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Abstract: The Plio–Quaternary volcanic eruptions have made basaltic lavas in NW Iran and 
Azerbaijan. Basaltic lavas with prismatic structure cover the Plio-Pliostocene volcano-
sedimentary or Quaternary alluviums. The studied regions are situated in Azerbaijan 
provinces in areas of Monnavar, Herris, Ahar, Kaleibar, Mahabad, Salmas, Maku, Marand, 
Sarab and Zunuz. The studied sample rocks are olivine basalt, trachy basalt and basaltic 
andesite. These rocks have microlithic porphyritic vesicular, hyallo microlithic vesicular 
porphery and doleritic textures in thin sections. On the basis of chemical analysis, magma that 
has formed the rocks had alkaline nature with a Na2O/K2O>1 ratio. The tectonic environment 
for the samples in discriminate diagrams is post collisional volcanic arc setting. The study of 
Rare earth elements patterns in diagrams show that, common dip of variations have 
descending trend and indicate basaltic rocks enriched in LREE and depleted in HREE. Other 
features of the diagrams are small negative anomaly for Eu, Ta, Nb and distinct positive 
anomaly for U, Th, La, Rb, Ba, and Cs. The study of rare earth elements patterns display that 
magma originated from an enriched asthenospheric mantle with garnet in source. 
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No. MOB2MOB3 MO3 MO6 SOB SOP LM SOP3 AH4 AH1 MAK1AHVA8 ZA1 MAK17MAK16MAK5MAK2MAKA1MBAB8HKB2AHKB9

SiO2 oo/�q oq/�o q�/to qv/to vq/�q up/�� uv/tu ��/tv p�/�q up/�� qo/tu v�/�q o�/to to/tu uv/to �o/tv �/to �q/�� �p/�p t/�o o�/��
TiO2 vv/o v�/o t�/v q�/v vo/o oo/v ��/v �q/u o�/o o�/o pq/v vo/v ot/v pt/v v�/v �/v v�/v o�/v t�/v qv/o qv/o
Al2O3 �v/v� q�/v� �t/v� ��/v� ��/v� ut/v� qq/vu uq/v� oq/vt �t/v� �p/vp ��/vp  �o/vp qp/vp �v/v� ot/v� vq/v� q�/vp �p/vo u�/v� �v/v�
Fe2O3 vv/po pv/vv vo/� tv/� vq/vv p�/� q/� uv/� vt/vu qt/� �q/q �q/q u�/q tq/q u�/q p/q uq/q �o/q ��/� oq/vo �q/vv
MnO v�/u vp/u u�/u v/u vt/u vt/u v�/u vp/u vp/u vo/u v�/u v/u vp/u vp/u vp/u u�/u vo/u vp/u vt/u vq/u v�/u
Mgo �o/� tv/t vo/� v/� o�/q t�/� q/vu ov/t pv/t �t/t uo/� ��/� u�/� � �/t �p/� �/t q�/t pv/vv q �/�
CaO �p/vu vv/vu v�/� t/� �o/� p�/� v/vv o�/� q�/� op/� pv/� vp/� o�/� uv/� q�/q tv/� �/q v�/� �/vv q/vu po/vu
Na2O �q/p oo/� qv/� t�/� �q/p ov/p oo/p op/p ov/� �v/o �/o �t/p oo/p t/o ��/o �/p ��/p �v/p p�/p �o/o ��/�
K2O pq/v �v/v ��/v o/vv �v/v p�/v oq/v qt/u �t/v ��/v q�/t ��/v t�/t ��/t ��/� �/o uo/p �/p �v/v op/o uv/v
P2O5 ��/u uv/v q�/u q�/u u�/v p�/v op/v o�/u pp/v pq/v v/v q�/u u�/v vt/v ��/u qt/u �p/u v�/v pp/v ��/u �o/v
L.O.I �t/u vp/v qt/v t/v q�/v v�/v to/u t/v q/v ��/p �q/v �o/� vo/o �p/o t/o q�/v ��/o v�/� tt/o �t/u pp/o
Total o�/vuu t�/vuu uv/vuu �o/�� qq/�� ut/vuu t/vuu tq/�� ��/�� ��/�� vuu t�/��  p/vuu �o/�� ��/�� �/�� t�/�� tv/�� �o/�� �p/�� tp/��
"Z�+7
=��@c

MOB2MOB3 MO3 MO6 SOB SOP LM SOP3 AH4 AH1 MAK1AHVA8 ZA1 MAK17MAK16MAK5MAK2MAKA1MBAB8HKB2AHKB9

V v�u ouu ouu v�u op� ovq opu otq v�� oo� v�� v�q vq� ou� v�t v�� vq� oqq o��
Cr oqu pou o�u oqu opu pou ��u v�u qu qu vou vou v�u opu vtu vou p�u vvu vuu
Co pq �u v/�o �v/o �u qp/u pp/� p� p/pu o� t�/q pv/p ��/p q/pu �/�q �p v/�u
Ni vou vpu vou �� v�t p� vpu o� �� t t o� vt vt t o�o �� �q 
Cu pt �v p� p� t� tp p� to vvv �u vuu vv� p� q� �o �u �v vuu �� �p vo�
Zn � q � � vp� p� q �v vtq vt� vuu � vuv vu� �o �� �� vu� vqu vto
Ga oqu pou o�u oqu �/v� v�/v t�u �/v� q/o� o� �/v� ouq oqu v� p/v� �/v� t/v� v� v/v� o/ou v/ot
Rb �� vuu �o q� t/oo o�/� �v �/� �/vv p/oo o�u vq �� v�u vv� �� �/�p ouv �/p� �/op �/vv
Sr �� �u vou vpu vvqu t�� p� ttu ovou ov�u vu�t vvvt vv�u voou vvpt vvqu v�ut v�vt o��u
Y q/v� v�/q ou v/vq �/v� v/o� o/o� �/o� o� �/op o/o� �/ov �/ov �/ou
Zr oou v�u ouu o�u vqv vo� ouu �� vqq v�p p�v p�p pu� oot pu� pvt v�o ou� v�v
Nb     p/pt vq t/� v/p� p/p� o/�q �/t� t/�t q/o� �/�� t/�� �/�p o/�u �/p�
Ba vtuu vouu vuuu v�uu pqp ��q ��u q�� qqu q�v op�u t�v vouu oopu v�tu v�qu vq�t o�tu vvvt qq� ���
La  o/�� q/o� q/v� �/qp �/qt �/tt �u �/�v �/�� �/�q v/�p �/tq t/vvv �/q� �/q�
Ce o� vt vou �� t/vup �/�� vpu t/p� v�u t/v�� t/vv� v�p vvu t/vo� vpp t/vpv t/voq t/vov ovu v�t t/vq�
Pr �o �v �� �� �t/vo �o/t �v q�/� �t/v� q/ou �t/v� � vou �t/v� ut/v� ut/vt vt/vt �t/v� v/op v/ov p/oo
Sm     �q/� ��/� v/ou �/qt o/q� �/t� �/�� q/�p v/tq p/�u �/�u p/q� �/�o t/�q
Eu  tv/o p�/v pq/� vt/vo o/vo q/vv �/vo vo ot/vu p/vv ut/vo ou/vv �/vp ut/v�
Gd �� �u vou vpu t�/� vv/� oo/v �v/o u�/p t�/o qv/o tq/o �/o ��/o t�/o �t/o oo/p p�/p
Tb     �q/u t�/u p� u�/� t�/� p�/� �o/� u�/v�  vou t�/� v�/� ��/q �t/� �/� qo/� ot/vu �t/vu
Dy     o�/� ��/p ��/u u�/v uo/v v�/v op/v vt/v ut/v vt/v vt/v uq/v vt/v v�/v
Ho     qt/u qq/u �t/p oq/� v�/� �v/t �q/t tv/t u�/t �v/t p�/t ��/� oq/t tv/�
Er     �q/v v�/o q�/u q/u �q/u �/u vp ��/u ��/u �v/u �q/u �o/u �t/u �p/u qo/u
Tm     o�/u po/u oq/o �q/v �v/v p�/o t�/o �q/o pv/o op/o �/o p�/o pp/o v�/o
Yb     t/v ��/v p�/u ov/u oo/u p�/u o�/u p�/u pv/u pv/u p/u po/u oq/u o�/u
Lu     ov/u pv/u q/o ��/v o�/v o�/v qt/v �/v �v/v
Hf     p/� p/p op/u p/u vq/u vq/u o�/u op/u v�/u
Ta     �/v �/u �/o �/o �/� �/� �/� p/t v/t
Pb pq �u p� p� q � p/u q/v �/v o/o �/v �/v
Th     pp/t u�/t �u q � � vp � �
U v�/v �o/v o�/p �p/� �p/� �/vu op/t t
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e+*�
)� <�A
�3�B; 9"�"&)5c d 5�6. 9��-�)��3 )<)"
) ="> ?�@, (!. . .���

 &2D ,%�+�A
KALMB MBAB3 VA3 MKUK MKU SRABM KAPZ Sample No. 

to p�/�� t/�q s�/1r �2/2s s/1� ��/to SiO2

�o/v��/vp�/v�1/�rs/���/���/�TiO2

�q/v� vt/vo p/v� ��/�� ��/�� ��/�� �s/�� Al2O3

ot/�qq/�v�/���/s�1/�� 2�/���/�Fe2O3

vv/uvt/uoq/u�2/r��/r�1/r�/rMnO 
po/�o/vo po/�11/1��/2ss/�s/�MgO 
p/��q/vu vor1/�s�/��1/�r�/�CaO 
q/�p�/puv/���/21/21�/2��/2Na2O
uq/oq�/vtt/v��/r2�/���/��K2O 
��/uot/v�/u�/r�2/r��/r��/rP2O5

�t/uq�/v��/���/r��/�r�/��/�L.O.I 
ut/vuu �o/�� vuv ��/ss s�/ss 1�/ss ��/ss Total 

KALMB MBAB3 VA3 MKUK MKU SRABM KAPZ @0 "Z�+7�=�
ouq vq� ��s ��� ��s ��� V
�u �vu 1r�r�r1rCr 
oo/vv/tv s/�1 �/�r 1/�� r�/�Co 
tpqu 1�1r��1Ni 
�v tpp��r�2��1�Cu 
vo� vu� �s��21 ��1 ��� Zn 

p/ou v�puu 2/�s 2/�r 1/�� 1/�r Ga 
�/ov �/pq vou ��/�r �/1� �/�� Rb 

vq�t v��u 2�� 1�� ��1 �12r Sr 
v/vp p/ou �/�2 ��2/�� �/�� Y

vtq v�t ��� �12 ��2 �2s Zr 
�/op �o�/1s/��s�/�s Nb 

q�o �pq vouu ��r �s� ��� �12 Ba 
�/t� t/vuo 2/�� �/�2 s/�� �/21 La 
t/vu� t/v�� vvu s/�� �/�� ��1 �/s� Ce 
t/vo �/ov qq��/2�/��1/�� �1/�r Pr 
t/�� �/qt 2/�� �/�r �/2� �/2r Nd 
t/vu o/vv 11/2r�/���/���/�Sm 

�p/v�t/o1�/�s�/���/���/�Eu 
�/tvt/�vvu ��/21�/�11/�21/1Gd 
��/uv�2/rs�/rs�/r��/rTb 
��/o��/���/2��/��/1s�/�Dy 
tv/uq�/uss/r�/�r�/�1�/rHo 
pq/vv�/o�/���/���/�2/�Er 
v�/up/u2�/r2s/r2�/r��/rTm 
up/vtq/v��/���/�1�/���/�Yb 
v�/uo�/uo/u��/r2s/r2/r��/rLu 
v/��/�q/o�/2�2/�2Hf 

�/��/�s/rTa 
pq ������Pb 

1�/222/���/1Th 
12/���/�r�/�U
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�+
/3�7 �I5w! �9"��7 �/
x� �U��7�<Bx� ��2

.@"E!��& 
� "�.5Q*!"Q���5@� �E9 /, �J��K� :a��)�5
��E9�
) �563 $
/
�'+�-���. !  /, 
��3"> �	�3 �3 �E��05��T�@� �,�� �), x40 
PPL(�=)"* .b��)�5
��E9UQ, � ! �)���!"Q���E9��. 
@D �� ��05� "�T�@� �,�� �)XPL, x 40(–=)"* �c�"�� �	�3 
-��) �3 �5
�! �E
�E�5639.��!) ��0!"
-���. UZ�	 /G �� 
�E��05)40 x!XPL (–50�� �d��)�5
��E9UQ, �,�� �� �)�
� �-� ^��!"Q�-��0) � /d,  /

)  ":G �	�3 �39)100 x!PPL (�"E
O�e��)�5
��E9UQ, �,�� �� �)�
, �-� ^�) �(9/d, 
�d0) )/� "d:G !  / �)�)40 x!PPL (��
��3���.f�E �	�3 �	�5.5���"9��. �3 
�E��059��3"> �)  ":G �	�3 !9�) ��5
��E9�
�-� �� �563 $)�40 x!XPL(�=)"*.

.@"F!��& 
� HM��� "�.5Q*!"Q���5@� �E9�J��K� ��5� :a�� �	�3 ��!"Q�-�	�5. ^�"9�) �563 �,�� ��5
T�d@� �,�� ���)x 100!PPL (�
60�"%.b��)�5
�E �9"05+	 
�)/6Q, ! ���T�@� �,�� �)40 x!XPL (������ �c�	�5.!"�56# �	�3 �"960 ��.5+���0!" �dE9�!) d
�d	�3 �d3 �

T~5�50��T�@� �,�� �)100 x!XPL (–"E) �d��) �563 �,�� �5
UQ, �) ! �)�
/
�d'+�-� /d, .T�d@� �d,���40) x!PPL(–=)"d* �e�
�E�5639��) �,��5
,�G �3 ��)��3 �� �
(ة�/
�'+�-� /, –T�@� �,�� �)100 x!XPL (–�5+� �f��)�5
�E �9) ! �,�� 
/
�'+�-� /, 

� !��!"Q���E9.�T�@� �,�� ���*/6	 ! ��0!"�)100 x!PPL (–�5+� .
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e+*�
)� <�A
�3�B; 9"�"&)5c d 5�6. 9��-�)��3 )<)"
) ="> ?�@, (!. . .��1

.@"G�)�5@��E9 �� /+39J& !��"* �9T�@#�� ���)��3 �E9�J��K� ��5� .a��)�5@� ]�[)"3 �9�)h'��� 9e+* �E9��dQ3 jdT�7 ��dJ��K� ��5� 
�) /+&��%7 UQ, �� �-	� ::d–d*)� ���R–�
�5d��T–0)"& d��T-D –d0)"& �d*)� ��A–�/d�; 
�A-B–�/d�; 
-�)��d3 ��T-A–d0)"& �

�/�;
�T-A-B–0)"& ��/�; 
-�)��3 ��T-B–0)"& ���)��3 Ba–��)��3 P-Ba–.���)��3 !"QTe–":& 
�Bas–�)��3 d��Ph-Te –":&5�5	 d
�
Te-Ph –�5+	!":& ��Ph –�5�5	 ��.AHA –"E) MON –�5+� SRA –=)"* MBAB –��3��� MAK –)"�Q(0 �/&"� 9HKB"E 
O�

=�+Q(DMKU –50�� KAL –60�"%�b–�)�5@� ]q.[J&��"* �9T�@#�� ���5@� �E9���J��K� ��5 c��)�5@� ]t[)"39/+3 ��%M 9��'+d* 9
�J��K� ��5�.

�!�"�H> 
<)$��\&��])" SiO2��5@� �) �E2��&1�/Z�� ��<�*5� 
�*).��5@� �E9�)�5@� �� �6c �5M �3 �J��K� ��5� ]�[��

� �)"I �
��6I X"-�#�#��/�")= �UQ,�.(�3"�>�)�5@� /+l N
���K+� N9)"�8(c ���3 �/��)� �*�-. ��E�� �c /�"�

��5@� �E�3Y5&��%�� �3 >1 Na2O / K2O�,"* �R
/* 
/��)�.��5@� �c�D ���� "Z�+7 9�E5'�) �*�"3 �J��K� ��5� 9�E

 "3 �cN
�.�
�/+c "
���� ��-�)��3 !9��I) <��*5����-	"# "3 
�)]�[��A+�3 /, �� �/�)�)�5@��E9I �:+� [�, �M53"� U3�

�{G�� �� <�(� )� 9) E�+/"'��(� �0�+> "Z�+7 �) �#/,
LREE��& !�#/,�)"Z�+7 HREE9)"3 ��'+* 9LM�+� 

�J��K� ��5� ��*))UQ,�(.\&��"Z�+7 ])"Ni �Co�Cr �

TiO2�!MgO  )$	) U3��� ��
iSiO2�E�)�5@� ��9j*� 
M � /,� "-�# !  /+0)". `� <�(� )� 9)��/+E�)Q,U�.(

��5@� �) 9�)/J& �E�
��6I/+-�E ���3 �) "&D"3 �� !��)
"E ! ��5+� ���3��� �"E) /+��� LM�+�
)�)� ��'+* �O9

/Z��TiO2�Ni �Cr �Mgo ~�3/+-�E .9��A+E���:+� 
J_�:�"Z�+7 �) Eu �Ta �Nb 9��A+�3 !�%a� �) bD�, !

"Z�+7Rb �Ba �Th�La�Cs !U"Z�+7 95'�) �� ���� =��@c
�c�D��5@� �E9�  /E�(� �J��K� ��5� �/�5, .����
�%*�V� "

)"3  /,9�%�� Eu / Eu*��'+* 9�J��K� ��5� �)�2/r�&
rs/��*) <�*5� �� .��+�@E HREE �&� /, )Ce / Yb(�

��T�. �)/��Y!Sc "Z�+7 9~�3 �%�� !LREE.�)�5@� �� �E
�*) �Y5& U3�I .
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�+
/3�7 �I5w! �9"��7 �/
x� �U��7�<Bx� ���

.@"I�E�)�5@� 9/+l 
"�+7 �90�D ���� "Z�+7 !�e+* �E9-�)��3 �"3 �0 �J��K� ��5� LM�+� N
�.���� 
��)��3 "�E9��I) <��*5����
�/+0
-,5# ! �N�!) ��) �-	"# "3 �]�[/�)  /, ��A+�3 ._5&������ �-� �� �.

.@"J�E�)�5@� 9\&��"�"Z�+7 ])Co �Ni�TiO2�Cr�!MgO �3 �%�� SiO2��'+* �� 9-�)��3 ��J��K� ��5� �MON –?�@, �� �5+� 
"%&
$HKB �"E
O�=�+Q(D MBA ���3��� AHA �"E) �MAK �)"�Q(0 9/�"� MKU �50�� KAL �60�"%SRA �=)"*.
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e+*�
)� <�A
�3�B; 9"�"&)5c d 5�6. 9��-�)��3 )<)"
) ="> ?�@, (!. . .���

�
�� & K5��
"��:& ! "�%J& �) UZ�G S
�-��)�5@� ,5T� 9�E "Z�+7 �T��@�

! �6Z)N@E �c�D ���� "Z�+7 ])"��\& 9�E5'�) ! =��@c 
�� <�(� ���� 9�@#�� �c /+E���'+* 9-�)��3 �R
 �) 
 �'-*�D�-,5# �+> 9) ����# 9)�)� �~�@-G) !  /, �(
�

�*) �-	"# .�+> �5Y!�� �#/, "Z�+7LREE��& !�#/, 
��@0 "Z�+7 �=�HREE�+V+� �:+� [�, !9�E "Z�+7 

/+E� <�(� ��c�D ����9%� �3~ة��CO2/H2OV� ���! �W
 �� N(
��
5��) ��)��3 �E��)� .9��A+E���:+� J_�`Eu <�(� 

/+E� Xi
)/Y !��0��E9��/��)�"3X�+J
 "�+7 �
) 
��c5
��.�E9�60 �^�)�@#�� $�� ! �5JZ N6G"� �� �0 �*

*)  �)� k� "&~�3 �5K* �� �@#�� `I5&�) .UQ,9�E �!�r(.
��& ! ��'+* �c�D���� "Z�+7 "�	 �5Y! "3  !�7 ���; �#/,

~�3 �%�� ! ����#9CO2/H2O�� �'-*�D���3 /�)5&
6�*!N"	)/+
i
)/Y ��c!"�.5+�6c ! ��c!"�.5&�!) ��
5��!) 

�5, ��Y5& $�� .��+�@E\&��])""Z�+7 9/+��� Cr �Co �Ni �
�6�* i
)$	) �3  )"@E �� O�)�5@� �E/G �&9��i�� �3 /�)5&

�)�5
=hY �� �Ni !
60 ��.5+��*) ! ��0!"�=hY �� U+
/,�3 �53"� 4!"0 �)UQ,�.(/Z��TiO2D"3 �� ���5@� �) �E

�*) ~�3)3��) "-(o/Z�� () !
! �
#|�-	�c LM�+� �� �!
��J	 �3 ��%&�) �� LM�+���*)  /E�(� U3�I �)� ���� �.����
"

~�39Zr!~�3 �%�� 9La / Yb�� �5Y! X/+E� <�(� /�)5&
 R
 �'-*�D�-,5# 9)+>�/,�3,/9 (*-+5*:"ة.��+�@E 

HREE �&����� �3  /, 
T~�3 "��))Ce / Yb(��T�. �)/�� �
Y!Sc "Z�+7 9~�3 �%�� !LREE.�)�5@� �� � �E�� $�/�)5&

/+E� <�(ة� �'-*�D �� ����# �5�G �-,5#)9��'+* 9��5� 
/,�3 �J��K� .�~�@-G) ��#��*�� "Z�+7�3��5'3;�)5� ! �"'
� �)"	 

~�3 �5K* �3 �-,5# �)  /, U@G "& �#/, �+> ��Z�D ! /�)
-,5#N �"c �:G )� ���!) /�) ]s.[H�*! �%�c"& `�M MgO �

Ni�!Cr X/+E� <�(� i
)/Y! ��c!"�. ���!) �)�5
! �i�� 
"wx�;��� �� ��5#"#� �@#�� �*)  �53.9��A+E�� �%a� !

"Z�+7 bD�, Ba �Th�La�Cs !U=��@c "Z�+7 95'�) �� 
�c�D ����\& ���])" �%��Nb / U�) �J��K� ��5� LM�+� �� 

�� �& �1:+� 9��A+E�� $�� !�Nb!Ta  ��/�)5& ��%&�) �� 
�3i
~; ]!�:-� 9��-%�� �@#�� 9��3 
�)5� �3 ^*5. �-9)��

��5, �-	"# "{�]�r.[��5@� [6>) [�, jE ])"��\& ��5� 9�E
 �� �J��K��)�5@�X/+E� <�(� ��&5%8+7 ! =��@c "Z�+7 9�E 

 �'-*�D �3�(� [�c"& �3 )"39��5@� �*�E.k"� �~�@-G) 
=!B `6-�� 9�EG �@#�� �i
)/Y  �'-*�D e+* ��3 �5JZ �
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