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Analysis of Extension and Conjugate Shear Fractures in the Sechengi

Conglomerate (The northwestern border of Lut-Sistan terrains)
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Abstract

The deformed Sehchangi conglomerate is exposed with an angular unconformity on the Triassic sediments on
the curved northwestern border of the Sistan and Lut terrains. The Sehchangi conglomerate was undergone
brittle deformation, consequently the extension and conjugate shear fractures occurred in its and no ductile
deformation has been seen in matrix and pebbls of this conglomerate. According to extensional fractures, the
value of strain longitudinal parameters was obtained as follows: e=0.15, S=1.15, A=1.32 and A'=0.75. Also,
the stress analysis of conjugate shear fractures in this conglomerate by the “right dihedral” and “rotational
optimization” methods were calculated 6,=23/190, 6,=43/77, 6,=38/299 and R(®)=0.7, R'=1.23. These results
indicate that the conglomerate has been experienced an elongation with some volume changes along the N70W
direction. According to study of extension and conjugate shear fractures, it seems that the buckling tectonic
regime in the Sechangi area which associated with the Paleogen eastern Iranian orogeny, caused the brittle

deformations and orientation of refold structures in this area.
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Deformation sequence of Sechangi conglomerate

Deformation patterns anei . Relationship between matrix :
Type of pébbles Sechangi pebbles | Mode of Deformation sl fiatimeoatiing pebbien Stage

a Q - No Deformation
b @ Extension fracture

c @ lﬁ Extension fracture
d C>Q , Shear fracture

matrix is not cut by the fractures Early

Ductile fracture

Cataclastic flow

g % gl Shear fracture matrix is partly cut by the fractures
h = 7
/0/ - Extension fracture All the structures of matrix and

pebbles cut by the fractures

Shear fracture matrix is cut by the fractures Late
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Mean 4.26 2.90 38.23 | 33.02 | 015 | 115 | 1.32 | 0.75




3 T35 3 S Sla S8l o ley é&

Strike direction of 60 planes

0
270@ 9(
180

(>

Dip angle of 60 planes

—

90

ol BB CurBan 9 K dw dikaio (Sl oSS S 0ald 58 Z 90 (b S Tkl pl T g gwl- Y ISCh
TP by Dlmio a9 el pI,F1355 -3 9 7 {E 93 0 (0 Dlrho IS 59 — 2 { S

Aol e pal 1)

Slmios 0 b s o ol o (5L 0305 (o ool )3
Nt it 0B By e gn e o S8
la o3ls e ys) wintensor 8 41531 e 5 L (V i)
);dw_h;u.«..u.\.;uz,'bﬁ(@;j_aw;ﬁaw
Sy e 25 (o saltin A JSipl S
b 258 gla KenSs o 4l codaT
Je 450,y e S () ke il (-9 JS2)
Oy Ll 3350 oy SenS Olmis SN
SO

Oloior 5 50 A Olde 5 585 o ) 5ot
s (Rudihedron) Cul) g5 93 oy ¢ g2 b
Sd—is 3,58 (Rooptim) i > (o3lwag s,
;,_Qu.rgdj_u\,g‘s,lj_atp_;u;,,w_\,,.;)b
Ol y Jbl 4 Ol s oLzl o5 Lar 1 (FS) S o
Okl 5 i) 2 ol BLkail pe a5
Sl S 5 S Db ol (i A
= dle s At Ol J Sl a5 5 (5
Qxbjjj\bgijwsu@
Skl b lis gl K8t ol o Il 5 i

(o
R. Dihedron N )

@ ol
02

@03

(@
R. Optim. F5

i

: ?
0 Sum of Weights 24

G993 4~ ¢ S 4w Sl gl Za0 30 by Sl Kk (5l pWintensor 8 51381 p 5 30 i ulow gl 1A S
.R.dihedron _$9, 4 -< .R.optim



ﬁ v | YY oylad e — Jle AF ) Ol (sl 5 dalilad

U@awduw;aap)}@w|
Lol bl 03 3 (J s et 1 S Ko
a5 it ailale (Ul e g aailin
J_Mfa\_g;,.:_msggj_:n}l:f\n dgd adols 54
J_Mfa\_gg;.'_ﬁdggj_u)l:f\’n 39d- alols 4o 9 Ul
SIS s 8 ol Sl 4 8 15 Ol
03 5 oS (ol s 56 ol IS ol 35 50
1 sl (S b S 0 K03 O, b 5lail
1535y s S gl S5 ol 5 Sy
g S35 5y Ko e S eSS
w3l 6,50 0T o A5 S8 S slajh sois
= e Pl S 5 Ol laslis, Les 5 )
il 03 4 IS Sl ailate ol s auil g

S 3555 G g s odaT s b5 el
alin s Ko aw adbin s pulde & 550 sums gla
(oo gy sn 9 25 male Gblin 1) 010l G 2 5 OT
j‘)i:_:«;) w\d&_&;>d>l>}>>lb))‘|él>
S (VWAY (5L 5 o sim SIFAA 5 1FAF (Ol an
5l sl JSi5 o e JS8 S Uyl U 48
oded i dw aibaie 5 010l G 8 s Sy 4l
r))jl_édgr}B)J(Fl sl J—s s )
35 Lea il Sy s, L S8 5
(F2 Jsl i slp ) O bl i o ol
A5 el ol (Ve JS8) ol ails el
S o3 esleslsale olal 69y - Ol (o (B )
O KeaT aibate 1 Ol o) (sla gy Jlocd odas
e adlais 5 (655 0 it )3 4y e go ailale U G 0 )3
Ol in sy ol Dlalllae s s dis 8 s (K
>J}_Ao>}u\_>ucj>)_s5l_hu_<r_“§.i-4_§u\_wu_n
o5 Sl 035 (JSi 85 093 5L5 Olan 515 aalllas
A gee Sy L 0T odaT Gy 25 gl ) o
JS8) sl OLSS 93 Jnd (sl o557 55
LgLAJ_f«:_.»;)::}_?)cSI)J: O s Asla
b s 3335, 8 95 Saily 53 e il
@,@,;«imé_buﬂuuw);‘guuw
Lede | G (6,505 ol a5 e (01 ]
ST n IS (5lm 0515 DA 0y p sy aie ST S
el 0l aalllan 55 e

IS el Sla ) s o/ gy Cmmd g bl 0]
555 5,738/299 5 s =43/77 5 =5, 23/190 1} L \le
JSs 55 B oler L e it (ASLS S s
IS gade Lt ls . oul sl Ccwts R=0.7 Ol
el sla) e Lt a5l (b (R) 2 (6 5
JEIUSTRVIPE SUNN Y RN P R
((Delvaux, 1997) Cul ol (o 25

R= 1 (28 s o0 5)) ddl 360 81—l
P Gadsliel i o 55) Al o so, ,S1-0 ¢ R
H(gylsd A o3)) dsl oSl oy J_?t-c ¢R'=2-R
SmiS 6l m 'R0.5 (g3ds ,m3las 55 ual = R'=2+R
&l Re15 ¢ idslizel (228 (6l Rl ¢ oo
balitial o5y gl R ¢ e fibalitial 5,
oA o 5 ¢l RE2S i 5,8
(Delvaux, 1997) C—wl sl ns

R=0.7 5 R=1.23 K> 4w 035050 (5| o 30 o
\,)_ﬂ;l@\gr{g}:ﬁsv_ij,dg_mlauTw.\f
Sy g o5y (R=2-R) Al oo s
i o35 0355T Sy 5 25 Sl e (55,513
5 0 5me 312 3 31 0155 g0 R) Y5 5 5576 5 Sl
e =00 35 el ) s s eslad
(4 JSs) il o T ity adslazel

Shear stress magnitude (T)

60—
- L L]
40 o,
-
o.'"
.
20
0 —t 7
0 20 40 100

60 80
Normal stress magnitude (N)

dilain (b p  Shkd Olorho (GAm 4w jg0 0 pld A JCE
B3 0 O [y Waluie!l SKigiT iy & (K 4w
3 3y oalia OB lajlla ol 0l LU )
ol 03ls OLE Vo IS 53 (S diw aibate (510l 4o
b K o il 41 5 L
et 93 3 Ol O 5 Sls gy (8 e
53 Ol S Ol 6,8 5 Ky ol |8
e a0 wBly (8 53 Ayl 8 5 G50



32,35,03

58,15,38.55

58,14,27.59

32,21,48.56

"‘J°C)°}‘s:'ﬁ)6:“:'§t§uc:§:“§‘:‘g.}‘?"é |ff &

32,32,36.86

A: Cretaceous
F1

58,49,23.77

58.47,52.85

32,1942.17

4wl 5 Obo) i leuz (o950 Thaw (DU S (S 4w ddlain 30 g Oluwe O i ST 4l (S )Ll Curog tY » IO
Jui S p (83970 FTIF2 LS9l fud S (> (3950 F1IFT fantlian 8590 089050 0k 10U ¢ (B) (pwgangsll B (A)
(eppilK) SSgisS oilo3ls 130 8 {pg2

Sl Rl

o ket a J g gmume ok 55 (61> sy I (hde im0l
RGOS S PGB PNE IS U o8 ils Ly 5 el VANY
33 o8l S G (6l 8T (g ety il 5 slas UST
cAps ol (ol e aalllan 53 oalen 5 (6, ol dgie
el (1358 s

&b

a6 OYAF) o o an s Bl b SesS
Slroals ol o Olinl aatin) 55 male oSS (S S5
Jlw sl e asslihad (O o) B 5 (ol (gL
SYVO F o las ol

BBl OYN) o s ag e Bl b SesS
S s enle S 5 sy = S0y eSS S 5SS
poe st Ol ol G 8 (Saliys 35 i )b osline
AFVVFE N ol o g s Sy S (e
3Ll (0Y98) (g (s (slammn it Sess”
B T T I s
aalhad Ol ) B, absltiel gla oo ot 1057y 53
AF ol oyl Jlw sl e

S b oSS S 55 ((IYAY) (55 b ¢ shn
S iz o 8 dlad gl (Ol b g8 )3 (o
(b 3 Sy Il VYRR Ol e p sl aalihad 01 )
YW-YAS (\V§ o les

Angiboust, S., Agard, P., De Hoog, J. C. M., Omrani,
J., & Plunder, A., 2013. Insights on deep, accretion-

ary subduction processes from the Sistan ophiolitic

S5 4o -0

Gosls 2sS Saailolim 5,8 o)l ulul o
b sl eyl liie ( Kir aw ailate (g1, )5S
Cewds V=075 52=1.32 ¢ S=1.150e=0.15 5§
Gj)j_n u_.i'/j ) P55 Ur;—n: J_:l».}' L: RaS e.-\_AT
6ujwhjjjk@yc&ué‘ﬂﬂ
5 0, =AY 5 0= F¥/W « o= YN s Lol
S, 5576 Hlie 5 R (@)=0.700e S il g litie
Slloes 3l ol gl sl o =R 2-R=1.2 Ol
@L&n&uéiﬂjﬁﬁf‘guﬂ&
i sba (KoeSa 2 o Sl el Sy S
1 odeSs S 85 &S5 sltst o s 1l o 5350
75 5 S AiS S g 854S ke b e SLS!
S AiS p te Cgr 3) NTOW gl s =
d&ﬁd%})ﬁ@))‘)(ﬁ;X)}wﬁ
S S 85 Joale ¢ iag oml gla 4Bl Aas
éﬁﬁj)&tﬁj‘)&uélﬂﬁjé
G 0553 315 S S8 S5 053 5L8 1 Sk e
w:pduawawéu@)aolﬂ\
:;q-xj.:ﬁb%)&;bjil_m‘)c‘,)j_néu%
‘sl:_w‘)l:.o.h-ru;_wu\{‘s‘.hu:ﬂ‘st_.wbbijﬁ_.w‘ab)j-r
u;b)}iﬁrjég}_dabj‘,-r:ﬁx‘suui_ﬂ
el OLSS


https://tectonics.birjand.ac.ir/article_1672.html
https://tectonics.birjand.ac.ir/article_1672.html
https://tectonics.birjand.ac.ir/article_1672.html

ﬁ e | rels it Il VP ) Osls (ol e s

Marshak, S., Mitra, G., 2002. Basic methods of
structural geology; Prentice-Hall.

MccCall, G. J. H., 1997. The geotectonic history of
the Makran and adjacent areas of southern Iran.
Journal of Asian Earth Sciences, 15, 6, 517-531.
Mitra, G., 1994. Strain variation in thrust sheets
fold-and-thrust bel (Ida-

ho-Utah-Wyoming): implications for section resto-

across the sevier
ration and wedge taper evolution. Journal of Struc-
tural Geology 16(4), 585-602.

Ohanian, T. & Tatevosian, S., 1978. “Birjand” Quad-
rangle map, Scale: 1/100000, Geological survey of
Iran, Tehran.

Ramsey, J.M., & Chester, F.M., 2004 . Hybrid frac-
ture and the transition from extension fracture to
shear fracture, Nature, 428, 63-66.

Ramsay, J. G. and Huber, M. 1., 1987. The tech-
niques of modern structural geology, 2: Folds and
Fractures. Academic Press.

Ramsay, J. G., Folding and Fracturing of Rocks.
1967. NewYork: Mc GroowHill.

Rowshanravan, J., 2006. “Mousaviyeh” Quadrangle
map, Scale: 1/100000, Geological survey of Iran,
Tehran.

Stocklin, J., 1972. Iran Central, septenrionat et
oreintal, Luxique stratigraphique International III.
Fascicule 9b, Iran, center national de la Recherche
sientifique, Paris, 1-283.

Tirrul R, Bell L.R. Griffis R.J. & Camp, V.E. 1983.
The Sistan Suture Zone of eastern Iran. Geological
Society of American Bulltein, 94, 134-150.
Treagus, S.H., & Treagus, J., E. 2002. Study of Strain
andrheology of conglomerates, 24, 1541-1567.

Twiss, R. J. & Moores; E. M., 1992. Structural Ge-

ology; W. H. Freeman and Company, 415 pp.
Vahdati Daneshmand, F., Kholghi, M.,1987. “Khusf
” Quadrangle map, Scale: 1/100000,Geological sur-
vey of Iran, Tehran.
Zarrinkoub, M.H., Pang, K.N., Chung, S.L., Khatib,
M.M., Mohammadi, S.S., Chiu, H.Y. & Lee, H.Y.
2012. Zircon U-Pb age and geochemical constraints
on the origin of the Birjand ophiolite, Sistan suture
zone, eastern Iran. Lithos, 154, 392-40.

“mélange” Eastern Iran, Lithos, 156, 139-158.
Azimi, M.A. & Saidy, A., 1975. She-Changi Quad-
rangle map, Scale: 1/100000, sheet 7655, Geological
survey of Iran, Tehran.

Bagheri, S. & Stampfli G. M., 2008. The Anarak,
Jandaq and Posht-e-Badam metamorphic complexes
in central Iran: New geological data, relationships
and tectonic implications, Tectonophysics, 451, 123-
155.

Bagheri, S. & Damangol, S.H., 2020. The eastern
Itranian Orocline . Earth —Science Review, 210, 1-
43.

Barthiaux, A., Christmann, P. & Fauvelet, E., 1981.
“Qayen” Quadrangle map, Scale: 1/100000, Geo-
logical survey of Iran, Tehran.

Bonnet, G.a, Agard, P.A,B, Angiboust, Sc, Monié¢,
P.d, Jentzer, Ma, Omrani, J.e, Whitechurch, H.f,
Fournier, M.a., 2018. Tectonic slicing and mixing
processes along the subduction interface: the Sistan
example (Eastern Iran), Lithos, 17.

Camp, VE. & Griffis, R.J., 1982. character, genesis
and tectonic setting of igneous rocks in the Sistan
suture zone, eastern Iran. lithos,15, 221- 239.
Davis G.H., Bump A.P., Garcia P.E. & Ahlgren S.G.,
2000. Conjugate Riedel deformation band shear
zones, Journal of Structural Geology, 22, 2, 169-190.
K., Miroshnichenko, A., Ruzhich, V. & Sankov, V.,
1997.paleostress reconstructions and geodynamics
of the Baikal region, central Asia, Part 2. Tectono-
physics, 282, 1-4, 1- 38.

Fossen, H., 2010. Structural Geology. Cambridge
University Press, p 463.

Futamura, K.,1989. Polyphase deformation on peb-
bles of Fudesute conglomerate in the southern part
of the Suzuka Mountain Range, central Japan, Earth
Science; Chikyu Kagaku, 43, 4, 189-199.

Guillou, Y., Maurizot, P., Vaslet, D., De la Villeon,
H., 1981. “Ahangaran” Quadrangle map, Scale:
1/100000, Geological survey of Iran, Tehran.
Jentzer, M., Fournier, M., Agard, P., Omrani, J. &
Khatib, M. M. & Whitechurch, H. 2017. Neogene to
Present paleostress field in Eastern Iran (Sistan belt)
and implications for regional geodynamics. Tecton-
ics, 36(2), 321-339.


https://www.sciencedirect.com/journal/journal-of-structural-geology
https://www.sciencedirect.com/journal/journal-of-structural-geology/vol/22/issue/2




