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Abstract  
Barmejamal Spring is located in northeast of Ahwaz, Khuzestan Province, Iran. The catchment area of the spring 
consists of the northeast and southwest flanks of the Koh-e-Safid anticline, which is made up of karstic 
calcareous Asmari formations. There are sinkholes, caves, and other karst landforms in the catchment area. The 
existence of several faults has brecciaed Barmejamal spring karst aquifer that may have caused karstification to 
occur in parallel fracture systems. For the purposes of this study, pH and water temperature were measured on a 
weekly basis for a period of 12 months and water samples were analyzed for major anions and cations. Flow rate 
was measured on a daily basis during the recession, and weekly during the rest of the study period. Using the 
PHreeqc 2.6 computer model, the partial pressure of carbon dioxide and the saturation index of calcite and 
dolomite were also estimated. Three distinct periods belonging to three recession coefficients (α1, α2, α3) were 
observed in the hydrograph of the Barmejamal Spring. No considerable differences were observed between the 
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first and second recession coefficients. Base flow for α1, α2 and α3 constituted 49%, 75.34%, and 100% of the 
total flow in the first and second recession periods and in the precipitation period, respectively. The variation of 
specific conductance, calcium and bicarbonate concentrations, and calcite saturation indices were not significant 
throughout the study period. The morphology and geology of the Barmejamal Spring catchment area and the 
data from hydrograph and chemographs show that the hydrologic system is of the diffuse-conduit flow type. 
 
Keywords: Barmejamal Spring, Recession Coefficients, Calcite Saturation Indices.

������� 
���, �L�M4B4tM������2 $�I����� (3W	� , !�	��,��� 1���2���W	� ���2��

0L�� (3  L&	� +%�2� ��� �B-Q3 1��?� (3 13 3�3� 0�� �����E1
'�E �L�B����2 "�3�2)k��>E (3 ��9X9x 0��R �E �	� (�� � $�4�E

0���( �C �� !+���
 1��6
q4# �E �34� (3 13)DX9x<k<_X9x(�3�P !
0	8�I �3 .��3�, +��W	� G�����F ��2 Q3 1���?� �B-���E [�����3 �� 
0�&i $�4�E �	�,��� 1��2!4�Q � �3����T� ! ���Q� � 0��>?� 36�B $

E� @���8!��7�2 �J4� "d�* +0�&i �� )4�Q� 1�2 �� �2 ��34�
 !$���/q �E���(�3 0�E � ����E W	���,  �� ����4N/ $���� hLA��
 �L�M4B4tM�����2 1�2(�� � J�� �	,��� 05�� !�&L2(  ���	


 ���� ��� J�.p� $��	�I ��AB� 13���p, ����� ��E �1�Q� �� 
�H�,�
18�>�L�� �������0�&i �21	,��� ��E 0� 0	8�I ��4� 

W	���, �	/34��L� ���* � �I���7�
 0�E 054� ��2 �� �	�,��� 1��2
0Kp��!3��Q� +� �H��3�3� >1( G�	�� u4�� ���1��	�2 ]9Xf[.

��01. 
	����,��� 0�&����i��T5 ��N����	�� �����E )������5 =�����E �������83�

)DV_:xV9 !Def_D_ (�� ��3���� @��E �E34� (3 )��5 0Kp�� ��
 "�,3 $��� ��P3� ��#, $4� h��P�� 0*��� �� � J�	,(4/ J�	,3 .��

0�C� +�3 �( ��QB (3�+,�����2�(�, 1#�	�� �0	&H  ��� 1�2
 0�/��� $�� "�, 31!������ �(�, 1��HL2� � J3����7I 1� (�� 

\�L� ���,� �3�1!�/� ��3� J4� .�� 0�E 0�54� �ESR���� �� ��34F �
4	L��L��2�	,3� 1��� �E 0��I �21Vx��]xN�_x��� exN!
0����I �3���	�3 ���E �����2SE X]D/exN!SE  X_D/VDN!

NE X]x/9]xN�NE  XeV/9DZN
 �4��� 0��Kp�� ����� 3�
 "�,3 $��� .I�����/���� ��2��	/��, �1
 {�F�E 0�Kp�� ��3��@

)�L�3	,������/q � u4��	� �( �� ���(�����G��4N�/ @��E �� 
�P�� 0*����#, $4� h�&�E g��/ � $�� ��3 �E��� (3 ����P�� +�h
3 {F�E�3 0�*��� �� )���5 =��E 0�&i ��? �� ��P�� +�"�,3 $��� h

) L�9.(
��&i �� )��5 =�E (3 +���i 0pK ��Q� ��4�� 0E ���2��� 

�� �4�.3  Q� �� �0�&i +0��' Y�� �E ��2 ���* �4��5 "��, 0
",3  �I �O�K�  Q� �� 0�&i ����3�	�3 0�' �E ��3��� >TB ��E1

���,� �(�,1",3 $�� �2�� ��#, $4� h��P�� 0*��� �� .054� �E 

�f���)��5 =�E 0�&i "�AP4� 

,��E 0E��210�Kp�� �� $��� =��?3 0�AB�p� ��4��!W�H� ����+
0�&i �21�454� 3 �E 0�&i 0,  �����,�0�&�i 0�7I��!0�&�i 
0B�, )��5 =�E 0�&i �",3.B�����3 ������ +�J34��E� $����� 0
	,����0Kp�� !J��2 )��5 =�E 0�&i ��� �4�Q� �4�� .3�E���E�+
13��E��,��E �$����/q W��?C ���,�Q� !��������������2 ����4N�/

 J���5 u4 +��A� !�������!0�&i ��%E� �r4C ��,�Q� 	�,��� ��
����#� c��E ���M4B4tM�����2 1�2� 	�,��� J34���E� �3 !0��Kp�� ��� +
	,��� 0�&i�E0�&i J34�F�����	3 \�A� �O �� ����$��� �

����1E� )�, )4O �� �9De: ��9DeD $�3� �218 ��	�� �>��L�
� �������3�0�&i +"��R �,��E � ��� ���218 ���	�� �>��L��
��������� �E 1"8�I ��4� J� .13�E �Q� �2  �3�I��� 0�&i \

�Q� �'��A� (3���)cE3��9�:(�E c����@�E ��HB�1@<���8 
2 $�����\3�I��� ��I $��#	,3��]9x[.

)9(teQtQ 0
α−=

):()tt(eQtQ 0
0

−α−=

J� �� 0< 
Qt���� )4O �� 0�&i �2�E� t-t00��R �E YA�� �	� Y�C�E !

Q0J����( �� 0�&��i �2���E� t00����R ���E Y��A�� ���	� Y���C�E !
t0���,�Q� u���� J��( J34��E� (3 �� 0�����!t���� J����
 J���( 

�������	�
�������� � �� 
www.SID.ir



Arc
hi

ve
 o

f S
ID

74

0�,�Q�!α����� 14%B3 Y��r 4�E� J3)@<��8 Y��r(!e���
 
���A��O W	�����%B �Y����rα3 ����� +c��E3�� ����4N��/ 0��?�	

 c�Q� ���M4B4tM����2 ��� )�K	3 "��E�P Y��r � �R��  ���� 
)T(J34�E� � $�4E ����(��( �� 0���� ���34� �%�&",3.

��4� ���0��8 ��Q�� Y�� @<� �� !����E W�S/�g���/ �� �
/q�$����( $�� 3 ��/q \�A� "B�C +�$���������Y,��� J34��E� 

)0�&���i (3 ��'����E("���,3 .@<�����8 �����Q�� ����	P� h�F����E 
)Y��rα(�3� 3��� Y�� 11��������� $��/q "B�C +�3 �� !���E 

�� 0���� ���, ���/ � �	P4� �4�]9x �99[.
� (3 h
,��W2�0�&i \3�I��� )��5 =�E ) L�:(��4�� ���� �� 
AB�p�0)�3��� ��� $�� 9De: �� �4��H�� ��� $��� 9DeD(3��r�Y

J34�E� ����� @<��8)��5 =�E 0�&i 0�,�Q� ��))��59(.

0

0.5

1

1.5

2

2.5

3

3.5

5 75 118 129 146 153 164 199 229 251 262 291 339

��

 (�
xx 

�	n
�.

®
&T

��
/�)

¨.
�

0

20

40

60

80

100

120

 (�
/* 

� �
)¨

!�
x�

	.

¨!��	.

¨.�

α3

α1

α2

�T���)��5 =�E 0�&i 0E [4E�� 03(�� ³I���E J3>�� � \3�I����2 

 L� }�,3 �E:$�3� ���5 1�2 )9��� 13�	E3 ��!$0�&�i �2�E� 
���C:/9����C �����8 �� � $�4�E 0���R ��E Y�A�� ��	� Z(3 $��� 

1� �� $��� u��� 0E $��Z/:",3 $��,� 0��R �E YA�� �	� .$���4<
 J�4E W��M� ���

1
α�� J� ������F �+��3 J���( $���4�!G'���	C3

 ·,�
 �I���E 0E "�� 0�&i�� �q 1�$��9De: "�,3 .)4�O ��
 `��E J��( $��� J>��� ��3� �I����E k���O (3 0�< ���HE� ��3!0�E 

)��< � 1��?� k��O (3 "F�, 0���� ��>E 1�2���4� .W�M� ��

1
α�	�,��< 0�	8�� 0A�,4� 1��23�?� c�,4� �� (3 ����dF W?C 
0�������4�!0< 1�4O 0E�2�E� �� 0�&i ��� De���C (3 (�� 
f/:���C 0E 0��R �� YA�� �	� _/9�� 0��R �� YA�� �	� ��,� .

�� �d 0E �I����E ��,� 1��H2�� �� 0�< ����2 !�q�1��z� +��HE
$�3�!W�M������ �� 

1
α(3 �� g��/ 0�&i �4� .�� ����( W?C �
�� '�E �&�2( "F�, ��� +�3 * ����2� J�& J����5 J�4�E Y�B�

3�?���� ������ W�M�������� +���3 �� WO-	��� �����E .W�M�������� ��

2
α��/q k��O (3 G����F �� 0�������4� W	��, J��� � 0�	8�I

�E Y��� @2��< !�	�,��< W	���, �� �p�, ����� J���	83 +����
 
z� >� ���B����2$�3� 0	�2� �� 0���� �W��M� (3 ��

1
α��4�� 

�� ���I. < )4O �� 0�&i �2�E� �3���T� +�3 W�M�������)9:9 
(�� (W��M� ��E 0���K� ��

1
α>�i�� �1��HE� !W	���, (3 ��5��/ 

G'��	C3 �454� �� 0E [4E�� )��A8��* 1��?� � �8���  ���� �� 
J34�E��������E.!\3�I�����2 0�E 0�54� ��E ��&�i )���5 =��E �� 

$���< ��O 3� @<��8 ���� �� >� +�HE �/3�3 �� +�HE  �3�3 0���8 
0��� "��,3��E 0 ���B� 3� @<����8 +���3 $��� +���3 �� �I�����E �4��5�

�� E J34� 0�d �� ���3 @<��8 J34�F G'���	C3 � "�8�I @�3>�83 
E J��( +�3 �� 0�&i �2�E�0 �B� ��?�3�4	��
 J���5 �I����E �

��E @�3>83 $���/q �� J��� $��3� J����E � J>��� �� ���B����2 
1��HE� J��,� ���2� J�& �� � ",3 $�4E W	��, �� $�� �4�54� �� 

0�&i 0E ���> ���� 0���8 ��� ����E .W�M�������
3

α)4�O ��E
$��� 9V_ (�� W�M� ��3�3 �P3� ��

2
α�4�E ���P ���( $��� ��B� $

W�M���L�� +�3 �� �	�,��< J34��E� (3 �� 0����� "F�, �h���P� 
��#, $4� $��� 0E "�� $��2� J�& ��3 +�3 0� ",3 �	�� ���P 1�2

 ���( ��RS� $(�� !g�8 �  �/ �8����  ����� � ���>�� 1��2 +��3 ��
 �� W�M���L�� ���E .�� \3�I�����2 ����,4 "�A�r� 0E 054� �E

 (3 h
 0� ���4��M� W
2

α��2 �I���E 04I ��2� z� 0Kp�� �� !
�� ���C "�6I (3 �AE 0< "�3� ��d	3 J34�9]W��M� u��� (3 $�� 

2
α!��&i )��5 =�E �4� �&/ .W�?C ����2� J�&� Y��p� +�3

 ������� ���/qG�	�� �� �	,��< J34�E� +�3 ���( ����E.�4�d�� 0�E
���&�i \3�I�����2 1�� ��E �	�,��< J34�E� �� J���5 u4 +��A

 )��5 =�E 0��
 J���5 ^���, J���5 �j��E � 3>�?� �4�O 0�E �����K� 
�2 0E [4E����)��5 �� :�� $���� "�,3 $.����	 0�E 0�54� ��E

 ��C 0AB�p� ��4� ���� )4O �� !$��F @�E (3 13 ��&�i �2��E� 
)��5 =�E � 0��
 J���5 k��O (3 S+��$����I ",3 )Df/]]�����

 J���5  < (3(�E 0� +�3 }�,3 !$���I �� )���5 =�E �	,��� 0�&i 
0�&i 1�2 +���( J���5 �E n�� �3�P ����I ]9:[.0�&�i +��3 �� ��
 W�M�

1
α���C Z9����, J����5 k���O (3 0�&�i �2��E� ���� 

�S$�� +�� ",30<��3 +�3 �4E YB�* +��� J3�?� J����5 W�M� ���o

$��� +���3 ��"��,3 .W���M� ��
2

α�����C �� _/:V�2���E� ������ 
(3 0�&i $�� +��S� ���, J���5 k��O 0� �2��* @K W�M� +�3 ��

 W��M� �� � ",3 +	8�� @2�< )�C �� �B-Q3 1��?� �
3

αc�K8 
)��F3 0�&i �E J�&83 J���5 ��� �4�9xx 0�&�i �2��E� ���� 

� J34�E� 0��
 J���5 (3S+�������I))��5:.(����	 0�E 0�54� �E
$��/q W?C  ��C �E )��5 =�E 0�&i �	,��� J34�E� �L������ 

1 Base Flow 
2 Quick Flow 
3 Spring Underflow 
4 Conduit 

����� � ������� ��	�
 ���
www.SID.ir



Arc
hi

ve
 o

f S
ID

75

3��4��3�r �� ��� )4O � )��5 =�E 0�&i @���8 YSY�3�r (3 �� �2 ��R 
α1α2α3

3	` �#��� ®+�i 
��� 3��

)��(
�i �#��� ®+  

��� 3��
)��(

�#��� ®+�i 
��� 3��

)��(
9De: XXXXxx:V9x/x9V_ 

9DeD x9Dfx9/xDexxDe9:/x9:9 XX

3��4��W�M� �� ���, J���5 � 0��
 J���5 1(�,3�5 )��5 =�E 0�&i J���5 ��	�� 1�2 
(	+�4 Xa5)®&T� �/� (� � �((	+�4 �S� 

��� p�� 
�+	$ (	+�4 e+�` (	+�4 

l�*a� 
�+	$ (	+�4 e+�` (	+�4 

\º#��5 ,s�.�

$���  � ee/D]]_/9eZZx/ZZDf/]]]9/DDf/:

W�M���L�� 9αx:/9Z]f/9Z_9/DxVfZ9f/:

W�M���L��:α9Z/99]Z/Dex/9VDV/_Z]]/:V_/9

W�M���L��Dα]f/9Dx]f/9D9xx x:/9

�pE3� (3 $��#	,3D!�E3�E 9x]×:V/9x:0�,�Q� YA�� �	� ����I .

)D(












α
++

α
+

α
+

α
=

n
n0Q

....
3
03Q

2
02Q

1
01Q

864000V

0<3 ���0pE3� +
Q0%����\� ������/9�_ ������/ �JV0�H�"����� ���Y
 
���\��9α?�� [X9�8 m��) .
13�E ���M4B4tM�����2 ���	8� � ����4N/ k�P� "/���

 �,��E (3 )��5 =�E 0�&i �2 ��Q� �1��22��������������>
�� $��#	,3 .3 �E �� }��,3 +(3��� $���9De: ��� "&�H����3 $���

9DeD 04� 0�&i �� 1�2 )��5 =�E B�� ��4��"�8�I �3�P >.
J4� +�%��� �21��3 �)��5 =�E 0�&i �� ���AB�p� $��� ��

 ",3 +��i :��#B4,V/DDW����< !e/DxW�>���� !_/f���< !
9x W��, !_/f���E���E !D/]W���	
 �:/x.

�|��
 �3�4� $�3� �21�3� J�&� 0�&i �4��  ����� ��/�i 
)1(4B "��P �� (�4���  ���� �/�i (3 1�	&�E "�A�� ��3�
) ��D(.��2� �(�, 0i�I3 –�E 1����,� �	��4�B�� 0J34��F

 0�&i �� 13�E J>�� )��5 =�E �� 0	8�I �d �� �� ���3 !�4�
0�&i!u4 (3 0���E�<$�4� �)�, �,���, �� ������ 0��#B4, 

–���, $����� $�4�E 0�&�i 1��HE� 0�E 0���� ��	�,��< 1��2
 ��2� 1�H%�, �� �B4�A�"�� .���#	� ����4N/ �%�� (3 

)��5 =�E 0�&i0�&i �%�� �E �	,��< 1�2!J4�� 1'��E J3>�� 
�� ��#B4, 3�0�&i +",3 ,��� +��( �234� 0E 054� �E 0� �

���4tM����2 ���#�	��  ��34F ���2����� �4�5� !0���5 (3 1
	#���2����� ��RS�� � 0�&i \3�O3 �� 1�	# �@���3� �3��+

�2��	/�, �E �34�1��C 1��#B4, !JM����2 @�3>83 Y54� 

�f�'�04� �|��
 �3�4� )4O �� )��5 =�E 0�&i �� 1�2
���AB�p� $��� 

J�( �� �4#B4, �21	,��� � $>�4	L� � kO��� 	#�0� $�� 
0�&i J4��/� ��21��I4�I 1\3��O3 �� �4�54� `��� ��I �

 )��5 =�E 0�&i�� >�� �34���3 �4�5� ���@���3� 0�4I +��2
���E) ��9.(0�&�i �� W���� � ��#B4, J4� J3>�� @�3>83

 � )��5 =�E��(��, ��RS�� � �	&�� J4�� �����
 ��R3 �� �34�
�����1���E J3���7I .� �E +�3�E��E L2� 0E 054�J>��� J�4�E 

3�3�8 � )��5 =�E 0�&i�����E�L�E J4�  E�K� �� W���� J4� 
8�O (3 � J4� �� +�3 +�E )��A� =�F 0?�	 �� ���3�3�8 �J4�� 

� !0�&i �� �� ��#B4,��	�F 3� �	&� J4� �R3 J34��3��E 1
"8�I �d �� )��5 =�E 0�&i �� ��#B4, @�3>83 ]9D[.

CaSO4 . 2H2O (gypsum) + 2HCO3
- �

+ 2H2O + CO2CaCO3 + SO4
2- 

�������	�
�������� � �� 

www.SID.ir



Arc
hi

ve
 o

f S
ID

76

�2.5

�1.5

�0.5

0.5

1.5

2.5

0 50 100 150 200 250 300

(��) (	��

SI
c

�4

�2

0

2

4

0 50 100 150 200 250 300

(��)(	��

SI
d

�5

�3

�1

1

0 100 200 300

(��)(	��

lo
g

P
C

O
2

�0.8

�0.6

�0.4

�0.2

0

0.2

0.4

0.6

0.8

0 50 100 150 200 250 300

(��)(	��

SI
g

�T� -�h��3 �3���T� "���< u���3 1�2!"��4B�� h|�M !)��5 =�E 0�&i �� 

��4�|���� )��� c�,4� $��� =��?3 ����,�Q� 0E 054� �E1
PHreeqc 2.6 ��4� �� h���3 �3���T� ����< u����3 1��2"!

B�����4�"h|��M !�#�� +���7�2 ���B ��>5 ��&�8 W	���% ��t �
1� ��< �����<3�+E�"��#I �����E !h����3 ��2�"�����< u�����3 1�

)+�%����� SIc  ���E3�E_e/9("����4B�� �)SId ���E3�E 99/D(
0�E $��� �3���� �� c�K8 � $�4E "��� 0&��2 )�, )4O �� G����K�

 ",3 $��<  �� �#�� � �#� 0E ���> ����K�) ��V(.�����K�
SIc , SId  ���� )4O �� 0�E 0���� �3���T� 13�3� 0AB�p� ��4� 
�� �%���� ����E.E� �3�K� @2�� �E 0�	��( W�M� ���0�&�i !

����( 0�����8 �� "����4B�� � "������ u�����3 h����3 ������K��
2��4���� ��3 +�3 "�F G'��	C3 0� $��� 3��
 @2�� �k��P� (3 

E� ���� �R3 �� �� J���H1	,��� W	��, 0E $(�� �",3 ."���
h����3 J�4��E )���, )4��O �� "����4B�� � "�����< u�����3 1���2

�SE J���5 u4 �	,�� � "Q� �E 1��� 0$���� ",�)J�&�83–

3�?�����(0��AB�p� ��4��� 0��Kp�� �	��,��< J34���E� �� �4���Q�
�� �4� .�	 }�,3 �E��!���2 �� "��4B�� u���3 h��3 ����K� 

�E )�, 1�H2�� ��� "����< u����3 h��3 (3 �	& ����E.�����K�
 1� �t>5 ��&8 ���� �� +E�< ���<3 �3���T� ��� 0AB�p� ��4� 

�� J�& 3� �t>5 ",3 "E�R G����K� � �2�.
c,4	� W	���%B 1� �t>5 ��&8 $��� )4�O �� +E��< ���<3 

$(3�3 1��I9V/VX��&8 �E c�Q� (3 �� �4�F �%�& 0< ",3
 <3 1� �t>5 U45 (3 �	&�E +E�< ���",3 .�� ��&8 +�3 �� ��34�

 ����� ��B� �34�� 0��>?� ��� � 0�Kp�� �� J�2��I 0&�� h#�� �R3
���E 0Kp�� ���&F �34�C �'4s8 � J�2��I 1���KE.

'��� ! �a /� 
�4�5� � 0	8�&��
 "�,��< �Qp�, 1M4�B48�4� �45�  �B� 0E

 Y����r !0���2�E ���2� !���4��	�� 1�H8����� � $(�� �3�����T� 
(3 �	&�E  < �	�,9x�  < W�M� �� ���� (3 �	�<9x�����

 W�M� �� �F�8 1�2�(3 ��	�< ��3�C 05�� ���A� \3�Q3 Z/9
0��5��	��,��� J34���E� !�u4�� (3 )����5 =���E 0�&��i J�&��83 –

�� ��3�?� ���E.
u4�?� (3 �34F ���E �R 2  �����&i \3�I��� �	�,��< 

)��5 =�E �I����E  ��F !1����( �����E @�K 3�����,4 ��
2��� �#�3 0�&i \3�I��� ��<.

E �E 0���,�Q� `�� J��E ��< ����/q �� �������� 1��H�2�
 ���/q W?C !�	,��< �	�,��< J34��E� W	��, ������� 0�&�i

)��5 =�E 9x]×:V/9x:0�,�Q� YA�� �	� ����I .
}�,3 �EAB�p�0�������2 ����0�&i �� !)���5 =�E �� 

����< 0���E�< �	,��< 0E [4E�� 1���,� �(�, J>�� .�,!
0��#B4, ��–����< 0E [4E�� J3���7I �(�, �$����< ��

–���, 0E [4E�� 0E3�4�� ��21�	# �!J3����7I �(��, ���
��3� "B�/� )��5 =�E 0�&i 0�6T�.

����� � ������� ��	�
 ���
www.SID.ir



Arc
hi

ve
 o

f S
ID

77

oXe4��� 
1- Currens, J. (2002). “Changes in groundwater quality in a conduit-flow-dominated karst aquifer, following 
BMP implementation.” Environmental Geology, 42 (5), 525-531. 
2- Birk, S. (2004). “Identification of localized recharge and conduit flow by combined analysis of hydraulic 
and physico-chemical spring responses.” J. of Hydrology, 286 (1-4), 179-193. 
3- Genthon, P. (2005). “Temperature as a marker for karstic waters hydrodynamics.” J. of Hydrology, 311(1-
4), 157-171. 
4- Kova´cs, A. (2005). “A quantitative method for the characterisation of karst aquifers based on spring 
hydrograph analysis.” J. of Hydrology, 303 (1-2), 152–160. 
5- Karimi, H. (2005). “Characterising the main karst aquifers of the Alvand basin, northwest of Zagros, Iran, 
by a hydrogeochemical approach.” J. Hydrogeology, 13(5-6), 787-799. 
6- Mangin, A. (1975). “Contribution a letude hydrodynamique des aquifers Karstiques.” Ann Speleol, 29 (5-
6), 283-332. 
7- Drogue, C. (1972). “Analyse statistique des hydrogrammes de decrues des sources karstiques.” J. of 
Hydrology, 15, (1-4), 49-68. 
8- Elhatip, H. (1997). “Karst hydrogeology of the Kas¸-Kalkan springs along the Mediterranean coast of 
Turkey.” Environmental Geology, 36 (1-2), 150-158. 
9- Aquilina, L. (2005). “Recharge processes in karstic systems investigated through the correlation of 
chemical and isotopic composition of rain and spring-waters.” Applied Geochemistry, 20 (4), 2189-2206. 

���K ��F�R- .)���8.(BF �7 i%�%pi# ���� %47 9- �F���� ��" 	���2F	 +��� Y
q 3	 �42�	 ,	
�� �.

���L �,	C�F B�0 .�#Y ���%_4^.)+��
�) (��8�.(
EC ��J- C�F .��i%�%pi# ��� \p�(� \H # ����C� �{x�F
^ ,%� T�� 3	 �42�	 �

C	%�	 �,	
�0 ���& !�j4�	".

12- Worthington, S. R. H. (1991). “Karst hydrogeology of the Canadian Rocky Mountains.” PhD. Thesis, 
Department of Geography, McMaster University, Hamilton, Ontario, Canada. 
13- Langmuir, D. (1997). Aqueous environmental geochemistry, Prentice Hall, New Jersey. 
 

��������
	�������� � �� 
www.SID.ir


