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INTRODUCTION

Porphyry Copper deposits are generated
where magmatic - hydrothermal fluids are ex-
pelled from a crystallizing magma (Burnham,
1979; Ulrich et al. 2001). Cooling, depressuriza-
tion, and reaction between the fluids and the wall
rocks cause metals to precipitate in and around
the fractures, forming veins with alteration en-
velopes. Alteration assemblages and associated
mineralization in porphyry ore deposits develop
from huge hydrothermal systems dominated by
magmatic and meteoric fluids (Sillitoe 1997;
Hedenquist and Richards 1998). These systems
develop in and adjacent to subvolcanic porphy-
ritic intrusions that are apophyses of deeper-
seated magma bodies (Dilles and Einaudi 1992;
Sillitoe and Hedenquist 2003; Heinrich et al.
2003). Fluid inclusion analyses indicate that, the
inclusions which are trapped in porphyry Cu
deposits, typically include halite-saturated brines
and low-salinity vapor inclusions (Nash, 1976;

Roedder, 1984; Beane and Bodnar, 1995; Tosdal
and Richards 2001; Heinrich, 2005). The for-
mation of brine and vapor are inferred to result
from a miscibility gap in the NaCl-H2O system
that coincides with the pressure (< 2200 bars)
and temperature (300 to 600°C) where most
porphyry Cu deposits form (Sourirajan and
Kennedy, 1962; Urusova, 1975; Roedder and
Bodnar 1980; Beane and Bodnar, 1995; Ke-
hayov et al. 2003).

Fluid inclusion studies in porphyry copper
deposits (PCDs) have proven to be an important
tool to constrain the physico-chemical conditions
of the hydrothermal fluids responsible for vast
and pervasive alteration and mineralization
processes. These fluid inclusion studies have
shown many common features in such deposits
throughout the world (Nash, 1976; Chivas and
Wilkins, 1977; Beane and Titley, 1981; Roedder,
1984; Quan et al., 1987; Beane and Bodnar,
1995; Ulrich et al. 2001; Redmond et al. 2004).
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At Sungun deposit, numerous cross-cutting
quartz veinlets and micro-veinlets, developed in
various stages of alteration and mineralization,
provided suitable material for fluid inclusion
investigations. Etminan (1977) was the first to
recognize the presence of porphyry-type copper
mineralization at Sungun through fluid inclusion
studies. Based upon systematic sub-surface
sampling, more detailed studies of fluid inclu-
sions were carried out by Mehrpartou (1993) and
Calagari (1997, 2004) and comprehensive micro
thermometric data were accumulated. Additional
fluid inclusion work on the Sungun PCD was pre-
sented by Hezarkhani and Williams-Jones
(1998), Hezarkhani (2006).

In this research, it will be illustrated the
differences between potassic and phyllic alte-
rations based on fluid inclusion data. As expec-
ted, all variables such as homogenization tem-
perature, salinity, pressure and density have
higher average values in potassic than phyllic,
but as will be described in this research, none of
the parameters achieved from microthermometry
of fluid inclusions, individually can lead to dis-
criminate the potassic from the phyllic alteration. 

GEOLOGICAL SETTING

The Sungun porphyry copper deposit is
hosted by a diorite/granodiorite to monzonite/
quartz-monzonite stock (Mehrpartou, 1993),
located 75 km northwest of Ahar in the Azarbai-
jan province of northwest Iran (Figure 1). The
stock is a part of the Sahand-Bazman igneous
and metallogenic belt (northern Iran), a deeply
eroded Tertiary volcanic field, roughly 100 by
1700 km in extent (from Turkey to Baluchistan in
southern Iran), consisting mainly of rhyolite and
andesite, with numerous felsic intrusions.

The Sungun porphyries intruded into Upper
Cretaceous carbonate rocks, a series of Eocene
arenaceous-argillaceous rocks, and a series of
Oligocene dacitic breccias, tuffs and trachy-
andesitic lavas (Emami and Babakhani, 1991;

Mehrpartou, 1993, Hezarkhani, 2006). The Sun-
gun porphyries, which contain >500 Mt of sulfide
reserves, grading 0.76 percent Cu and ~0.01
percent Mo, occur as stocks and dikes, and are
series of calc-alkaline igneous rocks with a
typical porphyritic texture (Hezarkhani and
Williams-Jones 1998). They are situated at the
northwestern part of a NW-SE trending Cenozoic
magmatic belt (Sahand-Bazman) where the
Sarcheshmeh PCD is also located. The Sungun
stocks are divided into two groups: Porphyry
Stock I is typically quartz monzodiorite where as
Porphyry Stock II (which is investigated in this
research) hosts the Sungun PCD and varies in
composition from quartz monzonite through
granodiorite to granite. Four series of cross-
cutting dikes varying in composition from quartz
monzodiorite to granodiorite, cut the Sungun
stocks.

HYDROTHERMAL ALTERATION AND 
MINERALIZATION

Alteration assemblages and related minera-
lization in the Sungun porphyry copper deposit
have been investigated by geological mapping
and detailed mineralogical, petrographical and
chemical studies of a large number of drill cores
and outcrop samples from various parts of the
stock (Figure 2). Hydrothermal alteration and
mineralization at Sungun are centered on the
stock and were broadly synchronous with its
emplacement. Early hydrothermal alteration was
dominantly potassic and propylitic, and was
followed by later phyllic and argillic alteration.

Potassic alteration

The earliest alteration is represented by
potassic mineral assemblages developed perva-
sively and as halos around veins in the deep and
central parts of the Sungun stock (Hezarkhani et
al. 1999). Potassic alteration is characterized by
K feldspar. This alteration displays a close spatial
association with mineralization, perhaps as much
as 60 percent of the copper and all the molybde-
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Figure 1- Below: Geological map of Iran showing Sahand-Bazman belt (modified from: Stocklin, 1976;
Shahabpour, 2007); Above: Geological map of Sungun deposit area showing various types of intrusive
rocks of dominantly Miosene ege and the outline of Cu-Mo porphyry type mineralizations.
(Modified from Mehrparton, 1993 and Hezarkhani, 2006). 



num deposits were emplaced during this alte-
ration episode (Hezarkhani and Williams-Jones
1998). On average, potassically altered rocks
contain 28 percent plagioclase, 33 percent ortho-
clase, 20 percent quartz, 15 percent ferromagne-
sian minerals (mainly biotite, and sericite and
chlorite after biotite) and 4 percent chalcopyrite,
pyrite, zircon, scheelite, uraninite, bismuthinite,
and rutile (Hezarkhani, 2006) (Figure 3a and
plate 1a-1c). 

Phyllic alteration

The change from transition alteration to
phyllic alteration is gradual and is marked by an
increase in the proportion of muscovite. Phyllic
alteration is characterized by the replacement of
almost all rock-forming silicates by sericite and

quartz and overprints the earlier formed potassic
and transition zones. Pyrite forms up to 5 vol.
percent of the rock and occurs in veins and
disseminations. Quartz veins are surrounded by
weak sericitic halos (Plate 1d). Vein-hosted pyrite
is partially replaced by chalcopyrite. Silicification
was synchronous with phyllic alteration and
variably affected a large part of the stock and
most dikes. This observation is supported by
whole-rock chemical analyses, which show that
Si was added in, higher than for any other stage
of the alteration (Hezarkhani and Williams-Jones
1998). In contrast to the transition zone, appre-
ciable Cu was added to the rock during phyllic
alteration. It is difficult to separate transition and
phyllic alteration zones because of intense
silicification during the latter alteration (Figure
3a).
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Figure 2- Profile along A-A in Figure 1 illustrating the position of diamond drill holes, dike series, and the pattern
of hypogene alteration zones (potassici phyllic and argillic) in Porphyry Stock II.



Mineralization

Hypogene copper mineralization was intro-
duced during potassic and phyllic alteration, and
exists as disseminations and veinlets form.
During potassic alteration, the copper mineraliza-
tion consisted of chalcopyrite and minor bornite;

later hypogene copper mineralization consisted
mainly of chalcopyrite (Plate 1e, 1f). 

Alteration of feldspars and biotite (from potas-
sically altered rocks) was accompanied by an
increase in sulphide content outward from the
central part of the stock. Copper mineralization
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Figure 3a- Paragenetic sequence of the develpment of various alterations in porphyry stock II at Sungun.
The thickness of the horizantal bars is related to the relative abundance of the mineral in the porphyry
system (Hezarkhani and Williams-Jones, 1998; Calagari, 2004).



increases toward the margins of the central
potassic zone, from less than 0.20 wt % to 0.85
wt%. There is also a positive correlation between
silicification and copper mineralization. The
maximum Cu grade is associated with biotite,
orthoclase and sericite (potassic zone) while the
pyrite content is highest (3-10 vol % of the rock)
in the marginal quartz-sericite (phyllic) zone. The
ratio of pyrite to chalcopyrite in the zone of
richest hypogene copper mineralization seen in
the potassic alteration zone is as low as 4:1, but
toward the margins of the stock, the ratio
increases to 15:1.

FLUID INCLUSIONS                                  
PETROGRAPHY

The Sungun deposit contains well-developed
stockwork mineralization that is concentrated in
the potassic and transition zones (the transition
zone is actually the outermost part of the po-
tassic zone and is characterized by a low content
of biotite and abundant sericitization). Based on
mineralogy and cross-cutting relationships, it is
possible to distinguish four main groups of veins
representing four episodes of vein formation: 1)
quartz + molybdenite + anhydrite ± K-feldspar
with sporadic pyrite, chalcopyrite and bornite, II)
quartz + chalcopyrite + pyrite ± molybdenite, III)
quartz + pyrite + calcite ± chalcopyrite +
anhydrite (gypsum) + molybdenite, IV) quartz,
and/or calcite, and/or gypsum ± pyrite (Figure
3b).

Fluid inclusions are abundant in quartz of all
vein types, and range in diameter from 1µm up to
15 µm.  The majority of inclusions examined dur-
ing this study had diameters of 4 12 µm. Only
fluid inclusions within the quartz crystals in
quartz-sulfide and quartz-molybdenite veinlets
were chosen for micro-thermometric analyses for
two important reasons: (1) the inclusions are
intimately associated with copper and molybde-
num sulfides, (2) these veinlets contain inclu-
sions >7µm which allows for more confident

thermometric analysis. The individual quartz
crystals contain numerous cross-cutting micro-
fractures along which fluid inclusions are aligned
(Plate 2a).

Since hydrothermal quartz, in the very early
veins (Group I), was generally too fine grained to
host fluid inclusions of sufficient size for study,
most of the observations were restricted to fluid
inclusions in coarse-grained quartz of early mi-
neralized veins (Group II) and later quartz-
anhydrite-pyrite veins (Group III). A preliminary
classification of fluid inclusions was carried out
based on the number, nature and relative propor-
tions of phases at room temperature and led to
recognition of the following types of fluid inclu-
sions: 

LV inclusions consist of liquid + vapor ± solid
phases with the liquid phase volumetrically do-
minant. These fluid inclusions are common in all
mineralized quartz veins and are abundant in
Group II and III veins (Plate 2b). The diameters
of these fluid inclusions ranges from 3 to 12 µm.
LV inclusions are found in all vein groups, but
occur in variable proportions. They are most
abundant in the Group II and III veins, and rare in
Group I veins. Most LV inclusions are distributed
along healed fractures, and are of secondary ori-
gin. 

VL inclusions are found in quartz phenocrysts
from fresh rocks and in Group I, II and III quartz
veins. Some of these inclusions occur in growth
zones in Group I and II quartz veins, where they
are accompanied by LVH fluid inclusions, indicat-
ing that most of them are primary. VL inclusions
are generally elongated and have rounded ends,
but some have negative crystal shapes. Some of
the VL inclusions have variable liquid-vapor
ratios, and may have formed from the necking
down of LVH inclusions or heterogeneous
entrapment of liquid and vapur.

LVH inclusions are found in all veins, from the
deepest, potassically altered part of the stock
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through to the shallow level veins (Plate 2c, 2d).
The fluids occupy cavities ranging from 1 µm to
15 µm in diameter. The coexistence of LVH inclu-
sions and vapor-rich inclusions with consistent
phase ratios in the growth zones of quartz grains,
from potassic and phyllic alteration zones sug-
gests a primary origin, and coexistence of two
immiscible aqueous fluids.

The majority of LVH inclusions examined
during this study had diameters of 4-12 µm. The
47 sub-surface samples containing quartz vein-
lets from diamond drill holes within the hypogene
alteration zones in Porphyry Stock II, were
selected for thermometric analyses. 

FLUID INCLUSION INVESTIGATIONS

The samples were initially prepared for micro-
scopic examination. Based on mineral content,
the type of alteration is found and they are cate-
gorized as potassic and phyllic. The distribution
pattern, shape, size, and phase content of fluid
inclusions within the quartz crystals were exam-
ined applying a microscope (Table 1). Based
upon their phase content, three types of inclusion
are present at Sungun: (1) vapor-rich 2-phase,
(2) liquid-rich 2-phase, and (3) multi-phase solid.
Halite crystals are larger than the other solids
and can be readily distinguished by their cubic
shape. Similar characteristics are seen in fluid
inclusion assemblages from other PCDs such as
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Figure 3b- Relative mineral abundances in various veins and veinlets in the Sungun deposit. Widths of bars
denote qualitative abundances (Hezarkhani and Williams-Jones, 1998; Calagari, 2004).



El Salvador, Chile (Gustafson and Hunt, 1975),
Santa Rita, New Mexico (Ahmad and Rose,
1980), Bingham, Utah (Roedder, 1971), Yandera
and Panguna, Papua New Guinea (Watmuff,
1978; Eastoe, 1978), Copper Canyon, Nevada
(Nash, 1976), Bajo de la Alumbrera and
Argentina (Ulrich et al., 2001). 

a- Micro-thermometric analysis

The Linkam operating unit was applied to
measure the temperatures of phase changes in
fluid inclusions, which operates by passing
pre-heated or pre-cooled N2 gas around the
sample (Werre et al., 1979). Stage calibration
was performed using synthetic and/or well-
known fluid inclusions. Accuracy at the standard
reference temperatures was ±0.2°C at -56.6°C
(triple point of CO2), ±0.1°C at 0°C (melting point
of ice), ±2°C at 374.1°C (critical homogenization
of H2O), and ±9°C at 573°C (alpha to beta quartz

transition). The heating rate was approximately
1°C/min near the temperatures of phase transi-
tions. Thermometric analyses were performed
principally on fluid inclusions which were relative-
ly large (>7 µm). Freezing and heating experi-
ments helped to determine the approximate
salinity (wt% NaCl equivalent) and homogeniza-
tion temperature (Th); respectively (Table 1). The
heating stage was used for all types of inclusion.
For non-halite bearing inclusions the homoge-
nization temperature of liquid and vapor (either
L+V L or L+V V) was recorded. In the
halite-bearing inclusions, two points: (1) Ts(NaCl)

(the temperature at which halite dissolves) and
(2) Th(L-V) (temperature of vapor and liquid
homogenization) were recorded. 

b- Homogenization temperatures 

The temperatures of initial (Te) and final melt-
ing of ice (Tm ice) were measured on types LV, VL,
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Table 1- Statistical parameters of raw data based on fluid inclusion study and micro thermometry for 645
measurements in 47 samples totally and for high salinity inclusions (more than 27 wt% NaCl).



and LVH fluid inclusions. The temperature of ini-
tial ice melting (Te) of most LV fluid inclusions
were between -23° and -24°C, suggesting that
NaCl is the principal salts in solution. The Te

value of VL fluid inclusions ranges from - 20° to -
46°C with a mode of ~-22°C, suggesting that Na
and K are the dominant cations in the solution,
but there may be other components for example
Mg and Ca which could not be measurable by
this method. The low Te (-31°C to -46°C) for
some of the VL inclusions could indicate that
these inclusions are the products of necking
down of LVH inclusions.

The eutectic temperatures that could be
measured in LVH inclusions range from -30° to -
64°C, suggesting important concentrations of Fe,
Mg, Ca, and/or other components in addition to
Na and K in this type of inclusion. The Tm ice

values for LV inclusions range from -5° to -8°C,
corresponding to salinities of 5.7 wt% NaCl
equivalent respectively (Sterner et al., 1988).
The Tm ice value for VL inclusions varies from -
0.4°C to -12°C, which corresponds to a salinity of
between 0.8 and 12.2 wt% NaCl equivalent.

LV fluid inclusions homogenize to liquid
Th (L+V L) at temperatures between 523° and
298°C. Most of VL inclusions homogenize to

vapor Th (V+L V) between 351° and 600 (°C).
The frequency distribution of halite-bearing
inclusions homogenizing by halite disappear-
ance (Ts(NaCl) > TH(L-V)) display a wide range of
Ts(NaCl) values, varying from 220 to 583 (°C).
Salinities based on the halite dissolution
tempe-rature range from 29.7 to 61.1 wt % NaCl
equivalent (Table 2).

The halite-bearing inclusions homogenizing
by simultaneous disappearance of halite vapor
and/or by vapor disappearance (Ts(NaCl) TH(L-V))
show a similar range of distribution and their
TH(L-V) values vary from 200 to 580 (°C). Some
LVH inclusions homogenized by vapor dis-
appearance and by contrast, some LVH inclu-
sions homogenized mainly by halite dissolution.
Anhydrite and chalcopyrite did not dissolve on
heating to temperatures in excess of 600°C.
Chalcopyrite was identified on the basis of its
optical characteristics (opacity and triangular
cross section) and composition in opened inclu-
sions (SEM-EDAX analyses yielded peaks for
Cu, Fe and S). Anhydrite forms transparent
anisotropic prisms and was shown by SEM-
EDAX analyses to consist only of Ca and S (ele-
ments lighter than F could not be analyzed)
(Hezarkhani and Williams-jones, 1998).
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Table 2- Descriptive statistics of primary inclusion's data for high salinity inclusions (more than 27
wt% NaCl).



c- Salinity of the inclusion fluids

Halite-bearing and non-halite-bearing liquid-
rich inclusions at Sungun, exhibit a wide variation
in salinity, ranging from 0.2 to 65.5 wt% (Figure
4). There are many halite-bearing fluid inclusions
which have Ts(NaCl) > TH(L-V) and the discrepancy
between Ts(NaCl) and TH(L-V) in some inclusions
may reach ~98 °C (Figure 5). These inclusions

may suggest entrapment of supersaturated (with
respect to NaCl) fluid or high pressure conditions
of entrapment (Table 3, No. 12). However, there
are still many halite-bearing inclusions whose
data points lie around and below the halite satu-
ration curve (Ts(NaCl) < TH(L-V)) (Figure 5) which, in
turn, denotes trapping of saturated and under
saturated fluids, respectively.
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Based on the Brown and Lamb (1989) is
method, to measure the geological pressure the
applied fluid inclusions must be halite-and
gas-bearing with high salinity ones, which is why
that these type of fluid inclusions are used from
now on. Table 2 shows the statistical properties
of the fluid inclusions with the salinities more
than 27 wt% equivalent. 

The point pressure and hydrothermal fluid
density in the NaCl-H2O system is calculated for
47 samples with using 3 parameters including
Th Halite (°C), Th Vapor (°C) and salinity
(wt% NaCl), based on Brown and Lamb (1989) is
equation by the Flincor software (Brown, 1989).
Fluid pressures varies from 261 to 2148 bars
(Table 3)

COMPARING THE RESULTS IN TWO 
ALTERATIONS

As discussed earlier, the analyses were done
on the three-phase fluid inclusions that were in
the quartz veins adjacent to the mineralization (in
different alterations). As we expected, this fluid
inclusions shows high salinity. With the investiga-
tion of the table 4 it could be seen that the
average salinity in potassic alteration is a little bit
higher than the average salinity of the phyllic
alteration, but they are very close to each other,
as mentioned in Hezarkhani and Williams-Jones
(1998). 

The results show that the average of Th,
salinity, pressure and density of fluids in quartz
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Table 3- Achieved data from 47 locations in 13 boreholes separated into potassic and phyllic. 
Based on microscopic studies and XRF analysis 22 of them defined as potassic and 25 of
them defined as phyllic alteration.



veinlets of potassic alteration are more than the
ones in phyllically altered samples.

- In potassic alteration, the average homoge-
nization temperature is 413.6 °C while in phyllic
alteration it is 375.9 °C. As it is expected in
potassic alteration, the temperature of hydrother-
mal is higher than the phyllic one, but there is not
much difference between them.

- The salinity of the hydrothermal fluid has a
high coherency with homogenization tempera-
ture, so the average amount of salinity in potas-
sic samples is 46.3 (wt% NaCl) which is a little bit
higher than that of the phyllic samples (42.5 wt%
NaCl). As discussed above, the analyses were
done on the three-phase fluid inclusions and as
expected, this type of fluid inclusion shows high
salinity in both alterations.

- Based on the location of potassic alteration,
which is located beneath the phyllic alteration,
we expect the lithostatic pressure is much more
than the phyllic one, so it is realized that the
average pressure in the potassic alteration is
1195 (bar) while the pressure average in phyllic
is about 623 (bar).

- The density depends on the amount of the
salinity of hydrothermal fluid, so the average
density of the samples in potassic alteration is
1.124 (gr/cm3) which is higher than the phyllic
one (1.083 gr/cm3).

CONCLUSIONS

Based on various comprehensive studies on
Sungun Copper deposit, it is illustrated that the
Sungun deposit is a porphyry system and the
potassic and phyllic alterations contain copper
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Table 4- Descriptive statistics of 25 samples from phyllic alteration and 22 samples from potassic
alteration.



sulfide minerals extensively. The primary multi-
phase inclusions within the quartz crystals in
quartz-sulfide and quartz-molybdenite veinlets
(quartz associated with sulfide minerals) were
chosen for micro-thermometric analyses and
considered to calculate the geological pressure
and hydrothermal fluid density.

Early hydrothermal alteration produced a
potassic assemblage (orthoclase-biotite) in the
central part of the Sungun stock. Propylitic al-
teration occurred contemporaneously with po-
tassic alteration. But in the peripheral parts of the
stock, phyllic alteration occurred later, overprint-
ing these earlier alterations. Based on fluid inclu-
sion studies in the Sungun deposit, potassic
alteration and associated Cu mineralization
were caused by a high temperature and high
salinity fluid of dominantly magmatic origin. The
early hydrothermal fluids are represented by high
temperature (337 °C to 583 °C), high salinity (up
to 60 wt % NaCl equiv.) liquid-rich fluid inclu-
sions, and high temperature (320 °C to 550 °C),
low-salinity, vapor-rich inclusions. Phyllic al-
teration and copper leaching resulted from the
inflow of oxidized and acidic meteoric waters with
decreasing temperature (ranging from 220-
460 °C, with a mean of 376 °C) of the system. 

The average of all four measured variables
(homogenization temperature, salinity, pressure
and density) is higher in potassic samples than
phyllic ones, but it is not possible to draw a verti-
cal line and separate the two alteration samples.
It means the thermodynamic conditions for those
alterations are close together and other parame-
ters could affect the mineral precipitation and
mineral assemblages in the alteration zones.

Manuscript received March 3, 2008
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PLATE I

Figure a- Scanning electron photomicrographs: Molybdenite with associated anhedral bismuthinite
and pyrite.

Figure b- Quartz associated with pyrite altered to chalcopyrite. All fluid inclusions have been 
measured from quartz veins associated with ore minerals.

Figure c- Plagioclase and calcite veins in potassically altered sample from BH104-351m             
(optical microscope, crossed polars).

Figure d- Quartz veins are surrounded by weak sericitic halos in phyllically altered samples from 
BH2-145m.

Figure e and f copper mineralization in chalcopyrite from potassic and phyllic samples. 

Abbreviations: Bi= bismuthinite, Cp=chalcopyrite, Mo=molybdenite, Py=pyrite, Qtz=quartz.
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PLATE II

Photomicrographs of different inclusion types within mineralized quartz vein from Sungun.

Figure a- Secondary fluid inclusions;

Figure b- Secondary biphase (VL and LV) inclusions,

Figure c- primary polyphase inclusion from potassic alteration assemblage (sample no. 42) and 

Figure d- primary inclusion from Phyllic alteration assemblage (sample no.18).

All photographs were taken at ambient laboratory temperature. See text for discussion.



Omid ASGHARI and Ardeshir HEZARKHANÝ 

PLATE - II



BOS SAYFA


