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�&'!� �()�'* �! �� +", -�) .,�� ��/ �/�"� �!��0�1�23 � �4��"1 +", .5 �����* �!�6��7 �, �5 �)� 	���, -�)  ��8"�

���� ���!�9 ����4,�� ���7 :;��  �����* �&���) <!�1 � �4��,��! ."�* �� �=">� ?�@ �� AB� .���5 C�5 ��   �,��5 �-=7��

	�	1 ..,�� ��E�&��4* F�GH�>� I�, �5 +",  �.J>"� -�).�� � �� =!.�� K1�� 	"4 ) ?�� �� <,�4� �&	1��9 �5 . �! ��7 L�7��

.,�� +",  M�� � �)HK� =���7 �K!���N �N � �07 �	G� � K!���N ?�, �)K�H �NK�H O���P,	�E � K!�� 	1 ��� :�;�� K!���N . . !�J�

���B .4,�* ������� �5 ��/ �/�"�  �/�"� ��0� �6!�J� .7 ��7 :;�� �!Q�5 -).5  =9CaO  �MnO (���B .4,�* .5 K6 �  .5 �!Q�5 -

T5�B �=���	1 ��� ��9�� 	� .��� -�) �!��0�1�23 �� ��&�!� -�) O�
U� �	""7 <�V� )-� ���� �����5 �4��, ?�,� -�W& 

.,�� +", �) �� (;5  .�1�X ���B K, #�GE - .L!�Y -Q�5 �&���) �!��0�1 )CWI=93(� <!�1 ?N �!�)� ��& � ?�Z�� � �� 

.J>"� [�"� ���� �� 	)� .  
  

�9+��-�5� ��,: .,�� ��0�1�23 ����4,�� .���5 ��)� 	���, ����� +", �+",  

&�-H�  

7��+", L�  T��� � �\[4� -��N � ���, -�)

T0X TJ���&'!� ��&���) ]�� �  �[�"� +", -�)

4 *� 	"�5�K�H�GE �^��B �-  F�\ � �
���4
� -�)

K, -=�3�!� ]27� 42� 44[ . .Y�X �
���4
� K�GB��

 L�7�� #�4"7 �� ��/ T��� �[�"� .J>"� � �5�,�

�� ?� V� -��N F�5�,� ��1 ]15[ . �0�1�23

+", �	�d�* A5�� �5�,� -�)  	"��� �!�)��e4� � -

�T0X ��&���) ����� +", L�7��  ��
!=�E �&	1��9

���7 =7�0� �� f* �K, =�3�!� � ���", -�)  � ���

+", ��7 �!��0�1 L�7��  -��N �5�,� -�).5 ��"� 

 F�5�,� g�� .7 �!�)��47�E K��"1 K�9 �\h� -�=5

?�,� �Z �� �  � -�W&	G5 � �N �� #�4"7  �	""7

��0� ���U4, ]10� 28[ . L�@ �!��0�1�23 F�GH�>�

+", F�GH�>� -�5 �5�� T0
�  ?� V� �,�"1

��  �	��1.5 �!�' ���� -�)	"!N�E .7 �����  ���7 ��,�"1

	"1�5 ���7 L!�;� � .�H� ]11� 12[.  ���U4, �5 �!�5�"5

��� �  �E�&��4* -�))#��� L�7�� (��� �  -�)

 �!��0�1�23)��/ �/�"� L�7��(�� �  k�� ��� ���",

���� ���!�9  -�)	"!�E F	1 �[�"� +", ��4��,

�N ���4,���5 � [�"� .J>"� �� �!��0�1 �&���)  � �)

��0� :;�� ]9� 15� 19� 24� 35� 45[ .�  .�09

C�� �4* #�	4� -�)�� ��E�&�  F�GH�>� .5 ���

.�� -�� �5 m�B� �*�
,��
��  =���7 -�) ]7[ M�� �

�)��P,	�E ]32[���� � +", �) ]33[ ���7 � ���", -�) 

]30[ ��0� ���1 .  

	���, ��)� -�5 ��5 ��H� <,�� �	!�7�) �  ���
0)

]21[ KV� ��"� -�, �)� �E�G� �	1 � �N #��G� � 

	���, ��HQ �� #�01 ��! �� �8� .4E�&  	�]36[ .�5 

.9�� .5 K�GB�� ."�o ��,�"1 -�5 	���, �)� �, 

�!�6��7 ����* �� .4E�& �8�  �	1 K, ]3[. �! 

-�� F�5�,� C�4 & p�E  ���GH-��!� �� ��! � 

 -�)���7^)  ��9	"4 ) .q	) � �! �.GH�>� �!�,�"1 

M�� +", ���� ��H�04X ���!�9 ���� �4��, � �,��5 

?N �)�- ��!�!� <!�1 �&���) ����* .,�� +", -�) 

	���, �)� �� !�� -=7�� �5 ��1�7 .���5 .J>"� 

���U4, � 	)�1 �!��0�1�23 r�5�� .5 �/�"� ��/ � 

26  



���������  
������ ����3 ����� 
6������ � ����� 
 1394    

 

   

F�GH�>� �E�&��4* K,. .GH�>� ��"o �� ��"7 �� - K�9 �� ���& .GH�>� �! � �	�� ��s� .J>"� �!

 -=7�� ��! �� 	���, �! ."!�!� -��E�e9 -��,��5

��5 	)��  .  

  

��:+IJ A�$K��!��� � �� ���� &�L�. ����� 

&$M�3�  

C�5 ���� �.GH�>� �� ��4, ����U/40 -�4����7 

#�01�5�@ ��4,��1 �=">� � �� F���s� -�4,�� .���5 

��B ��� .�! A>J� �  �8��!��E�e9 ��5 #�Z -�) 

�!��E�e9 51 �.9�� 35 .J�B� �� 51 �.9�� 36 .J�B� � 

45 .���\ � ^)��"o ��5 t�� -�) �!��E�e9 33 �.9�� 

33 .J�B� � 30 .���\ �� 33 .9�� � 35 .J�B� AB�   �	1

� ��;5 � .B�� ���� �,�"11:100000 =">� K, .�� 

�,�4,� .5 .J>"� ���1   �	1�� ?�@ ����N ��1�7 – 

=">� � 40 -�4����7 ���9 .4H�U,N =">� – .���5 ��B 

 ���) T
11( .��7 �	�=!� .7 C�5  ?�"9 .���5 �� �N 

AB�  �	1  	��
! � F���U�� ��4 )�7 f7�7 .5 ��01 

�� ���.  

   

 <F�1. !��� &(H. � ����:+IJ A�$K�� ���� ���-O� �����  &$M�3�]4[  

  

�5 I�, ^� J� -	"5 .7 <,�� ��JJV� u�4;� -�5 

-��,	9 ��! .5 .Y�X -�) �5�,� -��4��, .��&	9 

��s�  ��	1 .J>"� ���� .GH�>� ��;5 � ��! -=7�� 

?� V� �� ��1 .7 �	����5�� - �40 B � ��07 

�!�0&�� .���� – �4�� K, ]1[ .��! -=7�� �
! � 

-�)	X� ��/ � �	0� - K, .7  .5 T
1�v�v� �� 

=7�� ��! ��B ��� � w�=5 �!�� � �	�d�* �!�� 	X� 

����  �,�"1��!  ��01 .5�� 	!N .�� �! �	X� 

+", -�) �!�6��7�* �� * �� �����7 � .5 ��Z ���4 & 

�� ��� �	)��� ��0�. �� .J>"� =">� +", =�� -�) 

�5�,� �� +", -�) �!�xN �5 �, �!�6��7�* – ����7-� 

���5  �� 	���) T
11 .(�� �! m�JV� �1�5 � 

+", -�) r�5�� .5 F�5�,� -��N �!�6��7 ����* �5 

 K��;Y��	X 130 ��4� .7 T��1 �H�� � ������"7 

.,�� +",� ��4 4��, � K���H�� 	���, .5 r�5��  �)�

.���5 C�5 �� K,� ���� .GH�>�  .4E�&��B K,

)T
12(.  

  

&$M�3� 2��  

5.,�� �,�� +", ���� C�5 �� �)� 	���, -�)  .GH�>�

��s� �)���!���N � �!�V/ (;5 �� ��  K, �	1 .

���� K�GY� �,��5 T��1 �N �!�V/ (;5  �,�"1

.!Q L�1 �.J>"� ��� �� �!�,�"1 ��) .��0� � �)  -���5

.,�� � +", K, ���5 .J>"� -�) . (;5 ��

,��5 .5 	45 =�� �)���!���N�&'!� �  �� U� � �4E�5 -�)

+", F��/�y� .,�� -���� +",  � .��� � ���U4, �5 �)

 �	G� .GH�>�100 K, �	1 F���6� z��� A>J� �	� .

f*  � �N  �	G�12 ��@ .��0�  ����))8  .��0�

.,��  � ��",2 .,�� � .��0�  � �,{� 	�U, +",2 

���1 .��0� (�5 � 	���, T7 � �&	"!�0� .5 AZ�J� �

 =�H��N ��s� K�9 � ?�;4�XRF  ��� ��7 ����!���N .5

	!��& #�,� ��H�"�5 .^).>J� C��01 ��"o  -�5 -30 

-=& C�� .5 �z��� A>J� -  	1 ��s� ��� "�
!�]22[ 

 �	G� =�� z��� A>J� �) �� �200  ��500  C��01 .��

	!��&.  ��	1 C��01 r�J� �	G� �� ��!� q|4� ��9�

.�� T�H� .5  � ."��� ��9� � AZ�J� ���5 ���5 =!�
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 C��01 -�5 �E�7 .>J� ���6� .s�4� �� � ��!� ��0�,

K, ���5 ..>J� � T/�X }!�4�  .5 r�5�� }!�4� � -��01

�H��N�!��J� ��0) .5 ��/ �/�"� = LOI  �� L���� .5

#�	9-�) 1 �2  �3 K, �	1 ����N.  
  

  

  

  

 <F�2. G ����&�� ����� &$M�3� ���� ���-O�  

  

  

  

  

  

  

  

  

  

  

  

    

Qm non Non-undulouse monocrystalline quartz 

Qm un Undulouse monocrystalline quartz 

Qpq Polycrystalline quartz 

Qpq2-3 Qpq2-3 crystal units per grain 

Qpq>3 Qpq>3 crystal units per grain 

Cht Chert 

Qp Polycrystalline quartzose (or calcedonic) lithic fragments (Qpq + Cht) 

Qt Total quartzose grains (Qm + Qp) 

Q Total (Qm non   + Qm un (and Qpq used for classification (Qm   + Qpq) (Folk, 1974) 

P  plagioclase feldspar 

K  potassium feldspar  

F  Total feldspar grains (P + K) 

Lv  Volcanic-metavolcanic rock fragments 

Ls  Sedimentary rock fragments 

Lsm  Metasedimentary rock fragments    

Lc Carbonate (reworked fossils and limeclasts include  mudstone) rock fragments 

L  Unstable (siliciclastic) lithic fragments (Lv + Ls + Lsm) 

Lt  Total siliciclastic lithic fragments (L + Qp( 

RF  Total unstable rock fragments and chert (L + Cht) (Folk, 1974 classification) 

M  Micrite 

Cem  Cements 

Acc  Accessory minerals 

Lvm  Lv + xLm [where x rages from 0 to 1 (operationally, usually 0)] 

 S�-J1. &3H. ��,��+���  �,+� -.��� �����]23[  
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 S�-J2. ��+� &.+� �+ <6�L ��,   �����30 &.��. �+ V��. W3H� &.��. &��� ��,  � ��* 2�� &� �,+� -.��� �"��

 �����F��]23[ .)&.��.  ��,A025 
T059  �T060 &��� &� X��� )�� �� ��Y� -�Z� ��, -����.( 

Sample Qm non Qm un Qp>3 Qp2-3 K P Lv Lsm Ls Cht Acc Cem M Sum Qpq Qm Qp Qt F L Lt Q Rf Lvm Lm

A003 181 103 27 32 7 1 8 7 4 62 4 87 11 534 59 284 121 405 8 19 140 343 81 8 3

A020 137 51 9 13 3 0 0 9 3 54 7 56 2 344 22 188 76 264 3 12 88 210 66 0 6

A019 56 44 7 13 2 1 0 4 2 27 0 60 0 216 20 100 47 147 3 6 53 120 33 0 2

A017 51 42 17 21 1 0 4 8 3 11 0 43 44 245 38 93 49 142 1 15 64 131 26 4 5

A015 63 52 11 17 6 2 6 7 3 26 6 76 10 285 28 115 54 169 8 16 70 143 42 6 4

A004 33 17 6 10 3 1 5 7 5 7 0 82 13 189 16 50 23 73 4 17 40 66 24 5 2

A002 65 47 11 19 2 0 1 4 3 17 1 37 2 209 30 112 47 159 2 8 55 142 25 1 1

A001 93 62 13 21 11 0 0 9 2 43 2 73 0 329 34 155 77 232 11 11 88 189 54 0 7

A023 103 92 6 24 5 1 2 7 3 31 0 42 2 318 30 195 61 256 6 12 73 225 43 2 4

T035 54 49 8 14 6 3 13 21 19 47 0 81 132 447 22 103 69 172 9 53 122 125 100 13 2

T032 112 98 11 18 13 2 27 18 12 19 0 77 113 520 29 210 48 258 15 57 105 239 76 27 6

T025 45 37 16 21 9 0 2 11 7 8 1 36 36 229 37 82 45 127 9 20 65 119 28 2 4

T017 32 28 17 19 4 0 20 15 9 12 0 46 41 243 36 60 48 108 4 44 92 96 56 20 6

T031 37 26 12 14 5 0 11 16 13 19 1 57 38 249 26 63 45 108 5 40 85 89 59 11 3

T034 36 31 3 6 2 0 20 23 11 14 0 62 55 263 9 67 23 90 2 54 77 76 68 20 12

T016 41 29 4 7 1 0 7 8 5 10 0 53 18 183 11 70 21 91 1 20 41 81 30 7 3

T028 43 26 18 11 3 0 3 1 0 15 1 28 15 164 29 69 44 113 3 4 48 98 19 3 1

T039 41 32 7 9 5 1 21 17 12 16 0 25 0 186 16 73 32 105 6 50 82 89 66 21 5

T033 67 51 13 19 1 0 48 19 10 26 1 81 98 434 32 118 58 176 1 77 135 150 103 48 9

T036 31 27 9 13 6 3 31 13 10 17 0 59 21 240 22 58 39 97 9 54 93 80 71 31 3

T050 101 91 28 34 3 0 1 2 0 23 0 0 0 283 62 192 85 277 3 3 88 254 26 1 2

T026 58 41 10 13 4 0 60 17 11 17 0 20 67 318 23 99 40 139 4 88 128 122 105 60 6

T015 126 52 5 11 7 1 5 32 13 96 1 24 12 385 16 178 112 290 8 50 162 194 146 5 19

T050 131 48 11 14 9 1 0 16 8 43 0 39 2 322 25 179 68 247 10 24 92 204 67 0 8

T059 151 129 37 49 11 0 0 0 0 28 1 27 0 433 86 280 114 394 11 0 114 366 28 0 0

T060 163 134 21 32 17 3 0 0 0 37 0 19 0 426 53 297 90 387 20 0 90 350 37 0 0

A025 148 130 18 25 14 2 0 0 0 29 1 16 0 383 43 278 72 350 16 0 72 321 29 0 0

T020 35 24 11 17 4 0 3 34 18 22 1 21 9 199 28 59 50 109 4 55 105 87 77 3 16

T021 57 33 2 7 5 1 10 49 28 17 2 15 2 228 9 90 26 116 6 87 113 99 104 10 21

T042 87 61 2 4 13 1 3 10 6 28 1 17 11 244 6 148 34 182 14 19 53 154 47 3 4

Min 31 17 2 4 1 0 0 0 0 7 0 0 0 164 6 50 21 73 1 0 40 66 19 0 0

Max 181 134 37 49 17 3 60 49 28 96 7 87 132 534 86 297 121 405 20 88 162 366 146 60 21

Avg. 79 56 12 18 6 1 10 13 7 27 1 45 25 302 30 136 57 193 7 31 88 165 58 10 5

S.D 44 33 8 9 4 1 14 11 7 19 2 24 35 101 17 75 26 97 5 26 30 87 31 14 5
  

  

 S�-J3.  �56+ ��,-���+ 6��7 ��M�.[ \���.XRF  ���H� �+�, &�LOI &.��. �+ &��� ��,  �,+� -.��� �"��)&.��.  ��,

Q1  �Q2 &��� &� X��� )��  � ��Y� -�Z� ��,T46  �T56 <�� &� X��� �+ ��,�� �.+�4 -����.(  
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)��  ]��% � ���"..��� �����  

F�GH�>� +", -���� �s"� .5 ^� J� -	"5 �! .4��� �) 

.5 ., .4,� ��!�����"7 .,�� ��", � T&��", �	1 

K, .�)�����"7 .7 ��"� �� �	��B � I{� 	���, �)� 

�	)��� �� �	��1 .J6Z I�, �5 	"5- 4*���9 ]32[ 

5�- ���K! ��) �)�����"7- .Y�X ���� M�� � - 

�� 	"1�5 7�� ��VH � ��L� [�"� 	"o M�� � ���	0��! �! 

�*� O�4
��1 ��5 ��  ��	V�[�"� O� M�� ��! �! 

HO�4
�����2 T6* .7 	"4 ) �)- �M� �*� O�4
�� 

���� �)- �",� ���U��N�� ��&�&�� T6* � �)- ��o�� 

H M�� �� ��O�4
����� T6* � F�o ���	0� �)� 	"1�5 . �5

�5�E I�,O! 5�,�� ��=� .��0� �)-  M�� � �	1 .GH�>�

"7���� ������ 	"1�5 
�� .�� � ���	0� �T� �	1 	� .

�! .J6Z m6Z �)�����"7 	"5-  OH�E]16[  M�� �

�����"7- .,�� -  	� �N �� .7 5 #��& 	/�� �)(�  �

30 K, 	/�� . �5 .4E�& F��/ .�H� F�GH�>� m6Z

 -��100 .,�� z��� A>J�  ��
,��
�� <,�� ��",

���7 �-���  -�)
��T� .,�� �	")� +", -�) C�5 ���� 

.5 ����E L���� .5 .GH�>� �� �!� F��/ 	"1�5:  

 =���7 ���7O� -�)=���7 M�� �  �5 O������* ���5

(�5 �	J� .5 	!	1 �9�� �� ^�J4 � �1���� � ��

��0)  �
�E����4� ���5 	"o -�)=���7 ��Z]16[  �

 =���7 ��0�, �5 .4E�! �	s� #�J4� �5�,� -�)=���7

���E ��407 �=�� .5 ��!�,�E -	1���  �=9 �!��

�	)��� -��N  .,�� �� �	1 +", ���� -�)  .GH�>�

�� (;5 .5 �	1 O!�=� �5 .7 	"1�5  �5 	���, �,{� -�)

�N �=�� �� ���=E �) ��1 . �! �� .7 -��!� -��N �=9

 � 	���, F�G>B K, ������5 �!Q�5 ��� 5 ����E

 T��1 ����E L���� .5 .7 K, ��",�", F�G>B �

.,�� �F�o M�� � �5�,�  F�G>B � ��4 4��, �+",

(�5 ���&�&� F�G>B � ���1 ��", F�G>B M�� � ��

��&�&� T�1 	"��� �	1 ��&�&� -�)  � K��, ��	1

��0) � K �1 �5�,� ��", F�G>B ��Z -&��� � ���&� 

	"4 ) �
���
H� F�G>B K!��� . .5 .7 =�� �)��P,	�E

�� �07 ��� 5 �=�� ���� C�5  � 	��� ���X .GH�>�

 �=�� .5 � 	"4 ) �!	���, �07 � �|7��� T��1 ���

�N �� =�� �|7�!3|* -�407 ���� �� KE�! �) ��1 . �

                                                
1 Polymictic conglomerate 
2 Oligomictic 

���7 .,�� �! �� ���E -�) +", �� =�� �)  .5 ���

&���7 � K!��7 � K���7�� ��0� ���1 O* ���", -�) .

.,�� �! L�7�� +", =�� �) (�5�� � M�� K�H  K!���N

)F�o K!���N(� ?�, K�H K!���N  �407 �=�� .5 �

� K!����4�H O���P,	�E ^)��"o �� (;5 

.,�� +", +��	�U, -�) �,{� � M�� ���N=���7K! 

�� 	"1�5 ..,�� �!+",H -�) �5 ��0) �4!����4�

��* -�����"7�� O�4
�� .������ ���"� 	"���

	"1�5 .41� ��!� (d�* �5 -�	��$� .^) ��"o� �8� 

 �4E�5 ���5)�&	1��& � �&	1��9 �I� �=�� ���G�( �
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&��� ����.�[�%�+�� )�� .B (&.+� _� �� A��5� � �%�+�� 
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��# &��� _� �� �.�**� � �F�.�FM� )�� )��  A�M ����.�[ .D (&.+� ��# � <�� 
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 A�M ]��% �-�,�  
A��.�[
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 �F���: �*�(: i+������� � .B (&.+� !�� �-��� � ����5� � ���%��, ����� �, .C (&.+� !�� �-��� � ���5�� ����� �, .D ( �����

�-���� �%�+�� ^�. �+ ���5�� .E (�-� � !,[ -���+ �� &� A�M�5���+  A�+ .F (a : � A��5� b��% �%�+�� &.+� �*���#b : � �"��F�

&*�  A��5� �� �-� � ��,  
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�! F��|Z -�5 O�
U� [�"� -�) u�4;� ���U4, 
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� �� -�)���0� ��	��4, ��B �� ^�)� .���  ���7
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1 6 B (.7 �5 F�G>B ��", 

	�7[� ���� .��0� -�) .>J�  -��01 �	1 �� K0 B �� 
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 &��� )�� �+�+� �, ��"���# 

!��� ��#�� ��+�,�� &#G -m�� -���,. B: Qp Lvm Lsm  �Lv Lm Ls ]23[ n��% 
 &.��. ��, &3H. ����� �-� �� A��K 

&���L � ���K �+ ��Z�� �+K �� -.�*.  
  

.,�� L�7�� +", .5 �) �Z�� ��6 � �  F��\[� �����5 	���

?N  	1�5 �!�)�]41[ . T6H� � ��4��&]18[  L!�Y
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F	�  ����K��B F�5�,� �� <!�1 �&���) )��4 9�5 (

K, .�� ^4 �, -�) �5�,� .0!	B �=�� c � r �5 .!�* 

���0� .2�  �	1 <,�� '4H� ]43[ .6,�V� �� ��1 .�� 
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�� <,�4� � ?N -�)� �.0�  ?�Z��� .5 �=�� �407 

?�Z�� K,. 

	"o�) ���U4, � ���0� .2� �	1 <,�� O� ]26[ 

) T
17 B (�5 .!�* - �� K6 � � M�� .�� -�) �7�=�� 

K�0) ��\[� <�V� �5�,� �!�!�� ^7  m0��� ���G� 

L�7�� .,�� +", -�) 	���, �)� � (�5�� � ?N  �)�� 

.��o - �	s� �5�,� ���� �� 	)� ).5 �! ���U� .7 

(!=E �=�� =���7 �� �! ��� �) (�5�� T/�X <�V� 

�5�,� 3���5- K,Q�5 �� ��\[� ?N  �)�� .��o - �	s� 

��5�,(� .46H .5 &��,� =�� �0� ��� � ��"7 �! .4
� 

K1W& .7 ?N �)� � ��!� T��� ^�� #�4"7 �	""7 - 

L�7�� .,�� +", �) K, ]37[.  

��|� �5 �p�E ���� .5 m�JV� �! �� ��8"� ,��5� 

?N �)�� ��5 ��!� ��� -�) T/�X � .>J�  -��01 � �5 

-�� �!�)���0� .7 <,�� �"��, � ���
0) ]37[ � 

�"��, � ���� ]38[ .2�  �	1 ���5 ��� K, �	1 ) T
17 

C .(�5 �! F�GH�>� ��9� O! +", [�"� ���&�&� .7 

(�5�� KV� ��\[� ?N -�)� ?�Z�� � �.0� ?�Z�� ���5 

� �	G� �07 � .��0�  �)=�� �� ?N -�)� .0�� O�� ��B 

�� �	"4E�& :;�� 	1.  
  

 <F�7. A :��+� ��� ��+� ��, <6�L �+ &3H. ����� &��� )�� ��, -.��� �,+� �� �+���. &8+�+ �-� b��% o�M� ]43[ p�-.+ �*��+�, 

+��-L _���. 1 � �,�* 2 +� ��(. �� -,� &� &qr(� �[ �+�,� &��. ��f� � 
��f� �"��J� b���� �% s� � '(�� �.�**� �% 

��-L ��� _�.�%�5� A�+. B :�� ��+� ��� ��+� ��, 6�L< �+ &3H. ����� �� �+���. _� ]26[
 � t��3% �� 
�[ A��,+ b�O� ����� 

������ s� t�7 �� !��$% ]��% &��� )�� ��, �,+� +� u��% �+ �[ +�,� � &#G � �-m� ����� ��(. �+�.  
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 &�+�+ <F�7. C :��+� ��, A�-� �-�[ �+ &3H. ����� �� n+*��� �%�� � �+��F�, ]37[ � �+���. �%�� � �%�� ]38[ .&.��. ��, 
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�� ur� ��f� � �J� &��+D* �-� -.+ .�+���. �%�� � �+��F�, ]37[ ��. '(�� n��% &��� )�� ��, �,+� +� �.�**� ��(. �� -,�.  
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K, m6>"� �E�&��4*.  

 � �56+ 6��7 -���+Al₂₂₂₂O₃₃₃₃  

���"���HN 	� 7 )Al₂O₃(� .5 �Q�0G� �5 -��47�E ��"� -
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Na₂O �K₂O � CaO .5 (�5 ��"� �� ��e4� -�)��E �!��

.,�� +", �� .4��"1 �)  	��1]17[ .  
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5. /�y��0� ���� � � 	")� . �!��J�Fe2O3 �TiO2  �

K2O�  �5 � �46v� p�6>� =��Al2O3 �� ���� 	")� .

 � �)	� 7 �! K�G6� 	���Al2O3� ����  ��9� �	")�

���7 +", �! �� �,� -�) �o K, �)  �y"� �! .7

.5 F�
���,�"���HN �� g�� ��Z  ��� ���X �)]14� 

33[ . �=�� ���5 Q�5Fe2O3 �CaO  �MgO .��0� ��  �)

�� ��0�, ���X T�H� .5 	���  � �4� �7 �
�4�3�!� -�)

 	1�5 �4���0)]14[ .E?�,� � f* -�)	"!N� � -�W&

+", �	JE �!^!	, �|7�!3|* -��X [�"� -�)�� �

 f!	� ()�7 � ^!	, 	� 7 �6 � .��;� ���5

���B .4,�* �� �|7�!3|* ���,�4HN�� �!Q�5 -��1]2[.  
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.5 .,�� [�"� ���G� ��8"� +", .,�� -�)  ��",– 

	���7 ���U4, ��" �& ..��0� .,�� -�)  ��",–  ���1
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.GH�>� � �=�� CaO ��� 5 ���e4� �!��J� .�/�X �CIA 

�CWI  -�� -�>� -��!� �� �	���& �!�5�"5 -�5 
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qWX �\ ?��>��� ��0�, ����"5�7 �� .6,�V� f!	� 

�&���) � #���E  ��H�7]13[ ���U4, �	!��& K,:  
CWI= [Al2O3/Al2O3+Na2O].100 

�	J� -�	� -Q�5 .5 K,�  �	�N)CWI=93( � .6,�V� 

.9�� �&���) �� .��0� -�) .,�� ��", �����5 �&���) 

�!��0�1 -Q�5  [�"� +",�5�,� K, .�! �=�� 

�&���) �5 F	)��� 4*�E�&�� �"6� �5 qWX .�� -�) 

�|7�!3|* � �07 .�� -�) K  ��P,	�E� �", F�G>B� 

KJ5�>� ��� ]5[.  

  

 <F�9.  &� A0�. �56+ ��,-���+ `+��I% ����Al2O3 .��+�  ��,UCC ���K &���� &� X��� �� ��v�� �+  -����]39[ . &� ��3.��,

�� �-,�(�  
���&.��. � �� �,u�% � wa�#+ 6��7����  ��UCC  � ��(.�-�,�.  
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 <F�10.A  (Si2O   <��H� �� K2O / Na2O  2��� � ����]34[. &.��. ��, &��� �"�� �� ���H� ��v�� �+ SiO2 � K2O / Na2O �� 

-5�: &���L ���K �+ �+K S�$: &�:* -.+. B (Al2O3/Si2O  <��H� ��Fe2O3+MgO
  ��%��]8[&.��. 
 �, �� -5�: X��� &� &���L ���K �+ 

 S�$: ��J &�:* -.+ .C (Ti2O  <��H� ��Fe2O3+MgO  ��%��]8[
 &.��. �, �� �F���. -5�: &���L ���K �+K S�$: �+ -.�+�.  

  

  

 <F�11. n+*��� _�FZ% �$��% �-��� �� ���Z��+ �+ ���H� �-���+ 6��7 �56+ ]35[ .&.��.��, &��� �"�� �� d+l�+ ur�  !��j[

&.��. � &�:*�+K b�+�-L &��� ��, ��"���# ur� �� -�Z� )�� ����� ��%�+�� &�:*�+K  !��j[ A��K �� &.��. �� �x�% -.+

-.�+� �+K b�+�-L _�:��.  

Discrimination function1= -1.773TiO2+0.607Al2O3+ 0.76Fe2O3 (t) – 1.5MgO + 0.616CaO + 0.509Na2O – 

1.224K2O – 9.09 

Discrimination function 2= 0.445TiO2 + 0.07Al2O3 – 0.25Fe2O3 (t) – 1.142MgO + 0.438CaO + 1.475Na2O 

+ 1.426K2O – 6.861 
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 <F�12. n+*��� _�FZ% �$��% �-��� �� ���Z��+ �+ ���H� �-���+ 6��7 �56+ ]35[. &.��.��, &��� �"�� �� d+l�+ ur�  !��j[

�[ �+ �F� � b�+�-L  � &�:*�+K ��%�+�� ����� ur� �� �,&.��. &��� ��, ��"���# ur� �� -�Z� )�� ����� ��%�+�� 

&�:*�+K -.�+� �+K b�+�-L _�:�� !��j[ A��K �� &.��. _� �x�% -.+.  

Discrimination function1 =30.638TiO₂₂₂₂/Al₂₂₂₂O₃₃₃₃–12.541 Fe₂₂₂₂O₃₃₃₃ (t)/Al₂₂₂₂O₃₃₃₃ + 7.329 MgO/Al₂₂₂₂O₃₃₃₃ + 12.031 

Na₂₂₂₂O/Al₂₂₂₂O₃₃₃₃ +35.402 K₂₂₂₂O/Al₂₂₂₂O₃₃₃₃ – 6.382 

Discrimination function 2 = 56.500 TiO₂₂₂₂/Al₂₂₂₂O₃₃₃₃ – 10.879 Fe₂₂₂₂O₃₃₃₃ (t)/Al₂₂₂₂O₃₃₃₃ + 30.875 MgO/Al₂₂₂₂O₃₃₃₃ – 5.404 

Na₂₂₂₂O/Al₂₂₂₂O₃₃₃₃ +11.112 K₂₂₂₂O/Al₂₂₂₂O₃₃₃₃ – 3.89 
 

 ���� � �"��, �!��0�1�23 ���0� .5 .9�� �5]38[ � �

?N ���G� K�9 ��/ -�)	� 7  ���U4, =�� �)�

�� (�5 .7 ��1.��0� �� .,�� -�)  �� �)� 	���, ��",

?N .�X��  � �07 �	G� � ?�Z�� -�)��N �)  K0 B ��

?N  .s�4� �5 .s�4� �! .7 �	"4E�& ��B O�� -�)�

.5 K,� �	�N .>J� m!�Z � ^) =�� -��01  ��� ����

) T
113.( 5 ��!�5�".,�� �! ��+", ��) �6 � ��>5

 �&���) .9�� � ���,�4HN �!��0�1 f!	� �!��J�

 <,�4�� ���5 	!	1 ��  O�� .0�� -�) � ?N � �7�X

K, F�5�,� �! K��� ���� �� ?�Z�� �� .^) ��"o

 Q�04X#� T
�, � F�5�,�  � �5�,� �! .��o 	"!N�E

 �	s� �5� =�o�� �6�7�� M�"��	1 .s�4	� .  

  

&m��. ��*  

+", L�7�� -�� �5 .4E�& F��/ F�GH�>�  �,�"1

.,�� +",  F�GH�>� I�, �5 �)� 	���, -�)

 �*�
,��
��).>J� -��01 (����  ���& �� ��9� �	")�

.,�� �	0� K, F��U4� F��/�y� �5 +", :  � ��H�

(�5.,�� .5 r�5�� ���& �!�� +",  ]�, -�)

K�H  �4!���N)(�5F�o M�� � �� K!���N( �=�� .5 � �

K�H O���P,	�E -�407  �6�7�� � �4E�5 ���5 �5 K!���N

K, Q�5 �� <,�4� ..,�� �! +",  I{� q�Z .5 �)

.,�� T��1 .7 ��� ���& .5 .GH�>� ���� A>J� +",  -�)

 �4!���N=���7)K�H ?�, �� K!���N ( ���5 �5 .�� <,�4�

�� 5 �6�7�� � �4E�5�� T!	6� �	"4 ) Q�5 � 	��1 .

^�� .,�� �! �5 �\h� �
�4�3�!� 	"!�E �!�� +",  �)

��0�, T�
�� � �!��0�1 � �
!=�E ^7�� T��1  -�)

 � .��"5�7 �� ���, 7	� ")N ��0�, ���� ���5 �� � �

K, �,� .  

 � ���&�&� ��", F�G>B �K!��7 ���E ���7 ���X

	)�1 � ����&�&� -�)=���7  .9�� ���&�&� [�"�

 � O������* ���5 O� -�)=���7 ���X �Q�5 �� <,�4�

+", 	)�1 � �
���
H� ��", F�G>B    �!�xN [�"�

 O� -�)=���7 � �5�,� ��", F�G>B ���X �-	�,

.E�Y 	1� ��0�, �5 ���5  	)�1 � �.4E�! (!�,�E -

�� ���� ��5�,� [�"� .,�� �! .7 	")� +",  � �)

"��	1 m4�� u�4;� -�)[� 	� .F�o ��"� =�� �)

+", �&���) � � .41� �!��0�1 T/�X �
���
H� -�)
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�	1	� .L!�Y �&���) -Q�5 .5 K,�  �	�N� .��0� -�) 

.GH�>����� )CWI=93( ���� � �&���) 	!	1 +", 

[�"� .,�� +", �)  K,.7 �1�� � <!�1 ?N �!�)� 

��& � ?�Z�� �� "�.J> K,.  }!�4�XRF  � ���U4, �5

��&�!�  �))���� ���!�9 O�
U� ��8"� .5  �4��,

.,�� +", �) (���B ���!�9 =�� �5 ��0) �!=)�7 � #�GE -

�N [�"� TV� -�5 � �	s� .��o �� .2� �) 	"7 .

 �! ��/ �/�"� -�)	� 7 -�� �5 F�GH�>�

.,�� +",  �))� ���!�9 O�
U� ��8"� .5 �
���4


.,�� +", �)(?�,� �  .4 5� �5�,� <�V� O! �� -�W&

�� 	�![� � #�GE .�1�X .Y�X .5 	"7.  

  

 <F�13. �[ n+*���  �%�� � �%�� ��+�,�]38[ &.��. ����%  �J &� �,3 �-O� �� &.��.�[ �� �� �+K ��f� �+�,� -.�*. 
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