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1. Introduction

The rapid separation of a vapor phase due to an increase in
temperature or a decrease in pressure is called “boiling”. The

boiling process leads to the formation of vein deposits and

ABSTRACT

One of the common processes that lead to the formation and enrichment of precious metal deposits
is boiling. The existence of a spatial relation between fluid boiling and deposition of precious metals
is a valuable tool in exploration of epithermal deposits. Therefore, investigating of the process
occurrence in epithermal deposits will be able to predict the continuation of exploration trend.
Chah-Morad epithermal gold deposit is located in 75 km northwest of Bazman in the Sistan and
Baluchistan Province and in the Makran-Chagai Magmatic Arc southeast of Iran. The mineralization
in the Chah-Morad deposit occurred in 3 stages and in quartz veins that exist between the altered
argillic alteration zone and dacite and rhyodacite sub-volcanic rocks. Textural mineralogical and fluid
inclusions studies indicate the occurrence of the boiling process in this deposit. The most important
kinds of evidence for the occurrence of this process are: a) the presence of adularia, b) platy calcite
texture, ¢) breccia, crustiform-colloform textures, d) different liquid-vapor ratios of fluid inclusions,
e) the increase in the salinity of fluid inclusions with the decrease in homogenization temperatures,
f) the coexistence of fluid inclusions with different salinities and g) co-existing liquid single-phase
fluid inclusions with vapor single-phase fluid inclusions. Therefore, the existance of boiling is

confirmed in the Chah-Morad deposit.

the enrichment of precious metals. The investigation of fluid
inclusions and mineralogical and textural studies make it

possible to understand the occurrence of the boiling process.
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The importance of this issue is that the spatial relationships
between boiling and precious metal mineralization will
provide a potentially valuable tool in the exploration for
epithermal precious metal deposits.

The Chah-Morad deposit is located in 75 km northwest
of Bazman, in the Makran-Chegai magmatic arc southeast of
Iran (Fig. 1). The tectonic history and hydrothermal activities
governing this deposit during geological time have caused the
formation of many cracks and faults. As a result, mineralized
siliceous veins formed hydrothermal bands (Fig. 2)

that are hosted by altered dacite.

Due to importance of precious metals, the purpose of
this article is to investigate the occurrence of boiling by
studying the properties of fluid inclusions and doing textural
and mineralogical studies in the Chah-Morad epithermal
gold deposit. Geologists and mining engineers can use it
to estimate correctly the continuation of their exploration

activities in this deposit and similar deposits.

2. Research methodology

To achieve the goals of this research, 102 samples were
collected from 8 exploratory boreholes and 23 field samples
from different parts of the Chah-Morad epithermal gold
deposit. In order to do textural and mineralogical studies,
45 polished thin sections were prepared and studied by
using a polarizing microscope. On the basis of detailed
observations in hand samples as well as microscopic studies
of polished thin section samples, three generations of quartz
were identified. Since mineralization has occurred in these
three generations of quartz, some samples were selected and
analyzed along with sphalerite mineral samples to investigate

the characteristics of the fluid inclusion.

3. Results and Discussions

The epithermal deposits show features that directly or
indirectly reveal the occurrence of the hydrothermal fluid
boiling process. In this research, the occurrence of first
boiling in the epithermal gold deposit of the Chah-Morad
was investigated by studying the textural and mineralogical
evidences as well as the studies of the fluid inclusions. The
breccia structure in the Chah-Morad deposit (Fig. 3-A) is
one of the most important common structures that is usually

accepted as evidence of the boiling event. Crusty texture

in the Chah-Morad deposit is one of the other investigated
textures that can be observed both in hand samples
(Fig. 3-B) and in microscopic samples (Figs. 3-E, F). These
textures exist because of rapid and periodic fluctuations
in temperature, pressure, or fluid conditions. It is formed
during boiling. Lattice calcite is another structure observed
in the Chah-Morad deposit (Fig. 3-C). Many researchers
have described the close relationship between the presence
of bladed calcite and the occurrence of the boiling process
in geothermal systems and have attributed this morphology
to the rapid growth of calcite. Colloform texture is another
texture observed in the Chah-Morad deposit (Fig. 3-D).
Colloform texture occurs where the boiling and vapor loss
of an ascending fluid is accompanied by sudden cooling
that results in saturation of colloidal amorphous silica that is
locally precipitated as a banded gel (Fig. 4).

Adularia (Fig. 3-G) and illite in the samples of the
Chah-Morad deposit indicate the existence of an almost
neutral condition. The cause of adularia deposition is the
release of CO, during boiling, which increases the pH of the
solution. As a result, the range of illite dissolution to adularia
and its deposition are changed. Therefore, the presence of
adularia is strong evidence of the boiling process (Fig. 5).

Investigations on fluid inclusions samples in the
Chah-Morad deposit show the presence of fluid inclusions
with different proportions of liquid and gas, or in other
words, the coexistence of fluid inclusions rich in liquid with
fluid inclusions rich in gas (Figs. 6 and 7) and the presence
of boiling.

The increasing trend of fluid salinity with a decrease
in homogenization temperature in the fluid inclusions was
observed by examining the Wilkinson (2001) diagram in the
samples of the Chah-Morad deposit, and this trend indicates
the occurrence of boiling in this deposit.

Fluid inclusions with different salinities are evidences
of the boiling of hydrothermal fluids and can be seen by
examining the samples of the Chah-Morad deposit (Fig. 10).

4. Conclusion

In modern geothermal systems, after boiling begins at
depth, this process in most places continues to the surface.
Furthermore, the best gold grades occur at the base of the
boiling zone where the upwardly migrating fluids begin to
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boil. Therefore, the good evidence of boiling in shallow suggests where precious metal mineralization is most likely

samples indicates that the base of the boiling zone and to occur.
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and argillic alteration (A, I, G) in the gold deposit of Chah-Morad. (Abbreviations: Si I: the first generation of quartz, Si

II: the second generation of quartz, Si III: the third generation of quartz, arg.v.c: argillic volcanic rock, propli: propylitic

alteration).
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Figure 3. Mineralogical and textural evidence indicating the occurrence of the boiling process in Chah-Morad deposit. A) Breccia texture;

B) Crustiform-colloform texture; C) Lattice calcite texture; D) Colloform texture (XPL light); E) Crustiform texture (PPL light); F) Crustiform
texture intersected bybrecciaveins (PPL light); G) Adularia (XPL light); H) Flame texture (PPL light).
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Figure 4. Silica solubility vs. temperature for quartz,
cristobalite and amorphous silica. Boiling and equilibrium
vapor loss (red lines) results in the cooling liquid to shift from
quartz to amorphous silica as sinter or colloid deposition;
non-equilibrium vapor loss (e.g., during sharp depressurization;
dashed red line) with relatively slight temperature decreases
can cause the formation of silica colloids. Mixing of any deep
liquid with a shallow groundwater (cool or steam-heated) will
not cause the formation of amorphous silica (dashed blue line)

(Hedenquist and Arribas, 2017).
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Figure 8. The types of fluid inclusions at Chah-Morad deposit. A) The first group (L+L+V) and the second group
(L+V+S). B) The second group (L+V+S) and the third group (L+V). C) The second group (L+V+S), D) The third
group (L+V). E) The third group (L+V) and the sixth group (L). F) The second group (L+V+S). G) The fifth group
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group (V).J) The fourth group (V+L), the fifth group (V) and the sixth group (L). K) Schematic diagram of the

fluid inclusions containing inconsistent liquid-to-vapor ratios indicating boiling. L) Schematic diagram of the fluid

inclusions containing consistent liquid-to-vapor ratios indicating no boiling.
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Figure 9. The position of the fluid inclusions in the Chah-Morad deposit in the graph

of homogenization temperature versus salinity showing the occurrence of the boiling

process in the deposit of three generations of quartz and mixing with an isothermal

fluid in the sphalerite deposit (abbreviations: Q1: the first generation of quartz,

Q2: the second generation of quartz, Q3: the third generation of quartz, Sp: sphalerite)

(After Wilkinson, 2001)
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circle: the first generation of quartz (Q1), green circle: the second
generation of quartz (Q2), orange circle: the third generation of quartz
(Q3), red circle: sphalerite (Sp)).
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Figure 13. Homogenization temperature frequency
histogram of the fluids involved in the Chah-Morad deposit,
which shows the highest temperature frequency is related
to temperatures below 300°C (Abbreviations: Q1: the first
generation of quartz, Q2: the second generation of quartz,

Q3: the third generation of quartz, Sp: sphalerite).
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(Q3), D) sphalerite (Sp).
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