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1. Introduction

The Mabhiroud prospect area is located in approximately 130 km

southeast of Sarbisheh, South- Khorasan province. Geographically,

ABSTRACT

The Mabhiroud area is located about 130 km, SE Sarbisheh, South-Khorasan Province. The host rocks
bearing quartz and calcite vein-veinlets consist of volcanic lavas and pyroclastic rocks (tuff) with
intermediate composition belonging to Cretaceous. Various types of alterations including silicic,
phyllic, argillic, and propylitic were developed in the study area. Both hypogene and supergene
mineralization processes were recognized in the area. The hypogene mineralization also in turn
occurred during two distinct stages. During the first stage of mineralization, the quartz veinlets
containing pyrite, chalcopyrite, sphalerite, galena, magnetite, and gold were formed. The second
stage of mineralization is distinguished by the presence of pyrite-bearing calcite veinlets. In the
course of supergene alteration principally minerals such as goethite, hematite, malachite, azurite,
and chalcocite were developed which superimposed the former hypogene minerals. Based on
microthermometric studies, the homogenization temperatures and salinities of the fluid inclusions
at Mahiroud vary within the range of 97-235°C and 1.74-7.86 wt.% NaCl eq., respectively.
According to the microthermometric data, boiling and mixing with near-surface waters were the
important mechanisms in ore deposition at Mahiroud. Evidence acquired from geology, alteration,
mineralization, structures, and textures along with fluid inclusion data in current research indicate

that mineralization in this area has similarity with low-sulfidation style epithermal deposits.

the area extends from 60°, 46, 01" to 60°, 50, 20" east longitude and
from 32°, 07, 00" to 32°, 09, 14" north latitude. From the viewpoint
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of classification of the structural zones of Iran, the study area is
situated in the Sistan suture zone (Tirrul et al., 1983). The Sistan
suture zone was developed as the result of collision of the two Lut
and Afghan blocks which took place in late Cretaceous (Zarrinkoub
et al,, 2012; Angiboust et al., 2013). The Eocene-Oligocene
magmatism in the eastern Iran (Lut-Sistan) brought about the
formation of volcanic rocks (lavas and pyroclastics) and hypabyssal
intrusive bodies. In the current research, it has been endeavored to
investigate certain important geological aspects including alteration
and mineralization as well as the physico-chemical characteristics

of the ore-forming fluids in the Mahiroud area.

2. Research methodology

This research has been carried out in two parts, field and
laboratory. During field survey the outcrops of all lithologic units
as well as the alteration and mineralization zones were thoroughly
examined and the representative samples were collected. Also,
the relationship between the ore-bearing vein-veinlets and the
host rocks were accurately checked. During laboratory works,
about 100 thin and 50 thin-polished sections were prepared and
then petrographically examined. Furthermore, for implementing
microthermometric (fluid inclusion) analysis 20 doubly-polished
sections from the ore-bearing quartz and calcite veinlets were

prepared.

3.Discussions and results

3.1. Geology

From the viewpoint of geological setting, the study area lies in
the flyschic basin of the eastern Iran (Aghanabati, 2004), and
encompasses the southern section of the Mahiroud (Cheshmeh-
Ostad) volcanic-intrusive igneous complex. This complex extends
along the Iran-Afghanistan border line and is situated in northeastern
part of the Sistan suture zone (Tirrul et al., 1983). The overall trend
of this complex is NNW-SSW. The volcanic rocks in this complex
consist of andesite-basalt, andesite, microgabbro (diabase), pillow
lavas, spilite, and dacitic dikes. There is also a sedimentary-
clastic unit (red conglomerate and sandstone) interbedded with the

volcanic associates.

3.2. Alteration

Alteration in the Mahiroud area is widespread and largely observed
in and around the mineralized zone. Based on field observations
and petrographic examinations, the principal alteration types in
the area include silicic, phyllic, argillic, and propylitic. The silicic
and phyllic alteration zones were developed mainly adjacent to
the ore-bearing vein-veinlets. However, the argillic and propylitic
zones are seen mostly in distances farther from the mineralized

zones.

3.3. Mineralization

Based on field observations, mineralization in the study area
mostly occurred in the form of quartz- calcite vein-veinlets being
present chiefly along the fault and fracture zones. The ore-bearing
vein-veinlets in the study area are hosted by Cretaceous volcanic
rocks (lavas and pyroclastics) with andesitic composition. The
mineralized vein-veinlets have lengths extending from a few meters
up to 150 meters and widths varying from a few meters up to 30
meters. The vein-veinlets contain hypogene ore minerals such as
pyrite, chalcopyrite, sphalerite, galena, magnetite, and gold which
are superimposed by supergene mineral assemblage like goethite,
hematite, malachite, azurite, and chalcocite. Quartz and calcite are
the most important gangue minerals existing in the mineralized
zone. The quartz crystals often display veinlet, brecciated, plumose,
mosaic, vug infill, comb, and crustiform textures. Calcite is the
second abundant gangue mineral and commonly depicts veinlet,

comb, colloform, and banded textures.

3.4. Fluid inclusions

Based on microthermometric studies, the fluid inclusions at
Mabhiroud have salinities within the range of 1.74-7.86 wt% Nacl
eq., and their homogenization temperatures vary from 97°C to
235°C. The ore- bearing fluids at the time trapping experienced
hydrostatic pressures ranging from 20 to 40 bars which are almost
equivalent to depths of formation about 200 to 400 meters below the
underground water table level. The fluids also have densities within
the range of 0.90-0.97 g/cm3. On the basis of evolutionary trends
of the ore-bearing fluids depicted by the microthermometric data
points in the TH versus salinity bivariate diagram, both boiling and
mixing (by near-surface underground waters) were two important
mechanisms in deposition of ore metals at Mahiroud. Moreover,
the sulfide complexing ligands played most likely a crucial role in

transportation of the ore metals.

4. Conclusion

According to the following evidence acquired in current research in
the Mahiroud area, the final conclusions were drawn:

- The vein-veinlets control the ore mineralization.

- Various types of alterations (e.g., silicification, phyllic, argillic,
propylitic) were developed.

- The hypogene (pyrite, chalcopyrite, sphalerite, galena, magnetite,
and gold) and supergene (e.g., goethite, hematite, malachite,
azurite, chalcocite) ore mineral assemblages are restricted mainly
to the vein-veinlets hosted by pyroclastics volcanic rocks (e.g.,
andesite and andesite-basalt).

- The gangue minerals (quartz and calcite) display various open-space
filling textures (veinlet, brecciated, mosaic, plumose, vug-infill,

comb, crustiform, colloform, bladed, and banded).
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- The ore-forming fluids had low to moderate temperatures, low to
moderate salinities, and moderate densities.

- The depths of mineralization were certainly shallow (200-400 m
below the underground water table level).

- Sulfide complexes were the prominent transporting agent for the
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ore metals.

The above geological and geochemical data furnished
sufficient convincing evidence to attribute the alteration and
mineralization in the Mahiroud area to the low-sulfidation

epithermal deposit.
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Figure 3. Field images of the alterations in the Mahiroud area. A) Silicic alteration in andesite-basalt rocks.

B) Argillic alteration in andesite-basalt rocks. C) Propylitic alteration in basaltic rocks.
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Figure 4. Microscopic images (XPL) of the alterations in the Mahiroud area. A) Formation of quartz crystals with different sizes in the
silicic alteration zone. B) Presence of sericite, quartz and pyrite minerals in the phyllic alteration zone. C) Formation of chlorite mineral
in the propylitic alteration zone. D) Presence of epidote crystals in the propylitic alteration. Abbreviations after Whitney and Evans (2010)

(Chl: chlorite, Ep: epidote, Py: pyrite, Qz: quartz, Ser: sericite).
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Figure 5- A and B) Field outcrops of quartz-calcite veins in the Mahiroud area.
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Figure 6. Microscopic images (XPL) of the stages of mineralization in the Mahiroud area. A) Quartz veinlet related to the first stage of

mineralization. B) Formation of quartz crystals with vug-infill texture in the first stage of mineralization. C) Second stage of mineralization

in the form of calcite veinlets. D) Crosscutting of quartz crystals of the first stage of mineralization by a calcite veinlet of the second stage of

mineralization. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Py: pyrite, Qz: quartz).
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Figure 7. Paragenetic sequence of ore and gangue minerals in the Mahiroud area.
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Figure 8. Microscopic images (XPL) of ore minerals in the quartz veinlets of the Mahiroud area. A) Presence of fine- to

coarse-grained pyrite crystals in a silicic matrix. B) Formation of pyrite crystals in the form of micro-veinlets. C) Pyrite

crystals surrounded by chalcopyrite. D) Alteration of pyrite to goethite. E) Replacement of chalcopyrite crystals by

sphalerite. F) Alteration of chalcopyrite to goethite. G) Presence of magnetite in the form of disseminated grains in a

quartz matrix. H) Alteration of magnetite to hematite (Martitization). I) Presence of gold bleb in microcrystalline silicic

matrix. Abbreviations after Whitney and Evans (2010) (Au: gold, Ccp: chalcopyrite, Gth: goethite, Hem: hematite,

Mag: magnetite, Py: pyrite, Sp: sphalerite).
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Figure 9. Microscopic images of fluid inclusions in the Mahiroud area. A) Secondary fluid

inclusions (S). B) Liquid-rich two-phase fluid inclusion. C) Mono-phase vapor fluid inclusion.

D) Vapor-rich two-phase fluid inclusion. E) Presence of liquid-rich two-phase fluid inclusion next

to mono-phase vapor fluid inclusion. F) Coexistence of three types of fluid inclusions: liquid-rich

two-phase, mono-phase vapor, and vapor-rich two-phase.
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Table 1. Microthermometric data of fluid inclusions in the Mahiroud area.
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Figure 10. Histograms of salinity and homogenization temperature of fluid inclusions
in the Mahiroud area. A) Histogram of salinity of fluid inclusions in quartz crystals.
B) Histogram of salinity of fluid inclusions in calcite crystals. C) Histogram of
homogenization temperature of fluid inclusions in quartz crystals. D) Histogram of

homogenization temperature of fluid inclusions in calcite crystals.

Inclusion Salinity
Sample Number Mineral T, (C) Tm, (°C) ) Th (°C)
type (wt% NaCl equiv.)
MH-01 LV 11 Quartz -26 to -32 -1.2to -4 2.07 to 6.45 125 to 189
MH-02 LV 16 Quartz -31.8 to -33.5 -1to -4.6 1.74 to 7.31 105 to 235
MH-03 LV 11 Quartz - -1.9t0-3.9 3.23t0 6.30 128 to 212
MH-04 LV 7 Calcite - -1.2to-4.2 2.07 to 6.74 109 to 208
MH-05 LV 5 Calcite -26.1t0 -26.3 -2 to -4.1 3.39t0 6.59 131t0 179
MH-06 LV 6 Calcite - -1to -4.6 1.74 t0 7.31 97 to 147
MH-07 LV 6 Calcite - -1to-5 1.74 to 7.86 110 to 167
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Figure 12. Homogenization temperature versus depth

salinity (Wilkinson, 2001) in which the microthermometric data of

the Mahiroud area are mostly located in the epithermal domain.
diagram (Hass, 1971) to determine the depth of

mineralization in the Mahiroud area, based on which
mineralization in this area took place at a depth of

approximately 300 m.
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Figure 15. Salinity versus homogenization temperature
diagram (Pirajno, 2009) for identifying the type of
metal-transporting complexes. According to this
diagram, sulfide complexes have played an important

role in transportation of metals in the Mahiroud area.
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Figure 14. Changes in the density values of the fluid inclusions
of the Mahiroud area in the homogenization temperature
versus salinity diagram (Wilkinson, 2001), which are mainly

in the range of 0.9 to 0.97 g/cm’.
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