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Abstract: In the west of Marand in Ghekhlar area, the Upper Miocene­
Pleistocene volcanic rocks, including intermediate to acidic basic alkaline 
and lampr~phyric, are extensive exposed. Trachy-andesite rocks of this area 
contain carbonatite-silicate xenoliths, which according to mineralogical 
studies, are calcite - carbonatite type. The minerals of calcite, diopside, 
anorthite, phlogopite, amphibole, apatite, biotite and titano-magnetite are 
essential minerals, which belong to calcic and hydrous carbonatite types. 
The dacitic volcanic rocks of this area also contain carbonates globules that 
formed fr9m calcite and euhedral apatites. These xenoliths are 
geochemically characterized by high content ofCaO, Fe203, MgO, P20S, Cr, 
Ni, Y, Cu, Zn which are related to host rock. REE pattern displays 
fractionated pattern (CelYb)N = 24-29 and lack ofEu negative signature. The 
source of these xenoliths can be attributed to disequilibrium partial melting 
of metasomatized mantle by either released fluids from subducted slab or 
silicate melts derived from melting of subducted slab. Association of 
silicates and carbonates in xenoliths can be related to mingling and 
immiscible fluids. 

Keywords: xenolith, Ghekhlar, carbonatite-silicate, mantle metasomatism. 



t.r'W,;r.-oJ ~J~'~"~ ~..u:..:..;I,) .J:r,i ~/J:...!.jl,) 

A.Jahangiri@ tabrizu.ac.ir :~J.rs:;1 ~ 

<\,Ar/\I''(Y IS.~"';""'; "::"';4.).) .\iAOIi/'(· oI.llA..o "::"';4).) 

~ 0-'~ L.; u-!')I~ 0-'~ ~\..!..i.!.;j IS~ .)')G.! 4>G).)'~;A yj.).) :o~ 

<.5 10.);....-! .)~'.r. ·1S~'r."')I <.5~b , u-!~ ~j~ <.5~ , '<.5~Il; .h....,:.. ~; 

~~~~.f <.5~ \) ~~ 0lr-! 04>G 0!,\ ~j~l";\; IS~ 0' ) .) . ..I.i) J 

" IC.:........;L.:., < l'~ '11 .- 7L.:., < . I L.:....:. .l) uWlho L..,\ oS ..I.i/o.)/.) 1<'7 
~ - .r ~) ~ .r u-!. I.S"""" I..S' U'" .r. v:---' 

- yl..:.;i , ..:-..;; ~ ,..:-..;;4j 'J~l ,~y,li .~ ),;1 ,~~J .~ l.S~lJ .~ 

, ~ 1S~~yS o,y! ).) oS ~1lS'"~ 0,.r. ")L..» 0!,1 o...I..:AJ ~ 1.S1,r.-/ ~ 

a..S ~ 4.i~yS ;I u-!lA.~y 1S,l> ;,:.; ~ 0!,1 ~I.) I.S~ . ..I.iy.:!\5")) )'"'-!i 
t.. L.........!. " L:.: '11.- I . • . 1 . ..I.ilo.l...!. I (' ' 7 ..::.....;t..j I.) 1< ' . ..::....!..) 1.:[5' ..:....-lS'.\ . .s." - ").r") ~~) (.)'! ~ _ .) IJ""-' ) I.S~ , _ ) 

0~,r... ....!..:....... "'-! ..::...:-; Cr , .Ni ,V .CU .zn .r"'~ , .MgO .Fe203 .P20S I.S')'~ r,.JI.i.. 

--.r. 0'~ , (CelYb)N = 24 - 29 L;j~ ~yA; 4 j y4S ."....l.:& I.S~I .~,.:.~ o~.) 

~ tri ~ ..l-.:....;I;G ~Y'.) ~ ry.0,.r. IS~ 0!,1 ol!:;...,l> . .:......1 Eu ~ IS)~ 

;I 0">"'::' .)1) )) .)1,.. 6.4--, ~ ~I'y~ ~y ISJ~}'J '.)":'\5" o.)IJ ~ • .)~}'.) ~y 

....-:j}' u)}-'D o~,),) ~ y,.) ;I J...l> ~~ 0~1 ~ , .o..l.i')l,i I.S"",;~I ~ 

o~.~ ~ 'r~ 0'r-! ~ u)}-'D "'-! ~~, ~~.f ~1~.s.:..;5 01'y~ . .l...!.~ 
. .l...!.t.. - "L.:., < -ts:....L...... . ,{".j loG J.,')l;.>\ {"- .:....j . ~ .r, I..S' - - ur. <.5r,. v , ~ 



).::. ).::...::..~}' ~\....:...Q..!.ji IS~' ~LS:'::1.~ ... ,-~~}' ('y, 0,r. IS~ ~I~ .Jli.. ~I 

~ .::.),..1) ('y, 0,r. IS~ ~I ~~j, \.5"""U~l) ')~ ~[j ..I.i,;-o y;'.lO.h;.. 

~L.:::..i.!..ii IS~ '~r.0~~)i 0l::......1 ..I.i,;-o y;' o~j ')~ <l.:>[j ).::. . .u.'::'IS"')} 

lS~o.; 0,).::. ;1.0 ..I.i)'::' '::'},r. ~I.::. l; ~j..l.ii ~,r.:; ~; ~ • .h....,::.... l; 1S~ ... ·..1 

~ IS~~ ..)..;.ji...A ~b 1S~\....:...Q..!.ji .r..j IS~~ , • ..I.ilo..l...oi \'~ 0-'}:-" ..5..:,) tr 
IS~W .~~ ~I 1S~4- Jl:J.::. ~ . ..I.ilo.::.),i '::'9,-, ~ I) ~I.::. t~l; , \.5""" ci.a.li 

).::. .[r,' 1 ..I.ilo..l...!o j~i o.h.:..o ).::. 1Sy.;J,r.-"\' IS~I.::. , ($.~ 1S~lj~ ~; ~ ~l..!..A..!.Ji 
.. l.5:.J......r- - - l.;.., (' • 1.<"·. ..........Il; - ·..I.ii.......s " l.. ·\....:...Q..!.ji I.f' · .. .::. IS' ,,- ~ .r ('y, u,r. IS~ IS - \,S'"!.) . " .r . I.S' IS~ u') 

..:...34, .h....,::.... <lib l; ~) ~I.::. , 0 r-i IS;:-Sl> ~) ~ , .~L... 0'::' ~ .::.,.l> ).::. lSyhi ~ 

, . ..:..;;~ 1 .~ lS~lS ~b IS~ 0,).::. ).::. ;\'~ IS~;I; ).::. ~.::. .j}:> ;I . ..l.i"='1S'" 

1.- .: l.;.., ('.::.~ . ..I.ilo..l...!o 00.\.0'::' - - 'L... l; - - I -.l.:..> o·I..I.iI.::. ~cI..:>t.o-f'..::.. <\.> ·...4..,1 ~ .r r.-- - ~ ~ y ) ) ($. y - ,.. )~ . v--

).::. .[r] .:......,1 o..l...!o ..p):;! 0lp, .bli; ~ ).::. ~ jI o.l.!..j t~1 ~)~i IS~ , 

.[r l; 1'].:......,1 .::.[j t:..........; 1"1 tWI ·L!..A..!.;i . r l • f' . . l.. I. - .:l.;.., (' ~I ~ <l.S:.J1.". ) . ~) . I.S' '""~ . ~ .r u--.r- -

.1 .-~ . ..>1 " 1 0'::' - f' l....-. l....o......!. U ·lS.......s .. l.. .. -l.;.., (' .".1.(" .. u'T:"" <.:>- }J) .r---) ... ($. .... , \.5""" I.S' . .. .r . ~ .r '""~ 
.::. ...I.:>tA 1"1 tWI .".I.f' · . ol~ .r l . - "l.;.., (' U ·l).......s .. I • ..I.ilo..l...!o.a.::..>W , ~ ) . '""~ .r- '""~ .r \.5""" t..s' . .. .r IS" 

~.::. ~ ~i \.5""")r. .~j ~).::. ~~}' IS~ ..;.;...J 0'::'y, .::.,..l..:><..o '::'9,-, ~ . ..:......1 

r.. l>~ 0'::'y, I).::. J..:.l.::. ~ 1S.::.L:.:;j1 ):.; jI , o::...,;,y IS'::'~./'::' .hJLho ).::. .0 ~ ~ 

1S4.-L ~I~ .~ ($.1.;-. ~ ~IISI).::. • ..l.i)'::' REE y~ ~l> r"l..:.& 1S.::.l..a:;j1 

IS~~I) ~ ~I, ($.W"L.. IS~'; ).::. ).::...::..~)' ~L!..i.!..ii IS~ , ~~}' ('y, 0,r. 

;I , o..l.i,),) \.5""",;~1 ~ ($.I.::.];i ~I) ~ ''::')'>r. ;I ~ IS~'; , .~I),) ~4,4 

~ 4, , ~j,.tS1 ~ ~~i o)l....» jI )j,f ).::. CO2 , H20 ..)..;.jw. ($.~~i u.::.l.::. ..:.......::. 

~. , ~o)~ ~I . ..l...!o 0.::.1.::. ~ o..l.i,)) ~ y,~ ;I J..ol> IS~I ~~ u~i 
~y,~, o..l...!o o::...,;,y IS'::'~./'::'~'" ~'~.r. Wy ~ '::')'>r.)'::' 1S~11S~~i 
<lilL...::.~ . .::. . - "l.;.., (' • _f' .j 1(" '7 <\.> ~ .S..l.il l....-. . ' l.. o~ . ~ 0::...,;,-<" ". r.-- ""'IS'" ~ ·r ur. u-:.---- . F ' --- ) " . c:.r . u-- Y 

. r~~ L "ts:...L...... ·L!..A..!.;i 1.<"· . l.. - -l.;.., (' ~cI..:>t.o-(" • 1.(" .. '"" - " , I.S' ".. I.S' IS~ . ~ .r IS y .. Y' ('y, u,r. IS~ 

.[0] .:......,1 o~ ~ .r..~[j .b)l;.>1 0?i ,.::. '::'9,-, 01~ ~ .~~ 

uJ~ "';'J 

cbli.. .<I.ih.:... ~L!..Q..!.ji IS~ ;lIS)'::' r.~""'; , ($.I~ 1S~)r. ;I ~ )lS ~I ).::. 

.::.),.. lS~lS ($.L...U 1S1r. ~~,....; ;l1S.::.1..u.; , .o..Jlb ~ '-:;'y....,,~ ~ ~i ;I ~j[j 



-JW u-'W~j 0L.jL.. Ka = ' ,01' A ...r-- ' ....... ~ 4 0··· ~j XRD .~~ 4)i; 

, .)..-1 ..,....~ )~ )i; ~)!JA ~LA4.i""'; ~~ ~r.u .~ ~ )} 1S"").r. ~)!JA 4),..:.5 y;& 

.-::.....1 o.l..!. r~1 ~I;:....I )~ ICP-MS ~ ~L> y~ ..,....~ , XRF ~ uS') 

~1.sA~~W~j 

.-::.....1 d~ U),- ~, ~l..::..A..!.;1 ~4-::JW ~~.; 0L.j J,.b )~ 0~~).)1 JW)~ 

.-::.....1 o~~ )~)'>.r. ~~ U~ jl0-'~ - ~lj,; 0-'~ , 0-'yl 0L.j )~ 4-::JW (r.1 

~ ~.~ , ~~I \; ..r> .:"JLS:J1 ,s:JlS' ~LAW'L. ;I ~lo~;;-5 t;;-5 )~ # LA. jI..l! ~ .; 

~ ~l(.A,s ~W ~I~ , ,.l.j.;A y;& • ~ j )~ .,.l.jl~ )~ ~~ ~ . ...I-J , ~~ ~L. 

..:..... ·..I..il .........s - l.. ·l..::..A..!.;1 . LAo~ - .) ' . l.. ·l..::..A..!.;1 I. - IW 4' - I ~ JW ~ .) . . .r . ~ .r..) ~ ,. ~ . ~ ~~.r..r.' ...r-' ) , 

, [vI .~ Or. ~lS'I~1 ~~yj ~4-::!'.i1., 4 0-'~ y>1,1 )~ ~I~ }i.) - ~b­

-~ .... 1.)1 ~}.;I,s , 0-'~ 0L.j)~ ~~~ \; ~~ ~.~ ~LAojl..l! 0.l..!. [)L> 4 

-::.....1 ~~,~~ ~~I~ -sA.~ ~ olrA .uk.:... )~ ~l.!..4..!.;1 -s4-::Jw (r..t>1 .[, I ~4 
I. - ' :dJ' ~'I - I~ \; -· ..I..il q .. - - ·..I..il .........s .. L ·l.!..A..::..:il . LAo~ - .[ r I -s~ 0') ) ~ I.$'"!.) lS.r I.$'"!.) . - .r . ~ .r..) ~ ,. 

\; ~. j..l..il ~I.; -s~ .(\ ~) ..I..ilo.l..!. [)L> 0-'~ )~~j -S~)L. , ~ ..... L. 

0,.r. -s~ .s ..I..i1~~yS , ,.r.lS' 4~~1 ~~ 0,.r. -s~ -S,b 4~4 ~b 

. ..I..i)b),>.r. -S~ ~I,I) jI ~~I ($"'~ 

~,;j , ~W ~lS' 
- ' ..1..>1 \; - ·..I..ii q .. .........s " L I. (' . . ~ .. ts:....L- ""t.:... (" I • ~ . . -'--'-1.) ~.) - lS.r . .. .r . ~~) ~ .. " ~ .r 15"~ 0,.r. -s~ 

. ..I..i~15" ;AU:; ~b ~l.!..4..!.;1 ~~ )~ )~u~yS -sLA~,r , ..I..i r.? 15" )} -:.Jlj~ 
•• 0 (' - I;' ~ ~ L.....ili..:.........J.f 1. :lS' ~ ~ : l.!..; XRD -(" . (" - I. . 
4~. ,... r- 4 " .}i. 4). 4 " -S~ y,-, r , ~""-'.r::- ~~).r. 

.(r ~) -::.....1 ($"'~ 0,.r. -s~ )~ -s).i -s~lS' , ~r.? 4~.,::J 1 4~~i 4J~1 

. ..I.a~($"' ~ I) .;~yS ~LA~f ~I ~~lS' ~I , ~~1 4~ ~~lS' 

~~lS' ~ ~w .s ~~i 4 .lrA (\) : ..I..i~($"' .~~ LA4.i""'; )~ u),- ,~ ~ ~ 

~ (r), (r ~) ~($"' Yv I) (r.~I, ~y,u 4.:rS,r.?~ 4)~.w ~L..;~ 

~ u)'~)~ ~ -s~)!JA)~.s .;~ ~ ~ .lrA • .l..!. ~~~;Z u),.. 

.r. ~~ 1Y..).)i ~~ ~~lS' ,)~~ -s~4i ~ ~ u-AlrA . .u.~($"'o 0l.!..; .;~),> 

..,.-11 , ..I.a~($"' 0l.!..; I) ~L..,; ~~4.ih.:... ~ LA j')JS }i.j~ .-::.....f 01 ~W'L. .l!::.-.~ 

~.; pl.!..; .s -::.....1 ~') ..!.;) -sl)~ LA~ .~~~ Yv ~ ~ 4-ii 0')~ ~ 
. ..I..ilo~ cu), cu),~. , ~ ~~, ~ ~y,u -sLA),.4 jI ~ .-::.....~1 ~y,u 
. ' . (" o· 1(" J . 1 " I ~ "·(' ·· ..I..oI~b ~ • I~ I(" A.. .... - II r,J l.r-' ,r.?r::-'"" ~ ........... 0 I.$'"!.~.... )' .......... ) ~ .... ),- . (r.~ 



rrr 

jI ~~ , 0-'1 1.5u.~1 .(r jS:.!.) .l.i).) ),..A> u.4..i,..... ).) ..r) (.$~lS" U),.- ~ 

~j ~L...~.) . .)...;.A.).r 0l.!..i I) 0-'1 ~')~, ~~,J ~ ~r,.:; ~ ..\.:,j1,1) (.$~ 

.}lS" .l.il,;u-- ~ ..::....,1 o.l..!. ~ XRD ~ \S"')r. ).) \S"') 1.5~lS" .)y,-, ~ 1.51~ 

-to .),.l..»') , CaO J \Y-\A 1.51).) • .l..!..u.Ju.... 4..i,.....I,Si.~~j)Ai jI . .l..!.~ .-. _ -~_I 

;I Ti02, Fe203, MgO, P20S ...,Lol 1.5u.~1 ).u.. ~ . .l.il~ ~).) ff 

I.5P ~ ~ Ah03, K20 (.$;-5 r..)l.i.. 1.51).) , • .)}! ;'Y~ • .l.ir-! r. ).) (.$~ 
.ClI .2n .V r'~,;-5 ~I,I) 1.51).) Zr , .Rb .Sr .Ba r'~ '..r} r-la jI . ..\.:,j~.r.-­

).)\.; r-~ ).),..... .(\ J,~) ~ ~ ~I,I} 1.51).) 0~.r.-- (.$P ~ ~ Cr , .Ni 

1.5)~ 0'~ (CelYb)N z: 24 - 29 .~Iy? I.5,!JI [Al~)~ ~ • .l..!. )~ ,ft 
~ y,.) , LREE r-~ ) .l!::......l> 0.l..!.~ pl.!.; ~ .(T jS:.!.) ..:......1 tu ~ 

. ..::....,1 ..:...:..I.l.i )~ 4.lLA; ).) ~ , tl..!..;... ~ ).) j)lS }!.j~ ~ ..:......1 ..;;.- ).) .~L;. 

.:r..y;; \ /r (:) •••• L:..i; j1 U"'L:;.i1 .• ~ u1LJ.... tt.J...;.. ~,.. , .J.j.r" '-:'):. u-'w~ j ~ 'jJ:..:t 

.-:;,I.r.:-" 4)# ~w~ j 0L. jL.. 



~
 

C
ou

nt
s 

".
 

0.
00

 
00

0 
Co

un
ts 

51
.00

 
,t-

~
 

51
.00

 
't

 
~
 

~.
~ 

1 
:~

 
1 

G,
 

",
 

:f-
b 

t 
·9

.80
 

o 
,'

.44
0 

f 
.... 

\:
 

en 

r ~
 

j 
11 1

"
'"

 
I 

::
;,

 
·4

.0
50

 

~
. 

N
 

.f
~1

 

:F 
(I

I 
r.

-
·3

.38
3 

·3
21

6 
:;

~-
: 

·3.
'11

 
.3.

22
2 

to>
 

·3
.1
~
 

·3
.03

1 
.3.

G2
9 

• 
0 
~
 

·2
.l!4

ti 
o 

.2.
91

7 
't

 
c·

 
~
 

·2
.7

06
 

~
 

to>
 

J 
~,

':
:;

;;
: 

·2
.62

9 
~
 

en 
·2

.52
4 

G
, 

t 
f. 
~i

--
-". 

• 0 
(
,
 

'-
J 

• 
\ 

::...
 

(I
I 

(J
I 

X
 

tE
 ~.

!
=
 

·1
.e

lU
 

ClI
 

0 

,,
-

X
 

1-
't

, 
g
~
 

(I
I 

~
 

(J
I 

G:
 ~

> 

1=
 

G
 

~
 
~
-

o 
.1

.5
20

 
0 

~
t
 

~ 
·1

.43
8 

G
 

J' 
~ 

(J
I 

ir
. 

-.jJ
= 

"I
S:

:-
I 

I~
 

0 
0 

-f
\ 



.:> . - 'I I.:> K •. _I . -..All -~ - - -L.:.., <; (' • . ,..I.~ ·. -<; . <; - L.:..; r I(, A, 
) (j!.~ ) ...r- ) ,-; '<.S' - - ~ .r ~ ult! '-"~ .s.,..,.....,~ r-' ~ 

. ..::-,.;4.1 , ~ jI !.SI~,) ).:> , ~~.i .:....A ~ )IS J-!.)~ )~ ":""'!').:> -'-:-' .<':";.,)..l..i 1 u-S ,.r.-; 
~.~ ).:> ~ ,~ , ~~ ~ ~,) ).:> ,)'% }-!)~ , ,~,f,li 'J~I -t 
.j! !.SI~,) )~ 0tHI !.Su),.4 ":""'::'L:-;I-.:> . ..L:.A>':>(..5'""" 0l..!.....; !.S).:>6.....iI..l..i~ ~l> , .;.:»,> ,~ 

~I )~ ..l..i4 ~ .:Jl> , • ..l..iloJ....:J .u), .u), , <l.bl>1 ~ ~, ~ ~,f,li !.S~),.4 -0 .~ 

:Cc . ..::-,.;41 Ap .0tHI :01 .~~,)).:> j'% ~.j~, J~1 !.S4r-i1S -, .,:>''':'is" o.al.!... 

,~ :GI .~,f,li :Phi .J~I Amph ',)'% ~.)~ :PI .~ 

1000 

<» 
'C 

100 

't' 
C 
0 
.c 10 
~ 
u 
0 
0:: 

La Ce Pr Nd Sm Eu Gd 1b Dy Ho Er Tm Vb Lu 

(''r! 0,r. ..$.:....., !.S~I\.i""'; '04~ ..$.:....., , ('~0'r. !.S~I\.i""'; !.SIr. ~L> ,-:-,W r"~ ).:>""'; f J.U 
)~ [AJ ~.)~ r..~u.. ~ Uz,0.:>1.:> ' ~~lS'" 0~ I) IREE !.S'14 ~I,I) , ..:;J4 J.i . .,A; !.S~I 
~ ~ Gkh-4 L,....; , .~~ -~'-"!~ !.SUz,I\.i""'; ~ Gkh-5 , Gkh-3 !.SUz, I\.i""'; . ..l..il.~ 

. .l.J:, ~.r" 0 4.r.-o 



· L' ..5.:..... ..5.:.......;lL 

Sample Gkh-I Gkh-2 Gkh-4 Gkh-3 Gkh-5 

wt% 

SIO, ~",f" ~~ ,AI ~V, I I n ,rv fO,17 

TIO, ' I~A ' I~r ' I~V · ,Ar ' IW 
AL,O, If,O, 10," If,OT Ir/TO 1r,1r 
Fe,O, I,' ' I,At l iAr T, 'I T,TO 

FeO I,Af I,V' I,VA f,Vf f,T~ 

MoO ' 'v ','" ' ,'r ' I" ' ,I' 

McO I,TA I , I~ 1/'1' ' f ,T'V T',VO 

C.O f,Af filA f ,T'V IA,fl IV,T'r 

N.,O f
" 

, f in T, 'A f in T',T" 

K,o T',TA n,. T'T' ' l iT' ," 
P,Os ' In ' ,T'O "T'T' "f' ' ,OT' 

LOI ' ,OT ,/IT' ' ,T'V All. I V,'T 
TOI.I " ,OT' " ,VV " ,VV "'tT' 'A,~O 

ppm 

Ba V'O vtr V~f O'T' nT' 

Rb 'T 'f 'T T'V T'I 

Sr VT'V V\\ VT'V OVO Or' 
y I" IV II. If IT' 

Zr nv T,T' tlf IT' II"~ 

Nb 10 II. " 10 A 

Th T'I rr rl" II r 
Pb IT n n II r, 

Ga Ir Ir n If 10 

Zo 00 0, 01" r' A, 

Cli ro Ir " n TOf 

Ni T~ T'r tr 0, f' 
V ,,1. OV rl" r' AI 

Cr '1'1. n H rr fA 

U 0 f , I I 
ppm 

L. n TO r ,n 00,1., r',r, 

Ce AI Irl" U, VT,O' 1,1 

Pr I,tr VA IT,I'" 

N4 V,r' f"f' rf,l' 
S", I" A f ,AO O,~V 

Eu ' ,f\" I,n I fA 

G4 1, '1" I"/Af f ,T, 

n "r, ' ,H , ,V, 

Dr I," T',n l",rO 

Ho ' In ',AV ' ,rl 
Er ',rr 1,01 I,OA 

T", ' ,I' ' ,r, ' ,TT' 
Vb ' ,ro ' ,Yr ' ,1.0 
Lu ' ,I' '," ' ,TI" 

FEE 1", T'f Trr 
(Ce,vb)N n n 1", 



rfV 

'd~, ~4.h....,y ~~~-~~ ~~; 4...sI~y I"}l0'.r....s~ J.,~) 

~y ~~~ , ~~ 0~i ...sr.~L;J.,)l;.>14 J.,~)).) [,. , -.] 01}~ .... , {)S,s 

jS" ).) (LalYb)N, ,CaOIAb03, Na20lAb03 ~ 0.)}I )'4 ~.) J)- ) . .::......1 .J...!, 

~ ...s.)~}".) ~ LREE ~ ~ Zr, Ti, Hf ~ ~~~ , ~4i ),..;- , ...L.. 

J..>~ ~ .)y,-, ~I 4 .[" ,\\] .::......1 .~ • .)1.) ~ ~~~ ...s~~1 ~, 

l,S!.& ...slA}s" ).) ...;> (H20, CO2 ) ~ ...slA.).:' ~ .~~ 0~i) W{ ...s.)~./.) 

. .::......1 • .)}I .lrJit I"~I 4 

0.);-5 ~ 4 0~4).)i ).) ...s};I,r l; 0""~ 0L..j ).) ~l..!..t..!.;i ...s~w 

• ...I....i .. L........ili ·I . ..l£ ·l..!..t..!.;i ",I.f' . . I ~." • .::......1 • .) .I~ Wi .";l..:.A.!.:ii .... I.f' . . .. }' • ) ~- IS' uo~ ~ }I ,r-- 1.,Si." ur '""~ 

...s~ .[, 0 l; 'i] 1.5'")L1 (, r.r-- ).) ...sr-!,,r.A)' ...s~b , )'4 ~~ ...s~I; 

W·<'.)<» II.) .l.:,jl " ['f]..I,j ,-,.i...) .:JI·L, .. II .:JI·L, ..::.........,.1 ·l..!..A...;:.Ji Y T.'.r. 1.S"-::'},1.5'" .;A . .r ) ) . (.)'I.r.:-' ) . ",.. IS' 

...s:JlS' 1.,Si.W'L.. 4 W ~I) ·~4 0 1r.1 Y~Jw ~L;).) ...slo},;,;....~ r.j).) • .)~./.) 

o..l,j,),) ($""',;~I ~ ~ 4 .k~)).) ..I,jlyl.5'" [\V] ~,j":-' 0L..j).) 1.,Si.l:li ~ 1.,Si.~ 

·~41.,Si.)'4 Wy ).) • ...I..ei .)y,-, ~ ~L;, 01 0~ ~~1 ~, ~I.)).!i, 

~L!.i.:::..il ...s4L ~LS:.. , ~L.. j J.,~) , ~~~j .~L:.:.~15' I.S~X' I,,)"L..,I .r. 

...s4L .)B"' • ...s};I,r-0-'~ ~j4 1.,Si.l:li ...s~ , 1.,Si.)'4 0""}::-" ...s~Il; Ja...,.:. 

4 ..b~)).) ..I,jly~ 0~4).)i 0;':'; ~l..!..t..!.;i ...s~).) ~~ -~~~ I"}I 0,.r. 

~4 H20, CO2 .l.:,jL..)) .)1,.. 0.)b.::.......))4, Y'.)'~':'; ~,.;Yl 0.&... ~I)l,i 

cO2 jl! .x..:.S • .)~}".) I) ~'~.J? W{ ..I,jly~ ~~ 0~i 4 ,)) .)1,.. ~I.s 

~ I) ~{ ~'~.J? , .~ .)1) • ..I,j,),) ..:.......~ ...s,) ~~~ ...s~4j ) ..I,jl,.~ 

-1.5",r..; J~i , ~y,.u .l.:,jL.. }~1...s~l5' .)y,-, .~w • .)~}".) ).)u~~ ~'~.J? 
~, ~ ..I,jly~ ~y ...s.)~}".) . ,J,,;$ ~ I) ~{...s.)~}".)).) yl)~ ~ ..I,jl,. 

, ~L.. j J..~) ~ .)L:.:.....I 4 . .).r.? u),- ,r..; • ..I,j,),) 0.&... y,.) ) J..-l>-~~ 0~i 
. .) .) " "L, i ..:......-.IS lAUt.! . f' "t.s:..J...... " "L.. (' . I. f' . ..) .ts:.. u,) ) ~ V," ...s ."y, IS' .... -~ .r I"}I u'r....s~ ~ IS' 

:.) ~ ...s.r.? ~ r.j c,r. ~ 0 1yl.5'" 'c.5-~~; , ~1..:...:.~lS' .>.AI,.:. , ~I.) 



irA 

1S,l> ..I..i r- y j:. ).) 0;":'; ~I.) , ~j..l..ii -~I.; • ..::.Jlj4 - ~j..l..ii ~l..!..i.!..;i IS~ -, 

~ ~Li .::............·1 L.:r.G..:>I:.J-(" "ts:....L...-" "L:.., <:" • .,.1.("'. . .. .,.. ) IS- .. Y' I..S' .. " ~.r f'J-! ulr. '-"~ 

.~y,a ·~4i .j':}5 ~;~ .~ 1S~l.S'),.,a> pL!J 1S""l.;..!.~l.S' 1S~)y. - i 

. .::........1 u-'~ -~~~ .)Ij 0,y. IS~ ).) ~I , .~~ '0!~I.~~.) .J~i 

.~ 4 ~L......A ).) ~ , .::........1 0.) ~ .r. I) L.:r.)~ 0:-! ISW ~ ~4i , ~ 1S~l.S' 

~L!J 0!).)1 1S~l.S' ~.) , ~4i )bjs:..:. 1S~l.S' 4 ~ .)~ . ..I..i~ u-'~ 

. .::........1 0i 0!).) i o~L> 

0:-!.4 )'I..)lA.o , CaO, Fe203, MgO 1S'Y4 y. . .)lA.o 4 IS-~~) ~ ) f'y. 0,y. IS~ -i 

~ 04~ ~ ~ ~ Cr, Ni, Y, Cu, Zn ~ )'I..)lA.o , Si02, Ah03, K20 

.~.)~ 0L!J I) Eu ~ IS)~ 0,.l! ci~d-I.~ REE ~ , • ..I..i~~ 

o~ o.)~}'.) ~'~.r. ~y \.S,MI.;.r.i=-~ y,.) ~ f'J-! 0'y.1S~ 0!1 ~-'f 

) o..l...4i 'Y4 ;I) .)1,.. ~ , o..l..i,),) IS"",;~I 6.:;...,~ y,.) ) J..:>l> u-'~ 0?i ~, ~ 

~ljO 

r.5~j..r;-'"Y ..5::/") r.5J.n.r; j ~'A.r; ' .• ).)l9 o.)lj .:.r.-> •. ~ ~,.. •. ~ 0.)", [,] 

·n iA n01)'1.11S""l.;..!. Lr--"j ~I J.l.w ~ ~~ . ..I..i.r" y j:..~)/.:;r.j 

<L..ol.:...i~4 • '''~j ..,..,/-fL.....:, j JL.....:,.J") r.5.r~"V ~ts:.JJ 1.S""""'.J.r. "'~.r. ~r" [i] 

, 'V ~ .( 'iVV) .:r..r.1 0~1.) .~;I 1S""l.;..!.)1S' 

[3] Bailey D. K., "Carbonate magmas",J. of the Geological Society, London 
150, (1993) 637-651. 
[4] Macdonald R., Kjarsgaard B. A., Skilling I. P., Davies G. R. , Hamilton 

D. L., Black S., "Liquid immiscibility between trachyte and carbonate in ash 
flow tuffs from Kenya", Contributions to Mineralogy and Petrology 114, 
(1993) 276-287. 

[5] Cooper A. F., Reid D. L., "The association of potassic trachytes and 
carbonatites at the Dicker Willem Complex, southwest Namibia: coexisting, 



immiscible, but not cogenetic magmas", Contributions to Mineralogy and 
Petrology 139, (2000) 570-583. 
[6] Chazoti G., Bertrand H., Mergoil J., Sheppard S. M. F., "Mingling of 
Immiscible Dolomite Carbonatite and Trachyte in Tuffs from the Massif 
Central, France", Journal of Petrology, 44, (2003)1917-1936 

....s:_:~Jts:/J..,.,L.., t.5l.tb ",)~ ~~~; t.5VJ:J 4......;lk · , .~~,... , . ..4>1 ~,r.!i~ [vI 
.(H'An 'I.:'/)'~.i '0:-"j I",k ~l....A..)}' ~,.), ~ ,·If::.:IJ!.JT Y): . .,.:·.iJ-!' JW 

[8] Wakita H., Rey P., Schmitt R. A., ''Abundances of the 14 rare earth 
elements and 12 other trace elements in Apollo 12 samples: five igneous and 
one breccia rocks and four soils", Proc. 2nd Lunar Sci. Conf. Pergamon 
Press, Oxford, (1971). pp. 1319-1329. 
[9] Pyle J., Haggerty S. E., "Silicate-carbonate liquid immiscibility in upper 
eclogites: implications for natrosilicic and carbonatitic conjugate melts", 
Geochemica et Cosmochimica Acta 58, (1994) 2997-3011. 

[10] Kogarko L. N., Hendeson C. M. B., Pacheco H., "Primary Ca-rich 
carbonatite-silicate-sulphide liquid immiscibility in the upper mantle", 
Contributions to Mineralogy and Petrology, 121, (1995) 216-274. 
[II] Yaxely G. M., Crawford A. J., Green D. H., "Evidencefor carbonatite 
metasomatism in spinel peridotite xenoliths from western Victoria, 
Australia", Earth and Planetary Science, Letters, 107, (1991) 305-317. 

[12] Rudnick R. L. , McDonough W. F., Chappell B. C., "Carbonatite 
metasomatism in the northern Tanzanian mantle", Earth and Planetary 
Science, Letters, 114, (1993) 463-475. 
[13] Moradian-Sharbabaky A., "Geochemistry, geochronology and petrology 
of f eldspatoid-bearing rocks in the Urumieh-Dokhtar Volcanic belt", Iran. 
Ph.D. thesis, University ofVollongonge, (1997). 

0 1~ ~ ~; ol!..!.....;b , ~& ... /),) r-::-lW'~ .r. t.5/~~,)' '.0:--> ~.r..j, ~ h 'f I 
.n· n "iVV) 

~'A? . , . .l....o>1 ~~~ ,.yi-.al ~ ~~ ,.~ 0~r" , .~ ~,... [I ~I 

~~ .~ ~~4)~i , .(4...:-0J) ~b,) cJ~) I.S""~/ ".r:?' ~ t.5tp;/') t.5;YJ?'J 

.(I"iAi) '01.r..11.5""'~ 0:-"j ~I '~j I",k ..,....;1# ~ w'ili.... 

J t..........z)..Li r ..,., ~L-.:, t.54::·::-j ts:/J t.5;.,...J,? J ~VJ? t.r'.M· ,.w,.,..)li. o.)lj..4>1 [1;1 
. \ \ 'f ~ (\ "i A I) J.I..r.; ol!..::..ib ..l..!.;1 1.5""'~;lS" <\..eL:..;4.~ ,'(~y4lJ' 



"(y. 

[17] Iahangiri A., "Evolution of Neogene-Quaternary calc-alkaline to 
alkaline volcanism in the nw of Tabriz, nw of Iran", Proceeding of 3MA, 
Morocco (2005). 


