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� D ! + �� ��89�1!"�#80�9 . . .}��
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� 2�80� �&!)W*!.�(.
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�'5 ��
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�:���5 +
�:)18�> �> .�
/&*�� / �>

� :& -���� 3
� �>/ )���
�'5 �� �;�3- W*! �&9 =�>�&'- �>
��&D� ���� �>���0).���/��	�- �
�'5 �� � �/� 7�&V 

�	���- 2�8�'; =�>M
 �&I/ E 'F�M$9 / ��0 =��- �� 
"�#80�9�8$�� +
� �>�� 2�$� )>�]x[.���5 �
�'5=��0� 

t? ��6� �� �;� �5 UD( E5 �-�8�
� lm0 / =) 0� =�>
 �� ; ���F-�� 2�0�;� ���0? ��&! ].k[.�&I/ +
��-�1-

�
�'5 2/�- �'!�� / �^: "/��� UH�1� �� 2�/��	 ��//�5 )A1; 
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c�- )V�� 
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�) ��)�k�:.k)V�� (����&D� �� =�>�8�-�/ �- 
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���DZ� �=��/�$5 ��~� �=)0� 2��
� �0�1! ���5 / �0�1!�&'- �'Y� }��

����� ���� ���� ����� ���
 
�
3Y: �
�8�=�'V� �V�1( �
� D ! �	���- ��^: "/��� =�>
2/�- �'!���2�;�; / �//�5 )A1; �a's + #�� � ��
��� /

�� �V�1(��&D� �- ��m1� �0 +
� ����I =�>-�	��� C/)I �� 
"��D!�")�? �)�.���	 ��&� ���/ )V��)LOI ( ��w/w�:��/.� 

�� �  i: �- �� �8A�� �#8�AD> / )15CaO��&D� %�D: �� �>
�� 2�$� )>�)�x/k=r.(���5 �- �#8�AD> +
� �:�1-�5 =�>

���5 / �0� �8�-�/ ,�� �0� +*D� ��? ��&� / �0� =�>
� 2? ) �&: �� �� �D5)1
�D� �P
 .�1 D5 / �1 $ - )V��=

E �' 0 ) �5�)SiO2(���	���- F�! C�D! �� 2�8�'; =�>�

�D0 �--�s t&1I ����-�� K :�: x/y� %�:w/nw %,>�5
��)-�
 .+
��-�1-�	���- F�! C�D! UH�1� =�>�u&� �� ��0� -

-�s t&1I / =��u&� �� �0� �0�.��)�� CaO"�8�; =
�� �;�3- + - y�:.��� 2�$� ���/ )V�� )>� .+
� + #�� �

F�! C�D! �� K 5�:�-�s t&1I �- ��� 2�80� �n�:��
�0� ,
�3	� �- /� ���/ )V�� .�D>��&D� =�� �1 
�4 �a's �>

Na2O)+ -�/k�:�/����/ )V�� (/K2O)+ -�/.�:n/.
���/ )V�� (�� 2�$� ��)1>� .)V�� ,
�3	�SiO2D> �- "��

 ,
�3	�Al2O3���5 ���/��	 �#��$� �:�* ' 0&1 �&�? =�>

 
$�'@7�	���- �'V� �V�1( �
� D ! �
3Y: �
�8���m1� �0 =�>=2�8�'; 2�80� )��^: "/���� :MAL-MBL(2/��- �'�!�� ���//��5 )�A1;

)DL(2�;�; /(OGL) /��&D� + #�� � �- ��
��� �	���- =�>"��P80� �- ����I =�> ]*
� &:�4 ���0�&�&'	 �/� �� )XRF()
�D� �  i: .
Field No. %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

MAL13 o�/�q �p/� ��/o q}/�} oq/�� q/pp pp/q �o/q ��/p p}/� ��/q ��/q o}/� q}/q

MAL11 po/�� }�/� �q/o ��/� }q/o� q/pq p�/� }�/q q�/p �q/p� ��/q q�/q qp/} q�/q

MAL8 �q/pp �q/q �p/p }�/� �o/o� q/�q q�/q qo/q ��/� op/p� ��/q q�/q qo/} q�/q

MAL4 op/�p }o/� �q/} op/�p ��/}� q/�� �p/� ��/q op/p �q/�o �q/q q�/q �p/} q�/q

MAL1 }q/�p �q/p }�/o }�/�p op/}� q/�� ��/q oq/q pp/p p�/�o ��/q q�/q ��/} q}/q

MBL1 ��/p� oq/� p�/o q�/�q }p/�� q/�� ��/q q�/q ��/� �q/� }�/q q�/q }�/o qo/q

MAL29 ��/�o �q/� ��/o �}/�p }}/}� q/�� ��/q }p/q p�/p ��/�} �}/q q�/q �}/} q�/q

Field No. %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

MAL25 p�/� p}/p ��/o q}/�o ��/�� pp/q q�/� o�/q ��/p ��/�q �p/q q�/q �p/} q}/q

MAL19 �p/�� ��/q ��/p �q/�� p�/}p ��/q �p/q � ��/p q�/�� �}/q �q/q ��/} q}/q

MAL18 ��/�q �p/q ��/o ��/�� ��/�} ��/q �o/q � ��/p qo/� ��/q �p/q �q/� qo/q

MBL11 �o/�p ��/� ��/o �p/�p o�/}� ��/q �o/q q�/q op/p �o/�p �p/q �q/q ��/} q�/q

MBL9 }q/�� ��/� oo/} p�/�p ��/}� pq/q p�/p p�/q o}/p ��/�p ��/q q�/q ��/} q�/q

MBL5 ��/�o p�/p �}/o pq/�� ��/}p ��/q op/} ��/� q�/p �q/�o ��/q q�/q ��/o �o/q

MBL3 ��/� �}/p ��/o q�/�o ��/�p p�/q �q/q o�/q }�/p �o/�q ��/q q�/q �q/} q}/q

Field No. %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

DL6 �}/�� }�/� ��/o ��/�� o�/}� ��/q ��/o p�/q �p/p �}/�} ��/q q�/q qo/} q�/q

DL11 p�/�� ��/� p�/} ��/�� oq/}� ��/q �}/o o�/q ��/p �p/�o ��/q q�/q �q/} q�/q

DL13 ��/�� ��/� ��/o q}/�p qp/� ��/q ��/p }q/q pq/p �}/�p ��/q q�/q pq/} q�/q

DL20 pp/�� }p/� ��/} ��/�p �o/}� ��/q �}/p ��/q ��/p �}/�p ��/q q�/q po/} q�/q

DL21 ��/�� }o/p qo/} p�/�p q}/}� ��/q ��/p ��/q p�/p }�/�� ��/q q�/q }�/} q�/q

DL23 }q/�p �q/p }�/o }�/�p op/}� ��/q ��/q oq/q pp/p p�/�o ��/q q�/q ��/} q}/q

DL24 ��/�q �o/� qp/} o�/�p ��/}� ��/q �o/� ��/q p}/p �}/�p �q/q q�/q o�/} q}/q
References: Russia (Siberia, Yakatia), Tajikestan and Uzbekestan [29]; China 1 (Shaanxi), China 2 (Narjan), China 3 
(Louchuan), Hungary 1 (Packs), Hungary 2 (Mende), USA [3], Upper Continental Crust Composition: UCC [21]  and 
Average World Loess Composition: AWL [30].   
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)'I��"��D! �n3 
�4 ��n�k �;<
/ �0��-���5 =�> / �
� D ! + �� ��89�1!"�#80�9 . . .}��

$�'@7)��"�" (]� �'V� �V�1( �
� D ! �
3Y: �
�8� ��&D� + #�� � �- ��
��� / 2�8�'; 2�80� ��m1� �0 =�> ]� =�> �� "��P80� �- ����I =�>
 ]*
� &:�4 ���0�&�&'	 �/�)XRF.(

Field No. %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

DL27 ��/�� }�/� o�/} ��/�� �}/}� ��/q qq/p po/q ��/p ��/�o �q/q q�/q po/} q�/q

DL28 ��/�� }�/� q�/} p�/�p o�/}� ��/q �o/� q�/q ��/p ��/�p �q/q q�/q oo/} q�/q

DL32 o�/�� q�/� �p/p ��/�� �p/o� ��/q ��/� o�/q q�/p p�/�� �o/q q�/q �q/} q�/q

OGL1 }q/�� ��/q ��/p �}/�q �q/o� ��/q p}/q q}/q �}/� ��/pq ��/q q�/q ��/} q}/q

OGL2 p�/�o ��/� o�/o �p/�p op/}� ��/q ��/q qo/q }�/p ��/�} ��/q �q/q q�/� q}/q

OGL3 }}/�� �}/q }�/o pp/�p ��/}o ��/q �o/q � �p/p �p/�� �o/q �q/q q�/� q}/q

OGL4 �o/�� �}/q ��/p }}/�� �q/o� ��/q p}/q qo/q q�/p po/�� ��/q �q/q �o/} q}/q

OGL5 q}/�� �p/q ��/} ��/�p �q/}� p�/� }�/� p�/q �q/o }q/�o �q/q �q/q p}/� q�/q

Mean %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

Maravehtappe p�/�} ��/� ��/o �}/�p ��/}� ��/q qo/� o�/q p�/p ��/�o ��/q q�/q ��/} q�/q

Dashlibroon ��/�p �o/� �o/o q}/�p �o/}� ��/q ��/p o�/q ��/p ��/�o ��/q q�/q p�/} q�/q

Gorgan qp/�� ��/q o�/o ��/�� ��/}� o�/q }�/q �q/q oo/p ��/�� �}/q �q/q q�/� q�/q

AWL � �q/p �q/q ��/� ��/�q �o/q � � �q/o qq/� }�/q �q/� qq/p� qo/q

UCC � �q/o �q/o �q/�� �q/�� �o/q � � �q/p �q/� �p/q q�/q �q/� �

China 1 � �p/� �q/� }}/�o ��/�p ��/q � � q�/p �p/� �o/q ��/q ��/� qo/q

Caina 2 � o}/� }�/� �o/�� p�/�� � � � �}/p �q/q ��/q q�/q �q/� �

Mean %LOI %Na2O %MgO %Al2O3 %SiO2 %P2O5 %SO3 %Cl %K2O %CaO %TiO2 %MnO %Fe2O3 %SrO

China 3 � ��/� p�/o qq/�q qq/�q � � � p�/o qq/� � � �q/} �

Uzbekistan � �q/� ��/p ��/�q p�/�� �o/q � � qo/p q�/�� ��/q q�/q ��/o �

Tajikstan � ��/� }�/p ��/�} �q/�� �}/q � � ��/p �p/} ��/q �p/q p}/� �

Russia � ��/p }o/� �}/�� q�/�� ��/q � � ��/p ��/� �p/q ��/q �q/} �

Hungray 1 � ��/o ��/� ��/�p ��/�p ��/q � � �q/p q�/�� q�/q �q/p ��/} q�/q

Hungary 2 � ��/o �q/�q p�/�� ��/�o qq/� � � �q/� }q/q �q/q �q/p ��/o �

USA � ��/� ��/� }�/�p q�/�q �o/� � � qq/�q ��/q ��/q qo/q }p/o qp/q

)�>�* � / �>��^0)'	 )1��� (�8$�� ���0� �8	���- =�> .)�/�
�	���- ����I + #�� � K 5�: �D0 �- �V�1( �a's �  i: �>

)Average World Loess Composition: AWL ( �-
�80&4 K 5�: + #�� � �
c�- =].�[)>�! � ���; 3 � /

]�� :�4��5)Carpathians Granite: Gr (]..[���&�D> 
����)W*!nR��.(K 5�: �- �
� D ! K 5�: )�/� +
�

�8$��W ! ")! 2�0�;� j�8A�� �-&0� =�> + #�� � �-&0�
 � ���80� +v5�? ��4)PAAS (].n[t&0� ��$ '	 =�> 

)Flysch (].x[L10 �0�� /�0c&� =�>)Molasse (].y[

���� �'V�	 .U F� �[� �� jc�D8Z� �'V� �V�1( U'm� �a's -

�0 + - �� =�8D5 �#8�AD> ��:�1-�5 =�Al2O3/SiO2

�� 2�$� )>�)w�/k=r.( �8D5 �a's +
� �- "/G(SiO2�� 
�	���-2/�- �'!�� / �^: "/��� �- �A�� 2�;�; =�>�)A1;

 ���/��	 �- K0�18� �//�5�' 0"��)�� �- �	���- �� 3:��&5 =-
�0� ��m1� +
� =�>.

+ - �A�� �#8�AD>SiO2/TiO2)zz/k=r(+*D�
 / W :/� �� ��8 : �- )�& 4 �� E ��8 : �&�Z �� �!�� �0�

 )!�- � 1D'
�)W*!nt.(�1s + 1OD> �;)!TiO2�� -
)1��� ��� E ��8 : =�> 7�* ' 0&' 	 �&�Z �� �-�:��- )��&:

�0��- �� �5 )!�- �
�'5 / � :& - 3 � �4&*0/�* � =�>
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���DZ� �=��/�$5 ��~� �=)0� 2��
� �0�1! ���5 / �0�1!�&'- �'Y� }�q

6.�C=�>���&D�)��R:(Al2O3�- �A�� SiO2�)t:(TiO2�- �A�� SiO2�)X:(K2O�- �A�� Al2O3/)7:(Na2O/Al2O3�- �A�� 
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2/�- �'!�� / �^: "/����i: �//�5 )A1; 2�$�� �� ���)�1e ��  

�D� ,>��5 ��- 2��;�; �D0 �- 7��  i: +
� �5 ���Z �� )>�
"��)��=")1>� W *$: 7��N =
8	����- ���3:��&�5 ,>��5 ���>

 7��1-�5 ,
�3�	� / + �����&: ��
�'5 �+5�
� ��0� "���D> ��>.
���;<
/ �#���� - ��
� D ��! �;���&��> ���0��- / "�#8��0�9 =���>

�O�
��:=0�> �	���- W��*: �.�I��=��
� D �! �;���&�> 
�;)���?c�- ����� / ,
���0�	 L��1>? �E ��'F� �2����� ���- �8���-�/

 �0� =��89�0].�[.L���
 / �� -3� ���&�D� ��0� �-].z[/
������0�;� �
� D ���! Q9����!)Chemical Index of 

Alteration: CIA ( 7�&�V ��- ��5100×CIA= [Al2O3/

(Al2O3 + CaO + Na2O + K2O)]�� �A0�`� &�! )��/� ��
 �	���- �;���&> �&�`� 7���&�� ��- 2�8�'; =�>A-CN ��0� 

)W*!xt.(���&D� �D�0 ��- )��/� +
� =�80�� �����I =��>
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References: Average World Loess Composition: AWL [30], Russia (Siberia, Yakatia), Tajikestan and Uzbekestan [29]; 
China 1 (Shaanxi), China 2 (Narjan), China 3 (Louchuan), Hungary (Packs), Hungary (Mende) and USA [3].
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