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Fig. 1. Structure unites map of Iran( Shabanian et al, 2018).
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Fig 2. (a) Distribution map of volcanics and pyroclastic unites in Mokhtaran plain, (b) The location of Agholkuh and other
volcanic and pyroclastic outcrops on satellite image and (c) Geographical situation and the road map of the area.
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Fig 3. (a) A view of a cone and its adjacent dyke, north of Majan (view to the north), (b) North Taghiabad volcanic cone
(view to the north) and (c) Agholkuh, located in the northwest of Givshad village (view to the north).
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Fig 4. Selected microscopic views from Mokhtaran plain’s volcanic cones. a: Predominant alteration in Plagioclase
phenocrysts in an andesitic sample, b: Plagioclase associated with green hornblende and biotite in andesitic samples, c:
Porphyritic texture, alteration in zoned plagioclase and totally opaqued mafic microcrystals and d: Zoned plagioclases

associated with opaque and hornblende micro phenocrysts.
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Table 1. Whole rock chemistry results of Mokhtaran plain’s volcanic samples
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Fig 5. Main oxides vs. SiO2( Harker, 1906)
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Fig 6. Chemical composition and geochemical diagrams for Mokhtaran plain’s volcanic cones, a: Revealing of the calc-alkaline
nature of the samples in AFM diagram (Irvine & Baragar, 1971), b: Determination of the samples’ chemical composition using
SiO2 vs. Na20+K:20 diagram (Cox et al, 1979), c: Nb/Y vs. Zr/Ti diagram (Pearce, 1996) shows a combined compositional
spectrum of andesite, basaltic andesite and basalt for studied samples, d: Revealing the nature of high-potassium calc-alkaline
to shoshonitic for the samples based on the SiO2 vs. K20 diagram (Peccerillo and Taylor,1976).

Spider plot — Primitive mantle (McDonough and Sun 1995)

Spider plot - REE chondrite (Boynton 1984)
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Fig 7. a: REE pattern normalized by chondrite (Boynton, 1984) and b: Spider diagram normalized by the primitive
mantle (McDonough and Sun, 1995).
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Abstract

Mokhtaran Volcanic cones are located in the northern part of the Sistan suture zone - southwest of
Birjand, as several distinct and scattered structures. The complex includes some individual cones with
the composition of basaltic andesite, andesite, and trachyandesite located on Paleogene flysch deposits
of the plain. The main phenocrysts of these rocks are plagioclase, pyroxene, and hornblende in lower
amounts and porphyritic and glomeroporphyritic as their common textures. Their mesostasis is generally
glassy to microcrystalline and biotite, olivine, and opaque are secondary phases. Geochemical
investigations indicate the calc-alkaline nature of these rocks, which were formed in a post-collision
volcanic arc tectonic setting. The distribution pattern of REE indicates the enrichment and depletion for
LREE and HREE respectively, and their main characteristic feature is the negative anomaly of Nb and
positive for Pb. Based on tectonic setting diagrams, Mokhtaran Plain samples belong to the post-
collision volcanic arcs related to the active continental margins concerning subduction.

Keywords: Andesite, Volcanic arc, Active continental margin, Mokhtaran plain, Southwest of Birjand

Introduction

The studied area is located in the southwest of
Birjand between 32°30” to 32°40” north latitude
and 58°56° to 59°11~ east longitude, within the
interfingering zone between the Lut block to the
west and welded Sistan suture zone to the east.
The geological formations here include flysch
deposits, conglomerates, and tertiary volcanic
units. Mokhtaran plain as the host morphology
includes a clay plain in the center, Sand dunes
toward the south and north, beside a cyclic
structure known as Aghol-Kuh accompanied by
scattered cone-shaped volcanic units. The most
former studies about the area consist of the
study of west Birjand magmatic rocks. The
purpose of this research is petrography,
geochemistry, and petrogenesis of the scattered
volcanic cones in Mokhtaran Plain and
determination of their formation and evolution
processes.

Materials & Methods

After field studies, we have selected 30 fresh
and unaltered rock samples. Then, we prepared
thin sections from all the samples in the
petrographic laboratory of Payame Noor
University of Birjand. Then we studied them
carefully using a petrographic microscope. In
the next step, 10 samples were selected for ICP-

OES analysis in Zarazma Mineral Studies
Company using the alkali melting method. The
results of whole rock chemical analysis have
been processed and interpreted by the GCDKIT
software.

Discussion and Results

According to the field observations and
petrography studies, the volcanic units here
include andesite, trachyandesite, and basaltic
andesite. The main mineral assemblage is
plagioclase - pyroxene accompanied by olivine
or hornblende in smaller amounts. The most
textures in these rocks are porphyritic and
glomeroporphyritic with microcrystalline to
glassy mesostasis.

Andesitic rocks have a porphyritic texture with
a fine to medium grain background, which
contains 25 to 30% of coarse plagioclase
crystals with a size of 0.5 to 2 mm, 3 to 5 % of
hornblende with the size of 0.2 to 1 mm and 2
to 5% of biotite up to 1 mm. Plagioclases are the
most abundant phenocrysts in the form of
shaped to semi-shaped crystals.
Trachy-andesitic rocks have porphyritic and
microlithic textures and contain up to 30%
plagioclase. In these rocks, Sanidine is an
important component in the form of
phenocrysts and microlites exhibiting Carlsbad
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twinning. Basaltic andesites: The texture in
these rocks consists of porphyritic to
glomeroporphyritic generally and in some cases
hyalo-porphyritic to microlithic. The main
minerals of these rocks are plagioclase
phenocrysts and pyroxene microcrystals.
Plagioclase phenocrysts are formed 40 to 70%
of the rocks. Plagioclases are generally zoned
and mainly altered to Sosoritic assemblage.
Burned rims of hornblende microcrystals
indicate high oxygen fugacity and high
temperature of the petrogenesis evolution. The
results of whole rock chemistry analysis for
example in the AFM diagram revealed calc-
alkaline for the nature of these volcanic rocks.
More interpretations clear that all the samples
were categorized as high potassium calc-
alkaline complex. The spider diagrams
established by the trace elements normalized
with chondrite and primary mantle show the
enrichment of LREE compared to HREE and
also the enrichment of Cs, Nd, U, Sr, and Pb.
These signs besides the depletion of Ti, Zr, and
Nb confirm the subduction zone magmatism for
the petrogenesis of this volcanic succession.
The negative anomaly of Ti, Nb, and P are
related to the crystallization of Rutile,
Titanomagnetite, and Apatite (Regan and Gill,
1989) and also contamination of the magma
with crustal materials during ascension (Zhou et
al., 2009) in addition to the replacement of the
magma in the zone of Subduction. The
geochemical data of the studied samples show
that the magmatism event of Mokhtaran Plain is
related to the subduction arc. The primary
magma for the mentioned volcanism shows the
character special for mantle array that has been
contaminated and metasomatized at the origin
or during the transformation and evolution
when magma ascention. Therefore, the
metasomatized mantle is a suitable source for
the Mokhtaran magmatism and the ratio of
La/Sm, 3.89 to 6.07 is a considerable sign for
crustal contamination.

Conclusions

The volcanic cones of the Mokhtaran plain are
a variety of andesites, basaltic andesite, and
trackyandesite. The main mineral assembly of
these rocks consists of plagioclase, pyroxene,
hornblende, and olivine. Biotite, opaque, iron,
and titanium oxides and glass are the secondary
rock-forming phases. Their main textures are
porphyritic and the depletion of HREE and
enrichment of LREE in their compositions
pointed to the existence of garnet residual in
their magmatic source and also pyroxene and
plagioclase fractional crystallization process in
their petrogenetic  evolution. Mokhtaran
Magmatic source is formed in a subduction
zone related to the active continental margins.
Geochemical evidences also propose a
metasomatized lithospheric mantle wedge
which was affected by the subducting plate. The
parental melt of the studied volcanic rocks was
formed by melting at a depth lower than 50 km.



