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Abstract: The Kaleybar alkaline igneous intrusion contains fine- to coarse-grained, anhedral to 
euhedral brown garnets. Most of the garnets are zoned. Generally, they occur in foid-bearing 
leucocratic rocks and the phenocrysts typically have analcime inclusions. According to mineral 
chemistry, the garnets of Kaleybar are Ti-andradites and melanites. The chemical zoning is 
characterized by a decrease in mole percent grossular, almandine, and spessartine and an increase 
in andradite from core to rim. On the basis of the present data, it can be concluded that the 
garnets in the Kaleybar intrusion are in the primary igneous phase that formed during the late 
magmatic stage and Ti-Si exchange in the tetrahedral site is the main substitution. 
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nx/�(�3�&6 �)2$ �<?8=5/�(�
33�$3$ 3)2$ �<?8�x/d(
�.$.

��9/�����4 ;,/F !,K�#� G�)H 3� �F P����Q ��&*8 ;�K
��,�)0 :�(;,/F ��9/� �F 3 !�&  ;�8�� \�F ;$�$� �!��. 

�&0�N \�F Y103� ;$5(!,&m&6 ;,/F ��9/� �F)���.)�(�
>32 l&0�N �F �8�� 2$ �8\�F G�)H �F �*H$ ;�K !�&  ;�K

)�(103� �)�(!�&  �)5(103� 3 �)5(!,K�#� LF�[,�$.��
����4 ;�8�� \�F �!��. ;,/F ��9/� �F ;�K)�<�K (2$ �/Q

Mn 3Ti�� ��  P�<��� �H�/+ 1
$ l&0�N �?. �F 3,�)0
)L-0�(.����4 W)� 1
$ �� 1&/m?K �&0�N �F �8�� 2$ �K

 3 �U).3�4 �1
,��?�D >)A �
��� ;�V+$ ��)� ,H��
�� >�#� \
$�	$ P�<��� �
�$�,�D 3 \K�8 1& ���].$,K� .

1
$ �F ��&� �^NZ� LF�[ �3�&6 >$�&� �� G$�&&�  �A�4
�.$ �)}  LF�[ >D ;$�F �&� �#K�8 ,�3� b
 �)B3 .��

����4;�K��9/� �F ,/��� �H�/+ �a�F �� ���.)� ;,/FTi 3
TSi)�&*&.&A T�����B3 (;�K,�3� �&0�N �F �<�K 2$

�� !,K�#� �*8 G�)H �F �#K�8 �)0)L-0w.(��)B3 1
$ �F
 ,/��� �"
� �H�/+ ��Ca �Mg 3Fe LF�[ ���.)� G$�&&�  

�.$ �^NZ� .

<.
A����4 o&8�  �� �.��F ��)� ;�K �$�)?�(Spess + Pyrope) – And - Gross����4 J�<�4 Y2$ �/Q ;�KTi !,0 M�#� �)0�K �F 
�.$]�c.[
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,*B�c!��?0 �=�&
�6 ��=xx ����4 �?&0;�K�
�&*[ 1
�ID J�)  . . .qsq

�6('/���?4 �
� �
�g  �
�<� ��&*8 ����4 �&0�N 2$ ;$.
Sample v�-ir-� v�-ir- � v�-ir-q v�-ir-� v�-ir- v v�-jp-� v�-jp-� v�-jp-q v�-jp-� v�-jp-v

SiO2 cc/=� tr/qv sq/qv r�/qs rv/qs ��/qs qr/qs q�/qs v�/qs ��/qv
TiO2 s�/� v�/� vq/� vq/� sr/� v�/� ��/� rt/� t�/� r�/�
Al2O3 �s/v �t/v t�/v ��/s rr/s rs/s t�/v rs/s �r/s rr/s
Cr2O3 n.d. rs/r r�/r n.d. r�/r n.d. n.d. n.d. n.d. n.d. 
FeO n.a. n.a. n.a. n.a. n.a. �r/�r tr/�r ��/�r �r/�r vr/�r

Fe2O3 ��/�� �s/�� sr/�� ��/�� rv/�� n.a. n.a. n.a. n.a. n.a. 
MnO sv/r ��/r �r/r tv/r �t/r ��/r ��/r �q/r ��/r �s/r
MgO n.d. n.d. n.d. n.d. n.d. ��/r ��/r qr/r �s/r ��/r
CaO ��/q� ��/qq sr/q� rt/qq ��/qq �s/qq ��/qq rq/qq �r/qq s�/q�
Na2O n.d. n.d. n.d. n.d. n.d. r�/r r�/r rv/r rs/r rv/r
Total v�/tt ��/�rr �v/tt �q/tt st/tt �t/tt v�/tt ��/tt q�/tt �v/t�

X�.$ �F ��)��	 ,N$3 �� >)& �8��>k&�8$ 
Si ts/� tv/� ts/� t�/� t�/� t�/� tq/� tv/� ts/� tq/�
Ti �r/r �r/r �r/r �r/r �r/r �s/r �q/r �q/r ��/r �q/r

IVAl r�/r rv/r r�/r r�/r rq/r rs/r r�/r rs/r r�/r r�/r
VIAl vq/r v�/r v�/r v�/r vv/r v�/r vr/r v�/r v�/r v�/r
Fe2+ ��/r r�/r �r/r r�/r rt/r ��/r �r/r ��/r �r/r �r/r
Fe3+ q�/� qq/� q�/� �s/� ��/� ��/� q�/� ��/� ��/� qr/�
Mn rv/r rv/r rs/r r�/r rs/r rs/r rs/r rs/r rv/r rs/r
Mg rr/r rr/r rr/r rr/r rr/r rq/r rq/r r�/r rq/r rq/r
Ca t�/� t�/� tr/� tq/� tq/� ��/� ��/� ��/� �t/� ��/�

Total rr/� rr/� rr/� rr/� rr/� rr/� rr/� rr/� rr/� rr/�
�
��� ;�V+$ ��)� ,H�� 

Alm wn/= s�/� �v/q vq/� �q/� t�/q q�/q s�/q �s/q �t/q
And qt/s� �q/s� qt/s� ��/sv ��/ss tv/s� �q/s� ��/ss �q/sv �s/s�

Gross ��/�� ��/�� qs/�� rq/qr rq/�t �q/�� rv/�s rt/�� �s/�� �t/�s
Pyrope rr/r rr/r rr/r rr/r rr/r rt/� �r/� ��/� r�/� ��/�
Spess ��/� st/� �v/� �s/� �r/� �s/� ��/� �v/� ��/� tv/�

�6('1���?4 �
� l
�g  �
�<�����4 �8�� 3 �&0�N 2$ ;$$�$� ;
��9/���&*8 ;,/F.

Rim Core Rim 
Sample sq-jp-� sq-jp-� sq-jp-q sq-jp-� sq-jp-v sq-jp-s sq-jp-� sq-jp-� sq-jp-t

SiO2 qv/qs ��/qs �v/qv v�/qv ��/qv �t/qv ��/qv ��/qv tt/qv
TiO2 �t/� ��/� vs/q s�/q sq/q vv/q vq/q s�/� q�/�
Al2O3 t�/� rt/v vr/v vs/v vs/v �q/v ��/v ��/v �r/v
FeO qs/�� rv/�� t�/�t ��/�t rq/�r q�/�t �r/�t v�/�r �s/�r
MnO rr/� rs/� �q/� q�/� �t/� �t/� ��/� �r/� t�/r
MgO ��/r �t/r ��/r q�/r �t/r qr/r qq/r qr/r ��/r
CaO ��/qq q�/qq rv/qq �t/q� ��/q� ��/q� r�/qq �v/q� rr/qq
Na2O �r/r �r/r �r/r �q/r �r/r r�/r �r/r �q/r ��/r
Total ��/tt t�/t� t�/t� ��/t� �t/tt v�/t� �v/tt ��/t� v�/t�

X�.$ �F ��)��	 ,N$3 �� >)& �8��>k&�8$ 
Si ts/� tv/� ��/� tr/� tr/� tr/� t�/� tq/� t�/�
Ti ��/r ��/r ��/r �q/r ��/r ��/r ��/r ��/r ��/r

IVAl r�/r rv/r ��/r �r/r �r/r �r/r rt/r r�/r rs/r
VIAl �q/r ��/r ��/r ��/r �q/r �s/r �s/r �q/r �s/r
Fe2+ rs/r rs/r rt/r ��/r ��/r ��/r �q/r ��/r rt/r
Fe3+ qt/� q�/� ��/� ��/� ��/� �r/� �t/� q�/� q�/�
Mn r�/r r�/r rt/r rt/r rt/r rt/r r�/r r�/r r�/r
Mg r�/r r�/r rq/r r�/r r�/r r�/r r�/r r�/r rq/r
Ca t�/� t�/� �t/� ��/� �s/� ��/� ��/� ��/� �t/�

Total rr/� rr/� rr/� rr/� rr/� rr/� rr/� rr/� rr/�
�
��� ;�V+$ ��)� ,H�� 

Alm r�/� t�/� ��/� ��/q ��/� ��/q �s/� ��/q rv/q
And r�/�� �r/�� rq/s� s�/s� �q/sv r�/s� s�/sq sv/s� ��/s�

Gross ts/�� �r/�q �t/�s �r/�� �s/�s rt/�� �q/�� ��/�� qt/�v
Pyrope wc/d �v/r �r/� q�/� ��/� ��/� ��/� ��/� ��/�
Spess �v/� qt/� �v/� tr/� ��/� �s/� s�/� ��/� ��/�

�6('A�<�K 2$ ��%� ���?4 �
� �
�g  �
�<� )�8�� (��&*8 ����4.
Sample w=-ir-� sq-ir-� sq-ir-q sq-ir-� sq-ir-v

SiO2 ��/q� �t/q� ��/q� ��/q� �r/q� 
TiO2 q�/� v�/q qv/q s�/� ��/q
Al2O3 ��/v q�/v �r/v rt/v qv/v
Cr2O3 n.d. r�/r r�/r n.d. n.d. 
Fe2O3 r�/�� q�/�� qr/�� ��/�� r�/�� 
MnO t�/r �r/� ��/� t�/r ��/�
MgO n.d. n.d. n.d. n.d. n.d. 
CaO �q/q� tr/q� ��/qq ��/q� qs/q� 
Total �v/tt �r/tt �q/tt ��/tt vt/tt 

$ �F ��)��	 ,N$3 �� >)& �8 X�.��>k&�8$ 
Si �v/� tr/� ��/� tr/� �t/�
Ti ��/r ��/r ��/r �s/r �q/r

IVAl �v/r ��/r ��/r �r/r ��/r
VIAl qs/r ��/r ��/r �r/r ��/r
Fe2+ ��/r �r/r rs/r r�/r �v/r
Fe3+ ��/� ��/� �s/� qs/� �q/�
Mn r�/r r�/r r�/r rs/r rt/r
Mg rr/r rr/r rr/r rr/r rr/r
Ca t�/� tq/� t�/� tq/� ��/�

Total rr/� rr/� rr/� rr/� rr/�
�
��� ;�V+$ ��)� ,H�� 

Alm qs/� q�/q rq/� qt/� t�/�
And ��/ss ��/sv t�/sv v�/�r �v/sv 

Gross r�/�� �r/�� ��/�t ts/�� ��/�s 
Pyrope rr/r rr/r rr/r rr/r rr/r
Spess �t/� �r/� ��/� rt/� �t/�
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�F�$ �o���K �;�&"���B �;���+ ��	�0$ .�/0�)*F �*g� ���8 3�.�/0 �>$�
$ qs�


<.B��9/� ;�K)"�$ �
��� ;�V+$ 3 �H�/+ �a�F �
�&?&0 ;,/F
����4����4 �� �K��9/� �F ;�K !��. ;,/F)��)?�w=B(2$ �8

!,0 T&.�  �&0�N �F �&0�N,�$.

<.
C�/&#��B �a�F �.��F ;$�F �
� 3� ;�K�$�)?� ;�}/+ ;�K
����4 �� T����&*8 ;�K.

�.��F �F �/F"#K3k6 ;�KG3�j  �>$�>32 �� �"�� ;�K ;�K
����4 �&�Z� �8�?  �F �KTi�.$ !,0 !�$� ���� .>32 ;�K

 ;U�F �^*Q ;$�$� R�� !�& Ti>32 3�F R�� 103� ;�K
 1&
�6 �8�? Ti�� M�#� ,�)0]c����d[.����4 ;$�F ;�K

��9/��.$ ���H �4k
3 1
$ �&� ��&*8 J,0 ;,/F .�F ��� �$ ��
 �&K����9/� !�"<.�a 3����4 �� �
�&?&0 ;,/F ;�K

�&�Z� �>$�"#K3k6 h.)  �8 �&�)��)0]x�������n[
�.,F ;�^� W�?B$ �&K �.$ �<	�4 �$�[ �.��F ��)� ;��
2

�.$ !,��&� .�.��F 1
$ �� {	$)  �)B3 (,+ �'��F ,
�0 �K
�&�Z� ;�K��7$��6 W)/ �,0�F �&�)��)0]�[.

3 �g/. �}/+>)& �8 L:� 1&&% ����4 �� �K W)� ;�K
 �&%[)� 3 |�U$3 �� �&%9[ (,+ �'�a �F �&�Z�Fe 3Ti �� 

;$�F ;��$,��<.$ f3� P��
��  3 !�)F L-#� ����4 ��<a�.

 ��}<a$Ti �Al 3Fe��$,� �)B3 �')F�� ;�K�?� �F .�F
i&' X�.$Mossbaur�]��[�:&B�  ;�?� �� �/&#��B

A�4 �� ��B3 ������G�)H �F $� �&�Z� W)� ;�KAl ≥ Fe3+

> Ti �8 ,���8 ���/#&6 3 ,/<	�4 �^� �� Fe2+�?� 1
$ �� �&� 
��$� �)VN .]��[E���  Si4+-Ti4+;$�F E3$,<� f3� $� 

�/&#��BTi�<	�4 �^� �� ����4 ��<a�. �� ,�$ .�� �-��/A
 ;�K�$�)?�)L-0c(�� !,K�#� ,
,0 �j/� �"<��?K �)0

&F �}/+ �32 1Si-Ti �"<��?K o
�� �F �w/d���$� �)B3 .
�� �j/� �"<��?K 1
$ !��0$ ��)� ��)& �8 E���  �"��&F ,�$) 

]�5[,0�F .�"<��?K ��3 �+�	 ;�K)L��Al-Fe 3Ti-Fe (
�32 �"��&F �.$ 1-?�,/0��� �
 3 ,/0�F �/&#��B ;�K]c[.

1&F ��B)  LF�[ �"<��?KCa-MnF ��$,� �)B3 �F 1
$�F�/
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,*B�c!��?0 �=�&
�6 ��=xx ����4 �?&0;�K�
�&*[ 1
�ID J�)  . . .qsv

�� �^�����4 �� ���D �/&#��B �8 ,.� T�� �.��F ��)� ;�K
�.$ !�)��.

�:��0 6 DE0 
J,&�+ �F]�[����4 2$ �/Q ;�KTiR/. �� �
�&*[ 1
�ID ;�K

,/<�K �&�3$ b0 >3,F W��0$ .����4 �&0�N ,[�	 ��&*8 ;�K
R/. �� 3 !�)F �#/8$3�� �	�
 �8 �
�K W)� �&K ,�)0

��3�F!,��?&[�F 2$,4�
� ���8 �
 ()>D �� ;$�?� !,K�#� �K Y�)0
�4k
3 1
$�� >�#� �K��
�8)/	 L[$,N �8 ,K� �$,*-0 ;�K

��9/� �F ����4 M�#� ��&�F ;,/Fl*&.)F �&�3$ >)"FD ;�K2�	 
!,0 L&-# ,�$ .����4 o&8�  l�
��� �� �.��F ��)� ;�K

 �
���� ��:� 2$ ��&*8 l�9/�Mn �Fe2+3Mg����4 �F ;�K
!�)  2$ �
�?4�� ;,&S)<&�$�4 ;�K]5���[�)B3 2$ �8�N

�K��0 �a�F �.���D 1&F �K)L-0x.(>$�&� ��:� 2$ �A�4
Mg����4 ��� >�#� ���� �4,0 �/Q ��&*8 ;�K,/K�.

�� �^� �F ��6)-.3�-&� ,K$)0 X�.$ �FL-0 �8 ,.� -
�m4� 3 ;�$)<a�� ;�K1&F ,0� lg&<� ;$��$� ����4 ;$ �� �K

R/.,0�F ��&*8 ;�K .G�)H �F !�4 �8 �����4 �0�� ;�K�)*F
�-��� !,K�#� ;$ ,�)0)L-0b5(����4 �[$3 �� ��	�F �F ;�K

!�$,� L&-#  �}�#� ;�)*F �)9. �8 ,/<�K ���F�Q,�$ .��
����4 �F �
�&*[ ;�K��].,*	 �K�4 ���N 1
$ ���N �K

�� >�#� ;,0�?K,/K�.�� �^� �F ��)B3 1
$ �F ;�K�)*F ,.�
 �8�?  2$ T&����D �$,*-0 ;�K�)*F �-&
�B �� ����4 �0��

!�)F �$�)a�F �
U�F!��8 ,0� ��.�/� G�)H �F ,�$ ;$�$� 3
,/<�K �}�#� ;�)*F �)9.)L-0a5.(

<.
F��9/� ;�K)"�$ ����4 �� T�� �H�/+ �a�F �
�&?&0 ;,/F��9/� �F ;�K/F���.)� ;,)��)?�w=B(!,0 T&.�  �&0�N �F �<�K 2$ �8,�$.
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�F�$ �o���K �;�&"���B �;���+ ��	�0$ .�/0�)*F �*g� ���8 3�.�/0 �>$�
$ qss

 

<.
G����4 o&8�  ��*�� �$�)?� �� ��&*8 ;�KMn-Mg-Fe2+]5[.

2$ �/Q ����4 �)*� Ti�� �^� �F ;�K�?4�� �� �8 ,.�
�F P�<��� 2$ �/Q 3 zDTi���8 �F ���� �
 E)�&j�D >)A �
�K

,0�F ,+��� �& )&F]=[Y�4k
3 1
$ ;�K�?4�� �� PU)?%� �K
E)}N LF�[ �<�F �
�&*[ 3 |&*&. 2$ !,0 W��0$ $�A �-/
$ Y,�$

 ��)� ��/  ��&*8 3 !�42� �f)[�F �<&/&. ,&S)	 J�)  �. 1&F
����4 ;$�$� �&a$ 2$ �/Q ;�KTi ;�K��7$��6 �F ,
�0 �.$ 

,0�F �&�)  LF�[ �
�&��8 .���8 1&F���8 �b&	�� ;�K ;�K
 �^NZ� LF�[ ���� ��$3$�	 2$ ,/*���)K 3 �&��<& J�)  �� ;$

!�)  �Za�F ��&*8 �<&/&. ,&S)	 3 !�42� �<&/&. ,&S)	 ;�K
���8 �8 �.$ ���N �� 1
$ Y,��$��)a�F f)[�F �-&	�� ;�K
!�)  �� 1
)&�$ 3 �& )&F �1�83�&6)/&*8 >)A 2$ �&a$ ;�K

,��$��)a�F ��B)  LF�[ ���� ��$3$�	 .2$ �/Q PU�?<N$Ti >�)F 
;U�F �
���� �)*�  �F �8 ���&*8 �&/&. ,&S)	 J,�2�. ;�?4��

�� M�#� >D �� �&��<&  L&-#  �� $� �?�� \�� ��)0
����4 2$ �/Q ;�KTi�.$ �<0$� ��&*8 J�)  .�� �&��<&  �$,��

!�)  1
$ �  !�4=�� �&� R/. �?gN ,H�� ,.�)5cB�
��D�w5B.( 1
$ �F 1&/A �)*�  h
$�0 >,0 TK$�	 ��)B3

����4X�<.� �� �F �
�K!,�2�. >�)F >)A �
�KCa �"<�F 
��$� .

;U�F �*&a �&��%	SiO2����4 �F���4 L&-#  E)' �� -
�+)?g� ;�K ����-.$ ;�K]�w[�F �g/� 1&
�6 �*&a �
����

TiO2����4 1
$ �.�K .����4 o&8�  l�
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