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ABSTRACT

The Late Jurassic aged Lisar granite in North Iran is in tectonic contact of the form of thrust and
strike slip faults with Upper Cretaceous sandy limestone and is covered by Paleogene polygenetic
conglomerate in the Talesh Mountain at the western continuation of the Alborz range. The rock
samples of the granite are pink coloured and coarse-gained with K-feldspar, quartz, plagioclase,
biotite and amphibole. The Lisar granite is more likely emplaced in an extensional environment
indicated with numerous space filling silica-rich aplitic veins in the rocks. The granite samples are
moderately altered and feldspars are changed to sericite and clay minerals and biotite is partially
converted to chlorite. The Lisar granite has derived from a high K magma and is A-type in nature,
belonging to A, subgroup. The rock samples of granite are characterized by distinct negative Eu
anomaly and a decrease from LREE to HREE contents. The parental melts of the granite were
generated from partial melting of a lower continental crustal source with possible contribution from
Received Date: 02.08.2016 the mantle materials. The Lisar granite represents Cimmerian post-collision magmatism in north
Accepted Date: 19.04.2017 Iran following closure of Palacotethys Ocean and subsequent collision.
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1. Introduction eclogites (Zanchetta et al., 2009; Omrani et al., 2013).
The Palacotethys suture can be traced to the east to
Afghanistan and China and towards the west into
Turkey (Zhang et al., 2008). The Palaeotethys ocean
closed 225 Ma ago which followed by uplifting of the
Turan plate and emplacement of allochtonous nappes
on the Iranian plate (Stampfli, 1993). Magmatic
activities, especially granitoid magmatism, related to
the Palaeotethys subduction are well documented along
the suture in China. The magmatic arc at Yunnan area
(southwestern Yunnan, China), with basaltic-andesitic
to granodiorite composition has an age of 292- 282
Ma (Hennig et al., 2009). I-type and S-type granitoids
of Hindu Kush in Afghanistan have ages of 210,
112 and 193 Ma, respectively (Debon et al., 1987).

Palacomagnetic studies show that Iran was a part
of Gondwana up to Early Carboniferous (Muttoni et
al., 2009). It separated from Gondwana and moved
northward from Early Permian to Upper Triassic,
when it collided with Turan plate. The Alborz range
is taken to represent Palaeotethys suture in north
Iran (Figure 1) formed by collision of the Turan and
the Iranian plates in Upper Triassic. The Jurassic
aged Lisar granite is located in North Iran within the
Talesh mountain range. The Talesh Mountain range
is a continuation of the Alborz range towards the
west. Rock units considered by different researchers
to mark the Palaeotethys suture in North Iran are
accretionary units of the Mashhad area (Alavi, 1991;

Majidi, 1991; Mirnejad et al., 2013; Shafaii Moghdam
et al., 2015), Gorgan schists (Ghavidel et al., 2007;
Delaloy et al., 1981), metamorphic rocks of the Gasht
and Masuleh area (Clark et al., 1975) and Shanderman

These granites with roughly Triassic age are traced
westward into east of Iran, where the Binalud granites
and granodiorites, dated 256 to 211 Ma (Majidi, 1978;
Berberian and Berberian, 1981), are intruded into
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the Hercynian sediments. Boulin (1981) considered
that they are a result of Palaeotethys subduction and
collision. There are some traces of Palaeotethys along
Baiburt-Sevanian terranes (Caucasus) (Gamkrelidze
and Shengelia, 2007). Western Turkey is known as
marking site of Palaeo- and Neotethys sutures. At the
Karaburun Peninsula (west of Turkey), there are some
granitoid intrusions with I-type affinity. They are 222-
239 Ma old and are a result of Palaeotethys subduction
(Erkiil et al., 2008). The Paleotethys suture is traceable
towards the east at the Sakarya, Mersin and Karakaya
areas (Moix et al., 2008). Stampfli and Kozur (2006)
believe that Karakaya fore arc basin had formed due
to northward subduction of Palaeotethys. Also, some
researchers believe that Palaeotethys subduction is
southward (Sengor, 1979, 1990; Jassim and Goff,
2006; Ruban et al., 2007).

Despite a wealth of knowledge on Palaeotethys-
related magmatism towards the east and west of
Iran, there are limited publications on possible
Palacotethys-related granitoid magmatism in Iran.
The Jurassic aged Lisar granite is located to the north
of the suture in north Iran. Geochemical data and age
dating of this spatially important granitoid will furnish
more information on Palaeotethys evolution in Iran.
This paper presents the petrography and whole rock
geochemistry of this granite to describe geochemical
features of the granite in relation with petrological
processes and tectonic setting.
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Figure 1- The location of the study area in Talesh Mountains at the west of Alborz range. AF: Astara Fault, MF: Masuleh Fault, LF: Lahijan Fault, NAF: North

2. Geological Background and Local Geology

The study area is located within the West Alborz-
Azerbaijan geological unit of Iran. It comprises a part
of the Talesh Mountain range which is bounded to the
west by Astara fault and Caspian Sea depression. The
Alborz range represents late Precambrian to Eocene
sedimentary and volcanic strata, which are intruded
by Palaeozoic to Tertiary plutons and dikes (Annells
et al., 1975, 1977; Stocklin, 1974; Axon et al., 2001).
This range marks a collision belt and is bounded by
reverse faults characterized by southward dipping
faults in the north and northward dipping faults in
the south. Therefore the Alborz belt is V-shaped in
N-S sections (Figure 1). The evolution of the Alborz
belt mainly occurred in the Cenozoic (Rezaeian et
al., 2012). Opening and subsequent closure of the
Neotethys along the Zagros Mountains and opening
of the Red Sea had important effects on the structural
evolution of the Alborz belt (Axen et al., 2001; Guest
et al., 2006; Omrani et al., 2013). Collision of the
Gondwana-derived blocks with Eurasia occurred
in the Late Triassic, resulting in the Eo-Cimmerian
deformation in North Iran, followed by a strong but
poorly known Neo-Cimmerian compression event
in Middle-Late Jurassic times that mainly affected
Central Iran (Zanchi et al., 2009). Structural and
seismological data for the Alborz Range show that
deformation is partitioned along parallel thrusts and
left lateral strike-slip faults (Jackson et al., 2002;
Allen et al., 2003; Ritz et al., 2006). Talesh Mountain,
west of the Alborz Range (Figure 1), consists of
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metamorphic rocks, granitoids, mafic, ultramafic
rocks and sedimentary rocks that have a wide range of
ages from Palaeozoic to Tertiary.

The Lisar area is a part of the Talesh Mountain
range. The oldest rock units in the Talesh Mountains
are pelitic schists and ultramafic rocks with
Carboniferous to Permian age, which are exposed to
the south of the Lisar area (not shown on the map of
figure 2 but are indicated in the cross section, figure
2). Upper Cretaceous strata are andesite, dacite and
tuffs, occasionally interlayered with shale and grey
limestone. The finely laminated shales are dark and
contain carbonaceous materials. Calcareous sandstone
is other rock type in the Upper Cretaceous unit. The
lowermost strata of the Paleogene units are made of
a polygenetic conglomerate with Upper Cretaceous
andesite, dacite, shale, limestone and some mafic
volcanic rock fragments. It also contains pink-colour
fragments of the Lisar granite (Figure 3a). This
conglomerate is overlaying by andesitic tuffs, lava
and brecciated lava. The dark limestone is cut by late
light calcite veins. Veins also are found in Paleogene
andesitic lavas. The andesitic lavas show mega-
porphyric texture (with large plagioclase crystals)
occasionally (Figure 3b). These rocks contain
fragments of Lisar granite as xenoliths. The Neogene
unit is mainly made of a polygenetic conglomerate

and intercalated marl but the variation of fragment
types is limited to limestone and volcanic fragments.
In some parts it is consisted only from volcanic rock
fragments (Figure 3c¢).

The Lisar granite appears as three separated
outcrops (Asadian, 1999, Figure 2). It is emplaced
and/or displaced along a north-south trending faults.
Owing to very dense vegetation and soil coverage, it
is not easy to determine the contacts of the granite,
but it is in tectonic contact (strike slip fault) with
Upper Cretaceous sandy limestone to the wet and is
covered by Palaogene polygenetic conglomerate to
the east. This granite appears as medium- to coarse-
grained and pink coloured. K-feldspar, plagioclase,
amphibole and quartz are visible in hand specimens.
The granite samples appear as fresh rocks in the field
which are hard to break by hammer. The Lisar granite
appears as two distinct types in the field, the lighter
granite and the darker one. The only difference is
in the modal percentage of ferromagnetic minerals
(mainly amphibole, see petrography section below).
Microgranular mafic enclaves, which are similar to
the main granite in mineralogy, can be seen in the
field (Figure 3d). These are taken to represent rapidly
cooled, fine-grained walls of the pluton, which are
entered the solidifying magma. In some parts the Lisar
granite is very fine-grained and appears with aplitic
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Figure 2- Simplified geological map of the Lisar area adapted from the 1:100000 scale geological map of Khalkhal (Asadian, 1999).
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Figure 3- a) Paleogene conglomerate with Upper Cretaceous an-
desite, dacite, shale, limestone and some mafic volcanic
rock, and Lisar granite fragments. b) Relatively large
plagioclase in andesitic lavas. ¢) Neogene conglomerate
consisted only from volcanic rock fragments. d) Micro-
granular dark enclaves, similar to the main granite in min-
eralogy within the main granite. e) Parallel silica veins in
the Lisar granite showing an extensional regime during its
emplacement.

texture. Parallel silica-rich aplitic veins in the Lisar
granite (Figure 3e) point to extensional regime during
emplacement of the granite and the later veins.

3. Study Methods

To study the Lisar granite, several rock samples
were collected from the granite and the associated
rocks. 60 thin sections were made from these rocks.
Petrography studies were carried out by mineral
composition and textural description of the samples.
In order to study the geochemical features of the
Liar granite, 11 optically well-defined representative
samples among 60 investigated samples under the
microscope were chosen for chemical analysis. These
samples had the lowest alteration effects. The samples
were crashed and pulverized by ZPS Ltd. in Tabriz,
Iran. About 1 kg of each sample was crashed using a
steel jaw crusher and then was pulverized to 200 mash
or 75 micron. ~ 50 gr of each sample was packed
in suitable plastic bags and were sent to Activation
Laboratories in Ancaster, Canada for analysis. To
analyse the samples for major, minor and trace
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elements, known amount of sample was mixed with
lithium metaborate and were fused on gas heater. The
resulted beads were used for XRF analysis of major
oxides. They used for ICP-MS analyses after digestion
in acid and needed dilution. International standards
were used for calibrations. The uncertainties for major
oxides in better than 2% and for the minor and trace
elements is better than 5%.

4. Petrography

The Lisar granite is red to pink in colour and appears
as very hard rock in the field. However microscopic
studies show that minerals, mainly feldspar, are altered.
The rocks have different amphibole contents and are
as relatively darker (with relatively more amphibole)
and lighter (with relatively lower amphibole) granites.
Except for amphibole content, there is no difference
in mineralogy of these two types of granites under the
microscope. The major minerals in the Lisar granite
are K-feldspar (perthite and orthoclase), quartz,
plagioclase (albite to oligoclase, based on optical
properties), amphibole and biotite. The minor phases
are zircon, apatite, titanite and opaque minerals.
Chlorite (after biotite), sericite (after K-feldspar)
and clay minerals (after plagioclase) are alteration
products. The main textures are granular, perthite,
poikilitic and intergrowth micrographic textures
(Figure 4). Quartz appears as xenomorphic crystals
and micrographic texture appears at the margin of
large plagioclase crystals. Amphiboles are dark green
to brown pleochroic hornblende, which occurs as
crystals among other minerals and as inclusions in
large perthitic K-feldspar. Amphibole crystals show
accumulation in some parts of the rock resembling
cumulate texture. Biotite, which is less abundant than
hornblende, is altered to chlorite along cleavage. The
granophyre texture in some samples points to eutectic
crystallization of quartz and feldspar in these rocks.
Some samples from the Lisar granite show slight
deformation and also cataclastic textures. Small
crushed crystals of quartz can be seen along with
larger quartz crystals in the samples with cataclastic
texture. Estimation of mineral modal percentages
was made by investigation of thin sections under the
microscope and plagioclase, K-feldspar and quartz
contents were plotted on Streckeisen diagram (Figure
5). All samples are granite according to this diagram.

The Lisar granite samples are very similar to some
A-type granites in the world such as Krajaa granite in
Finland (Juravanen et al., 2005), Gebel Musa A-type
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Figure 4- Petrographical features of the Lisar granite a) K-feldspar, plagioclase and quartz are the main
mineral phases in the Lisar granite. b) Graphic texture in the Lisar sample. ¢) K-feldspar as the

main mineral and d) Apatite and opaque minerals in the rock.
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Figure 5- Streckeisen diagram for the studied samples indicating granite mineral composition for the rocks.
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granite from Egypt (Katzir et al., 2006), pink A-type
granites from Rajestan, India (Kaur et al., 2007) and
Mianning A-type granite from south China (Huang et
al., 2008). All these A-type granites are formed from
predominant K-feldspar (mainly as perthite), quartz
and subordinate amounts of plagioclase. They may
contain biotite and hornblende. The Lisar granite is
K-rich, therefore Na-rich phases such as Na-amphibole
(e.g. riebeckite) are not present in the samples.

5. Whole Rock Geochemistry

Table 1 includes the major oxide contents and
normative mineralogical composition and table 2
contains the minor and trace element contents of the
analysed samples.

All samples from Lisar granite plot in the granite
and alkali granite fields on the plot of De La Roche et
al. (1980) (Figure 6a). On diagram of Th versus Co

(after Hastie et al., 2007), the analysed samples show
high K calc-alkaline and shoshonitic nature for the
original magma (Figure 6b).

The parental magma had high K content (Figure
6b, Hastie et al., 2007), was either I or A-type (Figure
6¢) and mainly of metaluminous to peraluminous
nature (Figure 6d). The samples are ferroan and mainly
alkaline on the diagrams of Frost et al. (2001) (Figure
7). The Lisar granite has A-Type geochemical feature,
such as high Ga/Al ratios, elevated concentration of
HFSE (e.g. Zr, Nb and Y), low CaO, MgO, Cr, Co,
Ni, Sr and Eu contents as compared to S- and I-type
granitoids (Whalen et al., 1987; Eby, 1990; Frost
et al., 2001). Using Whalen et al. (1987) diagrams
(Figure 8), an A-type affinity is evident for the studied
samples. On REE diagram normalized to chondrite
values (Figure 9a), Lisar granite samples show a
distinct negative Eu anomaly. A decrease from LREE
content to HREE content is visible. These features

Table 1- Major oxides and CIPW norm mineral composition of Lisar granite samples.

Sample |RB4 |RB39 |RBI2 |RBSB |RBS |RB6 |RBI3 |RB20 |RB9 |RB38 |RB7
Major Axides wt%
Si0, 7208 |7178  |[7213 [ 6595 |67.93 |6672 |6587 |6441 |6485 |67.77 |68.11
TiO, 0.33 031 0.42 0.60 0.71 0.67 0.62 0.65 0.71 0.52 0.64
ALO, 12.9 1221 | 1246 [13.92 |1405 [1396 [1385 [1396 [13.73 [1432 |13.98
Fe,0 2.54 233 2.74 5.17 538 527 5.19 5.39 5.8 3.68 3.49
MnO 0.04 0.04 0.05 0.11 0.11 0.10 0.10 0.12 0.11 0.06 0.05
MgO 0.13 0.1 0.13 0.42 0.54 0.63 0.48 0.64 0.71 0.49 0.53
Ca0 0.64 0.69 0.66 1.78 1.63 1.53 1.86 258 2.62 1.34 1.22
Na,0 3.48 3.75 3.46 4.65 413 439 458 3.79 401 404|412
K,0 525 5.86 538 3.8 3.58 3.73 3.66 3.92 3.88 469 | 487
PO, 0.03 0.04 0.04 0.14 0.14 0.1 0.12 0.18 0.17 0.14 0.15
LOI 1.29 1.64 171 1.8 1.84 1.69 1.74 3.03 3.16 1.78 1.86
Total 98.71 |98.76 |99.18 [9834 |100.04 |98.80 |98.07 9867 |9923 [98.83 |99.02
CIPW Norm, wt%

Quartz 30264 |27.049 30013 [20752 [26303 [23.002 |21206 [21.846 |21321 [23.114 [22526
Corundum 0.400 | 0.00 0.00 0.00 0752|0182 | 0.00 0.00 0.00 0496 | 0.072
Orthoclase 31026 | 34631 |31.794 |22451 |21.157 |22.043 |21.6290 |23.166 |22930 |27.716 |28.780
Albite 20447 |30.177 |29278 |[39347 |34.947 |37.147 |38.755 |32.070 |33.932 |34.185 |34.862
Anorthite 2979 | 0.00 2577|588 |7.172 |6872 |6422 [9s01 [so004 5733 |5.073
Hypersthene | 0.324 | 0.00 0324 |0916 [1345 [1560 [1.102 [1479 [1101 1230 [1.320
Imenite 0077 |0094 [o0105 [0231 [0242 [0218 [0220 0259 [o0242 [o0.139 [oan
Hematite 2540|2857 [2740 [5170 [5380 [5270 5190 [5390 |5280 [3.680 | 3.490
Titanite 0.00 0.630 |0307 |1.177 | 0.00 0.00 1242 1271 [ 1433 | 0.00 0.00
Rutile 0286 | 0.00 0235 | 0.00 0584 0550 | 0.00 0.00 0.00 0443 | 0.580
Apatite 0071 |0.095 [0095 [0332 [0332 |0261 |0284 0426 |0403 [0332 |0.355
Total 97414 |97.123 |97.467 | 96548 [98213 [97.114 |96343 [95.656 |96.085 [97.059 |97.169
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Table 2- Rare earth and trace elements contents of the studied samples (all in ppm).

Sample RB4 RB39 RB12 RBSB RBS8 RB6 RB13 RB20 RB9 RB38 RB7
Sc 3 4 4 11 9 11 8 11 11 8 10
Be 4 3 4 3 2 3 2 3 2 3 2
\Y% 17 15 15 25 27 25 26 32 30 30 28
Ba 558 633 537 592 612 588 603 685 703 730 741
Sr 47 42 44 106 98 95 111 102 106 110 112
Y 62 69 65 63 65 64 63 56 58 49 46
Zr 430 455 415 416 427 420 423 302 312 416 420
Co 2 1 1 4 3 3 1 6 4 4 4
Cu 70 112 86 70 68 75 91 170 166 60 57
Zn 40 61 52 90 94 98 87 100 98 60 69
Ga 20 18 21 21 17 19 22 21 20 20 21
Ge 2 1 1 2 1 1 1 2 2 1 1
Rb 209 212 227 126 119 123 115 141 139 151 158
Nb 15 13 15 22 25 23 25 18 17 19 18
Mo 4 5 4 4 5 4 5 5 4 2 2
Ag 1 0.7 0.8 0.5 0.4 0.7 0.6 <0.5 <0.5 <0.5 <0.5
Sn 9 8 11 6 7 12 8 8 7 7 9
Sb <0.5 <0.5 <0.5 0.6 0.7 0.6 <0.5 1.2 1.1 0.7 0.6
Cs 3.4 4.1 3.7 2 2 2 1 2.6 2.5 3.6 3.4
La 65.9 64.6 65.4 51.5 55.4 52.7 51.9 56.3 55.8 51.2 52.3
Pr 13.1 14.3 12.5 11.9 12.1 11.8 12.2 11.7 11.8 11.1 11.2
Nd 44.8 45.69 44.6 45.6 45.7 46.1 45.4 44.9 50.6 41.8 40.9
Sm 9 8 8 9.9 9.6 9.8 9.6 9.3 9.1 8.8 8.9
Eu 0.61 0.77 0.69 1.92 1.89 1.97 1.93 1.61 1.48 1.44 1.28
Gd 8.2 8.1 7.8 10.1 10.8 10.4 10.2 8.7 8.6 8.4 8.3
Tb 1.5 1.6 1.4 1.8 1.7 1.8 1.8 1.5 1.3 1.4 1.3
Dy 10.3 10.2 10.7 11.1 11.4 11.3 11.1 9.7 9.8 9 8
Ho 2.2 3.1 2.8 2.3 2.4 2.4 2.5 2 2 1.8 1.8
Er 6.6 6.4 6.3 6.9 6.3 6.8 6.9 5.9 5.3 5.3 5.7
Tm 1.07 1.12 1.23 1.06 1.07 1.12 1.08 0.9 0.7 0.81 0.82
Yb 7.4 8.1 7.3 7 8 7 7 6 6 5.6 5.9
Lu 1.11 1.09 1.16 1.06 1.07 1.06 1.06 0.95 0.91 0.84 0.79
Hf 11.6 10.8 11.2 8 9.1 8.3 8.1 5.8 5.7 7.7 7.5
Ta 1.7 1.6 1.4 1.7 1.8 1.8 1.8 1.4 1.2 1.4 1.3
\ 2 4 2 1 4 3 3 3 3 <1 <1
Tl 0.6 0.5 0.6 0.5 0.5 0.4 0.5 0.5 0.4 0.5 0.4
Pb 18 17 18 19 17 19 18 24 25 14 15
Th 24.9 25.2 24.6 13.1 133 13.3 13.1 15.4 15.1 15.6 15.4
U 6.3 6.5 6.3 3.5 3.7 3.4 3.7 32 3.3 1.8 1.9

are characteristic of A-type granites (e.g. Obbnis
rapakivi A-type granite from Finland, Jurvanen et
al., 2005). Lisar samples have low Nb (13-25 ppm),
high Sr (42-112 ppm) and moderate Rb (115-227
ppm) concentrations. The chondrite-normalized REE
diagram (Figure 9a) shows that the Lisar samples are
LREE enriched with a flat HREE and negative Eu
anomaly. This indicates the removal of plagioclase
by fractional crystallization. Negative anomalies in
Ba, Sr, and Eu, as shown in the primitive mantle-
normalized trace element and REE diagrams (Figure
9b), testifies for fractional crystallization of feldspar
while Nb, Ta, Zr and Hf are not depleted, implying

little contribution of subduction-related components
in the magma source of Lisar granite. The depletion
of Ti coupled with high Nb and Ta concentrations
suggests crystallization of Fe-Ti oxides as the main Ti-
bearing phase, with little influence of rutile or titanite.
Rutile and titanite usually have high concentrations of
Nb and Ta (Manning and Bohlen 1991; McDonough
1991; Green 1995; Rudnick et al. 2000; Foley et al.
2002). Ilmenite usually has much lower Nb and Ta
(Ding et al. 2009). Therefore, crystallization of Fe-
Ti oxide (more likely ilmenite) consumed Ti, leading
to depletion of Ti in the resulted granite without
significant decrease of Nb and Ta. The decrease in Sr
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Figure 6- a) Classification of granites according to De La Roche et al. (1980). The samples plot in the granite and alkali granite fields. b) Th vs.
Co diagram of Hastie et al. (2007) indicates high K calc-alkaline magma for the Lisar granite. ¢) The studied rocks have either I or
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Figure 9- a) Trace elements contents of the studied samples normalized
to chondrite (normalizing values from Sun and McDonough,
1989). Trace element pattern for Obbnas rapakivi granite (Jurva-
nen et al., 2005) is provided for comparison. b) Element content
normalized to primordial mantle. Distinct Eu, Ti, P and Sr is ob-
vious.

and Ba and slight increase in Rb with increasing SiO,
may also be due to plagioclase fractionation (Figure
10).

Based on the trace element contents of the rocks,
amphibole and plagioclase crystallization was the
main factor controlling the rock composition and
fractional crystallization. According to Watson and
Harrison (1984) the amount of dissolved phosphorus
(and Zr) can be used to estimate the granitic magma
crystallization temperature. Apatite was found as
small needle-like inclusions in other minerals in the
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Figure 10- Variation diagrams for Sr, Ba and Rb versus SiO, for
the Lisar samples. Decreasing of Sr and Ba and slight
increasing of Rb contents are in agreement with plagi-
oclase fractionation as a controlling factor in the Lisar
granite generation.
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Lisar granite. According to P,O, versus SiO, diagram
of Watson and Harrison (1984), The Lisar granite
was crystallized at temperatures about 800 to 900°C
(Figure 11). These temperatures are close to liquidus
temperatures estimated for A-type melts at 5 kbar
(Shkodzinsky, 1985). Some samples with lower
temperatures on this diagram may show samples
with low modal apatite content. Nb-Y-3Ga triangular
diagram of Eby (1992) shows that the studied samples
are of A, subgroup (Figure 12). On the discrimination
diagrams of Pearce (1996) Lisar samples fall in the
within plate granites (Figure 13a). On SiO, versus
ALO, diagram of Maniar and Piccolli (1989) the
samples plot mainly in the post orogenic field (Figure
13b).

6. Discussion

A-type granites occur in diverse tectonic settings
including oceanic islands, continental rifts, extensional
parts of the continental crust, stable continental crust
and post orogenic environment. These type of granite
may form as non-orogenic (during continental rifting)
and post-orogenic intrusions during extensional
régime (Sylvester, 1989). Therefore two main types
of A-type granites are non-orogenic and post-orogenic
granites. Post orogenic granites tend to have more
crustal components. A subgroup of A-type granites
(Eby, 1992) are similar to oceanic island rocks in
overall composition, while A, subgroup are similar
to average of composition of oceanic rocks and mean
crustal composition. A, subgroup occurs mainly during
rifting within the plates and is usually accompanied by
mafic rocks as a result of plume or hot spot activities,

while A, subgroup represents post-collision events
(Eby, 1992).

Different possibilities for generation of A-type
granitic melts are proposed. Some are summarized
below. Re-melting of granitic melts containing quartz,
plagioclase and K-feldspar, which have experienced at
least one melting event already (Collins et al., 1982;
Clemens et al., 1986; Whalen et al., 1987) is a possible
source for A-type granitic melts. This possibility is
argued by Creaser et al. (1991) and Landenberger
and Collins (1996). Partial melting of dehydrated
lower crust, resulted as residua from fractionation of
I-type magma at temperatures exceeding 900°C in a
subduction-related environment (Landenberger and
Collins, 1996) is proposed instead. However Creaser
et al. (1991) stated that partial melting of such a
residua cannot provide chemical features of A-type
granites. They proposed partial melting of tonalitic to
granodioritic crust for generation of A-type granitic
magma. Taylor et al. (1981) and Harris et al. (1986)
consider the per-alkaline nature of non-orogenic
A-type granites as a result of CO, and halogen-rich
fluid metasomatism during emplacement or later
events. Whalen et al. (1987) believe that highly
dehydrated alkaline phase and low CO, content of
these types of rocks is in contradiction with this
hypothesis. As it is evident there is not a consensus
for the origin of A-type granite magmas but some
observations on Yb/Ta and Y/Nb ratios for A-type
granites (White Mountain, Eby, 1992) show that
they are related to silica under saturated mafic rocks.
These mafic rocks can be directly related to silica-rich
highly fractionated rocks (A-type granites). This may
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Figure 11- According to P O, versus SiO, diagram of Watson and
Harrison (1984), The Lisar granite was crystallized at
temperatures about 800 to 900°C.
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Figure 13- a) Within plate nature for the studied samples on discrimination diagrams of Pearce at
al. (1984). b) Diagrams of Maniar and Piccolli indicate a post-collision setting for the

Lisar granite.

testify to mantle origin for at least some of the A-type
granites.

It is difficult to consider a single source as origin
for the Lisar granite magma unequivocally. Some
chemical features of Lisar granites show that they could
have been originated from a crustal source, which may
have been affected by the mantle materials (e.g. Ce/Pb
versus MgO content, Figure 14). The studied samples
show high SiO, (>64 wt%) and low MgO (<0.71wt%)
and TiO, (<0.31 wt%) concentrations. This suggests

that the original magma was not directly derived from
a mantle source. There are not mafic or intermediate
igneous rocks contemporarily associated with the Lisar
granite. This, rules out its formation from a directly
mantle-derived magma. Since extensive fractional
crystallization (Peccerillo et al., 2003; Shellnutt et al.,
2009) generates considerable amounts of mafic rocks,
which is not the case for the Lisar granite. Mafic
volcanic rocks of the area are much younger than
Lisar granite. Major and trace element contents of the
studied samples are more compatible with a lower
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Figure 14- Ce/Pb versus MgO diagram for the studied rocks which
shows crustal materials contribution in genesis of Lisar
granite magma.

continental crust origin with possible some limited
mantle source contribution for this granite.

Bonin (2007) considers some geochemical
characteristics for A-type granites. This granites have
Zr+Nb+Ce+Y>350. The sum of these trace elements
is above 376 ppm for all samples from the Lisar
granite. According to Bonin (2007) Y/Nb ratio for A,
subgroup is <1.2 while it is >1.2 for A, subgroup. This
ratio for the Lisar granite is 2.52 to 5.31, compatible
with A  subgroup. In terms of tectonic environment,
considering the studied granite of A, subgroup, it is
formed more likely in an extensional post-orogenic
setting. This is verified by the field observations
(parallel veins within the granite) and chemical
properties. Recently Madanipour et al. (2015) dated
one sample of Lisar granite (U/Pb on zircon) and
reported a 17918 Ma concodria age. This age is
corresponding to Late Jurassic. Therefore Lisar granite
represents Cimmerian post-collision magmatism in
north Iran following closure of Palaeotethys ocean
and subsequent collision.

Conclusions

Most researchers believe that the continuation of
the Palaeotethys suture from China into west Turkey
can be traced in North Iran along the Alborz Mountains
(Alavi, 1991; Omrani et al., 2013, Shafaii Moghadam
et al., 2015). This opinion is debated and other
researchers consider the continuation of Palacotethys
to the north and outside of the Iranian crust (Zanchetta
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et al., 2009). Study of Palaeotethys ophiolites and
high pressure rocks (eclogites and blueschists) helps
to work out the location of this suture in northern Iran
(Zanchetta et al., 2009; Omrani et al., 2013; Shafaii
Moghadam et al., 2015). Granitoids play an important
role in this regard and study of granitoid plutons at
different tectonic settings can help to reconstruct the
geodynamic evolution of the Palaeotethys Ocean
(Majidi, 1975; Debon et al., 1987; Erkiil et al., 2008;
Hennig et al., 2009). In the Talesh Mountain at the
western continuation of the Alborz range, the Lisar
granite occurs with tectonic contacts with Upper
Cretaceous sandy limestone, which is covered by
Paleogene polygenetic conglomerate. Based on
petrography studies the main minerals are abundant
coarse-gained K-feldspar, quartz, plagioclase, biotite
and amphibole. This proposes A-type for the Lisar
granite. Based on whole rock geochemistry, the Lisar
granite has derived from a high K magma and is A-type
in nature, belonging to A, subgroup. The samples are
characterized by negative Eu anomaly and a decrease
from LREE to HREE contents. More likely the
original magma forming the Lisar granite generated
from partial melting of a lower continental crustal
source with possible contribution from the mantle
materials. Considering the already published age of
Late Jurassic for the Lisar granite by Madanipour et
al. (2015) using U/Pb method on zircon, this granite
represents Cimmerian post-collision magmatism in
north Iran following closure of Palaeotethys Ocean
and subsequent collision.
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