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Fig.1. Geological map and sampling points (Amiri et al., 2023) 
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Table 1. Study of photomicrographs of limestone in different horizons of the formation 
X�� *�)[�\  �4BZ A��)�� /��/�7�)� 0�� )1962(  ^�(�  U6'6- H��  K��)  

A  #��C�� .�����$�( ��F������" /��������8  ��( 
�$-	  #�-	6��	
�  L�  

B  �����$�( ��F������" /��������8#��C�� .  ��( 
�$-	  ��(6��	
�- #�-	6��	
�  L�  

C  #��C�� ��F������" /��������8 .�����$�(- 8#��C�  ��( 
�$-	  ��(6��	
�- #�-	6��	
�  L�- j����  

D  #��C�� ��F������" /��������8 .�����$�(- 8#��C�  ��( 
�$-	  ��(6��	
�- #�-	6��	
�  L�- j����  

E  .�����$�(#��C�8  ��( 
�$-	  ��(6��	
�- #�-	6��	
�  j����  

F #��C�8 ��F������" /��������8 .�����$�(  ��( 
�$-	  ��(6��	
�  j����  

 

4-    _(�  

4-1- X�� `�,:�3������  

 �$� -	O*�P8 "� ��,W� ��*0 ����� 
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��K E��M�RK 
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6(��0 6����,#�$���0 
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 &�0T2 ��	\ c���� .����� �8�"�� d)�b ��X�� �� �� [�\*�)0�	�� 5'�6� ��  

Table 2. The results of physical properties of limestone samples in different horizons of the formation  

X�� *�)[�\  ���)� A B C D E F  
 

����� U� H��e� ��

f���	\ ����                 0?)�         ���)��#

)3(kN/md γ  

43��J  67/21  55/25  76/25  03/26  19/25 51/25  60  

�� ����  85/24  02/26  18/26  39/26  40/26  49/26  

�y���J  86/26  57/26  76/26  80/26  83/27 27/27  

Std error 89/0  17/0  20/0  11/0  96/0  64/0  

Std deviation 00/2  37/0  46/0  26/0  42/0  24/0  

  

  

)3(kN/mm γ  

43��J  686/21  57/25  79/25  05/26  20/25  53/25  60  

�� ����  87/24  06/26  20/26  41/26  42/26  56/26  

�y���J  88/26  59/26  77/26  81/26  84/27  34/27  

Std error  89/0  16/0  20/0  11/0  95/0  68/0  

Std deviation  01/2  37/0  45/0  25/0  42/0  25/0  

  

  

)3(kN/msat γ  

43��J  76/21  71/25  90/25  13/26  27/25  57/25  60  

�� ����  98/24  15/26  33/26  51/26  53/26  64/26  

�y���J  97/26  66/26  91/26  86/26  98/27  39/27  

Std error  91/0  16/0  19/0  10/0  97/0  70/0  

Std deviation  03/2  37/0  44/0  24/0  43/0  26/0  

  

n (%)  

43��J  70/0  89/0  82/0  58/0  83/0  64/0  60  

�� ����  33/1  32/1  36/1  28/1  31/1  99/0  

�y���J  22/2  73/1  06/2  87/1  83/1  47/1  

Std error  25/0  15/0  18/0  21/0  18/0  13/0  

Std deviation  56/0  35/0  41/0  48/0  40/0  35/0  

  

e 

43��J  007/0  009/0  008/0  005/0  008/0  006/0  60  

�� ����  013/0  013/0  015/0  013/0  013/0  010/0  

�y���J  022/0  017/0  028/0  019/0  018/0  014/0  

Std error  002/0  001/0  002/0  002/0  001/0  001/0  

Std deviation  005/0  003/0  006/0  004/0  004/0  003/0  

  

  

SG  

43��J  22/2  64/2  66/2  68/2  65/2  61/2  60  

�� ����  56/2  68/2  71/2  72/2  72/2  73/2  

�y���J  76/2  73/2  77/2  74/2  79/2  80/2  

Std error  09/0  01/0  01/0  01/0  06/0  05/0  

Std deviation  21/0  03/0  04/0  02/0  02/0  02/0  

  

  

Iv (%)  
  

43��J  29/0  33/0  30/0  21/0  27/0  24/0  60  

�� ����  51/0  49/0  56/0  47/0  48/0  35/0  

�y���J  84/0  64/0  05/1  69/0  70/0  46/0  

Std error  08/0  06/0  11/0  08/0  07/0  03/0  

Std deviation  19/0  13/0  25/0  18/0  16/0  08/0  
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 � �"-�� ���	 O$���0 Y$��� .�� ��*��4�� -	 3  �

 1��G3 #�)* ..�� ���0�� ��*�� 6� -�n -	 �	��

/*0 W"� �� ���$� ����� 
�* A W"� .)� 6(F  �$���(

 W"� � ��-�	 �- � �"-�� ���	 tK��A  tK�� #	�( �-�	 �(

 � �"-�� ���	76/91  6( �- ���	 tK�� �$��)� �M-	

 �$� � �"-�� ���	 tK�� � .�� �	�	 ��R�K� 	�K

+��6( �*4��� 	��9: O$�Q"� �( �NK E-�M O*�� �*

�� 1��G) �(�$3.(  
 

 
U8�2*�) 	) �#�8���8�� Y	�� 2Z�4� ����a- .`)��a�b) ./�'�) 0�	�� ��- Pl. f �)�M����)�� [����8��'# :Bio+��'����� :  

Fig. 2. Representation photomicrographs of the Ilam formations in the type section Abbreviations: Pl. f: Planktonic 

foraminifera, Bio: Bioclast. for details see the descriptions in Table 1. 
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Fig. 2. Representation photomicrographs of the Ilam formations in the type section Abbreviations: Pl. f: Planktonic 

foraminifera, Bio: Bioclast.  for details see the descriptions in Table 1. 
  

 &�0T3X�� �N���)� /)�� f���	\ c���� .[�\/�'�) 0�	�� ��  

Table 3. The results of durability test of Ilam formation limestones 

X�� *�)[�\  A B C D 

 

E F 

 
                �J��          ����-�8

(%) 1SDI 39/98  72/98  39/99  38/99  59/99  56/99  

(%) 2SDI  84/97  50/98  14/99  18/99  44/99  42/99  

(%) 3SDI 38/97  18/98  95/98  81/98  28/99  29/99  

(%) 4SDI 93/96  95/97  79/98  71/98  16/99  22/99  

(%) 5SDI 41/96  75/97  64/98  61/98  01/99  13/99  

(%) 6SDI 90/95  51/97  54/98  49/98  89/98  05/99  

(%) 7SDI 29/95  40/97  38/98  41/98  77/98  95/98  

(%) 8SDI 84/94  14/97  27/98  19/98  66/98  90/98  

(%) 9SDI 49/94  04/97  08/98  06/98  50/98  81/98  

(%) 10SDI 08/94  77/96  93/97  92/97  43/98  74/98  

(%) 11SDI 72/93  57/96  79/97  81/97  27/98  66/98  

(%) 12SDI 12/93  39/96  65/97  69/97  16/98  59/98  

(%) 13SDI 56/92  19/96  54/97  57/97  02/98  56/98  

(%) 14SDI 15/92  02/96  40/97  52/97  89/97  41/98  

(%) 15SDI 76/91  84/95  29/97  42/97  77/97  32/98  
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),2007.(ISRM ���9: L!� �� ..�� ��� E��M�RK �$�:
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-�" .���U� �+�� ��������� 
-�2� -	 .���(

1��G
�* 4  �5  E��M�RK/*0 ������� ����� 
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 �$��)� ..�� ��� �	-�0 ?�=�� � /K .5�J �	 -	 ���$�

/*0 
��( .���U� W"� 6( o�(�� ���$� ����� 
�*A 

��"� 6( o�(�� .���U� �$���( � ���( WF �� .���(  
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 U8�3 �� �N���)� /)�� f���	\ c���� .15 X�� �� �� U8��[�\f���	\ ���� ��  

Fig. 3. The results of durability test on the tested limestones in 15 cycles 
 

&�0T4 ��	\ c���� . �8���8� d)�b �������X�� ��*�) �� [�\[9b +:�? �� 0�	�� 5'�6� ��  

Table 4. The results of mechanical properties of limestone samples in different horizons of the formation in dry condition 

X�� *�)[�\  ���)� A B C D E F  
 

����� U� H��e� ��

f���	\ ����                  0?)�         ���)��#

UCS (MPa)  

43��J  48/75  70/79  72/76  46/78  96/89  68/96    

60  �� ����  96/89  21/100  43/100  97/101  91/102  54/107  

�y���J  56/106  91/118  48/120  89/117  73/143  08/123  

Std error 64/4  66/6  12/7  37/6  16/9  28/4  

Std deviation 38/10  90/14  93/15  25/14  50/20  59/9  

  

  

BTS (MPa)  

43��J  36/6  48/6  88/8  49/10  49/10  83/8  60  

�� ����  96/7  29/8  78/9  35/12  46/12  72/12  

�y���J  14/8  00/10  84/11  51/13  59/13  86/15  

Std error  80/0  52/0  48/0  59/0  51/0  27/1  

Std deviation  96/1  27/1  09/1  33/1  16/1  85/2  

  

  

(MPa)50 Is 

43��J  54/2  51/3  33/3  62/4  56/4  53/5  60  

�� ����  93/3  50/4  63/4  18/5  54/5  89/5  

�y���J  92/4  68/5  06/6  86/5  01/7  30/6  

Std error  38/0  32/0  40/0  18/0  35/0  12/0  

Std deviation  86/0  73/0  91/0  44/0  86/0  27/0  

 
 

4-2-4-  0@�� ���,- +7T ����!'�  ��	\

g�!'� `�����  

1���� 4���� �� L�C�� E��(�� �M-	1��2�� �����8 
�$7

+�� +�� L�C�� E��(�� #�Q�� 6]�* � .�� ��*0 
�*

1��2�� .��(�3 ����( �:�5�($� 6( ..�� �:�5�( +�� 
�$78 �

�N� �$� -	 -�V�� �
��)�C�� O$���0 �� �	�F��� �( 695

6��)� L�C�� E��(�� #�Q�������� �* ����� 
��( .�� 
���

 1��2� j��: L�C�� E��(�� �7J B�- �� O$���0 �$�

 6�5�� #�� �( ����)�3�( #�� 6C$�U� � /$-�$�������

 �( L�C�� E��(�� O���� ��!( ����� 
��( .�� �	�F���

.5�J �� .�� ��!( ����  +�� 
�G 6( L�C�� E��(�� -	�8

 D�): iN� �:	�$� O$�Q"� 4�5	 6( ��$� .	�� �	�F��� #0

T$�� � ��!( ���� 6( O���� �$� 6( .�� �*��K ����� �:

 � �	�� -	�8 a���0 �� ��	 �( �- +�� �� 
-��U� -�V��

 /5� ��100 �� -�=� O� �� -	�8 ��): 6�$-�n 6( �L�*	

)�3�( � ��� -�=� /5� Xw� .���)� /5� 
�- ����120  ���

W�3- /$-�$������� � L��A$- �( ��� 4K�	 �- #0 �� 

 .V�^ 6( ���10  �	�� 6"�q� �*-	�8 6( ���-0 6( �- �M-	

W��3 �( � L�C�� E-�M �$� 6( .L$	� L* 6( �- #0 �Q�� 
�*

+�� -	�8 -	 	�G�� E��(�� W=n /$-�$������� �( �*

 6N(�-2 �� O����	�� �7J � �*	�� 6N(�- D����( .2 

 �/$-�$������� �( L�C�� E��(�� O���� �\� -	

�� ��5�: /��(�����:		��   
  ����� + 2��� → ����� +��� + ���  
  

#0 �- ���� #	�Q"��� 6��	� -�3 6"�q� �\� -	 � $	 �: L�*	

 1��2� #0 �� �9( .�*�� s- O��G 1��2� 6( ���� #��

 �3�)�2  
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	��$�  �: L$	�	 -��3 .��J #��( � ��-0 �$�G -	 �- ���

6(6: 4��� -�n 
�5�( ���� 1��2� 6��A: �( .	�� ���

 6( �$���� L�C�� �+��� /)� 6( ����)�3�( E�(��- iN�

 �( Xw� ��� p-�K j�2� �� O$���0 �n -	 ���0 	�G�

 ��)* 6( � �NU� a0 �( �- ����)�3�( E�(��- ���( .3	

6: B�-��� �3  
��J 
�*�( Xw� .L$	�	 ��C� -�(

 
��	 -	 #0 .(�n- �: �� �	�	 1�U��� #�0 6( E�(��-70 

����� 6G-	 E�� 6( � 	���24  �( .	�� /K .���

������ �( #0 ����K� ��-�( � ����)�3�( E�(��- #�� 
���

�� tA� +�� L�C�� E��(�� �M-	 �6�5�� -	�8� .	�

�� O$���0 Y$��� 1��G -	 
��)�C6  ��� �	�	 #��

 ..��  
 

 &�0T5 ��	\ c���� .����� �8���8� d)�b ��X�� ��*�) �� [�\H�B�) +:�? �� 0�	�� 5'�6� ��  

Table 5. The results of mechanical properties of limestone samples in different horizons of the formation in saturation condition 

X�� *�)[�\  ���)� A B C D E F  
 

����� U� H��e� ��

f���	\ ����                 0?)�         ���)��#

UCS (MPa)  

43��J  06/46  32/50  85/55  62/60  73/65  73/57  60  

�� ����  02/60  61/62  09/68  57/68  38/74  20/77  

�y���J  24/66  11/91  10/77  44/85  55/84  90/98  

Std error 31/3  54/5  63/3  87/3  89/2  39/6  

Std deviation 11/8  57/13  13/8  66/8  47/6  29/14  

  

  

BTS (MPa)  

43��J  22/4  11/4  49/6  37/7  60/7  06/7  60  

�� ����  05/5  06/6  61/7  86/7  39/8  43/8  

�y���J  91/6  52/7  88/9  36/8  98/9  22/9  

Std error  36/0  41/0  53/0  16/0  37/0  32/0  

Std deviation  88/0  01/1  19/1  37/0  84/0  73/0  

  

  

)(MPa50 Is  

43��J  84/1  18/2  11/2  15/3  78/2  49/2  60  

�� ����  25/2  88/2  21/3  91/3  94/3  52/4  

�y���J  81/2  84/3  30/4  71/4  53/5  35/5  

Std error  14/0  29/0  31/0  23/0  36/0  16/0  

Std deviation  33/0  66/0  70/0  56/0  88/0  04/1  

  

 &�0T6����� �� �� ����!'� f���	\ c���� .��  

Table 6.  Results of calcium carbonate test on samples 
����� �����  g�!'� `����� 0@��  

A  53/90 

B  61/92 

C  69/93 

D  95 

E  07/96 

F  96 
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���� ������" 	�G�� 
�* O$���0 -	XRD  ���[)* �
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4-2-6- ) h8�)�-�# h�����'� f���	\XRF(  

 O$���0XRF Y$�- ��O$���0 �$�:�� 	��� Q�5��0 �* ���(

 �V� �� �	�� -	 	�G�� �M��� <���: ��=$�A: �\� #��( 6�
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 &�0T7.  f���	\ 	) U@�? ��)�)�� `0� i�-�- �� c����XRD  

Table 7. The results of X-ray diffraction (XRD)  

*�)0�	�� ��  ������T�� ��  ��N��� `�a69�  

A 1 –  .�C��2- .��� .���$-��3-   .���5�h��4-  Q:-���  Model: EXPLORER  

Company: GNR 

Made in Italy 

Detector type: Scintillator 

Step:0.05 

2Theatha (5-70) 

Integration time:1" 

B 1 –  .�C��2- .��� .���$-��3-   .���5�h��4-  Q:-���  

C 1 –   .�C��2- .��� .���$-��3-   .���5�h��4-  Q:-���  

D 1-  .�C��2- Q:-���  3-   .���5�h��  

E 1-   .�C��2- Q:-���  3-   .���5�h��  

F 1-  .�C��2- Q:-���  3-   .���5�h��  

 

 &�0T8. c���� ) h8�)�-�# h�����'� f���	\XRF (  

Table 8. The result of X-ray fluorescence (XRF)   
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 U8�4  .A(  g�!'�  �� +j'< `)���S-X�� )��  ��	 �� +B!�*�) [�\A  ��PH =6.5-7 kB(  )��  ��	 �� +B!� g�!'�  �� +j'< `)���S-

X��*�) [�\B  ��PH =6.5-7 kC( X�� )��  ��	 �� +B!� g�!'�  �� +j'< `)���S-*�) [�\C   ��PH =6.5-7 kD(   �� +j'< `)���S-

X�� )��  ��	 �� +B!� g�!'�*�) [�\D   ��PH =6.5-7 kE( X�� )��  ��	 �� +B!� g�!'�  �� +j'< `)���S-*�) [�\E   ��PH =6.5-7 k

F( X�� )��  ��	 �� +B!� g�!'�  �� +j'< `)���S-*�) [�\F   ��PH =6.5-7.  

Fig. 4. A) Variation of calcium ion concentration ratio to time for horizon A limestone at pH=6.5-7, B) Variation of calcium ion 

concentration ratio to time for horizon B limestone at pH=6.5-7, C) Variation of calcium ion concentration ratio to time for horizon C 

limestone at pH=6.5-7, D) Variation of calcium ion concentration ratio to time for horizon D limestone at pH=6.5-7, E) Variation of 

calcium ion concentration ratio to time for horizon E limestone at pH=6.5-7, F) Variation of calcium ion concentration ratio to time 

for horizon F limestone at pH=6.5-7. 
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Table 9. Chemical analysis of Mashhad city water 
 ���\�� )mg/lit(   ��-���� )mg/lit(  �mI��������� � �8�"�� ��  

-
3CO  -

3HCO  -Cl -
4SO 2+Ca  2+Mg 2+Na +K  )mg/lit( TDS   EC (��/��) pH  

0 280 40 7/48  7/92  9 25 3/2  484 760 2/7  

 
 

 &�0T10. &�'(�) f���	\ 	) U@�? c����X�� ��.#*�) )�� [�\0�	�� 5'�6� ��  

Table 10. The results of limestone solubility test for different horizons of the formation 

����� [�\ &�) �T�� �:��,�  PH    &�'(�) +n�� +��o (K) (m/s) 

A  y = 0.1765 x+ 1.6338  5/6-7  6-10×95/4  

B  y = 0.1937 x +1.5363  5/6-7  6-10×43/5  

C  y = 0.204 x +0.4518  5/6-7  6-10×72/5  

D  y = 0.2279 x+ 0.3576 5/6-7  6-10×63/6  

E  y = 0.2553 x+ 0.3832 5/6-7  6-10×16/7  

F y = 0.2883 x- 0.0588 5/6-7  6-10×088/8  
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Fig. 5. The result of Rose diagram joint and fracture in the study area 
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Abstract 
Karstification develops in limestones easily due to high solubility. The abundance of limestone has 

caused them to face this type of rock in different engineering projects. The Ilam Formation is exposed 

in the Zagros mountains and this Formation contains 195 meters of cream-colored limestone in the type 

section. Due to the extent of this formation, many projects have been executed on this formation, and 

they also encounter this formation in oil drilling. Its lower and upper Boundaries are continuous with 

Surgah Formation and Gurpi Formations, respectively. In this research, lithological studies and 

determining the physical and mechanical properties of limestone samples of Ilam formation in type 

section, the solubility and karst development have been investigated.  In order to evaluate the solubility 

of the Ilam Formation, samples were taken from different horizons of the formation and transferred to 

the geological engineering laboratory for the dissolution test, the samples were evaluated for their 

chemical composition, engineering properties, and solubility after preparation. The results of XRD show 

that the oxides include silica, calcium carbonate, clay minerals, and a few numbers of dolomite. The 

results of the XRF samples show that the major constituent oxides are CaO, SiO2, Al2O3, Fe2O3 and 

MgO. Additionally, based on calcium and XRF tests, horizons E and F contain the highest levels of 

calcium carbonate and demonstrate variations in solubility across different layers of the formation. 

Horizon F, in particular, has the highest rate of dissolution. There are karst phenomena such as 

dissolution sinkholes, Karen, dissolution holes, canyons, caves, James, gorges, and rain hole Karen in 

the study area.  
 

Keywords: Lithological properties, Physical properties, Solubility, Limestone, Ilam Formation 

Introduction 
Carbonate rocks are the most abundant 

sedimentary rocks in Iran and play a critical 

role in many construction projects. These 

formations are often considered problematic, 

as constructing surface and subsurface 

structures in such rocks presents significant 

geotechnical challenges, potentially leading to 

serious consequences during both the 

construction and operation phases. Some of 

these properties, such as physical and 

mechanical characteristics, can be assessed 

within a relatively short timeframe and have 

direct impacts on structural behavior. These 

evaluations allow engineers to identify 

potential issues and implement solutions 

promptly. However, time-dependent 

characteristics, such as dissolution, can pose 
long-term risks to surface and subsurface 

structures, especially when favorable 

conditions for dissolution are present. 

Dissolution leads to the formation of karst, a 

process in which soluble minerals dissolve, 

creating voids and cavities. Solubility, in its 

strict sense, refers to the amount of a substance 

that dissolves in a solvent under specific 

equilibrium conditions of temperature and 

pressure. The presence of soluble minerals at 

sites of hydraulic structures can lead to long-

term risks, such as water leakage from dam 

reservoirs. Therefore, it is crucial to determine 

both the quantity and rate of dissolution of 

these minerals. The dissolution process plays a 

vital role in evaluating geochemical systems 

and understanding the relationship between 

dissolution rates and water chemistry requires 

laboratory testing. Determining karst areas is 

another critical issue, as the karst phenomenon 

introduces risks, including variable solubility. 

Past experience has shown that geological 
phenomena, particularly in karst areas, have 

caused significant problems in projects and 

dams. These issues are often due to porosity 

and fractures caused by the dissolution of rocks 
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such as limestone, dolomite, gypsum, and 

anhydrite. The aim of this research is to 

investigate the lithological and engineering 

characteristics, as well as the solubility of 

limestone in the Ilam Formation at the Type 

section, including the development of karst and 

the presence of karst features in the study area. 

To date, no research has been conducted on the 

engineering properties and solubility of this 

specific section of the Ilam Formation. 

 

Materials and methods 
To conduct this research, both a literature 

review and data collection on carbonate rocks 

in the Ilam region were undertaken. Field 

studies were carried out in the Type section to 

identify karst formations in the limestones of 

the Ilam Formation, which included the 

recognition of karst morphological features 

and seams. Sampling was conducted during 

these field visits, where 60 suitable blocks with 

dimensions ranging from 40 ×40×30 cm to 50 

× 50 × 40 cm were selected and transported to 

the geological engineering laboratory of the 

university. From these blocks, cylindrical cores 

with a diameter of 54.7 mm were prepared for 

testing. Physical and mechanical tests were 

performed on these cores following ISRM and 

ASTM standards. In addition to physical 

sampling, lithological characterization, X-ray 

diffraction (XRD), and X-ray fluorescence 

(XRF) tests were conducted, along with 

physical, mechanical, and solubility analyses 

for the carbonate rocks. The aim was to assess 

the relationship between lithological, physical, 

and mechanical properties and the extent of 

karst development in the area. Ultimately, the 

data collected from these tests were used to 

analyze the influence of these properties on 

karst formation in the Ilam Formation. 

 
Discussion 
The limestone formation of Ilam is recognized 

as a problematic geological unit, primarily due 

to the solubility of its limestone. 

Understanding the stratigraphic and 

petrological conditions of this formation is 

essential for addressing the associated 

challenges. The cross-section of the Ilam 

formation comprises six distinct limestone 

sections (horizons). This formation is 

extensively distributed across the Zagros 

highlands, characterized by cream-colored 

limestone in the sample area. Given its 

vastness, numerous construction and oil 

drilling projects have been conducted within 

this formation. Geologically, the lower 

boundary of the Ilam formation transitions into 

the Surgah Formation, while its upper 

boundary interfaces with the Gurpi Formation. 

The various rock units exhibit differing 

behaviors, necessitating an understanding of 

the physical characteristics inherent to each 

unit. Lithological studies indicate that these 

characteristics significantly influence the 

physical and mechanical properties of the 

limestone. The rock units within this formation 

exhibit porosities ranging from 0.5 to 2.22, 

while their water absorption rates are generally 

below 1%, which aligns with their 

mineralogical composition and strength. 

Among the horizons, Horizon A demonstrates 

the highest porosity and water absorption rates, 

attributed to its elevated impurity levels and the 

presence of clay minerals, as determined by 

calcimetry tests. Variations in lithological and 

mineralogical properties result in 

corresponding differences in the physical and 

mechanical characteristics of the rock. 

Notably, the presence of magnesium oxide 

(MgO) in Horizon A, resulting from 

dolomitization, leads to a marked reduction in 

the dissolution rate, increased porosity, and 

diminished calcium carbonate content as 

evidenced by calcimetry tests. Consequently, 

as rock strength increases and porosity 

decreases, the water absorption capacity 

diminishes. Horizon A exhibits the lowest 

strength, in contrast to Horizon F, which 

showcases the highest strength. Additionally, 

the type of cement present within the limestone 

significantly influences both the strength and 

solubility characteristics. Specifically, micrite 

and fine crystalline cement enhance the overall 

strength of the rock. The durability of 

limestone deposition is inherently linked to its 

lithological composition. Interestingly, the 

horizon with the highest dissolution rate 

constant also shows the greatest strength and 

calcium carbonate content, while the lowest 

weight loss recorded during durability tests 

was observed in this horizon. The experimental 

findings reveal a clear relationship between the 

physical and mechanical characteristics of the 

limestone and the expansion and development 

of karst formations. One key laboratory 

parameter indicative of a rocks ability to 

dissolve and subsequently develop karst 

features is the dissolution rate constant (K), 

which can be quantified through dissolution 
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testing. Furthermore, the percentage of soluble 

minerals present in the limestone is directly 

related to its solubility. Research indicates that 

a higher percentage of calcium carbonate in the 

limestone correlates with an increased capacity 

for dissolution and the development of karst 

features within the rock. 

 

Conclusion 
Despite similar structural and tectonic factors, 

the climate of the studied area, the 

development of karst morphological 

phenomena in the limestones, and the 

solubility variations across different horizons 

of the Ilam Formation exhibit significant 

differences. These discrepancies can be 

attributed to the physical, chemical, and 

mechanical properties of the limestone, which 

are crucial factors influencing karst 

development. Lithological, the limestone of the 

Ilam Formation is categorized into three types: 

Wackestone, Wackestone-packstone, and 

packstone. X-ray Diffraction (XRD) analysis 

reveals a mineralogical composition that 

includes quartz, calcium carbonate, clay 

minerals, and dolomite. The X-ray 

Fluorescence (XRF) analysis results presented 

in Table 8 indicate that the primary oxides are 

CaO, SiO₂, Al₂O₃, Fe₂O₃, and MgO. Notably, 

the high percentages of calcium oxide and Loss 

on Ignition (L.O.I) underscore the prevalence 

of calcite in the samples, and the calcium 

content aligns well with the XRF findings. The 

presence of aluminum oxide (Al₂O₃) in the 

samples suggests the occurrence of clay within 

the carbonate rocks, further corroborating the 

XRD results. Additionally, the calcimetry and 

XRF tests indicate that Horizons E and F 

possess the highest concentrations of calcium 

carbonate. According to physical property 

assessments and following Anon classification, 

the porosity percentage in these limestones 

falls within the very low to low category, 

which correlates with a similarly low water 

absorption index. The weight per volume of 

these rocks is classified as having low to high 

density, with the average specific weight of the 

solid component and the unit volume weight 

ranging from medium to high. Utilizing 

Gamble classification, all limestones in this 

formation are categorized as having durability 

ranging from slightly strength to very strength. 

In accordance with Franklin and Chandra's 

classification, all samples fall within the 

category of very strength to extremely strength. 

The durability of limestone deposition is 

inherently linked to its lithology. Horizon A, 

which exhibits the highest weight loss, 

contains impurities such as clay minerals and 

displays the lowest strength, significantly 

influencing the limestone's solubility. 

Conversely, the horizon with the highest 

strength and lowest weight loss is characterized 

by the greatest dissolution rate constant. The 

area and the formation under investigation 

feature various karst phenomena, including 

dissolution sinkholes, karns, dissolution holes, 

canyons, caves, jamas, gorges, and rain hole 

karns. These features highlight the dynamic 

geological processes at play within the Ilam 

Formation, further emphasizing the importance 

of understanding its properties and behaviors in 

relation to karst development. 
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