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Revised: 24 February 2025 Isfahan city. The host rock of this deposit consists of Middle Triassic
Accepted: 11 March 2025 dolostones, and mineralization occurs in two forms: hypogene sulfide

and supergene non-sulfide. This study aims to investigate the fault
system of the Changarzeh deposit using fractal analysis and field
surveys. So, surface and subsurface field measurements were conducted

Keywords along exploration and extraction tunnels. The results indicate that the
Fault Changarzeh fault divides the study area into two zones: Abanbar and
Fractal Takhtchal, and it represents the most significant structure affecting the
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overall deformation of the region. The northwest-southeast trending
faults control the mineralization within the Changarzeh deposit and are
generally intersected by northeast-southwest trending faults. Fractal
analysis of the faults reveals that an increase in fault density corresponds
with a higher Pb ore grade. The left-lateral strike-slip motion of the
Changarzeh fault has led to the formation of secondary fractures,
including R, X, and T fractures, and also bending along the fault trace
. has led to the formation of duplex structures.
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EXTENDED ABSTRACT

Introduction

The Malayer-Isfahan metallogenic belt is one of the
most important Pb-Zn (Ag) mineralization zones in
Iran, trending northwest-southeast and located
within  the  Sanandaj-Sirjan  structural  zone
(Karimpour and Sadeghi, 2018; Rajabi et al., 2012).
Most of these deposits are formed in siltstones and
carbonate rocks from the Lower to Upper
Cretaceous, as well as sandstones and shales of
Jurassic age. The tectonic setting for the formation of
sediment-hosted Pb-Zn deposits in the Malayer-
Isfahan metallogenic belt was a back-arc extensional
basin between the Central Iran and Sanandaj-Sirjan
zones during the Early Cretaceous (Niroomand et al.,
2019). The oblique convergence between the
Arabian and Eurasian plates, which led to the closure
of the Neo-Tethys Ocean, resulted in significant
shortening, ductile and brittle deformation,
accompanied by the formation of deep basement
faults within an extensional setting (Mohajjel and
Fergusson, 2014). These faults were later reactivated
during subsequent compressional phases, forming
imbricate thrust systems and duplex structures,
leading to further deformation (Agard et al., 2005).
The Changarzeh deposit is structurally located in the
central part of the Zagros orogen and within the
Sanandaj-Sirjan zone. The Triassic rock units are the
most prevalent in the Changarzeh deposit area,
primarily consisting of the yellow and brown
dolomites of the Shotori Formation and the
calcareous shale-siltstone of the Nayband Formation.
Olive and gray shales of the Early Jurassic Shemshak
Formation overlie the Triassic seguences.
Geographically, the Changarzeh Pb-Ag deposit is
located in the southeastern part of the Malayer-
Isfahan metallogenic  belt, approximately 75
kilometers northeast of Isfahan city and about 26
kilometers southeast of Natanz city. Therefore, in
this study, the fault and fracture system of the
Changarzeh deposit has been investigated through
fractal analysis and field surveys.

Materials and methods

In this study, to accurately investigate the fractures
of the Changarzeh Pb-Ag deposit, fault maps of the
mining area were initially prepared using existing
geological maps and Google Earth satellite images.
Subsequently, fractal analysis was conducted using

the box-counting method (Log-Log), where the study
area was divided into smaller boxes, and the fractal
dimension was calculated for each box. The results
of the fractal dimension calculations for the faults
and their density were then compared with Pb grade
data from exploratory trenches. Additionally, field
surveys were carried out in multiple stages to
examine the geometry and kinematics of the faults.
In this context, the mine tunnels and the trenches
significantly contributed to identifying faults
geometry.

Result

Fractal analysis results indicate that the highest
frequency of fault trends in the study area is observed
for the NW-SE (N30W to N35W) and NE-SW (N25
to N30E and N70E to N75E) trends. The plotted
diagrams for the fractal dimensions of the faults in
six boxes of the study area indicate that F and E
boxes have the highest fractal dimensions.
Comparing the fractal dimensions and the
distribution of Pb content across different sections of
the study area reveals that zones F, E, and D, which
have the highest fractal dimensions for the faults,
also exhibit high Pb percent grades. In fact, the
southern half of the study area shows the highest Pb
percent, while the northern half, which has the lowest
fractal dimensions for the faults, displays lower Pb
percent grades. The most important fault structure
influencing the Changarzeh deposit is the
Changarzeh fault with NE-SW trend. This fault
divides the study area into the Abanbar and
Takhtchal zones. The attitude of the Changarzeh
fault is N30E/75SE and a 30° rake angle, exhibiting
a left-lateral strike-slip movement.

Discussion

The most important mineralized faults in the
Abanbar zone have a trend ranging from N10W to
N65W and exhibit a steep dip of 70 to 80 degrees
toward the NE. In this zone, some faults also have
the same trend but with a gentler dip of
approximately 40 to 65 degrees toward the SW and
do not exhibit mineralization. In the Takhtchal zone,
the faults with a NW-SE trend are the primary
structures controlling mineralization. These faults
generally have a strike between N70W and N8OW
and, similar to the Abanbar zone, exhibit a dip
toward the NE. It seems that in both zones, the NW-
SE trending faults are the primary structures
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controlling mineralization, and these have been
displaced by NE-SW trending faults. Additionally,
the NW-SE trending joints have been displaced by
joints with a NE-SW trend. The fault system in the
study area is generally related to secondary or lateral
fractures of the main strike-slip Changarzeh fault,
which exhibits a left-lateral shear mechanism. In the
study area, most of the NW-SE trending faults are R-
type fractures related to the Changarzeh fault zone,
which likely formed during the final phase of the
deformation of this fault. X-type fractures related to
the Changarzeh fault zone have also formed, leading
to main structural complexities. Additionally, T-type

fractures have developed in some parts of the study
area. Also, along the Changarzeh main fault, duplex
structures have formed in the T2 dolostone unit.
These compressional structures developed at the
bend of the main resulted from the left-lateral shear
movement.
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Fig. 1. A: Simplified geological map of Iran and the location of the Changarzeh deposit within the Malayer-Isfahan
metallogenic belt (Tale Fazel, 2023), and B: Geological map of the study area (Zahedi and Rahmati, 2003)
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Fig. 2. The fault network map of Changarzeh deposit divided into six boxes, with the fault rose diagram
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Fig. 3. Logarithmic chart of faults in the six boxes (A to F) within the Changarzeh deposit
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Table 1. Pb Concentration in 43 samples from trenches in Changarzeh deposit

SampleNo. Pb (%) SampleNo. Pb(%) SampleNo. Pb(%) SampleNo. Pb (%)
Ch-Ab-21 20.12 Ch-Ab-34 3.85 Ch-Tkh-9 1.10 Ch-Tkh-20 3.21
Ch-Ab-22 20.41 Ch-Ab-35 2.46 Ch-Tkh-10 17.02 Ch-Tkh-32 6.45
Ch-Ab-23 2.84 Ch-Ab-45 1.10 Ch-Tkh-11 16.41 Ch-Tkh-33 4.25

Ch-Ab-24 18.02 Ch-Tkh-1 8.25 Ch-Tkh-12 1.16 Ch-Tkh-36 6.82
Ch-Ab-25 19.68 Ch-Tkh-2 7.08 Ch-Tkh-13 1.45 Ch-Tkh-37 11.19
Ch-Ab-26 16.37 Ch-Tkh-3 9.45 Ch-Tkh-14 20.03 Ch-Tkh-38 5.39
Ch-Ab-27 7.65 Ch-Tkh-4 6.74 Ch-Tkh-15 19.32 Ch-Tkh-39 7.45

Ch-Ab-28 18.21 Ch-Tkh-5 15.32 Ch-Tkh-16 18.62 Ch-Tkh-40 3.35
Ch-Ab-29 14.51 Ch-Tkh-6 14.62 Ch-Tkh-17 6.74 Ch-Tkh-41 11.12
Ch-Ab-30 12.32 Ch-Tkh-7 15.52 Ch-Tkh-18 512 Ch-Tkh-42 1.17
Ch-Ab-31 8.06 Ch-Tkh-8 17.15 Ch-Tkh-19 1.18 Ch-Tkh-43 1.87
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Fig. 4. Pb Distribution map with faults in the six boxes of the Changarzeh deposit
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Fig. 5. A: Outcrop of the left-lateral Changarzeh fault with duplex structures, B: The outcrop of the Changarzeh fault
zone, C: The Changarzeh fault plane with a 35° rake angle and fault plane stereonet, and D: Outcrop of the Changarzeh

fault plane in the T2 dolostone unit
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Fig. 6. A: Fault zone with N30W/70NE attitude and mineralization along the fault in the Changarzeh deposit, B: Fault
zone with N15W/80NE attitude with mineralization in the Abanbar zone, C: Fault plane with NAOW/65SW attitude and

a 70° rake angle, displaying reverse faulting mechanism and fault plane stereonet, and D: Fault plane with a 65°rake angle
and reverse faulting mechanism with fault plane stereonet in the Abanbar zone
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Fig. 7. A: SC fabric represents a fault zone with a reverse mechanism and no mineralization mineralization in the
Changarzeh deposit, B: The thrusting of the T2 dolostone unit over Jurassic shales due to the activity of a thrust fault with
N20W/60SW attitude, C: A fault zone with N50W/80NE attitude and a 60° rake angle, accompanied by mineralization
along the fault plane, and D: A fault with N30W/70NE attitude and 80° rake angle, exhibiting a reverse mechanism
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Fig. 8. A: Fault plane with N65W/85NE attitude and a left-lateral strike-slip mechanism in the Takhtchal zone, B: Fault
zone with N70W/80NE attitude, with a 10° rake angle and a left-lateral strike-slip mechanism. Cu carbonate silicates
have formed on the fault surface, C: Fault with N8OW/78NE attitude and a 30° rake angle, with no mineralization in the
Takhtchal zone, and D: Thrusting of the T2 dolostone unit over the J1 shale unit due to the activity of a fault zone with

N74W/50NE attitude

w)ja)ydw)awiﬂéu&faﬁmj\}e.uw)ﬂ
Wl s ag 55 Latie 55 55l gl S ogdle .ol
Ogoizmy aig opl 55 55 Sglane ladby, L slae) s sl
wlolw aws g3 aig opl )5 Odae SL2ST gla figs 55 . )ls
—Eadleb g G b s - g pdled cladis) Lo,

s;.ol.a.dj‘ 42w ‘sboj): S il sdal_in JJ.E LS’J&UP

g 53 o B s — g Al Gy L g oS el
A s =S Al gl gl b S S s
w35 s NBOE/TONW Sloi o b Juf wig 5 kit n
A-a JSs) 515 O gais; T2 O g3 domly 53 jo Ve &S5,
S das o 0Lt (S wmis 05 565 S g (B s

3y90 ddbte )3 ) S Eeli db i L, 55w b S oyl

DOI: 10.22067/econg.2025.1126

\ BJLQ.:' Vo9 NFF ‘6bm| g»uw)


https://doi.org/10.22067/econg.2025.1126

e Olgionl = Me G155 A0S 5305 Ko 0,8 5y HLilS” (sla KauSls Julows

OLKen 5 skl

PR CYS ST U RS- WS- JFNCIIN PR U-3 KO-+ S
Sl b sloe 53 bl Wlar i atgy 51 Kos i
NPRVRUNE LN P L3 INE I NP P N P
N30E 6 N1OE -y slwly Lo,y azws égi A g5l SIS
Sl G Osk 5 g,odld Caw s am 370 BFA u b
s bl Sl o) s ol (D=4 JSK8) 3,05 0 e

HPN A g_éf;bf}".' —G;dw Lgt.""") la. L&e)")b

SW

b0 n) (G4 JS8) Lo g3 aiws oo p5 lralr
Sl gl oS s D3y S0l (el sb 4 re 4
s N45E G NI1OE (o Cdsl Jol aws glao s (glwly .ol
033 Ky .ol o, 8dld Caw a3 PO LFY (sl
=)V b ¥ w%3N85WUN60W}:JC}.> s gla
N F bl )3 59dom Sy 1 Ll g fo g e

5 Gl S s s — o E b L, b glae 5o

Glole 53 :C a3 Ve &K, a5 b 8 6K gl B T2 0 md 3 doly 53 o s — 3 adled sliwly b 8 0 5 /AR S

w%;N:ﬂOEUNlOEQﬁsbl)l{aj)bwaiDjdlgw4.'..447):&,bg}}—k;;ridu}éﬁgk—&};]uébd}))‘{aj):

S S Ok 5 g dled Coaw a4y 70 B FA

Fig. 9. A: Fault outcrop with a NE-SW trend in the T2 dolostone unit, B: Close-up view of the fault with a 70° rake angle,
C: Two fracture systems with NW-SE and NE-SW trends in the Takhtchal zone, and D: Fracture set oriented between
N10E and N30E and dip between 48° and 60° toward the NW, and lacking mineralization
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Fig. 10. A: Fractures related to the left-lateral strike-slip fault zone (Fossen, 2010). Abbreviations for fractures are
mentioned in the text. PDZ (Principal Displacement Zone) indicates the main displacement zone, and B: Formation of
secondary fractures related to the Changarzeh fault zone in the Changarzeh deposit. Colors represent different types of
fractures.
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