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Abstract: Igneous rocks of the Karaj Dam basement are mainly 
composed of gabbro, diorite and monzodiorite-monzonite which are 
locally penetrated by the quartz-monzonitic dikes. The upper and 
lower margins of the pluton, which has gabbroic composition, show 
porphyritic texture (chilled margin). The porphyritic texture in 
chilled margin gradually changes to the equigranular gabbro, diorite 
and monzodiorite-monzonite. The mineral chemistry (electron
microprobe analysis) of the plagioclase and pyroxene in various rock 
samples from lower contact chilled towards the upper parts 
suggesting differentiation processes. The Mg≠ of the pyroxene and 
An% of plagioclase of the contact chilled samples can be used as an 
indication of the original magma and plotted between the gabbro and 
monzonitic samples. In addition, increasing of the Mg≠ within the 
whole rock samples from the upper of contact chilled, in comparison 
to the lower one, suggests elements differentiation by the gravity 
diffusion. Moreover, Na2O, K2O and incompatible elements increase 
and MgO, Fe2O3 (tot), CaO and compatible elements decrease with 
the progress of the magma differentiation. The samples in the Log 
Ni-Log La and Log Ni-Log Zr diagram plot almost as straight 
horizontal line, which confirms occurrence of the magma 
differentiation.   
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b`/b` �`/� �l/| jb/l kj/� gh/`j bb/|� |/� �|/� �k/� gb/�� `�/jk �l/jk l|/`k g`/gb

kb/b` l`/� h/| bl/g |h/� lb/`j hl/|� |l/� � �`/� j|/�l gj/jk g`/jk bh/`| hl/gg

gh/b` ll/� jl/| �j/l |l/� bl/`j ||/|` |h/� � �j/� bj/�� j|/jj jg/j| ``/`k j|/gh

|`/b` lj/� lb/| gj/l j|/� hj/`j �k/|� |k/� � �`/� �g/�l j`/j| `j/jk jb/`j �`/gj

j/b` g/� gl/| |�/l kj/� hh/`j k/|� |l/� � � gb/�l �|/jk |k/jk gb/`k lg/gb
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��/b` gh/� b�/| �/g kj/� |�/`j lg/|� |g/� �|/� �j/� `g/�l jg/jj kg/j| `b/`k k`/gh

j|/jl jk/� k|/k jj/|k bl/� bb/l k�/`� ��/� kh/� � jl/�h b�/|b k`/|� `�/jb kl/k�

bl/j� k/� �k/| g`/|k bj/� l/� hg/� l`/� `l/� � l�/�h b`/|| gb/k` gj/jb �g/j�

b/b` `g/� g/` �k/|k k|/� hb/l hg/`` jh/� |l/� � �k/�g b`/|b k`/|h `l/jl k|/kb

g|/j� ||/� lh/` ``/|| j�/� l`/l hg/� g`/� `g/� �k/� g�/�k kl/|| kl/|l |j/j� bh/kh

j|/jl jk/� k|/k ||/|j bl/� bb/l k�/`� ��/� kh/� ��/� |g/�g h`/|b k|/|� �l/jb j`/k�

lj/j� k�/� �k/| g`/|k bj/� l�/� hg/� l`/� `l/� ��/� ��/�h bk/|| gg/k` g�/jb �`/j`

hb/b` `g/� g�/` �k/|k k|/� hb/l hg/`` jh/� |l/� ��/� �k/�g b`/|b k`/|h `�/jl k`/kb

g`/j� ||/� lh/` ``/|| j�/� l`/l hg/� g`/� `g/� �k/� gl/�k kl/|| kg/|l |b/j� bb/kh

��/j| ``/� kb/k gj/|k j`/� b�/g hb/� �j/� �k/� �|/� lj/�g g�/`� k`/|` ��/b� bk/|h
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l�/b� �l/� j�/| kl/|k jl/� �j/l gg/`� |�/� �`/� �`/� �h/�l �h/|| j�/|h bb/b� k�/kj
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kj/bj l�/|g ��/`` �b/k �h/� hb/�� hg/b j�/kb �k/bl
hb/b| lh/|l �b/`| gg/k gg/� h�/�� jk/j ��/k| b�/h|
b�/bk �`/|g k|/� �g/j k|/| |�/�l `�/`j l�/kg �k/jg
bl/b` kj/|l ��/`| gj/k l|/� |`/�l g`/j h|/k| hg/h|
h�/b` lk/|g bb/`| �b/j l�/� lk/�g �j/b �|/kb �j/b�
kj/b` �h/|l l�/`| �|/k gk/� gg/�g `b/j �b/kj l`/h`
b�/b| hg/|g �k/`| �k/j �b/� ��/�g bj/b hj/kb l|/bl
gl/b` g�/|g h�/`| l�/k l`/� jg/�g g`/j hb/kk hk/h`
k�/b` l`/|g g`/`| gg/k lj/� kk/�g lj/j |b/kk ��/h`
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`h/h� `g/|k  jj/`� �|/k h`/� |�/�l kb/j lj/k| l`/h|
l`/b� gj/|j `|/`j ��/� ��/� jk/�` ��`/� ��k/� ��g/��
gh/b| `g/|� �k/`k �j/k j�/� �l/`�� gll/| j`k/kj l��/h|
�|/bk l`/|l l�/`| �l/k b�/� �b/�� l��/| l`�/kj |�`/hj
��/b| hl/|l �`/`k �h/j jk/� �b/�� jg�/| `g`/kb kb�/h|
�j/b| hg/|l gk/`| �k/k jk/� j|/�� b�b/| �k`/kj bhj/h|
gh/bk |l/|l �l/`| hj/j kj/� h�/�� �hj/` |��/j� l|g/bg
�b/b` j|/k� kb/`j bl/k `k/� `b/`�� gbg/� lbj/k� kl�/hl
j`/jj jb/|l `h/`h �j/| �`/` hk/�j |��/`� hhg/`h �jk/gk
j�/bk b/|l k/`| ``/j bh/� hg/�� |hl/k jb`/kh |l`/h�  

gg/b| `g/|� �k/`k �j/k j�/� `k/`�� l`|/| kg|/kj l`b/h|
�k/bk l`/|l l�/`| �l/k b/� ��/�� lgl/| l`b/kj k�l/h|
��/b| h�/|l �`/`k �h/j jk/� ��/�� jbk/| |�h/kb kj`/h|
�j/b| hg/|l gk/`| �k/k jk/� j�/�� b`b/| �j`/kj bjj/h|
gh/bk |l/|l �l/`| hj/j kj/� h�/�� �k�/` |``/j� lb�/bg
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�b/b` g|/|g kb/`j bl/k `k/� j�/�g gkl/� lgj/k� kll/hl
jb/hk b|/`g �g/� jg/� �k/`b g�/�h ``/�b b|/j kg/�
�`/h| ��/`g �`/� �b/� �|/`h �`/�h g�/�` |h/l �j/�
bb/hk bj/`g �l/� ��/` b�/`b �h/�g hg/�� �|/l j`/�
jj/hk b|/`g �g/� jg/� �k/`b hl/�h `k/�b b|/j kb/�
`k/h| b�/`h ��/� bj/� �`/`g `l/�h kl/�b h�/j �`/�
��/hj �b/`b �b/� �|/� �l/`h ��/�g `g/�| b�/g |j/�
�b/hk ||/`g �`/� j�/| bh/`h `b/`�� ��/l` �j/`l �h/�
�g/h| �`/`h �b/� g�/� ��/`g gk/�h l�/�k ll/b |k/�
b/hj �`/|k gh/� `�/� `g/| gj/�� �j/`k `�/lk lh/k
k/hl ``/`� `�/� kk/`` `g/� bk/�� ��/` bb/�l jh/�
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hb/hb jg/`l jb/� �g/`� bg/� `k/�h |b/k h`/�j `j/|
�l/hg bl/`l |b/� jg/`` �g/� jg/�g kl/� jb/�l `g/`
``/hl `b/`� k�/� `b/`` k�/� k�/�� |k/| �k/�b lj/`
ll/hl k|/`� j�/� gj/`` �l/� jh/`�� jk/� g`/�g lh/`
g�/hl `�/`� bj/� `b/`� k`/| lk/`�� g�/`| l`/lj j�/|
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SiO2 ||/jl b�/jl �l/j� `|/j� `�/b� `�/b� kj/b� g�/b� b�/b` g|/b` g|/b| ��/bk �|/bj `�/bh
TiO2 lj/� lj/� l�/� lj/� �`/� �j/� |/� ��/� ��/� �l/` �|/� �|/� �`/` |�/`
Al2O3 g`/`g j�/`g jh/`g `|/`g hb/`g �b/`g k|/`g h�/`g lb/`g �g/`g ��/`l |�/`g �`/`g jj/`h
FeO jk/l kg/l ``/l �`/g jh/g g�/g k`/b b�/g k|/g kg/h jj/h kk/h `/h `g/h
MnO `h/� `g/� `g/� `g/� `h/� `g/� `k/� `�/� `b/� `k/� `k/� k/� `j/� `k/�
MgO |g/b g�/b |�/b |b/h g�/j jl/j �b/j hb/j |b/j hg/| gg/| �|/k |b/k gl/`
CaO l`/g �`/� j`/� |g/l g�/l ll/g bk/`� gb/l �h/l `j/`` `b/g �b/h l`/j gl/k
Na2O k�/| |l/| �b/| �b/k �l/| kh/k kh/k h�/k �h/k kl/k kl/k �k/j b|/j j�/j
K2O gb/k `k/k `|/| �h/| `b/k ``/k gh/| lg/| |�/k lg/k l`/k `�/b �`/h bj/h
P205 |h/� |h/� kh/� |h/� b�/� jk/� j�/� jl/� b`/� h|/� bj/� bj/� b`/� b|/�
Sum lk/�j hb/�h gj/�b gl/�b k`/�h |`/�h `|/�b kk/�g l�/�h �h/�� �b/�b ||/�g j�/�g `h/�g
Ni ��/kh ��/j� ��/kh ��/lk ��/kj ��/|l ��/k` ��/kb ��/k| `k ��/`g ��/`g ��/`| ��/�
Co h�/k` b�/kj j�/|l b�/k` ��/|g ��/|j j�/`b ��/|� ��/`h j/`b k�/`h ��/`b ��/`k `�/`�
Sc ��/|� ��/kj ��/|b ��/|g ��/|| ��/|| ��/|` ��/b ��/|� k� ��/`h ��/`g ��/`h ��/`b
V ��/|kk ��/|j� ��/`�b ��/||| ��/`�l ��/|�| ��/`l� ��/|�` ��/`hk `hl ��/`b� ��/`jb ��/`|| ��/`�`
Cr ��/hk ��/gh ��/g| ��/`l� ��/bg ��/bk ��/jg ��/hl ��/kg `k ��/kb ��/k� ��/|` ��/`�
Zn ��/�h ��/gg ��/gb ��/hh ��/g` ��b ��/k| ��/gk ��/h` j/hb ��/h� ��/g� ��/b| ��/j�
Rb ��/`�` `�/g` ��/jg j�/gk ��/gl ��/l� ��/gj ��/b� ��/l| 0 h�/lb ��/�� ��/`k` ��/`j�
Ba ��/gjk ��/h�| ��/b`� ��/lgl ��/h�� ��/g|| ��/blh ��/b`| ��/gk� hjg ��/gkb ��/l|b ��/�l� ��/`�h�
Sr ��/l�� ��/h|l ��/h�h ��hhg ��/h�l ��/h�� ��/hk| ��/bl� ��/b�l b�l ��/blj ��/j|b ��/|g� ��/`lj
Ga ��/`b ��/`g ��/`g ��/`h ��/`g ��/`g ��/`g ��/`g ��/`g 0 ��/`g ��/`h ��/`g ��/`h
Nb ��/h ��/b ��/g ��/b ��/g ��/g ��/g ��/g ��/� 0 ��/`� ��/`k ��/`b ��/`l
Hf ��/| ��/| ��/| ��/| ��/| ��/| ��/| ��/| ��/k 0 ��/k ��/j ��/b ��/b
Zr l�/hl k�/hg k�/hj g�/b� ��/bl |�/bl b�/hb ��/hh ��/�g k/|h j�/�g ��/`�| ��/`bh ��/`hb
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Y h�/`l k�/`� b�/|| j�/`g ��/|| b�/|k ��/|k ��/|| k�/|l k/|| ��/|g ��/k| ��/k� k�/jj
Th k�/k |�/k |�/k `�/k hb/k g�/k j�/k k�/k ��/h 0 l�/b |�/h b�/g l�/g
U �g/` �|/` �j/� ��/� �`/� lh/� lg/� �|/� b�/` 0 bh/` lb/` ��/` `g/|
Cs j�/� ��/` b�/` g�/� ��/` ��/� g�/� bb/` lg/� 0 ��/� �l/� |�/` k�/`
Ta b�/� b�/� b�/� b�/� bb/� h�/� b�/� b�/� h�/� 0 h�/� h�/� ll/� ��/�
La l�/`g ��/`l `�/|` h�/`h l�/|` |�/|| |�/|` |�/|` h�/|l |/|� l�/k� k�/kj k�/j| b�/jh
Ce k�/kb g�/kj g�/j| k�/k| k�/jk `�/jb k�/jj b�/j| `�/bl 0 k�/h` ��/hl ��/lb g�/�h
Nd h�/`g g�/`g b�/|| j�/`h ��/|k ��/|k ��/|| ��/|| `|/|g 0 b�/|� `�/k| ��/k� l�/jh
Sm `�/j `�/j ��/j h�/k `�/b j�/b ��/b lb/j `�/h 0 |�/h l�/h ��/l ��/�
Eu jj/` kh/` jg/` |�/` b|/` bj/` j`/` jg/` hl/` 0 gj/` ||/| �l/k `�/|
Gd kg/j k�/j kj/b ��/j b�/b hb/b jb/b j�/b |`/h 0 jb/h `�/g l�/l b�/`�
Dy h�/k hl/k `k/j |�/k |�/j |j/j ||/j `b/j �l/j 0 `k/b `�/h ��/g |l/l
Er �j/| ��/` bb/| lj/` b�/| b�/| jh/| j�/| l�/| 0 lb/| `�/k |`/j �b/j
Yb ��/` ��/` |�/| g�/` j�/| b�/| k�/| `b/| gl/| 0 l�/| b`/k `�/j ��/j
Tb hj/� hj/� gl/� h|/� gg/� gl/� gh/� gl/� �|/� 0 �b/� �`/` j`/` bk/`
Ho g�/� hh/� lj/� hl/� lh/� lg/� lk/� l`/� ��/� 0 �`/` �l/` b|/` h�/`
Tm |�/� |g/� kj/� |g/� kb/� kg/� kh/� kb/� j�/� 0 j|/� j�/� bk/� g|/�
Lu k�/� |�/� jj/� |l/� jb/� jb/� kl/� jj/� j`/� 0 j|/� bb/� gb/� l`/�
Pb ��/k ��/h ��/� ��/h l�/� ��/g ��/g ��/l ``/� h ��/`k ��/`| ��/g ��/g
Pr |h/j k|/j kb/b ��/j jb/b bh/b h|/b j`/b �|/g 0 b�/g |�/l l�/� g�/``

Rb/Sr ``kb/� ``k/� �g�/� ``/� `|l/� `k`j/� ``g`/� �lj�/� `kg`/� 0 `jhh/� |kk/� jh�b/� gh��/�
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