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Received: 08 September 2020 Geological events from Precambrian to Quaternary have played a very
Revised: 25 October 2021 importantrole in producing magmatic rocks in Iran. However, magmatic
Accepted: 06 November 2021 rocks with the ages of Precambrian, early Cambrian and specially

Tertiary are much more frequent (Aghanabati, 2004). In contrast,
magmatism and plutonism in Iran with Paleozoic age considered to be
very rare. Volcanic rocks with the age of Ordovician-Silurian have been

Keywords reported from some restricted areas of Iran such as Soltan Meydan near

Mineralogy Shahroud (Derakhshi and Ghasemi, 2015) and Abyaneh near Kashan

Geochemistry (Ayati et al., 2011). Volcanic and volcanoclastic rocks from the North

Basalt of Neyshabour extend with a linear trend from Garineh to Bojan. In the

g:)l;::}me Iac_k of geochronological _de_lta ar_ld on the basis of stratigraphical

Binaloud evidence, the age of Ordovician-Silurian has been suggested for these
rocks. A detailed study on petrology and geochemistry of north
Neyshabour volcanic and volcanoclastic rocks can help us reconstruct
the evolution of Iran bed rock during the early Paleozoic Era. The aim
of this study includes petrology and major and trace element
geochemistry to present critical keys to obtain some knowledge about
tectono-magmatic situation of Iran during the early Paleozoic Era,
especially in the Binaloud structural zone.
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Seyed Masoud Homam This study was carried out in two parts including field and laboratory
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The petrographic studies were performed on 45thin
and polished thin sections. Geological map for the
study area was also prepared. Whole-rock chemical
analysis of 7 samples for major, minor, trace and rare
earth elements were performed at the ACME
Laboratory in Canada, by using the 4AB1 method
using ICP-MS and the major oxides of six basalt
samples were analyzed by X-ray fluorescence (XRF)
at the Zarazma Laboratory.

Results and discussion

The study area is located in the Northeast of Iran 15
Km NE of Neyshabour city and 7 Km NE of Bojan
village. The Bojan area consists of Paleozoic
sedimentary rocks (Limestone, sandstone, Dolomite)
and volcanic-volcanoclastic rocks (basalts, andesit-
basalts, andesite, trachyte, agglomerate and tuff).
Petroghraphic studies showed that major minerals in
Bojan basalts are plagioclase, pyroxene and olivine
and secondary and accessory minerals are apatite,
ilmenite, magnetite, chlorite, calcite and epidote. The
texture of the Basalts is  porphyritic,
glomeroporphyric and trachytic.

Based on geochemical data, the TAS diagram shows
that the Basalts fall within the fields of tephrite to
trachyte and belong to alkaline series with sodic
nature. MgO# is varied from 20.13 to 38.62 which
can be interpreted on the basis of crystal
differentiation in magma chamber. The low value of
compatible elements such as nickel and descending
trend of MgO versus SiO- can clearly be explained
in terms of olivine fractionation. In addition, the
nearly constant ratios of incompatible elements such
as Nb/zr, Ce/Zr, La/Zr, and Rb/Zr in rocks with

different SiO, content can reveal the importance of
primitive magma differentiation. In contrast, these
ratios suggest that crustal assimilation plays no
important role in changing primitive magma
composition. Enrichment of LREE compared with
HREE in the studied basalts can be explained by low
degrees of partial melting. Chondrite-normalized
REE patterns for basalts from the Bojan area show a
very similar pattern with those from transitional -
mildly alkalic basalts from the Eastern branch of the
East African Rift. Spider diagram patterns for Bojan
basalts normalized according to Thompson (1982)
and Sun and Mc Donough (1989) show a clear
enrichment of all trace elements compared with those
from chondorite and primitive mantel. On the basis
of tectonic setting discrimination diagrams the study
area basalts fall in within plate alkaline domain.
According to petrographical and geochemical data of
Bojan volcanic rocks it can be concluded that
magmatism in the Bojan area has been formed as a
result of a cycle of within plate rifting when the
Palaeo-Tethys Ocean started to open during the
Ordovician-Silurian time.
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Fig. 1. Geographical location and road map of the Bojan area in the northeastern Iran and northeast of Neyshabur
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Fig. 2. Geological map of the Bojan area
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Table 1. Whole-rock major and trace element compositions of the volcanic rocks in the Bojan area

Sample Hal5a Ha5 BZl11 Bz6 Bz9 Ha4 M101 M103 M104 M108A M109A M109c M110A
X 59°03'11" 59°01'01" 59°02'17" 59°03'18" 59°02'28" 59°07'13" 59°06'05" 59°08'26" 59°09'56" 59°10'53" 59°06'75" 59°01'65" 59°10'32"
Y  36°16'07" 36°16' 56" 36°17°23" 36°16' 37" 36°16' 22" 36°17' 43" 36°17' 57" 36°16' 06" 36°16'08" 36°17' 03" 36°16'25" 36°17'37" 36°17" 41"

Wt. %
SiO2 4843 4248 4285 4326 5298 5493 49.00 4887 49.29 4781 51.69 52.62 4849
TiO, 251 291 318 308 155 289 152 154 156 260 265 286 3.21
AlOs 13.76 10.78 1149 1213 1344 132 1769 1654 1715 17.15 1503 13.89 1452
FeOt 1587 20.71 2041 2331 16.23 1284 1162 1232 1156 1021 1187 1243 1358
MnO 022 033 031 014 017 015 011 014 015 013 013 0.14 0.18
MgO 652 756 7.08 645 424 306 495 460 517 320 635 301 6.62
CaO 248 547 589 235 11 268 236 311 266 7.02 314 645 4.30
Na.O 585 403 332 532 592 748 513 576 6.06 658 504 6.72 5.23
K20 095 0 121 0211 094 063 29 135 036 039 008 0.0 0.26
P.Os  0.39 0.4 037 033 023 03 100 101 103 026 039 042 0.45
LOI 2.8 515 366 335 289 164 3.3 4.4 4.7 4.4 3.3 11 2.8
Total 99.78 99.82 99.77 99.83 99.69 99.85 99.64 99.74 99.69 99.75 99.69 99.74 99.64
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Table 1 (Continued). Whole-rock major and trace element compositions of the volcanic rocks in the Bojan area

Sample M101 M103 M104 M108A M109A M109c M110A
X 59°06'05" 59°08'26" 59°09'56" 59°10'53" 59°06'75" 59°01'65" 59°10'32"
Y 36°17' 57" 36°16' 06" 36°16' 08" 36°17' 03" 36°16'25" 36°17'37" 36°17' 41"

ppm
Ba 1071 459 301 96 61 69 118
Ni 47 57 42 155 105 233 95
Co 18.2 19.3 18.5 28.3 46.9 24.5 40.4
Cr 0.014 0.016 0.011 0.038 0.022 0.043 0.020
Hf 8.4 7.4 8.1 4.1 5.2 5.7 5.8
Nb 75.2 73.9 77.4 18.9 28.4 30.5 34.4
Rb 138.2 37.7 10.6 8.7 1.3 1.0 9.3
Zn 59 28 97 26 72 17 145
Sr 499.6 368.5 283.5 376.9 352.8 392.6 376.1
Ta 4.9 4,5 4.6 1.1 1.7 1.8 2.0
Th 9.7 8.4 9.2 1.8 3.2 3.4 3.5
Cs 9.3 3.4 1.7 <0.1 0.1 <0.1 2.2
Ce 127.3 144.1 130.4 35.7 51.4 73.8 61.6
Zr 398.3 351.8 377.8 1475 205.9 224.7 233.6
Y 24.1 26.1 27.4 19.8 23.2 26.9 27.0
La 66.6 79.7 66.3 17.1 22.8 35.2 30.3
Pr 13.89 15.76 14.26 4.85 6.53 8.83 7.57
Nd 50.4 56.1 54.7 21.7 26.3 34.8 31.3
Sm 8.65 9.59 9.67 5.11 5.64 7.20 6.70
Eu 2.42 2.94 2.67 2.19 157 2.43 2.24
Gd 7.43 8.19 8.52 5.56 5.89 7.05 7.14
Th 1.02 1.09 1.12 0.78 0.89 1.00 1.03
Dy 5.54 5.44 5.81 4,72 5.01 5.68 5.94
Ho 0.96 1.01 0.98 0.79 0.93 1.10 0.96
Er 2.47 2.75 2.69 2.05 2.45 2.69 2.61
Tm 0.34 0.31 0.33 0.27 0.31 0.34 0.34
Yb 1.96 2.00 2.05 1.78 2.03 2.07 2.33
Lu 0.28 0.27 0.28 0.25 0.27 0.32 0.32
Ratios
Nb/Zr 0.31 0.4 0.34 0.24 0.24 0.32 0.26
CelZr 0.18 0.21 0.2 0.12 0.13 0.13 0.14
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Fig. 3. Photomicrographs of volcanic rocks and hydrothermal alteration assemblages in the Bojan area. A: Basalt (XPL),
B: Propylitic alteration in basaltic andesite (XPL), C: andesite (XPL), D: Chlorite mineral in matrix of andesite unit, E:
feldspar altered to sericite in andesite unit, and F: Trachyte (XPL). Abbreviations after Whitney and Evans (2010) (PI:
Plagioclase, Chl: Chlorite, Cal: Calcite, Px: Pyroxene, Ser: sericite).
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Fig. 10. Chondrite-normalized REE diagram for the Bojan volcanic rocks (Boynton, 1984). Data for Eastern rift of

Nayvasha from Wilson (1989)
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Fig. 15. Tectonomagmatic discrimination diagrams for the Bojan volcanic rocks based on Zr vs. Ti (Pearce, 1982)
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