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Sample no. Ch.m.12 Ch.m.5 Ch.m.17 
# @ 6 A B C D @C @D @E @F @G 6H @E @F @G 6H

SiO2 �r/rs om/r� nl/r� on/r� nq/r� rm/r� lr/rq qn/rs rs/rp lp/rm sq/rq ss/rs sq/rs ��/rs s�/rq ��/rs
TiO2 or/r ol/r �r/r �m/r ��/r ��/r l�/o or/o nm/n lp/n pn/n �q/o lo/l l l lr/l
Al2O3 �s/m �q/p lq/p �s/q ls/p rq/p mm/nl ��/nl m�/n� �r/ns on/n� �n/n� p�/l qp/l mm/l nm/n
Cr2O3 lo/l ls/l l�/l lq/l ls/l ls/l lq/l ls/l ln/l lr/l lr/l l�/l - - - -

FeO �n/n� q�/n� no/ns ol/nq �o/ns nq/ns ��/nr qq/nr �q/q on/q p�/q l�/p pp/os ml/os �r/os sr/os
MnO or/l on/l on/l np/l nm/l o�/l o�/l o�/l ro/l rn/l r�/l o�/l ��/l �p/n o�/n s�/n
MgO �p/l �q/l �q/l �o/l �m/l sl/l �l/l �r/l ��/l �l/l �r/l sm/l rm/l nq/l lo/l l
CaO �s/r� r�/r� rm/r� �o/rr �n/r� pr/rr l�/r� mp/r� nr/rs lr/rs p�/r� nq/rs �o/ro r�/ro �n/ro or/ro
Total nll mp mp mq mm mp mm mm nll nln mm mm mm mp mm mp 

Almandine r l l n l o l l l n l l l n � o
Spessartine n l l l l n n n n n n n r � r �

Pyrope o o o o o o o o o o o r o n l l
Grossular �s �o �l rq rm �n �o �l qr q� qn sp � � � s
Andradite �m �� �q sl �p �� �� �q os oo op rr mn mn pq pm 

Uvarovite l l l l l l l l l l l l l l l l
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Vesuvianite Exoskarn 
Skarn Proximal Zone Distal Zone 

Sample no. Ch.m.12 Ch.m.5 
Point.No G @H @@ @6 @A @B 6@ 66 6A 6B 6F 6G AH 

Na2O l�/l l l�/l l l l lr/l ln/l l ln/l l l l
K2O l l l l l ln/l l l ln/l l l l l
MgO ss/� qq/� �m/� ls/� nn/� ms/� on/� qp/� oo/� s�/� nr/� m�/r l�/�
CaO m/r� r/r� n/r� q/ro �/rs p/rs m/rs rs n/rq m/rs rs r/rs rs 
MnO oq/l o�/l oq/l o�/l nn/l lq/l �o/l o/l lp/l os/l n�/l no/l no/l
FeO �q/q ��/q rs/q rn/q rq/n nq/n �/o nn/o p/l ms/n l�/r or/r nn/r

Al2O3 r/nn s/nn �/nn m/nn q/nq p/ns o/n� q/n� q/n� s/nr s/n� n/n� r/n� 
V2O3 ln/l l lr/l l l ln/l l l l l lo/l lr/l ln/l
Cr2O3 l lo/l l ln/l lo/l l l l l l l ln/l l
SiO2 m/r� q/r� p/r� �/r� s/rs r/rs s/rs s/rs o/rq n/rq rs n/rs o/rs 
TiO2 or/n nq/n nn/n lq/n l�/l lo/l lo/l nl/l l ol/l mn/l m�/n n/n
Total m� m� m� mr ms ms ms m� ms ms ms mq ms 
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3CaCO3 + 3SiO2 + Fe2O3 (Al2O3) →
Ca3(Fe,Al)2Si3O12 + 3CO2
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2Ca3Al2Si3O8 + 2CaMgSi2O6 + CaCO3 + 2 H2O =
Ca10Mg2Al4Si9O34(OH)4 + CaSiO3 + CO2

�:.< $��<' =� +��� )2S- +�B���
--�- =P3+���B!< +
$��H 
� +�S 2-.F 

4�2' .: =�B�� ��B���
--�- N
'$B�H ='.: ��:.L6 =�/��< 
�ol �6 �q� �)��2 �C�� �:�� ��&	 �� �'.Fo: ��: !�< ��B2�

 �2' #$�3]aw[.N+<'- hB2 6 >�� ��:�&� =�/]a�[- �BX'�'
 $0 K�J�' P3 �B���*	 N
'>B	' �B: ����
--�- =�'$
�H -.5!] �< 

�B���*	 N
'>B	' �: ��(5/ - N
'>	'CO2�B� N/�B< $B:�
 .�B:



�J�0 x
.� 1'.
' �2�+0 ���< - �2�+0� !: �!L� �u�

 �
' �: �C 62�.:��/��" �G$�� 6 xCO2�B
' �� $
�: >�� P3 �
;+2 $0�: #�.< @ A� �/ .�B!8� ��&	 �1��%2' �
' ��CO2�B: 

�� ����
--�- 7�%&6 � i+� � 7
S� �: $�' 6 �B)	�
 N/�B< .B

$0�: :�(;+2 ��
�H =.
cH@ A� V4�B56 7B8� =�/a(� �BQ 
#��� �()�%0 - �/ � BJ" .��B� x/ �< � C � =�/ #��B0 �B/=
�BB��< �-.BBY ='.BB: �BB/'� xBB/ - #� BB: '�CO2�	�BBy' '��BB���
 �B� $���B2 .r(��)BY' #��B0 �B/=�:�B�.F -= BC .B2�.:�

�
L+B2���>�=�B/��J���� #��B0= ��B9 #.B�Y@ =�/$B+
'.	 �
�F$0 }�]� - �()���3#��0=���< P3 ��)BY' �e ��2 =�B/

�
�5F��ZK�J�' '� = C - �:��.F.<#��2' ]a[.7��" �
'.:�+:
 �� 7��" �2 ./ �' �J�<.6 �
 - .Y3 7�%&B6 K�BJC � ��B�' 6

 ��-3 x/'.B	 1��%B2' 7�%&B6 �
��� 7Q'.� �� '� ����
--�- .�B:
�C 6 �: 2�.:��B/=��BL�' �#$B0 �B��J��=%&B6 ��B��F-� 7=
;+2�/=7%B0 ��  ��B9 �/3 1��%2' wx�B2.6 #$B0 �B2' .

- #$�-.&BB�H ���BB2.F� 7BBQ'.� �� ��BB<-.�H +�!< - �BB���F
 �B��< xBi"' NB�: - ����
--�- B
'���B
'.��] ���B2.F� �Be 

�2' #$0 7�%&6 .)	�B: h:'-� �" 5L��
�B���< ���B+�H -$B+:
 � B� 1��%B2' �� #$0 �
�2�+0 �B2�.:���B
� �/�JB0 �=�B: 

)0.2��/=����: =1��%B2' �' �B/=B� 1�&B� '� [B� �$B/� 
]a��a�[.

:	���3 
�BB� 5� ��
'.8BB, $/' BB0 �e�BB�� �BB2�.: ��)&BB�+5/ =�'�.BB:

 ���B< �5�B0 �' 7,�Q �
�)� - �H %2-.%�� EB
 .(��&B� ��B/

��I+� ��0�Q �' �
����< =$+: #� 6 ==@ A� =)1-�� 1��%B2' (
;+BB2 �BB:�BB/ 13 1�BB:>�� =)1-.BB: 1��%BB2' (�BB2' .�BB+�H =�BB/

 �' �!B,�	 ?�BQ .B: ?B�6.6 �:  ��9 1��%2' �� #$0 �
�2�+0
 1'>B�� - P��.F #�()2�YXCO2-XH2O#$B0 7�%&B6 $B�' .

�+�H = (�' �: =$+: �B���*	 �.B%!5" P�B6��: #$B�3 �B2� =�B/
 ;+B2 4�56 78� �� �:��.F #� B6 �B: 1�B:>�� �B%/3 =�B/ =

�< �2' =@ A� ���< �" 5L� 7�%&6 ?C � �� K-�BA)� =�B/
 �2' #$0 1��%2' 7�%&6 O!)�� 7Q'.� .���< P3 1-$B: =�B/

 1��%B2' 1-�� ��B<-.�H +�!< - �
�'�$�3 �' �+G ����F $+���
�BB��-' 7BBQ'.� �� �� BBF.F� �BB: ��BB(5/ - 1��%BB2' 7�%&BB6 =

�� B� .�B< �
 - .6S�: =�/��� �� �6�-�L�CO2#$B0 � B!J)� 
�2' .< �
' �I2'- �: ��� ;+2 �' x��!< @ A� =�6�B+:.< =�B/

 �2' #$0 7�%&6 .#��B0 @ A� �' [�!�B2 - �B/3 �' �B+G =�B/
#� 6 ;+2 �: =@ A� =K�%�!�B2 7�%&B6 ?C � 1�:>�� =�/-

�2' #$0 1��%2' 1-.: �%/3 =�/.���!Q.� 7�%&B6 �
��� =
�=����.F� - 1��%2' ����
--�- ��� )B2S- .)5< .
���� -�B: 

Y- ����F �. 7�%&6 ��<-.�H +�!< #$0$�' .���<�
'� >��  ��9
@ A� �: 1��>5/ P3=�/ �8I2 1R��<' �'� �: �	�^ -��)Y' �: 

P3=�/ �
�5F�� =S�B: �B�� �: �B+G �'HF-HCl �� h
'.B0 
��&	 =S�: 1R��<' -.
���� ��
�H �.F F ��G3 �B�6�5/ - $B0 
�M�6- =' #�'� 7�%&6 '� ���)+� �B2'.���B< =$�A� B2 =�B/

 �B
' �� .�Y�B6 �<$B�' �B: �B
 1��>5/ >�� �
.�H %��< - �
.�H
#$0 7�%&6 �!Q.�$�' .

,%	N%&6 7Q'.��7)�^'��H ���J�� -�%���< ��/ ��9 �/3 1��%2' ��.



$!Ca�#��50 ���>�
�H ���u ���< 2 - �2�+0;+ ��9 �/3 1��U2' �
'�)1�M�'� W.0 P +C(�u�

�����$O 
�
'7,�Q N/-RH #��50 �: �&/-RH ~.e a��au �2' �< 

�&/-RH ��-�*� ���� �
�5Q �:+	 -�#�(&�'� =�-�)*+, 
�2' #$0 ��L�' �-./�0 ..)<� 1�
�]3 �' #$���(� ��+b5/

 �� ?�6.6 �: �< =.]�:.�� �y� $�2 4$+�� - $� �2 � �
�.	
2�.:��/'.5/ '� ?��L+
' �
'.8, K��!5" - =��(� ���< 
.<#���'��$] - .%&6 $�'��<$+.

P���� 
]�[��6 1 � H.W ���:.] �.� ���'�� �.�"���� �B	'.F-.)H ��2�+0

 ;+2 �5�0 X^ -#.�Y@ �: hJ6.� �
�@3 =�/  ��9 �/3 1��%2'
)1�M�'� W.0 P +C"(���� v!L� ���)	.&B�H =�.:��B< �2�+0

 t��50a$!C ��)����(�u�Zww.
]a[�:'.�� P.��52�] ����2 �.����e 7By�	 OB�'.�"�B2�.: 

�����2 ���< �
'� K'>!	 �
�H -��J�'.F �� #�-$8� =�B/ ��$B*� 
`	�Q �5&9 -1�5< � ��9 �
�5F�� �-.6-�
.�B0 #�9"��B!L� 

\�2 ����� � !" ���: -�����9 #��50��)nrmr(���uZ
���.
]�[� �J�BBB0 .� =$BBB�L� �.�"#� BBB6 =.�(
�BBBC ��<-��BBB2

 ���e�+M� �
.:�	 d-� �' #��A)2' �:  ��9 =$�X )��'.F"��!L� 
\�2 ����� � !" ���: -����B�9 #��5B0�u)1394(���Z

�u .
[4] Alavi M., 1994, Tectonics of Zagros Orogenic 
belt of Iran, new data and interpretation. 
Tectonophysics 229, 211–238.
[5] Berberian F., Berberian M., "Tectono-plutonic 
episodes in Iran". In: Gupta, H.K., Delany, F.M. 
(Eds.), Zagros-Hindu Kush-Himalaya Geodynamic 
Evolution. Geodynamics Series, vol. 3. American 
Geophysical Union, Washington, D.C., pp.5–32 
1981.

]w[4 �]'.0'.O�' ���C �.�"��B�� v&�� �B2�+0�:������ 
1�BB5!*� �BB�I+�"���BB�� 1����BB2 K'��&BB)�' �� &BB< �BB2�+0 

)���u.(
]�[<�3 �'R�.� ����.<� H �.=.)<� ���2� �:"�%���B+
� 7B�!86

�()�%0 �-.B6 �B�I+� \�5B0 =�/–1�B5!*� "��'�3 #�(&B�'� 
1'.�6 K����86 - � !" $Q'- ���2')���� .( 

[8] Gill R., "Igneous rocks and proceses a 
practical guide", Department of earth Sciences 
Royal Holloway University of London, (2010), 
475p.

[9] Meyer C., Hemley J. J., "Wall rock alteration", 
in Barnes, H.L., ed., "Geochemistry of 
hydrothermal ore deposits: New York, Holt", 
Rinehart and Winston (1967) 166–235. 
[10] Beane R. E., Titley S. R., "Porphyry copper 
deposits part II: Hydrothermal alteration and 
mineralization", Economic Geology 75th 
anniversary volume (1981) 235–269. 
[11] Beane R. E., Titely S. R., " Prphyry copper 
deposites", Economic Geology 75th Anniv (1981)  
214-269 
[12] Montoy J. W., Hemley J. J., "Activity 
relations and stabilities in alkali feldspar and mica 
alteration reactions", Economic Geology 70 
(1975) 577-594.  
[13] Genter A., Traineau H., "Analysis of 
macroscopic fractures in granite in the HDR 
geothermal well EPS-1, Soultz-sous-Forêts, 
France", Journal of Volcanology and Geothermal 
Research 72 (1996) 121–141.  
[14] Siivola J., Schmid R. "Recommendations by 
the IUGS Subcommission on the Systematics of 
Metamorphic Rocks: List of mineral 
abbreviations". Web version 01.02.07. 
(http://www.bgs.ac.uk/scmr/docs/papers/paper_12.
pdf) IUGS Commission on the Systematics in 
Petrology (2007). 
[15] Meinert L. D., "Compositional variation of 
igneous rocks associated with skarn deposits: 
chemical evidence for a genetic connection 
between petrogenesis and mineralization". In: 
"Magmas, Fluids and Ore Deposits", Thompson, 
J.F.H. (Ed.), Mineralogical Association of Canada, 
Short Course Series 23 (1995) 400-418 .
[16] Einaudi M.T., Meinert L.D., Newberry R.J., 
"Skarn deposits: Economic Geology", 75th 

Anniversary Volume (1981) 317–391. 
[17] Bowman J. R., "Basic aspects and 
applications of phase equilibria in the analysis of 
metasomatic Ca–Mg–Al–Fe–Si-skarns", In: Lentz 
DR (ed) Mineralized intrusion-related skarn 
systems. Short Course Series 26 (1998) 1–49 
(Mineral Assoc Canada, Ottawa, Ontario). 
[18] Chenhall B. E, Mazaheri S. A., "Skarn 
development from limestone adjacent to the 
Glenrock Granodiorite, Marulan Batholith, New 
South Wales, Australia", Australian Journal of 
Earth Sciences 40 (1993) 485–500.  
[19] Dứzs-Moore A., Leavens P.B., Jenkins I. I. R. 
E., Altounian N.M., "Wollastonite at the Sterling 
Hill Fe–Zn–Mn ore body, Ogdensburg, New 



�J�0 x
.� 1'.
' �2�+0 ���< - �2�+0� !: �!L� �w�

Jersey", Mineralogy and Petrology 79 (2003) 225–
241.
[20] Best M. G., "Igneous and Metamorphic 
Petrology", New York: W.H. Freeman and 
Company, (1982) 630P. 
[21] Taylor T.J., Liou J., "The low-temperature 
stability of andradite in C-O-H fluids", American 
Mineralogist 63 (1978) 378-393.  
[22] Valley J. W., Peacor D.R., Bowman J.R., 
Essene E.J., Allard M.J., "Crystal chemistry of a 
Mg-vesuvianite and implications for phase 
equilibria in the system CaO–MgO–Al2O3– SiO2–
H2O–CO2", Journal of Metamorph Geology 3 
(1985) 137–153. 
[23] Abart R., "Phase equilibrium and stable 
isotope constraints on the formation of 
metasomatic garnet-vesuvianite veins (SW 
Adamello, N Italy)", Contributions to Mineralogy 
and Petrology 122 (1995) 116–133. 
[24] Labotka T. C., Nabelek P. I., Papike J. J., 
Hover-Granath V. C., Laul J. C., "Effects of 

contact metamorphism on the chemistry of 
calcareous rocks in The Big Horse Limestone 
member, Notch peak, Utah", American 
Mineralogist 73 (1988) 1095–1110. 
[25] Kerrick D. M., "Review of metamorphic 
mixed-volatile (H2O-CO2) equilibria", American 
Mineralogist 59 (1974) 729-762.  
[26] Plyusnina L. P., Likhoydov G. G., "Stability 
of vesuvianite in aqueous and H2O–CO2 fluids", 
Geochemistry International 30 (1993) 644–654. 
[27] Braitsch O., Chatterjee N. D., "Metamorphe 
Mineralreaktionen in vesuvianfiihrender 
Gesteinen", Beitrage fur Mineralogie und 
Petrographie 9 (1963) 353-373. 
[28] Meinert L. D., Dipple, G. M., Nicolescu, S., 
"World skarn deposits. Economic Geology",100th 
Annivesary Volume (2005) 299-336. 
[29] Ray G. E., "A review of skarns in the 
Canadian Cordillera. British Columbia Ministry of 
Energy and Mines", British Columbia Geological 
Survey Open File 8 (2013), 50p. 


