppm) Si0,(wt%)
(a) ()
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charts (Figure 9) is drawn. Fe skarn granitoids compared to other skarns have
higher MgO, K,O and SiO; less. Average K,O iron skarn granitoids, copper and
gold respectively 2.1% 3.6% and 2.5% have been reported [25]. Average K,O of
Saheb granitoid is 14.11% and close to the average Fe skarns. In the dispersion
pattern of data in the K,O versus SiO, chart, it is close to Fe and Fe-Cu skarns
(Figure 9(a)). Therefore given that of skarn samples are near the Au-Cu aver-
age, Saheb skarnis important Au potential also. The average MgO, Fe, Au and
Cu skarn granitoids respectively about 3%, 3.2% and 1.8% [25]. Average MgO
intrusion owner equal to 2.95% and it is close to Fe skarn (Figure 9(b)). The
dispersion pattern of Granitoids in the chart MgO versus SiO, also the highest
distribution shows around of Cu-Fe and Au-Cu skarns. So we can say that gra-
nitoids of this region can be associated with Cu-Fe skarns or Cu-Au. In the dia-
gram of total alkali (Na,O + K,O) versus SiO,, scattering Saheb samples places
around Fe and Cu-Fe skarns. Average (Na,O + K,O) of the Saheb samples is
1.5% and is comparable to Au skarn (Figure 9(c)). Average total alkaline in Cu,
Fe and Au skarns, is respectively 7.6%, 6.1% and 5.6% [25]. The ratio of Mg/K,O
skarn granitoids can be used to detect skarn type. This raio for for Fe, Cu and
Au, respectively is, 2, 2.9 and 1 [25], and for Saheb granitoid approximately 0.7
and is very close to granitoids the Au skarn. Average V and Ni, respectively in Fe
skarn is 152 ppm, 35 ppm, Cu is 85 ppm, 16 and the Au skarn are 99 ppm, 18
ppm [25]. The mean values of V and Ni in the Saheb samples are about 58 ppm,
21 ppm, and from this point of view are close to the Cu and Au skarns (Figure

9(d)).

8. Conclusions

Recent research shows, carbonate rocks in the Saheb region have been acting as
iron skarn protolite rocks. During oligomiocene, magmatic transformation
causes infiltration of Saheb granitoid body and consequently contacts with the

Permian carbonate rocks. Heat of intrusive body creates the background for the
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Figure 9. Comparison of Saheb skarn productive granitoids with the world’s great skarn
granitoids [24].

action of hydrothermal solutions and the formation of skarn. Saheb skarn is di-
vided into two parts: The Endo skarn and skarn exoskarns. Endo-skarn zone is
less than exoskarns. Exoskarn is divided into two zones of garnet and epidote
skarn. Much of the ore-bearing zone is concentrated in garnet skarn. Based on
petrographic studies, mineralogy, altration and mineralization, two-step retro-
grade altration is detectable in the region. Mineralization in the district is di-
vided into two types: the primitive type and skarn type.

Magnetite is the most important and most abundant oxid minerals of the re-
gion. According to chemical analysis tests, the combination of plutonic body of
Saheb is granite and granodiorite-diorite, metaluminous, calkalcaline (rich in

potassium), I type, tectonically belongs to VAG (Granitoid Arc Volcanic) and is
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similar to other Fe, Cu, Fe-Cu, Cu-Au skarn forming granitoids worldwide in

the terms of mineralization potentials.
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