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Fig. 1. A: Structural zoning map of the Iranian plateau (after Orris et al., 2015) along with a red rectangle showing the study
area, and B: Rock units of the Iman Khan anticline based on the Takht-e-Soleyman map with 1:100000 scale (after Babakhani

and Ghalamghash, 1998)
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Fig. 2. Common features of mineralization at Zarshuran gold deposit, A: hand specimen of serpentinite schist from the Iman
Khanunit, B: hand specimen of Zarshuran black shale accompanied with As-bearing minerals, C: decalcification alteration in
grey banded limestone, D: outcrop of supergene alteration or acidic leached cap in Zarshuran mine (view looking to north), E:
realgar mineralization as open space filling texture within jasperoid, F: euhedral pyrite within Chaldaq calcite (PPL, reflected
light), G: elongated pyrite (PPL, reflected light), H: realgar mineralization accompanied with jasper (XPL, reflected light), and I:
intergrowth texture between quartz and barite gangues (XPL, transmitted light). Abbreviations after Whitney and Evans (2010)
(Brt: barite, Cal: calcite, Py: pyrite, Qz: quartz, Rlg: realgar).
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Table 1. Main and secondary trends of the lineaments and faults in the zones of the Zarshuran area.

Zone a b c d e f Total
trend
Main trend N22E- N39E- N33W- N20E- NS52E- N72E- N27E
Lineation N25E N42E N46W N37E NS59E NS81E N21E -
Subsidiary N39E- NS1E- N4E- N13W- N53W- NS81E- N38W
trend N44E NS56E N12E N24W N5S8W N8IE N41W-
Main trend N35E- N75E- N30W- N35E- N40E- NS8SE- N40W-
fault N40E NSOE N35W N40E N45E NIOE N45W
Subsidiary N25W- N65E- N8OW- N55W- N60E- N45W- N45W-
trend N30W N70E N85SW N60OW N65E N50W N50W
A 25 B 25 C 25
2 2 2
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Fig. 6. Logarithmic diagram of the faults to calculate the fractal dimensions in six zones of the Zarshuran area (a to f)
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Fig. 7. Logarithmic diagram of the lineaments to calculate the fractal dimensions in six zones of the Zarshuran area (a to f)
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Table. 2. Gold concentration in 75 samples of different trenches at the Zarshuran gold deposit

Sample Au Sample Au Sample Au Sample Au Sample Au

No. ppb No. ppb No. ppb No. ppb No. ppb
TR((j)?:Ol 13636 TR((jB:Ol 24 CD-;rlROS- 16 TR(I)\SA-QO 68 TRT)% :04 18
T]ic(j)?:()z 079 T]ic(j)lg:()z >2 CD-;sz > 27 TR(])\iglj:A--zl >2 TRS(()i:OS 238
moros 27 tropes 333 P8 mosa2  troios 307
TR((j)I?:O4 13997 TR((j)I;:(M 15 CD-;ff > > TR(I)\SA--B 70 TRS(()i:(W 520
Rotos 1395 1ronor ® EREP € osa2s % tRoios O3
motos 8157 1rongy %8 e 16 Rosa2s 40 roige 318
TR((j)I?:W 2499 TR((j)I;:O3 160 CD-;F7R05- 15 TR(I)\SA--% 83 TRT)E: 10 19
Roros 260 Tronos 47 P 10 esear 22 qgoeqy V7
ot 2155 1rones 477 ERETAR E mospi O rogrn 28
TR((j)I? 10 1760 TR((j)IZ:Ol 30 CD-E;%2 > 10 TR(I)\I8%-12 136 TRS(()E:B 19
TR((j)I? 11 799 T]g)a:oz 33 TR(])\QZ--OI 27 TR(I)\Iég- 13 75 TRZOIZ:OE% 177
TR((j)I? 12 744 TR((j)IZ:O3 64 TR(I)\gA--Oz 630 TR(I)\Iég- 14 70 TRZOIZ:O9 140
TR((j)I? 13 >780 TIS)IZ:M >3 TR(I)\Q::A--% 47 TR(I)\Iég- 15 >8 TRZOIZ 10 199
TR((j)I? 14 7648 TIS)IZ:OS 161 TR(I)\SA--M 28 TR(TE%%— 16 7 TRzOljl:l 1 466
TR((j)I? 15 6959 TR((j)IZ:% 63 TR(I)\SA--OS 4 TR(I)\Iég- 17 336 TRZOIZ 12 293
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Fig. 9. A: Digital elevation model and shear fractures in the Zarshuran area, B: The formation of fractures related to the right-
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Fault movement plane).
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Fig. 10. A: Fractures system in the fault related folding (Price, 1966), B: Longitudinal (J1) and transverse (J2) fractures
system along the Iman Khan anticline in the Zarshuran area, C: Sterioplat of the Longitudinal and transverse fractures and
axial plane of the anticline, D: Rose diagram of the transverse fractures, and E: Rose diagram of the Longitudinal fractures
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Fig. 11. A: Transverse fault between the Chaldaq limestone and Iman Khan schist (White rectangle show the location of the
Fig. B), B: Fault plane in the Chaldaq limestone, C: Longitudinal fault in boundary between the Chaldaq limestone and Iman
Khan schist, and D: Thrust fault between the Oligomiocene units and metamorphic sandstone of the Precambrian.
Abbreviations: PeLb: Chaldaq limestone, Peesh: Iman Khan schist, Pesq: metamorphic sandstone (Precambrian), Nglc:

Oligomiocene units
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Fig. 12. A: Intersection of F1 transverse fault with N70E/80SE strike and dip and F2 longitudinal fault with N4AOW/75SW
strike and dip in boundary between the Chaldaq limestone and Iman Khan schist, B: Longitudinal and strike-slip fault with an
attitude of N45W/76SW and 30S slip rake angle in the Chaldaq limestone, C: Longitudinal and normal fault with an attitude

of N35W/84SW and 70 slip rake angle, and D: Transverse and normal fault with NSOE/78SW strike and dip and 85 slip rake
angle with right-lateral strike-slip component
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Fig. 13. The conceptual model from mechanism of lithological-structural controls in development of the Zarshuran gold
deposit. Based on, emplacement of buried igneous rocks in the area and subsequently the rise of hydrothermal pulses
through the Takab main fault caused these fluids inter the Precambrian strata (lithological controls) and reach the

surface through conjugate fractures (S1 and S2) associated with the Iman Khan anticline (structural controls), and
provide an mineralization event.
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Introduction

The Zarshuran gold deposit is located in the
Takht-e-Soleyman complex, NW Iran. It is
formed in the Iman Khan NW-trending anticline
(Mehrabi et al., 1999; Samimi, 1992). The rock
units at Zarshuran mainly consist of Precambrian
sequence (Iman Khan schist, Chaldaq limestone
and Zarshuran black shale) which are overlain by
Cambro-Ordovician limestone and Oligo-Miocene
formations. Gold mineralization in the Zarshuran
area occurs associated with jasperoid alteration
within the Zarshuran black shale and Chaldaq
carbonate rocks (Bazdar et al, 2015). The
deposition and transportation of mineralized fluids
from buried igneous rocks, faulting and fractures
in basement and covered units, physico-chemical
exchange in site of deposition, and hydrothermal
alterations are the most important controls on gold
mineralization at Zarshuran. There is a structural
control on mineralization and ore deposition with
respect to the alignment of gold mineralization
along the NW- and NE-trending faults at
Zarshuran. The mechanism of deformation in the
studied area has been controlled by two sets of
main fault systems. The early system is the NW-
trending steeply-dipping right-lateral strike-slip
faults with a reverse component and the late
systems are the NE-trending faults that have been
displaced by the early system. In this study, the
relationship between fractures and structural
lineaments with gold mineralization in the
Zarshuran gold deposit was studied by remote
sensing methods and fractal analysis. Then,
development of extension and compressive

structures of the Imam Khananticline in the right-
lateral shear zone and role of fractures related
folding in mineralization were investigated. It
revealed that the spatial distribution of the
fractures systems in folding structures is related to
the kinematic evolution and geometry of folding.

Material and methods

Relations between mineralization and fracture
systems are interpreted using field observations,
extraction of lineaments and fractal analysis in
this study. The lineaments map of the study area
were extracted using appropriate algorithms of
spatial data (STA algorithm), using Landsat 8
satellite (ETM" sensor) images by semi-automatic
method. Also, fractal dimensions in six parts of
the area were calculated for faults and structural
lineaments using the square method, log-log
charts and related fractal analysis. A total of 75
samples were collected from trenches and surface
outcrops. Then, analysis was performed for
measurement of base and precious metal assays
by inductively coupled plasma-optical emission
spectroscopy (ICP-OES) in the Kanpazhuh
laboratory (Tehran, Iran). Geochemical anomalies
were reported by field observations and geological
maps, and the extension and compressive
structures associated to right-lateral shear zones
were studied after determining the areas with high
fractures density. Then, the relations between
mineralization and transverse and longitudinal
fractures related to folding in the Iman Khan
anticline are investigated and a schematic model
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of the ore formation related to the folded structure
are presented.

Results and discussion

The study area is first divided into six parts (a to f) in
order to calculate the fractal dimensions of the
lineaments and faults. The most frequent trends of
the lineaments and faults is at about N20E to N75E
and N30E to N85E, respectively. In order to study
the relation between fractal dimensions of faults and
lineaments with the distribution of gold in study
area, the fault and lincament maps are somehow
combined with the gold distribution map. In parts of
the study area where the fractal dimensions of faults
and lincaments show high values, gold concentration
is also high. This indicates a structural relationship
between the density of lineaments and faults of the
study area with distribution of gold mineralization.
The most important fault structure affecting the
study area is the Takab fault zone with NNW-SSE
trend and a length of about 80 km. The Takab fault
zone and its related fractures play a major role in
transport of hydrothermal fluids, and the biometric
data show that these activities have continued from
Miocene to date (Mehrabi et al., 1999; Daliran,
2008). The right-lateral strike-slip movement of the
Takab fault has led to displacement of the rock units
in study area. Also, this right-lateral movements
caused formation of fractures with different trends
and compressive and extensional structures as
folding, reverse faulting and normal fractures. The
Iman Khan anticline hosting the Zarshuran gold
deposit is one of the main structures related to the
Takab fault movement. The fractures related to this

folded structure have played an important role in
transporting the hydrothermal fluids. The fracture
systems related to the Iman Khan anticline, is
generally of longitudinal and transverse type.
Therefore, after the slab break-off event and
formation of a compressive structure due to the
strike-slip movement of the Takab fault, the faults
served as pathways to the ore-forming fluids. All
evidences shows that the longitudinal fractures have
an important role in the mineralization along the
Iman Khan anticline, although the thickness of the
mineralized zone increases at the intersection of
longitudinal and transverse fractures.
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