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1-Introduction

The Malayer-Isfahan metallogenic belt is located in the Sanandaj-Sirjan zone, and a large number of Pb-
Zn deposits with carbonate hosts have concentrated in the fault zones and related fractures (Ehya et al.,
2010; Rajabi et al., 2012). The Mesozoic sedimentary and volcanic rocks generally cover the Sanandaj-
Sirjan zone, and Paleozoic rocks have few outcrops except in the southeastern parts (Mohajjel et al., 2003).
The Pb-Zn deposits with carbonate hosts are formed in the central parts of the Sanandaj-Sirjan zone and
upper Jurassic sandstone and shale (Shamshak group), lower Cretaceous Kc limestone (silty and sandy
dolomites of Kc3 unit and massive limestone of Kl unit) and shale and dolomitic limestone of the upper
Cretaceous (Ks unit). The Ahangaran Pb-Zn deposit is located in the NW part of the Malayer-Isfahan
metallurgical belt and about 80 km SW of Hamedan City. The Ahangaran Pb-Ag (Zn) deposit is on the SE
slope of the Kolebid Mountain, and similar to the Zagros trends, the general trend of the mountains of the
study area is NW-SE, and relatively flat plains surround it. The rock units outcropped around the study area
are from the Jurassic to recent deposits. The Jph is the oldest strata that outcrops in the southern and
southwestern parts and consists of phyllite, slate, dark gray schists, and metamorphosed sandstones. The
JMS unit consists of dark gray metamorphosed shale and sandstone. The Kl unit mainly forms the main
heights of the study area and is composed of white to gray and thick-layered to massive Orbitolina
limestone. The Kcl unit is composed of dark quartzite sandstone, and the Kc2 unit is composed of dark
guartzite sandstone with limestone. The Kc3 unit consists of dolomitic sandstone and dolomitic limestone,
and the Pb-Ag (Zn) mineralization of the Ahangaran deposit is restricted to this unit. So, in this study, the
Ahangaran deposit area structures have been investigated and structurally divided into four zones (Fig. 1).
For this purpose, the main structures controlling mineralization have been introduced by identifying each
zone's main faults and structural characteristics.

2- Material and methods

In this research, geological reports, maps, and available data have been collected and analyzed to study the
Ahangaran deposit's general structures. Then, satellite images (Google Earth images) and digital elevation
models were used to check the general structures. In the next step, the mine structures were extracted and
examined using ortho-photo images, and finally, the structures were analyzed using detailed field
observations. The evidence of faulting in the field observations included the slickenline on fault planes,
displacement in layers, fault breccia, and fault steps.

3- Results and discussions

Main tectonic structures control mineralization in the Ahangaran deposit, and the faults play an essential
role in the migration of ore-forming fluid. The faults were formed in an extensional regime and then
inverted into reverse faults by the subsequent tectonic compressional phase. The Kl Orbitolina limestone
unit outcropped at the highest heights of the study area and was thrust over the Km thick-layered limestone
unit. The Kohe-Darrehghar fault with NE-SW trend and left-lateral separation has caused deformation in
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the eastern part of the Ahangaran deposit. This fault with the N33°E direction caused about 2600
displacements, and at the NE fault termination, there were several fault branches with 40 to 100 meters of
left-lateral separations. The deformation caused by the nappes and the Kohe-Darrehghar left-lateral fault
has caused fractures with different structural trends. According to the detailed field observations, the faults
of the study area have three main trends. The first trend is NE-SW with azimuth between N20°E and N35°E
and the dip between 50 to 80 degrees towards the SE and NW. The second fault trend is the N-S to NW-
SE with azimuth from NO2°E to N20°W and a dip between 60 to 75 degrees to the SW and NE. The third
fault trend is N30°W and N60°W, which cause deformation (Fig. 2).
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Fig. 1. Orthophoto image of the study area and its division into four main zones according to the trend of the main
faults. DSF: Darreh-Somagh fault, TF: Tunnel fault and ERF: Eastern Road fault.
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Fig. 2. (a) Stereogram showing the trend and dip of the faults. (b) Rose diagram shows the three main fault trends in
the Ahangaran deposit.
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Based on the trend of the faults in the study area, several main faults with an almost N-S trend seem to
be the most essential structures affecting mineralization. These faults are the Darreh-Somagh fault (DSF),
Tunnel fault (TF), and Eastern Road fault (ERF), which are exposed in the western, central, and eastern
parts of the study area, respectively. The study area is divided into four zones based on the trend of these
three fault zones (Fig. 1). The first zone is in the western part of the study area, and the western border of
this zone is the DSF. In this zone, several segments of the DSF have branched off different trends and
caused the deformation of the rock units. The DSF fault, the border between zones 1 and 2, shows a left-
lateral separation with a normal component. The normal component of this fault has caused the
displacement of about 30 to 70 meters of the KI strata. The second zone is located in the eastern part of
Zone 1, the western border of Zone 2 is DSF, and its eastern border is TF. The TF, with N5°W/75°SE
attitude and normal separation, has displaced the strata in the eastern part. The third zone of the study area
is located between the TF (in the west) and the ERF (in the east). This zone is the most essential part of the
Ahangaran mine, and the system of multiple fractures in this zone has caused complex deformations and
rotation of the mineral veins. The fourth zone is located east of the third zone, and its border corresponds
to the ERF. This fault is a significant fault zone that includes several fault segments. This fault zone includes
several normal faults that caused much displacement in the hanging wall block. Based on the structural
interpretations, it is clear that the relationship between mineralization and tectonics is complex in the study
area, and the main faults control the mineralization. The second and third zones in the Ahangaran deposit
are the most important, and most of the exploratory and mining tunnels are located there. Also, the TF and
ERF faults are the most essential structures in the study area. The TF fault has caused the downward
movement of the hanging wall block in the western part that has caused the Kc unit's strata-bound Pb-Ag
(Zn) sulfide mineralization to move downwards in the eastern part, and the mineralization in the footwall
block and the west of the fault to move to higher horizons. Also, the ERF has been formed as a graben
pattern with normal separation due to the downward of the hanging wall block. The activity of this fault
caused the Kc horizon in the footwall block to be placed in higher horizons in the third zone (Fig. 3).
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Fig. 3. Block diagram showing the main faults controlling mineralization in the Ahangaran deposit.

4- Conclusion

The structural setting of the Ahangaran deposit is the Sanandaj-Sirjan zone, and many nappes have thrusted
the older units over another rock mass. The movement direction of the thrust sheets is from the NE to the
SW, and the Orbitolina limestone of the Kl unit is thrusted over the thick-layered limestone of the Km unit.
In the eastern part of the study area, the Koh-Darrehghar fault with a NE-SW trend (N33°E) and a left-
lateral separation has caused a displacement of about 2600 meters. The most critical fault structures in the
Ahangaran deposit area include the DSF, TF, and ERF fault zones, which have divided the study area into
four main zones. The most essential mineralization zones are the second and third zones, and most of the
mining exploration tunnels are located in these zones. With their normal separation, the TF and ERF zones
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are the most critical structures in the study area, which have caused the downward movements of the
mineralized in the hanging wall blocks.
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Fig. 1. (a) The structural setting of the Sanandaj-Sirjan zone in the west of the Iranian plateau (Mohajjel and Fergusson,
2014), and(b) The stratigraphic units of the Malayer-Isfahan metallogenic belt (Rajabi et al., 2012). The location of the
Ahangaran deposit is shown in the NW part of this belt.
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normal faults into reverse faults. (c) The formation of reverse faults with rback thrusts, and(d) The formation of parallel
and reverse faults due to inversion tectonics (Granado and Ruh, 2019).
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48°59'30"E

48°59'0"E

48°59'0"E

Main fault

I N T
0 150 300 600

49°0'0"E

Jo5 TF Glowse,s Jo5 DSF (Lol oS g, @ az 95 b (Lol agy Loz @ (oo 5 anlllas 3,90 allaie 52895 )| gai -A JSC5

el By ool JuS5 ERF 4 Jigs
Fig. 8. Orthophoto image of the study area and its division into four main zone according to the trend of the main faults.
DSF: Darreh-Somagh Fault, TF: Tunnel fault and ERF: Eastern Road Fault.

vy



Y O)L‘Mi: NF 0)50 ALY ULU.MJL’

%

wa . M 5
A0yl Lgoﬁ)lf (5...;L-J o) J,‘,’{'qu/;;aal,

b g JuS 5l (S 4Ll 50 YO ojled b5 (29>
e b JuS 90 ol a3l ygeas, T35F2 g T35FL slo
el e wizr e 5 6505 @iz S 4 0l L
4 o3 oogazme ;0 S 50 (pl g5k ailoass JSS S
Jls s o225 Wgjle TIOFL Ju5 5 oog wgline o
o=l Gl ore Caw @ e wiz ol o)lgsal 3 g anils
5 osSae 5595 T35F2 LS Lol (DY o) el ool
o)lseslp Ssb gyme iz ol UL sly 5 anals oo led
CY - USKs) Sl o0l

2 Sl S ol oass ]S (LS slaasls )l
9 Lwly (5552 9 gy 5edS b g aiie addllas )90 adlaie
- oS 50 Xiles S ol eagass 1o slodory (IS5 T ol
S B,k 5y Jaxe oole S Bl S jo uss il sl
o b ol Oyge a4 JuS aes o plis a5 el albsly
o gl s o .@)) IS8) el oo ,S Jas pdilidess 4l
Otk 0 g 00g (Fams ool by LS ol liul) jo s
S a5 a0 i b5l 9 3)l0 352y albl JuS
DV JSE) sl 0353 5LusdilS” Sl jaue 6l 20

31BN g yol 5o aslllas 3590 dilate ;0 pgd drgy
Gehto ] 9l 5y0 5 Glowsoys S Yaiy 65k 550
oS hol oS sl S gl cnl 5o el Big JuS
ssnlie B (ome Yo Y0 o )lods Bigh (599)5 50 0f 9ei5,
ool @Y USE) ool 0ad (6 SRl Ligs JuS o 4w
S Jlg e A sgam Gialar cel Jbos Gl b s
5 N5°W sgax T sbewl, .ol oo 5,905 Ssb yo (S
DA JSo) ol (5,55 gi oo o a0 VO 350> o
FS 6o pu bojlnnsl 2 Ssly S ol o Shae e @
o Se s Cewlond bula Cewd Gl Coos 4y 50 B0 090>
Sl 0wl G5l Jase odgame 0 wpe (5 LSl
JeSi5 o SSs l s3lse 65N 58 Jig S 0)l59,8
S50 U (g %0 Sle vz Jlog sl olul> ccl a5 ouls
ilodds (6,50 SO
Wy S Sjge & asllhae 390 ailaie ;S Jig5 JuS
ez Jold g ooz o8I L Logos 5 Sl e (LS
Sy pAbodedyy 4 azgil @) JS2) cul (S
s g gl n; 5o (v GleleS Sbs) (b la i
oylge y0 il e e A asdlas 090 ki glo

SR N T

1&& "b' 3 & 58 45 . N

0 )l59,8 Ssly o la SuuSs silge 658 S 5 oS 6515 S5k Jlo i Gz (0) 5 Jigh (LS argy (il (5035, @)-1 S
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