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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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Sample 

No. 
MOB2 MOB3 MO3 MO6 SOB SOP LM SOP3 AH4 AH1 MAK1AHVA8 ZA1 MAK17  MAK16 MAK5MAK2MAKA1  MBAB8HKB2AHKB9

SiO2 22/47  27/42  78/52  71/52 17/47  03/49  01/50 99/51  38/47 03/48 72/50  19/47  28/52 52/50  01/52  82/51  6/52  87/49  83/43  5/42  29/44  

TiO2 11/2  16/2  56/1  76/1  12/2  22/1  84/1  97/0  26/2  26/2  37/1  12/1  25/1  35/1  19/1  4/1  18/1  24/1  54/1  71/2  71/2  

Al2O3 81/14  78/14  95/14  96/14 49/14  05/16  77/10 07/16  27/15 65/14 83/13  96/13  42/13 73/13  41/14  25/16  17/14  79/13  63/12  09/14  41/14  

Fe2O3 11/32  31/11  12/8  51/8  17/11  38/9  7/9  01/9  15/10 75/9  87/7  47/7  04/7  57/7  06/7  3/7  07/7  82/7  48/9  27/12  47/11  

MnO 18/0  13/0  09/0  1/0  15/0  15/0  14/0  13/0  13/0  12/0  14/0  1/0  13/0  13/0  13/0  09/0  12/0  13/0  15/0  17/0  14/0  

Mgo 92/6  51/5  12/4  1/4  28/7  56/8  7/10  21/5  31/5  65/5  02/6  84/6  08/6  6  8/5  43/4  6/5  78/5  31/11  7  4/6  

CaO 43/10  11/10  18/9  5/8  92/8  36/9  1/11  29/9  76/9  23/9  31/8  13/8  29/8  01/8  76/7  51/9  9/7  18/8  6/11  7/10  32/10  

Na2O 97/3  22/4  71/4  59/4  97/3  21/3  22/3  23/3  21/4  81/2  8/2  95/3  22/3  5/2  86/2  6/3  98/3  41/3  34/3  92/2  48/4  

K2O 37/1  91/1  99/1  2/11  41/1  39/1  27/1  75/0  85/1  98/1  78/5  44/1  59/5  48/5  48/4  6/2  02/3  6/3  81/1  23/2  01/1  

P2O5 96/0  01/1  76/0  78/0  04/1  36/1  23/1  26/0  33/1  37/1  1/1  74/0  09/1  15/1  94/0  75/0  93/0  16/1  33/1  96/0  62/1  

L.O.I 95/0  13/1  75/1  5/1  79/1  18/1  52/0  5/1  7/1  68/3  67/1  62/8  12/2  83/2  5/2  74/1  66/2  14/4  55/2  95/0  33/2  

Total 24/100 54/100 01/100 62/99 77/99  05/100 5/100 57/98  64/99 86/99 100 58/99  3/100 62/99  46/99  8/99  56/99  51/99  92/99  43/99  53/99  

 !Z��5

*�&-$ 
MOB2 MOB3 MO3 MO6 SOB SOP LM SOP3 AH4 AH1 MAK1AHVA8 ZA1 MAK17  MAK16 MAK5MAK2MAKA1  MBAB8HKB2AHKB9

V 190 200 200 190 238 217 230 257 184 226 199    187  174  208  165  188  179  277  288  

Cr 270 320 280 270 230 320 440 140 70 70 120    120  160  230  150  120  360  110  100  

Co 37 40   1/42  41/2  40 73/0  33/9  34 3/30     29  59/7  31/3  68/3  7/30  6/47  43  1/40  

Ni 120 130 120 96 185 38 130  28 66 5    5  26  15  15  5  292  44  97  
Cu 35 41 39 38 59 53 36 52 111 80 100 118 39  78  62  60  61  100  49  83  126  
Zn 6 7 6 6 138 39 7 91 157 159 100  6  101  106  92  99  99  109  170  152  

Ga 270 320 280 270 4/18  18/1  560 4/18  7/28  29 9/18  207 270  18  3/19  9/18  5/18  18  1/16  2/20  1/25  

Rb 99 100 92 74 5/22  24/6  91 8/9  6/11  3/22  240 17 89  140  118  64  6/83  201  8/38  8/23  4/11  

Sr 89 60 120 130 1170 568 39 550 2120 2190 1045    1115  1180  1220  1135  1170  1805  1915  2440  

Y     7/18  19/7   20 1/17  6/16  1/24     2/24  9/24  24  9/23  2/24  8/21  9/21  6/20  

Zr 220 160 200 280 171 128 200 98 177 193 341    363  306  225  309  315  192  204  191  

Nb     3/35  17  5/6  1/36  3/38  2/47     6/54  5/45  7/24  8/44  5/48  6/43  2/40  8/38  

Ba 1500 1200 1000 1400 373 467 980 786 770 761 2340 541 1200  2230  1850  1470  1785  2450  1115  779  866  
La     2/49  7/24   7/19  8/73  9/75  9/55  40   6/61  4/66  6/67  1/63  9/57  5/111  6/74  6/79  

Ce 28 15 120 96 5/103  4/48  130 5/39  160 5/164 5/119  143 110  5/129  133  5/131  5/127  5/121  210  165  5/178  

Pr 42 41 49 44 85/12  82/5  41 76/4  95/19 7/20  85/14  9 120  45/16  05/16  05/15  15/15  95/14  1/23  1/21  3/22  

Sm     47/8  68/4   1/20  4/75  2/79  8/59     6/66  7/63  1/57  3/60  6/60  3/78  9/82  5/87  

Eu     51/2  36/1   37/4  15/12 2/12  7/11     9/12  12  25/10  3/11  05/12  20/11  6/13  05/14  

Gd 89 60 120 130 56/8  11/4   22/1  91/2  04/3  58/2     71/2  57/2  4/2  48/2  56/2  95/2  22/3  39/3  

Tb     87/0  54/0  39 09/4  54/9  39/9  92/8  06/14  120  59/9  16/9  94/7  65/8  9/8  72/9  25/10  85/10  

Dy     28/4  99/3   66/0  06/1  02/1  14/1     23/1  15/1  05/1  15/1  15/1  07/1  15/1  16/1  

Ho     75/0  77/0   95/3  27/4  14/4  41/5     47/5  51/5  09/5  41/5  38/5  96/4  27/5  51/4  

Er     97/1  16/2   78/0  7/0  67/0  9/0  13   94/0  94/0  91/0  97/0  92/0  85/0  83/0  72/0  

Tm     28/0  32/0   27/2  87/1  81/1  34/2     54/2  47/2  31/2  23/2  4/2  34/2  33/2  14/2  

Yb     5/1  96/1   34/0  21/0  22/0  34/0     29/0  34/0  31/0  31/0  3/0  32/0  27/0  24/0  

Lu     21/0  31/0  7/2  89/1  28/1  29/1          75/1  6/1  61/1  

Hf     3/4  3/3  23/0  3/0  17/0  17/0          26/0  23/0  19/0  

Ta     9/1  9/0  8/2  8/2  8/4  9/4          4/4  3/5  1/5  

Pb 37 40 38 36 7 9  3/0  7/1  9/1          2/2  9/1  8/1  

Th     33/5  04/5  40 7 9 9         13  8  9  

U     18/1  62/1   26/3  83/6  93/6          9/10  23/5  5  
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 ,/7Y ����� ,/7Y ����� ,/7Y ����� ,/7Y �����1        

KALMB MBAB3 VA3  MKUK MKU SRABM KAPZ  Sample No.  
52  38/44  5/47  93/50  24/49  9/52  48/52  SiO2 

62/1  49/1  34/1  75/1  09/2  66/1  66/1  TiO2  
47/16  15/12  3/14  21/18  13/17  67/17  69/16  Al2O3 

25/8  77/9  19/8  88/9  65/11  42/8  16/8  Fe2O3 

11/0  15/0  27/0  14/0  17/0  15/0  1/0  MnO 

32/4  2/12  32/6  55/5  26/4  99/2  9/3  MgO 

3/8  97/10  12  05/8  93/6  35/6  02/8  CaO 

7/4  39/3  01/4  23/4  5/4  51/4  71/4  Na2O 

07/2  79/1  55/1  61/0  47/1  76/2  2  K2O 

96/0  25/1  6/0  3/0  74/0  87/0  77/0  P2O5 

95/0  74/1  46/4  11/0  63/1  06/1  1/1  L.O.I 

05/100  62/99  101  62/99  92/99  51/99  83/99  Total 

KALMB MBAB3 VA3  MKUK MKU SRABM KAPZ  -2 !Z��5&*�  
207  178    169  213  169  213  V 

60  410    50  10  30  50  Cr 

22/1  1/51    9/35  6/30  5/21  06/1  Co 

5  370    53  50  12  5  Ni 

91  53  36  30  24  33  51  Cu 

126  106  6  97  145  115  111  Zn 

3/20  16  300  4/19  4/20  5/21  5/20  Ga 

9/21  6/37  120  8  8/20  1/51  2/22  Rb 

1795  1660    436  561  825  1540  Sr 

1/13  3/20    8/24  32  4/27  7/12  Y 

157  185    171  254  284  149  Zr 

6/23  42    6/5  9/6  39  6/19  Nb 

792  937  1200  130  398  787  754  Ba 

4/54  5/102    4/12  2/14  9/61  3/45  La 

5/108  5/194  110  9/28  1/27  115  3/92  Ce 

5/12  8/21  77  16/4  1/3  35/13  65/10  Pr 

5/46  6/75    4/17  3/10  7/47  6/40  Nd 

5/10  2/11    55/4  06/7  63/8  37/6  Sm 

83/1  85/2    58/1  96/1  28/2  83/1  Eu 

9/5  15/9  110  31/4  52/6  55/7  45/5  Gd 

66/0  1    74/0  98/0  97/0  63/0  Tb 

94/2  48/4    61/4  21/6  6/5  91/2  Dy 

51/0  78/0    99/0  2/1  07/1  51/0  Ho 

37/1  18/2    8/2  32/3  83/2  4/1  Er 

18/0  3/0    43/0  49/0  43/0  18/0  Tm 

03/1  57/1    33/2  17/3  53/2  13/1  Yb 

14/0  26/0  2/0  37/0  49/0  4/0  17/0  Lu 

1/4  4/4  7/2  2/4  6  4/6  4  Hf 

        2/1  1/2  9/0  Ta 

    37    33  12  12  Pb 

        56/4  44/7  26/5  Th 

        54/1  83/1  06/1  U 
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  4S%.  4S%.  4S%.  4S%.4  /�6"
� !&(#S�/!S� ��#-��I  >7. �M��N�: a= ��&#
9�I  �
� �#'� @
7
�B�&)� cr( / >7.
���!+ �	�� �� �I�r2#�= V�-� �.���), x40 
PPL(= *�!�. b= ��&#
9�I  4S.� / ���&�/!S&��I  cr(
-H �� �r2#&>!= V�-� �.�� �)XPL, x 40(– *�!� �c= !�� �	��
)� �� ��&#
9  / �%I
�I�#'�  (&c/� 9�2/!
)� cr( 4Z�	 7K ��
 �I�r2#)40 x  /XPL (– #2�� �d= ��&#
9�I  4S. �.�� �� ���
� 9)� ^&�/!S&)� �2�&  >7%. >7

� >!FK �	�� ��  )100 x /PPL  ( = !I
Q �e= ��&#
9�I  4S. �.�� �� ���
. 9)� ^&� �1   7%.
 %�2� �7& >!%FK / >7 ���)40 x /PPL  (== 
������. f= I �	��&	�#(#��&!  cr( ��
�I�r2#  ���!+� � >!FK �	�� / �� �&#
9�I  �
 9)� �� �#'� @)=40 x  /XPL(=*�!�. 

 

 

 

        

        

        

        

        

        

        

        

        
 4S. 4S. 4S. 4S.5  /�6"
� LP��� !&(#S�/!S� ��#-��I  �M��N� ��#�: a= � �	��&�/!S&)&	�#( ^&! �� �#'� �.�� �&#
  V�%-� �%.�� �9� )x 100 /PPL (=

'2&!A. b= ��&#
�I 9  !2#�	
��7'S. / ��= V�-� �.���  )40 x /XPL (= �&��� �c= 	�#(/!�#'? �	��&! '2 �&(#�&9�2/! �%I  c/� %
   �%	�� �%� �

Vp#�#2�= V�-� �.���)100 x /XPL (– !I� �d= �� �#'� �.��&#
4S. 9� / ���
7
 %�B�&)�  >7%. .  V�%-� �%.���40) x  /PPL(–   *�!%� �e= 

�I�#'�  ��� �.�&#
.�K �� ������7
� ة�9 �� 
�B�&)�  >7.– V�-� �.���)100 x /XPL   (–  �#�� �f= ��&#
�I 9  � / �.��
7
�B�&)�  >7.

� /&�/!S&��I  (&V�-� �.�� ��w�7'	 / 9�2/!� )100 x  /PPL (–  �#��.  
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 4S. 4S. 4S. 4S.6  ���#-��I  >��7��  M" /&&!� 9  V�-?��� �������I  �M��N� ��#�. a=  ���#-�]6[�!� �  ��eB���  ����I      ��%S� g%Vr5 ��%M��N� ��#�

�� 7�"��A5 4S. �� �)	� ::d –  %���& ��R – �
�# %&�T – 2�!" %& �T-D –  %2�!"�  %���& �A–  �7%��
 �A-B–  �7%��
 )����%� �� T-A–  %2�!"�         

�7��
 �T-A-B– 2�!"� �7��
)����� �� T-B– 2�!"� ������Ba–  ������P-Ba– (& ������ /!STe– !F" %
 �Bas– ����� %& �Ph-Te – !F"#�#	 %
 �

Te-Ph – �#�	/!F"&�  Ph – �#�#	&� .AHA –  !I�MON –  �#��SRA –  *�!�MBAB –  ������MAK – �!�S12 �7"!�  HKB !I
Q= 

 *��S1HMKU –  #2��KAL – '2&!A� b – ���#-� ]7 .[M"&&!� 9  V�-?��� ��#-��I  ���M��N� ��# c=  ���#-�]5 [�!�  7�� ��AP   ��B�%�  

�M��N� ��#�.  

 �-&.#Vc �-&.#Vc �-&.#Vc �-&.#Vc        

��@&� \"&&]�! SiO2 ��#-�  �� �I42  �"52  7Z���� ���#� 

���. ��#-��I   ���#-� �� �'$ �#P �� �M��N� ��#�]7 [ ��

� ��!; �
�&'; X!)�?�?& �7�!) * �4S.6.(  ��!&+�� �#-� 7�E0 

�� �N��0   �!�D1$ �&�� �7���� ���)( �&I�� �$ 7�!�

��#-� �I  ��Y#"�  �A�� ��>1  Na2O / K2O�.!� �  T
7�

7����. ��#-� �$�H ���� !Z��5  �I#B�� ���!�  �M��N� ��#�  �I

 !� �$0
�( �
�7�$ !
���� ��)����� /  �&;� ��&�#���  �)	!? !�

 ��]8[ ������ >7.  �� �7�����#-��I  ; �F�� [&. �P#�!� 4��

�mKr� �� ��1� ��  � I�� 7!B��1� �2 ��+  !Z��5 �� �?7.

LREE ��" / �?7.��  !Z��5HREE  �!� ��B��   OP���

 �M��N� ��#� ����) 4S.7(. \"&& !Z��5 ]�!Ni �Co �Cr �

TiO2� /MgO  �@	� 4���� ��
f  SiO2�I���#-� ��   g��

P �>7.&>!)�? / >7�2�!( `� ��1� ��  �� �7�I�)S. 48.(  

��#-� ��  ��7M"  �I�
�&';7�)�I �&�� �� !" H!� �� /�  ��

!I / ��#�� ������� �!I� 7���� OP���
���� ��B�� �Q  

7Z��TiO2  �Ni �Cr �Mgo p�� 7�)�I . ����I�� �F�� 

M_&F�  !Z��5 ��Eu �Ta �Nb   ������ /�Aa�  �� bH�. /

 !Z��5Rb �Ba �Th� La�Cs  /U  !Z��5  #B�� �� ���� *�&-$

�$�H ��#-��I  � >7I�1� �M��N� ��#��7�#. .����
 �A��:� !

�!� >7.   �A��Eu / Eu* ��B��   �M��N� ��#� ��74/0  �"

09/1 ��� ���#� ��.  9&�x-IHREE �"� >7. )Ce / Yb( �

 9&V�( ��7��Y  /Sc  !Z��5  p�� �A�� /LREE. ���#-� �� �I

��� �Y#" 4��; .  
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 4S. 4S. 4S. 4S.7  �I���#-�  7�E
!6�5 9  2�H ���� !Z��5 /�  ����I  )������  !� �2 �M��N� ��#� OP���0
�( ����
������ !�I  �&;� ��&�#��� �
�7�2
).#? / �0 �/�& �� �)	!? !� �]8 [7�� >7. ������ ._#"&����� 9)� �� y . 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

        
        

  
  

 4S. 4S. 4S. 4S.8  �I���#-�  \"&&! �!Z��5 ]�Co �Ni �TiO2 �Cr �/ MgO  �� �A��SiO2 ��B�� ��  )������ �M��N� ��#� �MON – !A" ,�-. �� �#��
 @
HKB  = !I
Q =  *��S1HMBA  =  ������AHA = !I� �MAK = �!�S12   7�!�MKU  =  #2��KAL = '2&!A SRA  =*�!�.  
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��!� / v:���!� / v:���!� / v:���!� / v:�����        

 !&�F" / !&AM" �� 4Z�K U
�)����#-� .#Vc  �I !Z��5 �V�&-&

/ �'Z� 0-I   �$�H ���� !Z��5 ]�!&&\"  �I#B�� / *�&-$

�� ��1� ����  �-?�� �$ 7�I� ��B��  )������  T
 ��

>�B)��H �).#? ��+  � ����?  ���� zp�-)K� / >7. �1
�

��� �)	!? .��+ �#Y/�� �?7. !Z��5LREE ��" /�?7. 

�� -2 !Z��5& *�HREE ��:�� �F�� [&. /  �I  !Z��5

7�I� ��1� ��$�H ��ة�� p�� �A�� CO2/H2O  :� ��& / �W

 �� 01
�9
#&�� ������  �I���� . ����I�� �F�� M_& `Eu  ��1�

7�I� X f
�7Y /��2��I  �� 7����!�X  ��M
 !6�5 9
�

�r$#
cr(�I  �'2&^ �� �-?�� @&� / �#MZ 0'K!� �� �2 ��

�� >��� h� !"p�� {#N� �� �-?�� `;#"�) .4S. �I 7 /10( .

��" / 9&B�� �$�H���� !Z��5 !�	  �#Y/ !� >/r5 ���� �?7.

p�� �A�� / ����?  CO2/H2O  ��>�B)��H ��  �� 7��#"

'&�/0 !	� 7�
f
�7Y  9�$/!&(#�&'$ / 9�$/!&(#"�/� �9
#&�/�

�#. �&Y#" @&� . 9&�x-I\"&&]�! !Z��5   7����Cr �Co �Ni �

&'&� f
�@	� �� >�!-I �� Q���#-�  �I7K �"  �� f�� �� 7��#"

��&#
 *eY �� 9Ni  /
'2 �&(#�&w�� / 9�2/!& *eY �� 4�

7.�� |#�!� C/!2 �)4S.8 .( 7Z��TiO2 H!� ��� ��#-� �� �I

 ��� p��)�& �� !)12 7Z��( � /
/ 9
?n� )	�$ OP��� ���  /

��M	 �� |�A"�� �� OP���&��� >7I�1� 4��; }�� |��� � .����
 !

p��  Zr / p�� �A��  La / Yb ��  �#Y/ X7�I� ��1� 7��#"

 T
>�B)��H �).#?  � �+� 7.ة !F�#�)��  7.��.  9&�x-I

HREE �"� ���� �� >7.
Vp�� !� �� )Ce / Yb( 9&V�( ��7�� �

Y  /Sc  !Z��5  p�� �A�� /LREE. ���#-� ��� �I&� @� 7��#"

7�I� ��1ة�  >�B)��H �� ����? �#~K�).#?�  ��B��   ��#�

7.�� �M��N� .zp�-)K� ��?����� !Z��5 �� ��#B����#� / � !B
�  ��!	

p�� {#N� �� �).#? �� >7. 4-K !"  �?7. ��+ �&Z�H / 7��

).#?0  >�!$ �FK �� �&�/� 7�� ]9.[  L&�/ �A&$!" `&PMgO �

Ni� / Cr  X7�I� ��1�f
�7Y / 9�$/!&( �&�/� ��&#
/ 9  f��
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