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MnO op/^ o]/^ o^/^ r^/^ o]/^ oq/^ r^/^ rq/^ rr/^ or/^
MgO \s/p ir/\ \s/p r\/\ ]]/p p]/q p^/i^ ti/\ r]/i^ i^/\
CaO q]/i^ so/ii r]/ii r]/ii rr/ii tq/ii rp/ii to/ii si/ii tq/ii 
Na2O ro/i ot/i r^/i ip/i i^/i ^o/i \q/^ o^/i qi/^ oi/i
K2O ]r/^ tt/^ ]q/^ ]]/^ ]p/^ sr/^ ro/^ ]\/^ o\/^ ]]/^

Cr2O3 ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^s/^ ^]/^ ^\/^ ^i/^ ^^/^
NiO ^t/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^t/^ ^t/^ ^^/^ ^^/^
K���� o\/q\ sp/qq oo/qq ]o/q\ tq/q\ r\/qq ^i/q\ pi/qq sp/qp \i/q\ 

Si oi/] oo/] ir/] ro/] or/] tr/] po/] o]/] \r/] oq/]
Al iv pq/i p\/i \p/i ]\/i pp/i sp/i o\/i ps/i ip/i pi/i

Al qr/o \i/o qt/o ]p/o \p/o ot/o qo/i po/o \]/i \r/o
Al vi it/i ^r/i ^\/i qq/^ ^q/i p\/^ ]s/^ q\/^ ]q/^ io/i

Ti ^]/^ ^p/^ ^t/^ ^]/^ ^p/^ ^s/^ ^t/^ ^]/^ ^s/^ ^p/^
Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ti/^ to/^ ts/^ s]/^ s]/^ t]/^ ]^/^ t^/^ so/^ op/^
Fe2+ t^/i tt/i tt/i t\/i ]r/i sr/i oq/i to/i ss/i pi/i
Mn ^r/^ ^r/^ ^o/^ ^s/^ ^r/^ ^s/^ ^s/^ ^t/^ ^s/^ ^r/^
Mg pt/i \^/i ps/i \p/i pi/i it/o rp/o \\/i rp/o \^/i
Ni ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca p]/i \i/i \i/i \o/i \o/i \o/i \i/i \r/i \r/i \t/i
Na r\/^ r]/^ r\/^ rs/^ ro/^ oq/^ o]/^ rs/^ o]/^ rt/^
K io/^ i^/^ ir/^ io/^ ir/^ ^\/^ ^]/^ ir/^ ^t/^ ir/^

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

8.
1.

18
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
1.

13
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             3 / 14

http://dx.doi.org/10.29252/ijcm.28.1.185
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.1.13.3
http://ijcm.ir/article-1-1427-fa.html


_�T �?w(� ��2%):��)@/# �)* ?#�
# �:�6= ���; / �:�6=�()7 �)3� ���

 '�4. ��"�"A
ZS-3B � � r s t ] p \ q i^
SiO2 q]/sr \r/rq rr/sr pi/sr ]s/so ]^/sr rs/si ^t/sr xx/�� q]/s^
TiO2 o]/^ tp/^ so/^ o]/^ sq/^ ri/^ sp/^ r\/^ ]^/^ x�/�
Al2O3 op/i^ tp/ir x�/�� ^i/ii ii/io qq/i^ ^q/is i\/io sr/is ��/��
FeO rq/i\ tq/o^ ot/iq po/iq ip/iq tr/iq ]^/o^ o\/iq ��/�� qq/iq
MnO ri/^ oq/^ ri/^ r]/^ oq/^ oo/^ rt/^ rt/^ ��/� r^/^
MgO ]s/q rq/p tp/\ r]/\ o]/\ tt/\ o^/p iq/\ ��/� ^^/p
CaO r\/ii qr/i^ rs/i^ ^]/ii ii/ii qq/i^ ^s/ii rq/ii ��/�� ^^/ii
Na2O pt/o it/r pt/o \o/o q^/o qo/o iq/r pp/o ��/� ot/r
K2O i\/^ rs/^ o]/^ ot/^ ip/^ ss/^ or/^ ot/^ ��/� o\/^

Cr2O3 ��/� ^^/^ ^i/^ ^q/^ ^^/^ ^i/^ ^o/^ ^^/^ ��/� ^i/^
NiO ��/� ^^/^ ^i/^ ^]/^ ^i/^ ^q/^ ^^/^ ^]/^ ��/� ^o/^
F(23� ��/�� is/qq t^/qq ^i/i^^ sr/qq qi/qq qr/i^^ io/i^^ ��/�� ]o/qq

Si ]o/] ii/] ti/] tq/] st/] t\/] oi/] s\/] ��/x os/]
Al(iv) r\/i \q/i sq/i si/i tt/i so/i pq/i to/i ��/� p]/i

Al \o/i st/o ^p/o q]/i i]/o q]/i sq/o i]/o x�/� ti/o
Al vi st/^ t]/^ tp/^ ts/^ ]i/^ ts/^ p^/^ ]s/^ x�/� pt/^

Ti ^r/^ ^p/^ ^t/^ ^r/^ ^]/^ ^s/^ ^t/^ ^s/^ ��/� ^p/^
Cr ��/� ��/� ��/� ^i/^ ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ r]/^ ]^/^ ]s/^ r]/^ rr/^ ro/^ s]/^ op/^ ��/� o]/^
Fe2+ q]/i ^t/o pp/i ir/o ^q/o it/o ir/o i]/o x�/� oq/o
Mn ^s/^ ^s/^ ^s/^ ^t/^ ^s/^ ^r/^ ^s/^ ^s/^ ��/� ^s/^
Mg ip/o ]q/i qo/i \\/i \]/i qo/i ]i/i \s/i ��/� tq/i
Ni ��/� ��/� ��/� ^i/^ ��/� ^i/^ ��/� ^i/^ ^i/^ ��/�
Ca ��/� ��/� xx/� pq/i ��/� p\/i ��/� \s/i \s/i ��/�
Na \^/^ ��/� ��/� \o/^ ��/� \t/^ ��/� \i/^ ^p/i �x/�
K ^r/^ ��/� ��/� ^t/^ ��/� ^\/^ ��/� ^t/^ ^p/^ ��/�

'�4. ��"�">
Zs-X43 A B C D E F G H I >J

SiO2 o]/st ��/�� ��/�� \s/st ��/�� rq/sp ��/�� pp/ss oq/st ��/��
TiO2 s\/^ ��/� ��/� sr/^ x�/� ri/^ ��/� ]]/^ st/^ ��/�
Al2O3 ^\/io ��/�� x�/�� ot/ii x�/�� ti/q ��/� ^q/io ^^/io ��/�
FeO tr/i] ��/�x x�/�x q^/i] ��/�x o]/it ��/�� t^/i] ro/i] ��/��
MnO ot/^ ��/� ��/� o]/^ ��/� oo/^ ��//� ro/^ o/i^ ��/�
MgO ]o/q ��/� �x/�� i]/i^ x�/� \p/i^ �x/�� ps/q pt/q ��/��
CaO ]o/ii ��/�� ��/�� p^/ii ��/�� ^q/io ��/�� p^/ii ]p/ii ��/��
Na2O io/i ��/� �x/� qt/^ ��/� qo/^ ��/� o\/i o\/i ��/�
K2O tp/^ ��/� x�/� si/^ x�/� op/^ ��/� po/^ tq/^ ��/�

Cr2O3 ^r/^ ��/� ��/� ^\/^ ��/� ^s/^ ��/� ^\/^ ^r/^ ��/�
NiO ^^/^ ��/� ��/� ^^/^ ��/� ii/^ ��/� ^]/^ ^^/^ ��/�
K���� q]/qq ��/��� ��/��� ]o/i^^ ��/�� o^/qq ��/��� ro/i^^ q^/qq ��/��

Si ]p/] xx/x xx/x p^/] x�/x qq/] ��/x ]^/] ]\/] ��/�
Al iv rr/i ��/� ��/� r^/i ri/i ^i/i ��/� s^/i ro/i ��/�

Al i^/o ��/� ��/� qs/i ��/� ]t/i x�/� i^/o ^q/o ��/�
Al vi p]/^ �x/� x�/� ]r/^ ��/� ]t/^ ��/� p^/^ p]/^ x�/�

Ti ^t/^ ��/� ��/� ^t/^ ��/� ^r/^ ��/� ^p/^ ^t/^ ��/�
Cr ^^/^ ��/� ��/� ^i/^ ��/� ^^/^ ��/� ^i/^ ^^/^ ��/�

Fe3+ r]/^ ��/� ��/� tt/^ ��/� it/^ ��/� rs/^ oq/^ ��/�
Fe2+ ]p/i �x/� ��/� ti/i ��/� ps/i �x/� ]q/i pr/i x�/�
Mn ^r/^ ��/� ��/� ^r/^ ��/� ^r/^ ��/� ^s/^ ^r/^ ��/�
Mg ii/o ��/� ��/� oi/o ��/� rq/o ��/� is/o is/o ��/�
Ni ^^/^ ��/� ��/� ^^/^ ��/� ^i/^ ��/� ^i/^ ^^/^ ��/�
Ca \r/i ��/� ��/� \r/i �x/� qi/i ��/� \t/i \s/i ��/�
Na ro/^ ��/� �x/� op/^ ��/� o]/^ ��/� rp/^ rp/^ ��/�
K ii/^ ��/� ��/� ^\/^ ��/� ^t/^ ��/� ir/^ ii/^ ��/�
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'�4.L �#� N.#��9�
� �
�3� ��$� H�I��:�g� /HW�:# �7 ����0 ���21C�: >(��	 io?m%�;# .
ZS-1-14 A B C D E F G H I >J

SiO2 ps/rp ��/�� xx/�� \p/rp ��/�� pr/rp x�/�� tq/rp si/rp ��/��
TiO2 ir/^ ��/� ��/� io/^ ��/� i]/^ ��/� ii/^ it/^ ��/�
Al2O3 ]q/oi ��/�� x�/�� pi/oi x�/�� sq/oi x�/�� ]^/oi ]p/oi ��/��
Cr2O3 ^i/^ ��/� ��/� ^^/^ ��/� ^^/^ ^i/^ ^^/^ ^^/^ ��/�
FeO ^i/op ��/�� ��/�x i]/op ��/�� ]q/o] ��/�� ^q/op si/op ��/�x
MnO ]]/o ��/� ��/� op/i x�/� qi/o ��/� \i/i qi/i ��/�
MgO ]s/o �x/� ��/� oo/r ��/� tr/o ��/� qs/o \p/o ��/�
CaO \p/\ ]s/q �x/� is/q ��/� pt/\ �x/� pp/\ \]/\ ��/�
K���� p]/i^^ ��/��� ��/��� sq/i^^ x�/��� op/i^^ ��/��� qi/qq o\/i^^ ��/��

Si qp/o �x/� �x/� qp/o ��/� qq/o �x/� qp/o qt/o ��/�
Ti ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^
Al ^i/o ^i/o ^^/o ^i/o ^i/o ^^/o ^i/o ^i/o ^o/o ^i/o
Cr ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ^r/^ ^t/^ ^t/^ ^r/^ ^r/^ ^i/^ ^]/^ ^o/^ ^]/^ ^o/^
Fe2+ ps/i pi/i pi/i pt/i pt/i p]/i ps/i pp/i pt/i ps/i
Mn i\/^ ^p/^ ii/^ ^\/^ ii/^ o^/^ ^\/^ io/^ ir/^ ir/^
Mg ri/^ r\/^ r]/^ r\/^ rr/^ r^/^ rp/^ rt/^ rs/^ rr/^
Ca pt/^ \i/^ \^/^ pp/^ pq/^ ps/^ p\/^ ps/^ pt/^ pq/^

Alm tr/t\ tt/tp sp/tp pi/t\ \r/t\ p]/t\ ts/t\ rt/tq qq/t\ o^/t\
Sps qt/t ti/o ts/r \s/o ]s/r ti/] ]o/o ^p/s ri/s s\/s
Prp s^/i^ p\/io i\/io ]t/io q]/i^ q]/q t]/io ]r/ii s^/ii ^i/ii
Grs ]\/os ss/o] ii/o] rp/ot ir/o] ]q/os ts/ot ]]/os ts/os qq/ot
Adr sr/^ po/^ ]\/^ sr/^ rq/^ ^\/^ pr/^ oq/^ p]/^ ro/^

'�4.C �#�=.#��9�
� �
�3� H�I���:�g� /H.P;(
QP9 ���21C�: >(��	 W�:# �7 �Iio?m%�;# .
Zs-1-14 A B C D E F G H I >J 

SiO2 s\/tq or/t\ s\/tq pr/]^ i]/tq sr/t\ oq/tq qr/t\ t^/t\ p]/tp 
TiO2 ^^/^ i^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^r/^ ^^/^ ^^/^ ^^/^
Al2O3 i]/ot \i/ot r\/ot rq/os t\/os r^/ot qs/os os/ot oi/ot t\/ot 
Cr2O3 ^t/^ ^^/^ ^i/^ ^r/^ ^^/^ ^^/^ ^s/^ ^^/^ ^^/^ ^]/^
Fe2O3 ^o/^ ^^/^ ^^/^ ^^/^ ^]/^ i]/^ is/^ it/^ ^q/^ ^o/^
FeO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �x/�
MgO ��/� ��/� ��/� �x/� ��/� ��/� ��/� ��/� ��/� ��/�
CaO ��/x ��/� ��/� ��/x ��/� ��/� x�/x ��/� ��/� ��/�
Na2O �x/� ��/� ��/� ��/� x�/� �x/� ��/� ��/� ��/� �x/�
K2O ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K���� ��/�� �x/�� ��/�� x�/�� ��/�� �x/�� ��/�� �x/�� x�/�� �x/�� 

Si xx/� x�/� x�/� ��/� x�/� x�/� xx/� x�/� x�/� x�/�
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �x/�

Fe3+ ����/� ����/� ����/� ����/� ����/� ����/� ����/� ����/� ����/� ����/�
Fe2+ ��/� ����/� ��/� ����/� ��/� ��/� ��/� ��/� ��/� ��/�
Ca ro/� ��/� ��/� ��/� ��/� �x/� ��/� ��/� �x/� ��/�
Na ]\/� x�/� x�/� ��/� x�/� xx/� x�/� xx/� x�/� x�/�
K ^i/^ ^^/^ ^^/^ ^^/^ ^i/^ ^^/^ ^^/^ ^i/^ ^^/^ ^^/^

An ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� x�/�� ��/�� 
Ab ��/x� ��/x� �x/x� ��/x� ��/x� ��/x� ��/xx ��/x� ��/x� ��/x� 
Or ]\/� ��/� ��/� ��/� ��/� ��/� ��/� x�/� ��/� ��/�
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 '�4. ��"�"C
Zs-3B A B C D E F G H I >J
SiO2 ��/x� ��/x� �x/x� ��/x� ��/x� �x/x� ��/xx ��/x� ��/xx ��/x�
TiO2 ^^/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al2O3 ��/�� ��/�� x�/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��
Cr2O3 ^^/� ��/� ��/� �x/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2O3 ^^/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
FeO s^/� ��/� ��/� ��/� ��/� ��/� ��/� �x/� ��/� ��/�
MnO ^s/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO ^r/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
CaO o\/� ��/� ��/� ��/� ��/� ��/� ��/� x�/� ��/� ��/�
Na2O ^t/�� ��/�� xx/�� ��/� ��/�� ��/�� ��/� ��/�� ��/�� ��/�
K2O ^s/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K���� ��/�� ��/��� ��/��� ��/�� ��/��� ��/��� ��/�� �x/��� ��/��� ��/���

Si qi/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �x/�
Ti ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^i/^ ^^/^ ^^/^
Al ii/� �x/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ^^^^/� ����/� ����/� ����/� ����/� ����/� ����/� ����/� ����/� ����/�
Fe2+ ^isq/� ��/� ����/� ��xx/� ����/� ����/� ����/� ����/� ���x/� ����/�
Ca ii/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na \]/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
K ^^/^ ^^/^ ^^/^ ^i/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^
An ii/�� ��/� ��/� x�/�� ��/� �x/� ��/�� ��/� ��/�� ��/��
Ab ]s/\\ ��/�� ��/�� ��/�� x�/�� xx/�� �x/�� ��/�� ��/�� ��/��
Or ot/� ��/� ��/� ��/� �x/� ��/� ��/� ��/� �x/� ��/�

'�4. ��"�"C
Zs-43 A B C D E F G H I >J
SiO2 pt/x� ��/x� ��/x� �x/x� ��/x� ��/x� x�/x� ��/x� ��/x� ��/x�
TiO2 it/� ��/� ��/� �x/� ��/� ��/� �x/� ��/� ��/� ��/�
Al2O3 po/os ��/�� ��/�� ��/�� �x/�� ��/�� ��/�� ��/�� �x/�� xx/��
Cr2O3 ^^/^ ^^/^ ^o/^ ^^/^ ^i/^ ^^/^ ^i/^ ^i/^ ^i/^ ^s/^
Fe2O3 ^^/^ ^^/^ ^^/^ ^o/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^
FeO ^t/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MnO ^^/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO ^^/^ ^^/^ ^o/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^i/^
CaO ]r/x ��/� ��/x ��/x ��/� ��/x ��/x �x/x ��/x ��/x
Na2O qs/� ��/�� ��/� ��/� ��/�� ��/� ��/� ��/� ��/� �x/�
K2O ii/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �x/�
K���� �x/��� x�/��� ��/�� ��/��� ��/��� ��/�� �x/��� ��/��� ��/��� ��/��

Si p^/� ��/� x�/� ��/� ��/� ��/� ��/� ��/� x�/� ��/�
Ti ^i/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^
Al oq/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Fe3+ ^^/^ ^^/^ ^^/^ ^^p/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^
Fe2+ ^^o^/� ����/� ����/� ����/� ����/� ��x�/� ����/� ��x�/� ����/� ����/�
Ca ro/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Na ]\/� ��/� x�/� x�/� ��/� xx/� x�/� xx/� x�/� x�/�
K ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^ ^i/^
An r\/�� ��/� ��/�� ��/�� ��/� ��/�� ��/�� ��/�� ��/�� �x/��
Ab ^^/]\ ��/�� ��/xx ��/x� �x/�� x�/xx �x/xx �x/x� ��/xx ��/x�
Or ]o/� x�/� xx/� ��/� x�/� ��/� ��/� x�/� ��/� ��/�
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