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1-Introduction

The Chaharston-Deshwan fault (CDF) is located in the northwest Salmas of northwest Iran. The rock types of
the CDF are consist predominantly of micaceous schist and lesser amounts of quartzite, mylonitic amphibolite
and gabbro, metabasalt and basaltic flows. This area is part of the shear zone—a structural map showing
different mylonitic rocks in the CDF area. Mylonites form in response to high strain rates within deep ductile
shear zones, extensions at a depth of surface faults, thrusts and fault breccias (Trouw et al., 2010).

The unit is entirely within the amphibolite zone of metamorphism. Hand specimens show reaction rims of
staurolite and muscovite around andalusite crystals, suggesting localized secondary metamorphism. This work
focuses on structural and metamorphic evidence within the CDF area to support a detailed analysis in an area
where potentially significant contributions to understanding regional deformation and metamorphic history can
be made.

2- Material and methods

Deformed rocks are a few direct sources of information available to reconstruct tectonic evolution (Haji
Hosseinlou, 2016). Observations on the microstructure or fabric of rock, specifically in the thin section, can be
used in two major fields. In this region, retro fabric studies help understand the deformation mechanisms,
stresses direction, and deformation history reconstruction. Hand specimens for structural studies should be
oriented in the fields by marking the dip and strike of a specimen’s planar surface on that surface. A thin section
was cut parallel to stretching lineation and normal to the foliation (Passchier and Trouw, 2005). The aim of
structural and retro fabric analysis of the Chaharsoton-Dishwan fault area is a complete description of the rock
mass to elucidate its kinematic history.

3- Results and discussion

Field observations and microstructural analysis have both confirmed and provided insight into the deformation
and metamorphic history of the CDF area. Kinematic indicators, contrary to regional deformation, suggest the
presence of larger-scale structures. The structures and microstructures formed in this area are: Z-shaped and S-
shaped asymmetrical folds, shear fractures, S-C shear band, mica fish, mantled porphyroclasts, microboudinage,
stretching lineation, mylonitic foliation, crenulation cleavage, refolded folding, en-echelon veins, sheath fold,
isoclinal fold. In the CDF area, microscopic and mesoscopic structures are found in various rocks: mylonitic
schist with a & type mantled porphyroclast of K-feldspar, rhomboidal shaped pyroxene fish, and sigmoidal
shaped mica fish, crenulation cleavage in talc schist, microboudinage of quartz in mylonitic granite, and
microboudinage of feldspar in mylonitic schist, folding of badinage feldspar layers, sheath fold in mylonitic
amphibolite rocks, isoclinal fold in mylonitic gabbro and gneiss amphibolite rocks, Z-shaped drag folding in
gneiss amphibolite rocks. F2 upright folding of S1 schistosity is well documented, indicating later shortening
deformation (D2). Another structure commonly observed in this area is minor folds and some refolded by F3
folding. F3 folding was observed at the mesoscopic scale as variations in foliation direction and F2 axis
lineations. Evidence that F2, crenulation cleavage, and quartz vein folding developed during the same
deformation event is supported by the substantial similarity of the trend and plunge of F2 hinges towards the
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northwest. The sense of shear appears to be a strike-slip instead of a present foliation dip. Samples collected for
kinematic indicators were collected where foliation dip was sub-vertical. Microscopic and outcrop scale shear
sense indicators, in the Gobeh, Diralisu, Chaharsoton-dishware, and Golan areas show good evidence for a
dextral sense of shear. In this area, reliable shear sense markers in high-grade shear zones are shear bands,
mineral fish, mantled porphyroclasts, sigmoids, and asymmetric boudins (Passchier and Coelho, 2006). The
sense of shear in each of the shear zones was determined using mesoscopic and microstructural criteria.

In the CDF area, structural and microstructural features are evidence of both ductile and brittle deformation.
Outcrops of ductile shear zones and brittle structures show strike NW— SE similar to ophiolite outcrops. In the
CDF area, mesoscopic and microscopic scale analysis was carried out to determine the area's deformation
history. According to this, foliation and lineation structures are measured based on field studies and statistical
methods. Then fitting structural models were offered for each of them. According to the results, it can be
concluded that four different deformation phases (D1-D4) were efficacious in the formation of the analyzed
structures. The CDF area contains both dextral strikes - slip fabric and ductile reverse sheer fabric. The CDF
area was deformed during dextral transpression.

4- Conclusion

1- In the study area, the extreme mobility of thrust faults caused intense crushing of the rocks and the formation
of various shear cataclastic fabrics and joints. In addition, microscopic and mesoscopic evidence shows that the
faults cut off the ductile sheer fabrics.

2- The orientation of stretching lineations (NW) correlates with mylonitic foliation strike direction (NW-SE).
These directions showed the extensive strike-slip shear movement on the Chaharsoton-Dishwan fault.

3- Kinematic indicators such as asymmetric and rotated porphyroclasts and S-C fabric throughout the field area
indicate that dextral deformation occurred within the CDF area contrary to regional deformation displacement
along with the CDF system support evidence for the CDF system as a dextral transpression tectonic regime.
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Fig. 1. (a-e) Method to obtain an oriented sample from an outcrop and an oriented thin section from a
sample. A sample for structural studies must be oriented (Passchier and Trouw, 2005).
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al., 2017).
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Fig. 7. Structural map of the study area.
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Fig. 8. (a-b) Fault gouge in Gobeh area, and (c) Fault gouge in Gobeh- Golan area, width of view 1 mm,

(XPL light).
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Fig. 9. (a-c) Slickenlines on Chaharsoton-Dishwan fault shear surface, photo view (a): N330% (b): N306°,

(c): N304°, and (d) Stereographic projection of slickenlines plunge and trend on Chaharsoton-Dishwan
fault surface.
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Table 1. Slickenlines plunge and trend on Chaharsoton-Dishwan fault surface.

No Trend (degree) | Plunge (degree)
1 335 18
2 300 12
3 335 12
4 292 14
5 290 16
6 345 28
8 335 24
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Table 2. Faults coordinates of the study area.

No Fault name Faulting mechanism | Strike Fault dip
1 Chaharsoton - Dishwan Thrust N60°E | 25°NW
2 Gobeh Thrust N8O°E 18°N
3 Golan Thrust N40'E | 75°SE
4 Diralisu Thrust N40°E | 40°NW
5 Pakachik Thrust N55°E | 45'NW
6 Babaomar Thrust N40°W | 50°NE
7 Orban Dextral strike slip E-S -

8 Babaarzan N60°E -
Dextral strike slip

No Dip Dip Direction FAULT NAME
1 25 330 Chaharsoton-Deshwa
2 18 350 Ghobah
b 3 40 310 Gholan
4 45 325 Dirali
5 50 310 Pakachik

S

casdllan 350 dilate ) oil, sla uS ol g Slnio geu i =)+ JSS
Fig. 10. Draw planes and poles of thrust faults in the study area.
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Fig. 11. (a-b) Exfoliation joints in Gobeh Lashgaran, photo view N275°.
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Fig .12. Rose diagrams of joint strikes in the study area.
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Fig. 13. (a) Z-shaped drag folding in gneiss amphibolite rocks in near of the Chaharsoton- Dishwan fault
zone, dextral shear sense, (b) S-shaped folding foliations in east of the Pakachik area, dextral shear sense,
and (c) S-shaped folding foliations in the Diralisu area, dextral shear sense.
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Fig. 14. (a) Isoclinal fold in mylonitic gabbro rocks in the Diralisu area and (b) Isoclinal fold in gneiss
ampbhibolite rocks in the Chaharsoton area, Photo view N330°.

-

Dbl o Sy oy gg cgue po dilaie 5,0 Jlad o

gk sodgal 15 (B ez V0 S5

Fig. 15. Sheath fold in mylonitic amphibolite rocks in northeast Diralisu area, dextral shear sense.
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Fig. 16. Refolded folding [Type 3 interference pattern; Ramsay and Huber (1987)] in the Chaharsoton-

Dishwan area.
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Fig. 17 (a-b) Mylonitic schist with a & type mantled porphyroclast of K-feldspar (centre) from Golan area, in
this area, often mantled porphyroclasts show stair-step. Quartz ribbons above the porphyroclast (a) and and
bottom the porphyroclast (b) are boudinaged. Section parallel to the stretching lineation and normal to the
foliation. Shear sense in all photographs is dextral (XPL light).
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Fig. 18. (a) Rhomboidal shaped pyroxene fish from Golan area and (b) Sigmoida shaped mica fish from

Chaharsoton-Dishwan area, Section parallel to the stretching lineation and normal to the foliation. Shear
sense in all photographs is dextral, (XPL light).
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Fig. 19. S-C shear band and mylonitic gabbro with a ¢ type mantled porphyroclast of K-feldspar in the

Chaharsoton-Dishwan area.
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Fig. 20. Crenulation cleavage in talc schist from Golan area.
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Fig. 21. Rose diagram of the mylonitic (a) foliation and (b) lineation directions in the stutdy area.
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Fig. 22. Orientation of the foliation and of the stretching lineation in the study area.
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Fig. 23. (a) Microboudinage of quartz in mylonitic granite, north Orban, (XPL light), (b) Microboudinage

of feldspar in mylonitic schist, Golan, (XPL light), and (c) Folding of boudinaged feldspar layers in
amphibolite, northwest Orban.
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o S s = g Jled iy o By s Jlesl Siles Exy

P88 506 g GlacedSy g i olagasls ail
aibie Sghe Consd 5 95 Slaciw ;3 asllhae 590 ailaie
liwly jo (Fad ol Jol> ol (o0 a5 358 o0 oS H985 &
Sgee sbiwly j3 (Sad olisS aslsl 5 lie 51 cpl.cadls 55
s eom Bricg — 08 Jlad slial) )35 (Bp 09 2
~SIS R Ol SSA5s Jus (nl jlead JeSas sl sl
S10)l55 5 Glmio (F5,565 uz S50 el sbml gle XS slo
g aS, opedy dadlae 550 ddhie lacwnd 25T 5 |
Aloads adgi kg K55 ol (b D slagye
el re ool 3o Wl Bp 092y S ole B slagesr eSS
9 oXigrbe SSK25 pl (b 50 s lapnog bl JSB 5
S2 (555 iloas Jol> (84S, SoniS) laas, IS 5o
Sl 5 G (Slshs sl ddhie j0 0px (SIS n
loads JSis odig iy K550 dl>pe ol (b o Sudshee
8,58 ol Jele a5 00 F 0 adrin g sl waled olul
035 NNW sliwly 1o b 1S 530 slaiel &5 > 51 o356 sl s
5o Blued g gl o gl Sl dnng 4 a5 cul
ol 00l yorie

SR - LSS (e 095 b KB5S ey D3 S5 5 56
— ot Jled sliuly b (h)led sl olpen (B 095 50 pdy
S5l olml Jelse abor 5l Gl 1) (B0 s
= 0 b glesly o 0y i Jlesl [l g 0508 g
2 3s9 See 5 09,55 (e Slade e Alliee (B0 s
wonies olas ol dilaie (Sighes slocudgaiel slaggeis)
Sype PP 0 weSae Shp slaggy s aylisle cnl oSS
ashis o S5 50 5l als el lo 5B K 5l ail e s
O 455l il (0 S g5 SlaTS,05 e adllae )50
55,5 ood ealie (5,970 ghaw (155 0 bl 5l 6 Ul e b
SS)5 56 03T Dy pilar (IS5 56 :Da (IS5 58
—aF, slonl sl 45wl o anlllae 50 adlaie o w35 & jg0
oo Oy adlae 5y50 ailie 98 Glaggeis; o ibn sle
g Cead (S8,50 5 cnl sl (BB e Ol (o8 &S s
G czge g 039 SSgieie g b e B cal g

oYy

S awd oo s adhaie (§yeg)bgs) g Sywegss) Slallla
GO o O)l2) e S o)l Ll jo (ol (Sudshe
o)l nl 5l hses 0> 2 s Gk S P LY o lid gaz o Ve
(Cgmial Sganl gojlusn; bulyd) cudgndal o)lus; o
4 4>4 L (Khodabandeh et al., 2002) <ol osls s,
Sy dibie oyliilogy, 5 o sl Sldlas ) alols Sledb)
sled g5 5l oo alol> sl sl a5 395 o0 pamie agh
e 3L aS sk 4 anilioe b sles g5 5l e g VL
MM o Sl s @ Gl Yo slos sla,bsle
O S)l5 g (St i bmals 5 3)leS lanly (5995
3l 52 8 (el (adISg 5850 (slalisle dalwals
S0l 59,0 G (53,55 az ey b lewals JISIT
Ol adlie (nl )0 b sles slaylisbe (n St 5l oS
slecuwisho 0 Glawald ool dashd - dshad glacudSg,08,4s
9 bwals Suslus as o5 (Trouw et al., 2010) aikis
2,5 0yl 0 5 5158 )0 (2ae (Shgels lsS
Jebo5 g (2o Gl (o p g 0ol adlllae SHL ablie (Wlul
moo 1y addllas 9,50 ashais ol aKws 5 ol e slaosls
T Ay 0 a8 S5 (IS5 5B ks e oy
gl oo ailop ol pl 51 S e
25b s a4l dilate o Jles! 56 sl (D1 US55 5l
waly 5 BT o IS ,5s 56 oyl (s9) 2 sam IS0 ,5s slajle
3570 s Sl SIS 0l oo ot B JS2 50 56
—oawl jo gan AV b silge > 4 IS5 S saslol L as' Sy
o el 5B ol el IS8 s ol 6T ) Gl | il
ailaie ;0 (S1) LI o)lsF 5 oud Glasl ,o S S04
P sl G855 b gy o o)ls cal el w8 S IS
Jlas slbewly ;0 01 i 51 cpl 5o el il anwg adlaie
AL &S pdy JSs (SS 50 gi g o)l 8 (B0 oz - 08
Al gs 0 S Easly 0
il ) g g5y a4 JS55 5B eegs Do IS5 S 51
—ailye b cov B opl el D2 pdy IS8 IS5 S 5 st
ool 008 Jol> (LB sog) p dges (Sud obsS sl



Y O)Lo.:) AR 0)30 s\f" uLH.M)Li

N

4..3)........' 60).')[5 ‘SMLHH UM) ;fmuﬁ/ffwtagrlh

degazs 9 K050 sl sl adlas o9 adhis o -F
sk Jsb 0 Vb &l a4y Llh (S5 58 sla S
w3 oo (Las (e s 9 Y55 (Oleds - i Loz ailate) (o
ik S i ST slapnlSe ot
5 ol sk SCoes 5l Ln Gy slaglsds
Sokas i el oul ssmlin glatisS slaceodSy,u8,0
les axtes Vb axyo Sp slagss S0 Ghr S sbS
SlassS SS9 28,9 5 ()95 (Ble ok 0 slaily
(D1- ) el sais ols auseis ddlate ;o S ,5s 56 e -0
sy 43 13 ol el Dy g D dilase 5 Jlesl 36 sl Da
38 ol e leads ools auswid Sy S, &9 g (S5 5
IS5 ,50 55 a5 0)ls (Brd wgiz —0)E Jled sl 0y s
Dy dibie jo Jlosl 56 cpngu o)l |, 0 Fcl, g pdy IS5
9 5 et laSin )5 S9zge SNy ys Sl
Bl gn dilate o iy JS5 - LSS K35 Sl sk
5 Srb o — of Jled 0y i sl 5B cpl o &S
2 by S bwg DY 56 asl o 0,50l oy Caz
S5l Gl e S8 50 oS was e 2 (Selseiel slaSis
2ligs pdy

oy = s Sl b ishe S b5t
Sl olatel b (SupdS (Slshs gy (o9 Sjlee 9 30
olad 1y 3 sl (8 (95 awnid ool 68 o s 5 (Seishes
sl b osilee i 50 95 ol S B daslllas a2 o
i £ 0SS et (Fighe (S)loS 0 p 0ges g (8S (S)g
€9 mte SloostiS a5l (S SIC S, asls ol 4o
el solael s il 45wl e dilaie pl o S >
ol Glayisle ey il se aFie (LB 09 crl 3 1) 05
Sz by sl SIC (s b ssle by o 5
Ol sl lacuwdSsyd e 5 oS ple slajoh (in
S — S S5 5, e IS5 S5 o ans e
slolassl g isle Jaw coled o ams o lid |y o Sl bl
aibhio gl LSS oz o fcwl, bl ol -

2005 @)l Glgds — g ez

wan g ono)S athis o bp ol L oade sl sl
Sy90 ddhie golpiiny Jaw ailes,S sbxl 1) le> sla,bsle
S92 el S Sl obilad - ) olaiel gei 5l adlas
C-S =3y ol 4 ) 6‘4‘*‘*’; LSLQWWBJ-:B)% szl
Oz g aiiS o slled dalate o 1) sagad 33 slael OIS >
adhio cpl o Sail, Solo g usSae o s oonlin
o lad - sadelaal Jaw bl amb el led co cpl ply il o
2,5 Azgi 0,5l

g axfllae 590 ddlaie ;o oalds oold yiules daled 4 azgi L
el 0as Jool> 5 s da)T b bl | 5o e plosl glacoy
5lale adlas 0,50 adhie i gl Folas -)
S g (Seligiee B L oSS
sl S5 as eansS 51 3L S lgks (C-S ) sk
g o2 syl lo (IS8 Z gy ) G o)l slager pslie
adbie juliyw ;o a5 IS0 oale lalewn 929 oy S b
"035 31 S 2 G g oS Mmoo (LS 0 Sy S S
00 et o sl g Loy lislogy ) 5l eoliinl b bose ooy slo
ol a8 cal Gl gosms plas SIS 8 salgl ol cwl
Slods J&w By p.bl; ‘SM.\).: QB) \SJ )é LQ)LDLM:
S s 90 0929 b LSl IS5 )50 cdilaio sloygeis, jo Y
onl 0,18 dgas cwilodal dgg 4 IS S5 gl o SO b o 4
mirided b, B gyt - ol st la
4 aisb e jdolaial g ugSas puedlSe slls Wiyl g
oo LS I3 by iasly (Sabpeed goaima i
Al
£9 5l wsSas slo S ual O ou aalllas 850 00900 0 =Y
LS ol 55,2 e 50 LS wad (Subs > coge ( Sul)
9 Exie Dy - S oSy pl (55 JSS 5 sl
(s wy,Soe wlel a5 el ool SuSS - 0,0 obxl
| aé;é.laé‘) JJJ.’JS“J LSMJ)J

&l

Fereidooni, D., Abasfam, A., 2014. Seismic hazard assessment of the city of Khoy using deterministic and
probabilistic seismic hazard analysis approaches. Quarterly Iranian Journal of Geology 30, 11-12.
Ghasemi, A., Talbot, C.J., 2006. A new tectonic scenario for the Sanandaj-Sirjan Zone (Iran). Journal of

Asian Earth Sciences 26, 683-693.

Haji Hosseinlou, H., 2015. Kinematics of Transpressional Deformation Zones in the Urmia Fault Zone,
Northwest Iran. Iranian Journal of Earth Sciences 7, 59-67.

Haii Hosseinlou, H., 2016. Petrofabric. Islamic Azad University Khoy Branch, pp. 334.

Haji Hosseinlou, H., Padidar, R., 2015. Shear structures and microstructures analysis in along Aboulfazl
thrust, NE Khoy. Advanced Applied Geology 5, 60-76.

Haji Hosseinlou, H., Solgi, A., Mohajjel, M., Pourkermani, 2015. Deformation partitioning in respons
inclined transpression collision of Arabian plate with west Alborz-to azarbayjan block, the Khoy shear
zone. Scientific Quarterly Journal, Geoscience 24, 181-196.

Holzhausen, G.R., 1989. Origin of sheet structure, 1. Morphology and boundary conditions, Engineering.

Geology 27, 225 -278.

Khodabandeh, A.A., Soltanni, G.A., Sartipi, A.H., Emami, M.H., 2002. Geological map of Iran, 1:100,000
series sheet Salmas, Geological Survey of Iran, Tehran.
Passchier, C.W., Trouw, R.A.J., 2005. Microtectonis. Springer, Berlin Heidelberg, pp. 366.


http://geology.saminatech.ir/En-Article/1394092485434744
http://geology.saminatech.ir/En-Article/1394092485434744

N

. s A
zfm..jfi,w‘aph
(U

¥ooleds V) oy90 Ve ol Wbyl )5 (oled (o)

Ramsay, J.G., Huber, M.1., 1983. The Techniques of Modern Structural Geology, Volume I: Strain Analysis.
London Academic Press, p.307.

Shafaii Moghadam, H., Li, X-H, Santos, J.F, R.J., Griffin, W.L., Ghorbani, G., Sarebani, N., 2017.
Neoproterozoic Maagmatic Flare-up along the N. Margin of Gondwana: The Taknar Complex, NE Iran.
Earth and Planetary Science Letters 474, 83-93.

Ten Grotenhuis, S.M., Trouw, R. A.J., Passchier, C.W., 2003. Evolution of mica fish in mylonitic rocks.
Tectonophysics 372, 1-21.

Trouw, T.R.A., Rudolph, A.J., Passchier, C.W., Wiersma, D.J., 2010. Atlas of Mylonites- and related
microstructures, Springer, pp.322.

Twiss, R.J., Moores, E.M., 2007. Structural Geology, New York: Freeman, W.H. Freeman, p.736.

ORISR

© 2021 Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).


https://www.researchgate.net/publication/317629318_Neoproterozoic_Magmatic_Flare-up_along_the_N_Margin_of_Gondwana_The_Taknar_Complex_NE_Iran

