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Extended Abstract

Introduction

North Razi basalts in Ardabil province are located in the longitude range of °52 °47 to 505 °48 and
latitude “00 "00 °39 to 50 ° 38. North of Razi magmatic region extends to the city of Kalibar (Sudi and
Moazzen, 2014) in the southern part of the Caucasus, which has Lower and Middle Eocene basaltic
magmas from northeast to southwest. Also it has olivine gabbroic dykes infiltrated in the eastern part
of the Middle Eocene to Oligocene. The studied magmatism is restricted by the southern basin of the
Caspian Sea on the east and the Allahyarlu ophiolite belt and Aras fault on the west. Allahyarloo
melange ophiolite emerges in the southwestern of Lahroud magmatic zones in Cretaceous and pre-
Cretaceous. In this research the genesis and tectono-magmatic environment of the Middle and Late
Eocene North Razi basalts and their relationship with the the subductional back arc environment, have
been investigated.

Materials and Methods

After field studies, 45 rock samples were selected for the study based on field relationships and
petrographic evidence. Then thirty thin sections of the samples were prepared for petrographic studies.
To investigate the geochemistry of major and minor elements, 20 samples were sent to the Amdel
Laboratory of the University of New South Wales in Australia for chemical analysis by XRF and ICP.

Results and Discussion

In macroscopic studies, North Razi basalts are black in color and melanocrate in terms of color index.
Microscopic studies show Plagioclase and clinopyroxene phenocrysts are the main minerals while
olivine and titanomagnetite are the lowest manufacturers of these rocks and show glomeroporphiritic
and hyalomicrolitic porphiritic texture. The matrix of these rocks is mostly composed of glass with
plagioclase microcrystals, small pyroxene granules, small amounts of olivine and opaque minerals. The
parent magma of these rocks have alkaline nature regarding geochemical data. Multi-element diagrams
indicate the enrichment of LREES in comparison with HREES suggesting magma involvement in
enrichment of the mantle. Major oxide variation diagrams versus SiO2 confirm the role of normal
magma differentiation. Petrological and geochemical evidences suggest 1- 5% partial melting of spinel
garnet Iherzolite metasomatic mantle as a result of sub ducted slabs and their sedimentary melting.
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Conclusion

In northwestern Iran, north of the Razi city, a series of prismatic basalts are exposed which according
to the stratigraphic studies, are related to the Eocene period of the northern part of Talesh zone. Based
on geochemistry, the studied rocks have alkaline to shoshonitic nature and have been formed by
subtraction of primary magma at relatively high oxygen fugacity. The order of crystallization of
minerals was olivine and then the simultaneous crystallization of plagioclase and clinopyroxene
occurred, respectively. Examining the trend of changes in major and minor elements indicates a genetic
relationship with a basic magma and the effect of the subtraction process. Also, the study of petrogenesis
indicates metasomatism of origins by submerged ocean fragments and associated fluids. This is
obtained by unbalanced melting of garnet with spinel lerzolitic origin. These olivine basalts were
formed in a tensile back arc basin, after collision along the Allahyarlu suture zone, beyond the
Cretaceous magmatic arc.
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Sample BFT1 BFT BM8 BM6 | Mansho | BM1 | BM1 | BM9 | BM1 BG7
r 1 0

SiO2 46.79 47.81 47.89 48.11 48.12 48.77 | 48.81 | 49.11 | 49.11 50.41
Al203 11.96 12.31 12.33 13.61 12.53 1254 | 1255 | 12.11 | 13.14 15.28
Fe20s 291 3.42 341 251 3.37 3.34 3.33 3.11 3.07 3.13
FeO 6.49 6.47 6.45 6.43 6.42 6.42 6.41 6.41 6.38 4.18
CaO 13.29 12.22 12.14 13.14 13.21 12.13 | 12.47 | 12.62 | 12.15 9.78
MgO 8.09 7.91 7.84 7.42 6.73 6.62 6.61 6.48 6.43 5.51
Na.0 2.21 3.12 3.12 1.64 3.24 3.29 3.31 3.59 3.61 3.88
K20 1.89 1.51 1.51 1.84 1.53 1.54 1.59 1.61 1.69 2.83
Cr203 <0.24 <0.23 <0.22 <0.21 <0.20 <0.19 | <0.18 | <0.16 | <0.15 <0.02
TiO2 1.97 1.92 1.91 1.91 1.87 1.84 1.83 1.61 1.57 1.01
MnO 0.19 0.18 0.17 0.18 0.17 0.17 0.16 0.17 0.17 0.15
P205 0.24 0.25 0.25 0.26 0.26 0.26 0.26 0.31 0.32 0.47
LOI 2.61 1.62 1.47 1.92 1.26 1.33 1.27 1.61 1.23 1.61
Total 98.64 98.74 98.49 98.97 98.71 98.25 98.6 98.74 | 98.87 98.24
Ba 498 515 524 524 573 524 530 549 552 586

Ce 64 61 59 59 58 58 57 56 56 48

Co 42 40 39 39 37 36 35 31 30 24
Cr 221 217 193 193 171 170 170 168 169 129

Cs 1 1 1 1 1 1 1 1 1 2
Dy 4 4 4 3 4 4 4 4 4 3
Er 2.9 2.9 2.9 2.9 2.8 2.8 2.8 2.7 2.7 2.4
Eu 2.1 2 2 15 1.8 1.8 1.6 1.6 15 14
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Gd 6 6 6 6 6 6 7 7 7 11
Hf 2.5 3.6 3.6 2.2 3.6 3.7 3.7 3.7 3.8 4.5
Ho 0.8 0.8 0.8 0.6 0.8 0.8 0.7 0.7 0.6 0.6
La 17 17 17 17 18 18 18 19 19 31
Lu 0.31 0.28 0.26 0.29 0.26 0.26 0.24 0.22 0.22 0.25
Mo 2 2 3 1 2 2 1 1 3 1.2
Nb 17 17 17 17 16 16 16 15 15 11
Nd 14 14 14 13 13 13 13 12 12 9
Ni 89 75 75 73 73 72 71 70 69 58
Pb 3 3 35 35 35 35 35 4 4 6.5
Pr 7 6 6.5 6 6.5 7 8 7 7.5 9.5
Rb 22 25 25 26 27 29 31 32 34 44
Sm 5 5 5 5 5 5 5 4 4 3
Sn 1.2 1.25 1.23 1.3 1.3 2.03 2.1 1.25 2.14 1.85
Sr 452 456 498 499 499 512 512 518 522 666
Ta 1.2 1.1 1.1 0.99 0.99 0.99 0.99 0.96 0.93 0.63
Th 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.5
Th 7 7 7 7 7 7 7 8 8 12
Tl 1.8 1.7 1.7 1.6 1.6 1.6 1.6 15 0.21 0.13
Tm 0.3 0.3 0.3 0.3 0.29 0.29 0.29 0.26 0.25 0.21
U 1.5 1.4 1.4 1.3 1.4 1.5 1.5 1.5 1.6 2.5
Vv 301 271 198 198 198 198 198 194 194 180
W 6 7.1 7 7 7 6 7 6.5 6.5 5.3
Y 21 21 21 20 20 20 20 20 20 18
Yb 25 25 25 25 2.4 2.4 2.4 2.4 2.4 1.7
n 69 70 72 71 72 73 74 74 75 80
Zr 103 108 110 112 115 116 119 121 123 139
Li 12 13 13 10 13 13 13 14 14 13
Sc 34 20.8 20.5 21.1 20.6 20.9 19.52 19.62 19.68 18
Hg 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06
Te 0.4 0.38 0.35 0.4 0.32 0.4 0.37 0.41 0.36 0.3
Ti 3619 3602 3586 3586 3519 3399 3399 2985 2919 2425
P 549 572 572 595 595 595 595 710 733 1068
(La/Sm)n 2.2 2.2 2.2 2.2 2.33 2.33 2.33 3.07 3.07 6.68
(Ta/Th)n 0.36 0.33 0.33 0.29 0.29 0.29 0.29 0.25 0.24 0.11
Sm/Yb 2 2 2 2 2.08 2.08 2.08 1.67 1.67 1.76
H20/Yb 1.04 0.65 0.59 0.77 0.53 0.55 0.53 0.67 0.51 0.95
Ta/Yb 0.48 0.44 0.44 0.4 0.41 0.41 0.41 0.4 0.39 0.37
Sr/Pb 150.67 152 142.29 142.5 142.57 146.2 146.2 129.5 130.5 102.46
7 9 9
Ba/Nb 29.29 30.29 30.82 30.82 35.81 32.75 33.13 36.6 36.8 53.27
Zr/Hf 41.2 30 30.56 50.91 31.94 31.35 32.16 32.7 32.37 30.89
TilY 172 172 171 179 176 170 170 149 146 135
Th/Ta 5.83 6.36 6.36 7.07 7.07 7.07 7.07 8.33 8.6 19.05
Th/Yb 2.8 2.8 2.8 2.8 2.92 2.92 2.92 3.33 3.33 7.06
Th/Nb 0.41 0.41 0.41 0.41 0.44 0.44 0.44 0.53 0.53 1.09
La/Yb 6.8 6.8 6.8 6.8 75 7.5 75 7.92 7.92 18.24
La/Nb 1 1 1 1 1.13 1.13 1.13 1.27 1.27 2.82
Rb/zr 0.21 0.23 0.23 0.23 0.23 0.25 0.26 0.26 0.28 0.32
Nb/Yb 6.8 6.8 6.8 6.8 6.67 6.67 6.67 6.25 6.25 6.47
Nb/Ta 14.17 15.45 15.45 17.17 16.16 16.16 16.16 15.63 16.13 17.46
Nb/U 11.33 12.14 12.14 13.08 11.43 10.67 10.67 10 9.38 4.4
Nb/Y 0.81 0.81 0.81 0.85 0.8 0.8 0.8 0.75 0.75 0.61
Nb/Th 2.43 2.43 2.43 2.43 2.29 2.29 2.29 1.88 1.88 0.92
Sample BM5 BM7 BM3 BM2 BGS8 BG6 BG11 BG4 BG9 BG10
SiO2 49.14 49.36 49,37 49.41 49.43 49.59 49.77 50.11 50.13 50.37
Al2O3 13.16 13.17 13.19 13.41 12.66 12.11 12.61 13.42 14.23 14.38
Fe203 3.02 3.01 3.01 3.69 411 4,31 441 3.62 3.64 3.78
FeO 6.34 6.19 5.61 493 551 55 5.45 5.23 499 493
CaO 12.14 12.29 12.14 11.47 11.51 12.31 11.86 11.61 10.13 10.41
MgO 6.42 6.39 6.37 6.81 6.71 6.58 6.61 5.91 5.83 5.61
Na20O 3.67 3.75 3.84 3.62 3.76 3.97 2.91 3.77 3.16 3.82
K20 1.71 1.73 1.77 2.81 2.81 2.52 2.56 2.72 2.77 2.79
Cr203 <0.14 <0.13 <0.12 <0.11 <0.10 <0.09 <0.08 <0.06 <0.05 <0.04
TiO2 1.52 151 151 1.39 1.36 1.25 1.21 1.12 1.09 1.07
MnO 0.17 0.17 0.16 0.16 0.16 0.16 0.16 0.16 0.19 0.15
P20s 0.32 0.35 0.35 0.36 0.36 0.37 0.38 0.41 0.41 0.42
LOI 1.21 1.34 1.17 1.21 1.12 1.11 1.15 1.24 1.91 1.66
Total 98.82 99.26 98.49 99.27 99.5 99.78 99.08 99.32 98.48 99.39
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Ba 555 561 572 572 573 575 576 579 581 583
Ce 56 57 57 55 56 56 55 54 54 53
Co 29 28 27 27 26 26 26 25 25 24
Cr 169 152 151 149 147 145 141 137 137 138
Cs 2 2 2 2 2 2 2 2 2 2
Dy 4 4 3 3 3 3 3 4 4 3
Er 2.7 2.7 2.7 2.6 2.6 2.6 25 25 25 25
Eu 15 14 14 15 1.6 1.2 15 1.3 1.6 15
Gd 8 8 8 8 9 9 9 10 10 10
Hf 38 3.8 38 35 4.3 4 4.8 4.7 3.6 4.4
Ho 0.6 0.6 0.6 0.64 0.69 0.84 0.64 0.59 0.72 0.62
La 20 23 26 28 29 29 29 30 31 31
Lu 0.22 0.22 0.22 0.24 0.22 0.28 0.22 0.25 0.24 0.21
Mo 1 2 1 0.99 111 12 0.99 1.01 112 117
Nb 15 15 15 14 14 14 13 13 12 12
Nd 11 11 10 10 10 10 10 9 9 9
Ni 68 65 65 65 61 61 61 60 59 59
Pb 4 4 5 5 5.4 5.5 5.2 5.5 5.5 6
Pr 7.5 7.5 7.5 6.5 8.5 9 8.5 9 10.5 10
Rb 34 35 36 36 37 37 38 39 41 41
Sm 4 4 3 5 3 3 3 3 3 3
Sn 2.15 1.25 1.2 1.95 174 2.64 2.36 1.84 191 1.85
Sr 523 524 526 531 562 594 601 615 615 621
Ta 0.93 0.91 0.91 0.89 0.88 0.86 0.84 0.82 0.82 0.77
Tb 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5
Th 8 8 8 9 9 10 10 11 11 12
Tl 0.21 0.18 0.17 0.16 0.16 0.16 0.15 0.15 0.15 0.15
Tm 0.25 0.24 0.24 0.24 0.24 0.23 0.23 0.22 0.21 0.21
u 1.6 1.6 16 1.9 1.8 1.9 19 2.2 23 2.3
\Y 193 188 188 188 186 184 184 182 182 180
W 6.4 5.6 5.6 5.6 5.4 6.3 5.9 5.4 5.4 5.3
Y 20 20 19.5 19 19 19 19 19 19 18
Yb 2.3 2.2 2.2 2.2 2.2 2.1 21 2 2 1.8
Zn 75 75 73 70 74 74 77 74 76 74
Zr 123 124 124 128 129 131 131 135 136 137
Li 14 14 14 13 14 14.5 13 14 13 13
Sc 19.68 19.71 19.72 20.4 20.1 19.6 20.1 19.2 19.42 18.8
Hg 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.05 0.05 0.06
Te 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.32 0.29
Ti 2835 2819 2819 2558 2475 2558 2504 2380 2459 2392
P 733 801 801 824 824 847 870 939 939 962
(La/Sm)n 3.23 3.72 5.6 3.62 6.25 6.25 6.25 6.46 6.68 6.68
(Ta/Th)n 0.24 0.24 0.24 0.21 0.2 0.18 0.17 0.15 0.15 0.13
Sm/Yb 174 1.82 1.36 2.27 1.36 1.43 1.43 15 15 1.67
H20/Yb 0.53 0.61 0.53 0.55 0.51 0.53 0.55 0.62 0.96 0.92
Ta/Yb 0.4 0.41 0.41 0.4 0.4 0.41 0.4 0.41 0.41 0.43
Sr/Pb 130.75 131 105.2 106.2 104.07 108 1155 | 111.8 | 1118 103.5
8 2 2
Ba/Nb 37 37.4 38.13 40.86 40.93 41.07 | 44.31 | 4454 | 48.42 48.58
Zr/Hf 32.37 32.63 32.63 36.57 30 32.75 | 27.29 | 28.72 | 37.78 31.14
TilY 142 141 145 135 130 135 132 125 129 133
ThiTa 8.6 8.79 8.79 10.11 10.23 11.63 11.9 13.41 | 13.41 15.58
Th/Yb 3.48 3.64 3.64 4.09 4.09 4.76 4.76 5.5 5.5 6.67
Th/Nb 0.53 0.53 0.53 0.64 0.64 0.71 0.77 0.85 0.92 1
La/Yb 8.7 10.45 11.82 12.73 13.18 13.81 | 13.81 15 15.5 17.22
La/Nb 1.33 1.53 1.73 2 2.07 2.07 2.23 2.31 2.58 2.58
Rb/zr 0.28 0.28 0.29 0.28 0.29 0.28 0.29 0.29 0.3 0.3
Nb/Yb 6.52 6.82 6.82 6.36 6.36 6.67 6.19 6.5 6 6.67
Nb/Ta 16.13 16.48 16.48 15.73 15.91 16.28 | 15.48 | 15.85 | 14.63 15.58
Nb/U 9.38 9.38 9.38 7.37 7.78 7.37 6.84 5.91 5.22 5.22
Nb/Y 0.75 0.75 0.77 0.74 0.74 0.74 0.68 0.68 0.63 0.67
Nb/Th 1.88 1.88 1.88 1.56 1.56 14 1.3 1.18 1.09 1
Norm Ab An Ort Ne Di ol 1 Mag Ap Average Total Magnetite/'llmen
ite
Min | 10.9 | 139 | 11.8 | 53 | 214 2.79 2.35 421 0.65 98.92 1.7
8 9 7 2 3
Max | 19.2 | 17.1 | 16.7 | 7.1 | 39.1 6.53 3.94 6.39 1.07
8 5 2 9 3
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5 S5 D sl S 50,85 o b ddiges &5 olaisl 8,50 90 2 ;o 45" (Cho, 2003; Arslan and Aslan, 2006

Oali8l L acal ails jaas 6 ues dlad jo
30 a2 Jdo il il 5 S 5 SIO;
Gd9m—o g by G 8 ol DY gaxe
olio_w‘s} J_Jé Ao =9 9 ‘QJ)L’ RESUEIW- 1
Gl S o gt s KLl QLSS
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sl (F USSo) (Harker, 1909) S, sl 1o ges
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L5 FPIVA ek 550 51 SI0; l5me i3l
K20 4 Al,O3 Na,0 ol _ss o9, 0+ /FY
J=lpe yo (—ialS 05y, Ca0 g 00 ol
Cllae SdlST 3,85 g, b aS o )ls (3,45
5 S3le sla S5 ek b wilgs oo 5 018 oS
bpe S o mgdS s PR Jre JlopendS
Slaie IS0z sloojl Lo p—izmon 0l
el a5 555 o alS FeO# o TIO, MgO
O3 (e 9,0 Lo S sl 5 38
el oS Lo 5l 508 6l SIS e S s ey e
ages ;0 SI0; iul3 8l L PoOs (g0 920 g,
yobd pae do 4 woilyi o ddlain sl S
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Slgo Ly 41555 psncilogulio adsl agS oy
Sl 2lays e ol jen a5, 5,8 saug
(Kamber, 2012; Verdle, 2009) o5 oo
Seibe slafiw 9 NB/U Cos poSilse
Cewl YO 550> OIB 3 MORB a_ ax .l
Hofmann, 2004; Harangi and Lenkey, )
MOO -l aslllas 50 slacdlil o Ll (2007
sbacdlil (Sl 5l S omby Sl o5 2ol
L LaSow ol L)l S5lis g 009 (ool
wely sLacdlil cimen Zewl (sl B 5blis
4 diuwslg g La/ND<L s glyls 90 s
Gl LA/ND>1 co s glls oais 8 anissS
bogne b Sl ol a5 (Aldanmaz, 2012)
s SKly asllas 0550 slaasges 0 V/VO
Ba/ND o amo oo lis |y oads 8 aingS
L g8 G ddg> YO U PF Lol (o
2907 L0 YL ()98 ploguilie
Taylor and ) o il oA 3l —aS © 9

(1909

A dadgl alieS 4 Cand dslllan )50 sladigad
obie S 58I aslie j0 g oads Jlxin
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,I,8(Sun and MacDonough, 1989) cu_i
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5 YpPM 51 =S poliae Ls Ta ss—eS (2003
aslgs s HISE ,slic Sos o Nb (Ti oLl
=l 9,8 oy see b lacdll ol bLs ke
cie Jlegl (Wilson et al, 2006) oib o
SVl s Shoe 5 Jols slaisS qanilogulio
O algi e |y pdn b g 555,8 dtugy ol o
Wayer et al, 2003; Wang et al, ) oas
a4 >g Ly a5 (2003; Rollinson, 1993
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