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Ri-R: plot (De la Roche et al. 1980)
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Norm
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Olivine 0 0 0 0 0 0 0 4.22 1463  17.63
Nepheline 0 0 0 0 0 0 0 0 1 7.67
Sum (%) 100 100 100 100 100 100 100 100 100 100
D.I 61.27 86.34 8450 8843 7618 7541  74.16 43.80 4105 3551
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Trace Element
Sc 9 2 3 3 3 3 4 26 21 25
Ba 579 489 672 502 502 493 491 1276 304 210
Be 1 2 2 1 1 1 1 2 2 1
Co 16 0.4 1.8 3.3 3.3 3.1 3.6 29.5 28.2 36.3
Cs 0.2 0.7 0.4 0.8 0.8 0.6 1 0.3 5.7 0.7
Ga 16.1 14.2 145 16.6 16.6 16 15.9 17.7 15.6 16.6
Hf 4.2 41 4 2.9 29 3 29 4.4 4 4.1
Nb 22.1 27.9 26.4 8.2 8.2 7 8.1 30.5 20 22.2
Rb 57.6 81.4 58.7 43.5 43.5 39.3 44.7 35.9 26.9 13.5
Sn 1 4 1 1 1 1 1 1 1 2
Sr 462.5 130.5 270.2 488 488 442.6 470.2 765.1 570 663.9
Ta 1.4 2.3 2.3 0.6 0.6 0.5 0.6 1.7 1.2 1.2
Th 9.3 23.9 18.3 4.5 45 49 51 3.8 3.9 2.7
U 2 3.8 2.8 1.6 1.6 1.4 1.6 1.2 1 0.6
Vv 98 8 14 18 18 19 21 199 142 194
W 1 1.7 0.9 0.5 0.5 0.5 0.5 0.6 0.5 0.5
Zr 166.8 140.7 147 98.1 98.1 105.7 95 164.2 171.8 181.7
Y 16.1 15.6 9.8 8 8 5.8 7.5 23 21.2 22.7
La 36 25.3 23.1 194 194 18.1 17.9 28.5 23.8 24.9
Ce 59.6 46.5 35.5 34.1 34.1 315 31.7 56.7 48.9 54.7
Pr 6.19 5.14 3.42 3.63 3.63 3.31 3.37 6.72 5.6 6.78
Nd 20.8 17.4 11 12.6 12.6 114 115 25.8 20.5 26.4
Sm 3.5 3.1 1.76 2 2 1.85 1.95 481 4.08 5.32
Eu 1.03 0.52 0.6 0.6 0.6 0.52 0.53 1.6 1.37 1.71
Gd 3.07 2.63 1.61 1.82 1.82 15 1.69 4.83 3.98 5.05
Tb 0.52 0.48 0.27 0.26 0.26 0.2 0.24 0.76 0.66 0.78
Dy 2.69 2.76 1.56 1.37 1.37 1.04 1.27 4.2 3.76 4.32
Ho 0.55 0.53 0.32 0.26 0.26 0.19 0.24 0.83 0.76 0.82
Er 1.52 1.45 0.98 0.69 0.69 0.52 0.66 2.31 2.1 2.19
Tm 0.28 0.24 0.15 0.11 0.11 0.08 0.11 0.34 0.34 0.35
Yb 1.52 1.54 1.11 0.65 0.65 0.52 0.64 2.15 2 2.07
Lu 0.26 0.22 0.19 0.11 0.11 0.08 0.1 0.33 0.32 0.3
Mo 0.3 0.3 0.1 0.1 0.1 0.3 0.3 2.1 1.7 0.4
Cu 194 1.2 2.9 41 4.1 6.5 6.1 28.3 5.2 44.3
Pb 1 2.8 2.1 0.6 0.6 0.9 0.6 1.6 1.3 0.7
Zn 41 48 11 6 6 5 6 64 43 42
Ni 21.9 0.5 1.6 0.9 0.9 1.3 1.3 46.9 75.9 66.4
As 2.6 0.6 5 0.5 0.5 0.6 0.5 1.9 2 0.6
Cd 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sb 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Au 15 6.4 3.7 1.9 1.9 145 0.5 0.5 1.6 0.8
Hg 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
TI 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Se 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Agad 0 )l A5 T12-12  T15-13 T10-1 T10-5 T2-2 T14-1 T1-10 T14-4 T5-5
Joe i i TS waf liws) T Gliwgy 3% FRC IRV 1 E
bl Sy R1L3) 9 oLl pL &S S3959 Pl A 83999 Pu
Major Oxide
SiO2 65.346 67.936 65.564 66.44 66.798 64.73 61.332 61.675 65.082 63.396
Al203 19.192 17.307 17.072 18.104 17.556 19.543 18.255 18.128 18.503 19.814
FeO 2.21 1.39 1.67 0.8 2.16 7.45 3.19 3.77 0.26 1.47
Fe203 0.883 0.557 0.835 0.4 0.865 2.236 1.118 1.321 0.131 0.589
FeOtotal 3.093 1.947 2.505 1.2 3.025 9.686 4.308 5.091 0.391 2.059
MgO 1.395 0.928 2.664 1.433 1.35 0.367 1.936 1.859 0.743 2.369
CaO 2.444 4.7 4.488 4.554 4.673 3.988 7.765 6.036 3.362 3.639
Na20 5.284 4.498 4.644 4.015 4172 3.805 4118 4.157 461 6.537
K20 2.454 1.745 1.057 1.85 1.922 1.816 1.362 2.043 4.311 0.701
Tio2 0.458 0.272 0.435 0.335 0.337 0.612 0.594 0.654 0.578 0.427
P205 0.159 0.274 0.167 0.127 0.116 0.222 0.263 0.313 0.253 0.148
MnO 0.081 0.04 0.052 0.051 0.051 0.02 0.061 0.041 0.052 0.02
Cr203 0.002 0.002 0.008 0.003 0.003 0.008 0.003 0.006 0.002 0.003
L.O.l 2.3 1.8 0.9 2.3 0.9 0.4 1 0.9 1.7 2.2
Norm
Apatite 0.37 0.64 0.39 0.3 0.27 0.49 0.61 0.73 0.6 0.35
limenite 0.87 0.52 0.84 0.65 0.64 1.11 1.13 1.24 0.67 0.82
Orthoclase 14.52 10.35 6.33 11.14 11.36 10.24 8.05 12.07 26.03 4.18
Albite 44.75 38.2 39.84 34.63 35.3 30.73 34.05 35.18 39.05 55.81
Anorthite 111 21.6 21.46 22.18 22.43 175 27.31 24.77 17.35 17.24
Crundum 3.78 0.13 0.54 1.55 0.39 4.39 0 0 0.76 2.06
Magnetite 1.28 0.81 1.23 0.59 1.25 2.92 1.62 1.92 0 0.86
Hematite 0 0 0 0 0 0 0 0 0.13 0
Diopside 0 0 0 0 0 0 7.82 2.59 0 0
Hyperstene 6.2 4.04 8.5 4.33 6.15 11.53 5.04 8.17 0 7.51
Quartz 17.13 23.71 20.87 24.62 22.2 21.09 13.58 13.33 14.47 11.17
Olivine 0 0 0 0 0 0 0 0 0 0
Nepheline 0 0 0 0 0 0 0 0 0 0
Sum (%)
)Phases( 100 100 100 100 100 100 100 100 99.87 100
D.I 76.39 72.25 76.05 70.44 68.87 62.05 56.46 60.57 80.36 71.17
S.1 11.55 9.10 21.80 15.49 10.20 3.37 20.43 10.47 5.32 18.66
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Trace Element
Sc 6 4 9 8 7 11 8 11 3 7
Ba 476 389 323 409 436 439 569 460 1175 258
Be 1 1 1 1 1 1 1 1 3 1
Co 7 47 9.1 7 6.5 9.5 10.9 12.9 7.5 4
Cs 0.5 0.9 0.7 0.7 0.7 0.9 0.9 1.6 1.8 0.2
Ga 15.8 16.8 14.6 16.3 15.6 16.4 17.3 16.1 19.1 15
Hf 3.2 2.6 3.7 2.9 2.9 45 3.4 43 6.9 3.6
Nb 24.4 6.9 14.4 10.6 10 22.2 16 20.9 81.4 14.6
Rb 66.4 37.6 324 44.8 435 449 31.8 46.3 127.7 16.9
Sn 1 1 1 1 1 1 1 1 2 1
Sr 346.1 563.8 512.2 507.8 516.3 469.4 710 563.7 759.7 489.8
Ta 2.5 0.5 1.1 0.9 0.9 1.5 1.1 1.3 5.6 1.1
Th 12.8 4.7 10.3 7 7 11.1 7.9 9.5 33.7 10
U 3.7 1.4 2.6 2.1 1.9 2 1.6 2.1 3.9 2.5
\V 44 21 61 45 41 61 68 82 33 60
W 1.2 0.5 0.8 0.7 0.7 11 0.8 1.8 2.2 0.5
Zr 111.4 93.5 133.1 104 99.5 170.9 126.6 169.1 284.8 134.4
Y 11.8 18.6 13.3 8.1 7.2 14.2 9.4 14.9 13.3 13.4
La 28.9 38.1 26 19.3 19.3 27.5 30.2 32.6 74.6 21
Ce 48.3 79.1 44.1 33.6 315 49.5 52.8 57.1 122 41.4
Pr 5.05 8.9 472 3.64 3.43 5.44 5.54 6.12 11.33 452
Nd 16.9 31.6 16.3 12.9 115 20.1 18.5 21.6 33.7 15.6
Sm 2.67 474 2.79 2.15 1.93 3.37 2.91 3.63 4.38 2.52
Eu 0.72 0.79 0.76 0.63 0.6 0.95 0.96 1.03 1.3 0.68
Gd 2.38 4.43 2.62 1.84 1.67 3.27 2.54 3.19 3.43 25
Tb 0.36 0.61 0.4 0.27 0.25 0.5 0.36 0.49 0.44 0.39
Dy 2.01 3.38 2.23 1.42 1.29 2.7 1.79 2.73 2.51 2.3
Ho 0.4 0.62 0.47 0.28 0.27 0.52 0.34 0.53 0.45 0.47
Er 1.13 1.67 1.28 0.79 0.72 1.42 0.92 1.52 1.27 131
Tm 0.2 0.25 0.21 0.12 0.13 0.23 0.14 0.25 0.21 0.21
Yb 1.31 1.39 1.39 0.77 0.72 1.37 0.88 1.54 1.39 1.35
Lu 0.2 0.19 0.22 0.12 0.12 0.21 0.14 0.23 0.22 0.21
Mo 1 0.1 0.2 1.2 1.2 0.1 0.6 1.7 1.3 0.1
Cu 8.6 6 3.3 20.3 22.5 11.3 13.4 13 4 1.4
Pb 16.7 0.8 5.3 0.7 0.4 4.2 1.4 4.8 15.1 0.7
Zn 39 6 29 25 26 32 11 33 37 6
Ni 8 1.6 16.7 7.1 7.7 24.4 7.3 19.1 3.2 20.8
As 0.5 1.8 2.3 0.5 0.5 15 1 10.8 1.7 2.7
Cd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sh 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Au 0.5 1.4 0.5 1.9 0.5 0.5 14 0.5 1.2 1.8
Hg 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
TI 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Se 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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Sample Fm.3 Fm.29 Fm.6 Fm.35 Fm.17 Fm.10
EA EA ol | comlogyy | Comlogr | ol
Sio2 50.7 51.21 60 68.6 70.8 65.8
Al203 18.05 17.9 16.62 16.1 16.03 15.9
FeO 3.24 5.94 2.52 0.99 0.54 0.27
Fe203 5.71 3.36 2.68 241 2.06 2.23
MgO 5.8 5.72 1.7 1.36 0.65 0.8
CaO 7.5 7.3 5.3 4.24 3.44 35
Na20 5 4.6 4.2 3.8 4.2 4.4
K20 13 1.7 1.4 1.6 1.8 2
TiO2 1.1 1.2 0.6 0.4 0.3 0.3
P205 0.65 0.73 0.35 0.12 0.12 0.15
MnO 0.15 0.18 0.06 0.06 0.05 0.06
Ba 275 320 410 430 490 460
Co 32 31 15 8 5 7
Cs 0.73 0.77 0.98 0.67 0.8 0.76
Hf 7.2 6.3 6.4 5.9 6.9 7
Nb 26 22 15 7 75 9
Rb 40 37 38 41 47 43
Sr 820 850 440 500 455 458
Ta 0.81 0.87 0.72 0.91 0.68 0.78
Th 35 3.6 11 55 5 4.8
\Y 150 125 85 21 29 25
Zr 137 120 121 132 140 138
Y 22 24 16 6.5 6 5
La 32 32 28 18 20 17
Ce 61 55 49 34 33 30
Nd 25 27 18 11.5 12 10.3
Sm 55 5 3.2 2.2 2 1.85
Eu 1.63 1.62 1 6.4 0.7 0.55
Gd 4.5 4 3.2 1.85 15 1.2
Th 0.56 0.43 0.72 0.48 0.61 0.54
Dy 3.9 4 2.8 1.3 1 0.9
Er 2.3 2.3 16 0.7 0.46 0.5
Yb 2.2 2 1.42 0.46 0.35 0.37
Ni 325 250 254 141 180 150




Abstract

Cenozoic calc-alkaline volcanic belt of south of Quchan is located in
north of Sabzevar ophiolitic belt in south side of Binaloud zone.This belt
has been composed of Eocene basic-intermediate rocks and Neogene
basic and intermediate-acid rocks. In this arc, magmatic activities has
been started since Eocene (about 40 Ma ago) and continued to Plio-
pleistocene (about 2 Ma ago). The ages of volcanic rocks range from
Eocene to Plio-pleistocene from south (in adjacent to the ophiolitic and
metamorphic belt) to north (in south of Quchan) respectively. Neogene
northern part of this arc composed of pyroclastic units and several domes
contain trachyandesites, trachytes, dacites and rhyodacites(2-12 Ma ago)
Existence of Eocene volcanic enclaves and gneissic, siltstonic, marlly and
pellitic enclaves, appearance and disappearance of some mineral phases,
corrosions and chemical disequilibriums of some phenocrysts and sieve
textures are some evidences of magmatic contamination.
A clear positive anomaly in LREE and LILE and a negative anomaly in
HREE found in the rocks of Neogene domes. Negative anomalies in
HFSE(e.g. P, Nb, Ti) which is the indicator of arc settings, also found in
the rocks. Calc-alkaline nature, the role of fractional crystallization,
assimilation and magmatic contamination in the genesis and evolution of
magma, continental arc subduction setting, presence of an eclogitic or
garnet-amphibolitic source rock resulted from metamorphism of
subducted oceanic crust in the area indicated by geochemical evidences.
geochemical characteristics studies indicate rocks the area have adakitic
nature and are from type high silicic adakite. This adakitic magma was
the latest melts resulted from partial melting of Sabzevar Neotethyan
subducted oceanic crust and its overlaying mantle wedge in a young arc
subduction zone with northward dip that subducted beneath the south side
of Binalood zone.

Keywords: Petrology, Geochemistry, Continental arc, Adakite,
Quchan
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