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Extended Abstract

Introduction

The study area in north of Iran is located between 49 °, 30" and 50 °, 00" longitudes and 36 °, 30'to 37 °,
00' latitudes and in the 1.100000 sheet of Jirandeh. This area is considered as part of the structural zone
of Iran in Alborz zone and is part of Tertiary zone. In this paper, with the help of geochemical evidence
in Rudbar region, as part of Paleogene magmatism in Alborz, an attempt has been made to comment on
the tectonic petrogenetic of the region.

Materials and Methods

After field studies, considering lithological varieties of the volcanic units in the region, 100 samples
were collected and thin sections were prepared and studied in terms of petrography using polarizing
microscope. Then, among the mentioned samples, 22 samples with the lowest weathering and most
lithological variety were selected to analyze the major elements using XRF method and the trace and
REE elements by ICP-MS method at SGS laboratory in Toronto. In order to analyze data, the software
Igpet 2007 and GCDKkit are used.

Results and Discussion

The studied area is located in the sheet of Jirande at a scale of 1:100000 that are outcrops of volcanic
and pyroclastic rocks of Paleogene age. Based on petrographic studies carried out on the lavas’ units,
three rock units were distinguished: a) olivine basalts, b) andesitic basaltic and basaltic andesite, ¢)
hornblende pyroxene andesites and andesites. In most investigated rocks, there are different types of
xenoliths and xenocrysts. Xenoliths are composed of gabbro, diorite and sometimes basalt. These
xenoliths and xenocrysts are petrographic evidence for magmatic contamination. The positive
correlation of Na20 and K,O and the negative correlation of Fe,O;, MgO, CaO oxides with the
increasing of SiO2 evidence, indicates fractional crystallization in the magma evolution trend of rocks
in the area. The constant trends are also maintained through series, which were exposed to the AFC
process and assimilation with fractional crystallization. Comparing the pattern process of incompatible
rare elements to crust values in mafic and intermediate terms indicates crustal contamination of mafic
rocks to the lower crust and contamination of intermediate rocks towards upper crust. Linear correlation
between the ratio of Y/Nb compared to Zr/Nb indicates the origination of magmas from MORB source
mantle which were somewhat contaminated with the continental crust rocks.

Citation: Shafeie, Z. et al, 2021. Tectonic-magmatic position of Paleogene volcanic rocks of Roudbar (North of Iran), Res.
Earth. Sci: 12(2), (140-156) DOI: 10.52547/esrj.12.2.140

* Corresponding author E-mail address: Sh_haghnazar@yahoo.com

@ ® Copyright: © 2021 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
N Commons Attribution (CC BY). license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.52547/esrj.12.2.140
https://orcid.org/0000-0001-5733-3584
https://creativecommons.org/licenses/by/4.0/

Researches in Earth Sciences 12(2) 2021

Researches in Earth Sciences

Journal homepage: https://esrj.sbu.ac.ir

Shahid Beheshti
University

Conclusion

Geochemical studies represent original relationship between all the studied rocks. This relationship
indicates the crystal fractionation in the magma that forms these rocks. Investigations of the ratios of
incompatible trace elements, suggest that the mafic samples of the region are close to MORB
asthenosphereic mantle source. Also, the trends between primary and evolved samples indicate a linear
arrangement between the MORB source mantle and the continental crust, representing an interaction of
the MORB mantle-derived magmas with continental crust. All geochemical evidence indicates that
the volcanic rocks in the area were originated from melting of a MORB asthenosphere mantle source
with spinel facies, which was contaminated with the continental crust rocks to some degree.

The crustal contamination of these basalts has caused, firstly, these rocks to follow exactly the elemental
processes of the crust, and secondly misleadingly show the geochemical characteristics of rocks in
subduction zones. This means generating magmas from mantle MORB source with crustal
contamination are commonly seen in within-plate continental rift magmatisms.

Keywords: Crustal contamination, Paleogene, Within-plate continental rift, VVolcanic rocks, MORB
mantel source.
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Sample SiO: ALO3 Fe203 Ca0O MgO Na;O K:O MnO P20s TiO: LOI
N-2 59.10 16.10 5.13 4.33 0.65 3.60 3.81 0.05 0.23 0.51 2.04
N-3 50.60 18.40 7.94 7.71 3.04 3.40 2.28 0.13 0.39 1.07 1.44
N-4 52.00 18.50 7.73 7.90 2.97 3.60 2.31 0.13 0.41 1.08 1.52
N-5 63.60 15.50 4.20 3.92 1.52 4.20 2.45 0.11 0.17 047 238
N-7 46.00 16.80 8.97 8.55 3.50 3.00 1.89 0.13 0.35 1.29 2.17
N-8 45.30 18.60 9.17 10.40 3.64 2.60 0.62 0.16 0.16 0.90 2.02
N-9 55.40 15.50 6.06 6.64 3.98 3.00 2.06 0.11 0.19 0.55 1.43
N-10 56.70 16.60 5.45 6.20 2.33 3.20 2.37 0.11 0.24 0.68 2.13
N-11 53.70 15.80 6.42 6.61 4.11 2.70 1.83 0.11 0.19 0.55 2.64
N-12 57.50 16.80 5.51 5.92 3.26 3.30 2.16 0.11 0.22 0.54 1.59
N-14 56.20 16.00 6.19 5.09 2.22 3.60 2.94 0.12 0.33 0.85 1.49
N-15 59.40 15.70 4.73 4.11 1.41 3.80 3.07 0.09 0.20 0.52 2.4
N-16 57.90 16.20 5.51 4.31 2.12 3.70 3.02 0.13 0.24 0.67 1.17
DB-4 49.37 19.41 8.90 10.80 5.72 2.50 0.76 0.16 0.14 0.70 1.98
DB-8 48.61 20.33 7.40 10.73 4.93 2.45 0.76 0.10 0.14 0.71 4.04
DB-10 49.15 18.53 9.10 10.66 6.74 2.48 0.80 0.16 0.15 0.78 2.13
DB-13 56.19 16.33 7.32 7.63 5.08 2.65 2.81 0.13 0.17 0.61 1.08
DB-17 53.75 17.62 9.18 8.53 3.19 3.28 2.05 0.18 0.32 0.90 1.95
DB-19 62.79 15.49 4.08 4.06 1.72 4.12 1.94 0.08 0.19 047 441
DB-20 54.70 17.73 9.41 6.78 2.98 3.60 2.38 0.17 0.42 0.83 1.52
DB-21 60.42 16.59 5.45 5.85 3.13 3.74 1.64 0.12 0.21 0.52 252
DB-22 68.10 15.75 3.80 3.26 0.23 3.93 4.19 0.08 0.18 0.37 0.99
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Sample N-2 N-3 N-4 N-5 N-7 N-8 N-9 N-10  N-11 N-12 N-14 N-15 N-16
Ba 500 680 680 800 510 300 690 750 610 690 520 560 530
Nb 16 8 9 24 9 3 9 11 10 10 19 17 18
Sr 370 640 660 370 480 460 380 390 400 420 470 370 380
Y 20 30 30 20 20 20 20 20 20 20 20 30 20
Zn 62 102 91 63 78 78 72 69 69 62 72 69 105
Zr 190 130 140 250 130 60 130 170 130 140 190 200 200
Ce 534 54.1 57 80.2 49.1 21.9 47.7 61.1 47.4 513 54 58.5 57.4
Co 6 15.7 154 6.1 21.5 23.9 16 10.5 15.9 12.3 11.6 6.8 9.4
Cs 1.8 0.6 0.5 2.1 23 0.2 1.7 2.6 2.4 2.5 2.7 3.1 2.7
Cu 16 55 43 15 59 63 37 27 34 28 25 13 18
Dy 3.09 4.93 525 3.57 4.16 2.76 3.15 4.1 33 3.05 3.37 3.69 3.74
Er 1.94 2.83 2.9 2.19 2.24 1.58 1.9 2.41 1.91 1.69 1.87 2.18 2.47
Eu 1.04 1.71 1.87 1.24 1.81 1.14 1.03 1.32 1.09 1.08 1.21 1.04 1.29
Ga 17 19 19 18 19 18 17 18 17 17 18 17 18
Gd 3.34 5.71 5.73 4.27 5.01 3.01 3.37 4.78 3.78 3.53 3.94 3.89 4.15
Hf 4 4 4 6 3 2 3 4 3 4 5 5 5
Ho 0.7 1.04 1.05 0.74 0.84 0.61 0.68 0.94 0.69 0.63 0.74 0.78 0.85
La 32.6 27.9 29.7 47.4 26.7 11.4 27.6 342 28.7 29.6 30.9 343 334
Lu 0.28 0.36 0.42 0.32 0.3 0.21 0.25 0.34 0.26 0.28 0.3 0.37 0.39
Nd 21.5 28.5 30.1 29.4 25.8 12.5 20.9 27 22 21.7 22.6 23.9 24
Ni 8 11 12 10 18 17 25 12 27 19 57 34 15
Pr 6.23 7.1 7.63 8.89 6.49 3.03 5.8 7.54 6.14 6.17 6.53 6.83 6.84
Rb 106 47.4 49.1 92.8 54.7 9.5 66.3 117 80.1 113 123 112 113
Sm 3.9 6.6 6.7 52 55 3 4.2 5.4 4.4 4.2 4.5 4.5 4.9
Sn 2 2 2 2 1 1 2 2 2 2 2 2 2
Ta 1.2 0.4 0.4 1.8 0.4 0.4 0.6 0.7 0.6 0.7 1.5 1.4 1.4
Tb 0.55 0.84 0.89 0.62 0.74 0.47 0.53 0.72 0.51 0.49 0.61 0.6 0.62
Th 9 4.5 4.6 11.7 4.9 23 9.1 11.3 9.2 9.7 8 9.7 9.1
Tl 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Tm 0.28 0.4 0.44 0.32 0.34 0.23 0.25 0.37 0.3 0.28 0.29 0.36 0.34
U 2.6 1.26 1.33 3.07 1.36 0.65 2.48 3.54 2.39 2.8 2.42 3.02 2.87
v 56 149 149 40 190 183 105 92 95 67 71 48 72
Yb 2.1 2.6 2.8 2.2 2.2 1.5 1.8 2.4 1.9 1.7 2.1 2.5 2.4

Sample DB-4 DB -8 DB -10 DB -13 DB -17 DB -19 DB -20 DB -21 DB -22
Ba 3253 352.0 3379 676.6 761.1 8429 519.8 730.8 586.1
Nb 4.39 4.28 4.99 9.06 7.05 21.05 16.77 10.77 17.72
Sr 471 489 431 384 699 447 537 414 367
Y 13.75 12.02 13.86 18.62 31.01 18.81 22.75 19.10 18.70
Zn 69.25 56.83 69.93 68.12 96.38 55.20 83.68 64.83 35.41
Zr 57 55 61 120 113 215 183 148 210
Ce 23.74 22.30 26.29 47.45 49.10 76.41 56.80 57.43 58.78
Co 343 28.1 36.6 26.7 21.8 7.5 232 15.7 34
Cs 1.00 0.32 0.71 2.26 1.99 2.88 0.97 4.12 3.32
Cu 57 55 61 40 23 7 5 22 5
Dy 2.51 231 2.65 3.37 5.55 3.33 4.49 3.38 3.16
Er 1.43 1.27 1.47 1.94 3.22 1.88 2.30 1.94 1.92
Eu 1.01 1.03 1.11 1.09 1.68 1.20 1.78 1.06 0.98
Ga 17.16 17.69 16.59 16.99 20.02 18.11 19.43 17.11 16.83
Gd 2.66 2.56 2.95 3.60 5.73 3.83 5.20 3.59 3.23
Hf 1.49 1.45 1.59 3.00 3.10 5.02 4.11 3.64 4.56
Ho 0.50 0.45 0.52 0.67 1.11 0.66 0.84 0.67 0.65
La 11.80 11.03 12.56 24.78 23.38 44.16 27.29 30.62 32.47
Lu 0.20 0.17 0.20 0.28 0.45 0.29 0.31 0.28 0.32
Nd 12.54 11.86 13.51 20.53 26.03 27.52 28.05 23.58 22.19
Ni 21 19 36 26 4 4 6 19 3
Pr 2.98 2.86 3.28 543 6.27 8.14 7.03 6.38 6.34
Rb 19.20 16.73 18.06 111.62 53.07 111.44 73.55 128.11 124.02
Sm 2.85 2.77 3.13 4.20 5.96 4.76 5.80 4.39 3.96
Sn 0.70 0.36 0.35 0.61 1.9 0.99 1.73 1.77 1.61
Ta 0.3 0.3 0.3 0.6 0.5 1.7 1.0 0.8 1.4
Tb 0.412 0.386 0.437 0.544 0.885 0.555 0.745 0.557 0.501
Th 2.87 2.82 2.79 8.60 4.62 12.95 40.70 11.06 10.75
Tl 4286.97 4301.36 4592.68 3695.21 5409.29 2786.91 4956.80 3182.93 2226.87
Tm 0.205 0.180 0.213 0.281 0.465 0.284 0.332 0.285 0.304
U 0.91 0.89 0.87 243 1.35 3.48 1.42 3.17 2.59
v 213.34 220.08 213.98 163.29 199.29 55.31 132.41 93.52 25.58
Yb 1.327 1.160 1.364 1.820 3.015 1.888 2.120 1.878 2.039

Oy ol slmghy

V¥V



VOFNVFe Slorio Ve e lianls OFF o )leh om3l50 Jlo eipmnj (iils (sltngin

YA
Taylor and McLennan,1985;) oil o
oduse 4 .(Hoffman,1997; Wilson,1989

< 9 Ta-Nb ;| Jus 45 (Kurt et al, 2008)
93 3l s wilgs oo LIL g LREE ,ole I Sui
b Jele

oud g€ alheS SOl bl (6,8 wlus (L
(sly 9,8 OYlew I j0)

Nb ogas 4 ouds canliv LQLQGILQ}»—‘ oelelo
sl Shy 5l vz o adhis oS o~ Ta
ol 235 558 3blie (ol (JeeSie slapl Sl
oz Ll (Pearce, 1982; Wilson, 1989)
SloyB amin S slacdlil o sl Jlegl
5900 sy slcdlil i atwg b oo ooyl
oad (515 58 slo,8 (Slsbs slacdlils 9 slo )8
Wilson, 1989; Cox and Howkeworth, ) &l

S5 oS Sl polie oY USG50
gl aLheS b ooad Jlrigy adlate Lavly 9> g
Soib b o cwl el ol s
sTis PZr Tn.NbTa i sl Jlegl
0> S ;5 3Ba K Sr cote gl Jlog]
s Ba P Ti Nb-Ta _iwe lo Jlogil ool
5> 478 oSt K U-Th Rb coiis gla Jlog]
sl (Wilson, 1989) cuie 4 .cuwl aziv
S elS 290 4 958 b e e slacdlil
izl 51 (36 slaFasly a5 oo slabs 5 55
OVl alewy 4 slanisS Lode 4y oad 038
2 Ti g Ta Nb 065 Lol osily so sl g,
09> Sl 5l gl F5Sas slapl SLo
00ud i Wl oogll (glo 18 aiigy L aS axin
3 (s (Wilson, 1989) sase 4y I 059l co
3,8 blosl g o oo Sl g4 (] pndd g puss
it g Jlogl (i I ()l odgie 4

(1985 K Rb ceis 6L®G|L99$T s Ti Zr Ba [Ta Nb
g T
. 4
L " i
& - C > =
T ’ T :
9 %
’ o
L 1
T
. |

ailaie Jlaads] sl ;o pudew plp jo dol polie &l a5 0 JS&

om0y IS sledgy

YFA



1¥a

oislly SeatsT gloSiw QlSlo - (Bl () oSl

20 T T T T
6 . 4
.
5k ce o 4
B
2 . .
.
Se 4 oo e % g
. _"
S . - .
3k oo .
°
0 ... B
cee 2 . .
.
4 L4
T4 1} _
.
0 1 1 0 ' 1
0 100 200 %0 0 100 200 300
z b
0 > . 2 r T
.
.
e -
0 - g
.
)
.
...
0 b °* o . .
[ ] .
L Ll Ta 1 . B
.
L 4 .
.o
oo
V] .
w0l 4 . .o
o0
0 1 1 0 1 1
L 0 200 300 ] 10 20 30
z o

dalaio g_;’L‘*“"L‘*“" o | LsLbu_iu.u/' Zr ﬁ‘ﬁ 50 Ta 5La Hf Nb ).@L..c u‘r...u i Jiw

E LI O A B I D A D B DN B N B N B R D NN B B B E
" ;- —;
: L & 4 1 1 & 1 1 1 11 1 i 1 1 1 1 :

' 1 11 |
CifsfaT™UMNeT) K LaCoPa P Sr PN I SmEu Ti Dy ¥ Yo lu

Rock/Primitive Mantie

1000

100

1
1
CsRbBaTh UNbTa K

rrrrrrrrrrrrrrr T T T T T T TrTT

I

1 11 lLlU.l

T IIIIIlll

1 11 111111

Ll d bl il

u5|w;bow)wmhu|5A}wme&)bdb&.‘uu}muwﬁudﬂ‘Vdi..u

b a5 cul pl saims i Soales
Joxia 1) (slang L;%JT al> 0 g0 adlais
aiwgy b (Sogll adhaie SO3L slSin wlowds
awg b Sogdl lawly o> slasw 5 Slos
90 ailid Ll gog0 (pl e o lii |y SlBgd
5 S atug e o LSl g al> e

Al SBed

SoSiw SleS yolie (5:le GoSIIA S )0
2olie b anolie o aihie bls o> 5 So5L
odls las glizs 5 SBgd (slo 1B aimgy 1 Sls
(Rudnick and Fountain, 1995) <ol ool
diges (s slajlp 5 cudd 5 ailine slansy,
GRS o2 p g9 4 lo)B Aty polie b
S psbilen iS5 e ol diug U 1, LLSL
Ny 475 BB L 975 4 09500 comline

om0y IS sledgy

1¥a



10 VOFNVFe Slorio Ve e lianls OFF o )leh om3l50 Jlo eipmnj (iils (sltngin

Rock/NMORB Sun/McDon. 1989 Fock NVORE SunivkDon. 1589

IR I N B N R B E I ELE R E R AE RN A

T TTTTT
L L L1l

lower’ t

¥ llll”ll
1 IlIllllI

T lll”lll
11 IlIllII

i SN ST RS R TS
CsRbBaTh UNb K LaCePb Pr Sr P Nd Zr SmEu Ti Dy Y Yb Lu

St

6‘0)@ Ma.\ as ‘)5.04‘540 QL?U‘ ‘5>Lo) (;m
pdle g 09,5 Ol 1) glaniss Wdle Wiy o
Verma, ) awo oylis |, yuilye 8 sble b alin
50 s pl i 50 Sl oo 1A (2009
alwog b oS olacdlil (Seeloghs ol (e
(A ) 55 0,8 35 als wilows 0391 (sl 8
Zhao and )Nb/Y plp o Rb/Y &l s Jloges
Comw | Lrdigos sl 00l 00lo Lis (Zhou 2007
50 e S Sl g Laly v S 4 S35

.MJGA ULI.AA.’ |) 6‘0)@ du.u.’ﬁ.’ Coow &

FT T T T T T T T T T T T T T T T T T T

T

upper qust -

T llr”ﬂl T lfl'll"l' T Ill””l

| T N (N [ N (N N N U N S S — — 1

L L L
CsRoBaTh UM K LaCePo Pr Sr P M 2 SmEu T Dy ¥ Yo Lu

Il Glws ol (sbcums (o y
» Bl ol ole glcas )
Ble el slp je8y & AL slapiuw
Weaver, ) sgb oo oolaiul glaing, g laiiss
Yl & Coms Ygeme LIL Lole (1991
NS e G, & G W ol 53
S 5 oy Aty o yolie oyl bk 5l Ll
auld ;0 REE ,ole o 8L 5l scis
S sk il cdale 5 wls S o0 1S il 3
lple aiiboe e oS5 9 polas
slacaws Jio 55l ol polie slacens
S gaasls LIL/HFS 4 LIL/REE ol

[J
9 -
8 - —
s Upper Crust ]
L]
[ ]
6 e . . 4
[ ]
Rb/Y 5 . —
4 ., -
L4 L]
3 ° Melt- related N
2 depletion
- o -
‘.‘ Melt- related
T enrichment 7
0 MORB 1

0 1

2

Nb/Y

(Zhao and Zhou, 2007) Nb/Y ,l,s ;o RU/Y Slogas 4 S

om0y IS sledgy

Vo



VO O5edl @LMMT sbXw olSl - cBle s oSl

b oyge aie Slaisss ave S 5l aid 5 olis ladiges ZI/Nb il 50 Y/Nb oy )& loges o
5o il oo AFC alyd b SBsd (slo,8 asg, Cons &5 y90 gaie So | (o al)] o9 @
La/Sm ,l, o Ba/la loges ;o V) S5 as (Ve ) eols Lii | OIB ooy o8 i
el 00l ooly lis ddlaie sladiges Cundge bl slawg Sogdl wly ggo5e (p
" T T T T T T
13 —~
12 = Depleted mantie
" -
10} .

YNb

Zr/Nb

160 T T T T T T T T
Partial melung
140 - Slab -related by slab-fluid
flund
120 = ¢ —
High degree partial melting
—
100 = Crustal contamination  —4
Bala 80 -
60 = -
40 = —
.k L
= . ol
20 LE3 .‘ ° .. “ -1
MORB |
0 1 1 1 1 1 1
1 2 3 4 5 6 7 8 10
La/Sm

(Ryan et al, 1996) La/Sm ,l, ;o Ba/La loges jo dilaie glacow Cusdge V) JSo

5 ke LaiSm s a5 Jb )5 oog ol & Ba/La Coes (Ryan et al, 1996) soic 4
aba>de oS jsbiolen ol (glatug Sool sl 5,8 amio 3 oad o] SVl &b ou

om0y IS sledgy
AT



VOY

VOFNVFe Slorio Ve e lianls OFF o )leh om3l50 Jlo eipmnj (iils (sltngin

5 (TH/Yb)n < 1.8 ,y0lie a5 o3:) /A 5 yiaS
Jrnl o)l b slanigS Lite sloaasls
a4 axs o (Wang et al, 2002) ool oo
b C)ge aete ardsS l adlate glaSiw a0
Lo Sy a a5 a5 ol Jol o)l
ool Sl 5 SBgd (slo)B aimg slaSiw

Losis sl shls dilaie sladiges 35 00
e g Caow 3l (659, 9 009y Ba/La I o0U
50 i e s (glawgs VTl g o
Barry et ) Sm/Nd ,l,; o LwHfE obgs jloges
) b cuin (Suer S ladiges (al, 2003
a8 5 olis slclie govse 59, pgosls flas

RUNE S8 18 Sl o)l b 90 e S )
adlaio w0 (Th/Yb)N cans (VY ISS)
D& T T T
----- Sipinal facies melting curves
= (ame1 facies composition
04 -
Depleted mantle souece
03 b =
LuHi Primitive manthe source
0= B
o b= .
ol |
0 0.2 03 04 0.5 05

4 Oyge gie AlbsS Ceaws l (glaigS 4l
Skl las (Sogll aleriss aelsd
e ol 3595 3o w90 are aLBsS Lo
ol Bl egoge was 5 ploae 8 cobs j0 o8
e ewsildl 050 God sl b S
aisS  (Wilson,1989)  cosde 4 all oo
scd, Pigrn ;0 Cype ge (S hwei]
a2 oo L |) a8 b oS slo )8 (45,0
2 ThZr jloges 1o dled oo Wl 1) coge it
s (Shuging et al, 2003) Nb/Zr .,
Slo,B axans (9,0 slacdlil sogaze o ddlaie

Smitd

(Barry et al, 2003) Sm/Nd |5 o Lu/HE bgs Jloges ,0 dibaie Sliassl glacKiw coadge NV JSo

ERRISRTRN
(Pearce, 1982) Ta/Yb ,l, ;0 KoO/Yb Slogas
Coms 3l g0y, ddhie gladiges (VY S3)
owww;mbu)y&mm;
S gl il g aies o lid |y azian 2l
Sl 55550 50 Jhw 5B S cdls axils
b Jlw 58 Dyge pl jo il 7)o adlais
055 o Ta pSe |, KoO (cslioe 415958 5
297 b Slse (Gs) S ygo dr g 00 S (S8 A
sbSw s Jb jo 008 ools (il KoO/YD
Sljlge a1y olondghy Ol s dilaie Jlaass]

om0y IS sledgy

VoY



VoY

039l GLaassl laSaw oleSle - (25l e oSl

Ao S lacdlilb oogaze o (glo,8 axan J=Io
loads u.’)f.»l} :b.!j‘ w) L» 6“’)‘5 &5“"“‘5

5 O0F J0) wiles 5018 ans sble
Wang ) Ta/Hf ).a‘).: ) Th/Hf Go..u)lil lo 9_0.)

(0 S Sedlil osgame ;o laaiges oales (et al, 2001
[ I IIIIIIII I IIIIIIII I T TTTTI]
: Sho

b

10 |— =

E Calc-Ak E

K,O/Yb i Nk:
1E —

1 L1 11111l 11 11111l
.01 1 1 10

Ta/Yb

(Pearce, 1983) Ta/Yb 15 ,0 KoO/YD loges 10 lacSw Camdge VY S

T TTTTIr

T |1|1'|

Th'Er

T

01

T 11||r|r[

a1 1 1

IIIILI | I |

||||r|

T T 115
=

i

!
B

(I :ogd o0 Gy 15 Oy90 4 3ble (Shuging, et al, 2003) Nb/Zr 1, ;0 Th/Zr &l s Jlogad NV JSS

pliz bl gbedlil (I d Fee Slras ail> (I 5l Glras il> .0 MORB aidkio
MORB 5 E s MORB bl (I (sl B -LeS ail>

2z s slo,B gl anil> Sy bl glacdlily

6LDMQ.|) (IVl ‘6“))6 6‘42&.4 ijo 6Lbu.”)l.| (IV sks..uyu‘ doao ijo LSMJ?JD‘ )J|).‘> d.bL..o 6Lbu.”)l.| 9 T w
gl ooy b lo)B (p2iS laay o8 bl slacdlil (V2 sl ail> glacedss slacdy s sl B 090

(&l Ao 53 3,55 5 bl glacdlil (V

om0y IS sledgy

VoY



Vof

VOFNVFe Slorio Ve e lianls OFF o )leh om3l50 Jlo eipmnj (iils (sltngin

Th/Hf

01 D

IIIIIII| L1 111N

Ta/Hf

adlaio (I 1098 oo iy 23 105 O y90 4 3ble (Wang et al, 2001) Ta/HF ,l,s ;o TH/HE oz )& jlogei 1V S5
iz ablie glacdlil (1 J Spn Slxio asl> blie ol (1 d Sy Slxio asl> o N s MORB
MORB 5blis ([T «(glo, 8 (laS anile iz 5 (slo, e il Sy 3blin oedlily (I  wgilidl LS
amiio (49,8 Bl Slacdlil (IV ¢ cwgildl axmio (49,5 (cwgildl pli> Gble slacdlil s T <3 MORB 5 E o5
Sy blie slacdil JEITAV2 (sl )8 ail> slacedy glacus g slo,B o9,8 slacd, AV «glo)lé !
Gble slapghy bl Glacdlil (Vadsh cd, b glo)B (an5 sloan o8 3blie slacdlil (V3 «slo,B 55,0

SleS yolie glacans 5g) p» Oldlas ¥
5o adhio gl Xin aSaes o olis 5Lt
Glo B e lbcd, sewilSl L LLs)
5 LeSle 45 (6550 & s (wsd iy Ylais|
ol b hge mrie (5 hwgiiinl dllsS Sy
Glo B dingy acSin b as,F olas ool
el edlil ol slaimgs (Sogll . wloads ooyl
Wvgy 6 pare Loy, Lids o ol Yl oot
ghle alie odle Ll 5 w35 05 & |,
ol e plas QI Djee a4 1) idlg,8
Ee alsS 5l leSle 65 wlis (m g9d9e
3 legee liwg (Sogll olren 4 )5
saalice slo,BB yg,0 iy, 3blie slaganileSle

=

.éé;sn

Sl ol 5l S GlSeyn lllas )
ool e 5l Jbog,y o3ely Slaass sl
ailsyge (b cosal il

i o 5050 g 1SS g
&S wed e ol olesdss b w,p =Y
aslllas 550 SlocSiws a15 (IS5 LS |

2 gk @8 5l Sl bl cnl g o)ls o9z
sl oo L (pl oais JSis sleSle
slSiw 55l oleS jolie oSl aig, T
polie b asls s pate Jobs SO lls adlais
S8 oS by 5 005 (slo,18 a2l
Seie sl SLo jo oud camlive i g
2 Glaey (Sogll sly aibie slacKis
il Ll slose

om0y IS sledgy

Vof



VOO

039l GLaassl laSaw oleSle - (25l e oSl

—\?Yl\ w GYI/\f O)LA.:»:J ca 0)9O crﬁjl.ﬁ 4@.1.’.&7
AFY O

" @i S 5 (Bl ey ool (o2
G Jla) J3b) akaie g Loy et oo

Olpl Wl S g (ol sl alme (22938
\/\'—\?V ua sY O)Lo.a.:é s\A 0)90

e o oKl ezl (sl bz colpl 5o

o TV ol

cp oldsle gz cllae wgp woly (o
398 ooy (SSLbe) laow,n NTAY
ey pele oole anlilald (oS 5e 5l Lol
NAYSVAY o 8V o lad Y 0,90 casle aloe

-Asiabanha, A. and Foden, J., 2012.
Post- collisional transition from an
extensional volcano—sedimentary basin
to a continental are in the Alborz Ranges,
N-Iran. Lithos v. 148, v. 98-111.

-Barry, T.L., Saunders, A.D., Kempton,
P.D., Windly, B.F., Pringle, M.S.,
Dorjnamjaa, D. and Saandar, S., 2003.
Petrogenesis of Cenozoic basalts from
Mongolia: evidence for the role of
asthenospheric versus metasomatized
lithospheric mantle sources. Journal of
Petrology, v. 44, p. 55-91.

-Cox, K.J. and Howkeworth, C.J., 1985.
Geochemical Stratigraphy of Decan
Traps, At Mahabalshwar, Westrn Ghats,
India, With Implications for Open
System Magmatic Processes. J, Petrol, v.
26, p. 355-377.

-Dellenbach, J., 1964. Contribution a’
I'e’tude ge’ologique de la re’gion situe’e
a lest de Tehran. Fac.sci, uni,
Strasbourg(France), 117 p.

&Ll

S ?’/\

asi YA (liels-

ol g 3 Se laLAST

(bl 5 & deibl] g (LilaiS S (g S
Sl ey be g L (o) ATAY
Jlad) gl a5 o9l Gloass] glacSon
aslilas HFSE g REE ,olis 5l oslinul b (o958
FA ojleds AV 0,90 cpsle aloe o pn ple ale
AFANEe o

AYAF g il 5 0 sy o solibess
Sy reileS Lo Sl (2 QU S (63585 0595
Sy oBils pole 25 Glnl g3 0 55l o

-Emami, M.H., 2000. Magmatism in
Iran. Geological Survey of Iran, Tehran
(in Persian).

-Fitton, G., Hardarson, B.S., Saunders,
A.D. and Norry, M.J., 1996. The
chemical distinction between depleted
plume and N-MORB mantle sources.
Abstract 1996 Goldschmidt conference,
J. Conf. Abstr., v. 1, 167 p.

-Hoffman, @ A.M.,, 1997. Mantle
geochemistry: The messages from
Oceanic volcanism. Nature, v. 385, p.
219-229.

-IInicki, S., 2010. Petrogenesis of
continental magfic dykes from the Izera
complex karkonosze — Izera Block (West
sudetes, SW Poland). Iternational
Journal of Earth Sciences (Geologische
Rundschau), v. 99, p. 745-773.

-Kurt, H., Asan, K. and Ruffet, G., 2008.
The relationship between collision-
related calcalkaline, and withinplate
alkaline volcanism in the Karacadag

om0y IS sledgy

AT



\oF

VOFNVFe Slorio VFe o lials OFF o)L (om8l0 Jlo cimo) Ll (slotingh

Area (KonyaTurkiye, centeral Anatolia),
Chemie der Erde, v. 68, p. 155-176.
-Pearce, J.A., 1982. Trace -element
characteristics of lavas from destructive
plate boundaries. In: Thorpe, R.S. (Eds.):
Andesites. Wiley, chichester, New York,
USA, p. 528-548.

-Pearce, J.A., 1983. Role of sub-
continental  lithosphere in magma
genesis at active continental basalts and
mantle xenoliths, shiva, Nantwich, p.
230-249.

-Rooney, T.O., 2010. Geochemical
evidence of Lithospheric thinning in the
southern main Ethiopian rift. Lithos, v.
117, p. 33-48.

-Roy, A., Sarkar, A., Jeyakumar, S.,
Aggrawal, S.K. and Ebihara, M., 2002.
Sm-Nd age and mantel source
characteristics of the Dhanjori volcanic
rocks, Eastern India. Geoehemical
Journal, v. 36, p. 503-518.

-Rudnick, R.L. and Fountain, D.M.,
1995. "Nature and composition of the
continental crust: A Lower crustal
perspective."Rev. Geophys, v. 33, p.
267-3009.

-Ryan, J., Morris, J., Bebout, G. and
Leeman, B., 1996. Describing chemical
fluxes in subduction zone: insights from
“Depth-Profiling” studies of arc and
foreac rocks in: subduction top to bottom
(Eds. Bebout, G.E., Scholl, D.W., Kirby,
S.h., and platt, J.p.) 263-268 p. American
Geophisical Union, Washington DC.
-Shuging, S., Yunliang, W. and
Chengjian, Z., 2003. Discrimination of
the tectonic setting of basalts by Th, Nb
and Zr[J], Geol, Rev., v. 49, v. 40-47(in
chinese with English abstact).

-Stocklin, J., 1974. Northern Iran:
Alborz mountain. Geological Society

London Special Publications, v. 4, p.
213-234.

-Sun, S.S. and McDonough, W.F.,
1989.Chemical and isotopic systematics
of oceanic basalts: implication for
mantel composition and processes in:
Saunders, A.D. and Norry, M.J.(eds),
Magmatism in  ocean  basalts.
Geological. Society. London, Special
Publications, v. 42, p. 313-345.

-Taylor, S.R. and McLennan, S.M.,
1985. The continental crust: its
composition avdevolution, Blackwell,
Oxford, 312 p.

-Verma, S.P., 2009. Continental rift
setting for the central part of the Mexican
volcanic belt: A statistical approach. The
Open Geology Journal, v. 3, p. 8-29.
-Wang, K., Plank, T., Walker, J.D. and
Smith, E.I., 2002. A mantle melting
profile across the Basin & Range, SW
USA. Journal of Geophysical Research,
v. 107, p. 1-21.

-Wang, Y., Zhang, C. and Xia, S., 2001.
Th/Hf-Ta/Hf identification of tectonic
setting of basalts. Acta Petrologica
Sinica, v. 17, p. 413-421(in Chinese with
English abstract).

-Weaver, B.L., 1991. Trace element
evidence for the origin of ocean-island
basalt. Geology, v. 19, p. 123-126.
-Wilson, M., 1989. Igneous Petrogenesis
a global tectonic approach. Unwin
Hyman, London, 466 p.

-Zhao, JH. and Zhou, M.F., 2007.
Geochemistry of Neoproterozoic mafic
introsions in the panzhihua district
(Sichuan  Province, SW  China):
Implication for subduction related
metasomatism in the uppermantle
Precambrian Research, v. 152, p. 27-47.

om0y IS sledgy

\oF



	majale 46-0-10
	majale 46-10

