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Petrographic and petrogenetic studies of
adakitic magmatism of Gavdel (Shivar Dagh)
in Garehdagh-South Arminian Zone (Northwest of Iran)
(Irankuh Pb-Zn deposit, Southwest of Isfahan)
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Abstract

Gavdel intrusive body, situated in NW Iran and NE of Uromieh-Dokhtar zone, is a part
of Garehdagh, South-Arminian Zone (Arasbaran). The major outcrops of intrusive
include of granodiorite, monzonite accompanied with granodioritic dyke. The studied
samples display granular texture with essential minerals of, plagioclase, K-feldspar,
amphibole + quartz = clinopyroxene. Geochemically, the studied rocks characterized by
SiO; in the range of (59.1-67.8%), Al,Os (14.09-18.3%), high Sr (507.18-1150 ppm)
content , high ratios of Sr/Y (32.93-83.54), La/Yb and low Y (12.05-16.13) contents,
which can indicate the adakitic characters of studied rocks. These features of Gavdel
intrusive display geochemical similarity with high SiO> adakites (HAS) that comprise
enriched LREE, LILE and depleted HFS elements such as Ta, Nb, and Ti. The
fractionated REE pattern and low HREE and Y amount can be related to the occurrence
of garnet or amphibole in residual source of adakitic magmas. High content of Sr and
depletion of Ta, Nb and Ti can be ascribed either to the absence of plagioclase and the
presence of Fe-Ti oxides in melt residue or fractionation of titanomagnetite and
amphibole minerals with respect to petrograhic indications. Subducted slab breaking off
followed by its partial melting and the overlying sediments accompanied by crustal
assimilation through magma rising generated the magma in the studied area and the NW
of Iran.
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Rock Type Monzonite |Granodiorite |Granodiorite Dyke

Sample No. M1 M2 M3 M4 Gl G2 G3 G4 dgl dg2 dg3
SiO, 66.37 65.37 60.30 62.80 61.30 65.30 67.25 67.80 60.25 59.10 60.08
TiO, 0.45 52.00 0.40 0.62 0.70 0.72 0.68 0.81 0.69 0.72 0.79
AL O; 15.47 16.21 14.80 16.54 14.09 15.80 16.50 16.30 17.85 17.06 18.30
Fe;0; 3.39 3.27 3.50 3.90 2.86 5.10 4.83 5.35 5.30 3.90 4.07
MnO 0.10 0.10 0.06 0.12 0.10 0.06 0.05 0.09 0.06 0.05 0.09
MgO 1.71 1.42 1.40 2.05 3.99 1.30 1.25 1.60 2.82 3.07 2.90
CaO 3.26 3.26 322 4.63 6.55 3.85 3.72 4.05 5.65 5.90 451
Na,O 4.29 4.52 5.25 443 5.27 430 4.65 4.80 4.80 4.09 4.60
K,O 3.96 3.74 3.05 3.93 2.17 3.25 3.54 3.18 2.40 2.10 2.14
P,0s 0.35 0.35 0.18 0.40 0.42 0.50 0.90 0.80 0.50 0.90 0.80
LOI 1.80 1.98 2.54 1.80 2.50 2.42 1.70 1.60 2.10 2.65 1.75
Total 104.10 103.50 97.84 104.70 102.50 102.60 105.00 106.30 102.20 99.44 100.27
Sc 5.4 22.67 5.04 4.12 10.09 10.07 8.59 10.07 10.07 8.59 10.07
\% 38.9 57 31 42 39 106 180 168 106.6 180 168
Co 11.09 16.64 30 13.75 14.14 13.91 8.05 12.8 13.91 8.05 12.8
Ni 84.98 20.32 96 48.92 44.95 28.9 37.93 66.94 24.89 37.93 66.94
Cr 63.35 11.89 64.2 85.65 64.31 135 128 189 135 128 189
Zn 26.48 80.25 40.5 41.15 12.85 115.5 41.66 94.51 115.5 41.66 94.51
Ga 16.24 18.64 16.05 159 19.16 27.78 19.01 23.88 27.78 19.01 23.88
Cs 1.52 1.93 1.40 2.08 24 2.3 24 2.8 1.3 1.4 1.8
Rb 37 88 57 38 88 68 20 83 20 30 44
Ba 975 1657 1315 866 992 1815 1393 1020 970 887 1211
Sr 561 1006 640.4 635 507.1 980 1020 1150 715 625 862
Y 12.55 12.05 14.59 16.13 15.4 15.46 15.96 14.82 15.46 15.96 14.82
Zr 97.19 180.1 158.9 27.96 127 126 105 97.3 126.3 105.6 97.3
Nb 7.15 12.27 7.3 9.85 14.08 20.55 13.81 17.48 20.55 13.81 17.48
Hf 5.28 4.53 2.64 3.48 4.01 6.5 10.36 4.95 6.5 10.36 4.95
Ta 2.07 1.29 1.41 1.2 2.09 1.84 2.71 3 1.85 2.77 3
Th 8.29 13.72 10.25 11 7.17 28.36 17.37 24.05 28.37 17.38 24.06
U 9.93 14.37 10.12 10.52 9 0.8 1.1 1.26 0.8 1.1 1.26
La 45.6 61.5 68.5 41.99 55.4 68.54 66.42 42.31 80.54 54.42 60.31
Ce 85.29 177.7 82.15 118 142 364 229 258 364 229 258
Pr 13.5 17.4 9.7 10.5 22.7 9.4 8.8 10.4 9.4 8.8 10.4
Nd 31.3 43.47 31.3 41.67 54.79 62.56 61.05 63.25 62.56 61.05 63.25
Sm 5.44 4.95 6.68 4.95 7.94 10.2 13 11 10.2 13 11
Eu 0.75 1.97 0.8 0.72 1.53 1.16 1.55 1.81 1.16 1.55 1.81
Gd 4.55 6.26 2 6.74 4.8 7.1 8.13 9.98 7.1 8.13 9.98
Tb 0.7 0.5 0.7 0.9 0.4 0.6 0.9 0.7 0.6 0.9 0.7
Dy 3.72 3.23 3.72 3.61 3.95 5.11 3.84 4.03 5.11 3.84 4.03
Ho 0.7 0.8 0.5 0.9 0.4 0.6 0.5 0.9 0.6 0.5 0.9
Er 1.2 1.1 2 2.01 1.6 2 1.7 1.2 2 1.7 1.2
Yb 1.3 14 1.4 1.5 1.2 1.8 1.5 1.9 1.7 1.6 1.1
Lu 0.2 0.21 0.23 0.22 0.2 0.28 0.26 0.29 0.3 0.3 0.21
Sr/Y 44.7 83.54 43.89 39.38 32.93 63.38 63.9 77.59 63.38 63.9 77.59
La,/Yb, 87.47 50.62 46.9 17.77 53 16.31 23.04 14.84 16.13 22.62 14.46
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Rock Type Monzonite |Granodiorite |Granodiorite Dyke

Sample No. M1 M2 M3 M4 Gl G2 G3 G4 dgl dg2 dg3
SiO; 66.37 65.37 60.30 62.80 61.30 65.30 67.25 67.80 60.25 59.10 60.08
TiO, 0.45 52.00 0.40 0.62 0.70 0.72 0.68 0.81 0.69 0.72 0.79
Al,O4 15.47 16.21 14.80 16.54 14.09 15.80 16.50 16.30 17.85 17.06 18.30
Fe,O3 3.39 3.27 3.50 3.90 2.86 5.10 4.83 5.35 5.30 3.90 4.07
MnO 0.10 0.10 0.06 0.12 0.10 0.06 0.05 0.09 0.06 0.05 0.09
MgO 171 142 1.40 2.05 3.99 1.30 1.25 1.60 2.82 3.07 2.90
CaO 3.26 3.26 3.22 4.63 6.55 3.85 3.72 4.05 5.65 5.90 451
Na,O 4.29 452 5.25 4.43 5.27 4.30 4.65 4.80 4.80 4.09 4.60
K,O 3.96 3.74 3.05 3.93 217 3.25 3.54 3.18 2.40 2.10 214
P,0s 0.35 0.35 0.18 0.40 0.42 0.50 0.90 0.80 0.50 0.90 0.80
LOI 1.80 1.98 2.54 1.80 2.50 242 1.70 1.60 2.10 2.65 1.75
Total 104.10 103.50 97.84 104.70 102.50 102.60 105.00 106.30 102.20 99.44 100.27
Sc 54 22.67 5.04 412 10.09 10.07 8.59 10.07 10.07 8.59 10.07
\Y% 38.9 57 31 42 39 106 180 168 106.6 180 168
Co 11.09 16.64 30 13.75 14.14 13.91 8.05 12.8 13.91 8.05 12.8
Ni 84.98 20.32 96 48.92 44.95 28.9 37.93 66.94 24.89 37.93 66.94
Cr 63.35 11.89 64.2 85.65 64.31 135 128 189 135 128 189
zZn 26.48 80.25 40.5 41.15 12.85 1155 41.66 94,51 1155 41.66 94,51
Ga 16.24 18.64 16.05 15.9 19.16 27.78 19.01 23.88 27.78 19.01 23.88
Cs 1.52 1.93 1.40 2.08 24 2.3 24 2.8 1.3 14 1.8
Rb 37 88 57 38 88 68 20 83 20 30 44
Ba 975 1657 1315 866 992 1815 1393 1020 970 887 1211
Sr 561 1006 640.4 635 507.1 980 1020 1150 715 625 862
Y 12.55 12.05 14.59 16.13 15.4 15.46 15.96 14.82 15.46 15.96 14.82
Zr 97.19 180.1 158.9 27.96 127 126 105 97.3 126.3 105.6 97.3
Nb 7.15 12.27 7.3 9.85 14.08 20.55 13.81 17.48 20.55 13.81 17.48
Hf 5.28 453 2.64 3.48 401 6.5 10.36 4.95 6.5 10.36 4,95
Ta 2.07 1.29 141 1.2 2.09 1.84 2.77 3 1.85 2.77 3
Th 8.29 13.72 10.25 11 7.17 28.36 17.37 24.05 28.37 17.38 24.06
U 9.93 14.37 10.12 10.52 9 0.8 11 1.26 0.8 1.1 1.26
La 45.6 61.5 68.5 41.99 55.4 68.54 66.42 42.31 80.54 54.42 60.31
Ce 85.29 177.7 82.15 118 142 364 229 258 364 229 258
Pr 135 17.4 9.7 10.5 22.7 9.4 8.8 10.4 94 8.8 10.4
Nd 313 43.47 313 41.67 54.79 62.56 61.05 63.25 62.56 61.05 63.25
Sm 5.44 4.95 6.68 4.95 7.94 10.2 13 11 10.2 13 11
Eu 0.75 197 0.8 0.72 153 1.16 1.55 1.81 1.16 1.55 1.81
Gd 4.55 6.26 2 6.74 4.8 7.1 8.13 9.98 7.1 8.13 9.98
Tb 0.7 0.5 0.7 0.9 0.4 0.6 0.9 0.7 0.6 0.9 0.7
Dy 3.72 3.23 3.72 3.61 3.95 5.11 3.84 4.03 5.11 3.84 4.03
Ho 0.7 0.8 0.5 0.9 04 0.6 0.5 0.9 0.6 0.5 0.9
Er 1.2 11 2 2.01 1.6 2 17 1.2 2 17 1.2
Yb 1.3 14 14 15 1.2 1.8 15 1.9 17 1.6 11
Lu 0.2 0.21 0.23 0.22 0.2 0.28 0.26 0.29 0.3 0.3 0.21
SrlY 447 83.54 43.89 39.38 32.93 63.38 63.9 77.59 63.38 63.9 77.59
La/Yb, 87.47 50.62 46.9 17.77 53 16.31 23.04 14.84 16.13 22.62 14.46
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