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Extended Abstract

Introduction

Granitic to alkaline feldspar granitic masses of Mishu mountains, which are similar to them in
the Moro mountains in the northwest of the country, are among the granitoid masses that are
related to the Hercynian (Donian-Permian) orogenic cycle, and the study of their lithology and
petrogenesis in order to complete the geological information. The northwest of the country is
of particular importance and they contribute to our knowledge of the crustal formation of Iran
during the Hercynian orogeny (Moayyed and Moazzen, 2002). Eftekharnejad et al. (1991)
considered the mass of intrusive Shebster to be equivalent to Mishu granites. This massif has
cut and transformed the Kahr and Dolomites of Sultanate. Permian base sediments were placed
on the eroded surface of this intrusive mass and based on this, the age of this mass has been
attributed to Post-Cambrian and Pre-Permian (Asadian et al, 1994). Due to the lack of
determination of the A-type granites and the existence of some ambiguities about the Shabestar
granitoid mass such as lithology and geochemistry (including the temporal relationship of the
Shabestar granite mass with the adjacent masses and the orogenic phase of Iran), the Shabestar
intrusive mass requires a comprehensive and comprehensive study to be a part of the history
The geology of this area and the granite masses of the adjacent areas should be properly
analyzed. Therefore, in this article, with the help of the results obtained from the study of the
field relationships governing the different parts of the Shabaster intrusive mass, petrography
and geochemical analysis of the main and rare elements, it has been tried to investigate the
genetic relationship between the different parts of the mass, the origin of the magma that
formed it, and the tectonic position of this intrusive mass. And finally, determine the A-type
granites and compare them with S and | granites.

Materials and Methods

In general, conducting this research includes two stages of field visits and laboratory
investigations.
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In the first surveys and field visits, 150 stone samples were taken from the internal igneous
(Granitoid) masses of Shabestar, and from these samples, 110 microscopic thin sections were
prepared for petrographic studies. In the next step, 20 samples were sent to ACME laboratory
in Canada for geochemical analysis by whole rock method. Oxide analysis of main elements
was done by lithium borate fusion method and inductively coupled plasma emission
spectrometer (ICP-ES). In this method, the amount of oxides of the main elements is measured
based on weight percentage.

Results and Discussion

Alkaline mafic minerals such as ezirin-augeite and ribkeite-arphodsonite are not found in the
examined granites, but all petrographic and geochemical data show that Harris granite rocks
are of A-type nature. The comparison of the granite mass of East Mishu with the granite mass
of Harris shows that this mass has a range of alkaline rocks of granite-monzogranite-
siyenogranite. The dominant texture in these samples is fine-grained from the same dimension
to the non-dimensional, perthitic and granophyric. The main minerals of these stones include
quartz, potassium feldspar, plagioclase and minor and accessory minerals including biotite,
amphibole, pyroxene, apatite, sphene and zircon, which are similar to the granites studied in
this article. The negative anomalies of Ba, Nb, Ti, Sr, and Eu and the enrichment in LILEs,
especially Rb and Thn, indicate the crustal origin of these rocks. Also, Ce and Sm show their
enrichment compared to the adjacent elements. Such selective enrichment has been referred to
as shell dominance (Pearce et al, 1984), and such a pattern is called shell dominance. In
addition, these high values of HFSEs confirm the dry origin of the constituent magma (Bonin,
2007; Zhao and Zhou, 2007).

Conclusion

According to the field evidence, petrography, geochemistry and tectonic structure
differentiation diagrams, Shabester granitoid mass is alkali feldspar granite. These rocks are
covered by the Permian Formation and the Soltanieh Formation has recrystallized with it.
Therefore, their relative age is attributed to Post-Cambrian and Pre-Permian. According to the
alumina saturation index, the granitoid mass of Shabestar has peraluminous to weakly
metaaluminous characteristics. Negative anomalies of Ba, Nb, Ti, Srand Eu and enrichment in
LILEs, especially Rb and Thn, indicate the crustal origin of these rocks. Therefore, Shabestar
granitoid mass is A-type of in-plane granites of A-type, which is related to group Az due to the
depletion of Nb. In other words, it is very likely that A-type alkaline granites were created in
this region after impact events, and during their emplacement, tensile tectonics prevailed. The
REE diagram of these granites shows that the granitoid mass of Shabestar was probably due to
partial melting of the lower crust with tonalitic-granodioric composition. The REE diagram of
these granites shows that the granitoid mass of Shabestar was obtained from a plagioclase-
containing source, or plagioclase was separated from the forming magma during the
evolutionary process, so that it is probably due to partial melting of the lower crust with
tonalitic-granodioric composition.

Keywords: Alkaline feldespar granite, Post collision, Granite Az, Magmatism, Tensile
environment.
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.(and Evans, 2010

5ol Cuws 4y (PPM Ll p) ol Sy 2,8 sl yaic s ICP-ES g, & (WLY 4l ) Lol sloyaie glaosls iV Jgom

ICP-MS (g, 4 yamsd (535355515 sloSiw gloondiimme) 5IU1

Sample No- No- No- No- No- No- No- No- No- No-
No. G G2 Gs Gy Gs Gs Gy Gs Go Gio
SiO, 77.4 775 77.2 76.3 75.9 75.6 76.8 76.2 77.3 715
TiO, 0.05 0.07 017 015 0.06 008 012 016 013 0.11
Al,04 12.1 12.2 117 119 118 1215 12 12.2 115 12.1
Fe,Ost 1.2 1.03 141 132 115 098 104 138 135  0.96
MnO 0.01 0.01 <0.01 0.01 0.01 <001 001 <0.010 0.01 0.01
MgO 0.05 0.06 004 025 017 004 004 017 012 0.06
CaO 045 031 0.35 0.7 054 038 032 042 035 0.38
Na,O 3.6 331 325 365 395 341 362 338 322 338
K;0 428 471 421 435 452 544 512 515 516  4.87
P,Os <0.01 <0.01 <0.01 001 <001 <0.01 001 <001 <0.01 <0.01
Cr,0; 0.01  0.02 003 002 002 002 003 002 002 0.03
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L.O.1 0.78 0.67 11 1.17 1.2 0.98 0.62 0.5 0.8 0.5
Total 99.94 99.9 9948 99.83 99.33 9945 99.73 99.6 99.97 99.91
La 41.5 45.8 82.1 62.4 54.9 61.2 76.7 53.1 54 42
Ce 83 89 154 120 109 107 136 109 107 70
Pr 9.67 10.8 1825 13.26 1223 13.75 16.04 12.25 12 9.1
Nd 325 37.1 60.1 43.2 38.5 47 52.1 431 41.1 30.2
Sm 8.02 7.74 10.5 9.21 9.07 10.2 9.42 9.12 8.85 7.09
Eu 0.17 0.18 0.6 0.23 0.19 0.20 0.22 0.3 0.24 0.19
Gd 9.5 9.4 11.01 958 9.75 9.55 9.32 9.57 8.42 6.36
Tb 1.74 1.32 1.62 1.72 1.85 1.62 1.32 1.65 1.42 1.06
Dy 115 7.45 8.62 10.55 12 8.55 7.35 9.85 8.56 6.21
Ho 2.2 1.59 1.84 2.22 2.52 1.58 1.35 212 171 1.21
Er 7.11 4.36 5.4 7.2 7.85 4.23 3.55 5.84 5.12 321
Tm 1.12 0.65 0.78 0.95 1.23 0.74 0.52 0.85 0.79 0.51
Yb 7.69 4.26 5.12 6.59 7.85 5.27 41 5.74 521 4.23
Lu 11 0.52 0.74 0.95 1.21 0.75 0.6 0.75 0.72 0.55
Ba 22.5 274 1405 452 35.6 26.6 24.3 85.5 76.3 35.6
Ga 24.7 22.3 21.5 25 26.2 245 22.3 22.7 211 21.2
Hf 14 16 17 16 15 18 16 19 18 16
Nb 44.8 26.2 34.3 43.1 45.2 321 18.1 29.1 321 24.2
Pb 25 12 15 14 13 15 16 20 9 17
Rb 292 205 233 268 256 231 210 229 231 212
Sn 11 7 10 12 9 7 6 7 6 6
Sr 10 13 24.5 19.1 12.2 10.2 10.8 18 14.2 16.2
Ta 4.8 3.5 2.8 4.5 53 5.4 2.2 2.7 2.8 3.2
Th 42.3 35.2 321 45 13.1 45.1 32.3 311 33.2 28.1
Y 62.1 44.2 50.1 62.2 67.2 52 40.2 52.1 47.8 33.1
Zr 256 223 201 236 265 290 263 293 235 220

odal Cawd 4 (PPM wb ) laS S 5 £ sl yaie s ICP-ES ig, 4 (WL 4L, ) Jol s paic sboosls i) Jga aslol

ACP-MS 35, 4 s (503553 5 (sloSins lardiee; 50UT 5|
Sample No-Gu1 No-G12 No-G13 No-Gua No-Gas No-Gas No-G1z No-Gis No-Gio No-Gzo

No.
Sio, 77.19 77.6 76.22 77.44 76.37 77.84 77.86 77.04 76.16 76.84
TiO, 0.17 0.14 0.25 0.19 0.25 0.07 0.1 0.13 0.18 0.10
Al,O3 12.1 12.3 12.25 11.98 12.05 11.89 11.78 12.1 12.4 11.84
Fe,Ost 1.35 0.95 1.69 1.47 2.13 1.05 0.98 1.32 15 1.22
MnO <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MgO 0.01 0.01 0.12 0.02 0.69 0.01 0.27 0.09 0.16 0.05
Ca0 0.35 0.08 0.83 0.39 0.14 0.34 0.41 0.46 0.33 0.32
Na,O 2.68 3.04 2.65 2.68 2.98 3.01 2.43 2.45 2.69 2.79
K,O 5.66 5.31 5.27 5.13 4.88 5.19 5.82 5.53 5.92 5.06
P,Os <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01
Cr,03 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 0.03 0.01
L.O.l 0.63 0.60 1.15 1.01 0.74 0.68 0.74 0.81 0.54 1.22
Total 99.68 99.64 99.68 99.72 99.64 99.74 99.43 99.49 99.51 98.84
La 39.5 44.7 75.1 56.2 63.4 61.2 75.7 54.2 53.5 44.2
Ce 101 182 30 159 143 74 96 107 117 132
Pr 9.72 9.38 16.54 12.26 11.24 14.55 15.11 13.12 10.36 10.14
Nd 314 36.2 55.2 44.3 39.1 46.5 51.3 46.2 415 32.6
Sm 9.03 6.75 11.2 10.23 11.07 10.3 10.24 9.14 9.1 8.02
Eu 0.17 0.16 0.19 0.21 0.23 0.18 0.30 0.26 0.22 0.19
Gd 10.1 9.8 10.92 10.01 9.65 9.32 9.85 10.21 9.42 7.23
Th 1.65 1.41 1.57 1.68 1.82 1.56 1.42 1.56 151 1.02
Dy 10.6 8.25 9.21 9.23 11.02 8.45 7.36 10.54 9.02 7.36
Ho 25 211 1.82 2.32 221 1.68 2.69 1.85 221 1.71
Er 6.85 3.59 6.1 7.9 7.57 4,56 4,25 6.12 5.47 4.29
Tm 0.87 0.75 0.68 0.85 1.33 0.84 0.62 0.75 0.69 0.61
Yb 6.68 5.26 4.14 6.49 8.85 4.27 45 5.64 6.21 4.33
Lu 1.3 0.42 0.64 0.85 131 0.65 0.7 0.65 0.52 0.65
Ba 61 61 145 79 207 58 42 60 161 27
Ga 19 24 18 16 15 14 18 19 20 15
Hf 16 19 24 20 15 18 23 15 16 19
Nb 16 31 18 23 22 27 20 21 25 17
Pb 32 17 17 18 25 32 19 39 26 22
Rb 217 206 237 203 235 201 294 211 288 205
Sn 12 6 11 13 8 7 6 8 6 7
Sr 18 24 29 29 39 14 33 19 28 19
Ta 4.7 3.6 3.8 4.2 6.1 5.2 3.2 2.8 29 2.9
Th 26 40 29 31 12 29 22 34 22 30
Y 37 40 36 37 29 38 26 39 33 38
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R1=4Si - 11(Nat+K)- 2(Fe+Ti)

(Shand, 1943) ] (De La Roche et al, 1980) u:.” uul.w‘ 2 er ;))940 6&.:55_“)‘; 6[.%&..») ‘SJL..A.»_M} 64.2.30‘)) :f Jim

Landenberger and ) ;pcsls,T 5o wglen,l gl 9 Lwdb
King et al, 2001; Frost et al, ) s (Collins, 1996
(2002

Na,0+K,0-Ca0

7 Js) NazO + K0 — Cal (slaloges jo oS oyl
Si02 4 Cod (o 0 o) FeOY (FeO' + MgO) 4 (!
Gloodl g Sels - LB &y, sl (Bonin, 2007)
oo o2 BLly o el cwyp A gg slacul S alis

50 60 Si Oz 70
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‘o 3 Si02, Wt % lis ,> FeOY (FeO! + MgO) (Bonin, 2007) suzsainls Jlsgas il ) onds aslllas (clocuil,F Codge b S
5 oobesl sals cloosls iy e 513 SIS A g5 slacesl S gp0l8 o ladiges SOz Llie ,o NazO + K0 — CaO

10,000 4 cons Ga Hloges jo (Al £ JSS) &,.5 0
59 0 s,y e S (King et al, 2001) x Ga/Al
(o F IS Wb JI3 A g5 el oogase
Ca0 + Al,O3 4 CaO/ALO3 cas Jloged (yuioren
ool oL s (Shand, 1943; Konopelko et al, 2007)

(@ F JS8) oS o anli |

.(Landenberger and Collins, 1996)

polie NK/A>L AICNK<L s sl e ]
Ca0 3 MgO AlLO3 sl ,olise g NaO + K0 (YL
FsS LYY b ekew 5l glesl 58 a5 axtew
Ce oluly ol LS loges ;o aiiud gilo,g
Frost et al, ):10,000 x Ga/Al & e+ Nb+Zr +Y

)|)§ A P 03930 ;O oA gwyp ‘5&4.;9&.; (2001
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B A £55 5,08 0 00l sy sodigai (10,000 X GA/AL &5 coes Ce +ND +Zr + Y slacoil 3 caslas Jlogad jo:all:# S

Sl S g pald 10wy 8550 sladiges oS 5 aas o L5 10,000 X GA/AI a5 oo G logei s «(Frost et al, 2001) s .5 o
Shand, 1943; ) & ,.5 o ;1,3 A £45 5,018 ;0 loaiges Ca0 + Al203 4y i CaO/ALOs jlog05 ;o 1o «(King et al, 2001) cowl A g5

A Camnd 00 iy Joged jo e (A Y SE)
S EE SLIS (ow 0 90 ol adsl atoS
Y USs) s Th gRb 51 Sas 2 Nb o Ti Sr Ba
Sun and McDonough, 1989; Patino Douce, ) (w

(1998

Sample/Primitiv Mantle

= et e e |

CsRbBaTh UNb K LaCaPbPrsr PNd ZrSmEuTiDy Y YbLu

e

Sample/Chondrite

.(Konopelko et al, 2007

sdises ;o GA/Al YL s g EU oo (g )luin o
Loy oKl jo Dl jpa> Sl gw)p 0590
ooips oSis sleSle jols Job jo WM Gialoe
Torkian and Niknazar, 2020; Dahlquist et al, ) <ol
S Hloged o ladiges REES (glgize (yizen (2010
.\.aoGaQL.i..sEu e Lg)l.?e.;.asg‘&%)qﬁgw' s 03U

T T T

—
la & Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Ol loged i (Sun and McDonough, 1989) <o ,uuS a4y Comd 00l jloeigy REE ((G9.5Ge) Slgl 3 Ol o Jlogad icall Y S
.(Sun and McDonough, 1989) a sl a5 a5 i 0als jloxigs (s 350 oo siil § ClaS g Lol jolie Sl

o=y eas LS slecasl 3 (Khalaji et al, 2014
odd iy Graie Wiz glajloges 0 4 S )b
ol ob 4 Cans (Pearce et al, 1984) ORG 4 ¢
S lalaore 4 aiisly slacdl S 50 aisd oo 0ols
@ Samd |y 6y e )l BA )93 5l
B 3,05 0 5l e sl S 0 Yb g Nb (Ta Zr ,0lie

g Cen
S slacalS (olesdsss Glaow,p wlelp
Lacdl S cpl an A el S g9 5l ) p
sl 10 (S 5 1) badssl s o glosl B>,
Nabavi, 1979; Mahood and ) wsd oo el oS
Sloss e oS slalase ol 4o (Hildreth, 1983

Wosly Slo2ES 9 9,95 3 5 oy (LA L mo 90 4o
Ahankoob, 2012, Ahmadi ) 5,5 o Lol ey, JSCis 4
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A Gloasgidl 5 3 lacne; ool 5 (condime)

il barisiy o Shy Fr g JeSis il
Sloslaw] ioren .l swgd pli> sld She b ailive
Pearce et al,) ool ) ooS plae sl ,loges

(A JS8) canl ools Cawd a1y dxil o 55 (1984

2000

1000 £

Syn-COLG

100 £

Rb

10 |

Y+Nb

10002000

Sy, eSS g atly glac S gl i gogas
sosg wlwl ol 1 (Mahamed, 2020) <.l

Slazmio (3,0 slac sl S go5 5l il saSgidlS
Bble 8,55 0 3l o2iS Slagygy jo a5 wlbee

1000 T T T

100 £ E

10 E

10002000

s (§55501 T sla S (gl (Pearce et al, 1984) ClS polie olul 5 o3l rw) jued slaloges A JSo

eSS o ganaab lalogel o a5 A g4
30 a0y 40 g VAG (godgame o (1 JSLi) Pearce
s REE Th .Y Rb | & &%,.5 . 3 WPG
Az slaan sl S 55> 1) gl b g asie Gugsllucle
bewls 5l gss ol .(Bonin, 2007) o5 gamaiws
Rz g Syl aegy pleardsty BTl oS5
ooy w0 1y Lol S 5 as ol
8,3 oo i o (Post-Orogenic)  oli2sS 51 e
S She 9,90, 0ad 53 waled (Bonin, 2007)
Sy CailS Gladises o st Ar slaadendl S

il oddlie JB iogh cpl jo dsllae

ot 5 g paie (ke polio 5l (S p Y Joox 5o
(Whalenetal, 1987) d s A £5 slocasl 5 (s pais
00 duwlie dsdlas 0,50 il T sladiges Sl U
aSl L ogd oo cdalin ¥ Jguz o a5 bl ol
S99 1 g A Sl S polie (o Slbgren (s)lade
a4 ool cals adlae 9)50 slodiges polie Lol wo)ls
ASbeos a5 HFSE polie 0 ohga wijls A g
<! (Aliani et al, 2012) 5,5 oo )13 (5505 Slw 5o
) AL gs 0w |y A gy slacasl S (Eby, 1992)
03,5 s (21198 L bL)| ;0) Az (Cai, L bLS )
o sl T 5l aas o] eisran (Gl )+ JS8) ol

91 &g landsiil S (Sl polie (n Fpten Sl (0 b aalllas 990 SuslS sladiges (uS0ln olie Sl (F 2 o dmalie ¥ Jgar
McDonough and Sun, ) jle ¢ 33laSe 5l adsl axisS o (Wedepohle, 1995) alngysg 5l aiws Kilw (Whalen et al, 1987) A

A-type | -type Average of
continental
crust
Na,0+K,0 7-11 5-8 5.6
(Wt%)
FeO; >2 <3 6.28
MgO <0.5 >0.5 3.7
FeO/MgO >>4 >4 1.7
Zr (ppm) >400 <250 203
Y >>25 <40 24
ZrlY >7 <4 8.4
Nb (ppm) >>10 <<30 19
Nb/Y >0.7 <<0.7 0.7
La (ppm) >>30 10-30 30
Yb >>2 <<3 2
Th (ppm) >10 >4 8.5
Th/Yb 1-15 >0.3 4.2
ThlY 0.2-1.2 >0.1 0.35
Ga (ppm) >18 <18 15

(1995
Numerical range Average granite Primitive
granite in the study  in the study area Mantle

area
7.46-8.85 8.16 0.4
1.23-3.20 221 8.0
0.4-0.25 0.15 37.8
3.1-12.8 7.95 0.2
201-293 247 10.5
33.1-67.2 50.2 43
3.8-6.64 5.22 2.4
18.1-45.2 31.65 0.6
0.45-0.72 0.59 0.1
415-82.5 61.8 0.7
4.1-7.69 5.9 0.4
13.1-42.3 27.7 0.07

1.7-9 5.35 0.2
0.7-0.85 0.78 0.01
21.1-26.2 23.65 0.4
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Jolie o Sai b g ol o (Na0 + Kz0) b JISUT
Wi oo olis boysells s HFSE YU Jlose Casglie b
4 .(Schandle and Gorton, 2002; Petro et al, 1979)
5o Wilg o alaie o ISy 5L (Eby, 1992) ol slizel
lew! 5 ol abl atsly cdo Az slacusl 35 LSes
et S Gblie 15 (ol JS 5 5l s Lasgs il oo
& yawgid Delamination (&l .wgls JSis oljesS 5l
Black ) (s iwgid 3,0a Jiul (& (Mufti, 2001)
Davies and ) Slab break off (z .(and Liegeois, 1993
S 9eVb o Lo 1,5 ol .(Von Blank enburg, 1995
Calg 59 590,5 gd Kl oo 4 s (g kgt o5 g
Sgl e slo)By; latisS (g hugid (Sabosd 4
.(Lithosphere Subcontinental Mantle (SCML))
3eolawl b A Sy oals &SIl layloged bl
5 A gg slacgil S Ll gl Y-ND-3*Ga ,ole
S50 sldiges el S g ol Kl asis
EDy, ) (1) + JS8) 525 (o0 )1 3 A2 050 33 (o)
@ S ALOs Jsses 53 ol o933l (1992, 1990
039350 50,0 aaiges (Maniar and Piccoli, 1989) SiO;
oobol ol g (o A USE) Wlowds @dly SliesS 5l e
oY (Seelusgs 5 ledgi slsosls
SLiss ang Saciosd )l LacwlF onl LSas
397 0 3l e (S St slacdld (b s
5L agldl ity 3l e (sl Sloio

&S e

AI:O,

RRG + CEUG

) L@Q] LS)jJS-“" A &y GLQCA.:J‘; 40 dbg;}'.j )'|
L ‘_,’,Aw.f sl &y Q.g.l ol ‘5»«5 slelase
a4 b g ocw, 4 aiwly glaxiong,e gl s
Nabavi, 1979; ) ai,lo  Sials 5,55 5 5l o sloaeisS
yeba e g0 o (Mahood and Hildreth, 1983
Chappell and White, ) blul slaws, b slos s
iS15 G Ladls wj) oS gl Loy (1992
(Sylvester, 1989) wgd oo ativ S o S
slaaihaie 13 215295 519,55 2 5l A g9 slacidl S
..\.:5....4‘50 odud (;o)?d.uj 9 JMS L o‘,a.:b 6‘0\))—.:.“‘5
8 pdy WLRD o YU 4 ax45 L (Sylvestser, 1989)
e w‘; JJ}A 6Lofl.a ol.?u‘ o 6|o)l3 dmy as
&9 28 slacil 5 gle 4y canlaiils Gl i
slrl 59,55 5 sleslag, JLis a4 wys5 5 5l G A
e 255 e Ll s afile by Ssbiss
(Toulabi Nejad et al, 2021; Khatib et al, 2014) <.l
@255 e 2l Gl T L Al o bSw ()l
oKls 5o ‘_g‘e\...ms.; k_gl.ft:o..\.”)'LM.a )l Sy e ‘_gl)la
;550 B,k 5l (Zhao and Zhou, 2007) ocwe o>
a5 s se ol ol diine) 5 (AT Gla o
—Sal slasles 5l i ol ;0 A g4 slacul S
ol a5 (King et al, 2001) wgd oo JoSis L3
Sl oleSle olSisls G 5IYL caslos jols s oo
A g5 slacal S 55 Glp Jeiome oSils wilgs ol
o 4l Jom Tagads Lol ,o baewslF ol sl
3 (e 4l 3,85 bS5 9 YL SIOz lyls)
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T T T T T
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