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1-Introduction

The Tethys orogeny extends from the Alps to the Himalayas (Agard et al., 2011). The Iranian plateau is
located in the Mesozoic-Cenozoic part of the Tethys orogenic belt. The convergence of several continental
blocks has caused the closure of the Neotethys Ocean between the Arabian and Eurasian plates. The
Sanandaj-Sirjan area is southwestern the Iranian Plateau and part of the Tethyan Orogenic Belt. According
to most researchers (Stocklin and Nabavi, 1973; Berberian and Berberian, 1981; Mohajjel et al., 2003;
Ghasemi and Talbot, 2006; Davoudian et al., 2008; Mohajjel and Fergusson, 2014; Moinevaziri et al. 2015),
Jurassic magmatism associated with subduction is the characteristic of this zone, which includes a large
volume of volcanic and calc-alkaline intrusive rocks. However, Azizi et al. (2018) believe that the Jurassic
magmatism in the Sanandaj-Sirjan zone is the result of the opening of a continental rift and the rise of a
mantle plume, based on their analysis of metabasite rocks from Qorve City. According to Shakerardakani
et al. (2017), the Late Triassic magmatism of the Sanandaj Sirjan Zone occurred in a passive continental
margin environment in the northern Neotethys Ocean. The purpose of this study is to investigate the mineral
chemistry, geochemistry, and petrology of the Triassic metabasite rocks in the southeast of Borujerd,
located in the middle part of the Sanandaj-Sirjan zone, to ascertain the source mantle type and its magmatic
and tectonic evolutions.

2-Material and methods

Sixty samples of volcanic rocks were collected during field studies in the southeast area of Borujerd.
Twenty-one thin sections were prepared and studied for petrology and petrography investigations. Eighteen
samples with minor alterations were analyzed using ICP-AES and ICP-MS at the S.G.S. laboratory in
Vancouver, Canada, as described by Cotten et al. (1995). The relative standard deviation was +2% for
major elements and 5% for rare elements. Also, two thin polished sections were prepared for a detailed
examination of minerals and identification of their chemical composition. Microprobe analysis was
performed on plagioclase and amphibole minerals in the Central Laboratory of Iran Mineral Processing
Company using a Cameca SX 100.

3-Results and discussions

The Triassic metabasites are associated with marble and are locally intersected by mafic dykes. Metabasite
rocks are metamorphosed in the lower greenschist facies and are mainly composed of plagioclase and
amphibole. However, they locally preserve ophitic and porphyritic igneous textures. The electron
microprobe analysis showed that feldspars are albite, oligoclase, and anorthoclase. Also, according to this
analysis, type of amphiboles is calcic and includes actinolite, actinolite-hornblende, magnesiohornblende
and tschermakite-hornblende to tschermakite. According to geochemical studies, these rocks have alkaline
magma characteristics. The chondrite-normalized REE patterns show LREE enrichment, while the
primitive-mantle normalized multi-element patterns show uniformly enriched LREE, Th, Nb, and Ta. These
characteristics are similar to those of basalts derived from OIB-like mantle sources. Trace-element ratios,
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including Ce/Nb (1.22— 2.20), Hf/Nb (0.08-0.2), Zr/Nb (3.63-6), and high TiO2/Yb and Nb/Yb ratios,
indicate that these magmas were derived from a deep O.1.B. reservoir, i.e., an enriched asthenospheric
mantle source. These rocks underwent slight crustal contamination. The geochemical characteristics of
these Triassic metabasites suggest that they are formed in an intra-continental rifting regime.

4-Conclusion
In general, the results of this study show that the metabasite rocks of southeast Borujerd are OIB-type
alkaline basalt formed in the passive northern margin of the Neotethys Ocean during its rifting stage.
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Table 1. Results of whole rock chemical analyses for the studied samples by ICP-MS method.

Sample B.A1 B.A3 BA4 BA5 BA6 BA7 BA8 BM1 BM23 B.M3
SiO2 (wt%) 52.4 54.3 53.8 64.5 44.7 58.6 45 44.8 52.9 45.9
TiO2 1.75 1.17 1.05 1.71 2.13 1.07 2 3.24 2.53 2.09
Al203 10.4 11.1 7.73 14.6 17.5 9.84 15.7 15.3 13.5 16.7
Fe20s (1) 11.4 11.7 7.31 3.36 13.2 9.76 14.5 15 10.9 16.1
MnO 0.28 0.08 0.22 0.04 0.23 0.13 0.2 0.24 0.21 0.31
MgO 4.85 0.24 0.24 0.15 2.39 1.92 1.13 29 3.15 9.41
CaO 11.4 16.1 21.2 3.49 16.3 10.6 17.1 12.3 12.1 2.59
Naz0 3.7 0.4 4.6 8.6 0.3 4.6 0.6 1.8 0.8 2.2
K20 0.03 0.18 0.03 0.06 0.08 0.03 0.5 0.38 0.02 0.03
P20s 0.35 0.06 0.24 0.3 0.45 0.13 0.4 0.24 0.64 0.5
LOI 3.3 3.52 3.3 1.32 2.93 3.66 2.69 3.28 247 3.24
Sum 99.9 98.89 99.75 98.19 100.27 10036 99.91 99.64 99.29 99.13
Cr203 0.04 0.04 0.03 0.06 0.06 0.02 0.09 0.16 0.07 0.06
Ag (ppm) 1 1 1 1 1 1 3 2 3 6
Ba 20 80 20 50 50 30 260 120 670 10
Co 55.1 5.6 4.7 12.9 50.4 19.8 43.8 111 67.3 106
Cs 0.1 0.1 0.1 0.1 0.2 0.1 0.8 0.6 0.1 0.2
Cu 12 13 9 87 20 75 10 30 90 10
Ga 14 26 6 8 30 11 45 33 24 26
Hf 3 2 2 2 4 2 3 5 5 6
La 26.3 8.4 20.3 15.3 36.1 12 36.7 18.3 31.3 30.8
Ce 50.7 18.1 39.3 29.4 70.6 211 61.7 38.2 61.7 77
Pr 6.11 2.3 4.9 3.46 8.58 271 7.38 5.13 7.56 6.46
Nd 24 9.9 20.1 13.1 33.7 11 29.1 21.9 29.3 23.6
Sm 5 2.2 3.9 2.6 6.6 2.6 6.6 5.4 5.7 4.9
Eu 1.63 0.81 1.44 0.85 1.86 1 2.6 2.17 1.92 1.99
Gd 4.94 2.23 3.9 2.46 5.76 2.69 7.7 5.99 5.49 4.56
Th 0.75 0.35 0.58 0.39 0.84 0.43 1.23 1 0.87 0.73
Dy 4.53 2.18 3.34 2.47 4.8 2.46 7.47 6.16 51 4.25
Ho 0.83 0.42 0.63 0.45 0.88 0.46 1.46 1.14 0.99 0.87
Er 2.16 1.15 1.67 1.34 2.28 1.27 3.9 3.17 2.63 2.34
Tm 0.3 0.15 0.18 0.17 0.3 0.17 0.5 0.42 0.36 0.32
Yb 1.7 11 1.2 1.2 1.9 1 31 2.7 2.4 2.1
Lu 0.19 0.1 0.11 0.11 0.2 0.1 0.52 0.33 0.29 0.22
Mo 2 2 2 2 2 2 2 2 2 2
Nb 36 12 22 24 40 10 28 45 49 56
Ni 189 70 22 26 133 62 261 529 211 267
Rb 0.3 2.3 0.2 0.8 2.2 0.4 15.2 11.1 0.6 0.5
Sn 1 1 1 1 2 1 2 4 1 3
Sr 170 3830 180 190 4220 240 4270 2760 2600 170
Ta 2.2 0.7 1.3 1.3 2.3 0.6 1.6 25 2.8 3.2
Th 3.9 15 2.4 2.1 4 1.3 31 4.8 4.8 7.6
Ti 10500 7020 6300 10260 12780 6420 12000 19440 15180 12540
Tl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
U 0.85 0.16 0.62 0.36 1.12 0.34 0.9 1.14 1.02 2.76
\% 138 127 154 111 337 194 200 294 272 304
w 1 1 1 1 1 1 1 1 1 1
Y 20.4 9.5 15.9 11.5 22.8 12.9 414 31.2 259 233
Zn 92 5 21 69 99 25 53 138 131 234
Zr 160 70 80 100 180 60 140 220 210 270
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Fig. 3. (a) Zr/Ti-Nb/Y rock type classification diagram (Winchester and Floyd, 1977). (b) Nb/Y vs Zr/TiO, classification
diagram, almost all the samples plot in the field of sub-alkaline basalts (Winchester and Floyd, 1977). (c) alkalies — silica
(TAS) chemical classification diagram (Le Maitre et al., 2002), showing that mafic rocks in the southeast of Borujerd plot
in the basalt field. (d) Zr/P,Os versus TiO; classification diagram (Floyd and Winchester, 1977) the studied rocks are
placed in the alkaline series field, and (e, f) Chondrite-normalized REE diagrams and primitive mantle normalized trace
element diagrams (after Sun and McDonough 1989) of the metavolcanic rocks in the southeast of Borujerd .OIB, Ocean
island basalts, E-MORB (Enriched MORB), and primitive mantle (Sun and McDonough, 1989) and chondrites
(Nakamura, 1974).
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Table 2. Results of electron microprobe analyses of the studied plagioclase.

PointNo 1/1 17/1 19/1 26/1 27/1 30/1 41/1 42/1 43/1 45/1
SiO; 67.36 6753 6734 6703 67.63 66.76 63.29 61.16 6353 63.49
TiO; 0 0.01 0 0 0.02 0.01 0 0.01 0 0.03
Al>,O3 20.21 19.62 19.97 20.17 19.6 20.25 2294 2415 228 2272
Cr,03 0 0 0 0 0 0 0 0 0 0
Fe,03 0 0 0 0 0 0 0 0 0 0
FeO 0.29 0.12 0.14 0.14 0.22 0.18 0.07 0.23 0.22 0.12
MnO 0.01 0.01 0 0.01 0.01 0 0 0 0 0
MgO 0 0.01 0.36 0.05 0 0 0 0 0 0
CaO 0.98 0.33 0.6 0.82 0.51 11 5 6.44 4.45 5.12
BaO 0 0 0 0 0 0 0 0 0 0
Na,O 11.66 11.85 11.9 11.79 1194 11.82 9.58 8.47 8.77 9.32
K20 0.05 0.05 0.12 0.14 0.2 0.11 0.06 0.06 1.11 0.06
total 100.56 99.53 100.43 100.17 100.19 100.29 100.97 100.52 100.9 100.88
Si 2925 2957 2918 2916 2943 2902 2766 2.701 2792 2.784
Ti 0 0 0 0 0.001 0 0 0 0 0.001
Al 1.034 1013 1.02 1.034 1005 1.037 1182 1.257 1181 1.174
Cr 0 0 0 0 0 0 0 0 0 0
Fe+3 0 0 0 0 0 0 0 0 0 0
Fe+2 0.011 0.004 0.005 0.005 0.008 0.007 0.003 0.008 0.008 0.004
Mn 0 0 0 0 0 0 0 0 0 0
Mg 0 0.001 0.023 0.003 0 0 0 0 0 0
Ca 0.046 0.015 0.028 0.038 0.024 0.051 0.234 0.305 0.21 0.241
Ba 0 0 0 0 0 0 0 0 0 0
Na 0.982 1.006 1 0.995 1.007 0.99% 0.812 0.725 0.747 0.792
K 0.003 0.003 0.007 0.008 0.011 0.006 0.003 0.003 0.062 0.003
tot. cat. 5 5 5 5 5 5 5 5 5 5
tot. oxy. 795 7.959 7924 7932 7.937 7.92 7.95 7.965 7.978 7.974
An 4426 1511 2693 3.673 2281 4862 2231 29.48 2056 23.21
Ab 95.3 9821 96.66 9557 96.65 9455 7736 70.18 73.33 76.46
Or 0.268 0.272 0641 0.746 1065 0579 0.318 0.327 6.106 0.323
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Table 3. Results of electron microprobe analyses of amphibole mineral.

PointNo 6/1 7/1 8/1 11/1 13/1 14/1 32/1 33/1 37/1 38/1
SiO; 4793 46.2 48.8 49.72 4585 4493 43.33 423 53.37 50.48
TiO2 0.09 0.29 0.25 026 022 0.28 0.08 0.04 0.71 1.33
Al;Os 13.65 10.04 8.39 7.79 10.26 11.49 14 16.1 4.02 6.71
FeO 11.11 1225 1117 10.3 10.79 10.44 1944 1583 15.02 15.76
MnO 0.68 0.62 0.61 065 062 0.58 0.2 0.22 0.21 0.18
MgO 1433 1321 1629 1741 15.23 16.09 897 1053 1462 13.34
CaO 701 1239 1235 1191 1203 111 1156 1188 1225 11.87
Na.O 312 243 1.9 155 216 179 2.71 3.13 0.86 1.44
K20 035 0.81 0.6 052 094 146 0.25 0.15 0.08 0.15
Total 98.29 98.26 100.37 100.13 98.13 98.19 100.57 100.19 101.15 101.27
T.Si 6.75 6.68 6.86 6.95 659 6.45 6.32 6.10 7.51 7.16
T.Al 127 132 114 1.05 142 156 171 1.93 0.46 0.82
T.Ti 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.02
T.sum 8.02 8.01 8.01 8.00 801 801 8.02 8.03 8.01 8.00
C.Al 099 0.39 0.25 023 032 0.38 0.70 0.81 0.20 0.30
C.Ti 0.03 0.03 0.02 0.03 0.03 0.04 0.03 0.03 0.04 0.12
C.Fe® 0.65 0.43 0.50 054 053 0.64 0.50 0.45 0.28 0.31
C.Mn*? 0.05 0.07 0.05 0.05 0.06 0.05 0.02 0.03 0.01 0.01
C.Mg 289 2.85 3.41 3.63 326 340 1.94 2.27 3.05 2.79
C.Fe*? 037 118 0.78 056 077 0.48 1.82 1.41 1.48 1.50
C.sum 498 493 5.01 504 497 499 5.01 4.99 5.07 5.04
B.Mn*? 0.03 0.01 0.02 0.02 0.02 0.02 0.00 0.00 0.02 0.01
B.Fe* 0.29 0.00 0.04 0.11 000 0.14 0.05 0.05 0.01 0.05
B.Mg 0.12 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.01 0.03
B.Ca 1.04 193 1.87 179 186 171 1.81 1.84 1.86 1.81
B.Na 0.48 0.25 0.08 0.05 013 0.06 0.12 0.11 0.10 0.09
B.sum 195 219 2.01 197 201 197 2.00 2.01 2.00 2.00
A.Ca 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A.Na 037 043 0.44 037 047 044 0.64 0.76 0.13 0.30
A.K 0.06 0.15 0.10 009 017 0.27 0.04 0.02 0.00 0.02
A.sum 0.45 0.58 0.54 046 064 0.72 0.69 0.79 0.13 0.32

VYA



w

&
i O)LQ.J:J AY 0,93 ‘\f‘YuLH.M.A) 4..3)......*' 6.51.3)15 ‘SAAJL-AAJ U""Q) }‘fid%;:;aﬁi’
2 1 .—.
a Tremolite Tr ® b
1.8 Alkali
16 M’ L]
. ® ngo Tsch Tschermakite
14 s Actinolite @ %*c‘ Hbl
f_’ Act "

12— Na-Ca + Hbl ) '
2 g
o 2

0g— Fe-Mg-Mn O g

0.6 . Ferro-Actinolite Fe

Calcic Fe-| Fero- Tsch FerLo "
0.4+ Act| Homblend [ppl | TChemmakie
Hbl
0.2
0 T 1 | | i 0 | : :
“ 82 &8s a - 23 85 8 15 71 65 6 55

BCa+BNa

Cons o505 (D) g (Leak et al., 1997) aallas 5,50 o jblin sloKiw ;o Jomial SIS o1 ,BCa+ BNa Llis ,oBNa lsges (a)-0 S

(Leak etal., 1997) Jouial SIS sl (5,950,5 ek TSI Jilio ,o Mg/(Mg+Fe)
Fig. 5. (a) BNa versus BCa + BNa diagram for amphibole in studied metabasite rocks (Leak et al., 1997) (b) Mg/(Mg+Fe)

versus TSi diagram for amphibole minerals (Leak et al., 1997).

S LSle cpl Jg= y0 (slaiwgs G?oﬂ aS Cé,5 am
ol 0591 Sl 5T sl aSiyl b el azil

Licio cymni —A
Slwgy b polie 5631 o (Th, Nb) HFSE I Sos o
S ol ole o o LREE ¢ adgl aiissS b ons
OIB oisgi) Slaogas sains olis o ,auS boads oy
Wb yole cawd Caol adllae 550 ladiges o
(+\Y OIB:+/+A-+/Y) . Ce/Nb(\/Yf OIB:\/YY-Y/Y-)
oas solatwl polie) ZI/ND(T/YA OIB:¥/#Y-7) jHI/ND
ol Gil,S Sge (el (Y- < VI)WilSON 5l ais 5, OIB (4l
OF10-FEINTIIV s UL e .ol OIB 4 ladigas
Sl sals ool lis TV jloged (o oS ladiged o
@V s ol 1E0IB lase (o ladiges plos a5 !
ldiges jus ND/YD Llis ;0 TIO2/YD Sloges jo pizmes
Pearce, ) w5 o L1, OIB JIIT slacdlil slae 5o
aw e » (VAVY) oKea 4 Fitton (bY Jsiz) (2008
oasis  lp 1, ANb o b Zr-Y-Nb o jaie
el ges slgriny wiluyl > SLLIOIB sl

1va

Slaiwwgy Sogl -V
Sosei S EUY (o jslne polie b anlin o Ti g )lxin
awgy b (Sogll ailas adsl aiigS 4y ool [l job yolie
rsesis ;> Ti (Rudnick and Gao, 2003) <ol sle,8
(Bienvenu et al., 1990) el Slu,Ss uly jo ole
Soged o0 Th ie (g lwm o 86 aslllas 5,50 (sladiges
0155 ol iy i 4l aif Lot Jlwigy ol polic
Kssy Sg0i 3, |y Laaiged cnl (sl Shaimgy (Sogll 53
Nb, Ta ;| o5 wos 4 5 LILE 4 LREE ;I 2 (sl
13 .(Rudnick and Gao, 2003, Rollinson, 1993) ..l
@ Olgie |y baiged ol 9 ND ite ()l 2 0975 pos
Soges jo cails oyl 55 50 (glo,lB atwgy oS lis pae o
3,90 slaaiges (ND/YD) pm Llas ,o (Th/YbD) pm
oS i el opl g aiies OIB s EMORB jlace ;o axllas
JS2) aes e s gl S5 50 1) slawgy (Sogll coonl
Sooll 36 (LA/NDN Llis ;o (TH/NDY N lsges ;5 .@%
Jse) (Zhu et al., 2008) el sais sols ylis (glaiwg
ostedl liz I e 5o bedigad 53 Jlogas ol o (bF
Ol cnlple aiyls 13 Sl atwg oS 5 5l 90 @ g



w

¥ O)LQ.J:J AY 0,93 ‘\f‘YuLH.M.A)

ad i (6325 (wlid (e

s &
ﬂflcﬂ/f’wapb

SleSlo 28,5 amt Bl oo cplpln . BV JSE) 905 oo
Jadie b I Je! Lo 22868 51 Sils slacSiw ol 4l
ol yorr 4y Sl piidu gd ax )0 Cawl 0alds sl & )5 Sl
UL cons s REE a4l 5,85 655 (lice 0 6,8 g
@ el opl e e sy 295 4 |, ND/YD,TIO2/YD
<o) 5 slp YD ogas HREE ,ole UL 6,550 Lo
Slpiig (YVA) o Keo 5 Zhang lowgs assl alie .ol
903 0 dsllas 5 50 (slodigei a5 C8 5 Az el co 00l
So o las rals S0 ogd Sl Jael —26,8 Jeo 55

loads sl oS Lae

(Th/Nb)y

30
eUCC a
25
20 Crustal contamination
& o
o 1
e X v HIMU
B ¢ .
Jcc o ff /
_. EMII Source enrichment
AN-MORB
0=
0 5 10 15

(Nb/Yb),

AND<O !,ls NMORB lacdl;b g AND>0 l,ls OIB
Sy>ap By gz ddhie Cojblie b SKiw o o
pleie ailis a5 ol /Y Sl L +/0O-+/+Y 0 AND
slo)8 Jlb 3ls> 5 o0 slacdlil 5l aaises al oo
50 ZIIND Jloges § ZITY Llis ,oND/Y loges jo .ol
ldiges ples (Y- +0) Condie Lawg oo «31)I ND/Th Jslae
g LalYb coes @ £V JS2) &5y 1,8 OIB o o
+ S gl (Gorie jl Foml diges ool &5 s 4
B Edgs ) Bl ogd (i 51 UL 5 Sy Jaeed

28 5573
A Ab
24 MC UC
ps o
; e
6
2 . PM
- oY \ o
Cvs K : o ..
Oceanic basalt 9\‘013
04 E-MORB
0
¢ o4 08 23 16 2 24 28
(La/Nb),.

Sog0i (B) .asleas L s(Sun and McDonough, 1989)aJsl aiiss solie as o o (ND/YDIN Jilis o (Th/YD)N jloges @) -5 S
Ol N o y2g 0 5,8 g sloSiw 1o slawy Sodl vy p sl (LAINDN Llis ;o (Th/ND) N slaiigS ool Jlrigs slocans
LC .(1989) McDonough 4Sun;l «:5,5,, OIB (E-MORB N-MORB gl 465 PM .ol adgl aiingd oS 5 b ool loxige odimo

Rudnick and Gao (2003) 3l 48,5, UL lo,B8 atwgy UC ¢ Sleo (slo,8 angy MC ¢ Sl (slo, 6 aigy

Fig. 6. (@) (Th/Yb)N versus (Nb/Yb)N graph, ratios normalized to primary mantle values (Sun and McDonough, 1989).
(b) Mantle normalized ratios (Th/Nb)N vs. (La/Nb) diagram to investigate crustal contamination in the southeast of
Borujerd rocks. N represents the normalized composition of the primary mantle (Sun and McDonough, 1989). Prime
mantle PM, NMORB, EMORB, OIB taken from Sun and McDonough (1989). LC lower continental crust, MC middle
continental crust, UC upper continental crust taken from (Rudnick and Gao, 2003).

ag glp olllbe ool 4l 5 (Hunziker et al., 2015.
2 @lo)BB cy ) b Sewlysl Olige ) Ol e g
Azizi and Stern, 2019; ) col suis @l i xS >
(Hunziker et al., 2015; Lechmann et al., 2018

59 Ol5 acgaze 4o (Y41 V) ol e g Shakerardakani
Syg0 aihie §pd )0 g g Sle i
W 0318 3 sy 23590 1y ol 5 Sl (sla S cdlllae
sladlil g5 5l Sdle slaKiw opl (rdiizme opl Sl 4
oopsldl s b al> e 45 5 azew OIB 2yl 5L JISIT

WYy

PLSlogigiss o > -4
ObeS 50 praileSle azii ) Sl 55 00,8 sloSis bisae
g a ) & o Ses el SAlelesle
Khalaji et al., 2007; Esna-asl) ol oo ol
ol b (Ashari et al., 2012; Deevsalar et al., 2017.
s o a5 cwl ol sasms lis p3 Sldlas oeg
O Ry el BSa po eald o8 slandsS
T axg B0 oo g o led gl i 50 Sl
Azizi et al., 2015, 2018; ) ool ails i& ol



w

Er
¥ o)lads Y 0,90 O Fe ¥ i) iy 60,8 owlid e I s

0 -
. = q b
s Continentas 34
. Flood Basal
AR ﬁ OIB armay ThA OB
A / “ P B (aep malting) -'’g
B ’ ® ' ol o'
ii preniin St P \MORB . EMORB ©  MORBamy
N—7 = Vies (shallow melting)
eanic-island& B \' e
alkak basalt 0.24 !
0.1
° L] T ]
s ® 3 e

": s
Ti (ppm)/1000

PLUME SOURCES

Nb/Y

2t/Nb

AN ;
N> Oceanic PleteauBasalt_~
>~

~——
N
Rk N _

% : 2 2 % i
/Y Nb/Th

Primitive Mante

o
.
“

(La 'Sm).\'

(Shervais, 1982) lacdl;b sl V-TI/1000 Jloges @) .cilies cBloiyw; (>l5 slacdlil & bgs e slagloe § atigs glel ¥ S
STIO2/YD 5503 (D) (1 42Y) ROIINSON 5l 33,5 5 JSIT sl g cwssldl ly> slo,BB Sl slacdlil vy g0  SleS slacdlil o
bl (v - - o) Condie;l Zr/Nb Jilis ,oNDB/Th jlsges (€) .ol MORB 51 sULTi/Ybewus l,ls OIB Pearce (2008) Nb/Yb Jilis
N- (LS b Las o <l ARC Lo (SUD) j2l,5,8 5 (F) (cide @93 e saims lis oy NBIY Llas ,o ZI1Y (d) el suis
Blie 0 ZITY Jlsges ) 5 ol ous uldl (Y- +0) Condie 51 cwgldl > cdlsL OIB csole cwgildl ol 4y ;L MORB
Sy b 5l Jols lacline oS 5 saims lis bs sowie 0y g p 3,5 gk odd 8 5o Sleass] sleKis sl (La/SM)N
o5 918 Ph10g ¢ Jguriel AMPh (5,185 Gt el s0s ol (V¢ +8) )| Kae 3 GUIENKO ;! axiwes adgl aigs b b3l jo cusgay

Sl :SP
Fig. 7.Mantle types and fields related to basalts of different tectonic areas. (a) VV-Ti/1000 diagram for basalts (Shervais,

1982), The field of arc basalts, MORB, continental flood basalts, oceanic islands and alkaline basalts taken from Rollinson
(1993), (b) Graph of TiO2/Yb versus Nb/Yb (Pearce, 2008).0IB has a higher Ti/Yb ratio than MORB.(c) Diagram of
Nb/Th vs. Zr/Nb (Condie, 2005). (d) Zr/Y vs. Nb/Y, arrows indicate the path of partial melting (F) and subduction (sub).
ARC basalt associated with the arc, N-MORB normal mid-ocean ridge basalt, OIB basalt of oceanic islands (Condie,
2005) and (e) graph of Zr/Y versus N(La/Sm) for metavolcanic rocks in the southeast of Borujerd, the curves show the
composition of melts resulting from the uniform melting of peridotite in relation to the primary mantle (Gurenko et al.,

2006). Gt: garnet, Amph: amphibole, Phlog: phlogopite, Sp: spinel
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diagrams.(a) Nb-Zr-Y diagram (Meschede, 1986), (b) Differentiation diagram for basalts based on Ti-Zr (Pearce and
Cann, 1973) and (c, d) Nb-Th-Hf-Zr ternary diagrams (Wood, 1980).
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