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Abstract

The study area is located in the north of Zavieh and southwest of Karaj. This area is part of Central
Iran and the volcanic belt of Orumieh-Dokhtar. According to field observation and petrographic
study volcanic rocks of the study area composed of basalt, trachybasalt, basaltic andesite,
trachyandesite, dacite, ignimbrite, tuff and lapillistone. Negative anomalies of Nb -Ta, Ti, and P,
positive anomaly of Pb, enrichment of large ion lithophile elements and light rare earth elements
besides depletion of high field strength elements in the studied rocks indicate that their magma is
generated by partial melting of mantle wedge and subsequently has undergone crustal contamination.
Plots of the studied rocks on discrimination diagrams suggest an active continental margin tectonic
setting for them. Seved textured plagioclases, corroded crystals of plagioclase and pyroxene and dark
rim around biotite and amphibole crystals indicate that during the crystallization and formation of
these rocks there was a disequilibrium condition. Disequilibrium condition might be as a result of
magma mixing, crustal assimilation and/or decreasein pressure due to rapid rising of magma.
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Introduction

The study area is part of Centrd Iran and Orumieh-Dokhtar structural zones. It lies between
longitudes 50° 20' E to 50° 45' E and latitudes 35° 25' N to 35° 35' N. The oldest rocks
exposed in Zavieh area are Eocene and Oligocene volcanic rocks. In south-eastern part of the
study area these volcanic rocks are covered with Miocene red sandstone, conglomerate, marl
and gypsifereous marl (Upper Red Formation). Quaternary terraces overlie the Upper Red
Formation and Eocene volcanic rocks.

Petrography

The studied volcanic rocks consist of lava flows, pyroclastic rocks and subvolcanic rocks
which have cut the volcanic rocks in the form of dyke and neck. Based on microscopic study
and chemica composition the studied rocks are classified as basdlt, trachybasalt, basaltic
andesite, trachyandesite, dacite, ignimbrite, tuff, lapillistone, olivine dolerite,
microsyenodiorite and microdiorite. Glomeroporphyritic texture (fig.1) and porphyritic
texture are common in lava flows. In some lava flows amygdaoidal texture is aso seen.
Basdtic rocks are dark in colour and show various textures including porphyritic,
glomeroporphyritic and amygdaloidal. Casts of olivine altered to iddingsite are seen in basat
(fig.2). Phenocrysts of hornblende in basaltic andesite are rimed with Fe-Ti oxide (fig.3). Fe-
Ti oxides rim around hornblende might be as a result of decompression and loss of water
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pressure (Best, 2003). On the other hand, magma mixing can also generate Fe-Ti oxide
around hornblende crystals (Rutherford and Hill, 1993; Feely and Sharp, 1996). Meanwhile
sieve textured plagioclase crystals are ubiquitous in basaltic andesite (fig.4). Decompression
and rapid ascend of magma might produce sieve texture in plagioclase (Tsuchiyama, 1985).
Furthermore, in many cases magma mixing might be responsible for the creation of sieve
textured plagioclase crystals (Nelson and Montana, 1992; Pal et a., 2007). The texture in
ignimbrite is eutaxitic. Olivine dolerite is dark in colour and show intergranular texture. In
marginal parts of the neck, olivine dolerite shows glomeroporphyritic texture and seriate
texture.

Petrogenesis

The representative analytical data including major oxides, minor oxides, trace elements and
rare earth elements of the studied rocks are shown in table 1. Diagrams shown and discussed
here are drawn based on these anal ytical data.

Plots of the studied rocks on Harker diagrams show relatively continuous linear trends
indicating that they are comagmatic. The analytical data are plot on total akaline versus silica
diagram in order to determine their magma series (fig.5). In this diagram most of the data plot
on subakaline field. Those data plotted on subakaline field in figure 5 lie on calc-alkaline
fiddd in AFM diagram.

Rare earth element patterns of the studied rocks are shown in figure 6. These patterns are
relatively smooth and show slight negative Eu anomalies which might be as a result of
plagioclase fractionation. Light rare earth elements are enriched relative to heavy rare earth
elements. Light rare earth e ements enrichment might indicate the high concentration of these
elements in the source or low degree partial melting.

Spider diagrams of the studied rocks are shown in figure 7. Negative anomalies of Nb -Ta, Ti,
and P, positive anomaly of Pb, enrichment of large ion lithophile e ements and light rare earth
elements besides depletion of high field strength elements in the studied rocks indicate that
their magma is generated by partial melting of mantle wedge and subsequently has undergone
crustal contamination. Shang et a. (2004) believed that enrichment of light rare earth
elements and large ion lithophile elements relative to heavy rare earth elements and high field
strength elements, besides negative anomalies of Nb-Taand Ti in spider diagrams of igneous
rocks indicate that they have formed in a subduction tectonic setting and might have
undergone crustal contamination.

In order to determine the tectonic setting of the studied rocks, the analytica data are plotted
on discriminant diagram of Wood (1980) and Pearce (1983). Plots of the studied rocks on Th-
Ta-Hf/3 ternary discriminant diagram fall in volcanic arc basalt field (fig.8). Letters A, B, C
and D refer to the fields mid ocean ridge basalts, within plate tholeiitic basalts, within plate
alkali basalts and volcanic arc basalts respectively. In Th/Yb-Ta/Y b discriminant diagram, the
analytical data of the studied rocks lie in active continental margin field (fig.9). Abbreviations
ACM, OIA, DM, EM, Th, CA and S refer to active continental margin, oceanic island arc,
depleted mantle, enriched mantle, tholeiitic, calc-alkaline and shoshonitic respectively.
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Conclusion

Existence of sieve texture in plagioclase and pyroxene of the studied rocks besides other
disequilibrium textures such as embayed and corroded crystals of pyroxene and plagioclase
and dark rimed hornblende crystals might be as a result of magma mixing. Light rare earth
elements enrichment in the studied volcanic rocks might indicate the high concentration of
these elements in the source. The negative anomalies of Nb-Ta, Ti and P in the spider
diagrams of the studied rocks denote that they belong to a subduction tectonic setting.
Furthermore, plots of the studied rocks on discriminant diagrams confirm an active
continental margin setting for them.

Table-1 representative analytical data of the studied volcanic rocks. nd refer to no data.

Z1 Z11 Z31 Z40 Z46 Z52 Z60 z64 z71 P65 P69 P70 P71 P72 P76 P80

Sio; 66.68 57.76 57.43 48.57 73.23 51.32 62.13 71.92 69.20 66.08 59.89 61.11 48.82 49.71 63.70 69.08
Aly03 151 17.21 16.18 17.02 1361 15.64 15.38 12.68 14.22 14.23 16.13 16.63 16.34 17.44 15.8 13.78
Fe03 3.70 6.99 7.23 9.43 221 9.25 5.33 3.58 4.04 5.62 422 5.00 9.25 8.85 3.96 345
Mgo 0.26 343 257 7.4 0.23 5.36 1/63 0.44 0.62 0.52 0.72 179 712 491 104 0.32
Cao 139 6.01 4.80 8./69 0.99 3383 34 168 0.56 108 4.81 4.02 9.24 8.47 326 179
Naxo 451 4.32 351 3.76 7.6 4.11 4.05 3.65 54 4.06 3.37 3.76 3.69 31 3.64 3.46
K0 5.08 125 4.59 110 0.05 398 3.47 43 3.52 5.24 4.88 4.14 126 123 425 5.28
Tio, 0.68 0.77 0.91 132 0.46 0.96 0.53 0.45 0.5 0.98 0.65 0.62 144 0.91 0.53 0.63

P05 0.13 0.29 0.35 0.39 0.1 0.3 0.17 0.1 0.13 0.23 0.25 0.22 0.38 0.25 0.13 0.08
Mno 0.11 0.13 0.17 0.14 0.03 0.29 011 0.08 0.06 0.08 0.09 0.09 0.14 0.17 0.17 0.09
Ba 1000 725 731 273 21 781 767 946 573 1692 968 927 327 475 873 954
Sr 214 558.8 380.4 751 79 290 390 244 69 221.5 338.8 406.6 769.6 636 299.4 155.8
Zr 346 1443 2447 166 185 127 169 182 329 289.5 152.8 134.9 148.1 64.9 182.2 240.2
Y 41 25.9 315 19 29 26 26 35 44 45.5 19.4 19 213 19.7 26.8 37.4
Nb 21 9.5 17.9 23 6 7 <5 9 13 184 127 9.9 27.8 49 9.1 155
Sc 11 18 20 21 10 26 11 10 8 15 9 12 26 25 8 11
LOI 13 16 18 12 13 4 32 0.8 16 13 45 21 18 45 33 16
Co nd 183 155 nd nd nd nd nd nd 42 71 9.2 33.2 25.7 5.2 27
Cs nd 32 17 nd nd nd nd nd nd 14 2 19 0.4 0.8 21 33
Ga nd 16 15.2 nd nd nd nd nd nd 17.2 14.9 16.2 18.7 18.3 17 15
Hf nd 4 6.4 nd nd nd nd nd nd 81 4 36 38 18 53 6.9
Rb nd 83.9 111.6 nd nd nd nd nd nd 127 156.1 121.7 16.9 216 120.9 1433
Sn nd 2 3 nd nd nd nd nd nd 2 1 1 2 1 2 2
Ta nd 0.7 12 nd nd nd nd nd nd 11 0.9 0.7 14 0.2 0.6 0./9
Th nd 5.5 10.8 nd nd nd nd nd nd 9.4 15 10.3 59 15 6.2 10.1
nd 18 32 nd nd nd nd nd nd 28 34 29 13 05 21 26
\% nd 154 128 nd nd nd nd nd nd 40 66 98 169 203 51 21
w nd 0.8 14 nd nd nd nd nd nd 38 31 36 4 12 22 43
La nd 26.7 33.2 nd nd nd nd nd nd 30.7 25.7 24.6 319 14.4 24.2 285
Ce nd 48.2 60.5 nd nd nd nd nd nd 69.5 50.4 46.3 64.3 30.4 49.2 60.3
Pr nd 6.66 87 nd nd nd nd nd nd 8.15 5.33 5.02 6.83 3.65 551 7.11
Nd nd 25.7 3.3 nd nd nd nd nd nd 37/8 21.2 20.3 279 16.4 24.6 312
Sm nd 4.82 6.78 nd nd nd nd nd nd 7.9 38 39 51 37 47 5.9
Eu nd 142 157 nd nd nd nd nd nd 1.58 1.01 1.03 155 119 1.29 1.46
Gd nd 4.98 6.64 nd nd nd nd nd nd 6.97 3.42 3.36 4,01 341 39 58
Tb nd 0.77 1.04 nd nd nd nd nd nd 133 0.59 0.52 0.65 0.57 0.68 0.98
Dy nd 4.53 5.74 nd nd nd nd nd nd 7.85 3.26 322 38 3.26 431 5.65
Ho nd 0.91 1.23 nd nd nd nd nd nd 1.65 0.67 0.68 0.71 0.65 0.9 1.22
Er nd 2.74 3.34 nd nd nd nd nd nd 4/56 78 81 192 191 2.56 3.78
Tm nd 0.43 054 nd nd nd nd nd nd 074 (V) 0/29 0/29 0.29 0.43 0.56
Yb nd 261 3.33 nd nd nd nd nd nd 4.98 19 2.05 178 1.96 2/67 3.82
Lu nd 0.42 0.52 nd nd nd nd nd nd 0.7 0.27 0.28 0.26 0.23 0.43 0.55
Mo nd 0.7 16 nd nd nd nd nd nd 1 24 2 16 0.2 0.8 13
Cu nd 47.4 9.1 nd nd nd nd nd nd 6.5 10.5 22.1 315 39.4 13.7 6
Pb nd 13 36 nd nd nd nd nd nd 8.6 5.7 37 15 27 148 8.7
Zn nd 33 136 nd nd nd nd nd nd 70 42 44 69 60 31 34
Ni nd 71 89 nd nd nd nd nd nd 41 21 4.2 75.5 175 18 26
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Fig.3 Dark rimed hornblende in basaltic andesite.
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Fig.5 Total alkaline versus silica diagram forthe studied r ocks.
Thedividing lineisfromlrvineand Baragar (1971).
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Fig.7 Spider diagramsfor the studied rocks. Fig.6 Normalised REE patternsfor the studied rocks.
Normalising factor s after McDonough et al. (1991). Normalising factors after M cDonough et al. (1991).
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Fig.9 Plots of the studied rocks on Fig.8 Plots of the studied rocks on
discriminant diagram of Pear ce (1983). discriminant diagram of Wood (1980).
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