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Abstract

The Noorabad-Kermanshah ophiolite is part of Eastern Mediterranean-Zagros-Oman Tethyan
ophiolites, that this area is located in south-southwest of the Main Zagros Thrust fault. This
ophiolite consists of peridotites, serpentinites and pegmatite gabbros as mantle sequence whereas
crustal sequences are composed of locally layered gabbros, isotropic gabbros, sheeted dike
complex, basaltic to andesitic lavas and sedimentary rocks (radiolarites and late Cretaceous pelagic
limestones). The diabase dikes enriched in LREE relative to HREE elements(Lagy/Ybn=1.7-3.3).
Also, the andesites are enriched in LREE relative to HREE elements(La (,)/Yb)=3.1-5.37) and the
pillow lavas are enriched in LILE (Thy/Lan=2.1) while show a depletion in HFSE
(Nbny/Lan=0.07-0.2). The Basaltic-andesitic lavas exhibiting mainly calc-alkaline, with minor
island-arc tholeiitic affinities, are characterized by enrichment in LILE and LREE and depletion in
HFSE. These geochemical characteristics compared with other Tethyan ophiolites along the Bitlis-
Zagros suture zone reveal a supra-subduction zone environment for the genesis of the Noorabad-
Kermanshah ophiolites.

Keywords: Diabasic dikes, Basaltic-andesitic lavas, Geochemistry, Supra-subduction zone,
Noorabad ophiolites.

1-Introduction

The Tethyan ophiolites in the Alpine-Himalayan
orogenic system are exposed along curvilinear

suprasubduction zone (SSZ) environments
(Pearce et al, 1981, 1984; Arvin,

suture zones, bounding a series of continental
fragments of Gondwana (Dilek et al., 2008).
The Jurassic ophiolites in the Alpine—Apennine
mountain belt in the west (Fig.1) commonly
display MORB geochemistry (Tribuzio et
al.,1999; Rampone and Piccardo, 2000), while
the Late Jurassic— Cretaceous ophiolites in the
Tauride— Pontide (Turkey), Zagros (Iran), and
Himalayan mountain belts to the east show
geochemical  affinities  characteristic  of

1990;Robinson and Malpas, 1990; Hassanipak
and Ghazi, 2000; Hebert and Laurent, 1989;
Hébert et al., 2003; Malpas et al., 2003; Parlak
et al., 2006; Dilek et al.,
2008;ShafaiiMoghadam et al. 2011).The
ophiolitic complexes along Bitlis-Zagros Suture
Zone include: Baer-Bassit (Syria), Hatay,
Kizildag, and Cilo (Turkey); Kermanshah,
Neyriz and Esphandagheh (Iran), (e.g., Moores
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et al.,1984; Dilek and Delaloye, 1992; Dilek
and Moores,1987).

The Zagros fold-and-thrust belt of Southwest
Iran defines the central part of the peri-Arabian
convergent margin and reflects the Oligo-
Miocene closure of Neotethys (Shafaii
Moghadam et al, 2012).The Zagros Suture Zone
extends from the Turkey-lran border to just
north of the Straits of Hormuz that constitute the
significant part of this orogenic belt .The
ophiolites from Iran may be classified into two
groups, the less abundant Paleozoic and the
more abundant Mesozoic ophiolites (Alavi,
1991). Stocklin (1974) divided Iranian
ophiolites into four groups: (i) ophiolites of the
Zagros; (ii) ophiolites (coloured melanges) of
northwestern Iran; (iii) ophiolites and coloured
melanges that mark the boundaries of the
Central and Eastern Iranian micro-continent
(Takin, 1972); and (iv) ophiolites at the northern
foot of the Alborz range. Alavi (1991) used
information from field relations to classify the
Iranian ophiolites into three groups: (i) the
Proterozoic, which are present as isolated
outcrops on the western edge of the central
Iranian microcontinent (CIM), (ii) the pre-
Jurassic, which are located within the Alborz
Range to the north, and (iii) the post-Jurassic,
which are the most abundant.

The Neyriz-Kermanshah Ophiolitic Belt in
suture zone is a remnant of the Neo-Tethys
ocean that was obducted along the Zagros
margin. The Kermanshah ophiolite is described
as a piece of Tethyan oceanic lithosphere
scraped off during NE-directed subduction
underneath the Iranian block (e.g. Braud, 1970,
1978).The Kermanshah ophiolitic complex in
western Iran, with about 200km length and 30-
60 km wide is part of the High Zagros situated
between the Zagros Folded Belt and Sanandaj-
Sirjan Zone (Fig. 2) that has not been studied
much .The presence of scattered dikes with
island arc tholeiite (IAT) affinity is reported by
Desmons and Beccaluva (1983). Age of
Kermanshah ophiolite (similar to other ophiolite

East Mediterranean-Zagros-Oman) is
considered by K-Ar method versus 86.3+7.8
and 81.4+3.8 Ma (Delaloye and Desmons, 1980;
Braud, 1987).Some diabasic dikes yield
OK/Ar ages of 83-86 Ma (Delaloye and
Desmons, 1980). Reported mantle peridotites,
gabbro and both island arc tholeiitic and
alkaline lavas (Ghazi and Hassanipak, 1999).
Recently Allahyari et al. (2010) described
mantle peridotite, normal mid-ocean ridge
basalt (N-MORB) to enriched mid-ocean ridge
basalt (E-MORB)-type gabbroic sequences and
scarce pillow lavas at Sahneh (NE of
Kermanshah).

The Noorabad ophiolite is an important part of
Kermanshah ophiolite (Fig. 3) that the results of
petrological and geochemical studies of this
ophiolite presented in this paper.The goal of this
paper is to use field data, petrographic study and
geochemical data, including REE and
incompatible trace element data for: (i) identify
different lithologic units of this complex, (ii) to
make clear assessments for the genesis of
Noorabad-Kermanshah ophiolites, and (iii) to
determine the possible tectonic setting and
geodynamic evolution of thisophiolite within
the context of the Neo-Tethyan tectonic
reconstruction models of Iran and the Middle
Eastern region.

2—Regional geology

The Noorabad ophioliteis part of the High
Zagros that situated between the Zagros Folded
Belt and Sanandaj-Sirjan Zone (Fig 2).In this
area the Zagros Fold belt is consists Cretaceous
limestone and  Pliocene  conglomerates
(Bakhtiari Formation) which were strongly
folded. The internal Sanandaj—Sirjan zone
(Stocklin,1968) made of mainly Jurassic,
interbedded  phyllites and  metavolcanics
showing a moderate metamorphic imprint
except close to large-scale Mesozoic calc—
alkaline plutons (Agard et al., 2005; Ahmadi
Khalaji et al., 2007; Tahmasbiet al., 2010;



Journal of Tethys: Vol. 3, No. 1, 001-015 ISSN: 2345-2471 ©2015

Shahbazi et al., 2010). The high Zagros unit (or Cretaceous-Lower Triassic), the Kermanshah
Crush Zone) has three separate sub-units, which  ophiolite, and the Bakhtaran radiolarite
are consist the Biston limestone (Upper (Aghanabati, 1978, 1990).

Table 1) Major and trace element contents from diabasic dikes and andesitic-basaltic lavas in Noorabad-
Kermanshah ophiolite.

Rocktype B B B B B B D D D D D D A A A A A A A
NK- NK- NK- NK- NK- NK- NK- NK- NK- NK-
Sample B-01 B-02 o1 02 1 28 D-01 D-02 D-03 N-06 27 34 T-01 T-02 T-03 18 19 21 22
Sio, 50.4 511 513 50.9 51.2 50.6 50.90 5170 49.20 50.45 51.50 49.20 60 57 57.3 60.1 56.4 59 61.5
TiO, 0.70 1.04 0.60 0.64 141 1.01 143 118 0.61 0.72 139 113 0.1 0.3 0.09 0.04 0.24 0.1 0.05
AlL,Os 12.89 12.96 14.13 13.77 10.50 13.28 15.22 14.35 13.17 14.19 13.57 14.39 13 9.1 10.9 118 10.5 11 135
Fe,04 9.78 7.37 10.93 1177 15.90 6.59 8.93 9.35 11.20 1155 9.25 8.20 8.8 12 11.2 4.36 11.8 11 5.65
MnO 0.10 0.23 0.10 0.09 0.13 0.16 0.16 0.14 0.20 0.08 0.13 0.12 0.1 0.1 0.08 0.14 0.07 0.1 0.09
MgO 571 6.54 5.12 5.92 4.10 5.61 6.80 6.32 6.15 5.34 6.84 6.73 5.6 4 4.43 4.86 4.17 4.8 3.65
CaO 14.84 14.16 10.76 10.92 10.42 16.32 11.52 10.51 1229 10.90 11.31 13.17 7 9.7 8.53 115 10.2 8.2 7.57
Na,O 2.15 2.36 3.12 3.20 2.60 2.64 2.53 2.29 3.78 3.16 2.30 2.83 2.7 2.3 2.24 244 1.33 22 25
K0 0.11 0.79 0.24 0.18 0.46 0.80 0.15 0.28 0.40 0.02 0.10 0.07 0.3 0.9 1.44 0.55 1.26 0.3 1.76
P,Os 0.13 0.79 0.23 0.18 0.46 0.80 0.26 0.32 0.20 0.23 0.41 0.30 0.5 0.3 0.29 0.32 0.43 0.4 0.27
LOI 2.00 1.90 2.20 1.80 2.20 2.10 1.85 2.20 2.40 2.25 2.30 2.70 25 2.8 2.65 23 2.75 2.8 2.9
Total 98.81 99.24 98.73 99.37 99.39 99.92 99.75 98.65 99.59 98.90 99.11 98.84 100 98 99.2 98.4 99.1 99 99.4
Ag 0.01 0.13 0.03 0.04 0.05 0.09 0.1 0.11 0.08 0.03 0.12 0.05 0 0 0.02 0.01 0.02 0 0.02
As 4.7 2.3 0.5 0.7 0.7 4.4 0.9 1 6.5 0.5 14 0.6 1 15 14 0.5 1.8 0.8 0.7
Ba 49.5 160.5 20.8 6.2 6.3 120.7 314 31 131 141 15.2 7.4 13 23 80.3 23 21.2 23 29.8
Be 0.3 0.9 0.5 0.8 0.9 11 0.2 0.7 0.4 0.3 0.5 0.4 0.8 0.9 0.7 0.7 1 0.7 1.4
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cd 0.2 0.4 0.06 0.11 0.13 0.4 041 0.18 0.32 0.06 0.24 0.14 0.1 0.1 0.05 0.07 0.05 0.1 0.05
Co 252 36.1 22.6 218 23.6 35 28.5 29.9 341 204 215 225 27 27 19.4 8.4 10.3 30 136
Cr 107 124 108 25 2 106 2 3 74 15 2 11 66 46 21 4 60 50 25
Cs 0.1 0.8 0.1 0.2 0.1 0.4 0.1 0.1 0.7 0.1 0.1 0.3 0.6 11 0.9 0.6 2.2 0.4 2
Cu 60.9 67.2 38.3 40.5 33.7 86 145 162 89.5 32.1 95.7 62.2 14 13 1 0.7 35.1 58 2.7
Hg 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.1 0.1 0.05 0.05 0.05 0.1 0.05
In 0.03 0.05 0.04 0.02 0.05 0.05 0.04 0.05 0.05 0.02 0.04 0.02 0.1 0.1 0.05 0.06 0.05 0.1 0.07
Li 19.9 18.4 0.6 123 6.4 18.3 194 6.9 10.5 7.7 41 7.9 40 21 19.7 214 16.5 33 16.1
Mo 0.4 11 0.1 0.4 0.7 1 0.7 0.5 0.6 0.3 11 11 0.4 0.5 0.3 0.4 0.5 0.4 0.3
Nb 0.5 7.6 1.2 1.4 17 4.2 3.9 4.2 1.2 13 55 1.8 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ni 91.9 93.5 72.4 66.9 6.3 116.7 29.9 26.3 50.6 34.7 28 63.5 46 35 16.9 34.8 19.7 30 114
Pb 1 2.1 1 3 2.8 2.5 8.1 2.3 6.4 0.3 3 2 13 2.9 2.3 14 18 23 2
Rb 1.9 24.8 14 33 3 20.5 35 8.8 7.9 0.3 2.4 1.6 6 24 30.6 117 30.5 6.3 43.1
Re 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0 0 0.01 0.01 0.01 0 0.01
S 198 75 50 344 223 138 122 50 817 50 3498 735 50 50 50 71 50 50 50
Sh 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 18 0.1 0.2 0.1 0.1 0.2 0.2 0.1 0.1 0.1 0.1
Sc 14 19 12 9 10 26 9 18 17 6 23 9 19 22 13 5 16 20 14
Se 0.27 0.42 0.37 0.26 0.55 0.54 0.54 0.5 0.43 0.27 0.82 0.42 0.3 0.3 0.25 0.3 0.29 0.3 0.26
sSn 5.4 2.6 11 12 1.9 15 14 12 12 1 18 1.2 21 15 15 11 2.2 12 17
Sr 98.9 180.4 50.7 33.8 26.6 161.6 66.8 334 97.5 30 55.2 52 21 41 40.3 120 17.1 105 28.8
Te 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Th 0.18 7.38 1.87 231 0.67 6.71 2.47 2.68 0.27 0.34 3.73 0.92 22 1.6 1.88 1.45 2.29 11 182
T 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
U 0.11 116 0.44 0.81 0.17 1.07 0.55 0.66 0.1 0.05 0.94 0.15 0.5 0.4 0.55 0.37 0.52 0.3 0.35
\% 101 126 124 62 187 131 226 190 161 117 204 108 222 190 143 27 220 221 151
w 0.1 0.2 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Y 15.67 16.38 26.9 12.02 3421 22,51 21.8 234 18.2 211 30.71 214 27 17 18.2 15 18.9 23 14.4
zn 52 118.9 56.9 56.7 1143 120.8 101 106 136 49.8 108 79 36 23 241 19.8 20.9 91 16.6
Zr 44 82 9 52 48 112 38 91 13 16 162 50 8 15 7 8 11 8 13
Ce 7.95 73.41 22.7 19.66 30.13 74.29 36.1 39 191 22 58.34 31 58 37 48.5 41.2 385 38 37.1
Dy 4.06 4.82 5.59 3.73 8.31 4.88 6.47 6.7 4.66 5.93 9.53 7.9 8.1 5.6 5.89 4.9 6.48 6.4 5.89
Er 2.63 2.45 35 2.2 5.33 2.47 4.17 4.2 2.79 3.49 6.01 5.13 4.8 3.1 3.57 2.82 3.68 39 3.51
Eu 0.97 221 133 1.02 1.92 2.22 178 1.88 13 1.63 2.46 1.86 2 17 1.56 121 15 1.6 1.25
Gd 3.78 7.1 5.52 3.77 8.37 7.31 6.63 7.01 4.8 6.11 9.61 7.68 9.3 6.7 6.76 5.84 7.2 6.9 6.38
Ho 0.98 1.01 133 0.87 2.01 1 154 157 1.05 135 2.23 1.88 18 13 1.39 1.06 1.44 15 131
La 2.52 49.8 9.73 8.7 1171 61.44 173 17.8 7.96 8.94 28.07 123 25 16 224 21.8 16.1 16 16.4
Lu 0.66 0.35 0.48 0.35 0.85 0.33 0.68 0.67 0.4 0.53 0.97 0.86 0.7 0.5 0.55 0.48 0.52 0.6 0.55
Nd 7.79 38.73 15.2 1171 22.28 42.64 20.7 224 131 16.4 32.46 21.6 34 22 26.6 19.9 239 24 211
Pr 1.36 9.58 3.12 2.5 4.4 10.68 4.51 4.88 2.6 32 7.07 4.36 7.4 4.8 5.98 4.75 511 5 4.68
Sm 25 6.85 4 2.89 6.03 7.09 5.03 5.42 3.48 4.52 75 5.75 7.8 5.3 5.68 4.55 5.87 5.6 4.99
Tb 0.64 0.93 0.9 0.6 1.32 0.92 1.04 1.07 0.74 0.98 1.53 127 14 1 1.01 0.85 1.09 11 0.98
™ 0.49 0.4 0.61 0.39 0.97 0.42 0.76 0.77 0.48 0.63 11 0.96 0.8 0.5 0.63 0.51 0.63 0.7 0.63
Yb 2.66 2.1 3.25 2.17 5.32 2.09 4.16 4.19 2.58 3.42 6.1 5.23 4.6 2.9 3.46 291 3.22 3.7 3.48
Nb/Yy 0.03 0.46 0.04 0.12 0.05 0.19 0.18 0.18 0.07 0.06 0.18 0.08 0.02 0.03 0.03 0.03 0.03 0.02 0.03
Y/Nb 31.34 2.16 22.39 8.59 20.12 5.36 5.58 5.57 15.13 16.22 5.58 11.87 54.30 34.58 36.40 29.92 37.72 46.94 28.70
Zr/INb 88.00 10.79 7.50 37.14 28.24 26.67 9.74 21.67 10.83 1231 29.45 27.78 16.00 30.00 14.00 16.00 22.00 16.00 26.00
Nb/La 0.20 0.15 0.12 0.16 0.15 0.07 0.23 0.24 0.15 0.15 0.20 0.15 0.02 0.03 0.02 0.02 0.03 0.03 0.03
La/Nb 5.04 6.55 8.11 6.21 6.89 14.63 4.44 4.24 6.63 6.88 5.10 6.86 50.94 32.12 44.76 43.58 32.14 32.30 32.76
Nb/U 4.55 6.55 2.73 173 10.00 3.93 7.09 6.36 12.00 26.00 5.85 12.00 1.09 1.43 0.91 1.35 0.96 179 1.43




Kiani et al., 2015

Ce/Pb | 7.95 34.96 22.70 6.55 10.76 29.72 4.45 16.95 2.99

73.43 19.45 15.51 44.68 12.73 21.08 29.40 21.39 16.57
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Tethyan suture zones

Figure 1) Simplified tectonic map of the eastern
Mediterranean region showing the distribution of
the Neotethyan ophiolites and suture zones (Dilek et
al., 2007).

A part of largely of Kermanshah ophiolite is
located around of Noorabad city and is cut by a
major SE-NW trending fault. The main rock
units in the Noorabad area include rocks of
ophiolitic complex, sedimentary rocks and
marble (Fig. 3). This ophiolite consist of
serpentinized peridotites and pegmatite gabbros
as mantle sequence whereas crustal sequences is
composed of locally layered gabbros, isotropic
gabbros, sheeted dike complex, basaltic to
andesitic lavas and sedimentary  rock
(radiolarites and late Cretaceous pelagic
limestones) (Fig. 3).
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Figure 2) Map showing locations of major Iranian ophiolites (Kiani et al., 2014).
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The serpentinized peridotites including dunite,
harzburgite and lherzolite are that can be found
along the Harsin to Noorabad road and covered
by Oligo- Miocene limestone. The Gabbros
located in NW parts of the study area consist of
isotropic and cumulate gabbros that somewhat
are layered in some areas. A well-preserved
volcanic sequence (including andesites, basaltic
lavas and pillowed basalts) and sheeted dike
complex are found in many places (e.g. S of
Aleshtar, E of Harsin and around of Noorabad).
In more these are as sheeted dikes intruded into
basaltic lavas and covered by Bakhtiari
formation (Pliocene). Extrusive rocks of the
Noorabad Ophiolite are consist of basalt and
andesite occurred as hills, and are present as
massive flows and blocky outcrop. These rocks
show the effects of extensive sub-seafloor
hydrothermal  alteration and  low-grade
hydrothermal metamorphism. The basalts of this
ophiolite divided into two types: (1) pillow lava
(2) spilites basalts that can be found around of
Noorabad city.

Cletaceouslimestone o STy
Basalt, andesite Bi Ji ® Alashtar
ke swarm - sotun limestones
=1 sotropic gabb B '
locally layered D Major faults

Marble

. Peridothe Sanandaj-Sirjan zone

Figure 3) Geologic map of the Kermanshah
ophiolitic complex (Kiani et al., 2014).

The Kermanshah radiolarites belongs to an
important  siliceous complex of Mesozoic
age.This sedimentary pile was deposited in a
long and narrow basin (Dercourt et al., 1993;
Ricou and Marcoux, 1980; Ricou et al., 1977).
This sedimentary basin was part of the Tethyan
Ocean and bordered the eastern edge of
Gondwana. It extended from the Hawasina
region (Oman) in the south, through Pichakun

(South Iran, Neyriz series) and Kermanshah
(western Iran), and ended in the Kocali basin
(Turkey). The Kermanshah radiolarites have
two ages consist as Lower Pliensbachian for the
oldest ones, up to Turonian for the youngest
(Gharib and Wever, 2010).

3-Petrography

The sheeted dikes of the Noorabad ophiolites
show the effects of extensive sub-seafloor
hydrothermal alteration. These rocks are
composed of  clinopyroxene  (30-40%),
plagioclase (40-50%), and opaque minerals (10-
20%). These rocks have intergranular,
microgranular and poikilitic textures (Fig. 4A).
A few samples show vesicles filled with
secondary mineral such as chlorite, prehnite,
and zeolites(Fig. 4B).The plagioclase laths (1-3
mm in size) altered to sericite and have
compositional zoning. The clinopyroxene (1-
2mm average size) is generally augite that on
effect uralitized process altered to amphibole
mineral. The opaque minerals are including
pyrite and titanomagnetite altered to iron oxides.
The pillow lavas have microvesicles filled with
chlorite, carbonates and opaque minerals in a
groundmass of plagioclase and clinopyroxene
microlites (Fig. 4C). The spilitic basalts have
plagioclase (60-70%), clinopyroxene (20-30%)
and minor opaque minerals (10-20%)
(titaniferous  minerals) (Fig. 4D). The
clinopyroxenes (Lmm or less in length) of these
rocks are uralitized and plagioclases (0.5-3mm
long) altered into sericite. These rocks have
intersertal, aphanitic, porphyritic and variolitic
textures. The titaniferous minerals (<1mm) have
skeletal texture and altered to iron oxides.
Andesites of Noorabad ophiolite in hand
specimen and thin section have phenocrysts of
plagioclase (60-70%) in a groundmass of
clinopyroxene (10-20%) and opaque minerals
(20-30%). In these rocks the primary minerals
(plagioclase and pyroxene) of rocks altered to
secondary minerals (chlorite, sericite, quartz,
zeolite and Fe-Oxide). The microvesicles of
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these rocks are filled with secondary minerals
consist sericite, quartz, zeolite, chlorite and
opaque minerals. The plagioclases (2-3mm
average size) are euhedral to subhedral that
shows evidences of fracture and breakage.

These rocks have glomeroporphyritic and

porphyritic texture (Fig. 4E). The opaque
minerals in the alteration zones consist of pyrite,
bornite, malachite, azurite and Fe-Oxide (Fig.
4F).

Figure 4) Microphotographs of representative samples (crossed polarized light) :(A) sheeted dikes; (B)
vesicles filled with secondary mineral such as chlorite, prehnite, and zeolites in the sheeted dikes; (C)
variolitic texture in the pillow lavas; (D) spilitic basalts; (E) glomeroporphyritic texture in the andesite; (F)
The opaque minerals (pyrite, bornite and Fe-Oxide) in the andesite. [Pl = plagioclase; Cpx= clinopyroxene;
Chl= chlorite; Prh= prehnite; Cal= calcite; Bn = bornite; Fe-Ox = Fe-Oxide; py = pyrite.]

4—Analytical methods

For chemical analysis 19fresh samples (6
samples of basaltic lava, 6 samples of dikes and
7 samples of andesites) from Noorabad
ophiolite were analyzed for major, trace and
rare earth elements (REE) in Labwest Minerals
Analysis Laboratory, Australia (Table 1). Major
elements were determined by ICP-AES; in this
method 15 gr subsample of the analytical pulp is
fused with lithium metaborate at 1000° C and
dissolved in nitric acid then determined by ICP-
AES. For trace elements and rare earth element
(REE) 2gr of sample is digested in a mixture of
acids in a microwave digestion system then
elemental concentrations are determined by
ICP-MS.

=

Rhyolite

1 IIIIIIIl 11

.1 = s :
i E Rhyodacite/Dacite E|
ZiTi02 E TrachyAnd 3
N Andesite ]
o1 &? -
EAndesite asalt . m E
- ® SubAlkaline Basalt Alk-Bas
001 1 11 11111l | 1 11 1 1111 | 1 11 11111
oo A 1 10

Nb/Y
Figure 5) Zr-Ti-Nb-Y geochemical discrimination

diagram (Winchester and Floyd (1977) showing
three types of lavas and dikes. Solid squares=
diabas, Solid circles=basalts and Solid triangles=
Andesites.
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4.1- Geochemistry

The basaltic extrusive rocks of the Noorabad
ophiolite in generally underwent sea-floor
alteration and  low-grade  hydrothermal
metamorphism. This alteration typically results
in losses or gains of most of the major elements

such as alkali and alkali earth elements. Thus,
some of the discrimination diagrams, such as
alkali-silica and AFM diagrams (Middlemost,
1977; Irvine and Baragar, 1971), which use
major element oxides for characterizing
chemical types are not useful.

B LI N S I I L N I O B L LI B B S B N B B B
(] S e
5 | i
W+ ] g
AA -
° |
5= —
| |
conl-a M g b
q n a -
A A
ohA |
SrAA 7]
[ [ ]
0 PR SN TN TN N TN SN T N TN TN TN N NN S N W 9 TS ® | ® . 1 |
0 50 100 150 200 o 50 100 150 200
Zr Ir
B""I"'.'I""I"" L L I S R N B B B B B

Nb 4

U""I""ll"ll"" ﬂ_lll!lllllllllllllll
0 50 100 150 200 5 = T 5 5
I zr
3T T T T T T T T T T T T S I — — T T T T T T T T 1

L ]
_ a0 a A
¥
A
L ]
m | |
_ 0= .
4 ° ¢
I I I 10 1 1 1 1 rl 1 1 1 | 1 1 1 1 I 1 1 1 1
1] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 50 100 150 200
0 50 100 150 200 7
Zr
50
01T L I B — T LI LI T T T T T
60 [ ] i A
40 -
50 — Py —
a0 A& <}
40 -
R
La 5 A @
i B 20 - [ ] .
Fy -
20 - - A
| m—\‘.\ -l
Tk & | AR
“ [} a P
o] | | DJ_.lllllllllllllllll
i} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [i} 50 100 150 200
0 50 100 150 200 =

zr

Figure 6) Nb/Y vs. Zr/P,Os diagram with field after delineated after Floyd and Winchester (1975). Symbols
as in Fig. 5.

conditions of metasomatism and low-grade
hydrothermal metamorphism are wused to
characterize such basalts with respect to original

Therefore, in this paper selected minor and trace
elements (e.g., Ti, Zr, Y and Nb) that are
believed to be relatively immobile under
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composition and possible tectonic environment
of formation (e.g., Pearce and Cann, 1973;
Winchester and Floyd, 1977; Pearce, 1996;
Jenner, 1996).

The Lavas (basalts and andesites) and dikes of
this ophiolite have lower TiO, (0.04-1.43%)
contents and exhibit enrichment in large-ion
lithophile elements( LILE) such as Ba, Rb, K,
and Th relative to high-field strength elements
(HFSE) such as Ti, Zr, Nb, Y and such
enrichment of LREE relative to HREE (except
B.1 sample) suggest arc magmas affinities (e.g.
Pearce 1982; Shervais 1982; Pearce and
Peate1995).These differences are generally
attributed to the addition of a hydrous fluid from
the subducting slab to the overlying mantle
wedge (Pearce and Peate 1995).

On the Nb/Y-Zr/Ti discrimination diagram
(Winchester and Floyd, 1977) the lavas (basalts
and andesites) and dikes from the Noorabad
ophiolite plot in the sub-alkaline field. These
rocks divided into basalt, andesite-basalt and
andesite (Fig. 5). On the Nb/Y vs. Zr/P,0s
diagram (Floyd and Winchester, 1975), these
rocks plot in the tholeiite field (Fig. 6). Trace
elements versus Zr diagrams are illustrated in
Fig. 7. Most of the samples display near-linear
to curvilinear trends of increasing with
increasing  Zr  content. In  La-Y-Nb
discrimination diagram (Cabanis and Lecolle,
1989) all samples plot in island arc basalts fields
(Fig. 8). In Th-Zr-Nb discrimination diagram of
Wood (1980), all the samples plot within the
subduction zone (SSZ) field (Fig. 9). In this
diagram, all samples show depletion in Nb and
Hf (Fig. 9). On the Th/Yb versus Nb/Yb ratio
plots (Pearce 1982; Pearce et al., 1995) all
samples plot in the subduction zone field (Fig.
10).

Patterns normalized to NMORB for all samples
are depleted in Sr, Ba and K, suggesting
theextensive mobility of these elements during
sub-sea-floor hydrothermal metamorphism (e.g.,
Pearce and Cann, 1973; Winchester and Floyd,

1977; Pearce, 1996; Jenner, 1996; Harper et al.,
1988; Harper, 1995).

1

0.8
Alkaline Basalt

0.6
>
H

0.4 Tholeiitic Basalt

0.2 [} m
[
0 ®
0 100 200 300 400 500

Zr/P205
Figure 7) Trace elements versus Zr diagrams.
Symbols as in Fig. 5.

Y/15

La/10 Nb/8

Figure 8) La-Y-Nb discrimination diagram (Cabanis
and Lecolle, 1989) that show all samples plot in
island arc basalts fields. Field 1 contains volcanic-
arc basalt, field 2, continental basalt, and field 3,
oceanic basalt. The subdivisions of the fields are as
follows: 1A, calc-alkalic basalt; 1B, calc-alkalic
basalt and volcanic arc tholeiite; 1C, volcanic arc
tholeiite; 2A, continental basalt; 2B, back-arc basin
basalt; 3A, alkalic basalt from intercontinental rift;
3B + 3C, E-type MORB (3B enriched; 3C weakly
enriched); and 3D, N-type MORB. (Symbols are
similar to Fig. 5).

According to patterns normalized to NMORB,
more dibasic dikes are enriched as basaltic rocks
of large-ion lithophile elements (LILE) Such as
Pb, Rb, Cs, U and Th (Thu/Lan=1.2) and is
depleted in High Field Strength Elements
(HFSE) such as Ti, Nb, Zr and Y
(Nbgy/Lap)=0.14-0.23). Of course these rocks
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are depleted in Ba, K and Pb (Just in case D-3)
due to alteration (Fig. 11A).

Zr/117

Th Nb/16

Figure 9) Th-Zr/117-Nb/16 discrimination diagram
(Wood, 1980) showing that all the sampels plot
within the supra-subduction zone (SSZ) field. (A) N-
MORB type, (B) E- MORB type and tholeiitic basalt
within plate and differentiates, (C) alkaline within
plate basalt and within the plate basalts and
differentiates, (D) destructive plate-margin basalts
and differentiates (subduction zone).(symbols are
similar to Fig. 5).
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Figure 10) Th/Yb versus Nb/Yb diagram (Pearce
and Peate, 1995) showing that all the sampels plot
within the subduction zone field. Shaded areas show
the field of Kocali ophiolite (Varol et al., 2011).
(symbols are similar to Fig. 5).

Chondrite- normalized spider diagrams show
that diabase dikes are enriched in LREE relative
to HREE elements (Lagyy/Ybn=1.7-3.3) (Fig.
11B). Enrichment of light rare earth elements
(LREE) and heavy rare earth elements depletion

(HREE) in this diabasic dike are associated with
significant calc-alkaline magma series of
volcanic arc (Monnier et al., 1995).

NMORB normalized diagrams for pillow lavas
show that these rocks are enriched in large-ion
lithophile elements (LILE) such as Pb, Rb, K,
Cs, U and Th (Thn/Lam=2.1) and high field
strength elements (HFSE) such as Ti, Nb, Zr
and Y  (Nbgn/Lan=0.07-0.2)(Fig. 12A).
Negative anomalies of Nb and enrichment in
LILE relative to HFSE are typical
characteristics of subduction-related magmas)
Rolland, 2000; Kelemen et al., 1993). REE
patterns  (spider diagram normalized to
chondrite) for basalts Noorabad shows three
different trends (Fig. 12B): 1) NK-28 and B-2
Samples are enriched in light rare earth
elements (LREE) than heavy rare earth elements
(HREE) (Lany/Ybnp=17-21). This pattern is
similar to series of basalt and calc-alkaline
magma produced in a subduction zone and also
is similar to Neyriz ophiolite basalts
(Sarkarinejad, 1994) and Nain-Baft opiolite
calc- alkaline lavas (Shafaii Moghadam et al,
2009).2) NK-1, NK-11andNK-2 examples have
patterns almost flat to slightly enriched in LREE
(Lamy/Ybr)=1.6-2.9) that is characteristics of
intermediate rocks between tholeiitic series and
calc—alkaline in island arc. 3) B.1 sample is
depleted in LREE relative to HREE elements
(Lagy/Ybgy = 0.7) that is indicative orientate to
the N-MORB-type basalts, although Nb
depletion observed in this sample indicates
tholeiitic trend.

Patterns normalized NMORB for the andesites
show that rocks are enriched in LILE as Cs, U
(Thny/Lan)=0.54-1.15) and Th and depleted in
HFSE as Nb, Zr and Ti (Nbgy/Lan=0.01-
0.03)(Fig. 13A).

Chondrite normalized spider diagrams show that
andesites are enriched in LREE relative to
HREE elements) Lag)/Yb)=3.1-5.3)(Fig. 13B).
Enrichment of LREE and LILE and depletion of
HREE and HFSE in these rocks is similar to
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pillow lavas and diabasic dike that can be
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diabasic dikes from Noorabad ophiolite. (Symbols are similar to Fig. 5).
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lavas from Noorabad ophiolite. (Symbols are similar to Fig. 5).

RockiNMOREB Sun'McDon. 1989
W eEeT T T T T T T T T T T T T T T T T T T T 77

T TTITI

100

povond ol 1l

IIIIIIII| IIIIIrlﬂ‘ IIIII|'|T| TTTIT I

1IIIIll|IIIIIIIIIIIIIl|
CsRbBaTh UNb K LaCePb Pr Sr P Nd Zr SmEu Ti Dy Y Yb Lu

3
g

10

T IIIIIII]
] IIIIlIlI

B

1=

S R IS A S AN M| (N SN AR\ NS N S VA |
La Ce Pr Nd Pm Sm Eu Gd T Dy Ho B Tm Yb Lu

Figure 13) NMORB normalized and chondrite normalized patterns (Sun and McDonough, 1989) for
andesites from Noorabad ophiolite. (Symbols are similar to Fig. 5).

5-Discussion andConclusions

The Noorabad- Kermanshah ophiolite is part of
Eastern Mediterranean-Zagros-Oman Tethyan
ophiolites, cropping out in south-southwest of
the Main  Zagros  Thrust fault. In

thissequenceoftheophioliterocks,

diabasicdikes,basaltand andesitearewidespread.
These rocks show the effects of extensive sub-
seafloor hydrothermal alteration. In these rocks
the primary minerals (plagioclase and pyroxene)
altered to secondary minerals(chlorite, sericite,
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quartz, zeolite andFe-Oxide). Mineralization in
the andesitesis: chalcopyrite, bornit, pyrite,
malachite, chalcocite, covellite, azurite and
iron-oxide minerals. This mineralizatin is in the
alteration  zones. Diabasic dikes have
intergranular, microgranular and poikilitic
textures. The basalts have intersertal, aphanitic,
porphyritic and variolitic textures and the
andesites  have  glomeroporphyritic  and
porphyritic texture. Based on geochemical
studies, the studied rocks have common source,
calc-alkaline  magmas  signaturesand are
enrichment in LREE and LILE and depletion
HFSE elements. These characteristics are
similar to other Tethyan ophiolites along the
seam suture zone- Zagros (Bitlis-Zagros suture
zone) are exposed, and their formation is
associated with supra-subduction zones.
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