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Fig. 1. Simplified geology maps of the Gonbad area (Azhdari et al., 2004) and Iran (Stoklin, 1968). Note that the
lamprophyre outcrops occur as 5 to 15m width interlayers in basaltic to trachybasaltic and andesit lava flows.
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Table 1. Results of ICP-OES analyses of 10 mafic volcanic rocks from the Gonbad area (values are in wt %)
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Table 2. Results of ICP-Ms analyses of 10 mafic volcanic rocks for the Gonbad area (values are in ppm)
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Fig. 2. Field amd mircroscopic photographs from the mafic extrusive rocks of the Gokbad area. a) normal ourcrops of the
studied rocks in base of the Pleistocene river type sediments. At top of the outcrops scoria basalts occur. b) Augite (Aug) and
diopside (Di) in a fine-grained matrix composed of these minerals beside plagioclase, amphibole, opaque minerals with
porphyric texture in the prismatic lavas. c¢) occurance of coarse burned and oxided amphiboles in the scoria lavas. d) a spinel

crystal in the ground mass composed of augite, diopside and volcanic glass. The Mineral abbreviations are Amp; amphibole;
Aug: augite; Di: diopside, Spl: spinel (Whitney and Evance, 2010).
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Fig. 3. Chemical compositions of the Gonbad lamprophyres on the classification diagrams. a) Na20+K:0 vs. SiO2 diagram
(Middlemost et al., 1998). The lamprophyre area and sub-alkaline — alkaline magma series separation line are after Gill (2010).
b) K20-MgO-Al203 ternary diagram for classification of lamprophyres, lamproites and kimberlites (Bergman, 1987). ¢) SiO2
vs. K20 diagram for discrimination of alkaline and calc-alkaline lamprophyres (Rock, 1987), d) AO3-MgO-CaO ternary
diagram and fields of alkaline and calc-alkaline lamprophyres (Rock, 1987).
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Abstract

The Gonbad Pleistocene mafic volcanic rocks from the Northwest Urmia occur on the old floodplain
deposits of the Sanandaj-Sirjan zone. The rocks crop out with prismatic and scoria structures.
Petrographic and geochemical studies show that the rocks of this region are mostly comptonitic
lamprophyre with characteristics comparable to alkali basalts and trachybasalt, with alkaline nature and
occur as a lava flow among the basaltic-trachybasalt flows. The lamprophyres are mainly composed of
clinopyroxene and some amphibole. All of the rocksshow porphyritic, glomeroporphyritic, and
amygdaloidal textures. The Gonbad mafic volcanic rocks are enriched in the Ba, Th, U, and LREE and
depleted in the Ta, Nb, Hf, and Rb that are consistent with continental subduction zone settings. After
subduction of the Neo-Tethys beneath the Central Iran, a slab break-off occurred in the remnants of
Neotethys oceanic crust, just in the collision zone of Arabian-Eurasian plates. Pressure due to oblique
direction convergence of the Arabian and Eurasian plates and activity of right-lateral strike-slip fault,
resulted from the slab break-off in the Neotethys remnants, and caused thermal uplift, decrease of
lithostatic pressure in the mantle and decompression melting in the upper mantle. The mafic mantle
released melts ascend through that fault system and contaminated by the continental subduction zone

materials before eruption.

Keywords: Lamprophyre, Comptonite, Alkaline, Subduction, Neo-Tethys, Gonbad

Introduction

Azerbaijan province. The movement of such
faults created small Rock (1991) and Gill (2010)
classified lamprophyres into three main groups
based on their mineralogical characteristics,
geochemical composition, and tectonic setting:
a) Calc-alkaline lamprophyres, typically
associated with orogenic belts, are characterized
by phenocrysts of biotite or hornblende and a
groundmass containing alkali feldspar or
plagioclase, without feldspathoids. These rocks
commonly occur alongside granitoid intrusions.
b) Alkaline lamprophyres are defined by the
presence of phenocrysts such as chrysotile or
augite, set in a groundmass that includes both
feldspar and feldspathoids. They are commonly
associated with syenite—gabbro complexes and
alkaline—carbonatite assemblages in continental
rift zones. ¢) Ultramafic lamprophyres contain
phenocrysts of phlogopite, olivine, or augite
within a groundmass that may include
perovskite, carbonate, or melilite. These rocks
typically have variable silica contents (generally
1020 wt%), are relatively rare, and are

associated with alkaline—carbonatite ultramafic
complexes and syenites in rift-related settings.
Lamprophyres ranging in age from the Paleozoic
to the Oligocene have been reported from various
tectonic environments across Central Iran. Most
are volcanic to subvolcanic in nature and exhibit
mafic compositions. In the Gonbad Sarv region,
located in northwestern Urmia, Pleistocene
volcanic rocks of lamprophyric affinity have
been identified; however, they remain largely
unstudied. This research aims to investigate the
geochemical characteristics and tectonic setting
of these Pleistocene alkaline lamprophyres using
integrated field observations, petrographic
analysis, and whole-rock geochemistry.

Materials and methods

A total of 50 rock samples were systematically
collected along a north—south transect across the
lamprophyre outcrops. In addition, 12 samples
were collected randomly to capture broader
variability. Following detailed petrographic
examination, 10 representative samples were
selected based on their geographic distribution,
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mineralogical composition, and textural
features for whole-rock geochemical analysis.
Major and trace element concentrations were
determined at GeoLab, Canada. Major
elements were analyzed using inductively
coupled plasma—atomic emission spectrometry
(ICP-OES), and trace elements were measured
by inductively  coupled  plasma—mass
spectrometry (ICP-MS), both conforming to
ISO/IEC 17025 standards.

Petrography

The studied lamprophyres predominantly exhibit
porphyritic and glomeroporphyritic textures,
with trachytic and amygdaloidal textures
observed locally. Phenocrysts consist mainly of
clinopyroxene (augite and diopside; 20-30
modal%), amphibole (5-20 modal%), and turbid
minerals (3—10 modal%), with rare biotite (less
than 1 modal%). Amphiboles and biotites are
partially to completely oxidized and commonly
replaced by opaque minerals. The groundmass is
composed of plagioclase microlites, fine-grained
clinopyroxene, and volcanic glass. The
mineralogical assemblage and textural features
indicate that these lamprophyres are of alkaline
affinity, closely resembling alkali basalts. CIPW
normative calculations reveal the presence of
olivine and nepheline, further confirming the
alkaline nature of the rocks.

Geochemistry

The studied lamprophyres display SiO: contents
ranging from 45 to 47 wt% and Na.O + K.O
values between 5 and 6 wt%. On the TAS
diagram, the samples plot within the fields of
alkaline basalt, trachy-basalt, and other alkaline
rock types. When plotted on the KoO-MgO-
ALQ:s ternary diagram, the samples fall within the
lamprophyre field, supporting their classification.
Additional discrimination diagrams, such as SiO:
vs. K20 and ALO;—MgO-Ca0O, also indicate
both alkaline and calc-alkaline affinities among
the samples. Trace element and rare earth
element (REE) spider diagrams reveal distinct
geochemical patterns. The trace element
diagrams show positive anomalies for U and Pb,
coupled with negative anomalies for Nb, Ta, and
Ti, which are commonly associated with
subduction-related processes. The chondrite-
normalized REE patterns exhibit strong LREE
enrichment with high LaN/YbN ratios ranging
from 14.2 to 15, and slightly positive Eu
anomalies (Ew/Eu* = 1.1-1.2). For comparison,
the alkaline and calc-alkaline lamprophyre fields

defined by Krmicek et al. (2020) are shown. The
majority of the studied samples plot within the
overlapping zone of both fields, indicating
transitional geochemical features.

Discussion

Magma Origin

The concentrations of incompatible elements in
igneous rocks are key indicators of their source
characteristics and magmatic evolution. The
coherent behavior of incompatible trace
elements—particularly the rare earth elements
(REEs)—across all studied samples suggests that
the Gonbad Sarv  lamprophyres are
petrogenetically related and likely derived from a
common magmatic source. The elevated
LREE/HREE ratios observed in these rocks
imply either a source enriched in light rare earth
elements or the retention of heavy rare earth
elements in residual phases during partial
melting. Such fractionation patterns are
consistent with partial melting of a mantle source
characterized by spinel lherzolite or a garnet—
spinel  lherzolite assemblage, undergoing
approximately 1% equilibrium partial melting.
The alkaline geochemical signature, combined
with high (La/Yb)N, (La/Sm)N, and (Sm/Yb)N
ratios, supports derivation from an enriched
mantle source under low degrees of melting.
Minor positive Eu and Sr anomalies in the REE
and trace element patterns suggest a limited
contribution of plagioclase in the source region,
which may have partially remained in the residue
during melting. Alternatively, these anomalies
could reflect minor crustal contamination during
magma ascent or emplacement, particularly
given the elevated Sr concentrations, which are
commonly associated with interaction with
continental crustal material.

Tectonic Setting

To investigate the tectonic environment of the
Gonbad Sarv lamprophyres, a series of
geochemical discrimination diagrams
specifically designed for potassic rocks were
utilized. In particular, the Zt/TiOz vs. Ce/P2Os
and 3Zr-50Nb—Ce/P-Os diagrams indicate that
the lamprophyres  possess  geochemical
signatures typical of active continental margin
subduction zones. However, the samples plot
near the boundary with post-collisional
lamprophyres, suggesting a transitional tectonic
setting. This interpretation is further supported
by their distribution on the Th-Hf-Nb/2 and
Nb/Zr vs. Th/Zr diagrams. According to Krmicek
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et al. (2020), potassic magmatic rocks can reflect
a relatively continuous tectonic evolution,
transitioning from subduction-related settings to
post-collisional and eventually to intraplate rift
environments. The compositional trend of the
Gonbad Sarv lamprophyres aligns well with this
evolutionary model.  Additional tectonic
discrimination diagrams for basaltic rocks—such
as Th-Hf/3-Ta, Ba/Nb vs. La/Nb, (K:O x
10%/Yb vs. Ta/Yb, and Th/Yb vs. Ta/Yb—
further  corroborate a  subduction-related
magmatic signature. The samples consistently
plot within the fields of arc-related alkaline
basalts, reinforcing the idea that their mantle
source was modified by subduction-derived
components. However, it is important to note that
no Quaternary volcanic arc has been identified in
the Gonbad Sarv region. The Pleistocene age of
the studied lamprophyres suggests that their
formation is more likely associated with post-
collisional tectonomagmatic activity following
the final closure of the Neo-Tethys Ocean and the
subsequent continental collision between the
Arabian and Eurasian plates. Tectonic studies of
the TIranian microplate reveal that the
convergence direction of the Arabian plate
relative to Iran has been oriented southwest to
northeast, at an angle of approximately 55°. The
sustained convergence during the Pleistocene
and Quaternary led to the development of
numerous dextral strike-slip faults, particularly in
northwestern Iran, including West Azerbaijan
Province. The movement along these faults
generated localized extensional zones, which
reduced lithospheric pressure and facilitated
partial melting in the mantle. These tensile zones
provided suitable conditions for magma
generation, ascent, and emplacement. Given the
presence of Neo-Tethyan subduction zone
remnants in the region, it is plausible that the
Gonbad Sarv lamprophyres inherited their

subduction-related geochemical signatures from
a previously metasomatized mantle source. The
geochemical evolution of the samples, which
reflects a transition from subduction to post-
collisional magmatism, supports this
interpretation. Finally, the geochemical affinity
of the Gonbad Sarv lamprophyres with both calc-
alkaline and alkaline potassic rocks provides
additional evidence for their formation in a
subduction—collision tectonic setting, consistent
with a complex geodynamic evolution influenced
by both mantle processes and regional tectonics.

Conclusion

The Gonbad Sarv lamprophyres, located in the
northwest of Urmia, were emplaced during the
Pleistocene as a consequence of slab break-off
during the final stages of Neo-Tethys subduction
beneath Central Iran. The activation of deep-
seated dextral strike-slip faults led to localized
pressure reductions, which, in combination with
the collapse of the subducting slab, created
favorable conditions for partial melting of a
previously metasomatized mantle wedge. The
resulting magmas were alkaline and aqueous-
rich, crystallizing diopside, augite, and
amphibole phenocrysts—typical of
lamprophyric compositions. Geochemically, the
rocks are enriched in large ion lithophile
elements (LILE) and depleted in high field
strength elements (HFSE), a signature commonly
associated with subduction-modified mantle
sources. While retaining clear subduction-related
geochemical features, the lamprophyres also
exhibit evidence of progressive geochemical
evolution toward post-collisional — settings,
reflecting the complex tectonomagmatic
transition from convergence to post-collision in
the region.



