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Interpretive study of geological structures is one of the main pillars of
exploration operations of mineral deposits. Considering the spatial
relationship of vein mineralizations with fault zones, this study has been
conducted to investigate such a relationship in the Zizgan and Amreh
mining areas located in the Urmia-Dokhtar volcanic belt. Faults in this
belt play an important role as the accommodation controller of
mineralization as well as the displacement of mineral veins. The metallic
and non-metallic mineralization identified in these mines is mainly lead
metallic minerals as veins in tuff, andesite, and andesite-basaltic tuff
rock units of the Eocene. Field investigation of the spatial relationship
of mineralization and fault structures showed that the mineral veins were
mainly injected and emplaced under the influence of dextral faulting.
These faults and veins have been cut and displaced by younger sinistral
faults. These results indicate that in the Zizgan and Amreh mines, dextral
and sinistral faults play a significant role in the placement and
displacement of mineral veins, respectively.
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EXTENDED ABSTRACT

Introduction

Igneous activity in the Urmia-Dokhtar volcanic belt,
due to the subduction of the Young Tethys oceanic
plate beneath central Iran, began in the Paleocene
and reached its peak during the Eocene (Stdcklin,
1968). These activities have been associated with the
formation of metal and non-metal deposits in central
Iran (Kazemi et al., 2019). Zizgan and Amreh Mines,
under investigation in this study, are located in this
belt. The accommodation of metallic and non-
metallic ores within fault zones indicates the
importance of structural studies in  mineral
exploration in these mines. Spatial relationship of
faults with wveins, which can control both
accommodation and displacement of veins, shows
that mineralization in these mines is of veins and
often fills fractures and faults (Hosseini and Asghari,
2019). This study aims to perform geometrical and
kinematic analyses of faults in the Zizgan and Amreh
mines, as well as to find their spatial and temporal
relationship with mineral veins.

Material and methods

In order to analyze the relationship between fault
structures and vein mineralization in the studied
mines, interpretation of satellite images and field
mapping has been carried out to identify the relation
between fault structures and mineral veins, as well as
measuring their location and spatial relationship.

The host rock for mineralization in Amreh and
Zizgan mines is located in tuff and andesitic tuff of
unit E_5 of Eocene rock units. This mineralization,
which has mainly taken place along existing faults
and fractures, includes numerous veins of barite, so
galena and lead are located inside a waste of barite.
The veins under investigation in this study are in line
with the general trend of northeast and southeast
faults. Examples of this correlation between faults
and the main veins of Zizgan Mine include vein 2
with the FL5 fault and vein 4 with the FR6 fault.
Most of these faults, which are parallel to the veins,

have a dextral mechanism. Sinisteral faults, however,
have cut and displaced mineral veins and also some
dextral faults. Examples of these vein-cutting faults
are the interruption and displacement of veins 1 and
3 of Zizgan mine by FL2 and FL10 faults,
respectively. Therefore, from the point of view of the
relationship between faults and mineral veins, the
faults are classified into two categories: host
mineralization with a dominant dextral fault
mechanism and sinistral fault mechanisms that cut
and displace mineralized veins with a dominant left-
lateral separation. Such a connection of vein with
sinistral faults indicates the young activity of these
faults in the Urmia Dokhtar belt. This interpretation
can be used as a standard in the exploration of this
vein in the mines of the study area and the belt.

Disscusion

Strike-slip faults, as the main structures controlling
the accommodation of veins, have two different
dextral and sinistral mechanisms. The dextral faults
have been cut and displaced by sinistral faults. Some
sinistral faults have been cut and displaced by other
sinistral faults. Therefore, these faults are younger
than the dextral ones. An example of this is the
displacement of the FL17 fault by the FL16 fault
(Figure 1). Therefore, sinistral faults are younger
than dextral ones. The dominant azimuth of strike of
the sinistral faults is consistent with the trend of the
Tafresh and Kushek-Nusrat faults as the main fault
zones in the Urmia Dokhtar belt (Khodaparast et al.,
2024). There is much recorded evidence on changing
the mechanism of faults from dextral to sinistral in
the Urmia Dokhtar zone. The most important of
which is the Kushek Nusrat fault zone, which is
located in the northeast of the study area (Figure 2).
The presented evidence on the relationship between
veins and faults in the region shows that their trends
are dominantly consistent (Figure 12C). Therefore,
these mineralized veins have been accommodated as
hydrothermal veins in fault zones. In addition, the
changes in the thickness of the wveins and their
disruption by layering indicate that mineralization in
this area is not simultaneous with sedimentation.

Journal of Economic Geology, 2025, Vol. 17, No. 3

DOI: 10.22067/econg.2025.1143


https://doi.org/10.22067/econg.2025.1143

YEYY-oAs  Sog SUILLE Yoo AV 9 Ll L YOY B 1YY aomis VFF o ol YV o83

J,L;:lg’t:c{;

KA Ao https://econg.um.ac.ir

@ 10.22067/econg.2025.1143

Qoo 08900 38 S STy gulos 9 i ST 8 Xl jo JuF sl 48
S G g 0wl 9 Oy )

*T Sl e 2939 dnows

O‘Ji“o“)é ‘u‘)"\"‘:“"—.f c@i&bcq‘i C}bam‘}t&j& wu&:ajo);w\ﬂjwu)‘.{éﬁu%b\

Ol 018 ¢ aibe Sy 7 oSSl carly sl 0dSTais gl e 05,8 okl

o Wlio Sl

3

l.as"_,.w‘ Ls;u\&ﬁ _/..3'\53 Ls?l.f&:f‘ C)l:la& Lgl-él QK}‘}\ WL..L&_@) LSL&)\:&LW L;J:.m.ﬂ s ALAAVARTALS kjl‘.)’é‘.)u
VEFLATY s Sk gl

\FeF/0a/0) .Jﬁu\a_c’v‘)l}‘

S s ek ol e e sladig L 1Sy sla o13aST oLds bl w45
@‘%‘Jﬁ#b—gj)‘@w-‘r@;))éb oJAT}QL?ﬁ)GV\MJLLAJ)&U)\
@lrals 5 @Al (oSNl oS U 25 Olgte 4 pr (B AL S ol s a8

Gl S8 el Oslas ol 3 ods glulid 36,8 5 (g5 Sdme JBT . dijls Sume oS, Sl soils
— AT O 5 T e s (K sladsly 5o 5 1) Sy g0 4 555 5 o pm S50 o G 0l e a S
S sl 5 o155 ol Lol 1 Sl sl dls ks e ) 5L ey sl S
S Sl 5 g s Ficely Wil LS Shos LBl s s, S slb0Ls T 0835 ol
bl 5 o 3 S 50l a8 o g a5 55 Sl la o8 oy iles el

)Jg_a:.';jk};gﬁj)ﬁ@‘)ﬂbbéu‘}_ﬁ«f&w‘gﬂr;bcﬁbv\.:\au\._&
s ol SEE 00T 5 O 55 Gas Gl 53 Sdee sl plrale 5 6,8 sl
J e o g
Sl e

yassaghi@modares.ac.ir &

Wlio pf 4 dbaw!
S bosim ol 508 55 Oslan o3 gdoms 3 Gime Sl (tulis 5 3La S8 o Kol 55 A8 byl 55 VPP o o Sl 5 dam ¢ 3]
https://doi.org/10.22067/econg.2025.1143 NOY-AYY (VY ¢(ealal ol a5 45


https://doi.org/10.22067/econg.2025.1143
https://doi.org/10.22067/econg.2025.1143
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://www.um.ac.ir
https://econg.um.ac.ir
https://econg.um.ac.ir
https://doi.org/10.22067/econg.2025.1143
https://doi.org/10.22067/econg.2025.1143
mailto:yassaghi@modares.ac.ir
https://doi.org/10.22067/econg.2025.1143
https://doi.org/10.22067/econg.2025.1143
https://orcid.org/0000-0002-0984-7721

e 308 55 03lan o3 gdomn 3 Gdme sl il 5 il ST 2Kl 53 LS sl bl iE

Sl 5 >0

Hosseini and ) & ,8 o 5 55 o154 Lol oSz
—opdled digy b el 5 58 gl S (Asghari, 2019
Khodaparast et al., ) ;e ul, 5550wl 3 3, b0 s
s oy 3550 O3lre 028 53 Lol sla bl I (2024
2 S e @S L e b s b eS80 3
Slg s 03 1 bl Sla oy Coonl (oS Slaaigy
b LIS e Ol 95 Oslae oyl o1l SL_2ST)
toa gyl A0S 53 O3lee ol yslaes bl 53 LS, L )8
S U S 1 S plrals U e ,st 5l Asls e a8 s
5615 Oy Oslan ol s 234l S Cl 0T Kby
Haddadpour ) cuts 8 5 b SeSls ouis” g5 5 el
i g emekin o Ea gk onl 5l Coda (et al., 2012
s oomed 3ol 5 O 55 Dslae o3 gdoe 3 a8

sl gidan S LT oy 5 olad bls

o 995
23615 L1565 L A8 glalis L o LUl o (ol
S a5 s 3l 03lianl b 1l ¢ gy 2 35 90 O3las 03 guloms
oS sl 5 ki s 5 o154l Ol e b J—5 (sle )l g2l
derly gl oyl gale pgams ol () JSC8) Sl ous Lalis LT
Sboe Sl o) plonil 53 4l w3 Ol yte 4 S (slae I g e
ol glalis sy 5 L& slajlslo 3305 L 54, 48 @
ol s i lgT L Bl 5 s (5,8 05000
Sl s (Y JS8) Gl o ags iy 2 35 30 03 guloes |
iz Al el a8 g5 el w8 S 50
LT Lol cpomen 5 b Ju b (g5 3l odb il
@lrale by LS sl oS, Ol e 4 Gdas S
LT Guls 5 o fulows ol 3l eslin wl b uls 8 LT
Sl Glaag (ol oy i 5 Sls lac Sl
Gl lu bl olas byl s olaulis 18, Sial8

sl 0k s S

-

dodo
3 5 Il sl 3 5 (glaag sl b (S35 oS
el 1y lsadlS SV 0L Sl 5 S Lol
35 25l Sl e iy e LS cladig xS
Aibes S e H1salS Jlw ) g 1 o Ol e 4 5 s
Johri et) usb acsls Clb 55 1545 L Ol jon SHIL
5o 4w a8 @l 2014; Blenkinsop et al., 2020
5ol oo 50T ) ey 4SS ¢ Gime 03 68 S
Micklethwaite et al., ) ws5 oo Sdrs b, Slral
S oe i wdle (2015; Yildirim et al., 2021
dej)}gj_.ﬂ)\_@lf@mdue\f) Ol pl e s
Ol 53 Crangil ran o gy — N8 T 53T (oS 5 0I5
4 ,> .(Pezeshki Gharache et al., 2021) .l ¢ 5
3135 92 5 ol olan ¢S5 o Ol ol 53 —ase gl (5l
Gz s b o po o8 a8 ol 55 )3T SlaJlad L oS
(el o A Ol 5165 0 01l 25 4 Ol o (e 5L
IS L bac e o) (StOcKIin, 1968) 5,15 LLs )l
Sl odivol jan (658 0 Ol 1 55 58 2 5 68 b, LilS
sy90 0,01 508 55 dae bl (Kazemi et al., 2019)
e 5 las § 515 4 08 ol 53 Rash nl 53 o
S Slanty et S o 31 b gy = SL25T
S Jolt K 1 .(1 JS) s e 1S5 1, 0T Lol
TOU PRI SHPENVR{ I CCQICH Y I Y RN PR oy
S 5 5 S5O Sdee ble cpl s it s &y 3T
ChT 05 (Ko Gladrls 55 e 5 o L3le glo S 6
Hashemi, ) Ulas § 515 (gl I5L - 2505T Doy s
ST un a8 bl JolSS s il gle |57.2015
st (6l L daly b 5 4Bl il JRE s —due)l
@t)scx}\),rsab;,,;uddfk-ﬁ\;;w,'\;bd_@ﬁ
eia Gl g olad LUl sdbast il o5 4w
Ol LT 53,05 5 e sLaaS, L 8

DOI: 10.22067/econg.2025.1143

YWY

Y ooyled (VW95 \Fr ¥ (gslaidl wuwﬁ)


https://doi.org/10.22067/econg.2025.1143

e 508 55 O5lan 03 gudowa > s ) el 5 g5l IS &ng- 33 k}.f slabsle &

Sl 5 )

Digital Elevation Model(DEM) Of Amereh&
Zizgan Ba-Pb

34°31'45"N

Kilometers
00103 06 09 12

34°31'45"N

.g:..w‘o-\.::L;qu@m&ug))h‘}ﬂfQT)ASaijd\f}:jQ:l;uwjﬁé)}ﬁﬂ\ﬂa.lﬁDEM ﬂﬂj.‘ ‘Jﬁ
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identified.
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the NW-trending barite veins. Stereographic projection of the FL6 fault surface containing slikenline , based on which
the direction of fault movement has been analyzed toward southeast. The direction of view is toward north
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Fig. 7. A: Google Earth image of the FR6 Fault and its surface trace in the Zizgan and Amreh mines area, B: view of the
outside part of the western wall of tunnel A, the fault cross-section, fault lenses and S and C shear fractures are visible,
Figure B shows the schematic structure of the fault lenses and S and C shear fractures, the direction of view in figure B
is to the west. The positions of the shear planes are S = 45/205 and C = 70/160, which are shown in the stereogram, and
C: Image from inside the tunnel, show the Riddle fractures marked with a yellow line and the rake angle of the fault
marked with a black box. Zoom in of the fault rake angle inside the tunnel 24 SW degrees and the movement direction of
the missing block is toward southwest.
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Fig. 8. A: Google Earth image of the vein 1 and FL2 Fault in the Zizgan and Amreh mines area, B: Stereographic
projection of the vein 1 and FL2 Fault, C: View of vein 1 and of the vein thickness with an average of 1.5 meters. The
direction of view in the images is toward north.
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Fig. 9. A: Google Earth images and stereographic projections of the vein 2, and of the FL5 Fault in the Zizgan and Amreh
mines area. The FL5, and the FL7 faults are shown in orange and red, respectively, B: the vein 2A and the main FL5 fault
and other faults in the region, and C: the vein 2B and its relationship with the main Zizgan FL5 fault in red and other
faults in the region in orange
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Fig. 10. A: Google Earth image and stereographic projections of the Zizgan and Amreh mines area, vein 3, and its
relationship to the FL10 and FR6 faults. View of barite mineralization with galena ore in vein 3, the photo is looking
northwest, and B: the vein 3A and its relationship to the FL11 Fault. The main FR6 Fault in the projection is shown in
red and approximately parallel to the vein, and the FL11 Fault is shown in orange.
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Fig. 11. A: Google Earth images and stereographic images of the Zizgan and Amreh mines area, of vein 4, and its
relationship to the FL12, FR5, and FR6 faults. Vein 4 is approximately parallel to the FR6 (Amereh) Fault. The FL12 and
FR5 faults in the stereogram are shown in orange, B and C: Perspective and view of the vein 4 with barite and galena
mineralization, and D: Image of limonite and goethite alteration in the vein 4. The viewing direction of the images B to
D are toward northwest, west and north, respectively.
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Fig. 12. A: Google Earth images and stereographic images of the Zizgan and Amreh mines area, the vein 4A and its
relationship with the FL11, FL12 and FR6 faults. The vein 4 is approximately parallel to the main FR6 Fault (in red color)
and the FL11, FL12 faults (in orange color) cutting the vein. Image of barite ore with galena mineralization, View of the
image toward north, B: The vein 4B and its relationship with the FL12 Fault, C: The vein 4, approximately parallel to the
FR6 Fault, is shown in red color and the FL12 Fault in orange color in the stereographic projection, and D: Barite
mineralization in the vein 4
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Fig. 13. A: Formation of the Ridel shear fractures, B: Ridel shear fractures on a principal deformation zone with dextral
kinematics in the Zizgan and Amereh mines area, and C: Plane view of the Ridel shear fractures and their relation to

displacement of the principal deformation zone
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Fig. 14. Rose diagrams of the A: sinstral faults, B: dextral faults, C: both sinstral and dextral faults, and D: all veins in

the Zizgan and Amreh mines area. Rose diagrams are drawn based on the acumulative length of the faults and veins with
certain azimuth.
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Fig. 15. A: Field image connection, and B: Google Earth satellite image of the relationship between the FR6 and FL12
faults in the Zizgan and Amreh mines area
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