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1. Introduction

ABSTRACT

The Moalleman epithermal gold deposit is located 130 km southeast of Damghan, part of the
Toroud-Chah Shirin volcanic-intrusive belt. The approximate reserve of this deposit is 4.2 million
tons with an average grade of 1.1 grams per ton and is located in Eocene rocks such as tuff, sandy
tuff, siltstone and marl. The east-west fault trend of the region separates this deposit from volcanic
rocks and the dominant fault system is northeast-southwest. Mineralization occurs in 2 types of
hypogene (chalcopyrite, magnetite, pyrite) and supergene (chalcocite, covellite) and is accompanied
by different alterations such as silicic and propylitic alterations. The origin of mineralization is the
intrusion of semi-deep magmatic masses along the faults. Geochemical compositions indicate that
the rocks of the region are basic to intermediate in composition and include dacite, rhyolite, basalt,
and andesite. Based on geological, mineralogical, and geochemical characteristics, the Moalleman

area is classified as an epithermal deposit.

ultimately the deposition of gold. These studies include isotopic

The Moalleman deposit is part of the Toroud -Chah Shirin volcanic-
intrusive belt, which was formed in a complex tectonomagnesque
environment in Iran. These deposits are considered to be among
the most important gold resources in the world and are closely
related to magmatic activities and hydrothermal fluids. They
are formed in active tectonic environments and volcanic belts.
Geochemical studies play a fundamental role in understanding

the formation processes, the origin and movement of fluids, and

analyses (such as sulfur, oxygen, hydrogen, and heavier isotopes)
and thermobarometric analyses (to determine the temperature
of mineral formation and ambient pressure). This information is
crucial for reconstructing the geological conditions governing the
formation of the deposit and determining the origin of the gold.
The Moalleman gold deposit, located 130 km southeast of

Damghan, is recognized as one of the most important potential
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epithermal gold deposits in Iran. The development of this deposit
in a complex geological environment with unique characteristics
doubles the importance of its detailed geochemical investigation.
The aim of'this study is to investigate the geochemical characteristics
of the Moalleman deposit to better understand the mineralization
processes, the origin of the hydrothermal fluids associated with
the deposit, and to provide an accurate and reliable geochemical
model of the deposit formation. This model can greatly contribute
to the prediction and exploration of similar gold deposits in similar
structural areas. In addition, a detailed study of the geochemical
characteristics will provide a better understanding of the tectonic

and evolutionary processes of the region.

2. Research methodology

A geological study of the Moalleman gold mining area with the aim
of identifying the rock units, their relationships, tectonics and their
connection with mineralization will help determine the temporal
and spatial location of mineralization. This area is located in the
1:250,000 Toroud and 1:100,000 Toroud geological sheets.
Volcanic Activities and Rock Units:

Geological studies show that during the Eocene, extensive
volcanic activities occurred in the Toroud -Moalleman rift basin,
leading to the formation of the Toroud -Chahshirin volcanic-
sedimentary belt. This belt includes rock units ranging in age from
the Paleozoic to the Cenozoic. However, the main focus of this
study is on the Middle Eocene volcanic activities, which play an
important role in the occurrence of gold mineralization in the study
area.

Middle Eocene volcanic-sedimentary complex: This complex
includes various types of volcanic rocks, ranging from basalt,
andesitic-basalt, to andesite, respectively. Also, various pyroclastic
rocks, such as tuff, lithic crystal tuff, and agglomerate, are present in
this complex. It is important to note the microscopic and chemical
characteristics of these rocks, such as texture, secondary mineral
minerals, and chemical composition (SiO,, MgO, FeO, TiO,, etc.).
The study of the extent and type of thermal and hydrothermal
alterations in these rocks is of great importance in understanding
the mineralization process. Given the importance of this complex, a
more detailed study and description of the rocks in terms of texture,
mineral composition, and chemical properties is necessary.

Pyroclastic-sedimentary complex: includes tuff, tuffite, sandy
tuff, tuff sandstone, siltstone, shale, and marl separated from the
underlying volcanic complex by the Moalleman fault. This fault
has a northeast-southwest to east-west trend with a near-vertical
dip to the southeast.

Semi-deep intrusive masses: Acidic intrusive domes with a
composition of dacite and rhyolite that have intruded the tuffs and

probably belong to the Oligo-Miocene or Mio-Pliocene.

Plate dikes: Rhyodacite dikes with a northeast-southwest trend
that have formed within the kaolinite section. Mineralization in
surface outcrops is limited to the margins of the dikes, and the
oxidant zone in the surface horizons has been formed under the
influence of the dikes. Sometimes rhyolitic lavas have intruded
along the tuff bed as rhyolitic floods, forming shear structures in
dikes.

Recent (Quaternary) sediments: Young, discontinuous alluviums
formed by the physical and chemical weathering of rocks exposed
upstream. These sediments lack cement and are similar to the

upstream rocks.

3. Results

A study of the tectonics of the area, including identification of faults,
folds, and geological structures in the area, and their relationship to
mineralization is essential. A detailed description of the temporal
and spatial relationships between volcanic activity, alteration, and
mineralization should be provided.

Relationship to mineralization:

In this section, the possible relationship between rock units, volcanic
activity, alteration, and gold mineralization is examined. Depending
on the type of mineralization (e.g. hydrothermal mineralization), it
is necessary to investigate the related mineralization models.

In this study, a set of microscopic and laboratory methods were
used at Shahrood University of Technology to investigate the
mineralogy and petrological characteristics of the deposit under
study. These methods include the preparation and examination of 50
thin sections, 50 thin-polished sections, and 30 polished sections for
microscopic study, 7 samples of altered rocks for XRD analysis, and
7 samples of ore and host rocks for chemical analysis. Microscopic
studies were conducted using a dual-purpose microscope. The
results indicate the presence of primary sulfide minerals including
chalcopyrite, galena, sphalerite, pyrite, and gold, and secondary
minerals including malachite, azurite, smithsonite, cerussite, and
iron oxides (hematite, goethite, and limonite) in the deposit. Barite,
as the most abundant non-metallic mineral, is sometimes observed
in the form of thick veins up to several tens of centimeters in the
deposit. Argilitic (or kaolinic) alteration is identified as the most
widespread type of alteration within the deposit and its effects can

be seen in the rocks.

4. Discussions

4.1. Geochemistry

According to geochemical data and diagrams, it is possible to
analyze the behavior and distribution of major and minor elements
and determine their role in the overall composition of magma
and mineralization processes in the region. Pierce (1946) and

Yermakian (1965) have highlighted the importance of interpreting
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these data for a better understanding of the structure of the mineral
and exploration processes). For detailed geochemical analysis
and element distribution in the rocks of the region, 7 samples for
chemical analysis by X-ray fluorescence (XRF), 7 samples for
X-ray diffraction (XRD) and 7 samples for chemical analysis by
inductively coupled plasma mass spectrometry (ICP-MS) were
collected through field visits. After microscopic examination of
the rock samples and precise determination of the type of minerals
present (e.g., quartz, pyrite, gold, chalcopyrite, etc.) and texture
of the rocks, the data obtained by various methods were analyzed.
These analyses included drawing various geochemical diagrams,
such as element distribution diagrams, distribution diagrams of
minor elements relative to major elements, diagenetic diagrams
and isotopic diagrams (if available). Also, comparison of the
distribution of elements in mineralized rocks with host rocks
was carried out to detect any specific patterns and analyze the
mineralization processes and the influence of hydrothermal fluids
on the chemical composition of the rocks. In order to interpret the
results obtained, existing geochemical models for similar deposits
in the region and elsewhere in the world were used. Comparing
the chemical composition of mineralized rocks with host rocks
and also with the parent magma (if possible) helps to identify the
origin of hydrothermal fluids and their transport routes. Providing
this information, along with field geological information and
structural studies of the region, will greatly help to reconstruct the
mineralization processes and determine the exploration potential
in the region. For example, the specific distribution of elements
such as gold, sulfur, lead, zinc and rare metal elements can show
evidence of the presence and movement of hydrothermal fluids
and mineralization processes. The results of these studies, along
with other geological information, will be used in modeling the

Moalleman deposit, determining the origin of fluids and their
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transport routes, and ultimately predicting the exploration potential

of the region.

5. Conclusion

Despite its very low abundance in the Earth’s crust (0.0007 to
0.0011%), gold has great economic and cultural importance due
to its unique physical and chemical properties. Its bright yellow
color, flexibility, malleability, and resistance to corrosion are
among the important features of this metal that have been noted
throughout human history. Gold is located in group 11 and period
6 of the periodic table and is known by the symbol Au and atomic
number 79. Its atomic weight is 196.967 and its density is 19.32
g/cm3. Its high melting and boiling points (1065 and 2807 °C,
respectively) and relatively low hardness (between 2 and 5.3 on
the Mohs scale) indicate the stability and high malleability of this
metal.

The concentration of gold in sedimentary rocks, especially
placers (such as sands and black shales), is the most important
method of its extraction. This concentration is the result of various
geological processes that, over time, have separated gold particles
from the parent rocks and concentrated them in sedimentary
environments. Understanding these processes and recognizing the
gold mineralization environments is the main key to the economic
exploration and extraction of this valuable metal. Also, the order
of metal displacement (Ag > Zn > Cu) in shale and quartzite
environments provides important information about the chemical
and geochemical processes involved in the formation of metal
deposits. This information, along with field geological studies and
geochemical data, helps us to identify and extract gold deposits.
However, more research is still needed to better understand the
mechanisms of gold mineralization and optimize exploration and

extraction methods.
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Figure 1. Structural-sedimentary zoning map of Iran (Aghanabati, 2004) and the location of the Toroud-Chah-Shirin volcanic-

sedimentary belt on it.
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Figure 2. Location and access roads to the study area.
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Table 1. Paragenetic mineralization sequence. The thick lines indicate the

main and minor minerals, and the dotted lines indicate the rare minerals.
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Figure 5. Display of the changes of the Toroud-Chah Shirin Mountain range using the spectral angle mapping method using spectra obtained
from spectrometry of samples, in plots from the RGB=4,6,8 image of the region (Noori, 2019).
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Figure 6. Image of kaolinitic (argillaceous) and iron oxide alteration in the study area.
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Figure 8. Field image of the oxidant horizon in yellow, red, brown and black colors

consisting of iron and manganese oxides along with smithsonite and gypsum.
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Figure 7. Image of quartz vein in the study

area.
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Figure 9. Rhyodacite dike about 8 meters thick on the eastern wall, within red to purple

kaolinized tuffs.
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Figure 10. Microscopic image of rhyolite samples from the dykes in the region.
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Figure 11. Field image of a dike, flood or basalt lava in the

eastern part of the range.
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Figure 12. Microscopic images of dyke, flood or basic

lava samples exposed within the area.
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Table 2. XRF and ICPMS chemical analyses.

XRF-ICPMS et sla U7 - ¥ Jsor

Sample | MGD-1 | MGD-2 | MGD-3 | MGD-4 | MGD -5 | MGD -6 | MGD -7
ICP-MS
Ag <5 <5 <5 <5 <5 <5 6
Al 67450 60709 79258 80920 59867 142215 66754
As 103 48 71 36 134 18 287
Ba 1186 1004 3933 572 570 2269 4783
Be <5 <5 <5 <5 <5 <5 <5
Bi <5 <5 <5 <5 <5 <5 <5
Ca 26058 5875 17253 27389 160355 7477 15752
Cd <5 <5 <5 <5 <5 <5 <5
Co 21 <5 <5 10 6 7 36
Cr 65 61 88 81 67 206 80
Cu 83 42 186 65 36 589 233
Fe 9355 4443 5005 34924 18429 4581 16518
Ga 13 10 12 17 12 22 13
K 14492 50795 29719 21932 4387 50539 13660
La 17 17 22 16 15 16 11
Li 68 40 62 39 45 100 64
Mg 7123 595 517 9467 6720 771 6432
Mn 1152 67 349 2089 1502 164 1530
Mo 9 <5 <5 <5 <5 7 <5
Na 3362 4795 3525 4195 3004 4865 3259
Ni 34 <5 <5 30 22 19 44
P 579 99 787 551 669 2085 647
Pb 220 218 62 112 89 800 868
S 3222 637 1193 556 8979 499 7965
Sb 17 438 27 <5 9 40 39
Sc 5 <5 <5 7 7 10 <5
Se <5 <5 <5 <5 <5 6 <5
Sr 299 141 281 200 160 172 635
Ti 1298 544 2259 1249 1375 3900 479
\4 42 6 38 73 57 210 46
Y 12 6 10 8 22 12 7
Zn 50 99 <5 58 39 2196 37
Zr 100 59 70 80 76 47 35
Rb 41.45 119.49 77.82 122.13 12.39 121.69 49.38
Nb 6.39 7.40 5.20 5.54 3.34 9.42 1.06
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn 1.46 1.50 1.22 1.41 1.04 0.92 0.94
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cs 1.06 1.21 0.64 5.42 0.84 0.80 1.61
Ce 83.72 30.33 93.11 85.21 15291 38.87 83.72
Pr 3.84 3.00 4.85 4.27 5.52 4.70 3.32
Nd 15.30 10.22 20.84 13.52 24.08 19.58 13.05

o —f
wowigd) —1—F
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Continued from Table 2. XRF and ICPMS chemical analyses.

Sample [ MGD-1 | MGD -2 | MGD -3 | MGD -4 | MGD -5 | MGD -6 | MGD -7

ICP-MS

Sm 2.29 1.66 4.03 2.37 4.76 4.04 3.53
Eu 0.57 <0.5 1.15 <0.5 1.17 1.00 1.03
Gd 3.29 1.78 3.88 3.20 7.07 391 3.49
Tb 0.37 0.17 0.36 0.34 0.74 0.54 0.31
Dy 235 0.96 1.85 2.02 4.62 2.80 2.07
Ho 0.42 0.19 0.33 0.35 0.82 0.50 0.31
Er 1.71 0.65 1.42 1.01 3.56 1.60 1.48
Tm 0.18 0.12 0.12 0.13 0.21 0.20 <0.1
Yb 1.43 0.79 0.66 1.05 1.82 1.33 0.83
Lu 0.19 <0.1 <0.1 0.10 0.22 0.16 0.10
Hf 233 1.80 1.58 1.81 1.47 1.36 1.21
Ta 1.00 1.25 3.14 1.34 1.98 6.47 1.89
W <l 4.62 1.74 <1 <l 1.32 <1

Th 5.78 7.25 2.77 5.07 2.07 1.66 2.94
U 7.20 1.39 0.98 1.74 0.71 0.81 0.83

Sample | MGD-1 | MGD -2 | MGD -3 | MGD -4 | MGD -5 | MGD -6 | MGD -7

XRF
SrO 0.82 0.07 0.22 0.03 0.04 0.05 0.14
Fe,0, 1.56 5.35 8.42 0.70 0.67 7.72 1.06
MnO 0.18 0.40 0.84 <DL 0.07 0.54 0.03
Ca0 2.43 20.01 3.12 0.51 2.60 5.03 1.15
K,0 4.59 1.54 5.39 14.16 7.49 5.59 10.54
SO, 0.50 0.62 0.94 0.04 0.08 0.07 0.10
P,0, 0.50 0.44 0.40 0.05 0.48 0.36 1.62
Sio, 67.52 34.39 53.87 69.24 65.74 52.60 49.34
ALO, 14.01 12.41 13.64 12.83 15.28 14.65 22.50
MgO 0.46 111 1.25 0.02 0.07 1.75 0.12
Na,0 0.04 0.02 0.06 0.21 0.05 0.11 0.17
TiO, 0.77 1.06 0.76 0.19 1.25 0.74 3.23
Zn0o 0.01 0.01 0.01 <DL <DL 0.02 0.73
Cl 0.02 0.02 0.12 0.14 0.03 0.20 0.41
PbO <DL <DL <DL <DL <DL <DL 0.42
BaO <DL <DL 1.40 0.04 0.16 <DL 0.27
ZrO0, 0.08 0.02 0.06 0.01 0.06 0.04 0.06
Rb,0 0.01 <DL 0.02 0.02 0.02 0.03 0.03
CuO 0.01 0.01 0.03 0.06 0.01 0.01 0.34
Cr,0, 0.05 0.05 0.05 <DL 0.05 0.03 0.09
LOI 6.44 22.46 9.41 1.76 5.86 10.47 7.64
5 oo Kl (olerd i Coale ey ICP-OES 5 ol slaS| sty caibie e o S5y 5 234 sladulp e oS oy
il (gl ko (sla s S (G s aslinad Ol joe slaeSin LSl (g oMl ¢ gl slaty3jl (b S 5 polie w55 5 plaed S (B3 o
o ol b LIS (sl ls sas 1 esbinal (6,157 H3T 5 SlaassT glaeKen (XRF) (oS5l 55 il s sy 4 gland 50T (ol 4550V ‘”ﬂt’* 4
S Sl S 55 e 3 e i (S L e 5 sl ST Ol 2o 4 alan 5l o 123 8 15 anllan 3,50 ICP-MS iy 40 obesd LT (51 6505 Y
LS 5 53 Na,O+ KO sslie cpioman (AP ¢ i s) 5505 Clde glazsl on Sl XRE T s dadT ol oo 5 (Ko (slasipos (g 585 S
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Figure 14. TAS diagram for naming rocks in
the study area (Le Bas et al., 1986).
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Figure 13. TAS diagram for naming rocks in
the study area (Cox, 2013).
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Table 3. Correlation coefficient of depth elements with each other.

Au Cu Pb Ag Zn Ba
Au -
Cu 0.21 -
Pb 0.37 0.1 -
Ag 0.23 0.36 0.1 -
Zn 0.23 0.12 0.57 0.1 -
Ba 0.0 0.0 0.0 0.0 0.0 -

Table 4. Correlation coefficient of surface elements with each other.
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Figure 17. Distribution diagram of gold and lead elements

in surface raw samples.

Y

Au-surf Cu-surf Pb-surf Ag-surf Zn-surf Ba-surf As-surf
Au-surf -
Cu-surf 0.1 -
Pb-surf 0.7 0.09 -
Ag-surf 0.11 0.29 0.12 -
Zn-surf 0.2 0.09 0.3 0.05 -
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Figure 16. Distribution diagram of gold and lead elements

in deep raw samples.
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