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Abstract: The submarine volcanic rocks of Totmaj volcano-sedimentary sequence, located at 
25 Km southeast of Kashan city, have suffered extensive non-uniform propylitization. Based 
on field and petrographical studies, the volcanic rocks can be classified into three alteration 
zones: chlorite-epidote zone, epidote zone and hematite zone. The secondary hydrothermal 
minerals formed in the volcanic rocks include epidote-chlorite, calcite and hematite. These 
minerals have pseudomorphly replaced the primary phenocrysts (e.g. plagioclase, amphibole, 
and pyroxene) or have filled veins and vesicles. Stable carbon and oxygen isotope analysis of 
the hydrothermal calcite indicate that the δ18O and δ13C values range from -9.2 to -11.3 and -
2.02 to -6.02 per mil respectively. Thus, seawater has been a source for hydrothermal fluid 
which by circulation into the hot submarine lavas, caused to leaching of some elements such 
as Fe and Mg from the altered rocks with the exception of epidote-chlorite zone. Also, the 
seawater circulation leads to an increase in Na ratio in the rocks. Geothermometrical studies 
on hydrothermal chlorite showed that these minerals have formed at a temperature between 
240 to 300˚C. Furthermore, the ranges of temperature stability of coexisting secondary 
minerals in the volcanic rocks are compatible with those of the green schist facies. 
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���P m'28M
% �<�/'I[ 8 �-�./ .- �%"
�, ?�LO?�L. . .���

9	�@@%8�BB
M=2 N
�BB9� �
BB/ %�+,M��� ��BBE8+�, ?��9�BB
+E'.	 
�
 "�: �9�% �K )W�'6 �K RE �L:FeO�-% !"/ �V-�J� (.

O.- w'� An-Ba An-Ba An-Ba 

��'<� !��</ TA�� TA�� TA��

1�7� ��/�\ ��/�\ ME+� 

SiO2 ��b/v_ �
b/v_ 
�b/v_ 

Al2O3 ��v/_ _�b/� �v_/_

TiO2 ���/� �� /� ��v/�

Cr2O3 ��b/� �
�/� ���/�

FeO v�
/b ��_/b _vb/__ 

MnO 
_/� 
�_/� 
��/�

MgO ��b/_v 
�_/_v ���/_� 

CaO �

/�� �v/_b ��v/_b 

Na2O 
_�/� 
��/� 
�
/�

K2O � �__/� �_�/�

NiO � � ���/�

Total ��/bb _�/bb ��/bb 

�&������� �� :��� �; ��B�=�>�� ,�� 

TSi b_
/_ b��/_ b��/_

TAl ���/� �b�/� �b�/�

M1Al � ���/� ���/�

M1Ti �_�/� ��_/� ��_/�

M1Fe ��_/� __�/� __�/�

M1Cr ��_/� ��_/� ��_/�

M1Mg ��_/� �v�/� ���/�

M2Fe _��/� _��/� _��/�

M2Mn �_/� �__/� �__/�

M2Ca ��_/� ���/� ���/�

M2Na ��
/� ��
/� ��
/�

M2K � ��_/� ��_/�

Sum-Cat � bbb/
 bbb/


C1�4'2+, G%+, e��X�T.� �
 �K ?��3.-  % ;@�<92 w%'�% �P 
�� Q�$� %� ���$5$2: ?��3.- �
% �� �'>'� ?�����P ".P 

)A:��
 "�:B:���% �KC:��9�% �K �
 "�: 
D:���% �KF:���}-"(	Qz :  �M2�%'EHem :���2�<LAb :���V�: 

Aug : ��
[8% Ep:�W8"�,%Cal :����(E Ap : ���2�,: 
Mg-Hbl : ".(V��'L'
M�.�.(

C1�8@�<92 ;�T.� ?��3.- �� �9�(�}-% �	�K .���P
 ��P8+�,'.�(P)Cpx (�.��  �� �-% !"/ R
"V2 �
+(P ���P �K �P 

?%?��9��8+#��  %1�-+F� W8"�,% 8 �
+(P �K �P  ZP'
[Z,!"/ "�%.
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���% �1����n.E �.�<
 �
�
�)+�% �1�
"<\% ���

D5��� C�E�� F�G+ 	 *� H�
I� 67J�+ ��� 
���$5$2: �)'<=� ?%+K��29�$���$�� �� @�<92 ?�L

���  �-�./_�����/_M.T� G'F���f ]
[8�v����/_
1�/�P G'F���f]�[!"/ �I%�% �28�59� ?��.- �-% .8 �IZ)

C$�� �� ?+V9n(;_�����/_3.- �- M.T� ���$5$2: ?��
!�+P �	+n� �I��K 8 ����� �-'I% %� @�<92 "�% .�P ���\ �� ��

$��;�v����/_!"/ 1��K �-'3��% ��3.- �
% �- 1�/�P 
�-% . % ?�%�+K ��'<� �K �2 �/%� 1: +K %� �� �- XZ9C% �
%

8+#�� �� �P �#L: ?��3.- �� �'>'� ?��(��	 �K D8�.2 
".9�L ��T.� ���$5$2: ?��3.- ,O.- �
% �- ��'� %� �L

h�L� �%+S �-�+K .-�+K���?�� 1�$� �,'#-8+#�� �P "L�
R��	8+#�� O.- �� �'>'� ?�L R��/ �K'-� ?�L :

Operculina complanata Eulepidina dilate 
pellatispira sp. Algal fragments haplophragmium 
slingeri victoriella sp. Astrigerina sp. Coral 
bryozoa Gastropoda. Heterostegina sp.
Amphistegina sp. Rotalia viennoti. Miliolid 
Planorbulina sp. Neoalveolina sp. Pyrgo sp.
Astrigerina sp. Echinoid spine. Nummulites sp.

�� "�'/)R#/
(1�,�2 8 e�(K'� +k� xVp 8]�[9� �K x(n
�� �-'3��% "./�K .���$5$2: �)'<=� �- �
%+K�.K��K'-� 

�� %� @�<92 �	+F +k� �� �-'3��% 1%'2.
�BB-�+K ?�BBL�BB2��BB$�BB-�./��BB� 1�$BB� �BBP "BBL�

 8 ���BB>+� �BB
� R��BB/ �BB�T.� �� �'BB>'� ?���BB�-�	8+#��
 �B� ��'F� �'B/ .W�'B6 �BK ���B>+� �B
� ?���B�-�	8+#��

 RK�S 1'9-"��K �-ZP'�K ".9�L !"L�$� .?%�%� !���BC� �B
%
 yBV(> +B�k� �9(#-% +6�.) ,%�',8+9-�F 8 1�B>+� �B- .�B
%

hP'�: "B��%� �%+BS ?��}B-% �9��B(P 1�<�B- �9B� yB
 �� �L .
8 1'9�B#, �B-ZP'�K W�'B6 �K M�� ��'F� ?����-�	8+#��

 "��%� �'>8 1'9�.
+F �-ZP'�K .:8 'B
+K ?%�%� !���BC� �
% ,
yBBV(> ,+	 8 1�BB>+��BB-% yBB�9.K ?�BBL+5�.��% .%MBB>% �BB
%?

"B��%� �%+BS �B9
%+#�� �B<P �2 �9
%��}-% �9� y
 �� �9(#-%
)R#/�.(O.B- �� �'>'� ?��(��	 MB�� �B�T.� �B#L: ?�BL 

� 1�$��".L� �
�B
��+
  z�BJ� yB
 �� W%�'B>'� �B
% �BP 
�F"B�  R\�B- �K y
�M� B��"B��+P .D8�B.2 "B.��� ?"L%'B/

 8 ���$5$2: ?��3.-�2$�9���'>8 8!��,! %"F�L"B)�S �� `
W�B�Vp �B2 9�B$��)R#B/v(1�$BB� �B� ?��3.BB- �BP "BL�

���$5$2:��29�$���K y
�M� �
�
��+
  z�J� y
 �� @�<92 
!"/ R�#$2 R\�- "�%.

CE�DR��/ �#L: ?��3.- �� �'>'� ?��(��	 :(A). :Nummulites intermedius/Fichteli (B) :Nephrolepidina tournoueri (C) : 
Eulepidina dilatats (D) :Rotalia viennoti�-% .�2 W��Vp �'�\ �K �>'2 �K9�$��R��	 !���C�  % R#$9� �%� ?��3.- �� x<) hP ?�L

��T.� ���$5$2: ,��z�J� y
 �� 8 �-'3��% 1��  �� ���$5$2: ?��3.- �P �	+F �=�9� 1%'2!"/ R�#$2 x<) hP �
�
��+
  "�%.
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���P m'28M
% �<�/'I[ 8 �-�./ .- �%"
�, ?�LO?�L. . .��b

CE�K��'F� ?����-�	8+#�� �'>8 ;
�, +K @�<92 ;�T.� �#L: ?��3.- R�#$2 z�J�)A(���>+� �
� 8)B(y
�M� �
�
��+
  z�J� y

�-% !�'K R\�- �K .�� @�<92 ���$5$2: ?��3.- �K ��3.- �
% D8�.2 �K �>'2 �K 
 �� M�� ���$5$2: ?��3.- �P �	+F �=�9� 1%'2 z�J� y

!"/ R�#$2 �
�
��+
  "�%.

CE�v8 ���$5$2: ?��3.-  +��29�$��.zC��f�
 "�: !"..P %"> O�� !��- �L)e�KA(�#L: ?��3.-  %)e�KB(8 �-%1�#�, �L
�'�\ X+n�!��, �72�L? %"F `O.- !")�S �� ! %"F h��- 8 !"/�+F �#L: ?�L".9�L �E".
%+	 1�'K 1��M<L L���$5$2: 8 ���-+F� ?� %�

� 1�$��"L�.

K5������� 
-�+K���?O.-9C�./���9/%�+K 8?
%+J6 ��� 1�$� "L�

��3.- �P?� @�<92 ��T.� ���$5$2: G'�9-��-+F� �
K��+F�!"/ M�[%��, ".
:+	 �
% �p 8��E  % ?���?1'F+F� �K
>��;���C� "\ �� ��nj `��V�: +�k� MV- ���/ ,8"�,%W,

���'.�9P% 8 �
+(P)�9�(,8+, ���-+F� (1: �� !"/ R�7$2 �L
�-% .��V�: ,1%8%+	 ��2�<L 8 W8"�,% �� �'>'� ?�����E �
+2

O.- �
% ".9�L �L .��E����(E ��
+(E ?�� 8M2�%'E ".f
�'(K??+9<E ��%8%+	 ?%�%� ".9�L .M�� ���
+- 8 ���'.�9P%

!"L�$� RK�S W�"� �K "�%.

% ����V�: ?�����E ��3.- �,�K 8 M2�%'E ����(E �W8"�,%

 ��$��> R��E �
 �$�K �'p �K ����
+- 8 �
+(E +9<P �%"��
!"/ �L ZE'
[Z, "
"/ ���-+F� �E �
�L�> �� 8 "�% �'K +2 �

�-% !"��� ?�> +K  ZE'
[Z,  % �V��S z�	 .�
+(E 8 ��2�<L
�: 8 ��E8+�, +�k� ��	�� ?�����E ��$��>!"/ Y'V�5 "�% .

"��%� �'�\ O.- �.��  �� M2�%'E 8 ��2�<L ��
+(E ����(E .

+5\!�L�F� 8��T.� ���$5$2: ?��3.- �� �'>'� ?�L �K
-8�;(!"/ +, M2�%'E 8 ���(E �W8"�,% "�% .��T.� ?��3.-

� +
  R#/ �-  % �#
 �K @�<92G'�9-!"/ ���-+F� "�%:
���F� !"..E+, ���-+F� � 8 �L��F �L:���-+F� �
% ��

�39�#/ �9	+F R#/ �K��+F h9��- R��#2 �p �P �
�L �K "�%
W8"�,% �
'��U ?�����P ,�2 R6�\ �P ���(P 8 M2�%'P ��$�

�K��+F W���-��".9�L!"/ +, �"�%)R7/��A.( 
4��K��9�% ���-+F� :% �� +U h=\ ��  ZP'
[Z, ���-+F� �
%

!�+9�F%?O.-  % � ?�L R
"V2 W8"�,% 8 ���(P �K ��T.
�-% !"/ .! �� �'>8 �K'C �K �P �,'#-8+#�� ?�LG+9�F 

O.- �� ���-+F� w'� �
% G+9�F �-�-% |+/ �"./�K �9	�

 1�KM���-% )R7/��B8C.( 

r�+�F%+	 ���-+F� :�K O.- h=\ &�<2 ���-+F� �
% �p
 8 !"/ �28"�,% �C%'.#
 �'p�
��<�/ ]�E+2 �K �3.- �

���E 9	�K 8 �-�./�W8�59�  %���8% O.- !"�: �'>8 �K �-% 
)R7/��D.( 
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���% �1����n.E �.�<
 �
�
�)+�% �1�
"<\% �v�

K545������� L���� �M
�7��.f R#/ �� ��� !"L�$� O.- �'/ ���$5$2: ?�L 
�T.�;�K @�<92 +�U�2 �J2 �C%'.#
 +�� 8 !�+9�F �'p

�9	+F �%+S �9�(,8+, ���-+F� "�% ."��) �K`��K 8 �(2�2 ]�[
"
",`,8+, ���P R�#$2 8 1"/ �9�( 1: !�
8 ?�L��K |'K+� 

�P �-% �T
%+/!��/��
�, ?��� ?%�%� ,�"�% +
����H+,
CO2 % �.� ��9V�� 8Fe, Mg 8HCO3

-"/�K .+	 �
% ��%".

�-��K O.- �K D: �V�� ��
  Y�<9\% �K .�9�(,8+, ���-+F�

 +K �n��T� ��'� ��T.� ��;
�, F�
8���?���P �./C9�- �K �
18  �9
+(P ��28"�,% ,h���2 RK�S �28"�,% 8 �9�2�<L�-%.

C1� BO.-  % �,'7-8+7�� +
8��2 �L?1�-+F���T.� !"/ @�<92 )�'� ��VTS�!"(.A:+5\`�(E  % !"/ +, �+(E 8 �
�.B:��  ZE'
[Z,
���
+- 8 M2�%'E �K �
M=2 Y�\ .C:[Z,
 ZE'?E �K �E �(�+(E 8 �
"V2 �
�-% !"/ R.D: "�:
��9�% �K �Z��E �E ,% �K �"V2 M2�%'E 8 W8"
R

�-% !"/ )Ep :,%��W8"Q:�M2�%'EChl :+(E
��Cal :�(E���Plg:[Z,
 ZE'(.

CE�N;�T.� 1'�-%+9�: �$��18  �P @�<92 �-% !"/ Q�$� 1: �� ���-+F� ?�L.
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���P m'28M
% �<�/'I[ 8 �-�./ .- �%"
�, ?�LO?�L. . .�v_

K54545�I��'� ������� 5��	���� 
W�'6 �K ���-+F� w'� �
%���� ��
  G+9�F �K 8 �C%'.#
 

�
 "�: �L,�
 "�: ��% �K 8 �9�% �K ?�L !"L�$� ��T.� ?�L
�� �'/ .X�#/ 8  �� �'>8 z
%+/ ��3.- �
% �� �'>'� ?�L

K��+F ��F���!�+P hL%+	 %� "�% .18  �
% �� �P ?�'p �K
�F� +, ?�L !"/-8 �K�;(M2�%'P ,�K W8"�,% 8 ���(P�%8%+	�

�-% !"L�$� RK�S .1"/ �9
+(P �K +=.� 18  �
% �� ���-+F�
 �
M�.�8+	 ?�����P)".(V��'L'
M�.� 8 �
[8% (�� 8 !"/C+K�

��$�K  % RK�S 1: ���8% ���P �P �-% ?"\ �K ���-+F� W"/ 
�� Q��$2��.!"/ R
"V2 W8"�,% �K MP+�  % �L ZP'
[Z, "�%

 �� 8��'<� �C+K ��
+P'.	 �L �K R��P �'p �K  ZP'
[Z, ?�L
(�-8;�
M3
�> W8"�,% /!""�% .�9� Q�$� Y%�'� M����: N


3.- �P �+P ?%�%� 18  �
% �K |'K+� ?���q%���E ?�L
��2�<L 8 �
+(P �K !"/ �
M=2 ��	�� ,q�%�
M=2  ZE'
[Z,

�
+(E 8 W8"�,% �K !"/ ,s%���(E ,r%W8"�,% ,4%�
+(E ,
rr %8  ZP'
[Z, ���8+7���%�"E".9�L .W�'6 �K W8"�,%

��'<� �� �
M�I8  8 ��-�9��, �� +k� �K 8 ��%� �'�\ �L "-�
 ?�����E �P
!"/ �� +K�.Ke.P%8 +
  ?�L O.- �� y
 �K ?�L

 "./�K !"�: �'>8 �K ��T.�]�[:
 ZP'
[Z, +H2ONa++W8"�,% +��V�: +H+

Y'V�5�: ���(P +�
+(P +W8"�,% +��2�,: +�5-% 
 ZP'
[Z, +NaCl ���(P +W8"�,% +��V�: 

�
M=2 N
�9��
/ %�+,M��9C�- Y'�+	 8 �
+(E ?�����P �?
1: +K �L;
�, 
�J� 1���E% h2% Y8"> �� 8 �V-�
!"/ �I%�% -
"�% .�
+(P 1%M��  % �n��T� ��'� ?�LFe 8 "��%��'C+K �.�
�, 

�%�'<� ?8�Fe+3 +  Fe+2�K �V�� Si ]b[+(E'.�(E 8+<(S �� 
�� �%+S ��.�., 8"�+�F)R#/�.("��) �K`M�%8% ]_�[
 % �
 �
'��U ?��9
+(P��-+F��O.- �� �'>'� y�	�� ?�����P 

R�#$2��T-%8 �K �
 8 "�'/;O.- �K &'
M�.� 8 �L: �8�8 
-8 �K�;(K��+F����� �'>8 �K ".
: .h
+P �',]__[�9
+(P �() 

�'�\ %� �
�c: ?��3.- 1"/!��/�L? % �.� Fe, Mg 8Al 
��K ?��� �� �9	+F �%+S 8��� �2 v�� 1��K �%+3�9��- �>�� 

�� ".P .��
'3�"L 8 �
%8]_�[+p�C M�� �� 1�$� �P "..P
)'<=� �'�\;��P ��
+(P ��
M<L ?�� ,W8"�,% ,8 ���(P

 �+#(<) +3��$� Y'V�5�:�'3K:��KPHO.- �� �d.C 1�KM�� 
�� "/�K.

9	�%D�
M=2 N
�9��
/ %�+,M��B
+(E O.B- �� �
 "B�: ?�BL 
�9�% �K ,)W�'6 �K RE �L:FeO �-% !"/ �V-�J�.(

��'<� v�TA v�TA v�TA ��TA ��TA ��TA ��TA ��TA

SiO2 b_/�� b
/�� �b/�� �_/�� ��/�b �_/�� v�/�� ��/��

Al2O3 ��/_b �_/_� _�/_� �b/_� b
/_� b�/_� ��/_� ��/_�

TiO2 � ��/� �v/� �_/� � ��/� ��/� �

Cr2O3 �v/� �_/� � �_/� � � � �v/�

FeO b�/�� 
�/�
 ��/_b _�/�� �_/�
 �b/�� �_/�
 
v/��

MnO �v/� �v/� v�/� v�/� vv/� ��/_ _b/_ _

MgO v�/_� ��/_� ��/_� _�/_� �
/_� 
b/_� _b/_� bb/_�

CaO _�/� _ ��/� ��/� 
�/� �_/� ��/� _�/�

Na2O ��/� �_/� ��/� ��/� ��/� ��/� � ��/�

K2O ��/� � �b/� _�/� _�/� ��/� � ��/�

NiO ��/� � � � ��/� �v/� ��/� �_/�

Total v�/�� b�/�� �_/�
 ��/�� b�/�� �v/�v ��/�� b�/��

1'�2�P �%"n2 ~�-% +K �L
�1���P% h2% 

Si �
/v ��/v 
v/� �_/� ��/� ��/v ��/v bv/v

AlIV 
�/� 

/� �v/_ bb/_ bv/_ �
/� _�/� �v/�

AlVI 

/� 
v/� b�/_ _�/� �/� �b/� �b/� �_/�

Al �b/� ��/� �_/
 _v/� _v/� 
�/� �
/� ��/�

Ti � ��
/� ���/� ���/� ��_/� ���/� � ��_/�

Fe ��/� __/� v�/
 �_/� _�/� �b/� ��/v �b/
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