
inTroducTion

Iran is a collage of Cimmerian microplates including Al-
borz, Sanandaj-Sirjan and central Iran. They became de-
tached from the northern margin of Gondwana during the
opening of Neotethys in Permian time, and got accreted to
Laurasia in mid to Late Triassic as a result of the closure of
Paleotethys (Stampfli, 2000; Stampfli et al., 2002; Golonka,
2004; 2007; Gaetani et al., 2009; Wilmsen et al., 2009;
Zanchi et al., 2009; Zanchetta et al., 2013). The Alborz
range in northern Iran extends with a gentle curved shape,
from Azerbaijan and the Lesser Caucasus to the west to
northern Afghanistan to the east (Fig. 1a). On the basis of
lithofacies analyses, Alavi (1996) characterized seven
tectonostratigraphic units in the Alborz system from Pre-
cambrian to Cenozoic; the older ones are made of late Pre-
cambrian to Early Ordovician epicontinental platform se-
quences, Middle Ordovician to Devonian magmatic rocks
and Devonian to Middle Triassic continental shelf se-
quences. The Paleozoic magmatic rocks of Iran are not
abundant with respect to those of Mesozoic and Cenozoic
age; however, their multiple phases of formation during Or-
dovician-Silurian, Devonian-Carboniferous and Permian
times (Berberian and King, 1981) suggest important tectonic
events related to the formation of the Paleotethyan and
Neotethyan oceans. 

In this scenario, the study of Permian magmatic rocks of
Central Alborz could be useful to better understand its tec-
tonic setting during late Paleozoic. The study area in Central
Alborz includes a volcanic unit occurring as an interlayer in
the Middle to Late Permian formations. 

This is the first geochemical study of these rocks. In this
paper, we present new petrographical and geochemical data
on both mineral and whole rocks, to shed light on their pet-
rogenesis, including melt source characteristics and tectonic
environment of melt formation. 

geological seTTing

The study area is part of Central Alborz, located to the
northeast of the town of Baladeh, between 51°10´ to 51°56´
East longitude and 36°13´ to 36°22´ North latitude (Fig. 1b,
c). A lot of sedimentary formations of Precambrian-Cambri-
an (Kahar and Soltanieh Formations), Carboniferous (Mo-
barak Formation), Triassic-Jurassic (Elika Formation and
Shemshak Group), Cretaceous (Tizkuh Formation) and
Eocene age (Karaj Formation) are largely exposed in this
area (Amol 1:250,000 geological map; Vahdati Danesh-
mand, 1991).

In the stratigraphic sequence, the Mobarak Formation
(Carboniferous), due to a sedimentary hiatus lies uncon-
formably onto the Cambrian units. Furthermore, due to the
long-lasting tectonic activity of the Alborz domain especial-
ly during the Cimmerian and Alpine orogenic cycles, many
contacts are faulted. Overall, the tectonics of the Alborz sys-
tem is dominantly controlled by thrust faults (Fig. 1b). 

In the study area, the faults which controlled the tectonic
movements and deformational structures are thrusts with
nearly east-west trends. The faults dip both north and south-
wards, although the latter ones are more common (Vahdati
Daneshmand, 1991). Despite these tectonic displacements,
the late Paleozoic units display lithostratigraphic sequences
with well-preserved primary contacts. During the Permian,
two gaps in sedimentation occurred between the Dorud-
Ruteh and Ruteh-Nesen Formations (Gaetani et al., 2009).
Also, during this time, two different volcanic units are re-
ported in Central Alborz: one at the base of the Nesen For-
mation and the other within the upper part of the Ruteh For-
mation (Gaetani et al., 2009). The studied volcanic unit is
located just below the Nesen Formation, without any gap
(Fig. 2). It is approximately 30 to 50 m thick, more than 20
km long, from the Siahbisheh to Baladeh towns, and can be
observed in the northeast of Baladeh (Fig. 1c). 
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ABSTRACT

The Permian volcanics of Central Alborz (PVCA) crop out between the Ruteh and Nesen Formations in the Baladeh-Siahbisheh area. The volcanics are

predominantly basaltic and plagioclase-phyric. Ferromagnesian minerals such as clinopyroxene and olivine are not modally abundant and sometimes are total-

ly altered. Chemical composition of clinopyroxene is characterized by high TiO2 contents (4.9-7.2 wt.%). Based on whole rock geochemistry, the samples dis-

play sodic alkaline nature (Na2O = 3.7 to 7.8 wt.%). Chondrite-normalized rare earth element (REE) patterns are extremely LREE-enriched with (La/Yb)N of

8.3-20.5. Both normalized REE and multi-element diagrams represent ocean island basalt (OIB) characteristics. Modeling based on trace element values, and

the content of some major elements reveal low partial melting degree (< 10%) of a deep garnet-bearing mantle source. As the samples geochemically show an

intra-plate tectonomagmatic setting without subduction zone signatures, during the Permian (and earlier times), the Alborz area was possibly a passive conti-

nental margin along the southern border of Paleotethys. As a result, the Alborz Permian magmatism could have been reasonably induced by an extensional

tectonic regime along the northward-moving Cimmerian terranes during the early stages of Neotethys development. 
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analyTical meThods

Crushing and powdering of the samples were performed
at the Kharazmi University and Iranian Mineral Processing
Research Center (IMPRC), respectively. The analysis of
whole-rock samples was conducted by X-ray fluorescence
(XRF) and laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) at the ETH Geological Institute,
Zurich. Major and minor element abundances were mea-
sured by XRF on fused glass beads using a Panalytical Ax-
ios wavelength dispersive spectrometer (WDXRF, 2. 4KV).
The homogeneous glass discs were achieved via melting of
a mixed lithium tetraborate and rock powder with the ratio
of 5:1. The rare earth elements (REEs) and some of other
trace elements analyses were carried out by LA-ICP-MS on
XRF fused discs calibrated without matrix-matching stan-
dards (Günther, 2002). The Spectrometer was set up for 27
trace elements, including REEs and Cs, Rb, Ba, Th, U, Nb,
Ta, Ti, Y, Hf, Zr, Pb and Sr. Data-acquisition time per spot
was about 1 minute and energy density was 15 J/cm2 at a

frequency of 12 Hz. For each disc, three spots (90 μm diam-
eter) were analysed. As internal standards, concentration of
CaO (obtained by XRF analysis) was used and calibrated
against NIST 610 for data correction using the SILLS pro-
gram (Guillong et al., 2008). The expected measuring error
is ~ 1%, close to the detection limit, and even smaller at
higher concentrations. 

Major element compositions of minerals were achieved
by electron probe microanalyzer (EPMA), using a super-
probe Jeol 8200 machine at the University of California,
Los Angeles (UCLA). Operating condition was an accelera-
tion voltage of 15 keV and five spectrometers with a fo-
cused beam and counting time of 15-20 s. The most appro-
priate and updated standards were used for the minerals.

peTrography

The samples display porphyritic to seriate textures. They
are almost plagioclase-phyric. Major minerals consist of
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Fig. 1 - (a) Location of the Alborz Mountain belt in Iran within the frame of the Arabia-Eurasia collision. (b) Simplified geologic map of Alborz, modified

from Allen et al. (2003). (c) Simplified geologic map of the study area (modified from Vahdati Daneshmand, 1991).
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plagioclase, clinopyroxene and olivine. Fe-Ti oxide is the
main accessory mineral. Among the phenocrystic phases,
plagioclase is the most abundant (Fig. 3a). Furthermore, this
mineral commonly appears as microlith in the matrix, form-
ing in some cases more than 50 vol.% of the rock (Fig. 3a to
d). Plagioclase phenocrysts are generally subhedral, some-
times up to 5 mm in diameter. The fresh plagioclase crystals
usually display polysynthetic twinning. The alteration prod-
ucts of plagioclase include sericite, calcite and, to a lesser
extent chlorite.

Fresh ferromagnesian minerals (clinopyroxene and
olivine) are not modally abundant. Clinopyroxene is often
highly altered, but in some samples fresh crystals can be
found (less than 5% of the mode; Fig. 3b). The clinopyrox-
ene phenocrysts are generally less than 1 mm in size. In the
matrix, clinopyroxene fills interstitial spaces between pla-
gioclase laths (Fig. 3c). Chlorite is the main alteration prod-
uct of this mineral. Olivine, although modally scarce, is also
observed in a few samples and can be rarely found as fresh
phenocrysts. More often, it appears as completely altered,
chloritized and uralitized crystals just recognizable by their
form and fracture patterns. Opaque minerals (Fe-Ti oxides)
generally occur as anhedral fine grains in the matrix (Fig.
3d). They can crystallize directly from the melt or may re-
sult from alteration of the ferromagnesian phases. In some
samples highly opaque-enriched globular masses with the
size of several mm to 1 cm appear, which can be either ex-

solved parts or the result of secondary processes. From the
petrography, the crystallization trend could be stated as
olivine, plagioclase, clinopyroxene and Fe-Ti oxides. In
these rocks due to long water-rock interaction, some of the
vesicles and cracks are filled by calcite. 

mineral chemisTry

Clinopyroxene
We tried, as far as possible, to analyze the minerals from

core to rim but as noted above in some cases, especially in
interstitial crystals, the small size does not allow us to do
this. In addition, their high alteration makes it difficult to
find suitable samples. Representative mineral analyses which
were performed on sample MDB-11 are given in Table 1.
SiO2 content ranges from 45.1 to 48.0 wt.%. TiO2 shows
higher content and more variation in the range of 2.6 to 4.1
wt.%. Similarly, Al2O3 displays considerable changes from
4.9 to 7.2 wt.%. FeO, MgO and CaO are in the ranges of 6.1
to 7.3, 11.3 to 12.3 and 20.1 to 22.3 wt.%, respectively.
Clinopyroxene composition in terms of quadrilateral compo-
nents is En34-36 Fs15-18 Wo43-47 and plots within the diopside
field (Fig. 4b). In one of the crystals analyzed from core to
rim, Na2O, TiO2 and Al2O3 decrease toward the rim but con-
versely, SiO2 and MgO represent an increasing trend. For
CaO and Mg#, an oscillatory variation is observed.
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Fig. 2 - (a) Field view of a basaltic unit and its stratigraphic relationships with neighboring sedimentary formations. (b), (c) and (d) outcrop views of the Elika

Formation, Nesen Formation and basaltic unit, respectively.
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Fig. 3 - Photomicrographs showing the petrographic characteristics of the PVCA. (a) Seriate texture in the volcanic rocks and high modal abundance of pla-

gioclase (Pl) (XPL). (b) Almost fresh subhedral clinopyroxene phenocryst (Cpx) (XPL). (c) Small clinopyroxene crystals with higher interference color filling

the interstitial space between plagioclase laths (XPL). (d) Plagioclase laths and interstitial opaque minerals (PPL). 

Plagioclase
Representative plagioclase composition is given in Table

2. In the analysed grains, CaO decreases but Na2O and SiO2

increase from core to rim. Therefore, plagioclase displays a
normal zoning which agrees with crystal growth in a natu-
rally evolving melt. CaO and Na2O range from 3.6 to 11.1
and 4.6 to 5.8 wt.%, respectively. Furthermore, variations of
SiO2 and Al2O3 are 52.9 to 60.7 and 22.9 to 29.1 wt.%, re-
spectively. Overall, plagioclase composition shows limited
ranges, almost within the field of labradorite (An% = 49.2-
54.9) (Fig. 4a). Except for the altered crystal domains, in all
the other points, K2O does not exceed 0.8 wt.%.

Whole-rock chemistry
The whole-rock chemical analyses are presented in

Table 3. LOI value ranges from 1.8 to 6.6 wt.% suggesting
high alteration of some samples, which may affect the con-
tents of mobile elements like large ion lithophile elements
(LILEs). So, here we used high field strength elements
(HFSEs) for the aim of chemical classification. In the
Zr/TiO2 vs. Nb/Y diagram (Winchester and Floyd, 1977;
Fig. 5a), all the samples plot within the alkali basalt field.
Also, in the total alkali vs. silica diagram (Fig. 5b), the
samples have an alkaline signature. On recalculated anhy-

drous basis, alkali elements indicate high values with
Na2O and K2O contents of 3.7 to 7.8 and 0.1 to 1.8 wt.%,
respectively. Moreover, TiO2 shows elevated content and
varies from 2.4 to 4.1 wt.%. FeOT is also high in some
samples reaching up to 14.2 wt.%, which is consistent with
high modal abundances of Fe-Ti oxides. MgO exhibits
variation of 1.9 to 5.9 wt.% and Mg# [Mg# = 100*
MgO/(MgO + FeOT)] is from 19.7 to 53.4. In selected ma-
jor and trace elements vs. MgO variation diagrams (Fig.
6), TiO2 and FeOT are negatively correlated with MgO at
least during the first steps of magma evolution suggesting
their concentration in the melt and the lack of Fe-Ti oxide
crystallization. Positive correlation between Ni, CaO,
CaO/Al2O3 and MgO supports fractionation of olivine,
clinopyroxene and plagioclase. In the Sr vs. MgO diagram,
despite scattered points, a nearly decreasing trend can be
observed suggesting, to some extent, plagioclase fractiona-
tion. The increasing trend of incompatible trace elements
like alkali elements, Ta, Y and Nb with decreasing MgO is
compatible with a normal melt evolutionary process. Low
Ni (11 to 153 ppm) and Cr (17 to 226 ppm) contents as
well as Mg# value (< 53.4) clearly indicate that these
rocks do not reflect a primitive melt composition in equi-
librium with upper mantle mineralogy and suggest that
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they are representative of evolved melts that suffered frac-
tional crystallization of ferromagnesian minerals. The
chondrite-normalized rare earth element (REE) patterns
are shown in Fig. 7a. The patterns are characterized by
steep slopes showing enrichment of light REE (LREE) rel-
ative to heavy REE (HREE) displayed by high (La/Yb)N

ratio (8.3 to 20.5). Furthermore, the approximately parallel
patterns may point to a genetic relationship between the
samples and melt evolution via fractional crystallization.
In this Figure, sample compositions are also compared
with those of oceanic island basalt (OIB) and mid-ocean
ridge basalts (MORB); enriched (E-) and normal (N-)
MORBs (Sun and McDonough, 1989). As represented, the
patterns of the studied samples are different from both N-
MORB and E-MORB in terms of the ratio of LREE/HREE
enrichment, while they coincide well with compositions of
OIB. In the primitive mantle normalized multi-element di-
agram (Fig. 7b), except Y and HREEs other elements, in-
cluding both the LILEs and HFSEs are enriched relative to
N-MORB and E-MORB. Furthermore, the patterns do not
show HFSE (like Nb and Ta) depletion. One of the points
is that unlike OIB, some of the samples have K depletion,
which could be due to secondary alteration or may have a
petrogenetic implication. 

discussion

mineral chemistry as a petrogenetic indicator

Chemical composition of the minerals can be used as a
guide to deduce chemistry of the parental melt. In this re-
gard, clinopyroxene composition has been used as a petro-
genetic tool for discriminating magma series and tectonic
setting of melt formation (Nisbet and Pearce, 1977; Becca-
luva et al., 1989). High Ti content of clinopyroxene is a typ-
ical feature of alkaline basalts (Yoder and Tilley, 1962; Tra-
cy and Robinson, 1977). In addition, Na2O, CaO and Al2O3

are also higher in clinopyroxene composition of alkaline
basalts compared to that of tholeiitic and calk-alkaline
basalts. As these elements are incompatible during melting
of a normal lherzolitic mantle (e.g., Pearce and Parkinson,
1993), their high concentration in the melt would suggest an

enriched or undepleted mantle origin (e.g., Beccaluva et al.,
1989; Cook et al., 2005) as well as low percent of partial
melting, as expected for the mantle source of alkaline
basalts. Clinopyroxene composition of basalts can also be
used to discriminate various tectonic settings. In this regard,
TiO2, SiO2, Al2O3, Na2O, MgO, CaO and FeO contents of
clinopyroxene are useful (Nisbet and Pearce, 1977; Leterrier
et al., 1982; Beccaluva et al., 1989). In PVCA, the clinopy-
roxene composition clearly points to a within plate setting
and alkaline nature of the parent melt (Fig. 8 a, b).

63

Fig. 5 - Chemical classification and magmatic series of the PVCA. (a) Zr/TiO2 vs. Nb/Y classification diagram (Winchester and Floyd, 1977). (b) Total alkali

(Na2O + K2O) vs. SiO2 diagram (Irvine and Baragar, 1971).

Fig. 4 - Mineral chemistry of the PVCA. (a) Albite-anorthite-orthoclase di-

agram showing the composition of plagioclase. (b) Pyroxene quadrilateral

diagram showing clinopyroxene composition (Morimoto, 1989).
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Fig. 6 - Major and trace elements vs. MgO variation diagrams for the studied rocks. Arrows indicate the inferred fractionation

trends. Major element oxides are recalculated on anhydrous basis.
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melting condition and source mineralogy

The studied samples are chemically different from N-
MORB and E-MORB but similar to OIB (Fig. 7a, b). In-
deed, these characters are inherited from the melt source and
melting conditions. Low percent partial melting of a deep
garnet lherzolitic mantle will produce an OIB-like melt
(e.g., Fitton, 2007; Humphreys and Niu, 2009; Davis et al.,
2011). Based on chemical modeling it is possible to deduce
mineralogy and depth of mantle origin. In this regard, trace
element data, particularly REE abundances are good indica-
tors because they are sensitive to partial melting conditions
such as melting pressure and nature of the Al-bearing phase
(spinel or garnet) in the mantle. Here, chemical modeling
using La/Yb and Gd/Yb ratios is presented (Fig. 9) showing
that the studied samples are consistent with either an en-
riched or undepleted mantle (bulk silicate earth) source.
Moreover, these ratios indicate a low degree of partial melt-
ing (< 10%) in high pressure (~ 4 GPa) conditions, which

accords with more than 100 km mantle depth. As expected,
this garnet peridotite mantle source is chemically different
from a depleted N-MORB source mantle (spinel peridotite).
Similar results have been obtained using other trace element
abundances. For example, Sm/Yb vs. La/Yb or Zr/Y vs.
La/Sm variations (not shown) imply partial melting of
around 10% from a garnet peridotite source (~ 20% garnet
in the mantle). Low melting degrees and deep source condi-
tions can also be inferred from major element chemistry of
the studied samples, i.e., high FeO and TiO2 and low CaO
values (Mertz et al., 2001; Table 3).

mantle source characteristics

As explained previously, the samples are chemically
identical to oceanic island basalts (OIB). Based on isotopic
signatures, OIB can be classified into isotopically distinct
groups: HIMU (or high µ), enriched mantle (EMI) and
EMII (White, 1985; Zindler and Hart, 1986). In terms of

68

Table 3 - Whole rock major and trace element analyses of the PVCA.

Mg# = 100 × Mg/(Mg + Fe2+).
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some trace element contents, these groups can also be dif-
ferentiated such that HIMU basalts relative to EM basalts
are depleted in Rb, Ba, Th, K, U and Pb and enriched in
Nb and Ta. Furthermore, some trace element ratios, includ-
ing Zr/Nb, La/Nb, Ba/Nb, Ba/Th, Rb/Nb, K/Nb, Th/Nb,
Th/La and Ba/La are useful in this regard (e.g., Weaver,
1991; Mertz et al., 2001; Cook et al., 2005). In Fig. 10, al-
though in the Zr/Nb vs. K/Nb variation diagram the data
points are scattered among different fields, in the La/Nb,

Ba/Nb and Th/Nb vs. K/Nb diagrams the values are more
akin to those of HIMU and EMII. Discrimination between
HIMU and EM is also possible using other factors such as
Rb content or K/La and Nb/Rb ratios. In HIMU basalts,
K/La (< 260) and Rb (< 30 ppm) are lower than those of
EM basalts having higher K/La (> 260) or Rb (> 30 ppm)
(Willbold and Stracke, 2006). In PVCA, the mean value of
K/La and Rb is 164 and 10 ppm, respectively, which is
more comparable with HIMU values. In addition, the

69

Table 3 (continued)
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Fig. 7 - (a) Chondrite-normalized rare earth

element (REE) patterns and (b) Primitive

mantle-normalized multi-element patterns for

the PVCA. E-MORB: Enriched MORB; N-

MORB: Normal- MORB and OIB: Oceanic

Island Basalt. Normalizing values after Sun

and McDonough (1989).

Fig. 8 - Discrimination diagrams based on clinopyroxene composition. (a) Ti vs. Ca + Na diagram (Leterrier et al., 1982). (b) F1 vs. F2 diagram (Nisbet and

Pearce, 1977). VAB- volcanic arc basalt; OFB- ocean floor basalt; WPT- within plate tholeiite; WPA- within plate alkaline. F1 = -0.012 × SiO2 - 0.0807 ×

TiO2 + 0.0026 × A12O3 - 0.0012 × FeO* - 0.0026 × MnO + 0.0087 × MgO - 0.0128 × CaO - 0.0419 × Na2O. F2 = -0.0469 × SiO2 - 0.0818 × TiO2 - 0.0212 ×

A12O3 - 0.0041 × FeO*- 0.1435 × MnO - 0.0029 × MgO + 0.0085 × CaO + 0.0160 × Na2O.
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Fig. 9 - La/Yb vs. Gd/Yb diagram comparing

REE composition of the PVCA with calculat-

ed trends of non-modal batch partial melts

produced from different mantle sources. De-

tails of the modeling including various mantle

source characteristics and distribution coeffi-

cients are given by Reichow et al. (2005).

Fig. 10 - Variation of La/Nb, Zr/Nb, Ba/Nb and Th/Nb vs. K/Nb representing geochemical features of the mantle sources for the studied volcanics. The fields

of EMI, EMII and HIMU mantle reservoirs are taken from Cook et al. (2005).
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Nb/Rb ratio is different in HIMU (> 2.5) and EM melts 
(< 1.5; Willbold and Stracke, 2006). The mean value of
Nb/Rb ratio in PVCA is 9.4. K depletion in Fig. 7b, is an-
other common feature of HIMU basalts (Chauvel et al.,
1992). Therefore, trace elements as well as some major el-
ement geochemical characteristics of PVCA are more simi-
lar to HIMU melts. However, it should be noted that some
elements such as Rb and K are mobile and susceptible to
secondary alteration processes.Thus, their concentration
must be treated with caution.

Tectonic setting

In Fig. 7b, the lack of HFSE negative anomalies is an ob-
vious difference between the studied rocks and subduction
zone melts. Moreover, the Th/Yb vs. Ta/Yb variation (Fig.
11a; Pearce, 1982; 1983) suggests non-subduction related
setting for PVCA. Also, on the basis of other HFSEs, e.g.,
Zr or Zr/Y contents, the samples display a within plate set-
ting (Fig. 11b). 

According to many researchers, Paleotethys had a north-
dipping subduction zone (e.g., Alavi, 1991; Stampfli, 2000;
Gaetani et al., 2009; Zanchi et al., 2009). In contrast, anoth-
er viewpoint considers south-dipping subduction under-
neath Cimmerian terranes. Şengör (1990) believes that dur-
ing Carboniferous and Early Permian, the northeast margin
of Gondwana, including the Podataksasi Zone in the west,
the Alborz and Tabas regions in the Middle, and the Cen-
tral Pamirs in the east recorded an active continental mar-
gin magmatism. In agreement with this idea, Ruban et al.
(2007) stated that the mid-Carboniferous angular unconfor-
mity in the Arabian region could be the result of Pale-
otethyan subduction beneath the north Gondwanian margin.
Based on our findings, the geochemical characteristics of
Alborz Permian volcanism are consistent with continental
intra-plate magmatism without any subduction zone signa-
tures. As a result, it could be argued that during Permian,
Alborz was a passive continental margin to the south of Pa-
leotethys. This hypothesis implies the northward subduc-
tion of Paleotethys beneath the Eurasian margins, and not a

Fig. 11 - (a) Th/Yb vs. Ta/Yb diagram (Pearce, 1982) and (b) Zr/Y vs. Zr

diagram (Pearce and Norry, 1979) showing a non-subduction, within-plate

tectonic setting for the studied rocks. Abbreviations: ALK- alkaline; CA-

calk-alkaline; PM- primitive mantle; SHO- shoshonitic; TH- tholeiitic; TR-

transitional; VAB- volcanic arc basalt; WPB- within-plate basalt.

Fig. 12 - Paleogeographic re-

construction and plate bound-

aries in Middle Permian (270

Ma), showing location of Al-

borz and other Cimmerian mi-

cro-continents (CM). Redrawn

from Domeier and Torsvik

(2014). Abbreviation, A- An-

namia; AM- Amuria; NC- North

China; N-T- Neotethys Ocean;

SC- South China; T- Tarim.
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southward subduction beneath the Cimmerian or at least the
Alborz microplate. 

Contemporaneous Permian magmatism also occurred in
some other areas, including the Tianshan and Tarim basin
of northwestern China (Yang et al., 2007; Zhou et al.,
2009; Zhang et al., 2010a; 2010b; Yu et al., 2011), Oman
and North Africa (Wilson et al., 1998; Maury et al., 2003;
Lapierre et al., 2004) and South Tibet (Garzanti et al.,
1999). Additionally, the Siberian extensive basaltic volcan-
ism has been considered as a possible reason for the end-
Permian mass extinction (Renne et al., 1995; Reichow et
al., 2009). In northwestern and southeastern China, Permi-
an volcanism has been linked to mantle plume activity (Xu
et al., 2001; Zhou et al., 2009; Zhang et al., 2010a; Yu et
al., 2011). However, in Alborz, the low volume of the stud-
ied volcanics is not comparable to typical plume-related
volcanic eruptions. During Middle-Late Permian, Alborz
was part of the Cimmerian terranes separated from Gond-
wana via the opening of Neotethys (e.g., Muttoni et al.,
2009; Angiolini et al., 2013). The Alborz Permian magma-
tism was plausibly triggered by an extensional tectonic
regime and continental rift events. Stratigraphic evidence
showing deepening of sedimentary basins during Permian
time is consistent with extensional tectonic activity. In ad-
dition, other Gondwana-derived fragments of Iran exempli-
fy records of extensional magmatism during the Permian
(Berberian and King, 1981). 

conclusion

Basaltic flows of Central Alborz (northeast of Baladeh-
Siahbisheh) crop out between Middle-Late Permian forma-
tions. Based on mineral and whole rock chemistry, the sam-
ples display an alkaline nature. Furthermore, they show OIB
chemical characteristics resulting from a low degree partial
melting of a garnet-bearing mantle source. As the rocks do
not show subduction zone geochemical signatures, it can be
stated that during Permian, the Alborz area was a passive
continental margin in the southern border of Paleotethys,
and its magmatism was probably triggered by an extensional
tectonic regime contemporaneous with the early develop-
ment of Neotethys. 
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