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1. Introduction

ABSTRACT

The study area, situated 50 km north of Ghaemshahr, structurally belongs to the Central Alborz
tectonic zone. The volcanic rocks of the area, including basalt, andesite, trachyandesite, and dolerite
are the products of fractional crystallization and some contamination processes. Clinopyroxene,
olivine, and plagioclase are the main minerals of these rocks. Porphyritic to mega-porphyritic
texture with microlithic, glomeroporphyritic, and amygdaloidal matrix are observed in these rocks.
Plagioclase, hornblende, and pyroxene can be considered the main mineral phases of these rocks.
The rocks are enriched in LIL and LREE elements and depleted in HFS elements. The ratios of
trace elements and rare earth elements in the studied region indicate that the basalts were formed by
melting a garnet bearing peridotite at great depths and pressures. Negative Ce anomaly, Nb negative
anomaly, Pb positive anomaly the role of continental lithosphere in contaminating the magmatic
sources of volcanic rock in the study area. The Pb/Ce ratio similar to ocean island basalt (OIB)
sources, induces OIB sources, the asthenospheric mantle, in the initial formation of basaltic magma.
it can be concluded that the volcanic rocks of the area have formed in an intra-plate environment in

an extensional regime.

The study area is a part of the Alborz Mountains and a part of the
Central Alborz Zone located in 53° 00" to 53° 10" E and 36° 00" to
36° 09" N. Central Alborz is a subset of the Alborz structural zone
that has been impacted by its geological events (Fig. 1 a, b). Alborz
structural zone has always been the subject of intense research since
itis the shoreline of Gondwana to Eurasia (Stocklin, 1974; Berberian
and Berberian, 1981; Stampfli, 1978; Guest et al., 2006 a, b).
The Permo-Triassic extension stage is an important rift
stage because it marks the emergence of the Neuttis ocean
basin (Ghasemi and Jamshidi, 2012; Ghasemi and Jamshidi, 2013).

This stage is characterized by basaltic volcanism in Alborz
and other areas of Iran, such as the Sanandaj-Sirjan
Zone (Berberian and king, 1981). In the Central Alborz,
the Early Triassic carbonates are overlapped by the Late
Triassic shales and sandstones. Extensional phases in the area
started in the Late Triassic associated with alkaline igneous
activity (Berberian and King, 1981; Berberian, 1983). The
occurrence of alkaline lavas and pyroclastic rocks interbedded
with the Late Triassic shales and sandstones reveals the existence

of an extensional system in Central Alborz (Nazari et al., 2004).
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The evolution of this extensional regime can generate the basins of
Caspian Sea and Black Sea in Late-Middle Jurassic (Nazari, 2006).
During Late Triassic, the structural features of the lower part of
Shemshak Formation reveal an important extensional system with
several occurrences of normal faults. This extensional regime is also
registered in the lower part of the Shemshak Formation by changes
in thickness. These changes are related to the activity of big normal
faults or thrust faults in Central Alborz (Nazari and Shahidi, 2011).

2. Study method

To investigate and quantify the amounts of major, secondary, and
rare elements in samples from the region, we made some field
visits, sampled from various rock types, and selected rocks with the
minimum alteration. About 50 microscopic sections of rock units
were studied using polarizing microscope to identify the texture
of the rocks, and their mineralogical composition. Finally, the
collected 14 rock mass samples were analyzed using inductively
coupled plasma mass spectrometry (ICP-MS) in the Zar Azma
Company of Iran (Table 1, 2). The extrusive igneous rocks include
the following: 1) Hyaloclastite, 2) Trachyandesite, 3) Olivine basalt,
and 4) Olivine dolerite.

The intrusive igneous rocks include the following:

- Gabbro-diorite

- Basalt: It is composed of hyaloclastite texture, porphyritic
material extending from a microcytic matrix to a porous glass,
and plagioclase crystals varying from formed to amorphous
and variable in size within the rock texture. Pericline albite and
Carlsbad albite are two index minerals of these rocks. In terms of
optical characteristics and refractive index, these rocks vary from
Labradorite to Anorthite. Pyroxene is found in anhedral to euhedral
forms. According to their optical characteristics, these pyroxenes
are of the Augite type. Olivine rocks are euhedral to anhedral and
are severely altered (Fig. 2a).

- Trachyandesite: It has a porphyry texture with microlithic (trachyte
matrix) pyroxenes that are amorphous in form and of the augite
type. These minerals are often discovered in single crystal form.
These pyroxenes are often formed in the matrix with a poor
dispersion. It is of note that these pyroxenes are often used in place
of calcite and opaque minerals. Olivine was seen in the euhedral to
anhedral forms (Fig. 2b).

- Olivine basalt: Porphyry texture with microcytic matrix and
pyroxene is observed in the form of euhedral to anhedral and
in some cases with a higher frequency than olivines in the rock
texture. According to their optical properties, these pyroxenes are
of the augite type (Fig. 2 c, d).

- Olivine dolerite: Porphyry texture with intergranular and interstitial
matrix and plagioclase is seen in the form of euhedral to anhedral.

The rock matrix consists of Carlsbad albite and albite-pericline.

- Diorite Gabbro: We see granular and quartz textures with subhedral
and angular to anhedral forms among the other minerals making
the rock. These minerals may contain apatite. Plagioclase is found
in the form of amorphous to amyloid with pericline albite and
Carlsbad albite (Fig. 2e, f).

3. Geochemical investigations of the region’s volcanic rocks
Examination of the major constituents of the region’s intrusive
rocks reveals that these rocks contain various basalts (Tablel). The
TAS diagram indicates that the investigated rocks are a combination
of trachyandesite and basalt (Fig. 3a) and the studied rocks are
in the alkaline range (Fig. 3d). All of these graphs (Normalized
diagram of samples relative to chondrite) show comparable patterns
of element distribution in the region’s rocks. Some positive and
negative anomalies in the levels of Sr, Rb, Nb, Pb, and Ba may be
observed in the normalized plot compared to the original mantle
values (Fig. 6 a,b,c). Since Ti and P are elements with a high stability
field strength (HFS) and do not exhibit movement during secondary
processes, the abnormalities seen in them may be understood
petrologically. The existence of negative anomalies in Nb also
suggests a role for continental crustal magmatic contamination in
the region’s rock development and the separation of titanomagnetite
from early alkaline olivine basalt melts. Significantly high Pb and
Ba anomalies suggest continental crustal contamination, while
a positive Sr anomaly indicates the existence of plagioclase
phenocrysts in the rock. The observed positive anomaly is due to an
increase in the Th concentration, indicating crustal contamination.
In the graph of variations in the ratio of La/Sm to La from
Aldanmaz et al. (2000), the continuous and dashed lines indicate
a tendency toward altering the composition of molts formed by
various degrees of partial melting in the spinel lherzolite and
Garnet- lherzolite (Fig. 8a). In terms of La and Sm concentrations,
all examined basalt samples have a composition comparable to
melt generated from the enriched mantle and are put on a process
compatible with about 5% melting of garnet-containing garnet
(Fig. 8a). The La /Sm,  diagram against Tb /Yb  diagram further
confirms the origin of spinel lherzolite (Wang et al., 2008). The
Th/Yb against Ta/Yb diagram shows that the area’s rocks are in
the OIB range, suggesting an enhanced origin for the OIB type in
the area’s rock formation. Fitton (2007) asserts that alkaline and
intercontinental transition basalts with the same composition as
genuine OIB basalts have a more uncertain origin than genuine
OIBs. In general, alkaline basalt production occurs at a rate
comparable to that of OIB basalts linked with mantle plume
processes or melting of Korean loose material in intercontinental
zones (McKenzie and O’Nions, 1991).

Fitton et al. (1977) suggested the following procedure

to differentiate a plume and non-plum alkaline basalts: If
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ANDb> 0, it is the plume source but rocks with ANb <0 do not have
a plume origin. The rocks of the study area have the ANb range
of 0.35 to 1.44 and thus are classified as alkaline rocks associated
with the plume. Zr/Nb ratio in Pole Sefid samples varies from
2.13 to 2.81. However, this ratio ranges from 2 to 4 in alkaline
igneous rocks and from 8 to 12 in the continental crust samples
(Weaver, 1991) which is possibly indicating the lack of a significant
crustal contamination in the studied rocks. Hart et al. (1989)
reported that the basaltic magmas which are influenced by crustal
contamination contain La/Nb>1.5 and La/Ta>22. The Ce/Yb ratio
may be used to determine the depth and rate of melting of the parent
rock. Alow value for this ratio (less than 15) suggests that the magma
originated in the mantle’s uppermost layers (low depth or high
melting rate). In comparison, magmas with a Ce/YDb ratio greater
than 15 indicate that the magma is originated from the high stability
depth range of the garnet and a low melting rate (high pressure)
(Cotton et al., 1995, ratio). The Ce/Yb in the region’s intrusive
masses is approximately 25.71, indicating the samples’ high depth
and low melting rate. Moreover, according to Conly et al. (2005),
the ratio of 0.12 Rb/Zr suggests a metasomatized mantle source
since the average of this ratio in the rocks of the research region is
about 0.26. The specimens are in the garnet region on the Sm/Yb
diagram versus Ce/Sm, which is used to determine the presence
or absence of garnet at the source of melt formation (Fig. 10).
Rare earth element (REE) geochemistry is often used to determine
the degree of melting and depth of origin of main magma bodies
(Rollinson, 1993; Zhao and Zhou, 2007; Furman, 2007). The Alborz
zone’s late Precambrian-Triassic rock strata show high affiliation to
those of other areas of Iran, and at least for a significant portion
of the Paleozoic, they show association with Gondwana
(Stocklin, 1974; Berberian and King, 1981: Angiolini et al., 2007;
Wendt et al., 2005). Scholars have mentioned different views on the
splitting date, the start of subduction, and the ultimate closure of the
Paleo-Tethys Ocean (Stampfli, 1978; Chateauneuf and Stampfli, 1979;
Stampfli et al., 2001; Ghasemi and Khanalizadeh, 2012). According
to some researchers, Paleo-Tethys formation began in the north of
Alborz toward the end of the Ordovician era. Lasemi (2000), on
the other hand, believes that Paleo-Tethys rifting (also known as
the Turan rift) started in the early Ordovician. According to this
author, Shir Gasht, Lashkark, Gholi, and New Formations and
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their counterparts, which have made large progressive sequences,
are synchronous with the rift’s development. He asserts that
Paleo-Tethys oceanic crust has expanded since the Devonian.
Lasemi (2000) also examined the development of an incomplete rift
basin in the Tabas area (Central Iran) during the early Ordovician
era in relation to Iran’s Paleo-Tethys edge. Numerous geological
features such as oceanic remainders in the north of Iran (Mashhad,
Farima, and Anjir Valley) and Central Iran (Jandagh and Anarak),
along with thick magmatic sequences, the continental rock of
Iran was fractured during the Lower Paleozoic era due to the
capping process in northern Iran from Sultan Maidan formations.
These events indicate that the continental lithosphere of Iran has
fragmented during the lower Paleozoic and split. Consequently,
oceanic zones have formed in some parts of the Iranian plateau
(e.g., Mashhad ophiolites, Talesh in the north, and Bayaz
and Jandagh ophiolites in Central Iran).Numerous geological
characteristics suggest that this period of crustal stress started
after the fusion of the Precambrian blocks and the creation of the
Gondwana supercontinent, followed by forming the magmatic arc
and its opening. The Gondwana subcontinent was created by the
collision of seven to eight Neoproterozoic continents
(Cadomini Block) the size of Australia in two phases
(650-600 million years ago; 570-520 million years ago)
(Ustadmer et al., 2009; Collins and Pisarevsky, 2005; Shafaii
Moghadamet et al., 2013).

4. Conclusion

The geological units of the study area contain volcanic masses
and have an alkaline origin. According to tectonic schematics
and geostructural research, the area’s rocks have developed in an
intercontinental extensional environment from a transitional garnet-
spinel lherzolite mantle. Based on lithographic investigations,
the texture of these rocks are classified as granular, poikilitic,
and Porphyric. Some plagioclase samples exhibit flow and sieve
textures in certain samples. Geochemical studies indicate that the
magma that formed these rocks has originated from the melting of 3
to 5% of an uplifting mantle with peridotite garnet rocks at a depth
of 70 to 80 km. The results also show the remarkable role of crystal
segregation as the primary process in the formation of magma that

formed these rocks.
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Table 1. The results of chemical analysis of the main elements (by weight percentage) of the stones of Pol Sefid area.

ALO

2 273

Sample | SiO BaO | CaO | Fe,0, | FeO | K,O | MgO | MnO | Na, O | PO, | SO, | TiO, | LOI | Total

2 275 3

Al |49.01]| 13.29 | 0.17 | 8.01 32 |6.633|237| 683 | 0.2 27 | 046 |005| 1.7 | 4.6 | 99.223

A3 | 48.89 | 13.25 | 0.18 | 873 | 3.17 | 6.714 | 2.74 | 6.53 | 0.18 | 2.53 | 042 | 0.05 | 1.67 | 4.16 | 99.214

A7 |49.26| 13.12 | 0.14 | 814 | 322 | 6.894 | 2.56 | 693 | 0.18 | 2.57 | 0.43 | 0.05 | 1.72 | 3.97 | 99.184

Al0 [4931 | 1336 |0.16 | 8.67 | 326 | 6948 | 2.58 | 6.25 | 0.17 | 2.63 | 0.44 | 0.05| 1.76 | 3.6 | 99.188

A37 4491 | 12,62 | 0.15| 1248 | 34 6.57 | 0.66 | 8.14 | 0.17 | 1.12 | 0.54 | 0.05| 1.9 | 639 | 99.1

A38 |46.49 | 13.09 | 0.15| 7.88 | 3.23 | 6.687 | 0.69 | 7.79 | 0.16 | 428 | 0.5 [ 0.05| 1.73 | 6.7 | 99.427

A43 | 4791 | 1456 | 0.18 | 7.75 | 3.42 | 7.11 | 1.56 | 5.22 | 0.23 | 3.55 | 0.59 | 0.05| 1.92 | 5.09 | 99.14

A44 | 4741 | 14.12 | 0.08 | 8.09 34 |7.092]1.02| 56 | 023 | 3.78 | 0.57 | 0.05| 1.9 | 5.81 | 99.152

A45 4274 | 1447 | 0.15 ] 10.84 | 3.33 | 7.083 | 1.85 | 5.09 | 0.23 | 3.24 | 0.66 | 0.05 | 1.83 | 7.57 | 99.133

B1 42.11 | 1337 | 0.12 | 11.96 | 3.64 | 7.119 | 0.66 | 9.09 | 0.18 | 2.05 | 0.45 | 0.24 | 2.14 | 6.01 | 99.139

B2 [ 4131 | 148 [ 0.09| 928 | 397 | 729 | 143 | 8.69 | 0.17 | 1.66 | 0.52 | 0.38 | 247 | 7 99.06

B3 4247|1439 | 0.1 | 1223 | 324 | 729 | 128 | 63 | 0.18 | 2.11 | 0.44 | 0.16 | 1.74 | 7.18 | 99.11

B4 [4572 | 1561 | 0.1 | 10.58 | 3.22 | 6.201 | 1.31 | 598 | 0.16 | 2.14 | 0.45 | 0.09 | 1.72 | 5.96 | 99.241

B6 |[4194 | 1481 | 0.11 | 9.56 | 3.65 | 7.083 | 1.44 | 85 | 0.16 | 1.87 | 0.5 | 0.14 | 2.15 | 7.23 | 99.143

B7 [4529| 1401 | 0.12 | 8.82 | 3.65 | 6372|158 | 7.76 | 0.14 | 1.78 | 0.51 | 0.46 | 2.15 | 6.56 | 99.202

iy ailate g S5 5 ol juobie glass IUT Jade —Y s

Table 2. Table of chemical analysis of rare and rare earth elements of the rocks of Pol Sefid area

;f‘l':lgle“’r Al A3 A7 A10 A37 A38 A43 Ad4 A45 Bl B2 B3 B4 B6 B7
Ag 032 | 035 | 034 032 0.39 041 04 038 037 0.43 0.4 031 035 0.34 0.34
As 2 2 3 4 5 7 6 6 2 2 6 3 4 8 3
Ba | 14499 | 15932 | 12851 | 14204 | 1202.1 266 1524.1 | 690.6 | 11878 | 9707 | 7923 746 889.1 | 891.8 | 10429
Be 1 1.26 1.1 127 1.09 1.42 1.16 1.1 112 1.05 1.33 1.08 1.07 1.24 1.19
Bi 005 | 004 | 0.04 0.04 0.04 0.05 0.04 0.05 021 0.05 0.04 0.04 0.04 0.04 0.04
cd 112 | 124 1.3 14 1.09 145 0.97 1.22 115 1.51 1.41 1.01 1.22 1.25 0.94
Ce 67.9 | 6678 | 6874 | 67.9 82.04 72.8 7952 | 7798 | 7336 70 735 505 | 6426 | 66.64 | 69.86
Co 411 | s62 | 712 371 8.96 10.95 348 222 1.29 1272 | 7.5 1.73 379 6.91 723
Cr 137 130 140 142 191 234 31 31 28 175 214 91 104 182 191
Cs 056 | 061 0.6 0.59 0.59 1.64 0.61 0.59 0.6 0.81 0.8 0.61 0.75 0.73 0.72
Cu 56.3 57 60.4 643 63.7 41.1 315 36.8 32.1 81.1 76.8 4 50 66.8 71.2
Dy 37 | 365 | 3.76 373 39 3.87 4.14 4.08 3.82 3.79 4.18 352 378 3.64 378
Er 189 | 177 1.82 1.79 1.83 1.88 1.99 1.96 1.97 1.68 1.77 1.63 1.86 1.59 1.76
Eu 319 | 332 | 3.04 3.15 321 221 353 2.67 3.07 3.02 275 2.62 2.92 272 2.81
Gd 53 | 531 534 538 6.18 5.64 6.14 6.03 5.67 5.75 6.34 494 5.48 5.55 5.67
Hf 365 | 3.71 3.82 3.84 3.87 448 432 434 3.94 3.81 4.19 326 357 3.44 3.49
Ho 075 | 075 | 076 0.74 0.75 0.77 0.81 0.79 0.77 0.75 0.78 0.74 0.77 0.73 0.75
In 002 | 004 | 0.02 0.04 0.04 0.03 0.04 0.04 0.09 0.05 0.06 0.03 0.04 0.06 0.04
La 3822 | 3738 | 385 37.8 46.06 | 40.18 42 4228 39.2 3948 | 41.02 | 3374 | 357 | 37.52 39.9
Li 6 5 5 5 10 11 7 6 7 7 18 10 9 16 15
Lu 0.18 0.18 0.18 0.18 0.18 0.19 0.2 0.19 0.19 0.18 0.18 0.18 0.19 0.18 0.18
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Continued. Table 2.
o S A3 A7 A10 A37 A38 A43 Ad4 Ad5 Bl B2 B3 B4 B6 B7
Number

Mo 0.16 1.08 1.02 0.32 1.19 0.35 1.65

0.33 0.98 0.32 0.08 0.69 1.08 1.8 0.02

Nb 0.59 | 0.72 0.33 0.89 0.21 0.39 0.51

0.86 0.28 0.52 0.84 0.44 0.39 0.62 0.68

Nd 22.74 | 22.74 | 2332 | 22.74 27.61 25.06 | 27.61 26.56 254 24.13 | 2598 20.3 22,62 | 2332 | 23.66
Ni 97 99 106 107 174 167 14 17 15 122 117 58 66 109 122
P 1770 | 1766 1868 1899 2136 2079 2296 2295 2548 1772 2065 1564 1786 1994 2104

Pb 5.25 32 4.21 3.73 7.22 6.71 4.98
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Figure 1. a) The studied area in the structural zone map of Iran (Ghasemi and Talbot, 2006); b) Geological map simplified from

the 1:100,000 map of Ghaem Shahr, Kiasar (Saeidi and Akbarpour, 1371), Pol Sefid and the map of Semnan with a scale of
1:250,000 (Samadian et al., 1994). Note the star sign inside the figure.
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Figure 2. a) View of plagioclase phenocryst in chloritized paste in basalt; b) A view of pyroxenes transformed into chlorite, pay attention to the
flow texture of microlites (trachytic texture) in trachybasalt; ¢) A view of a single crystal phenocryst of pyroxene altered to chlorite; d) view
of plagioclase crystal with dissolved edges; e) A view of strongly altered plagioclase to sericite and chloritized glasses in dolerite; f) View of

amorphous quartz, plagioclase, pyroxene and highly altered amphiboles in gabbro diorite.
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Figure 3. a) Graph of Na,0+K,O versus SiO, (Le bas et al., 1986); b) Diagram of Na,0+K,O versus SiO, (Middlemost, 1985); c) Alkaline vs. SiO,
plot from (Irvine and Baragar, 1971); d) P,O, versus TiO, diagram (Winchester and Floyd, 1975).
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Figure 4. Changes of main elements in Harker charts (Harker, 1909).
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Figure 6. a) Spider diagram of samples of the studied area in relation to chondrite (Nakamura.,1974); b) Spider diagram of the samples of

the studied area normalized to the primary mantle (Sun and McDonough, 1989); ¢) The spider diagram of the samples of the study area is
normal compared to OIB (Sun and McDonough, 1989) .
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b) Ti/1000 versus V graph from (Shervais, 1982); ¢) Zr versus Zr/Y diagram from (Pearce and Norry, 1979);
d) Zr versus Ti diagram from (Pearce, 1982).
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Figure 8. a) Sm/Yb vs. La/Sm diagram where the melting curves were calculated based on lherzolite spinel mantle and

lherzolite garnet mantle, where the studied samples are located in the range of garnet lherzolite spinel (Shaw, 1970);

b) La/Sm versus La ratio changes diagram from (Aldanmaz et al, 2000); c) La/Sm versus Tb/Yb diagram

(Wang et al., 2008); d) Tb/Yb versus K,0/ Yb (Pearce, 1982).
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Figure 10. Sm/Yb versus Ce/Yb graph (Coban, 2007).

VY¥



IVA=151 (1) P Fo P (o pale/gl jSas g Uiy 305 Susman/ ... UL w5 Sy jb lisdiusT slanSiuw uuluinSiow 9 oo

sl dssl g s s b wgin b sl asle) Ol ) M 1 sl ts
lodaT oty (6557 0 Ol ) 55 Bk 5 25l
o555 Olpl Jlod claaig 53 i a5 w53l Glaotilelra 5 eSS -yl
SV ls 55, (SOUL 5 Guiz) 65 0 Ol 5 Gl o3 5 Olay b cdglia
(Shafaii Moghadam et al., 2015) Wlodile (gl-as s sl o $L3I o;&.u
B 025 5 33l 3 om0y Sl e o o 0 a5 2 b
Slad abl oyl GladSS b & 5, Sl 5 23S oy g 53 Sle
0868 s S 35 (Shafaii Moghadam et al., 2015) &l o313 (55, Ul 54E
S b I3l Sl ey Sl sy SIS Sl Al o ol s 0 OLES (ol
5 @Sl OLS Lty T JWs 4 5 bsaS )bl tldy 5 ol
V gbeas S 55,55 5 5 Usal o)l .ol otd ST OLS cty (SAs5L
Aoy 55 000 5 Wil (B3 0 (e sdlS SSTh) (Sus5s 55,55 e BAL
Il O ken DY+ B OV 53 6553 5 o Il O g #0050+ 1w 0)53)
Ustadmer et al., 2009; Collins and Pisarevsky, 2005;)C ol odsT L i
5 ehiS Sl (65 e 5,0 s (Shafaii Moghadam et al., 2013
g5 s Rhaetic by @udS5 L Oljen VU b5 53 55550 Ohs2
56 cpl (Berberian, 1982) 555 o ST ¢Stad Sl3JlE; Ll 18 sm
slowl 4 (ol o o Calides (Gla tdey 53 laU oy slwl L &S 28
(5iS glaus! 3 (Berberian, 1982 )Lw‘cﬁﬁd»dﬁn):wjﬁlg)w@)
i g5 2V b5 56 e 5 53 OT & sl s e 55k 5 oS5
Sl izl aalal (a3l il a031) oo Kl 55 b (0 as 55
aabas s (Fursich et al., 2005; Zanchi et al., 2005, 2006; Berra et al., 2007)
Sl b e ooy it (K w55 Sl S 305 i o
ilods |Sa5 ol 5 5l 5 5iS Jases &S5 534S ails o il (glad 55 0550

S5 i —Y

Jols andllas sype aibte Kiw gladslsy 88 s Sllas el
(KK Slllas 6l Lyls JSIT b 5 o3 SlaatsT glaes s
PRC I SPIT SR NEATIC SRR R SRS YN FPREICE R
JS5 S0l (gl 55 Slaigs 2 58 oo 0er3 i gl 3 Sl ST
L;tc.:;@;ﬁ G Gy B B Y i3 b Sl e ol obijle (LS L
ST 25 5 6 e kST A BV B3 5 ( STIL Y 55 a5ss 25,8
la Sl ol (LS (6,8 IS8 )3 ool il Olsie 0 i sks
S o plonil gl g5 Sllllan 5 (lacpa) Lol ged 4 e 5 b
S ama & 3 5ad B lete gy ol - Uit 38 s S ade
Ailods |LSa5 (glo B 055

Sl § i lugym) olile —F
CaeKinanls 5 b i L S 0T )3T glacKn 5 JSIT GlaojlaE slas
S o 5 53 1) (S s 6K 5 s (o el o8 53 Bl 5 Sl
Ll S w5 ol PSS OYAY O 5 6 5) das e Ol
LS bl SLL G Sle &Sl s3 53 1y el sLus 5 5 by Glras e
Bl o205 Som ol Gl S5 e Sbl b5 b s (Nazar, 2006)
ol a3 on Ol b o8 8 i L 1) e (58S e &S St
o 2 S i St Al ol e 53 e 53 e b 8IS 055
S5 5003 L S S L S5 ole sla o8 Ll 4 b 0 Dl i
Ogeisty 48 35 lesl (Allenbach, 1986) &L JT (VWA ¢ (sdgd 5 (5 1) ol
,,)uj;&;jggséujut};)wxjuy\;)gdguaﬁi\;J.\;%
S A o Zab (38 o 5 A 52 S Gle b 7 Sy b s )
oS wlas 8515 S 3 51 lae (slan 3 (155 p e g atlate 5> 3L
A3l sla ey Sl 5 (Norian-Rhaetian) 251, —0b 5 5 lacSimanls b 5
bl ol Lol asboaw ol 5~ 555800 b 5o . Llos skiliig ol 5
Jlas dil o Gaseis BB Ol s Ql?,:w—cx;wjdff Ol sl 0l 5l e
SlesSady Sy 53 655 2 Ol L OT 5y a8 Sl 5,01 oS ol O
4l 501055 05 A5 = Gl el (S sla I 3,05 51351
5353 3 g i 53 08 s 5035 0l Ghlie s (K sla JI5
Stocklin, 1974; Berberian and King, 1981;) &l d_l;“ju\f <l ¢§;_ shls
.(Angiolini et al., 2007; Wendt et al., 2005

B Gl O e s s 8 p s O 5L 0L 3 53 04STT
Stampfli, 1978;) &1, Kta 3 31 (6 )b ¢Sl 0 4811 _ilibun ol a3 oo gLy
«Stampfli  and  Chateautieuf, 1979; Stampfli et al, 2001
S 5 dled 53 sl G5E3ST £ 8 P4 sl il 5 ol
Ot e 3930 (WVA) oY g g ol b dls oo LU o 995)) Ol
(Ol 35 Olse b 5) iy (ol C3E L ki e 2287 65,0 0L )
b paze 51, 6T Slalen 5 s 5 B oo KadoosS b glailu 5 4l
ol IS L Olejan slao et 1y les S sl oy iy &S5 sl iy
oS s 593 Ola 51 3y g 3 4t gy Ol sl 4 s n SIS
asb o el B8 4o oK Gl (FVA) el pimeas .ol il
o AL bl b LUl 5o 1 3BT e ssa)l (B 5o (6550 01D b
5 LSS 1usle) Ol 3 Wy &Lh;}ij Wl andls Ofpt s s cf\j
S 0l 5 Gl o3 5 Oley 3 cdgin) Ol Jlod 53 (w $L31 Slaobileloray
Ol Olds Ol laile 31 (i oSl s Lol e o(ST,U1 5 Gutin)
W3 g 0 s Sl Olss pa e Ol (sleyB at gy dias s
23 oS slaaigy 5 ol odd i o S 5 0 SeSs s plyosls

Syl

55 @V o3 eI leS e ol 1 sl Jlas) 9IS ailate (358 (3T S i 51 o 5 o3 OYAY s (K15 5 eI oo osmnld e OLB3Lo 7 sl
10.29252/ijcm.26.4.827 AYV-AFF o (F o)l o 5 G Jlo VWA Olis (O o1 (ol SIS 5 (ol g aloms . (65570 O (655l atgy

MY o 39 pls mio o85313 (e e olSTails )| (i )IST 40BOLL ¢35 501 05 53 Sitind 5l 0428 63l LS o allan VWAS (. (gbtiar

Lyl ol ylS b0l T (Sl 55 ol 535,80 B0 s Jow G5 53 oo dilate &l y55 gy I odolB 53 39 g0 5k s 5 55055 AT oy g0l

oo TV o ale axie oKl ) r_,l;— oS iils

o N ¢ i gt ol o1 75 By 657 m 50 Il atals 55 4wl S (gla ) oo 2 OFAY (o conl3 S ss
(s 3 S o VYA Olins s Ol (olid SIS 5 (ol aloms 5LTLS, 2 Sl 55 ©3Lbs eSS wus i ,lis YA p el 5z B p () gl et

.10.29252/ijcm.25.4.761 Vo\-WF o F o Lo

35S GHhaa SBLEST| 5 (i n e 3le DS kST i3 ViV et BB VY g ,ST ¢ dSihon

Yo



IVA=151:(1) PP 1 Fo P (o pgle/gl s g Uiy a5 Susan/.... UL w5 Sy jb lisdinsT gl uluinSiow 9 oo j

el sh e (358l B8 O g) oS 25 ;;-1)5—@)?;5 48 goa “‘SC]” Sle Sl 55 65bbs LSSl i yLis YAV “z e T B e Oslo k. (8
10.29252/ijem. 26.4.915 A18-8YA o (F o jle (i 5 oy Il VAV D3 01 ) glid SIS 5

(e poe odSCails ¢ ol s (657> AWBOLL (535 5 (B8 5 gy 53 SShad Wil 3 3z se 03T S 555 5 5anl 5 JS S b 85 VAL (S led
A o a5 pls s oKl

e 31T g S 3 o6 S5l LB (Sla i 55 el 5 (oS sy 5T ST om 5 IS K o3 TRz Sin 5 ¢ GngS 5L o o e b e e
.10.52547/ijem.29. 1111 VV=AYA Lo ) ojlad Y8 Jle VY8l 0l pl ol SIS 5 (cwlidy s alows 3, 51

olad (oSG 5 oo Jl Ve bn cmn ke sl (55l 5 ) aigy eI ailate ¢l 5 = gy SGle )3T (slaes g VFr e (i 5 o e SLo 5 o comm b e
hittps:/doi.org/10.22071/gs}.2020.237027.1809 AVF-)A s 1Y+

5 olidosly dloe 5 5 ST a5l 5 e L 23S e LSl I sl Olals b O Gl ag A g Gldi il 8§ AT e sl el 5z el
YEY o) ool poler Jle ¥ Slg Ol gl SIS

3 sk dome (305 501 05 K Ll deB 3 LS (55l s ST (sl 53l (LS L 5SS 6 5 (i (panh 55 YA F Shtar 3 o ganlS
-http://ijem.ir/article-1- 419-fa.html #A4-VF o oF o lad VYA Ol 5 Ol ) gwlis SIS

(xin Jlo OYAY b Ol palisms aelad (3 5 5s oS Wl atelh S5k JISUT acSion Lt 4l Sl gt () VAT 0F Gibitior 5 i o(oonld
AV=Y4 o Y o bt

Olals = 358l (B35 1 O = (555 n Ol sl (Sl o 3 Gle Kl 55 GlaST Sty 2S4S 3 (55l e LS L YAV (p OLslo 5 () g gty b7 (ol
.https://doi.org/10.22071/gsj.2018.63800 N Y¥-\YF o V2V ol (bR 5 oy JLe AYAY 5ol o) p ke asllas

M o 5538 Game SBLEST 5 olid a3 Olaslo 40,5501 ) &S 0553L 5 oYU o el leeKin il (6 )&k 5 (opmy S laes claoslusty WYVA (s oY

VA o 35,8l gmio o815 carl pske 0dSCiils ciy) cwlis )l asbObl . 35 501 05 55 6Kl 55 SISy (6,80 ool 5 55555 s34 VAT € ¢ mikie

A o Ol Ol g A o1 05 5575 bl g T SLESTT Jke 1,1 5 06 3] pon dilate oy 45 (Sla)LilS” 55 5 o35 VAT (.G cosljlas

(POAY (Ol o> Lzl Ol calibiater VAP (& ¢ Gl 5 st

02 WY e g se oSt 55 Ol otae DBLAST| 5wl e 3,00 Ol &S5 555 A YAY CE et 5

B PP LS P W < R FL R B e A5 YA e sk 5z oSl me o o8

References

Aldanmaz, E., Pearce, J. A., Thirlwall, M. F., and Mitchell, J. G., 2000. Petrogenetic evolution of late Cenozoic, post-collision volcanism in
western Anatolia, Turkey. J. Volcanology geothermal Research 102: 67-95. doi.org/10.1016/S0377-0273(00)00182-7.

Allenbach, P., 1966. Geologie und Petrographie des Damavand und seiner Umgebung(Zentral-Elbruz) Iran, Dissertation, Mitt Geol Inst ETH,
Univ, Zurich.

Angiolini, L. M., Gaetani, G., Muttoni, M.H., Stephenson, G., and Zanchi, A., 2007. Tethyan oceanic currents and climate gradients 300 my
ago. Geology, v. 35, no. 12, p. 1071-1074. doi.org/10.1130/G24031A.1.

Asserto, R., 1966. The Jurassic Shemshak Fomation in central Alborz(Iran). Rivista Italian Di paleontological e stratigrafa 72, 1133-1182.

Bagas, L., Bierlein, F. P., English, L., Anderson, J. A., Maidment, D., and Huston, D. L., 2008. An example of a Palacoproterozoic back-arc
basin: Petrology and geochemistry of the ca. 1864 Ma Stubbins Formation as an aid towards an improved understanding of the Granites-
Tanami rogen, Western Australia, Precambrian Research 166: 168-184.

Berberian, F., and Berberian, M., 1981. Tectono-plutonic episodes in Iran.In: Gupta HK, Delany FM (eds) Zagros, Hindukosh, Himalaya
Geodynamic Evolution. American Geophysical Union, Washington DC: 5-32. doi.org/10.1029/GD003p0005.

Berberian, M., 1982. The southern Caspian: A compressional depression floored by a trapped, modified oceanic crust. Canadian Journal of
Earth Scinces 20:163-183.

Berberian, M., and King, G. C. P, 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian J.Earth Sciences 18(2): 210-265.
doi.org/10.1139/e81-019.
Berra, F., Zanchi, A., Mattei, M., and Nawab, A., 2007. Late Cretaceous transgression on a Cimmerian high (Neka Valley, Eastern Alborz,
Iran): A geodynamic event recorded by glauconitic sands. Sedimentary Geology 199: 189-204. doi.org/10.1016/j.sedge0.2007.02.001.
Best, J. L., Ashworth, P. J., Bristow, C. S., and Roden, J., 2003. Three-dimensional sedimentary architecture of a large, mid-channel sand braid
bar, Jamuna River, Bangladesh. Journal of Sedimentary Research 73: 516-530.

Chateauneuf, J. J., and Stampfli, G., 1979. Preliminary report on Permian palynology of Iran. International Palynological Conference,
Lucknow, 2, 186-198.

Coban, H., 2007. Basalt magma genesis and fractionation in collision- andextension-related provinces, A comparison between eastern, central
and western Anatolia. Earth Science Reviews 80:219-238.

Collins, A. S., and Pisarevsky, S. A., 2005. Amalgamating eastern Gondwana: the evolution of the circum-Indian orogens. Earth-Science
Reviews 71: 229-270. doi.org/10.1016/j.earscirev.2005.02.004.

Conly, A. G., Bernan, J. M., Bellon, H., and Scott, S. D., 2005. Arc to rift transitional volcanism in the Sanata Rosalia Region, Baja California
Sur, Maxico. J. Geology 72: 303-341. doi.org/10.1016/j.jvolgeores.2004.11.013.

Cotton, W. D., Hunt, A. P., and Cotton, J. E., 1995. Paleozoic tracksites in Eastern North America. Bulletin of New Mexico Museum of Natural
History and Science 6: 189-211.

Cox, K. G., Bell, J. D., and Pankhurts, R. J., 1979. The interpretation of igneous rocks. George Allen and Unwin., PP 450.

VY&



IVA=151 (1) P Fo P (o pale/gl jSas g Uiy 305 Susman/ ... UL w5 Sy jb lisdiusT slanSiuw uuluinSiow 9 oo

Ehteshami-Moinabadi, M., 2017-Post-Triassic normal faulting and extensional structures in Central Alborz, Northern Iran. Geopersia 7 (1),
2017, PP. 85-102.

Ershov, A. V., Brunet, M. F., Nikishin, A. M., Bolotov, A. N., Nazarevich, B. P., and Korotaev, M. V., 2003. Northern Caucasus Basin: thermal
history and synthesis of subsidence models, J. Sedimentary Geology 156: 95-118. doi.org/10.1016/S0037-0738(02)00284-1.

Fitton, J. G. ,2007. The OIB Paradox. Geological Society of America, Special Paper 430: 387-412.

Furman, T., 2007. Geochemistry of East African Rift basalts: An overview. J. African Earth Sciences 48: 147-160. doi.org/10.1016/].
jafrearsci.2006.06.0009.

Firsich, F. T., Wilmsen, M., Seyed-Emami, K., Cecca, F., and Majidifard, R., 2005. The upper Shemshak Formation (Toarcian-
Aalenian) of the Eastern Alborz (Iran): biota and palacoenvironments during a transgressive-regressive cycle. Facies 51: 365-384.
https://doi.org/10.1007/s10347-005-0051-z.

Firsich, F.T., Wilmsen, M., Seyed-Emami, K., Majidifard, M.R., 2009. The Mid-Cimmerian tectonic event (Bajocian) in the Alborz Mountains,
Northern Iran: evidence of the break-up unconformity of the South Caspian Basin. In: Brunet, M.F., Wilmsen, M., Granath, J.W. (Eds.),
South Caspian to Central Iran Basins. Geological Society, London, Special Publications, 312: 189-203. doi.org/10.1144/SP312.9.

Ghasemi, H., and Jamshidi, K., 2012. Geochemistry, petrology and proposed tectonomagmatic model for generation of alkaline basic rocks
in the base of the shemshak Formation, the Eastern Alborz Zone. Iranian J. Crystallography and Mineralogy 19(4): 699-714 (in Persian).

Ghasemi, H., and Jamshidi, K., 2013. Investigation of source region properties of alkaline basic rocks in the base of Shemshak Formation in
the eastern Alborz zone Iranian J.Geology 7: 17-29 (in Persian).

Gill, R., 2010. Igneous rocks and processes apractical guide. Department of Earth Sciences Royal Holloway University of London., PP 472.

Guest, B., Axen, G.J., Lam, P.S., and Hassanzadeh, J., 2006a. Late Cenozoic shortening in the west—central Alborz Mountains, northern Iran,
by combined conjugate strike—slip and thin—skinned deformation. Geosphere, 2: 35-52. doi.org/10.1130/GES00019.1.

Guest, B., Stockli, D. F., Grove, M., Axen, G. J., Lam, P. S., and Hassan zadeh, J., 2006b. Thermal his- tories from the central Alborz
mountains, northern Iran: Implications for the spatial and temporal dis-tribution of deformation in northern Iran, Geol.Soc. Am. Bull., 118,
1507 —1521.doi.org/10.1130/B25819.1.

Harker, A. 1909. The natural history of igneous rocks, Methuen & Company.

Hart, W.K., Carlson, R.W., and Mosher, S.A., 1989. Petrogenesis of the Pueblo Mountains basalt, southeastern Oregon and northern Nevada.
In: Reidel, S.P., Hooper, P.R. (Eds.), Volcanism and tectonism in the Columbia River flood-basalt province. Geol. Soc. Am. Spec. Pap.,
vol. 239. Denver, Colorado, pp. 367-378.

Irvin, T., and Baragar, W.R.A., 1971. A guide to the Chemical classification of the common volcanic rocks. Canadian J.earth Science Letters.,
Vol. 8, PP. 523-548. doi.org/10.1139/e71-055.

Jiang, Y. H., Jiang, S.Y., Ling, H. F., Zhou, X. R., Rui, X. J., and Yang, W. Z., 2002. Petrology and geochemistry of shoshonitic plutons from
the western Kunlun orogenic belt, China: implications for granitoid geneses. Lithos63: 165—187. doi.org/10.1016/S0024-4937(02)00140-8.

Kelemen, P.B., Kikawa, E., Miller, D.J., and Shipboard Science Party., 2004. Proceedings of the Ocean Drilling Program, Initial reports,
Volume 29: College Station, Texas, Ocean Drilling Program, doi: 10.2973/odp.proc.ir.209.

Lasemi, Y., 2000. Facies analysis, depositional environments and sequence stratigraphy of Upper Percambrian and Paleozoic rocks of Iran.
Journal of Geological survey and Mineral Exploration of Iran, p. 180.

Le Bas, M.J., Le Maitre, R.W., Streckeisen, A., and Zanettin, B., 1986. A chemical classification of volcanic rocks based on the total alkali—
silica diagram. Journal of Petrology 27: 745-750.

Le Bas, M.J., Le Maitre, RW., Streckeisen, A., and Zanettin, B., 1986. A chemical classification of volcanic rocks based on the total alkali—silica
diagram. Journal of Petrology 27: 745-750.

Le Roex, A. P, Dick, H. J. B, Erlank, A. J., Reid, A. M., Frey, F. A., and Hart, S. R., 1983. Geochemistry, mineralogy and petrogenesis
of lavas erupted along the south west Indian ridge between the Bouvet triple junction and 11 degrees MacDonald, R., Hawakesworth,
C. J.andHeath, E.,2001. The lesser Antilles volcanic chain: a study of arc magmatism. Earth Science Reviews 49(4): 17-26.
doi.org/10.1016/S0012-8252(99)00069-0.

McKenzie, D. P., and O’Nions, R. K., 1991. Partial melt distribution from inversion of rare earth element concentration. J.Petrology 32:
1021-1091. doi.org/10.1093/petrology/32.5.1021.

Middlemost, E. A. K., 1985. Magma and magmatic rocks, An Introduction to igneous petrology. Longman Group U.K., PP 73 — 86.

Morrison, G. W., 1980. Characteristics and tectonic selling of the shoshonite rock association. Lithosl13: 97-108.
doi.org/10.1016/0024-4937(80)90067-5.

Nakamura, N., 1974. Determination of REE, Ba, Fe, Mg, Na and K in carbonaceous and ordinary chondrites. Geochim Cosmochim Acta.,
Vol. 38, PP. 757-775. doi.org/10.1016/0016-7037(74)90149-5.

Nazari, H., 2006. Analyse de la tectonique recente et active dans 1 Alborz Central et la region de Tehreran: Approche morphotectonique
et paleoseismologique. theses PhD. Montpellier 11, Montpellier, France, p. 110. 10.1029/2004GL020058, 2004.

Nazari, H., and Shahidi, A., 2011- Tectonic of Iran « Alborz ». Gological Survey and Mineral Exploration of Iran, Research institute for Earth
Science, 97 pp. (in Persian).

Nazari, H., Omrani, J., and Shahidi, A. R., 2004. Geological Map of Anzali, Scale 1:100000. Geological Survey of Iran. (in Persian).

Pearce, J. A., 1982. Trace element characteristics of lavas from destructive plate boundaries” John Wiley and Sons, U.K., pp. 525-548.
177-195.28: 2023-2037. orca.cardiff.ac.uk/id/eprint/8625.

VY



IVA=151:(1) PP 1 Fo P (o pgle/gl s g Uiy a5 Susan/.... UL w5 Sy jb lisdinsT gl uluinSiow 9 oo j

Pearce, J. A., and Norry, M. J., 1979. Petrogenetic implications of Ti, Zr, Y,and Nb variations in volcanic rocks,Contrib. Mineral. Petrol.,69: 33-47.
Rollinson, H. R., 1993. Using Geochemical Data: Evaluation, Presentation, Interpretation. JohnWiley and Sons, 325p.
doi.org/10.4324/9781315845548.

Samadian, M.R., Nabavi, M.H., Alavi Naini, M., Shahrabi, M., Hamedi, A.R., Vaezipour, M.JAghanabati, A., and Hamedi, A.R, 1994.
Geological Map of Semnan, Geological Survey and Mineral Exploration of Iran, Scale 1:250,000.

Shafaii Moghadam, H., Khademi, M., Hu, Z., Stern, R. J., Santos, J. F., and Wu, Y., 2013. Cadomian (Ediacaran—Cambrian) arc magmatism in
the ChahJam-Biarjmand metamorphic complex (Iran): Magmatism along the northern active margin of Gondwana. Gondwana Research
27:439-452. /doi.org/10.1016/j.gr.2013.10.014.

Shafaii Moghadam, M.H., and Shahbazi Shiran, S.H., 2010. Geochemistry and petrogenesis of volcanic rocks from the northern part of the
Lahrud region(Ardabil): an example of shoshonitic occurrence in northwestern Iran”. J.Petrology, Vol: 1(4).16-31.

Shafaii Moghadam, H., Khademi, M., Hu, Z., Stern,R. J., Santos, J. F., and Wu, Y., 2015. Cadomian (Ediacaran—-Cambrian) arc magmatism
in the ChahJam— Biarjmand metamorphic complex (Iran): Magmatism along the northern active margin of Gondwana, Gondwana Research
27,439-452. http://dx.doi.org/10.1016/j.gr.2013.10.014.

Shaw, D. M., 1970. Trace element fractionation during anatexis. Geochimica et Cosmochimica Acta Vol(34), 237-243.

Shervais, J. W., 1982. Ti-V plots and the petrogenesis of modern andophiolitic lavas,Earth Planet. Sci. Lett.,59, 101-118.

Stampfli, G., 1978. Etude geologique generale de 1, Elburz oriental au S de Gonbad-e-Qabus (Iran, N-E): These de Docteur des Sciences, no.
1868.Universite de Geneve.pp.328.

Stampfli, G., Borel, G., Cavazza, W., Mosar, J., and Ziegler, P., 2001. Palacotectonic and palacogeographic evolution of the western Tethys and
PeriTethyan domain (IGCP Project 369). Episodes 24(4): 222-228. repository.geologyscience.ru/handle/123456789/26207.

Stille, H., 1924. Grundfragen der vergleichenden Tektonik. Borntraeger, Berlin.

Stocklin, J., 1974. Northern Iran: Alborz Mountains. In: Mesozoic—Cenozoic orogenic belts: data for orogenic studies”, (Ed. Spencer, A.) Vol:
4,p: 213-234. doi.org/10.1144/GSL.SP.2005.004.01.12.

Sun, S. S., and McDonough, W. F., 1989. Chemical and isotopic systematics of oceanic basalts: implications for mantle composition and
processes” In: Saunders, A.D., Norry, M.J. (Eds.), Magmatism in the Ocean Basins. Geol Soc Spec Publ., Vol. 42, PP. 313-345. doi.
org/10.1144/GSL.SP.1989.042.01.19.

Talusani, V. R., 2010. Bimodal tholeiitic and mildly alkalic basalts from Bhir area, central Deccan Volcanic Province, India: Geochemistry and
petrogenesis. J. Volcanol. Geotherm. Res., Vol. 189, PP. 278-290. doi.org/10.1016/j.jvolgeores.2009.11.019.

Ustadémer, P. A., Ustadmer, T., Collins, A. S., and Robertson, A. H. F., 2009. Cadomian (Ediacaran—Cambrian) arc magmatism in
the Bitlis Massif, SE Turkey: magmatism along the developing northern margin of Gondwana. Tectonophysics 473: 99-112.
doi.org/10.1016/j.tecto.2008.06.010.

Wang, L.Q., Pan, G.T., Li, C., Dong, Y.S., Zhu, D.C., Yuan, S.H., and Zhu, T.X., 2008. SHRIMP U-Pb zircon dating of Eopaleozoic cu-mulate
in Guoganjianan Mt. from central Qiangtang area of northern Tibet-Considering the evolvement of Proto-and Paleo-Tethys. Geological
Bulletion of China, 27, 2045-2056. (in Chinese with English Abstract). doi.10.17738/ajes.2016.0012.

Wang, Y.N., Zhang, C. J., and Xiu, S.Z., 2001. Th/Hf-Ta/Hf identification of tectonic setting of basalts. Acta Petrol Sin (in Chinese).,
Vol. 17(3), PP. 413-421.

Weaver, B.L., 1991. The Origin of Ocean Island Basalt End-Member Compositions: Trace Element and Isotopic Constraints. Earth and
Planetary Science Letters, 104, 381-397. http://dx.doi.org/10.1016/0012-821X(91)90217-6.

Wendt, J., Kaufmann, B., Belka, Z., Farsan, N., and Karimi Bavandpur, A., 2005. Devonian/Lower Carboniferous stratigraphy, facies patterns
and palacogeography of Iran, part II: northern and central Iran, Acta Geol Pol 55:31-97. geojournals.pgi.gov.pl/agp/article/view/9931.
Widdowson, H.G., 1991. Aspects of Language Teaching. Oxford: OUP, 1996. Teaching Language as Communication. Oxford: OUP. p 160.

doi.org/10.1093/applin/15.1.105.

Widdowson, M., Pringle M. S., and Fernandez, O. A., 2000. A post K-T Boundary (Early Palacocene) age for Deccan-type feeder dykes, Goa,
India” J Petrol., Vol. 41, PP. 1177-1194. doi.org/10.1093/petrology/41.7.1177.

Zanchi, A., Berra, F., Mattei, M., Ghassemi, M. R., and Sabouri, J., 2006. Inversion tectonics in Central Iran”, J.Structural Geology 28:
2023-2037. doi.org/10.1016/j.jsg.2006.06.020.

Zanchi, A., Berra, F., Mattei, M., Zanchetta, S., Nawab, A., and Sabouri, J., 2005. The early Mesozoic Cimmerian orogeny in the Alborz
mountains, Iran. Geophysical Research 7: 1607-7962. 1607-7962/gra/EGU05-A-05696.

Zhao, J. H., and Zhou, M. F., 2007. Geochemistry of Neoproterozoic mafic intrusions in the PanzhihuaNdistrict (Sichuan Province, SW
China): Implications for subduction-related metasomatism in the upper mantle. J.Precambrian Research 152: 27-47. doi.org/10.1016/].
precamres.2006.09.002.

YA



