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1-Introduction

The studied area is located in the south of Zanjan province, in the north-western corner of the Central Iran
zone (Alavi, 1991). Central Iran zone is the largest and most complex geological zone of Iran, which has
experienced many geological events and is located in the center of Iran in the shape of a triangle. Most of
the volcanic activity in Central Iran zone is in a belt known as Urmia-Dokhtar volcanic belt. Paleogene
magmatism has widely spread in Iran and is found in different parts of Iran, including Central Iran
(Urumieh-Dokhtar magmatic belt), southern margin of Alborz orogenic belt, western Alborz-Azerbaijan
and Lut block (Aftabi And Atapour, 2000). The peak of these volcanic activities was in the Eocene
(Aghanabati, 2004). In these studies, the petrography and geochemistry of the volcanic rocks of the region
have been discussed.

2-Materials and methods

After investigating the previous works and reports, field work was done in the region. During the field
work, field data and more than one hundred rock samples were collected. A number of 56 thin sections
were prepared from the collected samples and were examined and studied using a polarizing microscope at
Bou Ali Sina University. Then 17 fresh samples of igneous rocks were selected and sent to Zarazma
laboratory to be analyzed by ICP-OES and ICP-MS in terms of major, minor, trace and rare earth elements.
The composition of the minerals has been obtained in Ankara University with a cameca sx100 device with
a voltage of 15 kV and a beam of 20 angstroms, and the related diagrams have been drawn and then
interpreted using the GCDK:it software.

3-Results and discussions

In the studied area, volcanic rocks are exposed in two areas, i.e. southwest of Qeidar (Pescohan village)
and another area 10 km away in the northwest of Sohrvard city. These rocks include basalt, trachy-basalt
and analcime basalt. Analcime bearing rocks are widely exposed in the studied area. The main minerals of
analcime basalts are plagioclase, analcime and clinopyroxene. Both petrography and mineral chemistry
(Fuentes et al., 2004) studies confirm the presence of analcime in these rocks. Analcime bearing rocks are
exposed in various parts of the studied area and they are probably of the same age. The pyroxene crystals
are coarse and show sieve texture, simple and lamellar twinning and also zoning. Sieve texture may indicate
physical inequilibrium conditions (pressure and temperature) or chemical inequilibrium conditions
dominating the magma reservoir (Stormed, 1972; Tsuchiyama, 1985). Sieve texture can be evidence of
magma mixing (Li et al., 2013). Some plagioclase crystals show zoning, which can be formed due to poor
exchange of silicon and aluminum in the plagioclase crystals during crystallization (Shelly, 1993). The
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volcanic rocks of Pescohan, Sohrvard, Chokhurivard and Och-Balag show alkaline nature (Irvine and
Baragar, 1971). In the western part of the area, southeast of Och-Balagh village, there is a trachydacitic
dome containing amphibole phenocrysts in a plagioclase groundmass. The amphibole crystals of the
trachydacitic rocks are rimed with Fe-Ti oxides which can be caused by various processes such as rapid
ascent of magma (Stephen and Nelson, 1992), assimilation (Shelley, 1993) or mixing with a water-poor
magma (Ruprecht, 2012). In some cases, amphibole crystals have accumulated in a glassy or
microcrystalline groundmass creating a glomeroporphyritic texture. According to the diagrams of Pearce
et al. (1975) and Pearce and Gale (1977), all rock samples are located in the continental and active plate
margin fields and their magma has originated from a metasomatized mantle wedge.

4-Conclusion

Volcanic rocks of the region include volcanic rocks (basanite, analcime basalt, basalt, trachy-basalt, and
trachydacite) and pyroclastic rocks (volcanic breccia and agglomerate). Among the mentioned rocks, the
analcime bearing basaltic rocks have a larger volume in the region. The main minerals of the basalts are
plagioclase, analcime and clinopyroxene. According to the microprobe data, pyroxene is of diopside type
and plagioclase is of anorthite type. The main texture of these rocks is porphyritic texture. Based on
chemical data, lava flows are alkaline in composition. The basalt spider diagram has peaks for elements
such as Cs, Ba and Pb and slight depressions for elements such as Nb and Ti. The tectonic environment of
the studied volcanic rocks is a tensile environment and corresponds to the active continental margin regions,
and their magma originates from a metasomatized mantle wedge with the fluids released from the
subducting plate, and they have suffered a little crustal contamination during ascent.
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Table 1. Whole rock analytical data of the studied rocks. The amounts of the major and minor oxides are reported in
weight percentage (wt %) and those of the trace elements and rare earth elements (REEs) in part per million (ppm).
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1%}
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(@]
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2 Na2
Q2 41 35 30 37 40 37 43 46 40 33 42 30 26 37 46 56 66
P20
2 06 05 04 05 05 05 05 05 06 05 06 05 06 04 06 02 02
Lol 39 38 33 32 30 54 43 39 44 53 46 43 51 38 43 33 07
99.8 999  100. 998 998 99.8 998 99.8 99.9 998 99.8
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E st 185 1031 740 850 900 883 685 790 1079 1024 905 663 799 617 996 118 124
o
g
=
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Pb <1 <1 <1 20 <l 100 <1 <l <1 <1 <1 80 10 50 <l <l 40
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Y 198 182 215 255 224 243 189 184 178 191 193 237 260 245 197 113 118
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Ta 16 15 11 12 18 08 12 13 13 15 15 13 11 08 14 22 21
w
e Nb 200 247 202 155 315 122 205 205 209 253 27.2 169 162 130 264 517 530
I
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i %3 ss0 e O s 0 O3 sges  see2  seve o0 5720 5983 5 ’ o 2
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Nd 379 201 263 235 327 214 265 236 357 363 352 230 238 198 343 164 173
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Fig 4. Hand sample photos of the studied volcanic rocks. (a) Volcanic rocks of paskuhan area containing analcime with
white color in the groundmass and also amygdals, (b) Volcanic rocks of Sohrvard area containing analcime with white

color in the groundmass and also amygdals, (c) Volcanic rocks of Chekhoryord with pyroxene megacrysts, (d) Volcanic
rocks of Uchbolagh with amphibole crystals.
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Fig 5. XPL microscopic images of the volcanic rocks of Sohrvard area: (a) euhedral to subhedral crystals of clinopyroxene
with twining, (b) pyroxene crystals in a plagioclase background, some plagioclase crystals are altered, (c) clinopyroxene
phenocrysts with sector zoning, (d) Engulfed crystals of clinopyroxene, and (e) iddingsitized olivine crystals, (f) euhedral
to subhedral phenocrysts of analcime and clinopyroxene. Mineral abbreviations are from Whitney and Evans (2010).
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Fig 6. (a) Microscopic photos of volcanic rocks of paskuhan area: Euhedral to subhedral crystals of analcime (Anl) and
clinopyroxene (Cpx) (Whitney and Evans, 2010), and (b) Sieved texture crystals of clinopyroxene. Images on the left are

taken in PPL and those on the right are taken in XPL.
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Fig 7. Microscopic images of the trachydacite rocks of Ochbolag area: (a) opacitized amphibole phenocrysts in a
background of plagioclase, (b) accumulation of amphibole crystals and creation of omeroporphyritic texture in it, Images
on the left are taken in PPL and those on the right are taken in XPL. Mineral abbreviations are from Whitney and Evans

(2010).
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Fig 8. (a) Position of clinopyroxenes in the studied volcanic rocks on the Q-J diagram,(b) Position of clinopyroxenes in
on (Wo-En-Fs) the ternary diagram for classification of pyroxenes (Morimoto, 1989), (c) Appointment temperature
crystallization of clinopyroxenes in the studied volcanic rocks by Soesoo’s method (Soes00,1997), (d) Appointment
pressure crystallization of clinopyroxenes in the studied volcanic rocks by Soesoo’s method (Soes00,1997), (e) Position
of clinopyroxenes in on (Al'V- AIV") the diagram (Aoki and Shiba, 1993), (f) Position of clinopyroxenes in the studied
volcanic rocks on the P-T diagram by soesoo (Soes00,1997) method, simple linear temperature-depth trends for
subduction, continental crust and magmatic arc environments are from Spear (1993). (g) Ti versus Ca+Na diagram for
the studied clinopyroxenes (Leterrier et at., 1982), and (h) Determination of oxygen fugacity of magma igneous rocks
based on AIV! + 2Ti + Cr verus Na + Al'Y diagram (Schweitzer et al., 1979).
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Table 2. Minerals Pyroxene microprobe data.
PS34-A1-PRX1 PS34-A1-PRX2 PS34-A1-PRX3

Sio2 49.5 49.0 48.1 48.8 49.5 48.4 48.0 49.7 49.8 50.3 50.2 52.7 49.6 51.1 50.0

Tio2 0.7 1.0 11 0.9 1.0 1.0 1.2 11 11 0.9 0.8 0.5 0.8 0.6 0.8
Al203 7.4 8.8 8.7 7.8 75 8.7 9.7 8.3 8.1 6.1 6.1 4.1 6.3 55 6.7
FeO 7.6 9.0 9.2 9.2 9.4 9.6 9.6 9.2 9.0 8.9 9.1 6.4 8.8 7.7 9.2

MgO 116 10.4 10.6 10.6 10.3 10.1 9.4 10.1 10.3 1.1 11.0 133 11.2 12.4 10.9
CaO 22.2 21.8 21.8 21.8 21.4 21.6 21.6 215 21.7 217 21.4 22.3 21.8 22.1 21.8
Na20 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.2 0.5 0.3 0.5

sum 99.5 100 99.9 99.6 99.6 99.9 99.9 100.5 100 99.4 99.2 99.6 99.0 99.8 99.8

Si 1.8 1.8 1.8 18 1.9 18 18 18 1.8 19 19 1.9 1.9 1.9 1.9
Al 03 04 04 03 03 04 04 04 04 03 03 02 03 0.2 03
AV 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 01 0.0 0.1 0.1 0.1
AM 0.2 03 0.2 0.2 0.2 0.2 0.3 0.3 03 0.2 02 02 0.2 0.2 0.2
Ti 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fe 02 03 0.3 03 03 03 03 03 03 03 03 0.2 03 0.2 03
Mg 0.6 0.6 0.6 06 06 06 05 06 06 06 06 07 0.6 0.7 0.6
Ca 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Na 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 3.99 3.98 4.00 3.99 3.97 3.99 3.98 3.96 3.97 3.98 3.98 3.96 3.99 3.98 3.98

Wo 50.1 50.3 49.9 49.9 49.7 50.1 51.3 50.4 50.4 49.3 48.8 48.7 49.3 48.7 49.4
En 36.4 334 33.8 33.7 333 32.6 31.0 32.9 33.3 35.1 35.0 40.5 35.2 38.0 343
Fs 134 16.3 16.3 16.4 17.0 17.4 17.7 16.7 16.3 15.7 16.2 10.8 155 133 16.3
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Table 2 continued

PS37A-A2-PRX1 PS37A-A3-PRX1 PS37A-A4-PRX1  PS37A-A5-PRX1 SV60-A2-PRX1  PS37A-Al-PRX1 PS34-A1-PRX4

Si02 476 50.2 504 52 49.1 48.6 527 503 503 516 515 50.7 501 516 498 505 524 489 491 506
TiO2 11 08 08 0.1 11 11 0.5 09 07 07 1 11 08 07 09 06 05 1 09 06
Al203 92 67 66 1.2 8.6 9 4.3 6 55 51 5.6 6.6 6 51 68 62 51 78 75 56
FeO 88 79 81 3.1 8.7 8.9 6.9 8 8 7.1 8.7 9.5 92 81 8 79 68 89 8 12.9

MgO 105 114 116 15.9 10.6 10.4 13.2 12 124 126 114 109 114 216 22 115 129 107 117 81
CaO 221 218 218 22.1 21.9 21.7 218 217 217 222 208 206 218 05 04 22 219 216 219 193

Na20O 04 04 04 0.2 0.4 0.4 0.3 05 03 03 0.3 0.4 0.5 0 0 05 03 05 04 21
sum  99.7 99.2 99.7 9438 100 100 99.8 994 991 99.6 994 99.9 997 995 992 993 999 994 995 99.2
Si 18 19 19 2 1.8 1.8 1.9 19 19 19 1.9 1.9 19 19 19 19 19 18 18 19
Al 04 03 03 0.1 0.4 0.4 0.2 03 02 02 0.2 0.3 03 02 03 03 02 03 03 02
Allv 02 01 o1 0 0.1 0.1 0 01 01 0 0 0 0 0.1 0 0.1 0 01 01 01
AlVI 02 02 02 0 0.3 0.3 0.2 02 02 02 0 0 02 02 02 02 02 02 02 02
Ti 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fe 03 02 03 0.1 0.3 0.3 0.2 02 02 02 0.3 0.3 03 03 03 02 02 03 03 04
Mg 06 06 06 0.9 0.6 0.6 0.7 07 07 07 0.6 0.6 06 07 06 06 07 06 07 05
Ca 09 09 09 0.9 0.9 0.9 0.9 09 09 09 0.8 0.8 09 09 09 09 09 09 09 o038
Na 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2

Total 399 397 398 3.98 3.98 3.98 396 398 399 397 3.9 396 399 397 398 398 396 398 399 401
WO 50.8 498 492 474 50.4 50.3 478 486 481 49 47.8 477 486 484 499 498 485 498 493 475
En 335 362 366 474 33.9 335 403 374 382 387 366 351 354 374 36 362 398 343 366 27.7
Fs 157 14 142 52 15.7 16.2 11.9 14 137 123 156 17.2 16 142 142 14 117 159 141 248

M



w

e . .a o PN N b
Yoo,leds VF 0,90 NV 500 b i (690,15 bl J"ﬂfdf/"-&':ﬂg’""’
T u

Y Jgaz aaldl

Table 2. Continued

SV67-Al- SV67-A4-PRX1 SV62-A2- SV62-A3-  PS34-  PS34-A4- PS34-A5- PS34-A6- SV62-A5- SV62-A4-PRX1 SV62-A1-PRX1
PRX1 PRX1 PRX1 A3- PRX1 PRX1 PRX1 PRX1
PRX1

Si02 517 507 52 515 50 545 529 528 54 48.6 497 494 486 502 497 486 497 516 528 541 513 485 519 52.6
Tio2 0.8 11 07 08 1 08 09 07 05 1 0.9 1 11 08 07 12 08 08 07 06 1 14 11 0.7

AI203 52 6.2 4.3 57 6.1 6 6.8 49 3.7 8.1 7 7.4 8.4 6.1 6.7 9 8.8 6.3 5.6 54 7.1 9.5 8 5.3
FeO 8.5 8.8 85 84 9.1 75 89 6.7 6.4 9.7 8.9 9.2 94 89 8.2 9.3 8.6 8.1 8.1 8.1 8.8 9.5 9.1 8.7
MgO 112 101 112 108 104 101 98 118 12 105 113 107 103 112 117 99 96 111 111 117 98 9.1 9 10

CaO 217 222 225 216 223 208 202 216 222 218 221 218 218 217 222 218 229 213 213 211 207 216 205 19.8
Na20O 04 04 03 04 04 04 05 03 02 0.5 o4 05 05 04 03 05 03 05 04 04 05 04 05 0.4
sum 99.6 995 996 994 994 100 999 989 991 100 100 100 100 993 995 100 100 996 100 100 993 100 100 97.5

Si 192 19 194 192 188 2 1.9 2 2 1.8 18 184 182 183 186 181 18 1.9 1.9 2 1.9 1.8 1.9 2
Al 023 027 019 025 027 03 0.3 0.2 0.2 0.4 031 033 037 027 029 04 04 03 0.2 02 03 0.4 0.3 0.2
AllvV 0 0 0 0 01 -01 0 0 0 0.1 0.1 0.1 0 0 0 0 0.1 0 0 0 0 0.1 0 0.1
AlVI 0 0 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0 0.1 03 02 0.3 0 0.3 0.3 0.2 0.2
Ti 0.02 0.03 0.02 0.02 0.03 0 0 0 0 0 0.02 0.03 003 002 0.02 0.03 0 0 0 0 0 0 0 0

Fe 026 028 027 026 029 02 03 02 02 0.3 028 029 029 028 026 029 03 03 02 02 03 03 03 0.3
Mg 062 05 062 06 058 05 05 07 07 0.6 063 059 057 063 065 05 05 06 06 06 05 05 05 0.6
Ca 086 089 09 08 09 08 08 09 09 0.9 088 087 087 087 089 08 09 08 08 08 08 09 08 0.8

Na 0.03 003 002 0.3 0.03 0 0 0 0 0 0.03 0.03 004 0.03 0.02 0.04 0 0 0 0 0 0 0 0
Total 396 395 396 395 397 383 39 393 392 4 399 398 399 398 399 398 39 395 393 392 392 39 39 3.9
wo 494 515 503 50 508 511 496 499 505 49.6 494 497 501 491 495 509 532 495 494 483 502 519 51 49

En 355 326 348 348 33 346 333 379 38 332 351 339 33 353 363 322 311 359 358 372 33 303 313 34.3
Fs 15 159 149 152 162 143 171 122 114 172 155 164 169 157 143 169 156 147 147 145 167 179 176 16.7
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Fig 9. Plots of the microprobe data on the ternary diagram for classification of plagioclases (Deer et al., 1991).
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Table 3. Plagioclase microprobe data calculated based on 8 oxygen.

PS34-A3- SV60-A3- SV60-Ad- SV60-A5-
Sample PLIL PLIL PLIL PLIL
NO 1 2 1 2 1 2 1 2
si02 555 592 571 563 572 562 583  50.2
Tio2 00 00 08 13 00 40 01 00
A03 328 306 31 57 300 305 305 209
FeO 06 08 95 90 06 06 06 08
MnO 00 00 00 00 00 00 00 00
MgO 00 00 03 03 00 00 00 00
ca0 115 63 152 153 97 103 102 97
Na20 01 01 00 00 01 01 01 01
K20 02 18 00 00 08 05 04 03
sum 100 989 861 87.8 985 983 100 100
si 24 26 31 30 26 25 26 26
Ti 00 00 00 01 00 00 00 00
Al 17 16 02 04 16 16 16 15
Fe 00 00 04 04 00 00 00 00
Mn 00 00 00 00 00 00 00 00
Mg 00 00 00 00 00 00 00 00
Ca 05 03 09 09 05 05 05 05
Na 00 00 00 00 00 00 00 00
K 00 01 00 00 00 00 00 00
Total 47 46 47 47 47 47 47 46
An 9.8 727 100 100 899 922 936 941
Ab 08 25 00 00 17 21 20 25
or 24 248 00 00 84 57 44 35

SVET-Al- PS34-A5-PLIL PS34-A6-PLIL
PLIL
1 2 1 2 1 2
554 507 546 554 sg. 56.4
00 00 00 00 00 0.0
320 272 330 327 35- 318
06 10 06 06 06 0.6
103 65 00 00 00 0.0
01 02 00 00 00 0.0
05 06 113 108 121- 104
00 01 01 01 01 0.1
00 00 02 02 02 0.2
990 953 997 99.8 9;:?- 995
25 27 24 25 24 25
00 00 00 00 00 0.0
17 15 17 17 17 17
00 00 00 00 00 0.0
04 03 00 00 00 0.0
00 00 00 00 00 0.0
00 00 05 05 05 05
00 00 00 00 00 0.0
00 00 00 00 00 0.0
46 45 47 47 47 47
100 869 973 967 95- 9.7
00 131 08 13 08 13
00 00 19 20 24 2.0

2.6
0.0
1.6
0.0
0.0
0.0
0.5
0.0
0.0
4.7
93.
2.0
4.4

SV60-A5-PLI1
2
59.2
0.0
29.9
0.8
0.0
0.0
9.7
0.1
0.3
100
2.6
0.0
15
0.0
0.0
0.0
0.5
0.0
0.0
4.6
94.1
25
35

AA
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Fig 10. Plots of the microprobe data on the ternary diagram for classification of zeolites (Fuentes et al., 2004). The mineral
abbreviations are Heulandite, Lmt: Laumontite, Ntr: Natrolite, Tmp: Thomsonite, Mor: Mordenite, F: Faujasite, Mes:
Mesolite, Sc: Scolecite, Gi: Gismondine, Anl: Analcime, Wair: Wairakite, Thm: Thamsonite, Chz: Chabazite, Stb:
Stebelite, Sco: Scolecite, Yug:Yugawaralite, Ferr: Ferrierite, Epi: Epistilbite, Well: Wellsite, Cpt: Clinopitolite, Eri:

Erionite (Whitney and Evans, 2010)
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Table 4. Analcime microprobe data calculated based on 6 oxygen.

PS34-A3- PS34-A4- PS34-A5- PS34-A6-
ﬁle(l)mple ANL1 ANL1 ANL1 ANL1

1 2 1 1 2 1 2
Sio2 50 49.8 53.9 493 498 482 487
Tio2 0.06 0.04 0.04 0.06 0.07 0.05 0.07
Al203 236 235 23.6 235 234 236 234
FeO 019 0.23 0.24 033 024 016 024
MgO 0 0.07 0.01 009 002 0.02 0.04
CaO 011  0.09 0.1 009 01 009 012
Na20 115 12 12.3 125 122 124 122
K20 0.09 0.1 0.1 01 011 01 0.1
Cr203 0 0.01 0.12 0.01 0 0.1 0
Sum 854 859 90.4 86.1 86.0 846 84.9
Si 196 195 2 193 195 192 193
Ti 0 0 0 0 0 0 0
Al 1.09 1.08 1.03 1.09 108 111 1.09
Fe 0.01 001 0.01 001 001 001 001
Mg 0 0 0 0.01 0 0 0
Ca 0 0 0 0 0 0 0.01
Na 087 091 0.88 095 093 096 094
K 0 0 0 001 001 001 001
Cr 0 0 0 0 0 0 0
Total 394 397 3.93 4 3.97 4 3.99

PS37A-Al- SV60-A4- SV67-Al- SV67-A2-
ANL1 ANL1 ANL1 ANL1
1 2 1 2 1 1 2
494 491 491 485 55.5 54.1 55
0.07  0.06 0 0.01 0.08 0.07 0.06
236 234 235 24 22.3 229 225
027 029 013 0.03 0.27 026 035
001 002 019 0.06 0.04 0.01 013
0.1 0.1 0.07 01 0.05 0.03 0.07
115 111 124 123 10.5 109 105
022 025 02 032 0.02 0.02 0.17
0.01 0 0 0 0.15 0.07 0
851 844 856 853 88.9 88.4 888
195 195 193 192 2.07 2.03 205
0 0 0 0 0 0 0
11 11 1.09 112 0.98 1.01  0.99
0.01 0.01 0 0 0.01 0.01 0.01
0 0 0.01 0 0 0 0.01
0 0 0 0 0 0 0
088 086 095 094 0.76 079 0.76
001 001 001 0.02 0 0 0.01
0 0 0 0 0 0 0
395 393 4 4 3.82 386 3.83
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Fig 11. Plots of the studied volcanic rocks on the TAS diagram (Le Bas et al., 1986).
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Fig 12. (a) Total alkali versus silica diagram to divide alkaline and sub-alkaline magma series (Irvine and Baragar, 1971),
(b). Nb.Y- Zr. (P205*10) to subdivide alkaline basalts and tholeiitic basalts (Floyd and Winchester, 1975), (c) Plots of
the studied volcanic rocks on the ternary diagram of K20-TiO2- P205 (Pearce et al., 1975), and (d) Plots of the studied
volcanic rocks on the Zr.Y-Ti.Y diagram (Pearce and Gale., 1977).
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Fig 14. Spider diagram of the studied volcanic rocks. The normalizing factors are from McDonough and Sun (1995).
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the studied volcanic rocks (Bagas et al., 2008).
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