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Fig. 1. Simplified tectonic map of Iran showing various geological divisions and distribution of the Cenozoic magmatic
assemblages (after Alavi, 1991; Stocklin, 1968). The star shows the location of the Pirmardan area in northeast Iran.
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(Zanboori, 2017)

Fig. 2. Simplified geological- mineral map of the Pirmardan area. Locations of the boreholes are shown (after Zanboori,

2017)
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Fig. 3. Microscopic images of mineralization and alterations in the Pirmardan area, A: Andesitic host rock including
plagioclase phenocrysts in the microlithe and glassy of the groundmass which altered to sericite. Sample from Bh3, 22m
depth, B: Trachyandesite host rock which bearing sericitic alteration and contain quartz veinlets. Sample related to the
surface (S6), C: Volcanic breccia contains fragments of andesite and bearing sericitic-carbonate alteration. Sample from
Bh2, 3m depth, and D: Hornblende and plagioclase minerals convert to epidote and chlorite during propylitic alteration.

Sample related to the surface (S3). Abbreviations after Whitney and Evans, (2010) (Ser: sericite, Pl: plagioclase, Cal:
calcite, Qz: quartz, Chl: chlorite).
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Fig. 4. The view of carbonate copper mineralization with the trachyandesite host rock in the Pirmardan area, with the

length of 20 m trench (View to the southwest)
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Fig. 5. Macroscopic images of the textures and minerals in the Pirmardan area, A: Breccias texture in the andesitic host
rock. Sample from Bh2, 34m depth, B and C: Veinlets of calcite in the andesitic host rock, Sample from Bhl, 20m
depth, D: Calcite associated chalcocite veinlets in andesitic host rock, which are related to copper mineralization, E:
Carbonate copper mineralization (malachite and azurite) in the andesitic host rock, and F: Stockwork texture associated
copper carbonate- sulfide mineralization. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Az: azurite, Mal:
malachite, Cct: chalcocite).
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Fig. 6. Microphotographs images from Pirmardan copper mineralization, A: Pyrite and chalcocite minerals in the
andesitic host rock cavities, (related to the early hypogene stage); sample from surface (S5), B: Chalcopyrite, hematite
and chalcocite minerals in the andesitic host rock cavities, (related to the main hypogene stage); sample from surface
(S4), C: Euhedral chalcocite grains associated hematite in the host rock cavities, (related to the main hypogene stage);
sample from surface ( S4), D: Coarse grains chalcocite in the host rock, (related to the main hypogene stage); sample
from surface (S5), E: Microfractures filled by malachite, (related to the oxidation stage); sample from borehole Bh4,
13m depth, and F: Chalcocite replaced by covelite, (related to the sulfidation stage); sample from borehole Bh4, 13m

depth, Abbreviations after Whitney and Evans (2010) (Py: pyrite, Cct: chalcocite, Hem: hematite, Ccp: chalcopyrite,
Mal: malachite, Cv: covellite).
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Fig. 8. Fluid inclusion images in the calcite mineral from Pirmardan deposit, A and B: Acrostic, linear and spherical
forms of primary fluid inclusion, and C: Coexistence of liquid- rich (L) and vapor- rich (V) inclusions in calcite mineral
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Table 1. Fluid Inclusion data for calcite mineral in the Pirmardan area. Samples have taken from surface (S1) and bore
holes (Bh1, Bh2, Bh4) from 9 to 34m depths.

R T RN g
S1 Calcite P 9 176-312 226 2.2,-5.4 3.6-8.3 6 >V
BH2-19 Calcite P 9 121-290 204 -0.8,-9.2 1.3-13 52 >V
BH2-34 Calcite P 5 170-304 237 -3.3,-5.2 5.3-8 6.5 >V
BH1-22 Calcite P 10 140-295 200 -3.6,-7.8 5.7-11.5 8.5 >V
BH1-20 Calcite P 5 228-395 300 -3.8, -8.7 6-12.5 8.8 >V
BH4-9 Calcite P 13 117-400 260 -1.5,-5.6 2.5-8.6 54 >V
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Introduction

Located in the NE Iran, the early Tertiary volcanic
sequences host a vast stratabound Cu
mineralization (manto type), which is likely to be
significant economically (Samani, 2002). The
Pirmardan copper deposit is located 130 km
southwest of Shahrood and is classified as a
manto type mineralization, hosted by altered
andesite to trachyandesite, volcanic breccia and
tuff. The host rock suffers from two kinds of local
and regional hydrothermal alterations of sericite-
carbonate, and propylitic, respectively. Sulfide
minerals occur as disseminated vein and veinlet
forms in the host rock. Manto mineralization type
in the northeast and central Iran could be a new
prospective for the copper deposits subsequence
of the Cu porphyry deposits in Iran (Samani,
2002).

Our studies focus on the mineralogy, geology,
fluid inclusion and ore formation in an attempt to
understand the characteristics of ore fluids and
mechanisms of ore formation, and to develop
exploration criteria for Pirmardan and similar
occurrences in the northeast of Iran.

Materials and methods

Various rock types and alteration assemblages,
and mineral paragenesis, were characterized by
transmitted and reflected light microscopy, X-ray
diffraction (XRD) and X-ray Fluorescence (XRF)
analysis. Representative samples from drill holes
were selected for fluid inclusion studies.
Microthermometric measurements were carried

out by the linkam stage for heating and freezing
system at the Geological Survey of Iran (GSI).

Results

Several mineralized zones with the width of 0.5-
20 m and length of 5-300 m have been found in
the Pirmardan area. Mineralization occurs in the
shape of vein and veinlet, breccia, stockwork and
open space filling. The copper mineralization in
the area occurs as strata bound and sulfide
minerals are disseminated in the andesitic rock in
a depth of 30 m up to 20 m thickness. The ore
grade is about 2% and ore minerals include
chalcocite, malachite, azurite, hematite, pyrite and
chalcopyrite. Based on microscopic and
macroscopic studies, the mineralization at the
Pirmardan area is divided into two stages:
hypogene stage, which is further subdivided into
early and main stages; and supergene stage, which
includes sulfidation and oxidation stages.

Given the results of the geological and
geophysical investigations carried out in the study
area, six exploration bore-holes were suggested to
be drilled to a depth ranging from 34 to 45 m. The
results of drilling confirmed a level of
mineralization containing amounts of copper.
Mineralization in the depth of (0 to 28 m) occurs
in the forms of vein and veinlet with a
disseminated texture.

Fluid inclusions in the veinlet of calcite from the
main hypogene stage occur typically as isolated
bodies. Homogenization temperatures are between
117 and 400 °C. The final melting temperatures
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are between -0.8 and -9.2 °C, giving apparent fluid
salinities of 1.3 to 13.0 % weight NaCl equivalent.

Discussion

The study area is located in the Pirmardan district
along with other manto type Cu deposits in the
northeast of Iran that occur mostly in the felsic-
intermediate volcanic and pyroclastic rocks of
Tertiary range. The geological studies in this area
indicate the two main hydrothermal events of
copper mineralization and alterations resulting
from circulating heated waters (e.g. Oyarzun et
al., 1998). It is likely that both of the
hydrothermal events have contributed to extensive
mineralization in shallow and deeper parts of the
subsurface area. Mineralization in the shallow
depths is controlled by local faults and fractures.
These fractures are mineralized by chalcosite,
malachite, pyrite, chalcopyrite and Fe-oxides
minerals associated with veinlets of calcite and
quartz.

Microthermometric data indicate that the ore
formation was mainly related to the low to
moderate temperatures (117-400 °C) and salinities
(1.3 to 13 wt.% NaCl). The widespread salinity in
the Pirmardan area could be explained by the
processes of boiling. Mixing and boiling are two
important processes during the ore formation in
the hydrothermal systems (Oyarzun et al., 1998).
The occurrence of hydrothermal breccias and
coexistence of fluid-rich and vapor-rich inclusions
(Oyarzun et al., 1998) in calcite indicate that
boiling is one of the main ore-forming processes,
especially during the main hypogene stage in the
Pirmardan district.

Overall, the host rocks, alteration, ore mineralogy,
ore structure and texture and fluid inclusions
characteristics in the Pirmardan district are similar
to those deposits belonging to the Cenozoic manto

type deposits in the South America (Kojima et al.,
2003; Wilson and Zentilli, 2006).

Acknowledgments

I would like to thank Mr. Shahilani, manager of
the Armaghan Padideh Kashan Company for his
kind cooperation for providing information of the
Pirmardan area and collecting samples from the
area. | would like to thank M. Zanboori for his
kind cooperation in the field of geology and for
preparing the geological map of the Pirmardan
area. Furthermore, also I would like to thank F.
Padiar and N. Ebrahimi from the Geological
Survey of Iran for their assistance in the
thermobarometry analysis.

References

Kojima, S., Astudillo, J., Rojo, J., Trista, D. and
Hayashi, K.I., 2003. Ore mineralogy, fluid
inclusion, and stable isotope characteristics of
stratiform copper deposits in the coast
Corillera of northern Chile. Mineralium
Deposita, 38(2): 208-216.

Oyarzun, R., Ortega, L., Sierra, J., Lunar, R. and
Oyarzun, J., 1998. Cu, Mn, and Ag
mineralization in the Quebrada Marquesa
Quadrangle, Chile: the Talcuna and Arqueros
districts. Mineralium Deposita, 33(6): 547—
559.

Samani, B., 2002. Metallogenic of the Manto type
copper deposit. 6™ Geological Society of Iran
Conference, Shahid Bahonar University,
Kerman, Iran.

Wilson, N.S.F. and Zentilli, M., 2006. Association
of pyrobitumen with copper mineralization
from the Uchumi and Talcuna districts, central
Chile. International Journal of Coal Geology,
68(3):158-169.



	5- 70396- Ebrahimi- F   WB
	5- 70396- Ebrahimi- E

