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Abstract

The Band-e-Cherk district is located in the structural zone of central Iran, northeast of the city of
Ardestan, and the Kuh-e-Dom metamorphic zone. The schist units hosting graphitization in the Kuh-e-
Dom metamorphic complex are of Upper Paleozoic (Permian-Triassic) age and include muscovite schist
to graphite-muscovite schist. In the studied area, the occurrence of tectonic activities and regional
metamorphism by creating deformations in the schistose surfaces containing carbonaceous organic

! materials, have provided suitable spaces for graphitization and increase in carbon content. Three

metamorphic zone, Band-e- .. . . . . . . .
Cherk district. principal phases of folding and deformation have affected the schist units. The first generation of folding
E i - 'i'iE (F1) and metamorphism (D1), by creating a foliation (S1) parallel to the primary bedding (S0) and the

O, . axial surface of the fold (AF1), has played an important role in the concentration of organic carbon
= I bl formed during the deposition and formation of graphite. The second generation deformation (D2) is
associated with the intrusion of the diorite body and variations in the dip and strike of the limestone and
schist beds as well as the morphology of the district. The mylonitization of the schist units is one of the
most important effects of this stage of deformation. The third and final generation of deformation (D3)
has been the result of directional pressure, it has been the result of deformation, mainly in brittle form.
The formation of kink band structures (in quartz-feldspar and graphite bands), jagged and dendritic edges
(in quartz and feldspar crystals), subgraining (in quartz and feldspar crystals), undulose extinction in
quartz, recrystallization of quartz and feldspar crystals in the muscovite schist and graphite-muscovite
schist units are among the evidences of this generation of deformation in the district.
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Introduction

Fabric analysis of metamorphic rocks is effective in
understanding the mechanism of formation of orogenic
belts and their relationship to plate tectonics (Twiss and
Moores, 1992). Deformation in rocks is achieved by
many steps that occur at the scale of individual grains.
External factors such as heat, static pressure, subtractive
stresses, fluid pressure and the imposed stress rate in the
rock environment are involved (e.g. Passchier and
Trouw, 2005; Pal et al., 2010; Ghosh et al., 2013). Many
of the dominant fabrics appear to be associated with high
temperatures, which are overridden by fabrics associated

with low temperatures (e.g., Passchier and Trouw, 2005;
Mukherjee, 2011; Barker, 2013). Many metamorphic
rocks have undergone a complex history of burial,
metamorphism, metamorphism and uplift, and many of
these steps in the chain of processes may be related to the
last fabric. The Kuh-e-Dom complex is located on the
eastern margin of the Urumia-Dokhtar magmatic belt and
the western part of the central Iranian subcontinent. The
oldest rock units of the Kuh-e-Dom metamorphic
complex are of lower Paleozoic age, at the level of
greenschist and phyllite facies, with interlayers of
crystallized limestone. Recently, the mineralogy and
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mineralization of graphite along with schists in the Band-
e-Cherk district have also been studied (Ghasemi Siani et
al.,, 2024). In this research, the microscopic and
macroscopic structural analysis of the metamorphic
rocks of the schist zone in the Band-e-Cherk district,
located in the Kuh-e-Dom metamorphic zone, has been
carried out. Based on this, metamorphism and
metamorphism are related based on mineralogical studies
and microstructures controlling graphite mineralization
in the Band-e-Cherk district.
Materials and Methods

In order to study the microstructures in the Band-e-
Cherk district, seventy microscopic sections (thin
polished and polished) of metamorphic schist units
collected during several field surveys were prepared at
the Microscopic Section Preparation workshop of
Kharazmi University of Tehran. After preparation, the
samples were examined using a ZEISS Axioplan 2
microscope at the Optical Mineralogy Laboratory of
Kharazmi University of Tehran and the Iranian Mineral
Processing Research Center (IMPRC).
Results and Discussion

The main metamorphism that has created the structure
of the Band-e-Cherk district is ductile metamorphism,
the effects of which are manifested in the form of
mylonitization of rocks, extension of dominant mylonitic
foliations and other shear zone fabrics in rocks. In
addition to ductile deformation, brittle deformation is
also widespread in the Band-e-Cherk district, the effects
of which can be seen in the form of micro-fractures, veins
and veinlets of graphite. The schist units of the study area
have been affected by three main phases of folding and
deformation. The first phase of folding during regional
metamorphism (M1) and the first generation folding
event (F1), which are the first tectonic movements, are
located in the area. The folds of this stage are often close
to the parallel ridge or the axial surface is almost
horizontal and their axial trend is predominantly NE-SW.
This stage of deformation (D1) eventually forms the
mineralization along the foliation. The second generation
metamorphism  (M2) is observed as contact
metamorphism around the intrusive body, the time of
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occurrence of these processes is different and related to
the intrusion of the diorite body. One of the most
important results of this stage of metamorphism is the
mylonitization of the rocks in the area, which has created
ductile shear zones in the folds. This stage of
metamorphism (D2) has produced massive and lenticular
mineralization in the schist units in contact with the
diorite body. Using these Raman spectroscopy studies,
Ghasemi Siani et al. (2024) estimated the temperature of
graphitization in the schist units of the Band-e-Cherk
district to be about 436°C, and equated this with the
temperature conditions of the greenschist metamorphic
facies in the commentary. The third and final phase of
folding (F3) and deformation (D3) in the study area is the
formation of kink-band structures in the Muscovite schist
units in the western part of the district. In addition, under
the influence of tectonic processes (D3), these units,
together with the schist units, have been strongly
fractured and jointed, and the quartz and alkali feldspar
crystals have acquired a coarse and jagged texture.
Undulating extinction and subgrading in quartz is well
represented in the schist units under the influence of
tectonic forces.
Conclusions

In the Band-e-Cherk district, the occurrence of
tectonic activities and regional metamorphism, creating
deformation in the schistose surfaces containing
carbonaceous organic materials, have provided suitable
spaces for graphitization and increase in carbon content.
Ductile deformation is the most important deformation
occurring in the Band-e-Cherk district. The effects of this
deformation include the creation of microcracks,
mylonitization and expansion of the dominant mylonite
foliation in the rocks. Three main phases of folding and
deformation have affected the schist units of the study
area. The first generation of folding (F1) and deformation
(D1), by creating foliation (S1) parallel to the axial
surface of the fold, has played an important role in
concentrating organic carbon and creating graphitization
in the district. This deformation phase was mainly ductile
during the regional metamorphism of the greenschist
facies (M1), which is considered to be the first tectonic
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movement in the Band-e-Cherk district. These foliations
are associated with changes in orientation, thickness, size
and mineralogical composition, as well as the formation
of lenticular fabrics in the alternating bedding of graphite
(dark) and quartz-feldspar (light). The mechanisms
involved in the formation of these foliations in the district
include recrystallization and directional growth. The
second generation of deformation (D2) in the Band-e-
Cherk district is identified in terms of generation of
fabrics such as, recrystallization and orientation of new
grains and finegrains in the quartz-feldspar crystals
present in the schist units. The most recent phase of
deformation in the Band-e-Cherk district is the third
generation deformation (D3). The third and final phase
of folding (F3) and deformation (D3) in the study area
occurred as brittle deformation. The formation of kink-
band structures (in the alternation of quartz-feldspar and
graphite bands), jagged edges (in quartz and feldspar
crystals), subgraining (in quartz and feldspar crystals),
undulatory extinction in quartz, regrowth of quartz
crystals and feldspar in the muscovite schist and
graphite-muscovite schist units are among the evidences
of this generation of deformation in the district.
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Fig. 2. Simplified geological map of the Band-e-Cherk exploration district (with modifications from Sharkovski et al., 1981).
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Fig. 4. a, b and ¢) The formation of quartz lenses and veinlets within the metamorphic rocks; d and e) Outcrop of crystalline limestone

associated with the Kuh-e-Dom metamorphic complex in the western part of the Band-e-Cherk district; f) Contact of shale with marl
and limestone; and g) Altered schist in the lower part of the marl.

\2Y


http://dx.doi.org/10.22034/KJES.2024.10.1.106633
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.7.9
https://gnf.khu.ac.ir/article-1-2899-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.2538449.1403.10.1.7.9 ]

[ DOI: 10.22034/K JES.2024.10.1.106633 ]

e GBS s laasly (S5 pBg % g (SSleeeihy (s

oIy 43 WIazE S 8 el egaza o SwigiST OS>
o3in 3 ST L3 el 5 o5 1 o5 s B3gome (s
8 (MD) (555,55 al> po (sl bawsgs o] LS5 45 (S0) 095 o0
5 ooyl 5 0ols ) sl S50 4y (DL) S5 55 al> e ) 5
S50 5l Al o ol glayer il s ol glag b
el Al o cpl Gl Cuw | oo sdmline S 2o bogame o
s Sigy 9 S & 8l L5 (6590 i b (3l b s
@0 JS3) 0o by (B les M sl Ll
339 g7 g (S5 g9 5l g 009 I S (0l (15
L) Jsl Jas 355 55 ol s 5155 1 25} o
U5l Jd eSSt el 5 o (slagors g% 5 51 2
ol Sy gl Slilse 4y S1) sl Jd (S15S 2 olml 5 (FD)
Sl lS Sulgr el 555 5 ST moha sl o lopez
sl Kdbogsr cwlond g b oy o oK
Sacl ladiged (2 )0 Cuig g CagoSame ol aiils (glazi o
30 S5 ol A cul gl il ou il al e S ol
w2 50 9 canaY b sslse (mr slaJb pla ole s
5 DS bl | sy Lis oot alowl slo as, S adad |, o]
2 (D) I 8o 5l als e cpl cw] gl Fo b (ISs S Sl
£90 J—d a2 oo oS3 1) (T )le5  slasal o ol5ails coles
(55585 3355 G135 S yabna iS55 S0 4 (M2) s 5
b Lo, o g Sglie oty 0l 485 ol 45 g so sanline
2 etz Olydd (Sh)md 895 S9a Ll (L0500 B33 93
03,5 sbmyl ailate (535058590 55 5 Sl sloay olwal 5 o
b S sS (sdsi 5355 gy 8l § dlaie &yl oS olSin il
Slbl 33 509,594 (Ko slaacsarme (9)0 4 (S35 S
Ol 3985 g (loj sl 00,5 ool (3 yglme (95,5 alle 055
L5 5 slay gy .l (D2) pgo 5 (D1) Jol IS )55y 0055
45 098 (o6 g e dllate (SO 55 0n Jupad (D2) pgd Jous
L «S2) pg> s SN5S 2 5 (F2) poo Jod sz St sy

\PY

5 g Ls b

Sbaly 55 o5 iy bogamme 4o ead plowl (g il lallas
2 (5,5 Jah daae lajls r-'l-‘ Bl il ygeis
3 a8l geis; (S la JIg o5 55k 4 (el 035000
o0ls Cewd 1y 0g5 adel (o i g ol sl oyl J.,.,bk,ou RPRE
) Sslie sl 5 o )lis L b alides (Sojslsid slaosy
5 0095 ey sadolm! JSE 55 S 5 g5 Sl 03,91 3925 4
Sl masly  oyan LSS 5 i IS5 (slaISh 5 gl
ot sl 03505 olam) |, egite oSy b 5 bo,lis Lo b Cilisee
03,91 Sgzg 4y |, S zmans bogamme Sl S IS 555
O ik O 0 & T BT a8 ol Ry ISl US55
oGl Koo g sk I (SIS S oS
WSy B3gaze ;3 Cuw | 0oged el b Kiw o & 5 sleaiy
453500 S 50 LSS (IS S0 pdy KA (IS 50 edle
B 5 SleS ) 5 la SiS s S5 &30 4 ] U]
g g0 0ddline s laasly busS alad

SIS 5 4 o F ot s G555 Slo K
b s, U oK ol i i delllae 5,50 b0gumxe 4o slaml
Ghasemi ) ol,5a 5 Sl (comsld .loads (455 )50 jauw Connds
sles oylely (rwcal Sldllas 5l oslanwl L «(Siani et al., 2024
3932 |) S 2 ahy Bagazme (und ljee slaazly yo b SIS
elos bl i Jolas ) o1 5 050; fuess ol 5 il ax 0 FYF
S50 GlaSiw wiid S )0 e Cemsd (G553 85k
S (oo o adlate Sl S W) 5l poogS dsgere (S
4 B o (SIS 381 00 o 551 055 Sl G305,
slasly . cos losalin o LB oogame (Byd Jlod jidu 10 ()
5 SOz shol 16w b aalllas 350 5390000 Suced
S b s S S 6 8T I s
sl oS (FL) Jol J—id (50,05 0ne7 Sl gy s MD) (lag >l


http://dx.doi.org/10.22034/KJES.2024.10.1.106633
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.7.9
https://gnf.khu.ac.ir/article-1-2899-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.2538449.1403.10.1.7.9 ]

[ DOI: 10.22034/K JES.2024.10.1.106633 ]

s RS (et lassly (o pls i 5 (SEleimei ) o

ool ubooms a8 sloasly (puimen (N 50 f
5 7155 laysh g oo I 0 505 ot 4y (D) (Seigs
Slas |y (Fas o Fole 5 @lalis b o pie cdl jLawals JISIT
o Ay S o S5 de s (B A JS8) wias e
D Gl (B iy 5 e Bib 4y laa Sl 5l pdy S
Bogamme (b 0 Ay 4o Jix e (Zhou et al., 1991) vas o oylis
S 50 ol Ll gl o cdwline Fasg 4 > pl (S zan
g p ogee Slily ;0 (SIS o iy )15 5l i 9 08
4 ks (2 (M3) Sls G555 b 4o b (il (o2 3
B oo cel (SigiST (slog i ol 0095 Ol > 51 i Sl e
il (9o (o 9> lo gy cal ply 5o FleS plle slash
(Brittle deformation) Ls 5w, )50 o)l lid ayawd b s
SSzsS slaysl 4 ol o g b o pyals ((SaBo5 L
Cawl 03,5l uay Sow ;o 1y o pan b (39l 28l g oo JLoo
<ébL .e.g., Stipp and Kunze, 2008; Ghosh et al., 2013)
Passchier and ) ceul aails ;0 &yl oo ) Lid (o

(Trouw, 2005

a1

3 @pfJled G A A BFe ol o F B0 sl |
90,50 |y wgSae glaal olas ) sl oad cawnd slaasly
Sroerr —2pdled g (2,8~ B0 Mgy Lo 4 ksl
3 S tawload 82 5 ST &yt ol ig) 50 pid el
S (s il (AS,50 5l al> po l BT oy pietes
JSas oz Jb o ) p R JSE (o8 p laagy & ol adlate
5 sloog Sl ls (D2) IS i85 5l al> e ol .ol sols
03,51 93y (Shay3 8358 yglome (Tend ooy o Iy S s oe
A0 oo St S yzaiy bogase jo |, cudl S oAl el
oy (D3) po—w dl>y0 IS5,5s.d gC b -0 i)
S o1 5 ol Gla,ile 4 sl dilate (o 04> ge (S S
S5 S5599)50 G5 KD s 5 00l 000 (ygeiS (plidle 5o
G255 9 (F3) (Fo)93 0z Sbb g pow Ul ol adlaie
g sl ol &yeo 4 axllas 5,90 83g0e 4o (D3)
5 CageSmme slaaly ,o (Kink band) wbsus

P&l
S F0 56l ol o sl ol S yzan bagase oy Lo

€ -0 JS&) el oo 5L o sla,lid i o 59,55 ez g


http://dx.doi.org/10.22034/KJES.2024.10.1.106633
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.7.9
https://gnf.khu.ac.ir/article-1-2899-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.2538449.1403.10.1.7.9]

[ DOI: 10.22034/K JES.2024.10.1.106633 ]

s lecdlE s sloasly (SO s g Seleaein, sy OHles 5 (gl cosld

Kink band in

muscovite schist unit
e -

74
Ll
\
|

s (59,55 oz (555700 phaw iloals ol (F1) Jol Jus (soipuz «S 2o bogaze o sraxly o Soalins slog s o Sles 3l jo @ -0 Ui
po B M50 F& il ogee S1) Jgl Juus (5,155 olaw 2 (AF2) p5o Jud (50,55 (nez 55700 gl Censl 0 (F2) pgo s glogrezr JeS5
e 697 gl ol o Cnl o s CoggSins (slaaxly 1o WLSELS sl sl slxl g0 (D3) (ASs 55 5 (F3) (55,55
@a.w .AF2 ¢J5| J.w.} (;)PU"’ Fl ¢J5‘ J.w..; ‘;)‘;Jg Sl :‘_g)l.»a.:.’}‘ ‘1,3)19 | .)5.0.9 (Sl) J5| Jm} ‘;)‘;J.) Cs.‘a.w » (AF3) o J.m..; ‘;b)}’i

Py o (50,95 (e )97 s AFB 9ol (59,95 ez 597
Fig. 5. a) As a result of the action of dynamic forces in the tectonic units of the Band-e-Cherk district, first generation folds (F1) have
been formed. The axial plane of the second generation folding (AF2) is perpendicular to the planes of the first generation (S1). b, ¢
and d) The effect of the second deformation phase (D2) has caused a change in the plane of the first generation folds (S1) and the
formation of the second generation folds (F2). The axial plane of the second generation fold (AF2) is perpendicular to the planes of
the first generation (S1). e, f, g and h) The third phase of folding (F3) and deformation (D3) has created kink band structures in the
Muscovite schist units. In these structures, the axial plane of the third generation fold (AF3) is perpendicular to the planes of the first

generation (S1). Abbreviations: S1: first generation foliation, F1: first generation folding, AF2: second generation folding axial plane,
AF3: third generation folding axial plane.
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Fig. 6. a) Tectonic forces have caused subgraining in quartz mineral; b) Recrystallization and formation of a jagged edge in quartz.
Tectonic forces have caused subgraining and jagged edge in quartz minerals. The images were taken in transmitted light.
Abbreviations are Qtz: quartz, Afs: alkali feldspar, Ms: muscovite, Op: opaque mineral.
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Fig. 7. aand b) Correspondence of subgraining with bulge recrystallization (BLG) in quartz, and ¢) Correspondence of formation of
polycrystalline quartz vein as a result of dynamic crystallization of the SGR type in the direction of orientation and in accordance

with the formation temperature of graphite in the Band-e-Cherk district. Photographs were taken in transmitted light. Abbreviations
are Qtz: quartz, Afs: alkali feldspar, Ms: muscovite, Gr: graphite, Op: opaque mineral.
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Fig. 8. Microscopic images of the occurrence of foliation and folding in the Band-e-Cherk district. a and b) Folded layering SO
(horizontal primary foliation) along with S2 spaced foliation (almost vertical secondary foliation) which is extended in alternating
graphite (dark) and quartz-feldspar (light) layers. The axial plane of the first generation fold (AF1) is observed together with the first
generation foliation (S1). The axial plane of the second generation of folds (AF2) is visible perpendicular to the foliation planes of
the first generation (S1), c and d) The axial plane of the first generation fold (AF1) coincides with the first generation foliation (S1),
which consists of alternating layers of graphite and quartz-feldspar. The second generation foliation (S2) also coincides with the
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axial plane of the second generation fold (AF2). e and f) The secondary foliation (S2) in the studied area, which was created from
the separation of quartz-feldspar and graphite minerals on the edge of congresses, is observed horizontally. In this foliation, S1 is
parallel to SO. Alternating layering of quartz-feldspar and secondary graphite (S2) has the same and uniform state, which is harmonic
in horizontal planes. Alternating layering of quartz-feldspar and secondary graphite (S2) has the same and uniform state, which is
balanced in horizontal planes. In these images, the composition and size of the grains are different in the layers. Microscopic images
were taken in transmitted light. Abbreviations (Gr: graphite, Qtz: quartz, Ms: muscovite, Afs: alkali feldspar, Ep: epidote).
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Fig. 9. a) The formation of kink band and bending in the quartz-feldspar bright bands and dark bands of carbon as a result of tectonic
stresses; b) Strong plastic deformation in the schist, alternation of the quartz- feldspar bright bands and dark bands of graphite; c)
The en-echelon structure in the bands and veinlets of quartz-feldspar and carbon, due to the application of stress (shown by the yellow

arrow), these bands have been deformed. Dashed lines mark the en-echelon range. Images were taken in transmitted light.
Abbreviations (Qtz: quartz, Afs: alkali feldspar, Gr: graphite, Ms: muscovite, Ser: sericite, Op: opaque mineral).
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Abbreviations (Qtz: quartz, Chl: chlorite, Afs: alkali feldspar, Ser: sericite, Gr: graphite).
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Fig. 12. Protomylonite structure in the schist units of the Band-e-Cherk district. a, b, ¢ and d) Coarse crystals of calcite and quartz
are placed in the form of lenses with the structure of protomylonite between the orientation of subgrains and aggregates of
microcrystalline quartz-feldspar and muscovite. Image d, taken in transmitted light. Abbreviations (Qtz: quartz, Cal: calcite).
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