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Mineral chemistry and thermobarometry of Kuh e-Dom granitoid, 
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Abstract: Kuh e-Dom intrusion, located at the northeast of Ardestan, consists of granodiorite 
and diorite. The granodiorites have been intruded by various basic dikes. Plutonic rocks are 
mainly composed of plagioclase, biotite, amphibole, pyroxene, alkali-feldspar and quartz. 
Based on microprobe analysis, the biotite is classified as magnesiobiotites which typically 
occur at calc-alkaline orogenic igneous rocks. The amphibole belongs to calcic-amphibole 
group but its composition varies from magnesiohornblende to actinolite in granodiorite and 
from hornblende-actinolite to actinolite both in diorite and basic dikes. The plagioclase also 
shows variable composition from oligoclase to andesine in the granodiorite and from andesine 
to labradorite both in diorite and basic dikes. Based on the mineral chemistry data, the 
equilibrium temperature of the mineral crystallization is estimated at about 700°C, the 
pressure equilibrium occurred at ~1.5 Kb, which is consistent with a depth of 5.5 Km . 
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5����O Es� ��1�^ ����� 5D&� ��1�^ 5D&� 5D&� ��1�^ 5D&� 

SiO2`22/j� �22/je e`a/j� jj/j� e`a/j� ebj/j� aj`/j� `aj/j� 
TiO2�2h/jjee/jea`/ee��/eea`/eee�/e�bh/`�b2/�
Al2O3e�`/�j `�h/�e a��/�j `�`/�j a��/�j 2`j/�j e�`/�j e�/�j 
Cr2O3bb`j/bb��/bbj`/bb��/bbja/bbb
FeO �h`/�� b�2/2� eb�/�� a2�/�h eb�/�� ��a/�� a��/�a ej2/�h 
MnO jj�/beje/b2jh/b2b�/b2jh/b2eh/bb�j/bb��/b
MgO ja�/�2 h��/�2 2�h/�2 b�2/�2 2�h/�2 j2/�2 jeh/�2 2jh/�2 
CaO b�`/bbbe/bbbbbbb
Na2O�aj/b�bj/b�2h/bb��/b�2h/b�h�/b�e�/b��2/b
K2Ob��/�� �e/hja�/�� eaa/�� ja�/�� 2e�/�� �ja/�� �`�/�� 
NiO bbbbhe/bbbb�/bbb2�/b

o�/$ &C �H %*�'�D22	/$  !1 �S/�s� %n��D$ .
Si hb2/``ja/`ajh/`aaa/`ajh/`aa�/`ahh/`aba/`
AllV ��h/2e�j/22�2/222j/22�2/222e/22�2/22�j/2

AlVl j2�/bj��/b2hh/bj�a/b2hh/b2`j/b2aa/b�a�/b
Ti eje/bebh/b`j/b`je/b`j/b`j/b�b`/ba��/b
Fe3bbbbbbbb

Fe2��`/2h`�/2``e/2e��/2``e/2`ea/2je�/2eb�/2
Cr bbba/bbb2/bbbe/bbb2/bbb`/bbb
Mn be`/bb�/bbj2/bb2a/bbj2/bbjj/bb�2/bb�2/b
Mg �j2/2��2/jhh`/2heh/2hh`/2��e/2��/2hea/2
Ba bbbbbbbb
Ca bbj/bbb�/bbbbbbb
Na b`j/bbj2/bbj�/bbj�/bbj�/bb`a/bbe`/bbe�/b
K2eh/2ah�/�2he/2j2h/22he/22a`/2j��/2j2/2

Cations �`�/�� `a�/�� ��e/�� `h/�� ��e/�� ��e/�� `a�/�� `2�/�� 
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5����O Es� 5D&� ����� ��1�^ ��1�^ 5D&� ��1�^ 5D&� ��1�^ 5D&� 

SiO2�h`/e� j�a/eh jj�/eh bb�/`j �b�/ea �eh/`2 e�/`� ��/`� ��/`� 
TiO2�b�/bbe�/�2a�/�jj2/b��h/b�a/b�hh/b`�2/b�`2/b
Al2O3`�/e`�`/`hj/`bah/2he�/eb`j/j`2`/jj�`/j`ba/j
FeO 2`2/�e a�`/�e �e�/�` �e�/�2 �a/�e ��e/�` 2�`/�� aj�/�j ���/�j 

Cr2O3bbb2h/bb��/bbjh/bb`2/bb��/bb``/bb�a/b
MnO ``�/b`jj/b`�`/b``j/beh�/b�`h/b��j/b22h/b2`a/b
MgO `eh/�e ja/�j �`j/�j e2/�� jhe/�j ahe/�j `2�/�j ab�/�` e�/�` 
CaO ej�/�� 2ah/�� 2e�/�� �eh/�� �h�/�� ��e/�� a2`/�� �a�/�b 2�`/�� 
Na2Oh�h/bb��/��a�/bjhe/bb2�/�jb�/b2a`/b`h�/b�ja/b
K2Oe�j/b`h�/b`a�/b�ae/bea/b�2�/b��/b22`/bjb�/b
NiO b��/bbbee/bbbbbh/bbbbbh/b
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TSi ��2/a�be/a�a`/�`hh/a�e�/a``�/ae�e/aja�/ajh/a
TAl aaa/bh��/b���/bj`/bh`/beee/b`j�/b``h/b`�`/b
TFe3bj/bbbje/bb�2/bbb�/bbbba2/bb2`/b
TTi bbbbbbbbb

Sum-T hhhhhhhhh

CAl bbaj/bbbbbaa/bb��/bbb
CCr bbbbj/bbb�/bbbe/bbb�/bbb�/bbb�/bbb2/b
CFe3a`e/b���/bhh�/b�2h/b��/be��/b�h`/b�`/ba�j/b
CTi b�h/b��`/b�j�/bbj�/b�bj/bb��/bb2�/bb``/bba�/b
CMg �j�/j�j/2bb2/j`be/j�a`/2�aa/2�2`/2jej/jj2�/j
CFe2�e�/b��a/��bh/ba�e/b��a/�e��/�2h2/���h/bhbe/b
CMn b�h/bb��/bb�j/bb�a/bb��/bb��/bb2/bb2h/bbj�/b
CCa bbbbbbbbb

Sum-C `````````

BMg bbbbbbbbb
BFe2bbbbbbbbb
BMn bbbbbbbbb
BCa aae/�aaa/�aj�/�ah�/�ah�/�h�2/�h22/��a�/�ae/�
BNa 22�/b22j/�2��/b�ba/b2�e/bbh�/bbaa/b��j/b�ah/b

Sum-B 222h�j/�2�eh/��b�/�hej/���h/�

ACa bbbbbbbbb
ANa bbe/bbh�/bb�2/bbbhj/bbbbb
AK bh/b�b�/b�ba/bbj2/bbh�/bb2j/bb2/bbe�/bb``/b

Sum-A bhj/b��h/b���/bbj2/b�aj/bb2j/bb2/bbe�/bb``/b
Sum-Cat bhj/�` ��h/�` ���/�` �2`/�e �aj/�` �a�/�e �2/�e hhe/�e �aj/�e 
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SiO2�aa/`�b��/`2eh�/e� jh�/ea���/ea�`�/`2��`/e� 2je/eh�ae/eh `2/e� 
TiO2a�`/b`e/bbh2/�b�a/��j2/�2be/bbj�/�a`/b�a`/b�a�/b
Al2O3`e�/j2`�/j��`/��a�/a�2�/�e`e/2�2`/`�e`/``�`/`hj2/e
FeO j�a/���jh/�2ee�/�` `j/�` h��/�`�2�/�e��h/�e b�a/�``a�/�eae�/�e

Cr2O3b`/b�b�/bbbj2/bbbbe/bb`h/bbb2e/b
MnO j��/bja`/b�e`/b`ea/b`e�/bae�/b`�e/be�h/b`a/b`ah/b
MgO ajj/��bh�/�a bhe/�j j`/�j 2h�/�ja22/�``h�/�ehb�/�j h�h/�j�`h/�e
CaO ajh/��ja�/�� j`j/�b a�/�b 2b�/�b2je/��bb`/��j�`/��h��/�b ja�/��
Na2O��h/b�ae/beeh/�eja/�2jj/�eb�/bbhh/�be�/��2e/��h`/b
K2Oj�h/b2��/b��a/b��j/b`�/b�e�/b`j�/be�h/b`2�/b`�j/b
NiO b2/bb`e/bbbbbj�/bbbja/bbb��/b

o�/$ &C �H %*�'�D2j	/$  !1 �S/�s� %n��D$ .
TSi j2�/aj2h/ahj�/�he2/�hjh/�ee`/a�b�/ab��/aba�/abh�/a
TAl `�h/b`e/b���/��`h/���2/�e�2/bh�2/bh��/b�2�/bh�e/b
TFe3baj/b�2j/bbbb�ej/bbja/bb��/bb�/b
TTi bbbbbbbbbb

Sum-T hhhhhhhhhh

CAl bbbj�/bb�2/bb2�/bbbbbja/bb
CCr bb�/bb��/bbbbe/bbbbb`/bbba/bbbbj/b
CFe3�j/bhh�/bb��/�b�a/�2a�/��ja/b�b�/baha/bh`�/b���/b
CTi bh�/bb`a/b�2/b���/b�2j/bb22/b���/bbhj/b�ba/bba2/b
CMg `aj/j`h�/jh��/2haj/2ha2/2je`/j�ba/jb2`/jb�j/j���/j
CFe2��2/be�a/bhba/bh`�/b�ea/b�b�/bhbe/bbe�/���j/ba`j/b
CMn bee/bbe`/bbh/bb�a/bb��/bb�/bb�h/bb`h/bba/bba/b
CCa bbbbbbbbbb

Sum-C ``````````

BMg bbbbbbbbbb
BFe2bbbbbbbbbb
BMn bbbbbbbbbb
BCa hb�/�a�a/��j/��a`/�`he/�a�h/��h`/�ah2/��h�/�aee/�
BNa ��e/b�he/bja/bjej/bjea/b��j/bjb�/b2�h/bjb2/b2`�/b

Sum-B ��`/��b�/�22�j�/�hj�/��h�/�222

ACa bbbbbbbbbb
ANa bbbe2/bb`�/bbbbbh�/bb�`/bb�h/b
AK b�a/bbea/b�j�/b�22/b�b�/bb2�/bb�h/bbhh/bb�h/bb�e/b

Sum-A b�a/bbea/b�aj/b�h�/b�b�/bb2�/bb�h/b���/b��j/b���/b
Sum-Cat b�2/�`�eh/�e�aj/�` �h�/�`e��/�`h`a/�ebhe/�`���/�` ��j/�`���/�`
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��*@�  ��@1 gra 5 gra 4 gra 3 gra 2 gra 1 dio 8 dio 7 dio 6 dio 5 dio 4 dio3 dio 2 dio 1 
5����O Es� ��1�^ 5D&� ��1�^ ��1�^ 5D&� ��1�^ 5D&� ��1�^ 5D&� 5D&� ��1�^ ��1�^ 5D&� 

SiO2je�/�b eb�/`� 2��/�j �ej/�b b��/�2 ���/`� bj�/`` �a2/`` �b�/`` `j�/`2 hjh/`h �2e/`� 2�j/`` 
TiO2b`2/bbbb/bbbb/bbbb/bbbb/bb�j/bb�j/bbb2/bbjh/bbh�/bb�a/bbb�/bb`�/b
Al2O3j2�/2j �e`/2� �``/2j hea/2j b2`/2e h`a/2� ha�/2a 2�/2a a��/2a hb�/2h ea�/2` �ba/2� b��/2h 
FeO ���/b2ea/b�`h/b���/b`��/be��/bjee/b2��/b2j�/bj��/bj`�/b�h�/b2��/b
MnO b�h/bbbb/bb�/bb2/bbb2/bbee/bbbb/bbbb/bb2/bb2h/bb2j/bb`�/bb�2/b
MgO bb`/bb�/bbb�/bb��/b��h/b�ea/bb�`/bbb�/bb�a/bb�2/b�h`/b�2�/2b�j/b
CaO b�`/�jh�/��h�/ehea/`a��/�beh/�bj�/�b aee/�ja2/�b 2��/�� `a�/j�ee/`��a/�b 
Na2O��a/ajee/`aj�/hhb�/a2b�/a�`a/�`�/`h�a/``jh/`�`j/e`�e/`�2a/��aj/`
K2O`2�/b2�h/b``e/b``a/bj2h/j2j`/22��/b2bj/b2`�/b2``/behh/jha�/b2��/b

Cr2O3bbb/bbbb/bbbb/bbbb/bbej/bb�2/bbbb/bbbb/bbb2/bb2a/bbbb/bb�/bbbb/b
NiO bbb/bbbb/bb�j/bbbb/bbba/bb�`/bbea/bbbb/bb��/bbbb/bbbb/bbbj/bbbb/b

Si �2a/�b 2`�/�b �`a/�� ��e/�b b�e/�� jja/�b ���/���a/�b bb�/�b abj/�aa/�b 2�2/�b �h�/�
Al �ae/ea��/`hba/eb`e/`b`e/`aa/`��e/`he/`�2�/`2��/�e�2/`�2�/`�aj/`
Ti bba/bbbb/bbbb/bbbb/bbbb/bbb�/bbb�/bbbb/bbb`/bb�2/bbb�/bbb�/bbbh/b
Fe2b2`/bbjh/bb2j/bb2`/bbhe/bb�j/bb`2/bbe�/bbj�/bbe�/bb`e/b�`/bbe�/b
Mnbbj/bbbb/bbb�/bbbj/bbbb/bbba/bbbb/bbbb/bbbj/bbbe/bbbe/bbb�/bbb�/b
Mg bb�/bbbj/bbb2/bbb2/b��`/bbe/bbbe/bbb2/bbb`/bbbe/bb`/b`ah/bbbe/b
Ca�hj/�h2�/�hhe/b�2a/�jj�/b�h2/��`e/�h�a/�b��/22je/2a/b�b�/��`�/�
Na ah/2hhj/��ha/2a22/2e�e/2�ah/2���/�b�a/2�`�/����/��`a/��a2/2�hh/�
K�22/bb��/b�2`/b�2h/ba`h/b`2/bb��/bbea/bb`�/bb�/bh�`/b2b`/bb�/b

Ab �/�h h/e� a/ae e/�h `/�� �/`� j/e� `/`� e/eh �/e2 e/`� e/�2 �/e� 
An 2� j/eh �/22 j/2h e/�`/jb �/eh j/ea �/`b e/`� 2/2b h/j� �/eh 
Or jh/��/j2/j�/2� e/�j a/�2/�`/�`/�`/2j �/``/�

.����$��+ :
��*@�  ��@1 dio 10dio 9 dy 8dy 7dy 6dy5dy 4dy 3dy 2dy 1gra 9 gra 8 gra 7 gra 6 
5����O Es� ��1�^5D&� ��1�^����� ��1�^ 5D&� ����� 5D&� ��1�^ ��1�^ ��1�^ 5D&� ��1�^ 5D&� 

SiO2�jj/`e���/`e���/`j2�j/`j ��2/`2 b�j/`j ab�/`j �hh/`` e��/`` a2�/`e 2j�/�2 �j2/`a bj�/�e aj�/`a 
TiO2bjj/bbeh/bb2a/bb�e/bbej/bb��/bba`/bbee/bbeh/bbe2/bb�`/bbbb/bbbb/bbb/b
Al2O3`�j/2hee/2h �a�/2ha�h/2h e`j/2� ea`/2h `�h/2h ��`/2a jhh/2a �hj/2a eb`/2j h�h/2` �2�/�2 h2j/2` 
FeO j��/bebh/b�a`/bh�e/bh`�/ba2�/b`b�/be�j/b�ba/bab�/b���/b�h/b�`�/b��2/b
MnO b�h/bbbb/bbbb/bbbb/bb�j/bbbb/bbbb/bbbb/bb�h/bbba/bbbb/bbj�/bb�`/bbb/b
MgO bbb/bb��/bb`�/bb��/bbh2/bb��/bbj�/bbh2/bb`�/b�eh/bbbb/bbb�/bbbb/bbb/b
CaO �`2/�b�be/���ea/����h/�� `jj/�2 b��/�� ha2/�b hh/�e�`/�be�/�b h�e/e�ae/hb2j/j�jh/a
Na2Ob`�/`ba�/`jeh/e`��/e22a/e�b`/e�b`/ea`j/`e2e/``a�/`j�e/h2h�/�jje/�hh�/�
K2O2ej/b2e�/b�`�/b2b�/b��e/bj��/b2``/bja2/bj2`/beeh/bab�/b�ba/ba/b`eh/b

Cr2O3bbb/bbbb/bbbb/bbbb/bbbh/bbbb/bb��/bbb�/bbb�/bbbb/bbbb/bbbb/bb2`/bbb/b
NiO bbb/bbbb/b2h/bbbb/bbje/bbbb/bb��/bbbb/bbbb/bbhh/bb�h/bbb`/bbbb/bbb/b

Si he�/�he�/��hh/�a2j/�`je/�a`j/�h��/�bae/�b �bj/�b b��/�b baa/�� e`a/�b e��/�� ee�/�b 
Al �22/�bh�/�2�e/��aj/�je�/���e/��e�/�h2�/`ha`/`h`a/`�b`/e`�a/`e�e/e`be/`
Ti bb`/bbba/bbbe/bbb�/bbb�/bb�2/bb�/bbb�/bbba/bbb�/bbb2/bbbb/bbbb/bbb/b

Fe2bea/bb�2/b�e�/b�j2/b�j�/b��2/bbaa/bba�/bb�2/b�ba/bb2h/bb2a/bb2j/bb2�/b
Mn bbj/bbbb/bbbb/bbbb/bbb2/bbbb/bbbb/bbbb/bbbj/bbb�/bbbb/bbb�/bbb2/bbb/b
Mg bbb/bbbe/bb��/bb�a/bb22/bb�h/bb��/bbb2/bb�e/bbe/bbbb/bbb2/bbbb/bbb/b
Ca �j`/2��2/2jj�/22h2/2e`a/2��h/2�j�/2�j2/�h`j/���h/���h/b`h�/�`h�/b`j�/�
Na ahe/�ah�/�`j�/��2h/�`b�/�aeh/�aj�/�bj�/2���/��a�/�ha�/22�j/22eh/je�`/2
Kb`�/bb`a/bbj`/bbea/bbe`/bbh`/bb`�/bbha/bba�/b�b`/b��/b�e�/b��/b�2a/b

Ab �/ee �/ee e/j� �/e� `/ja a/ej j/ee 2/`b h/e� h/eh �/a2 �/`� e/h� 2/`� 
An a/`j �/`j a/`� a/`a e/�� 2/`e 2/`e �/ea 2/eh �/eh �/2j j/eb �/�e a/ja 
Or e/�e/��/b2/��/��/2`/��/22�/2e�/je/�/j
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TiO2b�/bbbbb2/bbb�2/bbb2/bbeh/bb`/bb�a/bb�e/bb2a/b
Al2O3e�j/�he�j/�hh�2/�hjaa/�h j`/�h 2��/�h j�2/�� e�`/�h `��/�h �b`/�h j�`/�h jh�/�h 
Fe2O3b`e/b��a/bbb�/bbe/bbh�/b�ba/b�b�/b��/b�e2/b�eh/bbh/bb��/b
MnO bb�h/bbbj�/bb2�/bbbj/bb2�/bbbj�/bbbb
CaO b�e/bbe/b�2`/bbe�/bb��/bb�2/bh�a/b�ee/bb��/bb`�/bba�/bb`j/b
Na2Oe�a/�22`/�b``/j�j�/��`�/2`b�/�2je/e`�2/2a`a/2`�/��j�/�b�j/�
K2Oa�h/�a2ea/�h��h/�e``a/�h �jh/�` ��j/�a ��j/�� eh�/�` ba`/�` ��a/�a eha/�a bj2/�h 

Cr2O3bbbbbbj�/bbb�/bbbbej/bb
NiO bbb�j/bb2/bbbb�j/bb�h/bbbbb

Si h`2/��h��/��he2/��he�/�� ha`/�� h2�/�� a`2/�� a�a/�� h�j/�� h`/�� hj�/�� he/�� 
Al ��/j��2/jbj�/e�ea/j�ee/j�`j/j�j�/ebj2/eb2�/e�ja/jbbj/e�hj/j
Ti bb�/bbbbbbb2/bbbba/bbba/bbb2/bbb�/bbbe/b

Fe2bbh/bb�h/bbb�/bbb�/bb�2/bb��/bb�a/bb�a/bb22/bb2j/bb�2/bb�`/b
Mn bbbj/bbbb`/bbbe/bbbbj/bbbb�/bbbb
Ca b�h/bbbh/bb2e/bb�/bb��/bb�2/b���/bb2�/bb�h/bb��/bb�`/bb�/b
Na `�a/bej�/bba`/�e/b�e�/b`je/be�/��2/b�h`/b`e�/beb`/bja�/b
K�22/e2ae/ej��/jj�a/e�e�/j2��/e��/2�`a/j`ej/j���/e�22/e2j2/e

Ab �/��2/��/2j`/h`/2b 2/�� j/je b/2b a/2� `/�� �/h2/h
An e/b2/b`/b2/be/bj/b�/j�/be/b2/bj/b2/b
Or `/hh�/�b �/a`j/�� �/a� `/hh �/�� e/a� �/aa j/hh h/�b �/�� 
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M2
AlX = (Al + Si - 8) / 2 
A
KX = K

Cm = Si + Al + Ti + Fe3+ + Fe2+ + Mg + Mn - 13 
A

VacX = 3 – Ca - Na – K - Cm 
A
NaX = Ca + Na + Cm - 2 
M4
NaX = (2 – Ca - Cm) / 2 
M4
CaX = Ca / 2 

R = 0.0083144 (kJ / k mol) 
 ;�H
�@� \�C pC$7� �
Si, Al, Fe, Mg 7Mn 
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