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The Lower Oligocene basic dikes are cropped out in the Chah-e-Alikhan
area (Northeast of Isfahan province, North of the Dag-e-Sorkh desert).
These dikes show NE-SW and NW-SE trends and cross cut the Eocene
volcanic rocks and associated flysches. NW-SE dikes are younger and
cut the NE-SW ones. These dikes are similar in petrography and are
composed of plagioclase, clinopyroxene, olivine, sanidine, Cr-spinel
and ilmenite. Zeolite, serpentine, calcite and magnetite are secondary
minerals. These dikes represent the porphyritic, glomeroporphyritic,
poikilitic and trachytic textures. Intergranular and granular textures can
be seen at the center of the larger dikes. These basalts are enriched in
alkalis (Na,O+K;0), LREE and LILE (Cs, Rb, Ba, Pb) and have high
values of LREE/HREE ratio (La/Yb=8.9-10). In the classification
diagrams, which are based on the incompatible elements and HFSEs,
they are classified as alkali basalts. The primitive magma of these
basaltic dikes has been produced by partial melting of a garnet-spinel
Iherzolite of the mantle previously suffered the carbonate
metasomatism. The formation of the alkali basalt dikes of the Chah-e-
Alikhan area can be ascribed to the former subduction of the Central-
East Iranian Microcontinent (CEIM) confining oceanic crust and
decompression melting induced by the extensional basin of the Anarak—
Jandag area in Early Oligocene. The primary basaltic magma has been
formed by low degree of partial melting of a metasomatised mantle
Iherzolite during continental crust extension episode in the lower
Oligocene and has been ascent through the faults.
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EXTENDED ABSTRACT

Introduction

In the Northwest of CEIM (Central-East Iranian
Microcontinent), along the Great Kavir fault,
volumes of alkali basalts with the lower Oligocene
age are outcropped as volcanic and subvolcanic
(Dike) rocks. In this research, the subvolcanic
exposures of this basic magmatism in the the Chah-
e-Alikhan area is discussed. The Lower Oligocene
basic dikes are cropped out in the Chah-e-Alikhan
area (Northeast of Isfahan, Northeast of Zavareh, and
Northwest of the CEIM). These dikes show NE-SW
and NW-SE trends and cross cut the Eocene volcanic
rocks and associated flysches. In this paper, the
geological and petrological aspects, as well as the
geodynamic setting of alkali basalt dikes of the
Chah-e-Alikhan area are discussed. Study of these
dikes, as a part of the Cenozoic alkaline magmatism
from Northwest of the CEIM, will be useful in
understanding the geodynamical evolution of the
Central Iran.

Analytical method

The method of study is including petrography (field,
library and microscopic studies) and whole rocks
geochemical analysis of rocks. 13 fresh whole rock
samples of alkali basalts from the Chah-e-Alikhan
area were selected for the major and trace elements
chemical analyses.

Whole rock geochemical analyses carried out by
using a Bruker S4 Pioneer XRF at the Central
Laboratory of the University of Isfahan. Trace
element compositions of the selected samples were
achieved by ICP-MS (Inductively coupled plasma-
mass spectrometry) at the Zarazma Mineral Studies
Company (Tehran, Iran).

Results and discussion

The rock-forming minerals of the Chahe-e-Alikhan
basic dikes are Cr-spinel, olivine, clinopyroxene,
plagioclase, sanidine and ilmenite. Zeolite,
serpentine, calcite and magnetite are secondary
minerals which are formedas a result of
the alteration of primary minerals. Petrographical
characteristics indicate that these dikes are alkali
basalt and represent the porphyritic,
glomeroporphyritic  and  trachytic  textures.
Intergranular and granular textures can be seen at the

center of the larger dikes.

These  basalts are enriched in alkalis
(Na,0+K,0=4.5-5.4 wt%), LILEs (Cs, Rb, Ba, Pb)
and have high values of LREE/HREE ratio
(La/Yb=8.9-10). Trace elements ratio diagrams such
as La/Nb versus La/Yb, Dy/Yb against La/YDb,
Sm/Yb versus La/Yb (Bogaard and Worner, 2003)
and Ce/Yb-Ce (Ellam, 1992) are used in order to
determination of the depth, type and degree of partial
melting of the source rock. Based on the geochemical
characteristics and diagrams, the primitive magma of
the Chah-e-Alikhan alkali basalts possibly have been
produced by about 5 to 10 percent partial melting of
a garnet-spinel Iherzolite, which is located at the
depth of about 105 km, as a part of a mixed
asthenospheric—lithospheric mantle. The elevated
values of the Zr/Hf ratio and the Na,O + K;O versus
TiO, diagram (Zeng et al., 2010) indicate that the
primitive magma of the studied basic dikes
previously suffered the carbonate metasomatism.
The Chah-e-Alikhan alkali basalts show high values
of the Alkalis (Na;O + K;0), enrichment in LREE,
HFSE and LILE. The subducted oceanic slab is the
source of carbon and LILEs are the mobile
components of subduction (Shaw et al., 2003).
Considering that Cs is a highly fluid mobile element,
enrichment in Cs relative to Rb suggests that the fluid
phases derived from a subducting slab are probably
the metasomatic agents.

The lower Oligocene alkaline magmatism in the
Chah-e-Alikhan area and the enrichment of the
mantle with incompatible elements (metasomatism)
can be attributed to two oceanic crust subduction
events: (1) Northeast ward Neotethys subduction
along the Zagros Thrust Zone beneath the Central
Iran from the Triassic to the Eocene (Torabi, 2010);
and (2) Subduction of an oceanic crust along the
Great Kavir Fault, which is situated to the western
margin of the CEIM. The spreading of the last ocean
crust started in the Triassic and ended in the Eocene.
The remnants of this oceanic crust are found as
ophiolitic melanges on the western side of the CEIM,
such as the Nain, Surk, and Ashin ophiolites (Rajabi
and Torabi, 2012; Torabi, 2010). The geological
history and position of the Chah-e-Alikhan alkali
basalt dikes suggests that the the carbonate
metasomatism of the mantle peridotites can be
attributed to the subduction of the CEIM confining
oceanic crust.
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Several tectonic discrimination diagrams have been
used for determination of the tectonic setting of the
Chah-e-Alikhan basalts. The La/Yb versus Th/Nb
(Hollocher et al., 2012), Ta/Yb against Th/Yb
(Gorton and Schandl, 2000) and DF1 versus DF2
(Verma and Agrawual, 2011) diagrams suggest a
within-plate (continental) tectonic setting.

The activity of the major faults of the area such as
Great Kavir, Chah Mishury and Chah Gireh Faults
has been created a suitable inter-plate extensional
system to ascending the Lower Oligocene alkali
basalt magma in the Chah-e-Alikhan area.

Conclusion

The Lower Oligocene alkali basalts of the Chah-e-
Alikhan area is a part of the intra-continental alkaline
magmatism crosscuts the Eocene volcanic rocks. The

area provides a setting to study the Cenozoic alkaline
magmatism of the northwest of the CEIM.

These basalts are enriched in total Alkalis, TiO,
LREE and LILEs. They have been produced by
about 5 to 10 percent degree of partial melting of a
garnet-spinel bearing lherzolite of a mixed
lithospheric-asthenospheric  mantle  which is
previously metasomatised. The mantle enrichment
can be ascribed to the subduction of the CEIM
confining oceanic crust beneath the Central Iran from
the Triassic to the Eocene. The Grate Kavir Fault and
related faults have played an important role in the
Lower Oligocene alkaline magmatism in northwest
of the CEIM.
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Table 1. Whole rock chemical analyses of the basic dikes from the Chahe-e-Alikhan area (Major elements in wt.%; Trace
and rare earth elements in ppm)

Sample V11 V14 V17 V18 V20 V21 V23 V25 V26 V28 V29 V3l V32
SiO2 43.80 4447 4426 4420 4435 4244 4406 4465 4408 4470 4436 4430 44.63
TiO2 1.00 0.83 0.86 0.80 0.86 0.81 0.89 0.80 0.77 0.78 0.82 0.84 0.75
Al03 1530 16.10 1530 1570 15.90 1430 1590 16.20 1550 16.20 15.70 1550 15.60
Fe2Os* 13.11 1134 1165 1214 1122 1109 1205 10.82 1119 10.95 11.77 11.72 1148

Fe:O3 (Cal)  4.95 461 4.74 4.82 4.56 4.29 4.78 4.30 4.44 4.35 4.56 4.65 4.45
FeO (Cal) 7.42 6.11 6.28 6.66 6.05 6.18 6.61 5.93 6.13 6.00 6.56 6.43 6.40

MnO 0.23 0.22 0.22 0.21 0.21 0.21 0.24 0.19 0.19 0.20 0.22 0.21 0.22
MgO 6.31 7.11 6.97 7.29 6.54 6.35 7.43 7.60 7.20 8.12 7.64 7.31 8.63
CaO 1257 1164 1224 1175 1204 1464 1179 1203 1199 1170 1215 1263 11.70
Na20 3.35 3.82 3.74 3.86 3.94 3.30 3.64 3.79 3.80 3.49 3.32 341 3.28
K20 1.54 1.39 1.49 1.32 1.50 151 1.37 1.24 1.29 1.27 131 1.36 1.27
P20s 0.33 0.29 0.29 0.27 0.30 0.26 0.31 0.29 0.24 0.30 0.27 0.29 0.28
LOI 1.55 1.85 1.66 1.70 1.95 3.41 1.45 1.64 2.67 1.56 1.64 151 1.42
Total 99.09 99.06 98.68 99.24 9881 9831 99.13 99.25 9893 99.27 99.20 99.07 99.26
Cr 677 670 647 630 605 623 684 745 741 751
Ni 227 183 187 187 175 179 211 229 217 219
Co 38 40 41 39 38 40 40 41 41 41
Sc 30 29 31 29 29 30 30 30 31 31
\% 212 218 218 210 211 216 214 209 207 207
Cu 70 64 72 79 66 57 84 73 74 65
Pb 19 50 10 17 16 5 10 9 10 10
Zn 71 76 70 81 71 71 76 70 73 68
Cd 0.30 0.10 0.30 0.40 0.40 0.30 0.50 0.10 0.20 0.10
Sn 1.80 0.70 0.90 0.80 0.70 0.80 0.70 0.90 0.70 1.00
Mo 4.50 0.50 0.50 1.40 0.50 0.50 1.00 2.00 0.50 0.50
Rb 35 33 34 36 36 35 33 36 35 35
Cs 0.60 0.50 0.90 0.60 0.80 0.70 1.30 1.20 0.90 1.00
Ba 320 289 318 268 342 268 269 248 247 281
Sr 719 699 678 703 695 719 785 578 562 580
Ta 0.80 0.70 0.80 0.70 0.70 0.70 0.70 0.80 0.70 0.80
Nb 11.9 10.8 12.2 11.6 12.1 11.6 11.3 11.2 11.5 11.9
Hf 2.30 2.10 2.10 2.30 2.30 2.40 2.10 2.20 2.20 2.40
Zr 62 59 52 59 60 62 52 59 60 59
Y 17 17 16 17 17 18 16 16 16 16
Th 2.70 2.40 2.60 2.60 2.70 2.50 2.50 2.50 2.60 2.60
U 0.50 0.50 0.50 0.50 0.50 0.50 0.44 0.40 0.50 0.50
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Table 1 (Continued). Whole rock chemical analyses of the basic dikes from the Chahe-e-Alikhan area (Major elements

in wt.%; Trace and rare earth elements in ppm)

Sample V11 V14 V17 V18 V20 V21 V23 V25 V26 V28 V29 V31 V32
La 22.00 22.00 20.00 22.00 20.00 21.00 20.00 19.00 19.00 19.00
Ce 38.00 40.00 46.00 35.00 43.00 41.00 33.00 41.00 32.00 36.00
Pr 3.95 331 3.93 3.86 4.10 3.75 3.86 3.13 3.32 3.38
Nd 1790 16.20 18.00 18.30 19.10 17.30 17.90 1550 16.30 16.50
Sm 3.20 3.00 3.20 3.20 3.60 3.20 3.30 2.90 2.90 3.20
Eu 1.18 1.03 1.20 1.17 1.27 1.19 111 1.08 1.14 1.14
Gd 2.03 1.75 2.00 2.03 2.22 2.08 1.82 1.93 1.74 1.94
Thb 0.50 0.40 0.50 0.50 0.60 0.40 0.40 0.40 0.50 0.50
Dy 3.20 2.80 3.00 3.20 3.50 3.00 2.90 2.90 3.10 3.10
Er 1.80 1.70 1.90 1.80 2.00 1.80 1.80 1.80 1.80 1.80
Tm 0.40 0.30 0.30 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Yb 2.19 2.18 2.09 2.19 2.14 2.18 2.15 2.08 2.09 2.12
Lu 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Mo# 48.64 5524 54.08 54.17 5343 5298 54.82 58.03 5588 59.34 56.09 5511 59.67
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Fig. 4. Microphotographs of the Chah-e-Alikhan alkali basalt dikes. A: Olivine, clinopyroxene and plagioclasecrystals
with glomeroporphyritic texture, B: The porphyritic texture and olivine with Cr-spinel inclusion, C: Phenocrysts of olivine
and clinopyroxene in a groundmass of plagioclase microlites, D: The sample of the intergranular texture from inner parts
of the Chah-e-Alikhan dikes, E: Zeolite as the secondary mineral which fills the cavities, and F: the part of a vain
containing calcite crystals. Abbreviations after Whitney and Evans (2010) (Ol: olivine, Cpx: clinopyroxene, PI:
plagioclase, II: limenite, Zeo: zeolite, Cal: calcite).
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Fig. 5. The whole rocks geochemical diagrams of the dikes from the Chah-e-Alikhan area. A: (Na;O+K;0) -
K.0*100/(Na,0+K;0) diagram (Hughes, 1973), B: KoO/Na,O versusSiO.classification diagram (Jaques et al., 1985), C:
Zr[TiO; against Nb/Y diagram (Winchester and Floyd, 1977), D: Total Alkalis versus Silica (TAS) diagram (Le Maitre,
2002), and E: volcanic rocks classification diagrams (Cox et al., 1979)
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Fig. 7. Geochemical plots for determination of the depth, type and degree of partial melting of source rock for the Chah-
e-Alikhan dikes, A: Ce/Yb versus Ce graph (Ellam, 1992), B: Nb/La against La/Yb plot (Abdel-Fattah et al., 2004), C
and D: Graphs to estimation of the degree of partial melting of source rock (Bogaard and Worner, 2003; Zeng et al., 2010;
respectively)
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