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Extended Abstract

Introduction

Intrusive masses are exposed in the Bostanabad-Mianeh axis with the northwest-southeast trend. The
rocks are known as granite in general geological maps. Detailed studies in this study have also shown
the presence of syenites which their petrology was considered in order to investigate the Zagros orogeny
development in northwestern of Iran. The magmatic rocks of the region are the result of magmatism of
the Uromieh-Dokhtar magmatic belt and include intrusive, volcanic and pyroclastic rocks with
sedimentary units. Syenites of the Bostanabad-Mianeh axis are along with large volume of granites.
Syenites provides important information about the interaction of the crust-lithosphere mantle, magma
evolution processes, tectonics and crustal growth. In this study, syenites are divided from granitic rocks
and their geochemical properties have been investigated to determine their tectono-magmatic and Petro-
genetic conditions.

Materials and Methods

During field study, samples from the syenite and granite outcrops were collected for petrography,
geochemistry and determining magmatic series and the magma origin. For geochemical studies, 13
samples of intrusive rocks with the lowest degree of alteration were chemically analyzed by ICP-MS
and ICP-OES methods in the Act Lab Ontario Canada.

Results and Discussion and Conclusion

The Bostanabad-Mianeh axis in northwestern of Iran and in the East Azerbaijan province is part of the
Cenozoic magmatism of the Lesser Caucasus towards southeastern Iran. Magmatism is related to the
subduction of the northern ocean of Neotethys during the collision of the Arabian Plateau with Eurasia
and its subsequent events. The presence of arc-type magmatism in the regions of Azerbaijan, the Alborz
Mountains, Talesh and the Lesser Caucasus all indicate the subduction of the Neotethys branch with
the Eurasian plate. Due to the LILE and LREE enrichment and the HREE depletion, the source of the
magmas for the studied syenites are originated from an enriched mantle source in the continental
lithosphere in the subduction zone belonging to post orogenic extension events. Consequently, the
formation of the intrusions is related to mantle melting which is enriched and fed by fluids and melts
and finally contaminated with crustal material during the ascent.
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Sample Mza2 ‘ Mza2 ‘ Mza2 ‘ Mza2 ‘ Mza31 ‘ Mza32 ‘ Mza4 ‘ Mza3 Mza30 Mza38 ‘ Mza4 Mza39 ‘ Mza4
6 7 8 9 5 4 1 2
Rock Syenite Nephelin Granodiorite Granite
Types ¢ syenite
X 47 12 4711 4722 476 4727 47 19 470 46 42 47265 46 56 46 55 46 54 46 55
34 58 29 25 45 9 49 57 14 52 43 55
Y 3728 3731 3724 3735 3747 3734 3739 3749 374740 3743 3739 3741 3738
57 36 27 44 7 22 37 53 1 21 27 24
Major elements (Wt. %)
SiO 57.10 57.40 57.10 60.78 58.26 54.57 63.95 65.47 56.30 63.67 66.59 75.90 78.95
TiO2 0.82 0.85 0.86 0.70 0.82 0.97 0.59 0.47 0.96 0.73 0.65 0.16 0.13
ALOs 17.06 16.30 16.64 15.76 19.42 16.49 15.47 16.03 18.22 12.95 14.63 14.58 14.75
Fe:Ost 7.31 7.92 8.71 7.28 6.01 9.43 5.15 3.32 8.22 9.05 5.60 1.46 1.99
MnO 0.14 0.12 0.12 0.08 0.13 0.15 0.11 0.06 0.13 0.14 0.09 0.01 0.00
MgO 2.37 321 2.89 2.58 1.31 3.93 1.82 0.59 1.84 3.59 1.82 0.24 0.24
CaO 5.22 5.00 5.48 5.04 3.78 6.12 2.59 1.47 4.16 6.03 323 0.12 0.03
Na,O 3.82 4.27 3.59 4.57 5.59 3.88 451 4.48 542 2.99 3.58 1.63 0.21
K.O 4.94 434 4.00 2.30 3.82 3.74 4.78 6.61 4.05 1.29 3.85 5.54 4.30
P>20s 0.01 0.00 0.00 0.00 0.00 0.00 0.25 0.08 0.01 0.25 0.21 0.02 0.02
LOI 0.84 0.50 0.92 1.28 0.49 0.66 0.56 0.80 0.82 0.73 0.69 1.15 0.93
TOTA 99.64 99.92 100.3 100.3 99.62 99.94 99.79 99.37 100.13 101.41 100.9 100.80 101.5
L 2 7 4 7
Trace elements (ppm)
Li 14.80 28.40 29.50 9.00 28.30 27.90 9.20 22.80 35.30 6.80 9.30 6.90 2.90
Be 2.50 3.00 2.40 1.10 2.80 2.00 2.20 3.70 3.10 1.40 2.60 1.70 0.90
S 61.00 59.00 <50 <50 139.00 <50 75.00 65.00 1252.00 114.00 131.0 120.00 174.0
0 0
Sc 15.00 13.00 20.00 16.00 5.00 22.00 10.00 6.00 11.00 23.00 10.00 1.00 4.00
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Y 122.0 | 137.0 | 160.0 | 1260 | 93.00 | 177.00 | 73.00 | 21.00 | 142.00 | 200.00 | 80.00 | 7.00 17.00
0 0 0 0
Cr 18.00 | 20.00 | 11.00 | 5.00 3.00 4500 | 25.00 | 7.00 7.00 33.00 | 28.00 | 2.00 2.00
Mn 982.0 | 888.0 | 937.0 | 623.0 | 912.00 | 1081.0 | 797.0 | 385.0 | 982.00 | 1236.0 | 664.0 | 43.00 | 27.00
0 0 0 0 0 0 0 0 0
Co 1480 | 19.90 | 21.00 | 17.90 | 820 1890 | 810 | 3.10 11.90 27.00 | 11.10 | 040 0.30
Ni 10.00 | 19.00 | 9.00 | 9.00 6.00 19.00 | 11.00 | 4.00 10.00 21.00 | 15.00 | 2.00 <2
Cu 6530 | 56.30 | 69.40 | 1540 | 63.90 | 7020 | 680 | 17.10 48.10 4440 | 4030 | 1130 | 12.30
Zn 7370 | 76.80 | 77.60 | 33.40 | 67.40 | 77.10 | 59.40 | 31.00 78.70 99.40 | 50.70 | 10.60 | 9.50
As 850 | 5.00 | 680 | 7.90 370 1060 | 230 | 7.10 35.00 470 420 1.20 0.70
Se 022 | 018 | 022 | 016 0.16 0.16 0.15 0.14 0.30 0.16 028 0.10 0.07
Rb 1438 | 1274 | 1684 | 47.10 | 137.00 | 103.00 | 152.7 | 261.0 | 137.10 3220 | 186.6 | 158.40 | 126.6
0 0 0 0 0 0 0
Sr 430.1 | 8144 | 4469 | 323.0 | 773.10 | 548.60 | 209.0 | 110.8 | 613.60 | 433.40 | 360.8 | 164.50 | 4.40
0 0 0 0 0 0 0
Y 32.15 | 2741 | 3650 | 2931 | 20.06 | 31.77 | 31.91 | 35.53 24.49 2175 | 2672 | 7.56 2.02
Zr 20.00 | 21.00 | 9.00 | 22.00 | 142.00 | 24.00 | 14.00 | 11.00 92.00 2400 | 11.00 | 86.00 | 17.00
Nb 17.80 | 28.90 | 21.80 | 1440 | 1480 | 11.10 | 22.80 | 28.10 16.50 740 | 22.50 | 17.10 | 25.40
Mo 110 | 200 1.50 1.10 2.60 0.90 1.10 1.40 0.80 1.20 1.90 0.70 0.60
Ag 019 | 020 | 016 | 0.10 025 0.10 0.14 | 046 027 0.13 0.40 031 042
cd 0.09 < < < 009 | <005 < 0.05 0.08 0.09 < <0.05 | 006
005 | 005 0.05 0.05 0.05
In 007 | 004 | 005 0.04 0.02 0.04 0.03 0.04 0.03 0.06 0.03 0.01 0.01
Sn 2.20 170 | 3.00 1.10 1.40 1.30 330 | 3.40 1.40 1.10 2.70 0.90 8.00
Sb 140 | 060 100 | 020 0.40 1.90 0.90 1.00 0.80 0.30 0.60 0.90 0.20
Te <02 | <02 | <02 | <02 | <o02 <02 | <02 | <02 <02 <02 | <02 | <02 | <o02
Cs 450 | 7.00 | 880 | 0.70 450 2.10 480 | 720 8.10 1.30 520 520 1.10
Ba 857.0 | 8382 | 660.6 | 635.0 | 12792 | 864.80 | 618.6 | 372.6 | 124430 | 507.50 | 533.3 | 11193 | 119.5
0 0 0 0 0 0 0 0 0 0
La 36.68 | 73.33 | 34.59 | 30.58 | 38.84 | 3220 | 41.76 | 58.10 44.78 3401 | 4824 | 54.64 | 13.65
Ce 67.86 | 1444 | 67.86 | 53.69 | 61.16 | 5526 | 76.51 | 95.60 71.74 5398 | 78.75 | 74.13 | 18.65
9
Pr 778 | 1438 | 806 | 501 730 751 849 | 10.94 8.75 647 9.07 748 1.82
Nd 30.14 | 53.55 | 32.56 | 22.69 | 29.14 | 31.26 | 3L.11 | 40.40 36.05 2676 | 3436 | 2439 | 5.0
Sm 551 820 | 621 113 521 6.12 522 | 721 6.64 521 6.17 336 0.88
Eu 132 1.96 137 1.19 1.61 1.69 100 | 066 172 1.30 1.04 0.94 0.13
Gd 587 850 | 626 | 477 518 575 548 | 650 6.33 492 577 461 1.03
Tb 1.00 1.07 112 | 086 0.64 1.05 0.90 1.04 0.84 0.73 0.83 031 0.07
Dy 518 | 502 | 597 | 476 334 5.56 494 | 580 444 403 444 146 034
Ho 108 | 096 124 1.01 0.96 125 1.08 1.64 1.19 1.10 125 0.36 0.12
Er 340 | 280 | 384 | 3.8 2.30 3.02 346 | 415 2.80 2.59 3.06 0.86 024
Tm 052 | 042 | 060 | 050 044 0.53 056 | 083 0.52 047 0.59 0.18 0.05
Yb 341 260 | 377 | 3.14 2.76 330 363 | 483 318 271 345 1.19 0.29
Lu 049 | 037 | 056 | 046 043 0.53 054 | 077 0.51 041 0.54 0.17 0.05
W 200 | 200 | 620 | 0.60 1.80 0.90 440 1.90 0.70 0.80 5.70 1.40 1.70
Re < < < < <0.01 <0.01 < < <0.01 <0.01 < <0.01 <
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Hg < < < < <0.05 <0.05 < < <0.05 <0.05 < <0.05 <
0.05 005 | 005 0.05 0.05 0.05 0.05 0.05
Tl 060 | 070 | 040 | 020 0.10 0.20 070 | 0.60 <0.1 0.30 0.70 1.00 0.90
Pb 2480 | 1920 | 14.90 | 4.90 1860 | 1240 | 1430 | 19.30 25.40 11.00 | 15.10 | 4.70 340
Bi 020 | 010 | 010 | <01 | <ol <0.1 0.10 | 0.10 <0.1 0.20 0.20 <0.1 0.20
Th 1504 | 3113 | 23.63 | 10.66 | 798 6.14 | 20.84 | 35.24 9.72 6.98 1623 | 1673 | 991
U 2.85 695 | 424 1.67 2.53 1.64 509 | 675 3.02 176 393 354 134

alllas 550 sladiges g2ile)g8 Slowloe iV oo

Sample  Mza26 | Mza27 | Mza28 | Mza29 Mza30 Mza31 | Mza32 | Mza45 | Mza34 | Mza4l Mza38 Mza42 Mza39
Rock Syenite Nepheline Syenite Granodiorite Granite
Type Syenite

Q 413 3.508 7.361 13.178 0 2.103 2.121 12.978 11.326 22.01 25396 | 61.858 | 45.655
C 0 0 0 0 0 0.232 0 0 0.025 0.201 0 9.722 5.722
Or 29.206 | 25.659 23.64 13.604 23.943 22562 | 22.091 | 28262 | 39.071 | 22.743 7.639 25.425 | 32715
Ab 32.324 | 36.157 | 30.405 38.662 45.868 47.28 32.829 | 38.184 | 37.869 | 30.274 | 25.261 1.796 13.781
An 17.542 15.21 20.191 18.422 16.157 18.725 | 19.262 | 10.561 6.779 14.659 | 20.848 0.066 0.505
Di 4261 5.134 5.435 5.115 0.863 0 8.627 0 0 0 3.805 0 0
Hy 3.931 5.613 4.667 4.047 2.779 3.264 5.792 4542 1.466 4524 7.179 0.609 0.61
ol 0 0 0 0 0.981 0 0 0 0 0 0 0 0
Mt 0 0 5.515 5333 0 0 5.624 0 0 0 0 0 0
1l 0 0 1.642 1.326 0 0 1.84 0 0 0 0 0 0
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Hm 5.991 6.569 3.542 2.401 6.763 4.691 4.087 4.052 2352 445 8.821 0.357 0.803
Tn 2.011 2.094 0 0 235 0 0 0.462 0 0 1.786 0 0

Ru 0 0 0 0 0 0.818 0 0.405 0.47 0.654 0 0.134 0.159
Ap 0.015 0.01 0.008 0.003 0.014 0.011 0.007 0.594 0.189 0.503 0.59 0.036 0.036
Pr 4.108 4.126 0 0 4328 4.082 0 3.678 3.392 3.749 3.958 2.735 2.781

Slodiges gloysi ganail Gl agd e
g G ol sodgue o alie
TAS Jloged caisS ol 9 &,5 o0 )18 <ol S

Y JSs) scis

TAS (Cox etal. 1979)

S)90 Sladiged ganail 5 () lAKal Holaio &
Cox,) lawgs ouls &I TAS slologas 3l anllas
Q" Jlas ,o ANOR ,logei 4 (et al, 1979
oolazwl (Streckeisen and Le Maitre, 1979)
Soges )0 axlllas 550 (sAiges Egeme j0 0l
a5 18 edilS g cosiw sodguss ;0 TAS

]
(@) Uttravasic}  Basi Acid @ Syenite ®
e 60 |- Granite O
Nepheline 50 |@ Granodiorite @
syenite
40 [
i
: ' ol N
Q + A Syenite
0y > Q20
q ivem 9 10*
‘Zs iofte P 10
/_Gabtro ot 0 ) : 1
w - (pranodiorjte
Diorite -10
abbro 20
Alkaline ——— | 30 -
- 4 Subaal TL . . ) 1 1 1 | 1 1 1 | 1
0 0 60 70 10 20 30 40 50 60 Y0 80 90 100
502 ANOR
Cox ) Gllﬂ‘ Eﬁ-"-"“ J.tl.a.o e u.u.J.....u ..\....»5‘ )bﬁm (a axlllae Sy90 6&5.&.: 6Lbu_i....u 6‘)4 TAS (G009, :Y J&u
(Steckeisen and Le Maitre, 1979) oolo,e LS5 wlelp  (games, (b (et al, 1979

3b tel et 32 1ol S Lwals JIUT =2 Q'=Q*100/(Q+Or+Ab+An), ANOR=AN*100/(Or+An)
(adgpge 415 =8% i 35 ,1eS =T wiciw B 165 Shawals k_gll_iﬂ =6" «odlys =5 «Co 92043 ,5 =4 il S93550
(92395590 =9 taSg e =8 taiw =T 1w Jlwald JIIT=6 1y 00 5,155 =10% 1y 502093550 35,195 =9"

w)yd =10

(Hastie et al, 2007) Co Llis ,0 Th gonasl S0 s Sl¥le gy urd jshaio 4

g 9 YLK (g5 0550500 )5 jLivn aaiges
2 ANK jlogas bl izmen a8 57 )18
el ja>ls (Shand, 1943) A/CNK  Llas
odgazma 0 anlllie Oy90  (lddiges  yuegl]

“)-56" B8 u-*-"ﬁJL-"

Si02 hlie 0 KiO  sla,loges 5l asdlas
Jlie ,o Th g (Peccerillo and Taylor, 1976)
SHloges o .0l eolawl (Hastie et al, 2007) 51 Co
ool 00905 4o ruiw S10: Llas ;0 KO
b Sigded slaShy 9 wWnSee B VL
Soged jo il oo las FIFY B YIVY el
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Si0,- K,0 plot (Peccerillo and Taylor 1976)
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Hastie et al, ) Co _Llas ,o Th jlsges (b «(Peccerillo and Taylor, 1976) SiOz Llie ,0 KoO Sloges @ ¥ S
.(Shand, 1943) .yl gleil asLs (C (2007

3590 Srdigad po 10 oleSlo (5 a5 oo Lis
polie yo Sausly, cwl sl bojo asdlas
s oml Al G e Gliiee by
SSle il sloais1p ;50w p polaie 4
Jlas ;o La ¢ Ba/Nb Llie ,o Nb slalsges ;)
Cladises b loges opl jo .o colawl La/Yb
A5 4 g i oo (LA (olite g dslllae 3
axdllas )90 (slac ;5085 g baaiow Sy o0
O U aisl ool Jol>  sisuegd asl o
Glidss aie 2Lyl sk 4 b 5 a

robie ool O¥e Wiy, gy Hskiie &
S50 Slddiges cams JSis leSLe ol
oolaiwl (Harker, 1909) sla,loges ;| asllas
G ooy oshie 4 byylages cpl el eulds
albe LSl a0 ki, dbske glaosls
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S ysbas .(Rollinson, 1993) a5 oo colaiul
ALO3 dasddllas 5,50 ol S 5 leoww o
A9, Ti02 9 Na,O Fe Ost MnO MgO LaO
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5 Jomial Gl sl SIS 5w
Bu i glag,lmal 0gd JyuS uSgym
ol 533 bl 53 5 B b e Yoo
sl ol pon 31 Eu ite Jlogil .ol yaie
ol o 519 252 By S p ol St i
Jwls 255 1 asl Ba ae JlagiT U
Wu et al, 2003; Tepper ) 59 0 sbx] puaoly
ol S350 G5 ol o3l s (et al, 1993
g oo noglS JoSis 5 LSl Jood )0 (oot
LSle Jsou 50 (soto Jole jlwals JISIT 55,8
alllae 5y50 lacuivw 9 Logils LS5
S 0l yole g jo g3l Wy,
SLSle cloan T o slice ales ailis (¢ JS)
] aslllas 3j50 gddiged SIS > 0
HREE § MREE & coi LREE _Sos i
55550 REE (sl 15505 55 jeio slagSl 4y j2xie
oy & addllas 5,50 sl Xiw ;o REE lode
5 Ty welsd adlls el i
I e Sl alls 550 slatises Jrandss
G ol addllas 550 dihaie ool S oy
ol IS jsba A g5 glaces),§ oSl s
5 Sy bl aile Yo Loy O slass
King ) atws slails o sloJgabol § Cugu
clls adllas 5,00 (glacesl S (et al, 1997
5 Sope W6 5 adyl sloJseiol 5 s
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als (Newberry et al, 1990) SiO, blae
alad 3 135 1 gg5 Codl S oogusms ;o ddiges
» Sy BT gs laasedl,s (v JS8)
o 990,57 2 o JUd Gile 8 Jeld oS Jlad al> 5o

W oo oS Sanl 8,55 5

so)loges 51 Giilye s boakaly 5o opilegulie
Jilis ;o TH/YD lsgas s Nb/Zr Llia ,» Th/Zr
Yl g aie Jyos o olil Cs/Rb
Ol 9 ND/Zr (¥l o b ouilyg)8 amao
Dgd oo Slaidy dallas 550 slraises Th/Zr
Nb/Zr o NW/ZE e o TH/ZE Jlsges 4o
50 bdiges g awo oo lid glos pnS Ol
28,518 Gl b bl e (Sal 18w slal
Cs/Rb Llie ,0 TH/Yb Jloges ,o0 .c & JS&)
Ny, ohtel o lalgeeglS s bieiw
3 amio jl ead Fiie Jhw pelagulic
B el et j5lie 4, (D JS8) 033 5
gl GlaleSle Slpais (o) 2 9 LaleSlo (S5
Gl ol eolaul geSie slajloges
350 Slatuin (S ClaS yolie  Sassly
olas oS pl g (b ga s o) conl (5lge anlllas
axllae 0,50 Gl o S ylie slice sdimo
sRb Nd Pb .U K Th) ,.Ls ¢ olic .ol
s Jb o e e plis Sad g Sm
Eu Zr P Sr LCe La Nb Ba) osle s ,0lic
Sad S i el Sab 5 (Y 5 Ti
Gyolis Sos 45 s Rb g Th asle cpobic
S Sy 3l pole Xl 0 Ti 4 Nb wiils
gyt 4 daly (S lalaos slaleSle
LB olie Suls 45 (Wilson, 1990) ¢l
K 55l ol Sus é St Ti Nb asle
5 laiwsy So Sy U 5 La Rb (Th
Sy50 lauiis 5 leddlS cplpls ailb e
i (Saigé HFSE i g5 asllas
5 LHREE 5 mhas Lo 551§ WLILE
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bhug Wlg oo adllas 550 6w 0 Eu
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=] Spider plot— Primitive Mantle (Sun and McDohough 1989)
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