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Abstract

The Gharmorvarid ore occurrence in southwest Arak, Iran, is located within the Malayer—Isfahan metallogenic province, which is
hosted by a basal conglomerate of the Early Cretaceous sedimentary strata. Mineralization consists of galena and pyrite with trace
amounts of chalcopyrite and sphalerite. Ore occurs as disseminated, replacement, mottled, and space-filling style. The gangue is
dominated by quartz, ankerite, siderite, Fe-dolomite, calcite, sericite, biotite, chlorite, and minor barite. Our findings indicate a
sequence of events during ore formation: euhedral quartz and fine-grained sulfide minerals are hosted within earlier diagenetic
carbonate, galena with pervasive Fe-Mg-Mn-carbonate alteration occurred after them, leading to the dissolution (replacement)
reaction in contact with quartz. Later minerals are characterized by coarse-grained quartz, galena, sericite, biotite, and chlorite.
Primary fluid inclusions trapped in quartz and dolomite reveal that ore-forming fluid was intermediate saline, with a range from 3.7
to 16.2 wt % NaCl equiv. and had a medium to high temperature ranging from 151 to 330 °C. The mineralization is controlled by a
fault-fold structure. The Gharmorvarid mineralization is very similar to the sandstone-hosted Pb-Zn deposits along the margin of the
Scandinavian Caledonides and in particular the Laisvall deposit in Sweden.
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Introduction

In comparison to lead-zinc deposits hosted by shales and
limestones, few are located in sandstones and conglomerates.
As a result, global demand for imbalanced mineral resources,
such as conglomerate-hosted Pb-Zn deposits, has gradually
increased. Recently, a large Pb-Zn deposit (Uragen) was
discovered in China hosted by sandstones and conglomerates
(Gao et al., 2022). In Iran, a notable concentration of lead and
zinc deposits, along with mineral occurrences, is observed in
the Lower Cretaceous sediments south of Arak. From a
stratigraphic perspective, ore-bearing horizons are deposited
in shale-carbonate units of the Cretaceous except for two
mineral occurrences, Dokhaharan and Gharmorvarid, which
are hosted in the Cretaceous basal conglomerates
(Momenzadeh, 1976; Mahmoodi et al., 2021). Although
numerous economic, geological studies have been conducted
on the Arak deposits, no investigation has thus far focused
specifically on the conglomerate-hosted Gharmorvarid
deposit. This presents a promising opportunity for us to
explore further.

Material & Methods

After examining the geological map, samples were collected
from the mineralized outcrops and the host rock. Thin
sections of all samples were studied by transmitted and
reflected microscopy in the Economic Geology laboratory at
the University of Isfahan. To identify the surface morphology
and chemical composition, the samples were carbon-coated
and examined with a Scanning Electron Microscope (SEM).
Microthermometric measurements were carried out at the
University of Isfahan using the Linkam THMG600. The
samples used all drive from the two host mineral phases of
carbonate and quartz from the Gharmorvarid.

Discussion of Results & Conclusions

The Gharmorvarid anticline is situated approximately 7
kilometeres northeast of the Emarat. The stratigraphic
successions of Gharmorvarid consist of two sedimentary
strata including the Jurassic and the Cretaceous. The oldest
rocks consist of medium-bedded sandstones, which has been
overlain by the basal conglomerates of the Early Cretaceous.
These sedimentary rocks are tectonically folded.
Mineralization was controlled by the thrust systems and
occurred within the conglomerates. The Conglomerate ranges
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from quartz arenite to subgreywacke, composed of grains
consisting mainly of quartz, chert, lesser carbonates, opaque,
and accessory minerals. This unit preserves evidence of two
types of alteration: diagenetic and hydrothermal. Diagenetic
processes have increased porosity and permeability,
providing a suitable structure for the ore-bearing fluid flows.
The major ore types of the Gharmorvarid are disseminated,
replacement, semi-massive, and open space filling. The ore
mineral is mainly coarse-grained galena. The common
gangue minerals are quartz, Fe-Mg-Mn carbonates, pyrite,
minor chlorite, sericite, and biotite.

A number of fluid inclusions in quartz and carbonate
minerals were measured for Tn, which was found to range
from 133 to 323 °C. The salinity calculated from the final ice
melting temperature was observed in the range of -2.2 to -
12.3 °C. These temperatures correspond to salinities ranging
from 5.1 to 39.5 eq. wt.%.

The Gharmorvarid ore occurrence is controlled by a fault-
fold structure. The sedimentary succession of Gharmorvarid
indicates that from the onset of deposition of the Early

Cretaceous strata, the sedimentary basin exhibited a tendency
towards subsidence and deepening.  Mineralogical
observations of the host rock suggest that the succession was
deposited in a shallow coastal environment, which was
influenced by diagenesis. However, in the upper horizons,
which predominantly consist of carbonate sediments
containing outlined features, there is evidence of basin
deepening and the activity of syn-sedimentary faults. The
results of this study align with the tectonic events of the
Sanandaj-Sirjan zone and clearly demonstrate the transition
in the tectonic regime from extensional to compressional.
Therefore, it is proposed that, alongside basin subsidence
during diagenesis, conditions were favorable for the
mineralization in Gharmorvarid. During the orogeny in the
Late Cretaceous, the faults were reactivated, and ore-bearing
fluids migrated from deeper parts to shallow zones within the
conglomerate unit through steep reverse faults. Consequently,
the main mineralization was deposited between the particles
of the host rock in Gharmorvarid due to mixing with seawater
and intraformational fluids.
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Fig 1- (A) The location of the Gharmorvarid ore occurrence is shown in the simplified
geologic map of the Arak mining district (modified after Vaezi and Kholghi 2007; Mahmoudi et al.
2018); (B) Well-bedded Early Cretaceous limestone hosts the limbs of this anticline. Anticline

axis displayed with Jurassic rocks.
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Fig 2- Gharmorvarid anticline (A) 3D satellite image (Google Earth), (B) Schematic
geologic profile that its location is shown in Fig 1B (view to the W). See text for more

details.

@ https://doi.org/10.22108/jssr.2024.141393.1287


https://doi.org/10.22108/jssr.2024.141393.1287

VO p3 o5kt A8 ol osle (oS5 5 e Jlo ool gy 5 5,0 sla i

Ks Shale, marl and limestone.
v
3
9 Kl Dark gray massive Orbitolina
I limestone.
-+ (€]
[3)
p -
o
=
b
w |Km Limestone and dolostone.
Kc1 Conglomerate, Host of the ore.
. - BB R R R R RN
Uiy Rhythmic interbeds of fine-grained
w5 Js sandstone and siltstone and shale.
8 n
= ©
2= | Tr Hamedan phyllite.

C)\—!hﬁ Kcl u\"" g.»\.!)‘}f)l..ﬁ %&AJJ Jl)‘\}ls g‘j ‘5‘Jf ‘5)&% :)}:ﬂl -y Jg.:l
el 136 gy
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Fig 4- (A) and (B) A view of an old quarrying operation in the sandstone unit from the Gharmorvarid area, view
to the W. (C) Galena and quartz in the matrix and cements of the clast-supported conglomerate (nearly parallel
to bedding). (D) An outcrop of the Cretaceous basal conglomerate in the cave, (E) The milky quartz vein-like at

the cave entrance, (F) Disseminated galena within the altered conglomerate, (G) Semi-massive pyritic
mineralization in the conglomerate. Abbreviations from (Whitney and Evans 2010); Gn: galena, Qz: quartz.
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Fig 5- Microscopic photos of various quartz and carbonate minerals in
conglomerate, Microphotographs B-D are in X-pol and A is in reflected light. (A)
Secondary goethite is located between the space of the hydrothermal euhedral
quartz (H-type) and a part of quartz crystal and goethite cement is broken. (B)
Quartz with igneous and sedimentary (S-type) sources in conglomerate unit, yellow
arrow shows iron oxide veinlet, (C) Quartz with metamorphic source and
polycrystalline quartz (P-type), (D1) Diagenetic carbonate (Cb-I) and
hydrothermal carbonate (Ch-II), (D2) Hydrothermal barite and carbonate around

euhedral quartz (yellow narrow). Abbreviations from (Whitney and Evans 2010); Brt:
barite, Cb: carbonate, Gn: galena, Qz: quartz, Ser: sericite.
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Fig 6- Paragenetic sequence of mineral deposition of Gharmorvarid ore occurrence
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Fig 7- Image of microscopic samples from Gharmorvarid ore occurrence, A-B in
reflected light, and C-E in refracted light. (A) The main stage of mineralization,
(B) Galena replaces euhedral quartz mineral, (C) Pyrite and chalcopyrite within
quartz that is partly replaced by hematite. (D) Carbonate inclusions along the
borders of coarse-grained quartz, (E1) Sericite vein cutting galena crystal, (E2)
Hydrothermally biotite. Abbreviations from (Whitney and Evans 2010); Ank:

ankerite, Bt: biotite, Cb: carbonate, Ccp: chalcopyrite, Gn: galena, Hem: hematite,
Py: pyrite, Qz: quartz, Ser: sericite.
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Fig 8- Microscopic images in reflected light from main mineralization (A and B) and
backscattered electron images from Gharmorvarid minerals (C-G), Abbreviations
from Whitney and Evans, 2010; Ank: ankerite, Bk: betekhtinite, Cal: calcite, Cb:
carbonate, Ccp: chalcopyrite, Cer: cerussite, F-Dol: ferroan dolomite, Gn: galena, Qz:
quartz, Ser: sericite, and Sd: siderite, Sp: sphalerite.
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Fig 9- The SEM spectrum of two carbonate samples associated with galena from Gharmorvarid area includes
(A) siderite and (B) ankerite.
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Table 1- Microthermometric results of primary fluid inclusions in the Gharmorvarid area

host mineral  Fl type number Gas-liquidratio Tm(°C) Tmmacp(®C) Tn(°C) Salinity (NaCl wt%o)

Quartz-1 S,LV 3 30-50 - 295-317 305-323 37.81t039.5
Quartz-1 VL 12 30-60 -45t0-12.3 - 244-314 7.2t016.2
Quartz- 1l LV 6 10-15 -2.2t0-4.6 - 133-178 3.7t07.3
Dolomite LV 3 15-35 -2.7t0-6.1 - 160-232 5.1t08.4
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Fig 10- Photomicrographs of fluid inclusions in the Gharmorvarid. (A) Dolomite
crystal with growth zones (white dashed line) cut by pseudosecondary two-phase
inclusions (liquid+vapor). Two-phase liquid-rich inclusion (LV) in dolomite (right).
(B) Most fluid inclusions in quartz are isolated or clustered and have irregular
shape. Three-phase inclusions with daughter crystal (left side). (C) Two-phase
vapor-rich fluid inclusion within quartz, (D) Two-phase liquid-rich and single-
phase gas inclusions associated with CO:-rich and aqueous fluid inclusion in
quartz. Abbreviations; L- liquid phase, V- vapor phase, S-halite crystal.
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Fig 11- Binary diagram of homogenization temperature versus salinity in quartz and dolomite minerals, (A)
Showing that fluid inclusions in Gharmorvarid are plotted on the vent-proximal sedex (Wilkinson et al. 2010;
compiled by Rajabi et al. 2015 and Yarmohammadi et al. 2016). (B) Diagram of various water fields proposed by (Kesler,

2005).
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Table 2- Comparison of main characteristics of the Gharmorvarid, SEDEX, MVT, SST-type deposits (Misra 2000;
Leach et al. 2005; He et al. 2009), and sandstone-hosted Pb-Zn deposits along the margin of the Scandinavian
Caledonides (Billstrom et al. 2020)

Gharmorvarid  Scandinavian Pb- SST SEDEX MVT
Zn deposits
Tectonic Transform of rift  Continent-continent Stable tectonic  Intracontinental or Forland basin,
setting to collision collision settings in failed rifts and rifted  Continental rift
continental continental margins  basin
interior or margin
Basin during  Deformed Deformed - - Undeformed,
mineralization mildly deformed,
rarely strongly
deformed
Host rocks Early Cretaceous Eocambrian to Quartz-rich Dolostones, limestone Carbonates
conglomerate Cambrian sandstone sandstone or marble within

overall siliciclastic,
shales and cherts,
dolomitic siltstones,
pyritic siltstones

Ore controls  Thrust-related fracture controlled  Basal Syndepositional faults Lithology,
fault unconformity and with talus breccia, carbonate
permeability of  localized facies dissolution
rocks variations and collapse structure,
thickening in sub- fault/fracture
basins
Ore textures ~ Semi-massive, Vein, fracture- Disseminated Laminated fine grained Vein, massive,
disseminated, controlled, sulfides coarse-grained
replacement of sulfides
cement and
matrix, vein-like
Orebody Concordant with  Discordant Lensoid, tabular, stratiform and Highly variable,
morphology  fault conformable to  stacked lensoid, minor usually strata-
bedding in in stockwork and vein bound
sandstone in footwall
Mineralization Open space Disseminated, vein, Cementation, Syndiagenetic or Open space filling,
style filling, breccia open space filling synsedimentary breccias-
replacement, cementing, minor
syndiagenetic in replacement
Typical Galena, pyrite, Galena-sphalerite,  Galena, minor  Sphalerite, galena, Sphalerite, galena,
minerals quartz, Fe- calcite, barite, sphalerite and pyrite, pyrrhotite, dolomite and
carbonate, sericite, pyrite, sericite chalcopyrite barite, and chert calcite
barite, dolomite
Ore-forming  151-330°C 130-180°C 110-150°C 90-200 °C 90-150 °C
fluids 3.7-16.2 wt.% 18-28 wt.% NaCl  1.6-18 wt.% NaCl 10-30 wt.% NaCl eq.  10-30 wt.% NaCl
NaCl eq. eq. eq. eqg.
Magmatic absent absent absent absent absent
affiliation
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