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Geochemistry and petrogenesis of basaltic prisms
from South of Germi city (Ardabil province)

Mohammad Mobashergermi and Ahmad Jahangiri*
Department of Earth Sciences, Natural Sciences, University of Tabriz, Tabriz, Iran

Abstract

The basaltic prisms assemblages of Poshtsar are located in the south-eastern of Germi
city and include of mafic volcanic rocks such as olivine basalt. They are outcropped
with about 1000 meters thickness in the eastern part to 10 meters thicknes in the western
part of Moghan. The main minerals of these rocks are olivine phenocrysts,
clinopyroxene (augite) and plagioclase. The dominant textures of the rocks studied are
microlitic and microlitic porphyritic. According to geochemical diagrams, the study
rocks were originated from an alkaline magma. Spider diagrams show that the parent
magma has been enriched in LREE/HREE ratio and LILE to primordial mantle which
indicates enrichment of mantle source of the parent magma The magma of the studied
rocks were generated from garnet Iherzolite in depth of around 100 Km. It seems these
basalts have been formed in Back-arc basin due to subduction of the eastern Black Sea
(northern branch of Neo-Tethys) beneath the Armenian microcontinent.
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Olivine | I 11 1\ Clinopyroxene 1Rim  1core  2core 2Rim  3core  3Rim  4ore
SiO, 3843 3871 3651 3721 SiO, 52.1  50.46 50.14 50.76 50.11 5091 50.04
Al,O; 0.21 0.51 0.24 0.12 TiO, 1.04 0.92 1.98 0.6 1.89 0.57 1.19
FeO 26.53 26.53 281 2843 Al,04 3.07 24 4.37 4.36 4.6 331 454
MnO 0.63 0.64 0.64 0.64 Cr,0; 0.07 0.14 0.08 0.04 0.08 0.06 0.04
MgO 3233 3188 3265 3212 FeO 5.95 7.11 541 7.55 4.22 6.99 6.17
CaO 0.20 0.32 0.31 0.28 Fe,0s 2.54 2.42 3.48 2.1 3.39 2.07 2.69
KO 0.08 0.08 0.08 0.07 MnO 0.26 0.34 0.33 0.37 0.39 0.5 0.28
Total 98/43 98/98 98/97  98/88 MgO 14.13 14.11 1494 1454 14.99 1551 14.28
Si 1.04 1.04 1.00 1.02 CaO 20.87 20.06 1941 19.68 20.11 19.9 20.67
Al 0.00 0.02 0.01 0.00 Na,O 0.00 0.00 0.00 0.00 0.00 0.00 0.08
Fe 0.60 0.60 0.62 0.61 Total 99.75 9949 99.75 99.71 99.3 9959  99.68
Mn 0.01 0.01 0.01 0.01 Fe™ 0.09 0.02 0.04 0.01 0.04 0.02 0.004
Mg 1.30 1.28 1.34 1.34 Fe*? 0.34 0.31 0.31 0.3 0.27 0.29 0.27
Ca 0.01 0.01 0.01 0.01 Si 1.96 1.88 2.00 1.87 1.60 2.00 2.02
K 0.003 0.003 0.003 0.003 Al 0.14 0.19 0.13 0.12 0.11 0.11 0.1
Total 2.96 2.97 3.00 2.99 Mn 0.01 0.01 0.01 0.00 0.02 0.01 0.01
Forsterite 67.76  67.76  67.76  67.76 Mg 0.79 0.79 0.71 0.08 0.74 0.77 0.8
Fayalite 3119 3119 3119 311 Ca 0.75 0.81 0.77 0.43 0.03 0.76 0.83
Total 3.94 4.00 3.91 3.79 4.32 3.92 3.95
Mg/ (Mg+Fe*?) 070 072 073 073 075 074 075
All (Al+Fe™+Cr) 1.78 1.10 127 1.04 1.28 1.13 1.01
Enstatite 0.40 0.41 0.43 0.42 0.43 0.44 0.42
Ferrosillite 0.17 0.16 0.16 0.16 0.14 0.15 0.14
Wollastonite 0.42 0.42 0.42 0.41 0.42 0.40 0.43
Mole fractions
XSi (T) 0.97 0.94 0.93 0.94 0.93 0.93 0.93
XAl (T) (AIY) 0.02 0.05 0.06 0.05 0.06 0.05 0.06
XAl (M1) (AIV") 0.08 0.07 0.06 0.08 0.07 0.03 0.08
XFe** (M1) 0.09 0.02 0.04 0.01 0.04 0.01  0.004
XFe?* (M1) 0.29 0.25 0.24 0.24 0.22 0.24 0.22
XMg (M1) 0.67 0.65 0.66 0.65 0.68 0.7 0.66
XFe'? (M2) 0.05 0.05 0.06 0.05 0.04 0.05 0.04
XMg (M2) 011 013 016 015 014 015 013
XCa (M2) 0.83 0.80 0.77 0.78 0.80 0.79 0.82
Sum Cat. 3.13 3.00 3.01 3.96 3.02 3.00 2.96
Name: augite augite augite augite augite augite  augite
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Plagioclase 1Core 1Rim 2Core 2Rim 3Rim 3Madian 3Core 3Core 3Madian 3Rim
SiO, 54.81 54.2 54.58 54.29 54.82 54.59 54.78 54.78 54.62 54.78
TiO, 0.22 0.14 0.16 0.29 0.14 0.24 0.28 0.20 0.16 0.12
Al,O3 25.81 26.56 26.42 26.62 26.48 26.68 26.47 26.48 26.56 26.8
FeO 0.83 0.53 0.81 0.79 0.73 0.79 0.88 0.84 0.75 0.68
MgO 0.52 0.21 0.62 0.68 0.37 0.62 0.58 0.56 0.22 0.19
CaO 12.09 12.01 12.13 11.12 11.45 11.48 11.72 11.69 11.51 11.41
Na,O 4.30 4.83 4.42 4.38 4.67 4.42 4.32 4.28 441 4.49
KO 0.82 0.80 0.81 0.84 0.72 0.68 0.58 0.62 0.84 0.92
Total 99.4 99.28 99.95 99.01 99.38 99.5 99.61 99.45 99.07 99.39
Si 251 2.49 2.49 2.49 2.50 2.49 2.50 2.50 2.50 2.50
Al 1.39 144 142 1.44 143 143 1.42 142 1.43 1.44
Ti 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00
Fe 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Mg 0.04 0.01 0.04 0.05 0.03 0.04 0.04 0.04 0.02 0.01
Ca 0.59 0.59 0.59 0.59 0.56 0.56 0.57 0.57 0.57 0.56
Na 0.38 0.43 0.39 0.39 0.41 0.39 0.38 0.38 0.39 0.4
K 0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.04 0.05 0.05
Total 5.00 5.02 5.02 5.00 5.01 5.00 4.99 4.99 4.99 5.00
Orthose 4.68 4.39 4.57 4.99 4.13 3.99 341 3.66 4.88 531
Albite 37.33 40.27 37.92 39.54 40.71 39.42 38.65 38.39 38.95 39.38
Anorthite 57.99 55.34 57.51 55.47 55.16 56.59 57.94 57.95 56.17 55.31
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(OFB: Ocean- Floor Basalts; VAB: Volcanic Arc Basalts
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by dCP g, a) oo ,8 soyaie § (S)9 d—o,0 4ol w XRF g, a) ol sloa ST Sleon s 4o slaools =Y Jgoo
(o)) plsl) (005 Gl s (5o sl sl (CAPW. (g 4Ly ) g2le 55 sla SIS jladie 5 (DPM

Sample No. 1 2 3 4 5 6 7 8 9 10 11
SiO, 49.77 50.43 50.41 49.8 50.37 48.89 50.37 48.12 50.11 50.13 49.11
Al,O3 15.61 16.15 16.23 16.66 16.25 16.51 16.42 16.41 17.11 16.61 16.11
CaO 8.41 8.16 8.13 7.86 7.78 8.51 8.47 8.69 8.62 8.61 8.31
FeOr 9.13 9.11 8.83 9.21 9.23 9.11 8.11 9.25 8.21 8.56 9.33
MgO 7.58 591 6.31 6.33 6.12 6.91 6.83 6.81 6.43 6.69 7.39
Na,O 3.57 3.77 3.88 3.67 3.82 3.76 3.82 3.76 3.77 3.61 3.97
KO 2.56 2.77 2.83 2.77 2.79 2.81 2.79 2.81 2.72 2.77 2.52
TiO, 1.01 1.03 1.07 0.98 1.09 1.01 1.02 1.05 1.04 0.99 1.02
MnO 0.17 0.17 0.16 0.16 0.16 0.16 0.17 0.16 0.16 0.16 0.15
P,0s 0.46 0.41 0.31 0.47 0.4 0.42 0.24 0.41 0.32 0.26 0.38
SO3 0.02 0.04 0.04 0.05 0.02 0.04 0.04 0.04 0.03 0.02 0.02
BaO 0.06 0.08 0.05 0.07 0.08 0.08 0.07 0.07 0.06 0.05 0.04
LOI 141 151 1.61 1.62 1.66 1.62 1.36 151 1.24 131 141
Total 99.76 99.55 99.86 99.65 99.77 99.83 99.71 99.09 99.82 99.77 99.76
Ag 0.25 0.26 0.23 0.24 0.25 0.25 0.25 0.25 0.24 0.23 0.25
As 2 2 2 15 25 25 2 2 1 2 15
Ba 530 575 580 558 575 525 525 525 525 525 505
Be 520 572 582 558 572 572 536 570 548 582 512
Bi 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.36
Cd 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ce 52 54 56 54 52 54 51 53 58 56 55
Co 27 26 24 27 26 26 26 26 25 24 25
Cr 193 129 130 169 129 170 171 145 138 141 170
Cs 1.6 1.6 14 12 14 14 14 12 14 14 14
Cu 82 71 74 89 71 80 74 75 78 71 88
Dy 4 34 3.2 3 3.6 3.6 3 3 3 34 3.2
Er 24 2.8 26 2.8 26 2.6 24 2.6 2.6 2.6 2.6
Eu 1.46 1.48 1.28 212 1.62 214 1.42 1.42 1.42 1.62 1.86
Ga 14 13 13 14 14 145 145 13 145 135 14
Gd 8 8 6 7 8 7 8 8 7 7 6
Hf 3.6 38 38 3.6 38 3.8 36 32 36 3.2 3.6
Ho 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.8 0.8
La 18 18 20 19 18 19 18 18 18 17 18
Li 13 14 13 14 13 14 13 13 14 13 14
Lu 0.22 0.27 0.25 0.23 0.21 0.22 0.23 0.24 0.25 0.24 0.28
Mo 0.99 1.05 12 0.92 117 111 0.99 0.99 1.01 112 12
Nb 18 17 18 18 18 19 17 17 18 18 19
Nd 9 10 10 9 10 10 9 10 11 11 9
Ni 75 68 60 73 65 71 69 72 70 61 60
Pb 45 4.6 45 5 4 4 4 3 4 4 4
Pr 75 75 6.5 6.5 75 8 75 6.5 7 7 8
Rb 49 47 48 49 49 49 48 49 48 48 49
S 160 88 99 135 95 120 119 99 131 125 50
Sb 1.02 1.03 0.9 0.9 0.98 0.98 0.9 0.82 1.02 1.02 0.8
Sc 21.1 20.1 19.6 20.6 20.8 20.9 20.5 204 20.1 20.3 18
Sr 111 112 111 112 111 114 112 112 110 113 115
Sm 4 4 4 3 3 3 4 3 3 4 3
Ta 1 0.91 0.9 0.9 0.89 1 0.9 0.9 0.9 1 0.8
Tb 0.6 05 0.5 0.6 0.6 0.6 0.5 0.6 0.6 0.5 0.6
Th 7 6 7 7 7 6 7 6 7 6 7
Tm 0.2 0.2 0.25 0.2 0.2 0.24 0.2 0.2 0.25 0.24 0.26
U 16 15 15 15 16 15 1.5 15 15 14 15
\% 186 186 176 181 182 182 186 186 172 172 168
Y 18 20 20 19 20 19 18 18 19 19 19
Yb 18 1.6 14 14 14 1.6 1.6 14 14 14 1.6
Zn 73 74 69 7 73 74 74 7 74 70 78

Zr 124 128 124 124 118 120 120 120 124 122 120




V4 (e ) (005 Qi et Cor (L sl jgiis ;S 5 (ondiires
Aalol =Y Jga
Sample No. 1 2 8 4 5 6 7 8 9 10 11
Yby 10.59 9.41 8.24 8.24 8.24 9.41 9.41 8.24 8.24 8.24 941
Zry 32.04 33.07 32.04 32.04 30.49 31.01 31.01 31.01 32.04 31.52 31.01
Zr/Nb 6.89 7.53 6.89 6.89 6.56 6.32 7.06 7.06 6.89 6.78 6.32
Lan/Smy 291 291 3.23 4.09 3.87 4.09 291 3.87 3.87 2.74 3.87
CelPb 11.56 11.74 12.44 10.8 13 135 12.75 17.67 145 14 13.75
Nb/U 11.25 11.33 12 12 11.25 12.67 11.33 11.33 12 12.86 12.67
La/Nb 1 1.06 111 1.06 1 1 1.06 1.06 1 0.94 0.95
Rb/Zr 0.4 0.37 0.39 0.4 0.42 0.41 0.4 0.41 0.39 0.39 041
Lan/Yby 12.41 13.96 17.73 16.84 15.95 14.74 13.96 15.95 15.95 15.07 13.96
Th/Yb 3.89 3.75 5 5 5 3.75 4.38 4.29 5 4.29 4.38
Sm/Yb 2.22 25 2.86 2.14 2.14 1.88 25 2.14 214 2.86 1.88
La/Yb 10 11.25 14.29 13.57 12.86 11.88 11.25 12.86 12.86 12.14 11.25
Zr/Nb 6.89 7.53 6.89 6.89 6.56 6.32 7.06 7.06 6.89 6.78 6.32
Th/U 4.38 4 4.67 4.67 4.38 4 4.67 4 4.67 4.29 4.67
Ti/Sc 798.46 854.78 910.62 793.54 87413  806.1 829.96 858.56 863.08 81349  945.23
Dy n/Yby 1.49 1.42 1.53 1.43 1.72 151 1.25 1.43 1.43 1.63 1.34
Thbn/Yby 1.52 1.42 1.62 1.95 1.95 1.7 142 195 1.95 1.62 1.7
Ba/Ce 10.19 10.65 10.36 10.33 11.06 9.72 10.29 9.91 9.05 9.38 9.18
La/Ta 18 19.78 22.22 2111 20.22 19 20 20 20 17 225
La/Nb 1 1.06 111 1.06 1 1 1.06 1.06 1 0.94 0.95
Norm (CIPW):
Or 17.39 17.95 17.53 16.99 17.79 17.91 17.52 17.91 19.99 16.96 19.99
Ab 26.91 26.95 27.92 26.92 27.99 25.69 23.89 25.98 26.76 29.15 25.31
An 15.99 16.83 16.92 16.91 15.66 15.96 11.59 15.89 17.91 20.94 22.72
Ne 8.21 7.35 7.64 7.74 7.27 8.24 14.55 8.34 7.16 5.84 2.2
Di 16.61 15.77 15.82 15.84 15.18 16.31 19.74 17.34 15.82 11.88 10.99
ol 8.39 7.99 6.97 5.99 6.98 6.89 5.59 6.59 6.64 7.84 10.31
Hm 321 3.62 321 391 3.62 3.94 3.74 3.59 342 342 3.62
Tn 0 0 0 0 0 0 0 0 0 0 16
Ap 1.09 1.88 0.99 0.97 1.13 0.97 14 0.99 1.09 191 0.98
Py 0.28 0.29 0.27 0.31 0.29 0.32 0.31 0.21 0.27 0.27 0.26
Sum 98.08 98.63 97.27 97.58 98.01  98.23 98.33 99.15 99.06 98.21 97.98
*Or=Orthoclase, Ab=Albite, An=Anorthite, Ne=Nepheline, Di=Diopside, OI=Olivine, Hm=Hematite, Tn=Titanite, Ap=Apatite,
Py=Pyrite
GL‘Z’ “es . d._,L;)., @ sans 6u <. u:u
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L ST 5w j0 LadaSges 4o (C -F
Winchester and Floyd ) o Sla_=8,5 5L >

s 0dal s g5l slmosls 4o (1997

S y—aie bS5 5l 5o Gerl Jlog—i jo
-# Js_&) (Cox at al., 1979) TAS L JLsJI

liins] slacSi oo, 4los s (A

EH——i09, )|.>9__.o.3 Si0,-Zr/TiO, 4__’1.:)4



VWAZ 50l 0% 5 (ow oyl (eitiin Lo 55909 ,—0

Na,O+K,0 )_3|).3 BN SiO, Q‘J ey} )L); o

G byinS o L ad Sses e (B-V %)

(Yi Jg..\}) Sl oo azsLa 9.;..5L40)9.’ U.J.m

Qilass 5 ol JISUT s (A=Y IS Zr .l 0 P05 ol 55
15 § : ?
Ultrabasic:  Basic I ediate £ Acid A 80 B
Phonolitt~
9 ey 70 Rhyodacite/Dacite
% 10 . : 5 Trachyte
% Neghelinge 1 L‘ll'r: A1 % 60| Andesite
-7 i waij T 2 Phonolite
5 é Daci
Andesite 50
S Phsalt
AlkalinPe— L : Bas/Trah/Neph
: Subalkaline/Tholeiitic 40
35 40 45 50 55 60 65 70 0.001 0.01 0.1 1
Si102 Zr/TiO2
5.00 C
*honolity
Rhyolite
0.500 2
= Irachyte
= Rhyodacite/Dacite
E :
3 0.050 Andesite
0.001 Sub Ab

0.01 0.05 0.10 0.50 1.00 5.00
Nb/Y

(B «(Cox at al,, 1979) TAS lsg—ai (A 1,5 (sl Hliwl) (omes¥ b 45 5,5t slac Il slions sLmosls -5 S5
=l NDIY al g ym 3] e log i (C «Winchester and Floyd, 1997) SiO,-Zr/TiO, (so—ses, Jlog—oi

1.2
A
0.8| Alkaline
w,
S 0.6 F
[ ]
0.3/.
0.00 Sub Alkaline
0 50 100 150 200 250

Zr

B—Q-l
(Winchester and Floyd, 1997) Zr/TiO,

20

=14 B
£ | Alkaline

glz

-~

¥ g

2

P4 Sub Alkaline
040 50 60 70 80

SiO2(wt%)

P205 )—o’lﬁ BN Zr u‘)_u.:.? )‘»55_0.3 A 0o (J_:..h))‘ UL‘—“") ‘ra; ut’»_w).@(a Sy g—riie ‘_gug»_”)l.: lel':"’”_“ Lguo.)‘& =Y JL.»
(Irvine and Baragar, 1971) JIUT slo yaic gg0e ply 10 ke jlog03 (B «(Winchester and Floyd, 1997)



VAN

(e ) (005 Qi et Cor (L sl jgiis ;S 5 (ondiires

SLE oL sl pae Yo 65k los
so—aoyLis (DynYby>) ViF e L o5
Haase at ) cwlbbSKw ol wls jogu loca, 8
Glac il o cus ol (Sl (@l., 2004
A S5 e W VFY ey S s a il

R I O L W L ) TR R o
(e g (LUcCassen at al., 2007) el s
L 2d Ssei dor )0 HREE jls oo ol oS 55X
Cl i ls o )5 —iducgd bamo s
(Morata at al., 2005)
oS o yaie oo lxigs (65ls—e (sLn Xl
Kwls ‘)_a..) LS’W )‘09_04 3 aalais Lngs_i._m
Lol tams o i |y Ll Sialas alaly 5 LuSs
Cs 9 Pb 6[.%)_.4.2.0 5o Sl e Lgl_bLg)L?r.;be
rb_m.uLas.mLm l_: OJJ)LMJ 6L4>5L4 l_| 6“‘-‘—‘*’5-' .)‘3_0
Macdonald and ) o e 9y eaijlw Lol
Lol o Lo 559 ,—! .(Hawkesworth, 2000
»BasRb K sla, el o, ul So_o ¢
Sl Sl g adgl 568 S 5

LSl slacKinw pgo (Shg) S yud 939 509l

(glb—Slo Al al )5 a8 Jo o5 Jl)5—3

b ot g 50 (ploor—B0n—s) pilogulio
S i ¢ (Wayer at al., 2003) s o ol

el S 3l Pb gBa os¥L L ol ,en LILE
)O 9y °“\—;5)9)é 4.«._M)9J P | B le—’ﬂf S dlw
QLAS u_w LSL‘M—‘-Q{. LS‘LAfLo w.)‘.\_g 9 J9_7u
Kamber at al., 2012; Verdel, ) scwa oloSk
o=l la g ol wls o Lol ccl YO L5 YY as
Ntaflos et al., ) el VYppm 5l , S co s

3 elesS layate (SlglS (o) 2 Sl
S S Hloged jlon o) ladSge
5 eyl AL 5% S5l 5 sa iy,
w9 slaaig L Laassed anmlio ((pioren
3 3l =l g oa b i e sle
Aol & lsS Syl 5o ol ey g
A& s, ,LSa  (Y4A1) Mcdonough 4 Sun
s—iles slo,—aie g HFS la,—aie (A JS—2)
Al A bsS o oYL (g el agy watws (pl
Sg—aS) 5 Hlog—as ;0 Ti g Nb oMo  Sol
iy bamo s (V 5l =S L Ta jlaie
W (ilyg58 Ay A ailaie sla S
Sr SeoL sl .(Wilson and Downes, 2006)
slop,s 50 WD pasleslaan saims li
Sun and ) el gL mla > s
.(MacDonough, 1989

) 1000 —l—suulh of Germi basalt

= [ 10ligocene basalt central Iran
ooty Browns
100 NPT - 0jB e [:yt’ Basalt

10

* N-MORB

#
€' Ba U KCe Pr P Zr Eu Dy Yb
Rb Th Nb La Pb Sr Nd Sm Ti Y Lu
o> Sl Gl oai)lrigy Hlog—ai -A JSi
B9 S 5l 5o (o)) Q) (oo i 18
L Lad Sges auslio ¢ (Sun and McDonough, 1989) a_J,
3375 oSl S ety sLacKi oat gy (sladisal
clea i L awolae g (Verdel, 2009) LS ol Lsgy b

Samples/primitive mantl

S5 =l slacdlil g ot oié 09 5 0joe Jlo
(Sun and McDonough, 1989)



VA7 b 050 5 (ow o)led pidd Jlo (Sglg—

YAY

agF oS s saiaso i RO/Zr> N\ Y
il 593 sloaJl—w L (sloodp—slogulio
o—! (Sl (Harangi and Lenkey, 2007)
¥ A Sspea b p slpdsged j3 S
K oIS
38 sl 00 )y LS B0y alogulie
S A eal iy (FeSas gl 90 4l
5 aibie sLac il sLaasized (sl 4yl 4y
350 ol Bl Glos ey glac il

= le—’?f 9 Ou.\_AT Sl

2 Sz gl a5 logai 9o (Verdel, 2009)
el 9y g il GleS sl paie gl
lra_ges oS0y (w0 Ayl
3 =l slac il ol p j3 cad o)
ofa—s 5l .—5Sun and McDonough, 1989)
Lan/Yhy cous ¢ o s FEO* 4 SIO; Jlads
9 LDJ_M u,.i:u) OS_AAJLFA 03— @LQMQL_N
AL laassed (6l e fag oadoly g
Ao, VO LS TA o jlase sl SloS ol
o=l OEIY LAY g (g amo )0 OY L /FT (S
oy ddhio il sl ad g ool _ss
UTY Lo ANY o lade glyls e )5 ol o
VIVA § (=39 9oy 0+ /FY L5 FANY (D39 0oy
olLSea g Haghnazar gl a o .o V- /YO LS
4 REE slo, aic 55 S yopalea (YY)
Sl alesle (i wls AL OIB sLac 5L

L VD o s oy Vol 1S sl cd ey« SleS
g FFe a, S0y > XY L5 YA QY LS VA O/QA
P e S w ol .(Gill, 1984) s ¥/

aihie Lo 5 Coad ol el 2007
oKl & 565 5 LK ] oy el 13
sl w o Lan/Smy cous oSl oila s 5
o S3p (08 Ol g gz adibaie L
gy oK 1o 5eSiles ol Lal el VY/E
(Srivastava and Singh, 2004) o—., — Y/f4
S g Lpagad GISIT Cs s g S ol 41l 5
05w 6LoSls Lpa_Sgas ;> HREE/LREE (oYL,
il (o5 dz po (—idugd | adlate sla S
Zin eSilge el 4y o0 é gl S
e dily Sl laSaw 6l ¥ 1 YL
Lo piloguslio Samo s 5o (uilhg 8 slaagy
Harangi and Lenkey, )<l gl wg iVl
YIFY aihie claSi s 1 puSilse ol (2007
ey ily So8le SlaSis )3 ((izren el
5CelPb ol_ace s .S OIB 3 MORB
Harangi and ) <o wl Y0 4 fY a o o3 Nb/U
Sile aihaie clacKi o Ll (Lenkey, 2007
ND/U s oSl 5 VYIYO il ColPD o

5 teS s e oyl 4 S el VVAA
GlaigS adsl sloSle (gl oudolpiins Sl
Harangi and ) ol OIB 3 —wgildl slaS il
LSl pilogulio Joix>l 5 (Lenkey, 2007
Ol |y (oS Gl et oo adlaie glac il

‘_glo)_fw 4.._...:; )‘ d.a_ml.‘>).| ‘_gLafl.o ..\_Qé‘ro

; 6‘)“5 o "\b P ”’,; )I o ;l,_\_,._\_,

(Aldanmaz at al., 2000) ssi—.» La/Nb>1
)_:‘)J ouw)ﬁ (_gL_mgi_...u ) S U—" u.‘f.ot.o
3 (S b (Sal oo lii g oog— VY

ua—m.’ ‘)—i’.o S g—w )‘ < |‘ 6“‘ :"jf olf" nlp'-




VAY

(e ) (005 Qi et Cor (L sl jgiis ;S 5 (ondiires

Sg—s bapo il g el ¥ a S0y Lad igad
5 co—r Al slasin (Siy
ol sy sloaiy,

Al Sy sldagy plwled
94 ZITY -2 Jlogai ¢ olanis e slodls
09 sleclil s MORB ( JLeS' 1l slac Il
g olaiie , 515 aS o> vl lamio
s il oo LS ulide sls B sl Joxe
by s 2lyzx Lad_Sgei 0 Sla> gl (6 ,—0
.(Pearce and Norry, 1979)

Ol a gy o Laools aan (g log—od i o
(Slo)B iy 5 HleS) slo)l8 aioyg o slac il
Ay (ebolids jloged 10 (A1 D) 05,8 e sl
«(Shervais, 1982) Jlogoi asl p Laclil ool
Ve o e sl S oS UsS slaplae
(VAAY) Shervais 45 TiV cous Sig—is o (olwlis
Slzass] Lo @l womad 03,5 syl o
~ Ssb g oppe slac il sl ¥l i IAB
BABB (sLa JLSIT gl ogos y5boas 50+ L5 Y-
LS 8l o il S 2 B oS
2 U5 S ladised g el Y7 4 Soo3 adlaie
wiy gloac il Gllsren ddlaie 15 log o (1l
) WS e sl S Sy 5 (el
Oy (Sl diy S G0 (ollid 0B
(s = il sl jg—iae sl LoSle
el ymaie | (St 8 iy s slaleSle
sl oy a b (Rollinson, 1993) ol (Y)
g Lol oS »(129)) | ,L S 4 Floyd
Lol sl Vo Logos 50 5) iz LaIND o logos
Coladss )0 Caus ol VAAY) Baker iogi 4ol
4S ol 0 5\l Lesser Antilles slac b JLSIT 4

oy VIBA L5 013 ,olyy acilase Ly (sla Ko
AFNYALS Ve YIAZ LS VAN O LS YIVD (59
A $E g AFUAY Sl e 4 VIO L5 #IFY
g a8 a0 Ba/Ce o ok
VO SlaS liz ) eole oo ypme Y18 4y Syoy
R R IR R /O
Sl sgF oS uls Fors é by g 039 V) F
Lol (55,8 plSn
oS0l ploodime) GLd sz 95!
Ll gSgil glsesls sl aled (o) 2
o) slaosls LS eBs (30, YL 6l
sloools L JgSie Jlogai ;0 GlowS slo jaic
Soged adg, (5 50 aloas anglin Koo sloaiy,
5 (bl bz Lo bl oa i lrig
Ol LS Sty diy w0ad pd )90 o S8

LBsS S 5) oa oy Loddiged 5 (655 o
sa—wo s (YAAR McDonough 5 Sun ;i a__Jsl

o adbie slac il (ol Bins) Ky, suilen
Prave sla jiwgim asb .ol las oty ayp
(Y- +2) Verdel sl _assls 5 (143) 5l L_Sas
LI Browns Hole) Js—» 555, clac il
A (Mifting) (slo, L8 Lo a gy ;0 LSS 0l slsgs
2 )5 ol s s slac Il asleal
Nog—as )0 Jo—p 59y sl L Lo 4wl
s adgl ans8 S 5 5l 5o ea i lnige
sl gLl GO 5w wn Nb Sl
loede) (Nimls () 4) Jo—2 sy
(Gill, 1984) sowo o s il yg,8 o owe 4y
Cao—us (Yoo V)Furman gl a oy —oxen
LaSle Sily 55 bosmo sy Lzs Thy/Yhy<Y/Y

3 e ol eSilse ol i, slaa iy Uy



e 0 iz (C-1 JSU0) wiiie oS Sy ol 945 g leS ubadl saas s NI

0dgasxo ;o Lad Sges D-9 JS2) Ni il 5 MgO o .Brown at al,, 1984) culaxa o 9,0 AiisS

25,8 o0 s leSlo laS iy A 0090 we 4o Lad Sead da/ND , ol oY oy oS
10 A
- E°
= =9
N (=5
-
1
10 7 100
7 1000 |1- Calk alkaline(arc)
C 2- BABB D'
3- N-MOB
o 6 N - 750 ~} Bonin‘ilc‘.\ 6
= |/ Arc \ e _\-()‘ccamrc islands
3 4 [Platfory 2500 | 6-Picrites
= basalt\: =
2 [N/ 250
0 0
0 20 40 60 80 0 10 15
Y Mg()(wl‘?*i.)

ZrIY ol 0 Zr Jloged (A )0 (=m0,
Floyd at al.,

yLa/Nb Ll oY Jlogs (C «Shervais, 1982)V I, ,o Ti/1000 ,lss—os (B «(Pearce and Norry, 1979)
(Juteau and Maury, 1999) Ni ,l,; ;o MgO o505 (D «(1991

JSCs) el ool anay (Sgan p o8 alfiuls
Ellam )Ce , I, ,0 CelYb &l s Jlog—o (A-) -
Sla2; L35 —w,p sl—@nd Cox, 1991
Ol abio, LSa, oKl 4ol —isucgd
e S35 L85 40 (iFurgd Baas i Jlsged
JS5) Gl g yies LS V- Y Ls AF
8,5 45 (VAAY) Carlson 4 Ishizaka sl —w,

S LsYer 5 5L, 0IB

4_»L’).’ (B—\ .

?Lou;';.,‘..lx

Downes ¢ Wilson ;5 g o Sla_ils e LS

S g —iSued Aoy (40 gl wsan gl
Jog—es oIS (sLaloSle ol ks lis SLS

s LalYb oS slo,—aie slacaws ol 55

Ol o (AN i) 0l 00, LS4, SMYD
|0 99 ¢ pmitmad g —dSuiigd A0 Jlog
ool g SCiga p S8 gl ite oSl

Ol s gz Cdlibpgdl JUSIT LaSle o jloges

G VF LY a5 03 gd e oo )S



YAD

(J)l

L) (505 Gl o w52z Sk sl jpiie QS 5 (ot

slalsle U adhie L loKiw e (Sinly

D9 sad 0y OIB

6 5 e
Sm/Yb ‘ A
5 Melting of garnet
5%

Melting of spinel

1 A
mo Peridotite —

100

10

o 130%
25 30

0 5 10 20

15

oo 5l Gl g5 070 L5 e 0 ogd 4 S (Ve o £)

Slgi—ig OIB sloSle (slas sl 1) (s e9—kS
4 oaslwsds glaail asl p o piomen L3ilod S

Ce/Yb

0

Ce
100

1 10

SMIYb ol o LalYb sle pmaie sladad Jlogad (A )0 (J—mo,l pliewl) S oyl o iie sl il -Y .
=) SR y—as § 4 Pt ) =)0 O P Ol 5 9—die S )
(Ellam and Cox, 1991) Ce/Yb ,l, ,o Ce ol loses (B «Johnson at al., 1990)

(G008 ) At 4 il g Sy S 5l (gla o

55l aygi 5 Sy
> slac b oy e b eIl JLSIT
“"—:Sfl—’w.a_wls)‘)wﬂmg, Dul_m.:

I3

ol ’Qsool

L oo 51 LS i 9 M 9053 (sl ANy

L ol eipnSg posilS 6l 1V Loy Mg
sloSle 5 Ll Gtalaz 5 Gl

.3\ 'mgdl

2 o e il 8ol JLSIT g aJol
da—oonlid M e DL Lo SLS slao, LS
sl gl JolSs e o loSlo il
S plslid sloajlaged .ol M3
S 5 5 kgl G A0k ) Sy g lS
SLaSle 45 sind o Bt (padins il o S
g dsly el a5l IUSIT (5 05
e 4l ) LaSle (i3 Lawires) diy lowli
e )0 LSl (pedS 1l 5o ol 9 95

& 25 Ao
ez L sle S () p g Jelow @S
Sl ) p i dion A A g8 g (05 Gliw g
3 =ity adlaie ol A5 aes o lis calplxl
S8 LA Cg 5o LS Slsast e
Aol 5l ey S dlaaslgs 4 ilate ool el
157 00 i e lad agil )y il g, 8

L G508 ol ity (ol el 25203 IS

‘5;1 )

Ol )l A il 5 (e sl )0 —wgildl

Sy Ay 50 0 oy 0 dihaie .l 9>
a5 oS oleSle loS

9= Olmnia)l S
5 e by o)y el o) sle
(o sleaY G anasg b g o ol
G B ey gl oot o) sla il (o
Ol S S oy 5 Sl (YL gl
9 M Aol Jlose Lo LS shls Lacdlily

2 el ylado ol ) ama WS pngidS



VA7 b 050 5 (ow o)led pidd Jlo (Sglg—

\AF

4 @A; Ol s wg—> glacdll a5 ABS o
—ily (gldl ;i g (gl sloa e
§{ PR A GRS ST Copp S-S | [ PR A RY
S o VP LY a, Sy —asuogd
sloael Aoy 0l f —dg) ) a8 oSl
am S5 285 5l ead ) I LSl
ey ] 428 )5 Sl (g yieg LS YV e
Ay 5o ol ey Slo—tren sl s ouipl ol
Ol 6 maicaiz la loges ol oS ciy
slacdhl 6l solpinn o ailen b S
5 ole o0 sloac Ihb Lo gloa_saslb

Sl ol

Ol el )5 aali b 5l adlie opl 5l cise
lessomlils cmal o ps oSl o Jl odin s
5 s p e Siglae gire g sole sla Sloidy
Ol 51 )5S b Sl 5 5 oSl (5 5L
1345 i) g dng| olSils ol 3 ol aiads;)|
aii il dilases 5 LS LS ol sl oLl
4025 Sld g arez )l il 5l 09d oo ()15 e
35 ool Dl 0l lasleiiog (ol alee

l—.’ me_._e[_, u_)‘ RN o-.\_n] Ay ul—AS g_,_w.:
S5 S o
by r—ladles (o p 0l SlpSren
o=l el B lid S g ymeidS JLS e
o Xl a0 A L A0 glhae Lo o S
G ol S Pl da o S ooy L usy
SCEE YRS 5y B Ny EWC gy O FC R N
1V PO [ (GRS LN [ P -

W) 89, o ‘.’sr:l_>u. ;| LgL(a — )y

—p 9 12 —ae \PPM ;| , oS sla,lads
bo——wo Lz Zr/Y [La/Nb Ti/lV l_ac

oS i) SLB (e 1 (Gr—ie A
Kl L _Sle u.]l_iﬂ o "'s).w 3 'modl W

g ol a8 Sa Sl ogd g gl ieS
o 0098 dlgy Lo B8 pilogulie
oY g (Al 8 pl e iS4 slacs,
Ce/Pb .La/Nb Rb/Zr o5 CS Pb slo, aic
Slpiu—d () cGizren e ND/U 4
Sm/Yb [La/Yb Zr/Nb (Ti/Sc .Th/U Rb/Zr

g Yl yo ool sl acauiol i ana s ZIy 4

Olid (6 maie duz> slalogad jo La K auslio

&lw

Abbasi, S. A. (2006) Explanatory text of Razi. Geological Quadrangle Map 1:100000, No. 5669, Geology

Survey of Iran, Tehran.

Aghanabati, S. A. (2004) Geological of Iran. Geological Survey of Iran Publication, Tehran (in Persian).
Akbari, Z. (2007) Petrology Igneous rocks of South West Germi. MSc thesis, University of shahid

Beheshti, Tehran, Iran (in Persian).

Aldanmaz, E., Pearce, J. A., Thirlwall, M. F. and Mitchell, J. G. (2000) Petrogenetic evolution of late
Cenozoic, post-collision volcanism in Western Anatolia. Journal of Volcanology and Geothermal

Research 102(1-2): 67-95.

Allen, M. B., Vincent, S. J., Alsop, G. I., Ismail-zadeh, A. and Flecker, R. (2003) Late Cenozoic



VAY (Je23) sl (005 Qi et C9r (Bl sl i () Somw 5 (obies

deformation in the south Caspian region: effects of a rigid basement block within a collision zone.
Tectonophysics 366(3-4): 223-239.

Asadian, A., (1994) Geological Quadrangle Moghan Map and repot 1:250000, No. 1. Geological Survey
of Iran, Tehran (in Persian).

Asadian, A. (1997) Explanatory text of Germi. Geological Quadrangle Map 1:100000, No. 5668,
Geological Survey of Iran, Tehran (in Persian).

Babakhani, A. R. and khan Nazer, H. (1991) Explanatory text of Lahrud. Geological Quadrangle Map
1:100000, No. 5567, Geological Survey of Iran Iran, Tehran.

Baker, P. E. (1984) Geochemical evolution of St. Kilts and Montserrat, Lesser Antilles. Journal of the
Geological Society 141(3): 401-410.

Berberian, M. (1983) The South Caspian: a compressional depression floored by a trapped, modified
oceanic crust. Canadian Journal of Earth Science 20(2): 163-183.

Brown, G. C., Thorpe, R. S. and Webb, P. C. (1984) The geochemical characteristics of granitoids in
contrasting arcs and comments on magma sources. Journal of Geological Society of London 141: 413-426.

Coltorti, M., Bonadiman, C., Faccini, B., Grégoire, M. O., Reilly, S. Y. and Powell, W. (2007)
Amphiboles from suprasubduction and intraplate lithospheric mantle. Lithos 99(1-2): 68-84.
Cornelis, K. and Cornelius, S. H. (1985) Manual of mineralogy. 2™ edition, John Wiley and Sons, London.

Cox, K. G, Bell, J. D. and Pankhurts, R. J. (1979) The interpretation of igneous rocks. George Allen and
Unwin Publication, London.

Deer, W. A., Howie, R. A., Zussman, J. (1992) An Introduction to the rock-forming minerals. Blackwell
Publishing Publication, London.

Didon, J. (1976) geological and petrographic study regional with attitudes environment Sabalan volkan
plioquaternair in Azerbajan (Iran). Ph.D. thesis, University of Grenoi, Grenoi, France (in French).

Ellam, R. M. and Cox, K. G. (1991) An interpretation of Karoo picrate basalts in terms of interaction
between asthenospheric magmas and the mantle lithosphere. Earth and Planetary Science Letters
105(1-3): 330-342.

Floyd, P. A., Kelling, G., Gokcen, S. L. and Gokcen, N. (1991) Geochemistry and tectonic environment of
basaltic rocks from the misis ophiolitic Melange (South Turkey). Chemical Geology 89(3-4): 263-280.

Furman, T. (2007) Geochemistry of East African rift basalts: An overview. Journal of African Earth
Scienses 48: 147-160.

Gill, B. J. (1984) Sr-Pb-Nd isotopic evidence that both MORB and OIB sources contribute to oceanic
island arc magmas in Fiji. Earth and Planetary Science Letters 68(3): 443-458.

Gill, R. (2010) Igneous Rocks and Processes: Basalts and related rocks. In: Eruptive processes and
volcanic forms, (Eds. Gill, R.) 40-86. Wiley and Blackwell, London.

Gillet, S. (1967) region moghan (Azerbaijan Iranian) deperrs Lamacrofauna perktikats. In: Proceeding of
the tectonics (Ed. Gillet, S.) Kapusta, Athens.

Golonka, J. (2004) Plate tectonic evolution of the southern margin of Eurasia in the Mesozoic and
Cenozoic. Tectonophysics 381: 235- 273.

Haghipour, A. and Aghanabati, A. (1984) Explanatory text of Iran. Geological Map of Iran 1:2500,000,
Geological Survey of Iran, Tehran.

Haghnazar, S. and Malakotian, S. (2012) Mantle source characteristics of the Quaternary Alkali olivine
basalts in Qorveh-Takab area. Journal of Petrology 6(2): 17-30 (in Persian).

Harangi, S. and Lenkey, L. (2007) Genesis of the Neogene to Quaternary volcanism in the Carpathian—

Pannonian region: role of subduction, extension, and mantle plume. In: Cenozoic Volcanism in the
Mediterranean Area: Geological Society of American (Eds. Beccaluva, L., Bianchini, G. and Wilson,



M.) Special publications 418: 67-92. Geological Society, London.

Helz, R. T. (1973) Phase relations of basalts in their melting range at PH,O= 5 kb as a function of oxygen
fugacity. Journal of Petrolology 14(2): 249-302.

Irvine, T. N. and Baragar, W. R. A. (1971) Guide to the chemical classification of the common volcanic
rocks. Canadian Journal of Earth Sciences 8 (5): 523-548.

Ishizaka, K. and Carlson. R. W. (1983) Nd-Sr systematics of the Setouchi volcanic rocks, southwest
Japan: a clue to the origin of orogenic andesite. Earth and Planetary Science Letters 64(3): 327-30

Johnson, K. T. M., Dick, H. J. B. and Shimizu, N. (1990) Melting in the oceanic upper mantle: an ion
microprobe study of diopsides in abyssal peridotites. Journal of Geophysical Research 95(3): 2661-2678.

Juteau, T. and Maury, R. (1999) The Oceanic Crust, from accretion to mantle recycling. Springer Praxis
Publishing, Chichester, UK.

Kamber, E. (2012) Back arc basing in the coatmalia zone in Africa. Journal of Geophysical 92(2): 34-62.

Kazmin, V. G., Tikhonova, N. F. (2008) Cretaceous-Paleogene Back arc Basin in the Iran Afghanestan-
Pamirs Segment of the Eurasian Active Margin. Earth Sciences 24: 118 120.

Keskin, M. (2003) Magma generation by slab steepening and breakoff beneath a subduction-accretion
complex: An alternative model for collision-related volcanism in Eastern Anatolia (Turkey).
Geophysical Research Letters 30(24): 8046.

Lebas, N. J. (1962) The role of aluminous in igneous clinopyroxenes with relation to their parentage.
American Journal of Science 88(4): 260-267.

Liu, T. C., Chen, B. R. and Chen, C. H. (2000) Melting experiment of a Wannienta basalt in the
Kuanyinshan area (northern Taiwan). Journal of Asian Earth Sciences 18(5): 519-531.

Lucassen, F., Franz, G., Romer, R. L., Schultz, F., Dulski, P., Wemmer, K. (2007) Pre-Cenozoic intra-
plate magmatism along the Central Andes (17—34°S): Composition of the mantle at an active margin.
Lithos 99: 312-338

Macdonald. R., Hawkesworth, C. J. and Heath, E. (2000) The lesser Antilles volcanic chain: a study of arc
magmatism. Earth Science Reviews 49(1-4): 17-26.

Marcelot, G., Maury, R. C. and Lefevre, C. (1983) Mineralogy of Erromango lava New Hebrides,
Evidence of an early stage of fractionation in island arc basalts. Lithos 16(2): 135-151.

Martinez, F., Okino, K., Ohara, Y. and Goffredi, S. H. (2007) Back arc Basin. Oceanography 20(1): 11-12.

Mederer, J., Moritz, R., Ulianov, A. and Chiaradia, M. (2013) Middle Jurassic to Cenozoic volution of arc
magmatism during Neotethys subduction and arc-continent ollision in the Kapan Zone, southern
Armenia. Lithos 177(1): 61-78.

Mobashergermi, M. (2013) Petrological, petrographical and geochemical studies of basaltic rocks in south
Germi (Ardabil province). MSc thesis, University of Tabriz, Tabriz, Iran (in Persian).

Mobashergermi, M., Akbari, Z. and Jamshedi, M. (2015) Geochemistry, Petrogeneses and Origin Magmatic
Evolution in the Olivine Gabbro Dikes of SW Germi city. Journal of Petrology 6(20): 65-86 (in Persian).

Mohammadiha, H., Mostafazadeh, M., Gholami, N. (2014) An investigation on the zocene Pushtasar
basaltic lava in relation to Moghan Aulacogene. Arabian Journal of Geoscience 8(1): 2879-2883.

Morata, D., Oliva, C., Cruz, R. and Suarz, M. (2005) The bandurrias gabrro: Late Oligocene alkaline
magmatism in the Patagonian cordillera. Journal of South American Earth Sciences 18(2):147-162.

Nabavi, M. H. (1976) Introduction to Geology of Iran, Geological Survey of Iran Publication, Tehran (in
Persian).

Nimis, P. and Taylor, W. (2000) Single clinopyroxene thermobarometry for garnet peridotites.
Contributions to Mineralogy and Petrology 139(5): 51-554.

Nisbet, E. G. and Pearce, J. A. (1989) Clinopyroxene composition of mafic lavas from different tectonic



VA% (Je23) sl (005 Qi et C9r (Bl sl i () Somw 5 (obies

settings. Contributions to Mineralogy and Petrology 63(2): 149-160.

Ntaflos, T., Bjerg, E. A., Labudia, C. H. and Kurat, G. (2007) Depleted lithosphere from the mantle wedge
beneath Tres Lagos, southern Patagonia Argentina. Lithos 94 (1-4): 46-65.

Pearce, J. A. and Norry, M. J. (1979) Petrogenetic implications of Ti, Zr, Y and Nb variations in volcanic
rocks. Contributions to Mineralogy and Petrology 69(1): 33-47.

Prave, A. R. (1999) Two diamictites, two cap carbonates, two 813C excursions, two rifts: the
Neoproterozoic Kingston Peak Formation, Death Valley, California. Geology 27(4): 339-342.

Ramos, V. A. and Kay, S. M. (2006) Overview of the tectonic evolution of the southern Central Andes of
Mendoza and Neuquén (35°-39°S latitude). Geological Society of America Special Papers 407(85): 1-17.

Rollinson, H. R. (1993) Using Geochemical Data: Evaluation, Presentation, and Interpretation. John Wiley
& Sons Publication, New York, US.

Sengor, A. M. C., Ozeren, S., Zor, E. and Genc, T. (2003) East Anatolian high plateau as a mantle
supported, N-S shortened domal structure. Geophysical Research Letters 30(24): 4-8.

Shafaii Moghadam, M. H. and Shahbazi Shiran, S. H. (2011) Geochemistry and petrogenesis of volcanic
rocks from the northern part of the Lahrud region (Ardabil): An example of shoshonitic occurrence in
northwestern Iran. Journal of Petrology 1(4): 16-31 (in Persian).

Shahbazi, S. H. (2013) Petrogenesis of Quaternary Shoshonitic Volcanism in NE Iran (Ardabil):
Implication for Postcollisional Magmatism. Journal of Geological Research 12(11): 11-23.

Shervais, J. W. (1982) Ti-V plots and the petrogenesis of modern and ophiolitic lavas. Earth and Planetary
Science Letters 59(1): 101-118.

Srivastava, R. K. and Singh, R. K. (2004) Trace element geochemistry and genesis of Precambrian
subalkaline mafic dikes from the Indian craton: Evidence for mantle metasomatism. Journal of Asian
Earth Sciences 23(3): 373-389.

Sudi, M. and Jahangiri, A. (2010) Petrography and tectonic setting from ophiolite complex of Allah Yarlu.
Proceeding of the 29™ Symposium Geoscience Conference, Tehran, Iran.

Sun, S. and McDonough, W. F. (1989) Chemical and isotopic systematics of oceanic basalts: implications
for mantle composition and processes. Geological Society London 42: 313-345.

Tsuchiyama, A. (1985) Dissolution kinetics of plagioclase in the melt system diopside-albite-anorthite,
and origin of dusty plagioclase in andesites. Contributions to Mineralogy and Petrology 89(1): 1-16.
Verdel, C. (2009) Cenozoic geology of Iran: An intergrated study of extentional tectonics and related

volcanism. PhD thesis, California Institute of Technologyn Pasadena, Pasadena, USA.

Wayer, S., Munker, C. and Mezger, K. (2003) Nb/Ta, Zr/Hf and REE in the depleted mantle: implications
for the differentiation history of the crust-mantle system. Earth and Planetary Science Letters 205(3-4):
309-324.

Whitney, D. L. and Evans, B. W. (2010) Abbreviations for names of rock-forming mineral. American
Mineralogist 95:185-187.

Wilson, M. and Downes, H. (2006) Tertiary-Quaternary intraplate magmatism in Europe and its
relationship to mantle dynamics. Geological Society of London 32: 147-166.

Winchester, J. A. and Floyd, P. A. (1977) Geochemical discrimination of different magma series and their
differentiation products using immobile elements. Chemical geology 20: 325-343.

Yoder, H. S. and Tilley, C. E. (1962) Origin of basalt magmas: an experimental study of natural and
synthetic rock systems. Journal of Petrology 3(3): 342-532.

Zhu, Y. and Ogasawara, Y. (2001) Clinopyroxene phenocryst from the Kokchetav shoshonitic volcanic
rocks: Implications for the multi-stage magma processes. Journal of Waseda University 9: 170-173.





