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Mineralogy and trace elements geochemistry of argillic alteration: An
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Abstract: The argillic alteration zone of the Shanin area (west of Takestan, Gazvin province, Tarom-
Hashtjin metalogenic province) is the product of intrusion of granitic igneous-badies of Oligocene age into
middle Eocene dacite-rhyodacite rocks. X-ray diffraction (XRD) analyses indicate that Quartz and kaolinite
are the two main mineralogical phases of this alteration zone, which are accompanied by accessory mineal
phases such as halloysite, smectite, alunitejspyrite, rutile, goethite, illite, plagioclase, and svanbergite.
Calculations of mass balance changes of elements show that immobile elements such as Zr, Nb, Th, Ta, and
Y have been depleted during the argillic alteration processes. Thisrabnormal behavior is a reason for the low
pH of the fluids responsible for alteration, the high ratio of water to rock, and the abundance of complexing
ions in the solution. The decrease of the mass of U indicatesithe oxidizing nature of the fluids responsible for
the alteration. Combining the results obtained from mass balance geochemistry and correlation coefficients
between elements reveal that absorption by clay minerals.and isomorphic substitution by rutile played an
important role in'the distribution and fixation of Ga, Hf, and V in the studied alteration zone. The significant
enrichment of Mo, Sh, and As;the very low Rb/Sr ratio, the mineralogical composition of the alteration
zone, and the occurrence of vein-veinlet type ore mineralization (pyrite, chalcopyrite, galena, and goethite)
show that the Shanin area has suitable conditions for high-sulfidation epithermal mineralization. Further
investigations reveal thatythe distribution and fractionation of rare earth elements (REE) during the
formation and-evolution of the argillic alteration zone of Shanin area was controlled by phyllosilicate

minerals, alunite'and svanbergite.
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Abstract

The argillic alteration zone of the Shanin area (west of Takestan, Gazvin province; Tarom-Hashtjin metalogenic
province) is the product of intrusion of granitic igneous bodies of Oligocene age into middle Eocene dacite-rhyodacite
rocks. X-ray diffraction (XRD) analyses indicate that Quartz and kaolinite are the two main mineralogical phases of
this alteration zone, which are accompanied by.accessory mineal phases such as halloysite; smectite, alunite, pyrite,
rutile, goethite, illite, plagioclase, and svanbergite. Calculations of mass balance changes of elements show that
immobile elements such as Zr, Nb, Th, Ta, and Y. have been depleted.during the alteration processes. This abnormal
behavior is a reason for the low pH of the fluids'responsible for alteration, the high ratio of water to rock, and the
abundance of complexing ions in the solution. The decrease of the.mass of U indicates the oxidizing nature of the fluids
responsible for the alteration. Combining the results obtained from mass balance geochemistry and correlation
coefficients between elements reveal that absorption by clay 'minerals and isomorphic substitution by rutile played an
important role in the distribution and fixation of Ga, Hf, and V in the studied alteration zone. The significant
enrichment of Mo, Sh, and As, the very low Rb/Sr ratio, the mineralogical composition of the alteration zone, and the
occurrence of vein-veinlet'itype ore mineralization (pyrite, chalcopyrite, galena, and goethite) show that the Shanin area
has suitable conditions for high-sulfidation epithermal mineralization. Further investigations reveal that the distribution
and fractionation of rare earth.elements (REE) during the formation .and evolution of the argillic alteration zone of
Shanin area was controlled by phyllosilicate minerals, alunite and svanbergite.

Keywords: Phyllosilicate minerals, argillic alteration, REE fractionation, mass balance, Shanin, Takestan.

Introduction

The Tarom-Hashtjin metallogenic province is one of the most important and key provinces in terms of economic
geology in Iran. This province hosts extensive alteration zones that are often associated with abundant epithermal
copper and gold mineralization (Ghaemi-Siani and Lentz, 2022). Until now, studies on the geological characteristics of
this metallogenic province have mostly focused on petrogenesis and ore deposition mechanisms. However, the
mineralogical and geochemical characteristics of alteration zones related to ore mineralization have received less
attention fromyresearchers. The Shanin area, located 15 km west of Takestan city, Gazvin province, is one of the key
areas containing extensive alteration zones, especially the argillic alteration, which has not been studied from an
economic geological perspective. In this area, the argillic alteration zone is formed in the Middle Eocene dacitic-
rhydacitic igneous rocks. The aim of this research is to investigate the factors controlling the distribution, fractionation,
and mobility of trace elements during development of argillic alteration zone of the Shanin area. In addition, the
probable ore mineralization type of the area has been evaluated based on the distribution of trace elements.

Materials and methods

This study was conducted in two parts: (1) field and (2) laboratory. In the field, surveys were conducted in several
stages to identify the igneous rocks and the development and expansion of the alteration system of the area, especially
the argillic alteration zone. In these surveys, the silicic veins/veinlets present within the argillic alteration zone were
investigated from the perspective of mineralization. Then, taking into account the field relations, sampling was
undertaken from the mentioned alteration zone (10 samples), the dacite-rhyodacite igneous rocks (10 samples)
associated with them, and the silicic veins-veinlets present within the zone (8 samples).

In the laboratory stage, thin and polished sections were prepared from every 10 samples collected from dacites and
rhyodacites associated with the argillic alteration zone and from every 8 samples collected from silicic veins-veinlets,
respectively, and were examined from a mineralogical perspective using a microscope. To determine unknown mineral
phases, every 10 samples taken from the argillic alteration zone were analyzed using a Siemens D-5000 diffractometer
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at the Geological Survey of Northwestern Iran. Finally, after mineralogical investigations, all 10 samples taken from
the argillic alteration zone and 2 selected samples from the dacite-rhyodacite rocks of the area were analyzed by
methods of XRF and ICP-MS to determine the contents of major and trace elements (including REE) at Kansaran
Binaloud Company, respectively.

Result

The Shinin area is located in the Alborz-Azariabjan zone. This area has a relatively simple geology and is limited to
Cenozoic rock units. The intrusion of Oligocene granitic rocks into Middle Eocene dacites and rhyodacites has led to
the formation and development of a very extensive hydrothermal alteration system in this area. These alterations can be
divided into three groups: (1) argillic, (2) propylitic, and (3) silicic. Field surveys show that dacitic and rhyodacitic
rocks, in addition to being strongly altered, are accompanied by vein-veinlets mineralization of copper, lead, and iron
(chalcopyrite, pyrite, galena, goethite, malachite, and azurite), especially in the argillic alteration zone.

Hypogene minerals in the silicic veins-veinlets of the argillic alteration zone include pyrite, chalcopyrite, and galena,
and supergene minerals include goethite, malachite, and azurite. X-ray diffraction (XRD) analyses show that quartz and
kaolinite are the two major mineral phases and halloysite, smectite, alunite, pyrite;.rutile, goethite, illite, plagioclase,
and svanbergite are the minor mineral phases of the studied'alteration zone. Smectite, illite, goethite, and plagioclase
are identified in samples further from the central fault of the area and halloysite, alunite,.and pyrite are ‘identified in
samples close to the central fault. Chemical analyses reveal that the abundance of TiO,, MnO, P,Os, S, Mo, As, Sh, V,
Sr, Sc, Zn, Pb, and Cu is higher in argillic zone samples.

Discussion
Mineral assemblages in the argillic alteration zone of the Shanin.area can be.divided into two, categories. The mineral
assemblage of kaolinite, quartz, alunite, pyrite, andthalloysite ‘is specific to the argillic samples close to the central
fault. While samples further away from the central fault have mineral assemblages of quartz, kaolinite, smectite,
goethite, and illite. The presence of halloysite, pyrite, and alunite minerals in samples close to the cntral fault indicates
a pH of less than 4 (acidic environment) for the formation and development of the studied alteration zone. The
formation of this mineral assemblage in the studied samples is associated with a highly sulfidation and acidic
environment (pH between 2 and 4). The mineral assemblage of smectite, goethite, and illite in samples away from the
central fault at Shanin developed in a condition similar to the modern geothermal environment with a pH of about 5 to
6. The presence of these two types of mineral assemblages suggests that the pH of the hydrothermal fluids was
neutralized by moving away from the central fault of the area and reacting with the dacite-rhyodacite host rocks.

In this research, the mass balance geochemistry method was usedto calculate the mass changes of trace elements
during the argillization of volcanic rocks in the Shanin area, assuming Al as the immobile monitor element. According
to the results obtained, elements such as U, Th, Ba,.Co, Cr, Nb; Cs, Rb, Ta, Y, Zr, and Ni were leached during the
alteration, and elements such as Hf, As, Mo, Sb, V, Ga;.Sr, W, Cu, Zn, Sc, and Pb were enriched. In addition, LREE
(La-Eu) underwent mass increase and’'HREE (Gd-Lu) underwent mass decrease. Further studies show that the greatest
mass increase of elements during.the‘development of alterationprocesses is related to As, Sb, Sr, Cu, Pb, and Nd.

The depletion of elements such as Ba, Rb, and Cs implicitly indicates the alteration of feldspars and the partial release
of these elements into the alteration solutions. Destruction of ferromagnesian minerals in dacite-rhyodacite rocks by
acidic solutions has, caused partial removal of Cr from the system. Elements such as Nb, Th, Ta and Y have been
subjected to leaching during the formation and development of the argillic zone in the Shanin. This abnormal behavior
can be related to factors suchias low pH of alteration fluids, high ratio of fluid to rock, high intensity of the alteration
process, andyhigh activity of complexing ions in the fluid. It seems that the formation of stable complexes with sulfate
ligands-within the hydrothermal fluid has caused the leaching of Zr from the system. Considering the presence of
alunite in the studied samples, the occurrence of such a mechanism for Zr leaching is not far from expected.

The leaching of U from the system can be related to the oxidant nature of the alteration fluids. The strong enrichment
of As; Sh.and Mo can be considered the most important geochemical features of the alteration zone of the studied area.
Arsenic replaces sulfur in the crystal structure of most sulfide minerals such as pyrite and chalcopyrite. Based on the
literature, the occurrence of Sb anomalies in base and precious metal deposits has been proven. The strong positive
correlation between As and S (r = 0.95) can be explained by the extensive mineralization of pyrite and chalcopyrite in
silicic veins-veinlets.

The strong mass increase of Mo and Sb related to the occurrence of epithermal-type deposits with magmatic source in
the studied area. The mobility of HREE during the formation and development of the alteration zone can be related to
the low pH of hydrothermal fluids, the high activity of complexing ions, and their ability to form stable complexes
under acidic conditions. The enrichment of LREE can occur due to their fixation by secondary minerals. In addition to
alunite, the presence of svanbergite minerals in the alteration zone is a strong reason for the fixation and enrichment of
the mentioned lanthanides. In addition to these two minerals, the presence of minerals such as kaolinite, smectite,
halloysite, and goethite in the alteration zone can be a reason for the fixation of LREE in the hydrothermal system.

The very high concentrations of Sr (1023 to 1920 ppm) is one of the remarkable geochemical features of the argillic
alteration zone of the Shanin area. This unusual concentration can be a reason for the formation of independent Sr
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mineral phases in the studied samples. The presence of svanbergite together with alunite can be a reason for the strong
positive correlation between P,Os-Sr and the similar distribution of these two elements. The Rb/Sr ratio in the studied
samples varies in the range of 0.01 to 0.02. This very low ratio clearly indicates that the area has very good potential
for the formation and development of high-sulfidation epithermal mineralization.

Conclusion

The abnormal depletion of elements such as Nb, Zr, Th, Ta and Y during the development of the argillic alteration zone
indicates the low pH of hydrothermal fluids, high ratio of fluid to rock, and high activity of complexing ions in the
fluid. The strong enrichment of Mo, Sb and As, strong positive correlations of these three metallic elements with S, the
occurrence of vein-veinlet ore mineralizations, very low ratio of Rb/Sr in the studied samples suggest that the Shanin
area has a high potential for the formation and development of high-sulfidation epithermal ore mineralization. The
enrichment of LREE during the development of the argillic alteration zone is dependent on the presence of alunite,
svanbergite, and phyllosilicate minerals in the studied samples.

Acknowledgements

This work was financially fully supported by the Bureau of Deputy of Research and»Complementary Education of
Urmia University. | would like to states our appreciation to the authorities of this bureau.

Yy


http://ijcm.ir/article-1-1952-en.html
http://www.tcpdf.org

