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Late Cretaceous Alkali Basalts of Talesh Area: Implication
for Tectonic Evolution of Continental Margin in Southern
Eurasia (Western Alborz)

Khadijeh Amani, Morteza Delavari, Sadroddin Amini,
Amir Ali Tabbakh Shabani
Faculty of Earth Sciences, Geochemistry Department, Kharazmi University
Abstract

Talesh alkali basalts (TAB), accompanied by Upper Cretaceous sedimentary units, are exposed in
the western Alborz (North of Iran). Clinopyroxene, plagioclase, + alkali feldspar are the main
minerals in these rocks. The geochemical characters such as high contents of TiO, (1.68-2.96 wt.%),
K,O+Na,O (3.09-9.06 wt.%), and high ratios of (La/Yb)y (9.3-23.4), and Nb/Y>1(1.51-3.9), are
consistent with their alkaline composition. In the primitive mantle-normalized multi-elements
diagram, these rocks show enrichment of all incompatible elements that are similar to intraplate
basalts or oceanic island basalts (OIB). The trace element ratios such as Zr/Y (5.52-10.80), Ta/Yb
(1.12-2.65), Th/Yb (1.80-5.81), and Ti/Y (418-753) plot within the range of the alkali within plate
basalt. Therefore, the Talesh area in the western Alborz recorded an intra-continental volcanic activity
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during the Late Cretaceous. This magmatism was generated by a low degree of partial melting (3-7%)
of an EMlII-enriched asthenospheric mantle source of garnet lherzolite facies. The presence of the
high-Ti alkali basalts in Talesh and other parts of western and central Alborz (such as southern
Lahijan and Marzanabad) to Georgia could be interpreted by the forming of a rift system along the
southern margin of Eurasia from the Lesser Caucasus to the central Alborz during the Late
Cretaceous.

Keywords: Alkali basalt, Late Cretaceous, Within plate, Talesh, Western Alborz, Eurasia
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Figure 1. Simplified geological map of study area (Clark et al., 1977)
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Figure 2. Field characters of Upper Cretaceous volcano-sedimentary rocks in the eastern flank of the
Talesh mountain range, a) The sequence of conglomerate, limestone, and lava flow, b) The fossiliferous
thin-layer limestone with Late Cretaceous age in western Talesh, ¢) The outcrop of lava flow and shale,

d) Dikes injected in the volcanoclastic deposit
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Figure 3. Microscopic features of basaltic samples from the Talesh area, a) An euhedral phenocryst of
clinopyroxene with plagioclase inclusion (XPL), b) Microphenocrysts of plagioclase forming a
glomeroporphyritic texture (XPL), c¢) Plagioclase phenocrysts set in an intergranular groundmass (XPL),
d) Microliths of plagioclase along with fine-grained interstitial clinopyroxene in the matrix of basaltic
samples (XPL), e) Fresh clinopyroxene aggregates in the matrix of basaltic rocks (XPL), f) spherulitic

growth of clinopyroxene as well as secondary amphiboles as the alteration product of clinopyroxene
(PPL).
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Table.1 Major and trace element concentrations of the Talesh samples.
Mg#= MgO*100/(MgO+FeO7)

sample AT- AT- AT- AT- AT- AT- AT- AT- AT - AT- AT- AT-
45 8 53 6 47 54 25 52 162 157 11 156
rock ba ba ba ba ba ba ba ba ba ba ba ba
Type dike lava dike lava lava lava dike lava lava dike lava dike
Labs. ETH Nagoya
Major oxides (wt.%)
SiO, eIy YN fy Y/ Yo/ o-/4 Yy YA fy \tZAi f2IY TO/A
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Figure 4. a) The Zr/Ti versus Nb/Y diagram for the classification of Talesh volcanic rocks (Pearce,
1996). Primitive-mantle, b) and Chondrite, ¢) -normalized multi-element diagrams for Talesh volcanic
rocks. Primitive mantle, chondrite, OIB, and N-MORB values are from (Sun and McDonough, 1989).
Data of Mariana arc basalts are from (Pearce et al., 2005).
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Talesh alkali basalts
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Figure 6. a) The effect of fractional crystallization (FC) and assimilation and fractional crystallization
(AFC) on the variation of Zr/Nb ratio versus Zr. The variation of Th/Nb, b) and Ba/Nb ratio, ¢) versus
Nb/Ta ratio indicates that the effect of crustal contamination on the studied samples is negligible. The
Upper crust data is from (Rudnick and Gao, 2003). N-MORB and OIB data are from (Sun and
McDonough, 1989)
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Figure 7. a) The Th/Yb against Ta/Yb diagram (Pearce, 1982), b) DF1-DF2 diagram discriminating
oceanic island basalt (OIB) from island arc basalt (1IAB) and continental rift basalt (CRB) (Agrawal et al.,
2008) showing CRB affinity for the studied volcanic.
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Figure 8. The mantle source characteristics of TAB, a) Nb/La-La/Yb diagram to discriminate lithospheric
and asthenospheric mantle (Abdel-Rahman, 2002)

, b) Sm/Yb versus Sm diagram to determine the degree of partial melting and source mineralogy .
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Introduction

The geochemistry of within plate alkaline basalts is important to constrain the mantle
source characteristics e.g. depth and degrees of partial melting, homogeneity and/or
heterogeneity of the mantle, and also the geochemical interaction between enriched and the
depleted mantle sources (Fitton, 2007). The generation of alkaline basalts could be related to
local hotspot/plume activity or regional scale rift-related extensional tectonic regime.
Therefore, these rocks bear significant information about the paleotectonic evolution of their
region (Mattsson and Oskarsson, 2005). In this contribution, we examine the Late
Cretaceous alkaline basalts in the Talesh area. This study provides new whole-rock
geochemical data for investigating the magma genesis and geodynamic evolution of
western Alborz as a part of southern Eurasian continental margins during Late
Cretaceous.
Material and methods
After petrography, 12 representative samples were selected for whole rocks analyses. The
geochemical analyses were performed in two labs: the geological institute of ETH Zurich, and
the Geochemistry Department of the Nagoya University (NU), Japan. At the ETH Lab., major
and some trace element abundances were measured by XRF on fused glass beads using a
Panalytical Axios wavelength-dispersive spectrometer (WDXRF, 2. 4KV). In addition, the rare
earth elements (REEs) and some of the other trace elements analyses were carried out by Laser
Ablation Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS) on XRF fused discs.
For each disc (sample), three spots (90 um diameter) were analyzed. At Nagoya University,
major element oxides and trace elements were measured by X-ray fluorescence WD-XRF
(Rigaku ZSX Primus 1) and ICP-MS Agilent 7700 X, respectively.
Results and discussion
The study area is located in the west of Talesh, western Alborz. The studied volcanic rocks
mainly expose as limited lava interlayers associated with the Late-Cretaceous volcanogenic
sedimentary units as well as crosscutting dykes at the eastern flank of the Talesh Mountains.
The sediments were deposited in a shallow coastal-deltaic environment.
Petrographically, the basaltic rocks display aphanitic to porphyritic textures in which the
phenocrysts are generally <4 mm in size. Clinopyroxene and plagioclase are commonly
observed in the samples. Olivine, when present, is extensively altered. Fe-Ti oxides (opaque
minerals) are also common micro-phenocrystic phases. In addition, alkali feldspar rarely occurs
as interstitial phases in the matrix of some samples. The matrix is often characterized by
intersertal to intergranular textures in which clinopyroxene and plagioclase laths are the major
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constituents. In some samples, amphibole is also found, which is of secondary origin produced
from clinopyroxene alteration. Sericite, chlorite, and zeolite are the other secondary phases.

On the LOI-free basis, the samples represent SiO, ranges of 44.7 to 51.97 wt.%. The Nb/Y and
Zr/Ti ratios vary between 1.51 to 3.9 and 0.01 to 0.03, respectively, which in this regard, the
rocks show alkaline basalt signatures. The amount of MgO displays a wide range of 3.06 to 8.79
wt.%, indicating that the samples had undergone different degrees of fractionation. Accordingly,
the low concentration of Ni (<99 ppm) and Cr (<464 ppm) suggests fractional crystallization of
ferromagnesian phases such as olivine and clinopyroxene. In the normalized multi-element
diagrams, the rocks are enriched in incompatible elements (LILE and HFSE) and display
oceanic island basalt (OIB)- like geochemical features. Furthermore, the chondrite-normalized
rare earth elements (REE) are characterized by negatively sloped patterns and the (La/Yb)y and
(Sm/Yb)y ratios of 10.3 to 23.4 and 3.67 to 4.66, respectively. The samples lack marked Eu
negative anomaly that along with the absence of decreasing trend of Sr/La ratio suggests that
plagioclase fractionation was not so effective on magma chemical evolution. The Th/Yb vs.
Ta/Yb plot (Pearce, 1982), which is a useful diagram to discriminate within-plate and
subduction zone magmas, shows that the Talesh basalts fall within mantle array around OIB
composition. In addition, incompatible element contents of Yb, La, Th, and Sm (the DF1-DF2
diagram; Agrawal et al., 2008) are indicative of continental rift setting for the Talesh basalts.
Thus, it is clear that the studied volcanic is related to within plate magmatism of probably
continental rift setting. Trace element modeling based on REE values (Sm/Yb vs. Sm variation)
shows that the primitive magma of Talesh volcanics was generated from a low degree of partial
melting (<7%) of a garnet-spinel Iherzolitic mantle source. Also, the high value of Nb/La ratio
(1.11 to 1.57) is indicative of asthenospheric mantle source. Using incompatible element ratios
like Zr/Nb, Nb/Th, Th/Nb, K/Nb, Ba/Nb and La/Nb suggest that the mantle source is more
comparable to EMII-type enriched mantle. Late Cretaceous alkaline basalts are also common in
the central Alborz e.g. in the Lahijan and Marzanabad areas showing that the alkaline basaltic
magmatism was probably accompanied by a rift-related extensional tectonic regime on a
regional scale from the western to central Alborz.
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