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Revised: 24 February 2025 Isfahan city. The host rock of this deposit consists of Middle Triassic
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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
Left-Lateral Strike-Slip overall deformation of the region. The northwest-southeast trending
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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 sequences.
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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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 N40W/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 NSOW/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 N80OW/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
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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.

SF e &S 005 Gl g b 5 Al o 1548 1o Sl S 5 dor
Al JE SKailate N S8 S 5 el i s o LS 55 SIS 55 g B b S Ss
w,ﬁ:)fdb&f@\.@\gﬁ‘g-&fﬁ@af% u—-\g‘jQM}JO\{}:&&M\{JL@K&\.J&‘M‘:Q&

DOI: 10.22067/econg.2025.1126 T osled (§o,y93 (8 golabl pulid s


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

QW‘*J{.W&bJ]&Mﬁ)}@)&ﬂﬁ}g)ﬂ)hl{&h@dtlﬂ'

O en 5 skl

4 &S dia il SIS ST 1S ag 93 8 s S SO s
ol ralr o8 O s — S A0t Lg, b sla oS alews

Ble ool
Wl 050l O iy 5 o 5 ilie 5l 48

EIEPEY

Glaail s e gl K Dalae &S5 lalsles
sy G190 A Glaa o (S plnil 5 gl o
i 5 4 e O3l 5 g e 3 im0 i 5
Al ly Slayk 5 S JlS” (golas|

WS r el o 3 35 5 B8 53 LI T ag s 4,
dar 5 by el d st les 3 gl 5305 S S
S oled skl Jo8 Sl ibw 50T S oS >
Sl HLIOT g 53 .l ol |5 b nS 55 aleor
A GV s s NBEW GNIOW o s f—8 o sas
Slwly s ag s .l (B ,5dbd Caw 4 45 5>
A GO s 5 ol NBOW 5 N7OW - Lol s S
Ly b sl ol aig opl 03 il ot B bdled S
S Sl s s 03035 5 o o s = B il
ba o8 513 5 05715 s B3 oz 05 Ua JuS
— o Adls Glaly b gls o il O Sitas o3be Jls

DOI: 10.22067/econg.2025.1126

C ool (Fo,95cFgaliaml wlid )


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

Hajiloo et al.

Fracture Analysis of the Changarzeh Pb-Ag Deposit in the Malayer-1sfahan Metallogenic Belt ...

References

Agard, P., Omrani, J., Jolivet, L. and Mouthereau, F.,
2005. Convergence history across Zagros, lIran:
Constraints  from collisional and earlier
deformation. International Journal of Earth
Sciences, 94(3): 401-419.
https://doi.org/10.1007/s00531-005-0481-4

Alaminia, Z., Tadayon, M., Griffth, E.M., Sol’e, J.
and Corfu, F., 2021. Tectonic-controlled
sediment-hosted fluorite-barite deposits of the
central Alpine-Himalayan segment, Komsheche,
NE Isfahan, Central Iran. Chemical Geology,
566: 120084.
https://doi.org/10.1016/j.chemge0.2021.120084

Alipoor, R., Tale Fazel, E. and Farhani Moghadam,
M., 2020. The role of right-lateral shear zone and
folding-related fractures in development of
Zarshuran gold deposit, Takht-e-Soleyman
complex, northern Takab. Journal of Economic
Geology, 12(2): 131-155. (in Persian with
English abstract)
https://doi.org/10.22067/econg.v12i2.75702

Amiri, B. and Shahrokhi, S.V., 2023. Ore control
factors of zinc and lead mineralization in the
Tangedozdan area (NE Fereydounshahr-Isfahan
Province). Journal of Economic Geology, 15(1):
27-51. (in Persian with English abstract)
https://doi.org/10.22067/econg.2023.79745.1058

Beygi, S., Nadimi, A. and Safaei, H., 2016. Tectonic
history of seismogenic fault structures in Central
Iran. Journal of Geosciences, 61(2): 127-144.
https://doi.org/10.3190/jgeosci.212

Ehya, F., Lotfi, M. and Rasa, |., 2010. Emarat
carbonate-hosted Zn—-Pb  deposit, Markazi
Province, Iran: A geological, mineralogical and
isotopic (S, Pb) study. Journal of Asian Earth
Sciences, 37(2): 186-194.
https://doi.org/10.1016/j.jseaes.2009.08.007

Fossen, H., 2010. Structural geology. Cambridge
University Press, 463 pp.

Ghazban, F., McNutt, R.H. and Schwarcz, H.P.,
1994. Genesis of sediment-hosted Zn-Pb-Ba
deposits in the Irankuh district, Esfahan area,
west-central Iran. Economic Geology, 89(6):
1262-1278.
https://doi.org/10.2113/gseconge0.89.6.1262

Karimpour, M.H. and Sadeghi, M., 2018.
Dehydration of hot oceanic slab at depth 30-50
km: Key to formation of Irankuh-Emarat PbZn

MVT belt, Central Iran. Journal of Geochemical
Exploration, 194: 88-103.
https://doi.org/10.1016/j.gexplo.2019.106455

Maanijou, M., Tale Fazel, E., Hayati, S., Mohseni,
H. and Vafaei, M., 2020. Geology, fluid
inclusions, C—-O-S—Pb isotopes and genesis of the
Ahangara Pb-Ag (Zn) deposit, Malayer-Esfahan
Metallogenic Province, western Iran. Journal of
Asian  Earth  Sciences, 195:  104339.
https://doi.org/10.1016/j.jseaes.2020.104339

Mandelbrot, B.B., 1983. The fractal geometry of
nature (Updated and Augmented Edition).
Freeman, New York, 468 pp.

Meshkani, S.A., Mehrabi, B., Yaghubpur, A. and
Alghalandis, Y.F., 2011. The application of
geochemical pattern recognition to regional
prospecting: A case study of the Sanandaj-Sirjan
metallogenic zone, Iran. Journal of Geochemical
Exploration, 108(3): 183-195.
https://doi.org/10.1016/j.gexplo.2011.01.006

Mohajjel, M. and Fergusson, C.L., 2014. Jurassic to
Cenozoic tectonics of the Zagros Orogen in
northwestern Iran. International Geology Review,
56(3): 263-287.
https://doi.org/10.1080/00206814.2013.853919

Momenzadeh, M., Shafghi, S., Rastad, E. and
Amstutz, G.S., 1979. The Ahangaran lead-silver
deposit, SE-Malayer, west Central Iran.
Mineralium Deposita, 14: 323-341.
https://doi.org/10.1007/BF00206363

Niroomand, S., Haghi, A., Rajabi, A., Tabbakh
Shabani, A.A. and Song, U.C., 2019. Geology,
isotope geochemistry, and fluid inclusion
investigation of the Robat Zn-Pb-Ba deposit,
Malayer-Esfahan metallogenic belt, southwestern
Iran. Ore Geology Reviews, 112: 103040.
https://doi.org/10.1016/j.oregeorev.2019.103040

Rajabi, A., Rastad, E. and Canet, C., 2012.
Metallogeny of Cretaceous carbonate-hosted Zn—
Pb deposits of Iran: Geotectonic setting and data
integration for future mineral exploration.
International Geology Review, 54(14): 1649-
1672.
https://doi.org/10.1080/00206814.2012.659110

Safaei, H., Taheri, A. and Vaziri-Moghaddam, H.,
2008. Structural analysis and evolution of the
Kashan (Qom-Zefreh) fault, Central Iran. Journal
of Applied Sciences, 8(8): 1426-1434.
https://doi.org/10.3923/jas.2008.1426.1434

Journal of Economic Geology, ?, Vol. ?, No. ?

DOI: 10.22067/econg.2025.1126


https://doi.org/10.22067/econg.2025.1126
https://doi.org/10.1007/s00531-005-0481-4
https://doi.org/10.1016/j.chemgeo.2021.120084
https://doi.org/10.22067/econg.v12i2.75702
https://doi.org/10.22067/econg.2023.79745.1058
https://doi.org/10.3190/jgeosci.212
https://doi.org/10.1016/j.jseaes.2009.08.007
https://doi.org/10.2113/gsecongeo.89.6.1262
https://doi.org/10.1016/j.gexplo.2019.106455
https://doi.org/10.1016/j.jseaes.2020.104339
https://doi.org/10.1016/j.gexplo.2011.01.006
https://doi.org/10.1080/00206814.2013.853919
https://doi.org/10.1007/BF00206363
https://doi.org/10.1016/j.oregeorev.2019.103040
https://doi.org/10.1080/00206814.2012.659110
https://doi.org/10.3923/jas.2008.1426.1434

Hajiloo et al.

Fracture Analysis of the Changarzeh Pb-Ag Deposit in the Malayer-1sfahan Metallogenic Belt ...

Shabhriari, S. and Kharib., 1998. Fractal Analysis of
the Nehbandan Fault System. Quarterly Journal
of Earth Sciences, 6(23-24): 22-39. (in Persian
with  English  abstract) Retrieved from
https://sid.ir/paper/433996/fa

Shavvakhi, F, Madanipour, S., Tadayin, M., Rastad,
E. and Kupaei, M.J., 2023. Structural evolution of
the southern Natanz region and its role in the
distribution and concentration of Pb-Zn
mineralization. Iranian Journal of Geology,
16(64): 103-118. (in Persian with English
abstract) Retrieved from
http://geology.saminatech.ir/fa/Article/41438

Tadayon, M., Rashid, H., Salehi, M.A. and Aslani,
A, 2022. Post-Cretaceous structural
reconstruction of the west Central Iranian micro-
plate: Insights from structural and magnetic
fabrics (AMS) constraints. Journal of Structural
Geology, 160: 104601.
https://doi.org/10.1016/j.jsg.2022.104601

Tale Fazel, E., 2023. Geochemistry, mineralogy, and
development constraints of the Changarzeh non-

sulfide ore, southern Natanz: Implications on
tracing of carbonate rock-hosted supergene Pb-Zn
deposits. Iranian Journal of Chemistry and
Chemical Engineering, 31(4): 709-720. (in
Persian with English abstract) Retrieved from
http://ijcm.ir/article-1-1839-fa.html

Tale Fazel, E., Mokhtari Nezhad, E. and Hossein
Khani, A., 2020. Genesis of the Changarzeh
deposit (southern Natanz) in middle Triassic
sedimentary sequence: A typical example of
Pb+Ag Mississippi valley type deposit at
Malayer-Esfahan metallogenic belt. Applied
Sedimentology, 8(16): 139-159.
https://doi.org/10.22084/psj.2020.22711.1256

Twiss, R.J. and Moores, E.M., 2007. Structural
geology. W.H. Freeman and Company, New
York, 736 pp.

Zahedi, M. and Rahmati, M., 2003. Geological map
of Targ, scale 1:100,000. Geological Survey of
Iran.

Journal of Economic Geology, ?, Vol. ?, No. ?

DOI: 10.22067/econg.2025.1126


https://doi.org/10.22067/econg.2025.1126
https://sid.ir/paper/433996/fa
http://geology.saminatech.ir/fa/Article/41438
https://doi.org/10.1016/j.jsg.2022.104601
http://ijcm.ir/article-1-1839-fa.html
https://doi.org/10.22084/psj.2020.22711.1256

