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Heiran area is located in north-west of Ardabil and south west of Caspian Sea. Field evidences indicate
submarine volcanic activities in this area. The rocks in this area are of basaltic composition. The
outcrops of pillow lavas, prisms, dykes and lava flows in different points are evidences showing the
existence of oceanic crust in this area. Studies on other locations of southern margin of Caspian Sea
as well as structural and petrological similarities between Heiran and these areas may confirm the
fact that Heiran area is part of geo-suture of Caspian Sea southern margin. The submarine lavas in
this area are associated in age with late Cretaceous-Eocene. With regard to petrographical
characteristics, the rocks under study range from andesitic basalt to olivine basalt and belong to
alkaline series. The tectonomagmatic environment of these lavas is related to back arc basin. These
magmas originate from subcontinental lithospheric mantle and have formed in a supra subduction
environment. During upper Cretaceous-middle Paleogene, the closing of Sevan-Akera-Qaradagh
Ocean led to the formation of marginal basin in the form of a back arc basin in the margin of Caspian
Sea. The submarine lavas of Heiran area are likely to have originated from the volcanic activities of
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this marginal basin.

1. Introduction

Heiran area is located in north-west of Iran and south west of
Caspian Sea (Fig. 1). Although the area has wonderful and
exceptional vegetation, this prevents the outcrop of rocks from
being easily observed. Outcrops from submarine basaltic lavas
are seen in several locations in an area of 50 square kilometers.
The oceanic crust of southern margin of Caspian Sea has long
been a matter of argument. Annels et al. (1975) first introduced
pillow lavas in the Qazvin-Rasht quadrangle map. Following this,
similar lavas were studied in various areas including Chaloos,
Lahijan, Amlash and Some’eh Sara. The rest of the submarine
lavas continue to Heiran area. This study aims to introduce
submarine basaltic lavas.

2. Field Study

The area under study is located 48°, 31" - 48, 37 eastern
longitude and 38°, 23" - 38", 26" northern latitude. The outcrops
of submarine lavas in the form of pillow lava, dyke, prism and lava
flow are seen in different points of this area (Fig. 2). These lavas
range in age between late Cretaceous to Eocene (Khodabandeh,
2001). The only sedimentary layer in this area is polygenic

conglomerate which has outcropped locally and contains
volcanic rocks and Jurassic and Cretaceous limestone. The
formation of this conglomerate is associated to the lower
Paleocene based on its microfossils which are Maastrichtian in
age. These submarine lavas are located below and above the
conglomerate. The formation of this conglomerate layer is likely
to be the outcome of uplifting of basin floor in a local and island-
like area.

Pillow lava is the most commonly observed structure in the
region. These pillow lavas are 1-4 meters in size and are extended
in shape (Fig. 3). They have circular or oval cross section in
general but are seen in different shapes based on the topography
of the place of extrusion and contact with other pillows. Basaltic
prisms are the other structures which outcrop near the pillows.
This adjacency indicates a relationship in origin between them.
The basaltic prisms are seen below pillow lavas. The observable
length of the prisms rarely exceeds 10 meters and is 35
centimeters, on average, in diameter. Also, the lava flows with
basaltic composition have outcrops in some points. It is
impossible to measure real thickness of these flows and their
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observable thickness is less than 10 meters. The homogeneity of ~ 1997). Unlike pillow lavas, these massive basalts are aphanitic and
these masses likely indicates the cooling of the lava lake under  lack phenocrysts. The aphanitic texture of these basalts confirms
the pillow lava. The structure of pillow lavas with lava lake is  their cooling in lava lake (Jutean et al., 1983).

characteristic of a slow submarine eruption (Jutean and Maury,

Fig. 1. Location map of study area (marked with green color)
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Fig. 2. Geological map of the under study area (red circles show outcrop of submarine lavas' location)
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3. Petrography

The rocks under study are considered in a continuum ranging
from andesitic basalt to olivine basalt. The texture of area rocks
is porphyritic in general and is occasionally aphyric. As a result of
accumulation of ferromagnesian minerals in some samples, there
is also glomeroporphyritic texture (Fig. 4a). Matrix is usually
microlitic and sometimes glassy microlitic. Based on their
frequency, the fine minerals of matrix are as follows: plagioclase,
pyroxene and opaque minerals.

Phenocrysts’ ordering is as follows: clinopyroxene, plagioclase
and olivine. Clinopyroxene phenocrysts are often automorphic,
zoned and sector-zoned (Fig. 4b). Majority of plagioclase
phenocrysts have labradorite-bytownite composition. Olivines
are often sub automorphic and their roundness is indicative of
nonequilibrium between olivine and matrix (Fig. 4c).

With respect to inclusion of the minerals, phenocrysts are
crystallized in the following order: olivine, clinopyroxene and
plagioclase. Acicular apatites have the largest amount among the
minor minerals and are often inclusion (Fig. 4d).

Opaque minerals in different sizes are present in these rocks and
are primary and secondary. These minerals are automorphic to
xenomorphic. Some minerals such as calcite, quartz and zeolite
with fluid phase have been formed in the rocks" porous and
fissures.

Fig. 3. (a) A sample of extended pillow lava with folded surface that shows
the slop of basin floor during eruption, (b) Radial fracturing in core of the
pillow lava due to cooling
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Fig. 4. (a) Glomeroporphyritic texture as a result of clinopyroxene
accumulation with microlitic matrix in olivine basalt (XPL), (b)
Clinopyroxene phenocryst in microlitic matrix that shows the zoning
structure and sector-zone (XPL), (c) Rounded margins of the olivine
phenocrysts due tononequilibrium with magma (XPL) and (d) Sections of
apatites as a clinopyroxene inclusions (PPL)
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4. Geochemistry

Twenty rock samples from the area were analyzed in SGS
laboratory in Toronto using ICP-AES for 10 major oxides and ICP-
MS for 40 rare elements (Tables 1 and 2). The rocks under study
range from basalt, alkali basalt, alkali olivine basalt and hawaiite
based on geochemical patterns. The magma of the area rocks has
a certain association with alkaline series according to various
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patterns. Magmatic evolutions such as contamination, mixing,
assimilation and differentiation change the preliminary
composition of the magma toward sub alkaline series. The lack
of linear trend in the geochemical diagrams is the result of these
procedures. The rocks of the area are often rich in K and are in
shoshonitic or at least high K series.

Table 1. Major element oxide analysis of the under study basalts

Oxide H11__ H17___ H21 H22  H23 H25 H26 H27 H38 H39 H63 H66 H76 H77 H88 H91 H92 H93 H94  H95
Si02 489 474 49.2 46.7 455 471 467 485 479 447 47 477 519 485 458 463 489 575 474 478
Tio2 083 1.1 0.88 0.87 115 084 106 087 089 077 104 111 09 104 076 054 107 051 095 1.08
Al203 20.1 169 133 143 169 192 154 128 167 117 155 163 167 152 117 182 177 20 16 183
Fe203 6.49 10 8.74 8.07 995 641 876 896 8.12 8.2 10 107 848 103 925 672 922 422 986 9.88
MnO 0.12 0.18 0.15 0.16 021 012 018 014 014 013 018 018 015 017 015 018 018 0.16 017 0.16
CaO 5.04 8.89 7.88 11.6 774 795 805 753 897 922 99 867 802 952 767 659 905 388 824 931
MgO 37 587 12.7 4.1 457 205 53 147 4.7 13 641 542 552 7.08 152 249 405 072 454 492
Na20 34 4 2.2 2 53 2.4 2.8 19 2.7 14 2.8 4.1 2.7 2.2 2.8 8.4 34 5.5 4.8 3
K20 538 172 2.64 5.05 138 444 525 225 342 235 185 183 259 216 156 038 243 616 174 2.2
P205 0.63 043 0.3 0.5 046 063 058 025 053 029 043 045 026 028 022 052 04 017 045 0.3
Table 2. Rare earth element concentrations (ppm) in the under study basalts
Ssampl H11__H17 _H21  H22 H23 H25 H26 H27 H38 H39 H63 H66 H76 H77  H88 H91 H92  H93  H94  H95
Ba 1010 500 430 1310 380 1000 720 360 750 380 590 700 410 430 370 870 650 770 1090 500
Ce 59.6 56.8 319 53.7 56.5 61.2 128 273 568 297 40.7 561 416 376 209 64 545 112 52 326
Co 153 325 46.1 26.5 29.2 16.7 26 502 274 453 324 316 275 374 563 213 237 5.2 295 31
Cr 68 68 821 68 68 68 68 821 205 889 137 68 205 205 1299 68 68 68 68 68
Cs 6 2.1 39 13 2.2 13 5 1.6 1.2 4.5 11 2.4 1.8 1.1 4.5 8.6 0.9 219 2 2.7
Dy 385 423 321 3.81 4.36 377 559 298 385 296 438 461 42 407 276 361 484 491 434 385
Eu 1.54 1.7  1.09 1.71 1.8 159 257 099 165 1.02 159 167 125 127 086 1.65 172 1.68 167 128
Gd 425 534 35 5.32 5.29 456 744 328 463 32 493 538 427 435 287 505 547 5.86 535 3.86
Hf 3 3 2 3 3 3 7 2 3 2 3 3 3 3 2 2 4 10 3 2
La 362 302 194 29.1 32.1 363 706 148 318 162 243 291 213 206 1.2 36 285 65.7 273 173
Lu 025 029 0.25 0.25 0.3 028 032 019 028 0.2 03 033 035 029 019 028 0.39 0.5 031 0.27
Nb 16 10 9 7 11 16 31 8 15 8 8 12 9 10 6 9 14 46 9 9
Nd 269 289 16.6 27.9 29.7 265 551 144 266 156 246 296 21 198 116 302 275 39.8 272 169
Ni 29 33 401 33 21 38 31 487 104 469 60 30 67 63 488 15 19 8 23 43
Pr 69 694 399 6.92 7.13 705 147 351 681 374 6.06 718 515 475 264 759 6.56 11.6 6.67 4.09
Rb 126 156 96 95.4 24.4 100 119 637 882 87 913 149 743 582 369 371 49 320 28.6 51
Sm 5.1 5.8 38 5.8 6.2 53 9.8 3.2 5.3 33 54 6.1 4.5 44 2.8 6.1 5.9 6.9 5.8 38
Sr 800 790 410 600 1050 3930 670 390 790 460 1060 950 450 450 360 280 790 1090 810 680
Ta 0.8 0.5 0.5 0.5 0.5 0.8 15 0.5 0.8 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 2.8 0.5 0.5
Th 8.4 6.2 4 6.3 5.9 88 216 33 8.7 35 33 5.9 5.6 3.8 24 117 5.9 40.6 6 33
U 186 162 1.05 2.42 1.63 2.44 6.6 0.95 36 1.06 083 159 143 087 049 4.02 1.65 12.6 129 091
Y 192 201 166 18.8 20.3 194 262 148 202 145 217 226 217 205 13.6 187 25 28.7 223 184
Yb 19 2 1.6 17 2 19 2.3 15 2 15 2.1 2.2 2.4 2.1 13 17 2.4 35 2.2 2
Zr 113 99 852 99.5 97.1 116 257 748 118 709 87.6 118 123 101 575 897 131 438 108 79.9

In spidergrams enrichments often comprise some LIL elements
and depletions comprise some HFS elements (Fig. 5). In Sun et al.
(1980) and Sun and McDonough (1989), spidergrams which are
normalized with the primitive mantle and chondrite composition
there is positive anomaly of K and Sr, and negative anomaly of
Nb and Ti (Fig. 5c and d). In Pierce (1983) spidergram MORB
normalized, there is positive anomaly of Th, Ba, Rb, K, Sm and Ce
and negative anomaly of Nb, Ti and Zr (Fig. 5b). Positive anomaly
of K is likely to be associated with magma source. Sr is a bivalent
element and can replace Ca in plagioclases and create positive
anomaly. Positive anomaly of Th, Ba and Ce can be related to
contamination with crust. Accumulation of Ce in alkali basic rock
seems to be reasonable (Smirnov et al. 1983). Apatite can also be
a good container for Ce. Negative anomaly of Nb and Ti can be
attributed to the contamination of magma with crust, fluid
influences or differentiation crystallization. Also, the negative
anomaly of Ti and Zr can be associated with partial crystallization
of ilmenite and zircon. A comparison between basalt reference
diagram (Pierce, 1983) (Fig. 5a) and spider gram of the samples

indicated a similarity of the area rocks to continental margin
basalts. The concentration of Ti, Nb, Ta and Th in these basalts is
lower compared to its concentration within plate basalts.

According to different tectonomagmatic patterns such as Pearce
and Gale (1977), Jenner et al. (1991) and Floyd et al. (1991),
submarine lavas of the area are related to marginal basin and
they show a specific relationship with volcanic arc environments
especially with back arc basin (Fig. 6a, b and c). The chemistry of
rocks confirms this. The volcanic rock of back arc basin is likely to
be alkaline or sub alkaline (Gill, 1981). Gill (1981) and Wilson
(1989) believe that LILE enrichments and relative HFSE depletion
in the lavas of arc areas is common. One of the distinctive
characteristics of the magmas of the volcanic arc environments is
the proportion of Ba/Ta, which exceeds 450 in the arc magmas.
In the samples under study this is 1096on average. The amount
of TiO2 in arc area rocks hardly exceeds 1.3% (Gill, 1981). The
amounts of this oxide in these samples are 0.5 to 1.15, which
shows their relation to the arc environment.
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Fig. 5. (a) Pattern spidergram MORB normalized (Pearce, 1983), shows
similarity of Heiran area basalts, (b) to marginal continental basalts (CABI),
(c) Spidergram of primitive mantle normalized (after Sun and
McDonough, 1989) and (d) Chondrite normalized (after Sun et al. 1980),
showing positive K anomaly and negative Nb and Ta anomalies
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According to different diagrams such as Ferrari et al. (2000) and
Gil (1981), the study samples are related to subduction zone (Fig.
6d and e). The Ba/La ratio in the convergent plate margins is over
15 (Wood, 1980; Gill, 1981). This ratio is 23.2 on average for the
area samples. The high ratio of Ba/La indicates the enrichment of
mantle edge by subduction zone fluids and Ba can be created
from subducted oceanic sediments (Wilson, 1989). The ratio of
Sr/Nd is between 30-35 for the basalts of subduction zone
(Hofmannet al.,, 1986). This ratio is 33.3 for the samples under
study. The ratio of Nb/U for the MORB and OIB is approximately
47 whereas the value is lower for magmas associated with
subduction environment (Hoffman et al. 1986). This is 7.2 on
average for the area rocks, which is significantly different from
MORB and OIB.

Based on Gill's (1981) classification the ratio of Ba/Nb in the
subduction area rocks is above 30. With regard to basalts under
study the value is 61.5 on average and is similar to the rocks of
subduction zone. With regard to the spider diagrams, the
negative anomalies of Zr, Ti, Nb and Ta and high ratio of
LILE/HFSE and LREE/HREE show a similarity with the rocks of
subduction area. The tectonomagmatic environment associated
with back arc basin, chemical composition of area rock and their
relationship with subduction process all indicate that area basalts
have been formed in suprasubduction environment. The
formation of alkaline rocks, in addition to tholeiitic rocks in the
suprasubduction environments has been frequently reported in
other studies (Nicoholson et al., 2000; Beccaluva et al., 2004;
Bagci et al., 2006; Aldanmaz et al., 2008).

The original magma of the area rocks is related to lithospheric
mantle. This is shown in several diagrams such as Hooper and
Hawkesworth (1993) (Fig. 6f). Nowadays, it is proved that the
great amount of deep crust and upper mantle rocks are particular
to oceanic basins and some of the back arc basin (Jutean and
Maury, 1997). These basalts form the crust of back arc basins or
marginal basins that differ in wideness between 60 to over 1000
kilometers (Jutean and Maury, 1997).

Some HFS elements such as Nb lithospheric magma are various
in amounts. Therefore, some scholars believe that La/Nb ratio can
be affected by metasomatic enrichment (Abdel-Fattah et al.,
2004). Bradshaw and Smith (1994) and Smith et al. (1999) showed
that HFS elements such as Nb are depleted in lithospheric mantle
compared to LRE elements such as La. As a result, the higher
amount of Nb/La ratio (greater than 1) is indicative of
asthenospheric mantle source and the lower amount of this ratio
(less than 0.5) indicates a lithospheric mantle source. The average
of this ratio in the area rocks is 0.41, which shows the lithospheric
origin of the magma.

4.1. Microprobe study

Five samples of the area rocks were analyzed by electron
microprobe in the laboratory of Hacettepe University in Ankara.
Sixty-six points from clinopyroxene, plagioclase and olivine were
analyzed.

Olivine: The microprobe analysis was conducted on 15 points of
olivine. Regarding the amount of FeO and MgO, all samples have
forsterite (MgQOo1.1-945) composition except for one sample, which
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is in chrysolite (MgO79.1) array. This shows the high temperature
of magma.

Clinopyroxene: 36 points of clinopyroxene were subjected to
microprobe analysis, which according to wollastonite-enstatite-
ferrosilite chemical system classification (Morimotoet al., 1988)
reside in augite-diopside composition range.The amount was
found to be (Wous Enas Fs11) on average.

IJESKA (2019) 1 (1) 14-22

Plagioclase: Microprobe analysis was performed on 11 points of
these minerals. According to orthoclase-albite-anorthite system
classification (Deeret al., 1991) these samples are often of
bytownite composition with inclination toward labradorite. These
samples contain Anes-s7 and mostly placed in Anzs79 and
bytownite range.
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Fig. 6. Geochemical diagrams for determining composition and environment of rocks; (a) The plot of samples in the margin of plate in the Pearce and
Gale (1977) pattern, (b) Diagram for separation of three environments of basalt formation (Jenner et al.,, 1991) in which the sample under study are in
the arc environment array, (c) Plot of most of the samples in the back arc basin basalts array in the pattern for determining tectono magmatic
environment of basalts (Floyd et al., 1991), (d) dependence of the area rocks on subduction environments in Ferrari et al. (2000)pattern, (e) the relation
of most of the samples to orogenic environments in Gill (1981) classification, (f) the dependence of the area rocks magma on the subcontinental
lithospheric mantle source (Hooper and Hawkesworth, 1993) (A: asthenospheric; SCLM: subcontinental lithospheric mantle)
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4.2. Isotopic study

Four sample of the area rocks were analyzed using Sr-Nd (Rb-Sr
and Sm-Nd) method in Carleton University, Ottawa (Table 3). The
eNd ranges between -1.03 to 0.94 and is negative about three of
the above mentioned samples, which shows enrichment by LREE
and is probably indicating the process of contamination with
continental crust during uprising of magma. Based on the
isotopic diagram, &7Sr/86Sr versus 3Nd/'“*Nd (Zindler and Hart,
1986) the samples fall in the mantle array and are inclined toward
Bulk Silicate Earth (BSE) (Fig. 7). The high ratios of 8Sr/%Sr in
some samples, which has moved them away from mantle array,
can be caused by the process of contamination with crust.

Table 3. Rb-Sr isotopic data of the basalts

Sample  87Sr/86Sr  87Rb/86Sr  143Nd/'*Nd  '47Sm/'#Nd eNd
H21 0.705984  0.677760 0.512585 0.13785 -1.03
H27 0.705569  0.472784 0.512615 0.13382 -0.45
H77 0.705331 0.374368 0.512594 0.13382 -0.86
H95 0.704628  0.217095 0.512686 0.13540 0.94
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Fig.7. Situation of the area samples according to isotopic data (Zindler
and Hart, 1986)

4.3. Geothermometry

The crystallization temperature has been computed using
Helzand Thornber (1987) (I) and Putirka (2008) (II and II)
equations. The equations I and II are based on the percentage of
MgO in the ground mass and equation III is based on the
percentage of FeO, NazO, K20 and H20 in the ground mass plus
Mg#. The temperature variation range is 12757-1404°¢ and is
1349°¢ on average (Table 4). These equations and the results are
listed below:

L. T =20.1MgO""9+1014°

II. T°=26.3Mg0""9+994.4°

IIL. T*°=754+190.6(Mg#)

+25.52(Mg0'9)+9,585(Fe0'9) + 14.87(Na20 +K20)"19+9.176(H20"9)

Table 4. Thermometry results based on groundmass (whole rock)
composition

Sample T<(1) T<(2) T°<(3) T (avg.)
H27 1309 1381 1386 1359
H39 1275 1336 1330 1314
H88 1320 1394 1404 1373
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4.4. Geobarometry

Petrographic studies indicate that most of the clinopyroxenes
show zoning. This is an indicator of rapid cooling and
crystallization in lower pressures (Floweret al. 1977). Also, lack of
homogeneity in chemical composition of clinopyroxenes and
their zoning shows the rapid cooling as well as nonequilibrium
(Burns, 1985; Parlak, 1996). Clinopyroxenes' Mg# is an effective
measure of crystallization pressure of minerals. The primary
clinopyroxenes which crystallize from a basaltic magma under
lower pressure usually have Mg# lower than 84 (Groveand Bryan,
1983; Parlak et al., 2002). Clinopyroxenes of Hairan area have 68-
74 Mg#. The lower value of Mg# in clinopyroxenes of the
understudy area confirms their formation in lower pressure.

Nimisand Ulmer (1998) (I) and Putirka (2008) equations (II and III)
were used to determine the crystallization pressure. Equation I'is
based on the value of cations present in the chemical
composition of clinopyroxene and equations II and III are based
on the chemical composition of clinopyroxene and coexisting
melt as well as on the crystallization temperature. The variation
in the crystallization pressure range between 3.8%-6.8%°, 5.10 on
average (Table 5). These equations and the results are listed
below:

o PX0=771.48+4.956(Al(IV))-28.756(Fe)-
5.345(Fe3*)+56.904(AI(VI))+1.848(Ti)+14.827(Cr)-
773.74(Ca)-736.57(Na)-754.81(Mg)-763.2(Fe)-759.66(Mn)-
1.185(Mg)?-1.876(Fe)?

e PX=3205-562(Mg)+83.2(Na)+68.2(DiHd)+2.52In(Al(VI))-
51.1(DiHd)?+34.8(EnFs)?+0.384(T¥)-518In(T¥)

o PX0=1458+0.197(T¥)-241In(T)+0.453(DiHd)+ (DiHd)+
55.5(Al(IV))+8.05(Fe)+277(K)+18(Jd)+44.1
2.2In(Jd)-27.7(Al)2+97.3(Fe)?+30.7(Mg)?-27.6(DiHd)?

Table 5. Average of clinopyroxene crystallization pressure according to
three methods

Sample Pkb(1) Pkb(2) Pkb(3) P (avg.)
H27 3.9 6.3 4.2 4.8
H39 3.8 6.8 4.1 4.9
H88 4.5 6.3 5.7 5.5

5. Geodynamic

Subduction geochemical characteristics of the area rocks can be
related to the closing of an ocean. Based on this fact, different
researchers have referred to the existence of four oceans in the
southern margin of the Caspian Sea.

Paleotethys Ocean: It has been closed during upper Paleozoic
(Darvishzadeh, 1991). Taleshophiolites in southeast of the area
are the only sign of this ocean in the southwest of Caspian Sea.

Second Paleotethys Ocean: It has started to form during the
upper Paleozoic and early Mesozoic and simultaneous with the
closing of Paleotethys Ocean. This ocean has been closed due to
functioning of Indonesian orogenic phase in the early Cimmerian
orogeny and simultaneous with the formation of Neotethys
Ocean in southwest of Iran (Eftekharnejad et al., 1992).

IzAnCa (Izmir-Ankara-Caspian) Ocean: It has been formed
along a line passing through north Turkey, Iran and central
Afghanistan as a back arc basin during the subduction of
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Neotethys Ocean. This ocean has been located in the east of
Vardar Ocean passing through the southern margin of Caspian
Sea and has been the back arc basin of Neotethys Ocean. This
basin has been formed in Jurassic and has been close in early
Cretaceous continuing until after Cretaceous (Stampfli and Borel,
2002; Cavazza et al.,, 2004).

Sevan-Akera-Qaradagh Ocean: The formation of which has
been associated by Berberian (1983) with within-plate extension
system. This process has given rise to the rifting between
European plate (continental active margin of small Caucasian in
the north) and central Iran (continental passive margin in
southern Caucasian). Sevan-Akera-Qaradagh ocean has started
to form in early Jurassic whose evidence have been reported in
the outside borders of Iran and in the western parts of southern
coast of Caspian Sea (Berberian, 1983). Adamia et al., (1977) and
Knipper (1980) believe that the contact between north-western
part of central Iran (Azerbaijan) and small Caucasian island arc
during Cenomanian has started the closing of this ocean. Recent
studies on the south of this geo-suture suggest a later time,
namely Campanian-Maestrichtian (Berberian et al, 1987).
Aghanabati (2004) believes that the contact movements related
to the closing of Sevan-Akera-Qaradagh Ocean occurred in
upper Cretaceous. The subduction of Sevan-Akera-Qaradagh
oceanic crust has started with a north oriented slopeand has
continued during Cretaceous (Adamia et al., 1977; Knipper, 1980;
Berberian, 1983). In Campanian-Maastrichtian and at the same
time when the Sevan-Akera-Qaradagh Ocean was being closed
the marginal basin of southern Caspian Sea has been formed as
a back arc basin on the Sevan-Akera-Qaradagh subduction
(Salavati, 2008). Therefore, the closing of this geo-suture in
different parts has taken place in different period of time with
higher age for the closings of the east. Concerning geochemical
characteristics and the age of submarine lavas of Heiran area, its
association with Sevan-Akera-Qaradagh geo-suture seems to be
logical so that the rocks of the area which show signs of
formation above the subduction zone in the back arc basin have
probably been formed somewhere in the back arc basin of Sevan-
Akera-Qaradagh Ocean. On the other hand, the existence of
alkaline rocks has been reported in different areas along the
Sevan-Akera-Qaradagh geo-suture (Berberian, 1983; Dehghani
and Makris, 1983; Salavati, 2008). Berberian (1983) believes that
Eocene alkaline rocks of Azerbaijan and western Talesh as well as
the alkaline basalt of northern Talesh in Azerbaijan Republic are
the result of local faulting and rifting during the closing of Sevan-
Akera-Qaradagh Ocean.

6. Conclusion

Submarine lavas of Heiran area has been formed above a
convergent zone with an extension in late Cretaceous and early
Tertiary. Results of geothermometery, geobarometery and Mg#
of clinopyroxenes show high temperature and low pressure
during the formation of rocks, which confirm the extensional
environment. Some geochemical features in these rocks such as
enrichment with LREE and LILE and depletion from HFSE indicate
the effect of subduction parameters and consequently the
formation of these lavas in correspondence with the subduction
zone in the back arc basin. This is quite similar to the formation
of ophiolites corresponding to supra-subduction environments.
These lavas have probably originated in lithospheric mantle as a
result of the effect of fluids emanating from subducted plate and
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have been contaminated with crust during the rising procedure.
The transitional alkaline lavas in the marginal ocean along the
southern Caspian Sea, which are likely to be Sevan-Akera-
Qaradagh back arc basin, have formed submarine structure in
late Cretaceous-Eocene and have probably been overthrusted in
late Paleocene on the northern Alborz as a result of the complete
closure of this ocean.
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