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Geological map symbols

QUATERNARY Qt : Plio-quaternary deposits, include alluvium and gravel fans Fault (unknown)
s wa — 2 .
HE URF : Alternataion of green and brown sandstone, mudrocks limestone, Strike-slip fault
] 1% gypsum-anhydrite, Salt, conglomerate o
== i : o
o | =] S ‘Qom : Sandstone, conglomerate, fossiliferus limestone N N
g z|= . : ,g‘.ks. hibrid rocks Formation wheedhs  Thrust or reverse fault
=
S |wfw Oryg : Sandstone, green to brown siltstone, volcaniclastics rocks ] 3
B igneous rocks (microgabbro) = A 4. Probably fault
M Orb : Sandstone, brown to green siltstone, interbedded carbonate | 2 ]
=1k rocks, igneous rocks (granite mass) z: Asp
Zlz Oreg: Red to brown, thick bedded conglomerates and sandstone Dirt road
7]
7] Ji : Ammunites bearing biomicrudites (Lar Formation) by Town, village
Z
=
=
=] Js o and shales ( River
Pr : Fossife i changing to dol cstowards the top Syneline

(Ruwich Formation)
Cs : Dolomites including dolomitic-limestone intercalations laminated
shales

Overturned-Syncline

Site of Fault measurement

ales, tuffs, metamorphosed andesitic lavas and

(Kahar Formation)

PC 12: Marbles, diopside-quartz cale-schist intercations called as banded
‘marbles.

tugt 0|

Anticline

-

b

Bedding Auitude
PC ms Marble and schists {marble-layers are of dominant rock-units)

PC snr Schists and marbles (schistose layers are of dominant rock-units) N

PC m: Mica-quartz schist, partly interchanged to kyanite-garnet schists

PC a: Quartz-mica-schists, granitic gneiss

PRE-CAMBRIAN

@ PC gn: Biotite gneiss showing mylonitic fabrics in places

GD : White to light grey, hypidiomorphic granular, anatectic alkali granite K
m
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Figure 3 .3

0 Km 5Km 10 Km 15 Km 20 Km

Pr :Fossi s i changing to dolomiti Is the top
(Ruteh Formation)
PC k : Phylites-slates. slales, wifs. metamorphosed andesitic lavas and
dolomites (Kahar Formation)
PC 12 : Marbles, diopside-quartz cale-schist intercations called as banded

‘marbles. Takah complex

PC gn : Biotite gneiss showing mylonitic fabrics in places

w
Z
g

PRE-CAMBRIAN

GD  : White to light grey. hypidiomorphic granular, anatectic alkali granite

25Km 30 Km 35Km

Upper Red Formation : Alternataion of green and brown sandstone, mudracks
Ii hydrite, Salt. congl

P
+ Qom Formation : Sandstone, conglomerate, fossiliferus limestone

volcaniclastic rocks, hibrid rocks

: Sandstone, green to brown siltstone, volcaniclastics

rocks, igneous rocks (microgabbro)

: Sandstone, brown to green siltstone, interbedded : Lower Red Formation

carbonate rocks, igneous rocks (granite mass)

Oreg: Red to brown. thick bedded conglomerates and

sandstone

20 g g 13310 51 4B OUT  S95 570 dsgosmo 9 Ok o9 2 8 O AB pun Sluial 10 (5 b L gy (Vi

ol ouloals LG Y IS

DUy Al i ol Ly (o 3 BT (695 4 Yo B Ly B 55 2 Bl9 Or w9 5 (Sl Sldvdr A (£ S
&8 5 51,5 (Orcg A>19) (3t 93 & g N (695 o8 Wi jlow 9 DT 95 570 48 905%0 (59 = b Wi Hlw (Kicwgu b B!
DB o LS 1) (SKiwgn b 30 B e das 9 oY 0)) b Lol



1“ O | ST 95,50 acgomn g pliidle dge ) (S 9 59950 o) § S

o2 B owmid g Olliak i 0319389 8 90 p i O A Comd o W jlw (S 3w 0998 S S0 95 e (0 ISl
AR (0 QLG 1) = 3058 b 9 S 0)) o b .ol Gl Lw b (= B g 58 sules

o oK) sl 3 eds (6 S eIl enls Cda sl
= . = “ =
Nl et 8518 g 5 s el (SN A
S #ENWCEc s 5slanl U |8 Slsin
B JSCi) das e 0Ly e o s Se H8 5500
(C s
ol (Sl 5 5 b (6 000+ 53 ol ) W o ylacd oK
S ol Dlazale o8 Sl (gesLs ol ol gl 1 JET
= =
3 O s S8l (il Do pgls 53 0 elS (S -l
A (6,8 03Il oSl ol 3 0303 Ve s o 13 e Al
(Sl a0 DLy amen i sSian | ol S 55l okas
¢ )l OFNE/NIFRYS L8 s Cgm 5 i
o5 Jled g S 3l sl (S ag ol 5 (E 5D
Sl foS (o sSne sl ge b 5 Sly el S 55l b
Ally Al ge 5 (o ylid S8 g5l b S Ao s o b dled
.ﬁ,-uﬁ@m@uécﬁqumﬁsgmgdﬁsb
Sl (5 e kST /P 3 ol VY oyl oK
= - -
dﬂ\fﬁé@éubbs\fu)b)\ﬂcdﬁl LS)l-“‘Lst-“'})
230303 A 58 ol 5 s S (Ll y Sy sloma s
S g3l s s (g, ol g s o8 oKl o
Cmd VAOW/NIY'S LS s g 5 e - Sibe
V)

oLl LS dig 55783l

3 nlS g (i Sty 5 pr Oliials L sy
g (o g o pdled sldel (glyls 9 Coul wsne
S S sadlpe b (Sl S8 55l 5 6,0 Jled i
J»L.&JcQTo)\xs\J.éc‘sjlzs-Lw‘_;ﬁul.».aﬁ.:)\.aﬂﬁ._wl)
SR PV )T YGIONDW: T TG LV WP WP S PR g B
ol o3l 3 o lS s o S 3 (55 2 (S sl
03 513 0B 5l ()t (Sl oty a3 5
R ¥ ses b Lol 5 Joome 5 5L L5
x;u.wlauax\,wﬂw:\{dwtﬂ.u,'l_.»d,)
4:},4;,%_“5,”,_@,gfw%.:_.z\g(Ong.b.l,)@ﬂj'Cﬂ
o 4 45 5y i 33l 5 S 5l Sy o 4
gl D) oty 45T S (0 gy AT (s
6\.»»1:‘5)_:?”'145\.(14‘7@) 3,15 51,8 5LeS W3lw g,
(8 3 OLtinle o e 3 Olinle Jou8 gy i
Lol Joen it ol sl V¢ 53 5L Teasm (sl
S g 53 oKl a5 LS S 55l geds ol
&l CJ_&‘U.A{cC,_w‘ odiosls ol Y Jf;.i): olicals
ol o ol

Ot (6 kS O/D 53 oKl o F 0 ylais oSyl -
as Oliiale e 8 ool s 53 000l (Sl
S obsiale jes s s ¢ JeTio )b (sl (6 5



QA 52ty ) 0o cpgms Ju e lus cymo; dolidead | $5 1“

D .olSauw! 3 A7 Sloi B .oad oo 0L 1 ol oy ! atmo we—Kro 3179 35Lw C 9 A VY 9 £ o sl olimu | (1 i
Awlod o ovalin By s ol 58 39290 LB WSS F 9 E by 5 ddlain 0 Jool> sl ol

— o B dls () e digy gols b |8 s (g S o5l 5
0Lt aig ol 31y 3 Sl jlluly S8 5La b $ 50 s
@ﬁf;ur@):euwl:jéhe@\&».u:@
o] 6 5 4o i onls 2l Y IS 53 LSS
=il ns

o5 S 7o shSY 3ol 1114 oy lack oSt -
;@6u4>l)j|)@leu81}ﬁli:\{TJ;@_MLSE_HJJ
o313 gty (WA ¢ ) Sl okt S5 5T vy 23l 8
S 53w e 457 (i (6, S 0 il ol ol 53 (b L
Ao o O 1y o 5 Ko S il 3o b3 Kl sadsloteal o8
NI52°S/64°SW |8 ot g 5 5l ¢SSl (A JSC2)

!

ST g5 50 degomme 30 s Hl g 5L-Y
ooty Ol 53 G 58 8 4o gae )35 g 30 sla oS
DS n 55 0 33 515 s selS s e s Uikes K
3, 8he 0y SG 58 55 aesamme S eTYL ((1Y40)
23 Blsler 5 0l Ju8 s s3dmie Sy 1 S
s b el godast awdia LSS S8 55 as sama
33055 8 il o a5 e el L sl oS
sl dibate by £ Lol la S 5148 ailate 5,5 Sl
- ool slizal Wiles S5 s it gy (6 20 sl S YN Gas U
5 U sl Fouly Wty S le 5 S dog
e 3 S S gy i sLaesls (1140 (1K
ol ¥ 53 oy ST (gl (5w 4 OLiAL 8



4‘ PV | DS (595,55 acgazmo 5 (Licalo ddge 0 GilS 9 (5995 ez (o 9 S

Rl 3899250 W 4B 9 woke (£35 Sadlgn b 3 Tl WLl 517950 A L)) o led ol ! (Y o
AR (o g lod 1y s ol

by (=¥ Gadan L 3 F ol Wlawly 5950w A Canmd 10 OIS H95 570 dcgozmo 11 0 lel ol (A i
DB (0 s lod S ol 9l 58 890 3 > B Cwid

23 3y Oltinls adlate wlid e Slaslt o (o)
t g S A 0 DL (655 0 Ol 4l o 2l
S o Ll aibate w5y 5 53 g i S
3 B o g et sl L oliale LS
S S a5 5t et G i Frt s gas
S35 g Dy S35 Sy st an s i s
S LTV Oliiale e dlai y5.das o )l 54 s>
u_(.ubkgu‘}_mfgj_iwgbg&_?u_iffsuw
o g o sl Ly 01 5 ST oo s 3l (3nie
o Sxn (o i 3a U paly sl SIS g5l 5 (55

S —A
(= YU o S OSG-Oltiale g5y 4 o
j_;\,lu_;u,",;o,'t_g,:)o_ixj'@_w S e R
L3 (et ) 4555 L3 (s gn Jlgl U s K
) S8 (S8 e e 5 (el ) S
(P93 sl s O ity (s pelS e 4
ladsly ool )3 o ol e Sldalin 5 loylsale o glas
o Kb sddy gladin dla S,y o S
s S s sl Al e J8 5 s Sae sla S

RGP L



QA sy M 0 honts cpimo Sl b lus cymoj 4nlikiad | 54 43?

Jones and Tan-) Aib edé Jlad OLusSs  —wlid aej Ol
i 5 L olaaale |8 o I 51 ey sLgadlad (ner, 1995
Ll s Bl paaj b Obejor Sbguy i @
S g (S B3 e g 3 Uy Slaki g 355 Ll
Lol sl 03 ga5 S b e b s s (S
2 Sl (gl Sl 51 s 6 L 4l a5 Ly
s bnylS g 5lw ol il sl ol s ol e Slbes b
Olzials |8 L Olajos ams 53 5l S sl ol

Sl 0 001 s

L) dims o s S 58 T34 gazma 3 la s
25 Lot glmesls Cils 5 b b 51LOYA0 S
Ay gl 1S oS b (8T S ae gasma
S5 B rassame g aals g J5s 53 Sl )
el OSS

sl LS (65l ge sladis; L oslie (la S 550 o]
Oliiale 4 g 53 A S (g idu b (ks L o S
el SSS ailate

s s S (S i a8 Sl e b dy
&S 53 Dpline Sl Lyl J8 S 55 0 s

Q000000

SIS (S S sama 13 S8 555 osms S
33 S35 o 5 S 48 dias e 0L Oliiale s >
o g (Sl e SN O 5 Sl ailate o
sl oo 3055 2 T L Olajen (2, 83 56 ol

Ll 8 5 el e T (Sl

S Rl

N P 1531 g | A T il o]
b pyde (aSE I o il 3 Ul o 5
o ils ol Lo g e Sllas SUKG .ol Ol
el 0dd sl G2017IASBS12670 asla g, o e L
5355 S L aS e les oo (1508 o s Oyl |
o alis GAS 12 oz 9o 345 0l jlw

S 5 dmii—A
NV g, b K g J G Oliiale Jou8 gaiigo -
Ay S gadlsob w5 S 0T Lol 4875500 aS
S (S5 4 ez 0350 Gl 8 bl o pi
U el 50l IS 55w Bk 2 Jlo ltin A, Ly
S8 g5l oo OLES |y o San &S ST (i) 5o
b (5t ube S5 aukins LS (63l e sladipy Ly gl
el OISG a8 e 5 Oliinle 4 s> 53 55 S (Gl i
b s e oS b5 S S Loy
sl ol oy il Al S8 55l b g s i i,
peslw ey Lolajen gl i) glaas | S E5-Y
S b 3 (Ko i i 5 25 e Sl
bty 695 = 08 5 mnd Fe SladiSln Ot g



qﬁr PA | OIS G955 acgommo g Glivalo ddgs 53 [iduS 9 (59,95 (2 (yloj g e

Nz ol iyl gl )8 4abOLL cOliiale S 05 5%
Ol Ol ple  JaSS

3 Qi OLaale VA eees bty 425 WA e i)

Ballato, P., Uba, C.E., Landgraf, A., Strecker, M.R., Sudo,
M., Stockli, D.F., Friedrich, A. and Tabatabaei, S.H.,
2011. Arabia-Eurasia continental collision: Insights
from late Tertiary foreland-basin evolution in the
Alborz Mountains, northern Iran. Bulletin, 123(1-2),
pp.106-131.

Ballato, P., Cifelli, F., Heidarzadeh, G., Ghassemi, M.R.,
Wickert, A.D., Hassanzadeh, J., Dupont-Nivet, G.,
Balling, P, Sudo, M., Zeilinger, G. and Schmitt, A K.,
2017. Tectono-sedimentary evolution of the northern
Iranian Plateau: insights from middle-late Miocene
foreland-basin deposits. Basin Research, 29(4), pp.417-
446.

Hassanzadeh, J., Stockli, D.F., Horton, B.K., Axen,
G.J., Stockli, L.D., Grove, M., Schmitt, A.K. and
Walker, J.D., 2008. U-Pb zircon geochronology
of late Neoproterozoic—Early Cambrian granitoids
in  Iran:  Implications for  paleogeography,

&

sy GEEE O¥A0) Cpp ool 5 g e o i
(e p ke e Ol gl b Jlad (OIS Cdlas 53 g e
(TV=YA) Y oyl

wb o Al 5 (sl oS (IFAY) 00 cpblalli 5 o 8

magmatism, and exhumation history of Iranian
basement. Tectonophysics, 451(1-4), pp.71-96.

Jones, R.R. and Tanner, P.G., 1995. Strain partitioning
in transpression zones. Journal of Structural Geology,
17(6), pp.793-802.

Madanipour, S., Ehlers, T.A., Yassaghi, A. and Enkelmann,
E., 2017. Accelerated middle Miocene exhumation
of the Talesh Mountains constrained by U-Th/He
thermochronometry: Evidence for the Arabia-Eurasia
collision in the NW Iranian Plateau. Tectonics, 36(8),
pp-1538-1561.

Morley, C. K., Kongwung, B., Julapour, A. A.,
Abdolghafourian, M., Hajian, M., Waples, D.,...
& Kazemi, H., 2009. Structural development of a
major late Cenozoic basin and transpressional belt
in central Iran: The Central Basin in the Qom-Saveh
area. Geosphere, 5(4), 325-362.



Tectonics
Fall 2019, Vol:11

Q
%

University of Birjand

Style and Timing of Folding and Faulting in the Mahneshan Basin and
the Takab Metamorphic Complex

Zeynab Alimoula', Mahdi Najafi*", Najmeh Etemad-Saeed?

1- M.Sc. in Tectonics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran
2- Assistant Professor, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran
3- Assistant Professor, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

Q000000

Abstract

The Mahneshan sedimentary basin is one of the Cenozoic syntectonic basins in the Central Iran, which is locat-
ed between the western Alborz Mountains and the Takab Complex. Our study area at the Mahneshan mainly
includes Kahar Formation and granitic, gneissic and metamorphic units of the Takab complex and Cenozoic
sedimentary and volcanic sequences including the Upper Red, Qom and Lower Red Formations. In this study,
by combination of remote-sensing and extensive field mapping including fault kinematics, fold geometries,
growth strata patterns and unconformities, a structural cross-section constructed across the Mahshan Basin and
the Takab complex and geometric and kinematic relationships of the geological units were determined. Ac-
cording to the cross-section, the NW-trending Mahneshan fault zone show an almost pure reverse mechanism
with a right-lateral strike-slip component. On the other hand, the NW-SE trending faults of Takab complex
have right strike-slip mechanism. Fault systems with thrust and strike-slip kinematics have aligned almost
parallel in the Mahneshan Basin and Takab Metamorphic complex that documents prominent strain parti-
tioning in a transpressional deformation regime during post-Oligocene time. This structural model confirms
hypothesis on strain partitioning documented in other studies for the Central Iranian Basin. Syntectonic growth
strata development in the Lower Red Formation and also sedimentary unconformities and onlap of the Lower
Red and Qom Formations on older sedimentary and metamorphic units in the Takab complex and Mahnashan
basin suggests that their deformation initiated during the latest Oligocene, which can be attributed to the onset
of Arabia—Eurasia collision and exhumation of the western Alborz Mountains.
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