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Copper mineralization of Mazayjan area occurred in Carboniferous metabasites of Suriyan metamorphic Complex
(northeast Fars province) and within the southern part of Sanandaj—Sirjan structural province in Iran.

Metallic minerals composition observed in the region is simple and includes pyrite, chalcopyrite, malachite,
covellite and iron oxides. The geological settings forming the deposit environment including mineralization at
metabasitic section of Suriyan complex with the basaltic to andesitic primary composition, The nature of sub-alkaline
tholeiitic related to oceanic basins for this metabasites and occurrance of subsequent metamorphic processes, presence
of pyrite mineral as main sulphide phase, massive, layered and shearing structures, all indicate that Mazayjan copper
deposit is a volcanogenic massive sulfide (VMS deposits) and probably of the besshi type. Point analysis studies
(EPMA) showed that in terms of chemical composition, pyrite and chalcopyrite are uniform and homogeneous due to
metamorphic processes in the area of interest. This indicates that metamorphic events in the region occurred after
sulfide mineralization. In the other words, metamorphic processes cannot be introduced as the origin of copper
mineralization in Mazayjan. Microscopic and probe analyses have shown that inclusions of chalcopyrite within pyrite,

while valuable elements were not found whithin these minerals.
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INTRODUCTION

Massive sulfide deposits were introduced in the
1950s for the first time as a distinct group of
deposits. Due to their relation with volcanic
activities, they are commonly known as VMS, an
acronym with different words, but very close
concepts. For example, Sawkins [20] called these
deposits  volcanic-associated massive  sulfide
deposits. Large et al. [9] named them as volcanic-
hosted massive sulfide deposits. Also volcanogenic
massive sulfide deposits has been used by Franklin
et al. [6].

VMS deposits are major source for copper and
zinc elements, and secondary source for elements
such as Pb, Ag, Au, Cd, Sc, Sn and Bi. Also the
supply of a VMS mass is variable and ranges
between 2.7 to 7.1 million tonnes have been
reported [8-11].

It should be noted that massive sulfides
mineralization at the Sanandaj- Sirjan structural
state of Iran is well known and have been
introduced by many researchers
[1,2,5,12,14,15,18,19,21-24].

In the current study, after an introduction to the
study area and research methods, we discuss issues
related to copper mineralization at the Mazayjan
area in the southern Sanandaj-Sirjan in three
sections: geology, mineralogy and geochemistry.
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The results of these sections are presented
separately.

GEOLOGICAL BACKGROUND
Study area

Mazayjan is located in the most eastern part of
Bavanat city in Fars province and is bordered with
Kerman (in east) and Yazd (in northern) (Fig. 1).

Mazayjan area is located in 240 Km northeast of
Shiraz and at the southern part of Sanandaj- Sirjan
state; therefore, follows the general geological
conditions of the state.

Geology

Fig.2 shows the simplified geological map of
Mazayjan area based on Noori’s studies [13, 14]
and Noori et al. [16]. This map is part of the Tootak
White Mountain anticline which has a Northwest —
Southeast trend same as most of the anticlines in
Sanandaj-Sirjan [18-19]. The core of White
Mountain anticline includes older Tootak series and
its limb is made of Suriyan complex schists. In a
geological section from the northeast to southwest
of Mazayjan region three main geological units are
exposed. These units in terms of age from older to
younger include: Tootak metamorphic complex
marbles, age of Devonian-Carboniferous, Suryan
metamorphic complex schists, age of Carboniferous
and non-metamorphic carbonate rocks, age of
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Fig. 1. Geographical location and access routes of
Mazayjan.

Jurassic-Cretaceous. Since Suriyan metamorphic
complex schists acted as the host rock of copper
mineralization in Mazayjan region, therefore, will
be discussed in more details (Fig. 3).

Fig. 3. Outcrop of rock units, view towards east.
J.K.L: Jurassic-Cretaceous LimestoneSC: Suriyan
omplex(greenschist & micaschist) TC: Tootak Complex

N 7 )
: ‘v—%Zagros folded belt >

Vel

Fig. 2. (A) Study area in structural provinces map of Iran
and (B) Simplified geological map of Mazayjan [22].
J.K.L: Jurassic-Cretaceous Limestone
RD: Recent deposit
SC:Suriyan complex( greenschist & micaschist)
TC:Tootak complex
TC: Tootak Complex

Stratigraphic column of the Mazayjan study area
is shown in (Fig.4). Suriyans complex schists are
between Tootak complex rock units and jurassic—
cretaceous non-metamorphic carbonate rocks.

Based on studies of [7], protolith of Suriyan
metamorphic complex schists is divided into two
groups. The first group are metapelites commonly
composed of micaschist and some phyllite and
represent metamorphosed clastic sedimentary
facies, and the second group are metabasites that
mostly made of greenschist and are rarely
associated with amphibolites and indicate
metamorphosed submarine basaltic volcanism.
Most of the Suriyan metamorphic complex in
Mazayjan area, are metabasites or greenschists,
which is accompanied by a smaller micaschist and
phyllite (Figs 5, 6).
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Fig. 4. Stratigraphic column of Mazayjan area.

Based on current studies, metabasites section of
Suriyan metamorphic complex has played as Cu
mineralization host rock (Figs. 7 and 8). This idea
is in accordance with the findings of other
researchers such as Musivand [12], Noori&Amiri
[15], Fahandezh [5].

Field studies conducted in the area reveal that
this section of the sedimentary basin of southern
Sanandaj-Sirjan has been extremely active during
the Devonian to Carboniferous and left behind
clastic sediments. Later on, these sediments were
accompanied by submarine basaltic eruptions. Then
after metamorphism during either Hercynian [25]
or former Cimmerian [24], Surian metamorphic
complex was formed with a thickness of 3750m.
This metamorphic complex is associated with the
copper mineralization in parts of its outcrop area
such as [20-25]. Field evidences suggest that

Fig. 5. The contact region of marbles of Tootak complex
(TMC) with schists of the Suriyan complex (SSC) in the
east of Mazayjan view towards east

WY

Fig. 6. Greenschist of Surian comlex Outcrop i north
of Mazayjan.

Fig. 7. Copper mineralization as chalcopyrite in
metabasites of the Suriyan complex in Mazayjan area.

282



K. Noori Khankahdani- M.Karimi: Geology, mineralogy and geochemistry of the Mazayjan massive sulfide deposit...

e 257120 KASETL e, ik \ i - T,
Fig. 8. Malachite mineralization in oxidation zone of
Mazayjan Cu deposit, greenschist of Suriyan
metamorphic complex was host rock of this
mineralization.

Mazayjan copper deposit was formed in a volcanic—
sedimentary environment. Comparing with the
origin of copper deposits, it reminds massive
sulfides where high volume of submarine eruptions
is associated with clastic sedimentary rocks.
Another important observation in the Mazayjan is
that specific alteration of massive sulfide deposits
such as sericitization and chloritization is scarce or
can be seen on a small extent, indicating these
massive sulfide deposits are close to besshi type
[13-15]. Occurrence of regional metamorphism
after the alteration in besshi deposits is the reason
for less exposure of altered rocks. Formation of iron
hat or gossan in the upper part of studied basic
schists is one of the special effects of alteration in
Mazayjan area (Fig.9). Based on the studies in this
iron hat, which represents supergene oxidant zone,
a variety of secondary minerals such as malachite,
chrysocolla, hematite, goethite and limonite have
been formed. During the field studies, Iron hat is
very important in identification of metal
impregnation areas.

STUDY METHODS

First, Stratigraphic column of the study area was
mapped to determine the rock units and their
relationship in the field. Thin sections were
prepared from hand samples and studied using
Nikon polarizing microscope. During microscopic
experiments, mineralogical and texture studies,
were implemented while suitable samples were
separated for detection and analysis device tests.
Chemical analysis XRF and ICP was done by
Kansaran Binalud Company.

After reviewing the regional studies, field
surveys and samplings were carried out and then
office studies were begun.
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Fig. 9. Metabasites with chlorite alteration in greenschist
of Suriyan complex.
Microscopic studies

This study has several major goals: detection of
metallic and non-metallic minerals and exploring
their relationship, identification of available
textures, naming rocks, examination of rock
alteration phenomenon in order to determine the
origin of copper mineralization in the area, and
selection of suitable samples for analysis device.
All these items are presented separately.

Non-metallic minerals

Suriyan metamorphic complex metabasites are
introduced as the host rock of copper
mineralization; therefore, it is expected that most
non-metallic minerals observed in thin sections
include: Plagioclase (sometimes with sericitic
alteration),  tremolite—actinolite  (occasionally
chloritized), calcite, biotite and quartz (Fig.10).
The integration of this mineralogy complex
indicates minerals of greenschist facies that have
experienced some alteration phases. Based on study
of polished sections, opaque minerals presented in
this set are pyrite and chalcopyrite.
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Fig. 10. Limonite with goethite and other iron oxides in

a samples of rocks in oxidant supergene zone (gossan or
iron cap) in Mazayjan area.

Metallic minerals:

Chalcopyrite, pyrite, marcasite, covellites and
iron oxides are the most important metallic
minerals found in rocks of this region.

Chalcopyrite.  Chalcopyrite is the most
important mineral containing Cu at Mazayjan area.
Its dimension is usually about 20 to 50 microns,
and its abundance is between 5 to 10 percent. In
some sections, chalcopyrite has been observed as
inclusions within pyrite and these two minerals,
together, show the layered texture (Fig.11).

Moreover, growth of sulfides, in some cases
indicates massive texture for them (Fig. 12). Both
of these textures are important in determining the
origin of these deposits.

Fig. 11: Accompanied by chlorite (Chl), plagioclase (Pl), calcite (Cc) whit opaque minerals in Suriyan basic schists.
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Pyrite

Pyrite is the most common sulfide mineral of
Suriyan basicschists in Mazayjan area. The
abundance of this mineral is about 5 to 20 percent.
Dimensions of pyrite is about 10 to 200 microns,
rarely appears up to 2 mm in size (Figs. 11, 12, 13).
The difference in grain size of pyrite in basicschists
of Mazayjan area represents the graded bedding
phenomenon which is commonly observed in the
other massive sulfide deposits [20]. This
phenomenon in pyrite is assumed to be related to
periodic changes in super saturated degree of fluids
at the time of discharge at the sea floor [20]. Pyrites
observed in the Mazayjan area are mainly in the
form of a banded texture (Fig.11) and in some cases
sparse texture (Fig.13). In both cases, they usually
show forms of brecciations.
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Fig. 12. Shearing bedded texture in Pyrites (Py) of
Suriyan basicschist, Mazayjan. Pyrite crystals in this
section contain inclusions of chalcopyrite (Ccp).
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Fig. 13. Delayed crystallization of chalcopyrite
compared whit Suriyan basicschists, Mazayjan area.

Figure 14: Pyrite automorph crystal with traces
of embayment in Mazayjan basicschists
Marcasite

In polished sections can be seen as rectangular-
shaped crystals, retaining crushing traces and
cataclastic textures created by tectonic forces
(Fig.15). Marcasite abundance is about 2 to 4
percent. Presence of chalcopyrite inclusions is
another characteristic of this mineral. Formation of
marcasite instead of pyrites in Mazayjan schist, is
related to decrease in temperature during
crystallization of iron sulfides. Based on Deer et al.
[4] marcasite has a lower crystallization
temperature comparing to pyrite.

Covellite

Covelliteis is formed as a secondary mineral
because of the conversion of chalcopyrite, so often
appears in the form of chalcopyrite as a pseudo-
morph (Fig.16). Also, Covellites as a secondary

Fig. 15. Marcasite crystals with inclusions of

chalcopyrite in Mazayjan metabasites.

) -
Figure 16: Chalcopyrite mineral is converted toc
Covellite (Cv) in Mazayjan Basic schists.

mineral can grow into empty spaces. Its abundance
is up to 3 percent in some sections.

Minerals of supergene zone
Malachite is the most important secondary
mineral containing Cu in Mazayjan area. Its
characteristic color is a great clue to identify areas
of copper dissemination in the field. In thin
sections, it fills fractures and pore spaces
irreqularly  (Fig.17). This mineral is often
associated with hematite and chrysocolla and is
indicator of minerals of supergene zone.
In Fig.17 Chrysocolla shows banded colloidal
texture, while hematite has a concentric colloidal
texture in some sections of supergene zone rocks
(Fig.18). But in both cases, it is assumed that
colloidal texture is an indicative of rapid deposition
of material from super saturated fluids during their
mixing with the sub saturated fluids.
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Table 1: Paragenetic sequence of minerals in Mazayjan copper index, according to microscopic studies

Initial stage

Delaystage Supergene stage

Chalcopyrite

e g

pyrite

b

Markasit

Hematite

Colitis

Goethite

Limonite

Malachite

Krizokoola

Quartz

Calcite

Chlorite

Sericite

Fig. 17. Accompanied malachite (Mch) whit chrysocolla Fig. 18. Concentric colloidal texture in hematite,

(Ccl) and hematite (Hem) in the rocks of iron hat zone in
Mazayjan area.
Paragenetic sequence of minerals

Table 1 shows paragenetic sequence of minerals
extracted from microscopic studies of Mazayjan
area. Since chalcopyrite has been seen commonly
as inclusions within other minerals such as pyrite
and marcasite, it is related to the first stage of
crystallization. In the next step, pyrite and
marcasite are formed and then, secondary
supergene minerals such as covellitis, malachite
and chrysocolla are developed. Secondary silicate
minerals such as quartz, calcite, chlorite and a bit
later sericite are formed in the early and late stages

supergene zone of Mazayjan copper index.

and show simultaneous crystallization with sulfide.
minerals in the area. They can be considered as a
guide for exploration operations

Geochemical studies

Geochemical studies include analysis of 6
samples to determine the abundance of major and
minor elements using XRF (Table 2), 4 samples to
determine the abundance of major, minor and trace
elements using ICP (Table 2) and 7 samples to
perform Point analysis identification (EPMA). The
results of this data processing are presented as
follows.

Table 2. Chemical analysis results (XRF& ICP)
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RESULTS

Chemical analysis results of XRF and ICP:
The mean frequencies of major elements of
Mazayjan area are listed in table3. It can be seen
that the mean frequency of copper in the analyzed
samples is 2.62%. This value is considered purely
economical for other massive sulfide deposits
which are similar to Mazayjan area, and hence
reminds the necessity to complete the exploratory
studies in the area.
Table 3. Mean frequency of the major metal
elements.

Mean frequency in ICP Element
name

2.62% Cu

7.13% Fe

0.03% Zn

The results were processed using Minpet
software. At first, basic schists were named. These
rocks generally sit in the range of basalt and
sometimes andesite (Fig.19). It is confirmed by
assuming that studied basic schists are sourced
from submarine basaltic eruptions.

18

15

Phonolite
A ugearigé
Lt

35 45 55 65 75
Sio2

12

Fig. 19. Position of studied rock in (Base graph of Cox
etal. [3])

[24-25] are used to determine the magma series.
Based on these charts, studied rocks are located
within the sub-alkaline and tholeiitic zones (Figs.
20, 21). Since oceanic crust is the origin of these
rocks, the identified magma series would be
correct.

Another important note in the geochemical
study of these rocks is determination of their
tectonic environment. After applying necessary
corrections to the percentage of iron oxides using
the Irvine and Baragar method, tectonic
environment of Mazayjan basic schists were
determined using the chart of Pierce et al. [17],
(Fig.22). On this basis, environment of studied
rocks is within the range of mid-oceanic and
oceanic islands. This environment is consistent with
Mazayjan field observations, because shows
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accompaniment of hosted copper basic schists with

metamorphosed clastic rocks. On the other

20 e e

18 - .

16 - .
14+ .

o 12t .
% o} ]
% gl Alkaline / i
6k -
e ]

2k 4 Subalkaline 4

0 “‘/“l““luuh“‘1““1““1““1““1““

35 40 45 50 55 60 65 70 75 80 85

Sio2

Fig. 20. Position of studied rock in Irvin and Baragar
chart (1971).
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Fig. 21. Position of Mazayjan basicschists in Irvin and
Baragar chart (1971) to determine the magmatic series.

FeOt

MgO AI203

Fig. 22. Position of Mazayjan basic schists in oceanic
environments (MORB and oceanic islands) in Pierce and
et al chart (1997).
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hand this could represent relationship between
Mazayjan  copper deposits  with  oceanic
sedimentary basins similar to massive sulfide
deposits. In order to study distribution of trace
element, abundance of these elements in studied
rock samples were normalized relative to the
oceanic crust and the spider diagram was drawn
(Fig. 23). The diagram shows that in comparison
with the abundance of elements in the oceanic
crust, abundance ratio of most normalized minor
elements in the Mazayjan basic schists are in the
range of 1. This fact points to their common origin.
Based on these spider diagrams, one can conclude
that the basic schists which hosted copper
mineralization in Mazayjan area are similar to
oceanic crust basic rocks in terms of distribution of
trace elements.

Abundance of element such as Rb, Th and U
relative to normalized oceanic crust (Figure 23), is
higher. Considering the lithophile geochemical
behavior of these elements and their low
concentration in the oceanic crust, this situation can
be explained as a result of the impregnation of these
samples.

Sanmple/Oceanic Qrust

0.21111111111111111118111
CsRb U K NbSrZr TbCr Ni Ta
Ba Th Pb Li Ce Ti Y Zn

Fig. 23. Spider diagram of trace elements frequency of
normalization studied rocks relative to the oceanic crust.
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Fig. 24.Correlation chart of copper- sulfur for
Basicschists, host of Cu mineralization in Mazayjan
area.

Correlation charts between copper and iron with
sulfur were drawn using the results of chemical
analysis of samples (Figs. 24-25). As one can see
correlation between metals with sulfur is a strong
and positive value. Both copper and iron elements
are concentrated in sulfide phases such as pyrite
and chalcopyrite. The idea is completely consistent
with the results of microscopic studies and point
analysis.

Results of EPMA point analysis

Microscopic studies and device analyses showed
that Pyrite and chalcopyrite are the main phases of
metallic minerals in the study area. At the next
stage point analysis started on these minerals. The
current study follows several major goals: First,
accurate  determination of  chemical and
mineralogical composition of the main metallic
mineral phases; Second, identification of probable
inclusion minerals in major phases; third,
identification of probable precious elements present
in the primary phase.

Sample No. 891-MZ4 is one of the pyrite
samples studied using probe analysis. In order to
accurately identify the chemical composition of

Fe
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Fig. 25. Iron-sulfur correlation diagram for Mazayjan studied samples
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Concentrations of iron and sulfur elements are
lower in the margin and higher in center. It may be
related to the alteration processes because these
processes generally begin from margin of mineral.

mineral and potential zonings, three points were
analyzed. Point 1 is located in the center and points
2 and 3 are at the margins of mineral (Fig.26).

B e S D «
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Fig. 26. Electron probe micro-analysis (EPMA) in a sample of pyrite from Mazayjan area in a central point and two

marginal points.

Concentration of valuable elements such as
copper, nickel and cobalt is low. Another important
observation is that there is not any specific zoning
among the present elements. This indicates the
influence of metamorphic processes on pyrites of
Mazayjan area. It has been proved that
recrystallization processes due to metamorphism
eliminate  the  combination  zoning  and
homogenization of sulphides which generally have
primary combination zoning inherited from
environmental conditions and several physico-
chemical changes (Mizuta, 1988).

The lack of combination zoning in the pyrites of
Mazayjan area suggests that this mineral in terms of
age has formed before taking place of metamorphic
processes in the area. In the other words,
metamorphism of plates and basic rocks has
occurred after formation of pyrite. As a
supplementary confirmation it worth mentioning
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that chalcopyrite samples of studied area also don’t
have combination zoning (Fig.27).

In case of S-16 sample, as the backscatter
images show, the context of studied mineral
consists of sulfur, iron and copper without any
regional structure. The chemical composition of
mineral is quite uniform and homogeneous. It
should be noted that marginal regions of the S-16
sample in (Fig.27), show a weak zoning, which can
be due to the occurrence of subsequent alteration
and contamination. With this reasoning, one can
conclude that metamorphism processes are not
responsible for copper mineralization in the
Mazayjan area, but have led to some other
subsequent changes such as homogenization.
According to the probe studies, valuable elements
have not been observed as impurity in pyrite and
chalcopyrite samples.
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Cu

Tmm

imm
Formula Mass[%]
Al203 2.08
Sio2 61.33
S 17.51
CaO 0.04
Fe 10.54
Cu 8.50

Sum Spectrum Result

Fig. 27. Back scattering images and probe point analysis in a chalcopyrite (samples of Mazayjan area).

Comparing characteristics of Mazayjan copper
deposits with various massive sulfide deposits
suggest that this deposit is very similar to besshi
type massive sulfide deposits (Table 4). Some of
these characteristics include the geological
environment, geochemistry of magmatic series in
Mazayjan  deposit, lithological ~ conditions,
mineralogy and mineralization of the region.
Therefore the origin of Mazayjan deposit can be
included in massive sulfide deposits Sanandaj-
Sirjan structural province of Iran.

DISCUSSION AND CONCLUSIONS

The most important results of the current study
can be summarized as follows:

- Metamorphosed basic rocks such as green
schist and amphibolite are host of Cu
mineralization in Mazayjan area. These rocks and
metapelitic rocks such as micaschist and phyllite all
together, form Suriyan metamorphic complex. So,
the geological environment of host rock for Cu
mineralization in Mazayjan area can be assumed to

be the ocean floor basic eruptions similar to
massive sulfide deposits.

- The most important metallic minerals
identified in the study area are pyrite, chalcopyrite
and covellite. These minerals in addition to other
minerals such as chlorite, calcite and epidote make
up the Suriyan complex metabasites. Secondary
minerals such as malachite, chrysocolla, limonite
and goethite were also observed in gossan zone.

- Geochemical studies showed basic rocks
which are generally in the range of basalt and some
in the range of andesite, are considered as sub-
alkaline rocks and imply oceanic environments
(MORB and oceanic islands). Spider diagrams
prove the latter issue.

- According to probe studies, pyrite and
chalcopyrite samples have a uniform chemical
composition. This suggests the influence of
metamorphic processes on the studied samples, and
is interpreted as the time of copper mineralization
in Mazayjan, has been earlier than the time of
metamorphism in the area.
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Table 4: Comparative study of Mazayjan copper deposit whit besshi type massive sulfides.

Geology Geochemistry Metallic Structural | Characteristics Type of
Establishment | of magmatic minerals properties | ofthe host rock deposit
Environmental series

Mid Often B

Iﬁ:‘:an Sub-alkaline | pyritewhit | Stratiform | UpperPaleozoic
a: d and tholeiitic lesser andin metapelitesand | Mazayjan

CCREHE basic rocks amountsof direction to metabasttes of | peposit
tlanda Chalcopyrite, Surian the Surian

inclusions of basic complex

Chalcopyrite Schists

in Pyrite
f)ceanic Sub-alkaline Mainly pyrite Generally Paleozoif:- *
ba51.ns, such as| ;ndtholeiitic with stratiform to Mesozoic . Bashi
Mid-ocean basiciocks |- o Lenticularform| Volcanogenic dévosits
< inclusions of N 3 P
ridges ; andoften in stratiform
Chalcopyrite S "
shistosity depositsand
direction usually
metamorphosed
* Gibson et al. [8]
- For various reasons, environmental 2. Z. Badrzadeh, Petrology and geochemistry of

conditions of Mazayjan copper deposit, is similar to
massive sulfides conditions. First, eruptive basic
rocks in the sedimentary basins have been host of
copper mineralization, and due to metamorphism
transformed to metabasites afterwards. Second,
metallic minerals are limited to sulfide minerals
such as pyrite, chalcopyrite and covellite and
Mazayjan deposit has a simple mineralogy
composition. And third, elements such as copper
and iron have been positively correlated with
sulfur. This behavior comes from geochemical
characteristics of massive sulfides.

- In terms of comparison, characteristics of
Mazayjan copper deposits are close to besshi type
massive sulfide deposits. This comparative study
has been shown in Table 4.

Acknowledgements. This paper represents a
part of results obtained from the research project of
“Study of Copper mineralization in Bavanat
region” which has been approved and performed in
the Research deputy department of Islamic Azad
University of Shiraz. We are grateful from partners
in this department. We also acknowledge Dr.
Mosayeb Sabzeie for his comments on the
improvement of interpretations.

REFERENCES

1. Z. Badrzadeh, M. Sabzei, A. Rastad, M. Emami, D.
Khimno, J. Earth Sci., 76, (2010).

292

basaltic pillow lava in Northwest Jiroft, with Special
Reference on Copper mineralization VMS
accompanying them, Ph.D. Thesis, Tarbiat Modares
University, 2009..

3. K.G. Cox, JD. Bell, RJ. Pankhorst, The
interpretation of igneous rocks, Allen&Unwi, 1979,
p.450.

4. W.A. Deer, R.A. Howie, J. Zussman, An

Introduction to the Rock Forming Minerals.
Longman, 1991, p .528.

5. M. Fahandezh, Mineralogy and geochemistry study
of Tootak mining index in east of Bavanat Fars
province, Economic Geology MS thesis, Islamic
Azad University of Shiraz, 2012.

6. J.M. Franklin, H.L. Gibson, I.R. Jonasson, A.G.
Galley, In: Volcanogenic Massive Sulphide
Deposits; J.W. Hedenquist, J.F.H. Thompson, R.J.
Goldfarb, J.P. Richards (eds). The Economic
Geology Publishing Company, 2005, pp. 523-560.

7. JM. Franklin, JW. Lydon, D.F. Sangster, Eco.
Geo., pp. 485-627 (1981).

8. H.L., Gibson, R.L. Allen, G. Riverin, T.E. Lane,
The VMS Model: Advances and Application to
Exploration Targeting, Fifth Decennial International
Conference on Mineral Exploration, 2007, pp. 713-
730.

9. R.R. Large, R.L. Allen, R.L., M.D. Blake, W.

Herrmann, Econ. Geol., 96, 1055 (2001).

T. Mariko,T, Y.Kato, Resource Geol.,.44, 353

(1994).

T. Mizuta, Mining Geology, 38, 263 (1988).

F. Mousivand, Mineralogy, geochemistry and

genesis of copper mineralization in Suriyan volcanic

10.

11.
12.



K. Noori Khankahdani- M.Karimi: Geology, mineralogy and geochemistry of the Mazayjan massive sulfide deposit...

— sedimentary complex in Fars Bavanat region,
Economic Geology MA thesis. Tehran Tarbiat
Modarres University, 2003.

13. K. Noori Khankahdani, Investigation of genetic and
constructional relationship of Bon-do-no gneiss whit
Tootak metamorphic complex .Petrology PhD
thesis, Islamic Azad University, Science and
Research Branch of Tehran, 2005.

14. K. Noori Khankahdani, Application of satellite data
in separation of rock units of Totak and Suriyan
metamorphic complexes. Report of research project,
Islamic Azad University, Shiraz, 2009.

15. K. Noori Khankahdani, A. Amiri, Exploration of
mining potential in Bavanat region, Final report of
the research project, Islamic Azad University, Shiraz
branch, Research Assistant Domain, 2007.

16. K. Noori Khankahdani, A. Zarei, M. Karimi, A.
Mousavi Makoui, Application of principal
components analysis method (PCA) linear data in
separation of Surian metamorphic complex rocks
units — Fars Bavanat, National Conference
Advances of Geosciences, Islamic Azad University
of Behbahan, p. 1388, 20009.

17. T.H. Pearce, B.E. Gorman, T.C. Birkrtt, Earth
Planet Sci ,.36, 121(1977).

18. M. Sabzei, A.Gh. Yusefi, Introduction to geology
and mining exploration of Sargez massive sulfide
Jiroft mountain, southeast of Iran, Sabzevaran
armanpazhouh company, 2000, 59 pages.

19. M. Sabzei, A.Gh. Yusefi, Final report of exploration
Jiroft Mountain Sargaz Copper mine, Arman
pazhouhe sabzevaran, 2000, 52 pages.

20. F.J. Sawkins,. (1984) Metal Deposits in Relation to
Plate Tectonics, Berlin, 1984, p. 325.

21. F. Soroushnezahd, Mineralogy and geochemistry of
Mazayjan copper index northeast Fars province,
Economic Geology MS Thesis, Islamic Azad
University of Shiraz, 2012.

22.J Stocklin, Structural History and Tectonic of Iran -
Geo. B. V.52 -No.7 (1968).

23.H. Tajeddin, A. Rastad, A. Yaaghoubpour, M.
Mabhijal, J. Econ. Geol., 1, 97 (2010).

24. A. Yarmohammadi, A. Rastad, M. Mahjal, M.J.
Shamsa, Science Journal of Tehran University,
1985.

25. Yui, S,. Econ. Geol., 5. 231 (1983).

293



