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Limestone ( Malm - Early Cretaceous )
Conglomerate, Sandstone, Siltstone and
Coal - Javaherdeh formation (Lias)

Alternation of Siltstone, Shale, Sandstone
with lenses of Coal ( Late Triassic - Lias)
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Sample J-G3 J-G5 J-G11 J-G8 J-D30 j-d30a J-G2la J-G21B
wt%
SiO, 50.15 49.03 45.13 45.78 49.73 50.97 47.59 47.68
Al,O4 14.23 14.78 17.55 16.5 15.76 18.29 12.70 7.35
TiO, 1.07 0.94 131 1.15 1.007 0.925 1.254 1.989
Fe,0s 10.58 12.15 12.57 11.17 12.73 9.31 12.25 15.04
MnO 0.15 0.12 0.22 0.17 0.175 0.124 0.222 0.234
MgO 4.83 5.08 8.55 8.23 5.02 4.76 10.81 9.76
CaO 11.35 13.42 10.91 13.59 11.40 10.33 12.45 14.87
Na,O 291 1.78 1.45 111 1.74 241 1.24 0.72
K,0O 1.53 0.95 0.63 1.07 0.81 1.12 0.78 0.83
P,Os 0.27 0.23 0.13 0.11 0.133 0.221 0.068 0.098
L.O.l. 2.55 1.24 1.02 1.14 1.26 1.20 0.59 1.37
Total 99.77 99.89 99.61 99.84 99.76 99.66 99.95 99.94
ppm
Ba 259 179 51 81 88 282 249 308
Sr 454 460 574 555 522 634 444 198
Cu 280 170 190 220 153 149 41 37
Zn 142 99 121 130 66 56 67 87
Pb 11 13 14 16 4 6 16 16
\Y 385 354 383 377 377 354 258 546
Co 48 78 95 65 45 32 53 251
Nb 11 14 10 13 11 13 12 10
zr 70 89 83 80 80 97 74 69
Y 13 12 12 15 15 16 14 16
Rb 31 27 14 19 29 22 19 23
Ni 30 54 71 59 34 19 45 45
Cr 87 66 59 54 62 47 115 60
U 3 1 3 1 1 1 1 1
Th 4 3 4 2 5 2 2 3

Sample  La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Pd Pt

J-G21A 744 143 227 103 282 114 295 047 251 05 13 018 118 017 12 25
J-G21B 648 146 257 127 371 111 402 064 355 0.7 1.85 025 162 022 12 035
J-D30A 114 277 362 196 377 119 387 057 284 056 1072 021 136 016 82 47
J-D30 139 24 357 148 347 119 336 051 276 055 148 021 135 020 31 27

5 o=idlyg 2 SYlew cdlBs Jol> oy o ND o
YT L sad 2 iS5l laleSlo g S ol
SP(Kurt et al, 2008) ol LalSle slax_wgy
slocdbl GeSas gl jloged Sy emely
Lol .ol Ta g Nb jo jascive (5555 yiilys,8 bl
@lo)B axio (5,0 ol 5l 5 ke 13 6555 (xl
Sy oo 00nlin po dlea s eog Il Al g Ly as
aS 05 oo ool bxil 5l Saoey (Wilson, 1989)
3 03303 olery | $1nssS @l Wlgi n (slo)6 anyy
(Verma, oo olis |y juilye, 8 bl alie oo
S5l olis o Silae (oS0 Y S 5 2009)
GloyB atng b awslie o clople> Jol 95 (5905
oo Lowmay (1440) Fountain 5 Rudnick ;|

Sl y—olis Sl SN S o
ooy jlomman Sl paly ol g9 595 5L
McDonough ¢ Sun i a__Jgl a5 pol a0 L
sl loue o cwloabools Lis (VAAR)
Syl—oa ——gBagZr PrP Ce Nb a0
Gl ja i 094 P R U Th K o
5 oSl WYg o i )5 Lo Lomin o o
RERESNDR W WS P NES
P ND i s PD g K oo slags oo H9a
L LaloSle (i o8 0 aasls e yolis (555)
(Taylor and McLennan, 1985; aiws slo,l8 aiwg

o594 ND 2o (g loxa o LI .Hofmann, 1997)
SIS 1) Sl e (ST e e 51



AV e Ol Jlod (IS 358 Gl (Jlod anels )3 @8ly s algz anli S 69 (Lo Lane 5 (conds «S39l9 %

A2 oo sl (glo, B atwg L) Lag pl5 oaums LSS

Rock/Primitive Martle
1000

1 | NS IS IS S I S N N N I v | | -

CsRbBaTh UNbTa K laCePbPr S PNdZ SmEu TiDy Y Yb Lu

Jol &5 928 JE5LL polie (oSl (51T S
Slo,B aiwg b aslio ;o cllos ,ple>

1oyl gy (2S0le 0 5 cdd palyzr 95 (2 Sile @

sy e glagy YT L ol e 8L bl
e Sl s o GbLie slae I
s ND S g8
Ys—axe (Y- +#) Downes 3 Wilson eo_sea_,
S shils (lioS Bbl e sLac Il
L s leSle a5 b= o aies KoO0/Na;O> /0
KoO/N8,0<) o (s (oljo5-S i 3ble Ly
10 d90 > dadkhie slag p5 o KoO/NaO s
21305 e 3hlie Lol (o5 L po ailts 5 035,
Gl Byxe o sty KpOP,05 s )
cdel g i o ool wl LaleSle glawg Sog]
Cos hls a a8l a s F ol slaleSl
5ty YU s gy i 0 KoO/P05<2
Lol 1o godge sl 5 S5 on 0 Sl Ceped
ol 00 saaliie LSS ol 020 LoelS ailsog,
40 Ky0/P,05 cous (Carlson and Hart, 1988)
Gt 45 0395 IV Sile 5oy ailaie (glag 5
Olee S5 bl cesleg pl5 (l slatagy (Soo]
5SS i iS5 555 Cpabyn 5 LK S 5
Lo (ol S 5 0 )18 0190 5l (S5 o]

leass, .cowl oo ools (LS N g45 90 polie

Rock/NMORB
T T T T T T T T T T T T T T T T T

100

10

Ll

1

QF
3+
o
s
chk
zZ+

Klacem P & P Nz SmE T Dy ¥ Yo s
Jsl &5 53085 )55l SlwS jolie S0k X1V Y S
(Sunand aJsl aiies polie b oo jloumds cuiss yaly>
McDonough, 1989)

lsie LyNb )L oy oS ol S
g (S5 (glolagme s gz (ND/ND')pm
) Oygmedn 48 Sl oal Byme (Y- Q) Verma
390 50 dlone
(NB/ND")py=2x(NDs/NDp)/(Basa/ Bapm)+(Lass/Lapm)
AR soce dslais slag plS o calil Cpl dcwlxe
S Nb 2 g loun ol s aS ool las |y
(NB/ND)pm 35, ax > (Y- ) Verma oaséea

O s bl S5 G vae 4 (g eog SOl S
5 Cnl ND SzoS b (g)lnin o sl dige
Wged ol (S sl yho 4 Sep Gl polie syl
=l slacdlil o jlo Nb &) ot gl o
SHn e Gl o shls Glo)B (lo g8 5 (ouss
o= (ND/ND)PM s sla 3,1 slyls g 0392 ND
5 el sblis lacdll Ll wsws + ¥ L /-8
shls —iiS Gble 5 usd iy sloac il
Lol .o V5l 5,5 (ND/ND)pm sLoa 35 )|
Gbliw aazls /AN L VY Sod 5 edgase
slac¥UD) 6,18 cuss gblis g slo)B8 oy5,0 colS
YT s Nb ite (s )lwa o L ol jen (5lo B Slab
Lol Yo ons (Verma, 2009) coul gl g



AA

Zrl4- Joges 1o 0uS co o (Glo,B aingy L axan
5o Leasgai ls (YAAP) Meschede ;1 Nb*2-Y
JSs) woloais adly axan >l slacdlil oogase
Gale 4 Pearce ;I Ti/Y ol 0 ZITY logos 10 .(\O
J51s slacdlil sagame ;5 aiges oles (VAYY)

OV JS) wloads adly axio

Zr117

(Jianguo, cwlay)l SsiSS ol pled jslateds
Th-Zr/117- —ilis Jlsg—os ;5 VF S5 ,5 2006)
Cooms 3| (6339, Laa e (YAA+) Wood ;I Nb/16
dad Caans 4y azmin 90 slacdlil s C osgase
)lo)_, )‘ ‘5’9_‘>4_> 9 ool L)l""“" 6.»93 6[.%.]4...7.9 9 Th
Jols sladass 5 axs 5 ol glaleSle flie 3G

A= N-MORB
B = E-MORB
C = OIB (Rift)

D = Arc-basalts

Th

Nb/16

(VAA+) Wood 3| Th-ZI117-ND/16 il [l3gei 1o Lag ol5 covadye —VF S

8 T
¢
L ¢ ]
6 — -
- ¢ ”’ Within-Plate —
Basalt
¢
zlNYy 4 —
Plate Margin
oL Basalt |
0 1
0 500 1000
TirY

Pearce I Ti/Y ply 10 ZITY jlogas 1o lag pl8 Cusdge -VF S
(\AYY) Gale

Iy lo)l3 aa o yg,0 slacdlilb 4 by po cogaxe
LSLQU_JJBJ A Jos_}fo |V1 Jaw N R ) QL‘*‘"
u—‘:“? slacosls 9 L5|o)l_§ a0 (49,0 slcasls

Nb*2

Al All =WP Alk

AIC=WPTh

B=EMORB

D =N-MORB

CD=VAB

1/ Y
Meschede ;| Zr/4-Nb*2-Y Jlogai ;o bag ul8 coxdge -V0 JSo
(\VAAP)

)‘ Nb/Zr )_:‘).a L ThiZr Go..u)l_ij )“59_0" L
G 3l (09, ladigas (Y0 ¢ ¥) ] K 9 Shuging
IV bhow jlogai ol jo 0o oo lis V2 4 IV,



AR e Ol Jlod (IS 358 Gl (Jlod anels )3 @8ly s algz anli S 69 (Lo Lane 5 (conds «S39l9 %

0950 sl 8ls slag ul5 oogasme ;o Ciio yale>
loigss aalei IL(VA JSs) wsloass #3lg (slo,18
sanlie NDb _ais 5 )lowm o aS wloo p &S5 o0
ol Sw ol LS Jodoas &5 lag pl8 ol o ous
laigy (Fosdl 51 50 a Sl tilyg b baome S,
oae] 3ggas (glo,LB 19,0 cdlS lame o laleSle

Y/20

continental arc gabbros

primitive island-arc gabbros

continent-continent
collision gabbros

evolved island-arc

’ ¢ \.
¢

S ot N

7’ Intera-continental ¢

4 rift(cumulate)gabbros

TiO K0
)l TIOZ-Y/ZO-KZO )|D9-o.’ B L&j).llf g».!ﬁyc -\A J&u
(Y44%) Biermanns

C3S Ay glo)ld c8lS  (SienST pmly )0 PRy
slalssL PN P T W Sl b c_s“"’?"l"‘s‘
<dls sble slaadll (YA4Y) Mohr ¢ Kampunzu
el Lo, 5 omls lacas hls slo,Ls 9,0
WSS [0 ZINY s a S JL> 10 009 ZIIND
by pasle el an oles 5 by (owsilSl
30 S yawgid iiS A 0 dasll g iea s |,
Sogad VA S o aisged solaiw] (386 sl lae
<8 slaledle oogame a5 ZIINb Iy o Z1/Y
5 b3l 5l Sy sboads> slaleSle (sl )l ()90
S8 K00 51 owgildl sl b b e slaleSle
Zr/Nb u_ala ﬁoLﬁ.o ).g‘)g 59 adlaio le.msﬁlf WLiloads

0,8 cuSs bl slacdlil 4 by o V5 g (slo,l8
lalasle ;o Vaore (VY JS2) Col adgl ci5 L
Sl (Fad (8 (V) poyul aie waxmio S5
TiOy- Jlogi yo wlow! ! o (Rollinson, 1993)
ye—laiea a5 (1447) Biermanns ;| Y/20-K,0
Gblio slag pl5 5l (ailyg 3 blis slag pl5 SSis

1

T T T 11117

0.1

N

LI IllI[

A

Th/Zr

0.01

T T T TTTIm

L1111l 1
0.01 0.1 1

Nb/Zr
Nb/Zr ).)‘J.’ o Th/Zr LSM)&I )‘\)9.4.! ) l.bjj.:lf gm.!&}c -\v JS...»J

(Y+-Y) o, 5 Shuging ;|

oty ool 950 p0 0l (Jle a5 ek les
A alasl Jles 5l 0 awl 5 oSl sl
gl asgaze 4 bgye | gl (B 008 952
e 9555l 9 (g Suy g (osB Bblie b Lo e
ohHlSen g Slebo AYAY ( Slslo) &S g45 glaiy
(Alavi, 1996 \YAQ (] )LSen g Ldpa—ej \YAA
u.:‘ OO L;u.]y.ﬁ‘ L dRize sk;'ﬁ ASL;L> 5o sl
LaKiw opl latwg (VT Ldods g 004 oS
‘69_.»9,0) q_iloo9_<,.3 él.e‘.._m.u ‘) Lglo)l_e csls .L:...?Lo
3 Eg=o90 ol cidu ol ;o (VYA Glas s> A\ YAY
129050 ()t S B3 Habay ( Jlods 5l jo 4l S
Sl (V299) )L, 3 TEMPO ou—ica



9).»[_? —g_i_ch LgLQo)_i.u (\YVO) Lrso).a.w o.\...n.cd..a
u.a._w‘b > 093'{9 SLH...M:‘ uj-\) L)‘)"‘ LngCA.Jj..S‘ Lg‘d.’y
L 4S5 0090 a5s8 50 bl glyls (g ksle slooges
Sy oo BT saxe 55,50 5 K55S sleoges
GoS gd Cld yalg> dalaie j0 4wl S slag 5 o Ll
5 O9eslelsd (F95 50 1 e LT 5 oy
l_g 9);[5 U‘l‘ fo)f (S o A;JJ" )| 9 Cwl ouis samlie
ol Glo )l lases j0 g pl5 () 4 wos oo yLis
REE , sle o Siloo g6V IS 5o 00l ous
Ol i 00gume L Cid jolex S g9 slag o5
olis (VAA) Wilson 51 slo, L3 g0 c8lS bl
g Loy plf o |y Ol (6631 Cpline a5 oulls oold

Ao oo lis (glo,B el gblie slacdlil

Rock/Chondrites

100

Transitional-sub-alkalic
continental rift zone basalts

T Illlllll
| IlIIIIII

T Illlllll
| IllIIIlI

NN NN N NN TN [N N SN A N NN SO M N |
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
o390 by cuis alsz 5 o8 REE julic puSilee (s3I -Y o S5
Gble ISl 5 JUl 5 slocKiw REE jolic ol i
(VAA) Wilson 51 slo )8 9,0 cilS

Cad (VAAY) Frey ou_deas a5 o0 ¥/ nSloe
3o Lalesle a S el gla_asls Y<(Ce/Yh)y<d
L asloands oSl Joml (4la0l 00guse (slo Gos
O'nions 5 McKenzie log i wlw! paScpl a4 azg
e Jim! (5,0l ogae «(124Y) Ellam 4 (Y44Y)
laSle onlnlay sl (g askS 7o 5l S Blos!

bl gloaazls 5l as ZrlY s o Ol
Agy 3l geols Hlis Fasgas Iy cusl (lo B 9,0 OIS
S92 (6;9»‘ cals) 6‘°)L§ 090 6[.@&5'5 6l.chofLo
Bblie sLagnl5 Lo s 5l (o (5,0 |

Wl A o ol 5t (sdgdl 5 swail Bl
O 589 45 035 (995,53 9 gelgd (S8 5
Gblwe ;o ool by slagplS jeomen glaolos
ol gl e Ly 5 5 ooledl glasl & ,0iay glo 3
sleg 8 sle S5y 5l Ll (Scribano et al., 2006)
5 Ml (S-S lac Jled (S e slaaniy
JLA a LS’?)"lf (_gl.boéy ‘55'“"«5" U.CL: as 0392 Jlﬂ
5095 b onsenldsd 5 (Spahel Sk sla)ly
(Juteau and Maury, 1997) o8l oo 3Ll by el 3l

10 T T T

IContinental Rifts

Proto-Oceanic Rifts

Zr/Nb
)l Zr/Nb )J‘JJ o ZrlY )‘05.0..) L Lb9).xlf M}A -4 J&w

(144Y) Mohr 4 Kampunzu

s9bany adhis logpls ;o (DY/Yb)y cous

Al o C6,8 jpan pas ailis a5 o0 VY (1 Sleo
=, (Vo F) oK 5 Haase coieas ool Lics
Comd L X S5 ol olie YL
slice asl o e )8 jga> alas (DY/Yb)>V/#
yobas adlhie slag s5 40 (Ce/YD)N Cos . Cu]



) e Ol Jlod (IS 358 Gl (Jlod anels )3 @8ly s algz anli S 69 (Lo Lane 5 (conds «S39l9 %

Oleid lo )l aiwgy Coomw 4 E G jae o )
S alesle 55 line (m sgsd50 ] B o
ST L olyam g0 pie (slaiingS slapsly
5 oseliin 5 glo)l8 (g, C BT Fblie )0 atuy
YY JSs 0 (Wilson, 1989) el ouis o ogs

S o iy

Ni/Cu ,— I, o PA/Pt ozl
30 39— sl i Ol i sl podga o
5 $lo,LB slac il 5 o8 (slan¥ slasds s
el 00l ae i (V44+) Barnes | LacJg.dl
03gaste yo Lag uls 040 oo cualie 45 jobjlen

o rzlq_f@_:b 9 dloa_d u)/[_> Lg‘o)l;é LgLawog_?

Sl 6 yeahS £o 5l eS Glosl 5l bag o8l Wiae
SZIY ol o NDIY o LS Jlogs (o aslans 5
el jsdaieass AND Lis ((V43Y) l,San 4 Fitton
pok 3l (2352 9 N g55 090 lie) pok o ol
Gl ailaie clag o8 (V) USL5) Conl 00l s 3
Esis Comuws 3l (609, 5 009y e g AND>O 0lde
lo,L8 4wy Ceomus 4 (E-MORB) i & 90
3 ThIND o LS Jlogas o ams oo lis oYU
slacdlil oogaze «(Y+ - ¥) Kamenov I Nb/Y il
lo)ld iy 5 (OIB 5 E 9 N g9 < )90) (ool 3l

(VY JS8) ol oss aseine

A.:‘d..d)i’ )‘).9 nglu.lgﬁ‘ odsm Lg“‘\—’ﬂ) Lﬁé\_sj.o.: ‘09_..‘.3‘;@ A_L:.‘>)Lo as )5Jaul.o..®
3T T T T T T T TTT] T T 105
5 7 C PLUME SOURCES i
: 2 oB
E Continental Crust E 1 = e Ij;:;cr:cnﬁr-rnml
3 ‘s ] : s ' ./’/’ g
ThiNb [ 1 - i
L ¢ ¢ - No/Y L E-MORB .~
- ¢ o § e
‘ 1 ./'f_'-;
o E f_/" =
oTE ] - " N-MORB NON-PLUME SOURCES
E 7 - /,/ IN-MOHB & Arc-Type)
r N-MORB E-MORB b =
o031 1 1l Lol 1 1 'J"1 1 L . "“1‘C
0.03 0.1 Nb/ Y * 4 Y

(Y- ¥) Kamenov |

(Y440) Fountain

10000 T T T T TTITm)  T T T T TTITm  T TTT
1000
100 Layered
E intrusions =
Pd/Pt 10 = —
= Flood Ophiolites 3
- basalt -
"E E
A _E E_
01_ covnwl vl v vl vl vl
o A1 1 10 100 1000
Ni/Cu

ol 00 uuLu.B‘ Q! 9. ) Barnes )l l.ko.)sd.?:.o «Ni/Cu );‘)J Bl Pd/Pt W)Lij )‘09..0.) g Lbjf\tf CA—A.&SBA -YY J.i..:



ay

L e g SizsS olasl 4 Lol 08,5 Sl 5 Waibgs o
=li09S adol> aleas LS glo,B 19,0 OIS
sloul 5 ey punsleSle oloul jshateay 1) ol5csls
OBy el g 2Bl Lot o sil3l slaaig>
adbie (ol o 2ol 5l iy (86 sloasy>
a Joa;;a ‘SLQ(_Q)?_D ‘_g;.:)l_’ U"‘)"l_“" R PR W
3 a4l b e oS (o9 Slgdl g (cwgil ]

ool oY 550 Jlods asals

& S A
(leas 5 (GEUbip) valyd 4 azgi b
Lo pls sla Sy cdopler S eg slag 28
5 goolas plas |y asls odedl g cwsildl sblie
M (gloylB 39,0 2l blie paileSle b bLs )
ot 03501 (loyl5 aiasgy sloKin b Sy b oS
&ly )3 g plS (nl (npj o cadglaY slaceend
13 aS 03 plaleSle opom> (n 1) sla i
Sox slay gloss paiglay b b e gloasl,

&b

S50 Al (puadg)y Glins e §yd09iz) (IS 3y 50 Eebd paly 00gazme Sdle (oleSle (slaKiw (s59)90 (VWAA) .3 3>
LRl (Ol (i e oS (epsle caSisls sl

asebifad (S 35,-5) cboppler lacdlil glasss slice aml Cliogas (VYAY) o (blays 50 srile Sofg e Sl
MV 20 A ol sl

porle i b olal o 35 sl s i 3 Gl g bl (slacKin 3K (IWAD) o e sl 5. cllaiS o e
FA-YA VA (o)

L)‘)"‘ ‘u‘)-éa ‘u""’)ﬁ}]“: GMB)J ‘u;w)b 094""«, L)‘)"‘ L.SLQ""'J}&‘ 6)5]9)*: (\Y’\/a) e ‘L_f°)"“""
Ol eoleholsolaiol s 555l (6,555 Ay LT 55 il g la iy (ITAV) s sloks

oz sedl dcgomme Sdlol gl slaSin Lol slo SIS cand (OYAA) .G Lips) 5 1) & (Byosins & (LS wp ¢ Slolo
NEFAFUONY ) olis G5 g owlids joby aloes YU JLad jo ol 55,85 51 gowled (LS ,ol5) 55 by

Sl ol8ls syl ool )1 anliy bl .o DS 5, 50 s plg o)) Kl (golal  cwlidh pan) 9 (sowdssy oy (VYA e (b e
OlrlobaaY ey axly ol

C‘I u“ﬁ‘bﬁl—.’ LsJL—«M.Q.MAJ—‘ Lgl_ba_il.w RS Lsul)ii L o\)).c‘o‘j:? ATARERRE 4."5)5 o ML’{; w)éi LgL&:&:.w 6)9"5)"“ A\YAY) BRI
ORI (emlid ey plajbe mejpole ouSamghy i)l (owlid 5 bl
Alavi, M. (1996) Tectono stratigraphic synthesis and structural style of the Alborz Mountain system in
northern Iran. Geodynamic 21: 1-33.

Allen, M., Blanc, E. J. P., Waler, R., Jackson, J., Talbian, M. and Ghassemi, M. R. (2006) contrasting
styles of convergence in the Arabia-Eurasia collision: why Escape tectonics does not occur in Iran. In;
Dilck, R. and Pavlides, S. (Eds.): Postcollisional tectonics and magmatism in the Mediterranean region
and Asia. Geological Society of America Special Paper 26: 579-589.

Barnes, S. J. (1990) The use of metal ratios in prospecting for platinum group element deposits in mafic
and ultramafic intrusions. Journal of Geochemical expolaration 37: 91-99.

Biermanns, L. (1996) Chemical classification of gabbroic-dioritic rocks, based on TiO,, SiO,, FeOa,
MgO, K;0, Y and Zr. Symposium International sur la Geodynamigue Andine 3. Saint-Malo, France.

Carlson, R. W. and Hart, W. K. (1988) Flood basalt volcanism in the northwestern United States. In:
McDougall, J. D. (Ed.): Continental basalts. Kluwer Academic Publication, Netherland.



v e Ol Jlod (IS 358 Gl (Jlod anels )3 @8ly s algz anli S 69 (Lo Lane 5 (conds «S39l9 %

Ellam, E. M. (1992) Lithospheric thickness as a control on basalt geochemistry. Geology 20: 153-156.

Engalenc, M. (1968) Geologie, geomorphologie, hydrogeologie de la region de Tehran (Iran). These es
sciences. Monpellier, France.

Fitton, J. G., Saunders, A. D., Norry, M. J., Hardarson, B. S. and Taylor, R. N. (1997) Thermal and
chemical structure of the Iceland Plume. Earth and Planetary Sciences Letters 153: 197-208.

Frey, F. A. (1982) Rare earth element abundance in the upper mantle rocks. In: Handerson, P. (Ed.): Rare
earth element geochemistry. Elsevier, Amsterdam.

Graham, R. H. (2000) Tectonic study of the South Caspian. SCSG 1-9.

Haase, K. M., Goldschmidt, B. and Garbe-Schonberg, C. D. (2004) Petrogenesis of tertiary continental
intra-plate lavas from the Westerwald region, Germany. Journal of Petrology 45(5): 883-905.

Hofmann, A. M. (1997) Mantle geochemistry: the message from oceanic volcanism. Nature 385: 219-229.

Jianguo, G. (2006) Geochemical discrimination of the geotectonic environment of basaltic andesitic
volcanic rocks associated with the Laochang polymetallic ore deposit at Lancang, Yunna. Chinese
Journal of Geochemistry 25: 402-407.

Juteau, T. and Maury, R. (1997) Geologie de la Croute oceanique- petrologie et dynamique endogene.
Masson, Paris.

Kamenov, B. (2004) The olivine basalts from Livingston Island, west Antractica: petrology and
geochemical comparisions. Bulgarian Academy of Sciences, Geochemistry, Mineralogy and Petrology
41: 71-98.

Kampunzu, A. B., Mohr, P. (1991) Magmatic evolution and petrogenesis in the east African rift system.
In: Kampunzu, A. B. and Lubala, R. T. (Eds.): Magmatism in extensional structural settings: the
phanerozoic African plate. Springer, Heidelberg.

Kurt, H., Asan, K. and Ruffet, G. (2008) The relationship between collision-related calcalkaline and
within-plate alkaline volcanism in the Karacadag Area (Konya-Turkiye, Central Anatolia). Chemie der
Erde 68: 155-176.

McKenzie, D. P. and O'Nions, R. K. (1991) Partial melt distribution from inversion of rare earth elemcnt
concentrations. Journal of Petrology 32: 1021-1091.

Meschede, M. (1986) A method of discrimination between types of Mid ocean ridge basalt and continental
tholeiites with the Nb-Zr-Y diagram. Chemical Geology 56: 207-218.

Pearce, J. A. (1982) Trace element characteristics of lavas from destructive plate boundaries. In: Thrope,
R. S. (Ed.): Andesites. Wiley, Chichester.

Pearce, J. A. and Gale, G. H. (1977) Identification of ore-deposition environment from trace element
geochemistry of associated igneous host rocks. The Geological Society, Special Publications 7: 14-24.

Rollinson, H. (1993) Using Geochemical data: Evolution, presentation, interpretation. Longman Scientific
and Technical, London.

Rudnick, R. L. and Fountain, D. M. (1995) Nature and composition of the continental crust: A lower
crustal perspective. Reviews of Geophysics 33: 267-309.

Salavati, M. (2008) Petrology, geochemistry and mineral chemistry of Caspian Sea ophiolite, Northern
Alborz, Iran: Evidence of alkaline magmatism in Southern Eurasia. Journal of Applied Sciences 8 (12):
2202-2216.

Scribano, V., Sapienza, G., Braga, R. and Morten, L. (2006) Gabbroic xenoliths in tuff- breccia pipes from
the Hyblean plateau: insights into the nature and composition of the lower crust underneath South-



WA il o2 o )led cpgun Jlo 555l i\

eastern Sicily, Italy. Contributions to Mineralogy and Petrology 86: 63-88.

Shuging, S., Yunliang, W. and Chengjiang, Z. (2003) Discrimination of the tectonic setting of basalts by
Th, Nb and Zr. Geological Review 49: 40-47.

Sun, S. S. and McDonough, W. F. (1989) Chemical and isotopic systematic of oceanic basalts:
implications for mantle composition and processes. In: Saunders, A. D. and Norry, M. J. (Eds.):
Magmatism in ocean basins. Geological Society of London, Special Publication, 313-345.

Taylor, S. R. and McLennan, S. M. (1985) The continental crust: its composition and evolution.
Blackwell, Oxford, England.

Tempo, F., Kampunzu, A. B. and Porada, H. (1999) Tholeiitic magmatism associated with continental
rifting in the Lufilian Fold belt of Zambia. Journal of African Earth Sciences 28: 403-425.

Verma, S. P. (2009) Continental rift setting for the central part of Mexican volcanic belt: A statistical
approach. The Open Geology Journal 3: 8-29.

Wilson, M. (1989) Igneous Petrogenesis: a global tectonic approach. Unwin Hyman Press, London.

Wilson, M. and Downes, H. (2006) Tertiary-Quaternary intra-plate magmatism in Europe and its
relationship to mantle dynamics. Geological Society of London 32; 147-166.

Winchester, J. A. and Floyd, P. A. (1977) Geochemical discrimination of different magma series and their
differentiation products using immobile elements. Chemical Geology 20: 325-343.

Wood, D. A. (1980) The application of a Th-Hf-Ta diagram to problems of tectonomagmatic classification
and to estabilishing the nature of crustal contamination of basaltic lavas of the British Tertiary
Volcanic province. Earth and Planetary Science Letters 50: 11-30.



6 Petrology, 3" Year, No. 10, Summer 2012

Petrology, Geochemistry and Tectonic setting of Javaherdasht
Cretaceous gabbro in the north part of Alborz Mountains,
East of Guilan, North of Iran:

A part of ophiolite sequence or intra-continental rift?

Shahrouz Haghnazar *

Department of Geology, Faculty of Sciences, Islamic Azad University, Lahijan Branch, Lahijan, Iran

Abstract

The Cretaceous gabbros located in Javaherdasht area in the northern part of Alborz
Mountains, south of Guilan province. These gabbros show layered structure at the
bottom and the isotropic structure at the top. From the mineralogical point of view,
they have plagioclase, augite, olivine, biotite and magnetite. Geochemically, they
belong to transitional magmatic series. Positive anomaly of Pb, K, Th, Rb and
negative anomaly of Ba, Zr, Nb and P indicate contamination with continental crust.
Tectonic setting diagrams of these gabbros suggest a continental intraplate
environment, also the value of (Nb/Nb*)pm ~0.89 in the studied gabbros is similar to
intra-continental rift basalts with crustal contamination. The REE pattern of the
studied gabbros is also similar to transitional-sub alkalic intracontinental rift basalts
and the values of (Ce/Yb)y ~3.9 and (Dy/Yb)y ~1.3 indicate the presence of spinel in
their mantle source. The high ratio of Th/Nb and ANb>0 prove that the magma is
derived from MORB mantle plumes (P-MORB) which has been contaminated with
continental crust.

Key words: Javaherdasht gabbro, Transitional series, Crustal contamination, Intra-
continental rift
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