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Abstract

The Zangalou mine area, a part of NW Bardaskan magmatic assemblage, located south
of Sabzevar and northwest of Bardaskan cities in Khorasan Razavi province. The rock
units of the area are dominated by sedimentary and wvolcanic racks (andesite,
trachyandesite, latte and andesitic tuff). The dominant minerals are plagioclase,
hornblende, pyroxene and alkali feldspar locally affected by argillic and propylitic
alterations and the main textures are porphyritic, glomeroporphyritic, amygdaloidal and
fine grain. The rocks under study formed in continental volcanic arc related to
subduction zone, are calcalkaline in nature, metaluminous in composition and classified
as shoshoite series. LREE and LILE enrichment compared to HREE and HFSE of the
investigated rocks indicate their magma generation in subduction setting. Both Zr/Ba
and Sm/YDb ratios point to lithospheric mantle origin and the rare or the absence of
garnet in the origin respectively. The parent magma formed from partial melting of an
enriched phlogopite spinel Iherzolite. The geochemical properties of Zangalou share
many signatures with those of the wvolacic rocks distributed in other parts of NW
Bardaskan wvolcanic assemblage indicate high similarity in geochemical signatures of
volcanic rocks. Studying geochemistry of volcanic rocks in these areas indicates
formation of these rocks in a subduction setting.
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Lithology  Andesite porphyry| HbI T rachyandesite

Sample No. T8 T22 T38 T29 T26 T41
Longitude 57°35'49" 35°29'23" 57°36'12" 57°36'04" 57°36'8" 57°36'11"
Latitude 35°28'56" 35°29'23" 35°28'52" 35°29'09" 35°29'17" 35°28'44"
SiO2 53.09 53.48 53.72 54.03 54.73 5477
TiO2 0.86 0.85 0.86 0.86 0.83 0.87
Al203 18.4 18.17 18.35 18.45 15.71 15.33
FeOT 6.8 5.98 6.48 6.01 8.45 8.8
MnO 0.13 0.16 0.14 0.14 0.12 0.15
MgO 1.93 2.53 3.48 3.21 3.97 3.8
CaO 6.51 6.8 5.39 5.67 4.39 4.44
Na20 3.52 3.47 3.47 3.44 4.31 4.16
K20 5.07 4.69 4.7 4.63 4.37 4.46
P205s 0.78 0.79 0.79 0.78 0.62 0.6
LOI 2.59 2.75 2.22 2.37 2.28 2.37
Total 99.68 99.67 99.6 99.59 99.78 99.75
Ba 244 246 251 234 282 271
Be 2 2 3 2 3 2
Rb 186.1 179.8 193.0 189.8 193.3 196.7
Sr 522.4 540.5 520.9 528.7 537.1 512.8
Zr 133.8 127.9 132.9 131.8 132.7 135.2
Nb 7.9 7.5 8.1 7.8 8.2 8.1
Co 10.3 14.4 16.5 16.5 17.1 16.5
Y 15.1 15.7 16.0 16 16.4 16.0
Cs 1.6 24 3.1 31 2.9 34
Ta 0.6 0.5 0.5 0.4 0.5 0.5
Hf 3.3 3 3.0 3.3 3.2 3.2
Ga 14.3 15.1 16.0 15.1 16 154
Sn 1 1 1 3 1 1
Th 7.7 6.2 6.4 6.4 6.2 6.2
U 2.2 2 2.1 2.3 2 2.4
\ 197 195 196 194 188 193
W 3.8 14 1.1 0.9 0.5 0.7
La 20.7 21.1 21.7 20.9 21.4 21.3
Ce 38.9 40.9 41.3 40.5 41.3 41.8
Pr 481 4.84 4.93 4.84 4.91 5.00
Nd 18.5 19.7 19.7 19.9 20.4 19.4
Sm 3.51 3.45 3.58 3.65 3.64 3.65
Eu 0.97 1.04 0.98 1.03 1.07 1.01
Gd 3.06 3.28 3.20 3.3 3.24 3.45
Tb 0.45 0.45 0.48 0.46 0.48 0.46
Dy 2.6 2.75 2.92 2.7 2.74 2.83
Ho 0.52 0.54 0.59 0.55 0.62 0.59
Er 1.67 1.66 1.61 1.77 1.71 1.67
Tm 0.23 0.24 0.24 0.24 0.24 0.25
Yb 1.66 1.58 1.69 1.68 1.66 1.73
Lu 0.26 0.25 0.25 0.27 0.25 0.26
CelYb 23.43 25.88 24.43 24.1 24.87 24.16
SrlY 34.59 34.42 32.55 33.04 32.75 32.05
Eu/EU* 0.9 0.95 0.89 0.91 0.95 0.87

Lan/Ybn 8.41 9 8.66 8.39 8.69 8.3
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Lithology HbI Trachyandesite
Sample No. T18 T36 T37 T32 T24 T35
Longitude 57°36'03" 57°36'14" 57°36'09" 57°36'09" 57°36'10" 57°36'13"
Latitude 35°29'25" 35°28'55" 35°28'51" 35°29'04" 35°29'14" 35°29'00"
SiO2 54.87 55 55.14 55.64 55.9 56.16
TiO> 0.87 0.86 0.88 0.9 0.88 0.88
Al203 15.29 15.57 15.46 155 16.26 16.74
FeOT 8.37 8.27 8.39 7.97 4.74 6.68
MnO 0.15 0.13 0.13 0.14 0.17 0.14
MgO 4.18 3.7 3.66 3.53 0.57 2.78
CaO 4 431 4.55 4.38 7.78 3.83
Na20 4.13 4.24 4.12 4.07 4.13 4.57
K20 4.59 4.56 4.52 4.66 5.83 5.05
P20s 0.61 0.62 0.61 0.61 0.86 0.6
LOI 2.74 2.42 2.3 241 2.65 2.37
Total 99.8 99.68 99.76 99.81 99.77 99.8
Ba 309 301 266 301 393 308
Be 3 4 3 2 3 2
Rb 199.6 207.1 197.7 199.8 188.1 205.9
Sr 499.9 541.2 531.8 528.6 577.1 520.7
Zr 138.5 140.2 132.3 134.6 137.7 139.5
Nb 8 8.5 7.7 8.5 8.0 8.6
Co 18.2 15.7 15.7 14.8 51 12.6
Y 16.3 16.9 15.6 16.0 18.1 14.9
Cs 2.1 3.7 4.3 2.9 0.8 2.8
Ta 0.6 0.5 0.5 0.5 0.5 0.6
Hf 3.2 35 3.1 3.2 3.3 3.3
Ga 16.2 15.9 16.6 16.5 18.7 16.4
Sn 1 1 1 1 1 1
Th 6.7 7.1 6.5 6.7 6.7 6.9
U 1.1 2.3 2.2 2.1 2.2 2.3
\Y% 200 202 194 199 184 216
W 0.5 2.0 0.5 0.5 0.5 0.7
La 23.2 22.7 21.8 23.0 27.1 23.7
Ce 42.9 43.2 41.7 43.4 47.0 42.0
Pr 5.18 5.18 4.97 5.04 5.61 5.10
Nd 20.2 19.6 19.6 20.0 22.4 19.7
Sm 3.76 3.72 3.59 3.66 4.02 3.54
Eu 1.04 1.08 1.01 1.05 1.07 1.04
Gd 3.38 3.39 3.25 3.36 3.81 3.39
Tb 0.48 0.49 0.46 0.47 0.52 0.48
Dy 3.05 2.99 2.80 2.83 3.01 2.62
Ho 0.58 0.60 0.55 0.56 0.63 0.53
Er 1.77 1.68 1.74 1.72 1.83 1.57
Tm 0.24 0.24 0.24 0.23 0.28 0.23
Yb 1.75 1.61 1.62 1.65 1.86 1.69
Lu 0.26 0.25 0.25 0.25 0.29 0.23
CelYb 2451 26.83 25.74 26.3 25.26 24.85
SrlY 30.66 32.02 34.08 33.03 31.88 34.96
Eu/BEU™* 0.89 0.93 0.9 0.92 0.84 0.92
Lan/Ybn 8.94 9.51 9.07 9.4 9.82 9.45

aslol-1 Jgox
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Lithology HbI Trachyandesite Px Andesite Latite
Sample No. T33 T61 T60 T25 T68
Longitude 57°36'06" 57°35'55" 57°35'56" 57°36'00" 57°35'55"
Latitude 35°29'02" 35°28'54" 35°28'55" 35°29'14" 35°28'41"
SiO2 57.12 53.55 54.6 55.36 55.6
TiO: 0.89 0.82 0.9 0.87 0.8
Al203 16.14 14.95 14.75 15.54 14.84
FeOT 6.72 5.45 9.06 7.97 7.01
MnO 0.13 0.19 0.16 0.11 0.12
MgO 2.59 1.17 4 3.46 4.3
CaO 3.77 9.64 4.52 4.54 2.96
Na20 4.13 4.03 4.22 4.27 2.82
K20 5.63 531 4.59 4.49 7.01
P20s 0.62 0.73 0.59 0.58 0.61
LOI 2.03 3.96 2.35 2.5 3.69
Total 99.77 99.8 99.74 99.69 99.76
Ba 397 256 277 311 449
Be 1 1 2 1 1
Rb 213.3 183.6 198.2 186.3 179.5
Sr 495.5 532.5 513.6 523.1 336.3
zZr 141.6 132.9 134.1 130.2 126.9
Nb 8.5 7.7 8.6 7.9 7.8
Co 13.1 6.7 16.8 16.8 143
Y 17.3 18.1 16.4 15.6 14.6
Cs 2.1 1.3 3.3 2.1 1.3
Ta 0.5 0.5 0.5 0.4 0.5
Hf 3.2 3.0 33 3.2 3.0
Ga 16.9 16.0 16.0 14.1 15.1
Sn 1 1 1 1 1
Th 6.5 6.4 6.5 6.6 6.0
U 2.0 2.4 2.3 2.5 2.1
\ 196 186 189 202 176
W 0.8 1.0 0.5 0.5 0.7
La 23.8 25.7 22.2 21.6 22.6
Ce 45.8 47.3 43.4 41.5 39.9
Pr 5.27 5.54 5.16 4.88 4.63
Nd 21.3 21.3 20.4 19.4 18.4
Sm 3.90 3.91 3.78 3.54 3.32
Eu 1.04 1.11 1.06 1 0.92
Gd 3.26 3.75 3.19 3.23 3.07
Tb 0.50 0.52 0.50 0.44 0.46
Dy 2.81 3.27 2.82 2.76 2.51
Ho 0.59 0.65 0.61 0.55 0.53
Er 1.72 1.85 1.76 1.68 1.49
Tm 0.25 0.26 0.25 0.23 0.21
Yb 1.67 1.80 1.68 1.62 1.48
Lu 0.28 0.28 0.25 0.22 0.23
CelYb 27.42 26.27 25.83 25.61 26.95
SrlY 28.64 29.41 31.31 33.53 23.03
Eu/Eu* 0.89 0.89 0.93 0.9 0.88
Lan/Ybn 9.61 9.63 8.91 8.99 10.3
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