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Abstract The peri-Arabian ophiolite belt, from Cyprus in the west, eastward through
Northwest Syria, Southeast Turkey, Northeast Iraq, Southwest Iran, and into Oman,
marks a 3000 km-long convergent margin that formed during a Late Cretaceous (ca
100 Ma) episode of subduction initiation on the north side of Neotethys. The Zagros
ophiolites of Iran are part of this belt and are divided into Outer (OB) and Inner (IB)
Ophiolitic Belts. We here report the first Nd–Hf isotopic study of this ophiolite belt,
focusing on the Dehshir ophiolite (a part of IB). Our results confirm the Indian mid-oceanic
ridge basalt (MORB) mantle domain origin for the Dehshir mafic and felsic igneous rocks.
All lavas have similar Hf isotopic compositions, but felsic dikes have significantly less-
radiogenic Nd isotopic compositions compared to mafic lavas. Elevated Th/Nb and Th/Yb
in felsic samples accompany nonradiogenic Nd, suggesting the involvement of sediments or
continental crust.
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INTRODUCTION

Ophiolites are relicts of oceanic lithosphere that
define sutures between continental terranes. They
are important markers of convergent margin pro-
cesses and preserve the records of tectonic and
magmatic events from rifting–drifting through
subduction, accretion, and collision stages of con-
tinental margin evolution. Ophiolites form in a
variety of plate-tectonic settings including oceanic
spreading centers, back-arc basins, forearcs, and
arcs and other extensional magmatic settings
including those formed by mantle plumes (e.g.
Kusky 2004; Dilek et al. 2007; Santosh et al. 2009;
Pearce & Robinson 2010). Among the various
categories of ophiolites, the supra-subduction

zone (SSZ) types are dominant (Pearce et al.
1984).

The origin and tectonic evolution of ophiolites
provide important constraints on the evolution of
orogenic belts. Understanding ophiolites in a
region such as Southwest Eurasia, the geological
history of which is dominated by accretionary
tectonics where tectonostratigraphic terranes of
different origins are now juxtaposed (Ghazi et al.
2003), is particularly important. The peri-Arabian
region from Cyprus in the west, eastward through
Northwest Syria, Southeast Turkey, Northeast
Iraq, Southwest Iran, and into Oman marks a
3000 km-long convergent margin, which formed
during a Late Cretaceous episode of subduction
initiation on the north side of Neotethys (Shafaii
Moghadam et al. 2010). This long-lived conver-
gent margin is decorated by ophiolites that
formed in what became the forearc when a ca
10-m.y. episode of subduction initiation began ca
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100 Ma (e.g. Alabaster et al. 1982; Sengor 1990;
Floyd et al. 1998; Robertson 1998, 2002; Godard
et al. 2003, 2006; Garfunkel 2006; Robertson &
Mountrakis 2006; Dilek et al. 2007; Dilek &
Furnes 2009; Shafaii Moghadam & Stern 2011a).

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. The growth of this belt con-
tinues with subduction–convergence of Arabia
under Eurasia at about 25 mm/year (Reilinger
et al. 2006), commencing at 10–20 Ma (McQuarrie
et al. 2003). Many ophiolites define the evolving
peri-Arabian suture between Arabia and Eurasia.
Isotopic studies provide important insights on
these ophiolites. In recent decades, several studies
of the Nd–Sr isotopic signatures of Oman and
Troodos ophiolitic lavas used these data to trace
the geochemical properties of the mantle source
(including mantle domain; Pacific and/or Indian;
e.g. Zhang et al. 2005) and to elucidate their
tectono-magmatic setting, but no Hf isotopic
studies have yet been reported. The aim of this
paper is to present Nd and Hf isotopic composi-
tions of lavas from the Dehshir ophiolite of South-
west Iran, and to use these results to better
understand the nature and origin of this ophiolite
belt. These are the first Nd isotopic results for
Zagros inner belt ophiolites and the first Hf isoto-
pic results for any of the Late Cretaceous peri-
Arabian ophiolites.

GEOLOGIC SETTING

The Zagros Ophiolite Belt lies along the Northeast
flank of the Zagros fold-thrust belt (Fig. 1; see
Shafaii Moghadam & Stern 2011a,b for a detailed
review of Zagros ophiolites, and Shafaii
Moghadam & Stern 2011b for a brief overview).
Zagros ophiolites can be subdivided into an outer
belt (OB) and an inner belt (IB), south of the Main
Zagros Thrust Fault (MZT) and along the south-
west periphery of the Central Iranian Block
(Stocklin 1977). OB includes the Kermanshah,
Neyriz, and Haji–Abad ophiolites whereas IB
comprises the Nain, Dehshir, and Balvard–Baft
ophiolites (Fig. 1). The Nain–Baft ophiolites are
distributed along the Nain–Dehshir–Baft strike-
slip fault, which has fragmented and disrupted
these ophiolites. The Dehshir ophiolite is exposed
discontinuously over about 150 km2 near the
center of the IB. Despite shearing and fragmenta-

tion of the Dehshir ophiolite as a result of strike-
slip movements of the Nain–Dehshir–Baft Fault,
stratigraphic contacts between rock units are pre-
served in many localities.

The Dehshir ophiolite lava sequence is con-
formably capped by Turonian–Maastrichtian
(93.5–65.5 Ma) Globotruncana-bearing pelagic
limestones (Fig. 2). The Dehshir ophiolite is
described in detail by Shafaii Moghadam et al.
(2010). The mantle sequence is composed of
harzburgite with minor cumulate and intrusive
rocks including plagioclase lherzolite, clinopyrox-
enite, leucogabbro, pegmatitic and isotropic
gabbro, and diabasic dikes (Fig. 3c).

The Dehshir ophiolite crustal section includes
basaltic to andesitic massive flows (Fig. 3a), pillow
basalts (Fig. 3d), and a basaltic–dacitic sheeted
dike complex (SDC, Figs 3b,4), but amphibole
gabbro and diorite make up most of the crustal
sequence. Plagiogranite occurs as dikelets injected
into amphibole-bearing isotropic gabbro and
diorite. Metamorphic rocks (metamorphosed lavas
and their pyroclastic equivalents) include fine-
grained amphibolite and greenschist. Granitic
plutons intrude metamorphic rocks and rarely
the ophiolite. Most of Dehshir ophiolite magmatic
rocks show Nb depletions on spider diagrams,
indicating that mafic melts were generated from
a subduction-modified mantle source (Fig. 4b,c;
modified from Shafaii Moghadam et al. 2010).
Dehshir ophiolitic lavas evolved from early
normal-type mid-oceanic ridge basalt (NMORB)
type lavas to late calc-alkaline–boninitic lavas
without any stratigraphic hiatus such as uncon-
formity or sediment deposition, as expected for
forearc ophiolites associated with subduction ini-
tiation (Whattam & Stern 2011). This progression
of forearc ophiolite chemistry from MORB to
island-arc tholeiite (IAT) and boninite is also well
documented and discussed in detail for Mediterra-
nean ophiolites (Dilek et al. 2008; Dilek & Furnes
2009, 2011; Dilek & Thy 2009).

Recent U–Pb zircon ages for Dehshir plagio-
granites indicates ophiolite formation of ca 100 Ma
(H Shafaii Moghadam, F Corfu & RJ Stern unpubl.
data, 2012) (Fig. 4). This is similar to radiometric
ages of other IB ophiolites including Nain ophiolite
(ca 101 Ma; H Shafaii Moghadam, F Corfu & RJ
Stern unpubl. data, 2012) but is a little is older than
ages of other Late Cretaceous ophiolites of South-
west Eurasia, which show U–Pb zircon ages of
93–98 Ma for Semail, Oman (Tilton et al. 1981) and
92 Ma for Troodos, Cyprus (Mukasa & Ludden
1987).
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Fig. 1 (a) Map showing the distribution of the inner (Nain–Dehshir–Baft–Shahr-e-Babak) and outer (Kermanshah–Neyriz–Haji–Abad) Zagros ophiolitic
belts, the location of the Urumieh–Dokhtar magmatic arc (Eocene–Quaternary), and main Zagros thrust (MZT). (b) Schematic cross section (A-B in Fig. 1a)
showing the relationship between the outer and the inner Zagros ophiolitic belts and the Zagros thrust-fold belt (after Shafaii Moghadam et al. 2010).
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ANALYTICAL METHODS

Samples were previously studied for petrology and
chemical composition (Shafaii Moghadam et al.
2010), so only Sm, Nd, Lu, and Hf concentrations
and Nd and Hf isotopic compositions were deter-
mined in this study. Prior to digestion, powders
were leached with 6N HCl at 80°C for two hours,
rinsed with de-ionized water, and then dried. The
samples were weighed and digested with HF and
HClO4, then dissolved in HCl. A part of the aliquot
was taken from the solution by a micropipette for
trace element analysis after dilution by nitric acid.

Concentrations of Sm, Nd, Lu, and Hf were
analyzed by inductively coupled plasma mass
spectrometry (ICP-MS) using an Agilent 7500ce
system (Agilent, Santa Clara, CA, USA) fitted
with PFA sample introduction and a Pt-inject
torch system. The ICP-MS system was operated
in no-collision-gas and multi-tune acquisition
mode. This combination allowed a wide range of
elements to be precisely determined using pulse
counting detection with the HF-containing sample
solution delivered directly into the plasma.
Methods for sample dissolution, preparation, and
measurement have been described by Chang et al.

Fig. 2 Simplified geologic map of the
Dehshir ophiolite (compiled after Sabze-
hei 1997). U–Pb age data (H Shafaii
Moghadam, F Corfu, RJ Stern, unpubl.
data, 2012). The location of samples
(filled circle) for Hf–Nd isotope study is
also shown on the map.
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(2003) and Nakamura and Chang (2007). The
external reproducibility and the internal precision
for ICP-MS analyses, estimated from repeated
measurements of international reference samples
(JB-1a of GSJ, BCR-2 and BIR-1 of USGS) were
mostly better than 5% and 3% (relative standard
deviation, RSD), respectively.

For isotopic analyses, Hf was separated by a
single-column method using Ln-Spec resin
(Eichrom Technologies, Lisle, IL, USA) following
Münker et al. (2001). The total procedural blank
for Hf was less than 25 pg. Hf isotope ratios were
measured on a sector-type multi-collector ICP-MS
(Neptune; Thermo Fischer Scientific, Bremen,
Germany) at the Institute for Research on Earth
Evolution (IFREE), Japan Agency for Marine-
Earth Science and Technology (JAMSTEC).
Approximately 100–200 ng of each Hf sample was
diluted with 10 g of a 3% HNO3 solution and ana-
lyzed through a desolvating nebulizer (Aridus II;

CETAC Technologies, Omaha, NB, USA). The
mass fractionation factor was determined from
measured 179Hf/177Hf, and other isotope ratios were
normalized to 179Hf/177Hf = 0.7325 using an expo-
nential law. 173Yb and 175Lu peaks were monitored to
correct for interference of 176Yb and 176Lu on 176Hf.
Repeated measurement of the standard JMC475
provided 176Hf/177Hf = 0.282141 � 0.000007 (2s,
n = 8) during this study. The measured 176Hf/177Hf
ratios for the samples are normalized to a JMC475
value of 176Hf/177Hf = 0.28216.

Nd in the sample was separated from the
first eluent of the Hf column and further separated
by cation exchange resin (AG50W-X8) using
HCl for rare earth elements (REEs). A second
separation of Nd was made using a miniature
cation exchange resin (AG50W-X8) column with
2-hydroxyisobutyric acid (HIBA) (Hirahara et al.
2009). The collected Nd fractions were dissolved
in 1 M HNO3. Approximately 50–100 ng of each Nd

sheeted dike complex

late dacite dike

early diabase dike

 lava flow sequence

(b)

diabase dike within mantle harzburgite  pillow lava sequence

(a)

)d()c(

Fig. 3 Field photographs of Dehshir ophiolite. (a) Outcrop of massive lava flows, west of Aziz-Abad village. (b) Late dacite dikes injected into early
diabase dikes in sheeted dike complex. (c) Isolated diabase dike in mantle sequence. (d) Pillow lava sequence, south of Aziz-Abad village.
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sample was loaded onto an outgassed Re filament
and dried at 0.6 A, and then introduced into a
thermal ionization mass spectrometer (TRITON;
Thermo Fisher Scientific) equipped with nine
Faraday cups at IFREE, JAMSTEC and analyzed
by a normal double filament method. The normal-
ization factor used to correct for Nd isotopic
fractionation was 146Nd/144Nd = 0.7219, and the
measured isotope ratios were further corrected
using the exponential law.

A standard JNd-1 was analyzed during analyses
and yielded 143Nd/144Nd = 0.512096 � 0.000009 (2s,
n = 4). eHf(t) and eNd(t) values were calculated
assuming an age of 100 Ma and relative to chon-
dritic uniform reservoir (CHUR) values of 0.282785
for 176Hf/177Hf and 0.512630 for 143Nd/144Nd.

RESULTS

In this section we focus on Hf and Nd isotope
compositions of six samples from the Dehshir
ophiolite (Table 1). These are three mafic and three
felsic samples including a basalt pillow lava (AZ06-
32), basalt lava flow (DR05-2A), diabase dike

intruding the mantle (G06-16), and three felsic
dikes in the SDC (AZ06-8, AZ06-11, AZ06-31)
(Fig. 4a). These rocks were previously studied for
major, trace, and REE concentrations (Shafaii
Moghadam et al. 2010) and the results reproduced
in Figure 4b,c.

Briefly, the basalt lava (DR05-2A) is slightly
light REE (LREE)-depleted. It lacks Nb and Ta
anomalies relative to La and thus mimics NMORB
(Fig. 4c). G06-16 (diabase dike) is LREE-depleted
and strongly depleted in Nb and Ta, similar to IAT.

REE and trace element patterns for felsic dike
samples (AZ06-8, AZ06-11, AZ06-31) as well as a
calc-alkaline mafic pillow lava sample (AZ06-32)
show similar flat REE patterns, with no or weak
Eu anomalies, and trace element patterns with
negative Nb and Ta anomalies relative to La,
which are common in subduction zone lavas (e.g.
Pearce et al. 2005). Felsic lavas have low Sr/Y (3.9–
6.0), indicating that they formed by low-P pro-
cesses and are not adakites (slab melts) (e.g.
Martin et al. 2005).

It is also notable that the MORB-like basalt lava
(DR05-2A) does not show an elevated Th/Nb
(about 0.1) ratio, whereas other samples with arc
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Fig. 4 (a) Simplified lithological succession in the Dehshir ophiolite. Approximate positions of samples analyzed for Hf and Nd isotopic compositions
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signatures (AZ06-8, AZ06-11, AZ06-31, AZ06-32)
have high Th/Nb (0.47–0.52), suggesting involve-
ment of subducted sediments in the magma source
or crustal contamination, although the extent of
Th enrichment is smaller for IAT diabase (0.23)
(G06-16).

Hf is a high field strength element (HFSE) and
is essentially immobile via aqueous fluids released
from the subducted slab. Thus, it should not be
added to the mantle wedge if the slab flux is
aqueous fluid (Handley et al. 2011). In contrast,
melting of subducted sediments or crustal con-
tamination will add both Nd and Hf to the magma.
Sediment melts will change isotopic compositions
of the magmas towards less radiogenic Nd and Hf
than melts from ambient mantle. Hf–Nd isotope
systematics thus provide useful perspectives for
inferring mantle source characteristics and the
role of sediments in generating arc magmas (e.g.
Pearce et al. 1999; Vervoort et al. 1999, 2011;
Woodhead et al. 2001; Yogodzinski et al. 2010).

Figure 5 summarizes Dehshir Hf–Nd isotopic
data (corrected for 100 Ma of radiogenic growth).
This figure shows that the six samples cluster
tightly, with eNd(t) = +6.4 to +8.3 and eHf(t) = +16.3
to +17.4. Both mafic and felsic Dehshir lavas show
Indian mantle domain affinity (e.g. Pearce et al.
2007) (Fig. 5a) and so plot slightly above the global
mantle and crustal arrays defined by Vervoort et al.
(1999) (Fig. 5b). This feature does not seem to be
greatly affected by sediment melt addition or
crustal sediment assimilation because similar Nd–
Hf isotopic compositions are seen for MORB and
IAT-like mafic rocks lacking significant Th enrich-
ment (G06-16 and DR05-2A) as for the mafic sample

with Th enrichment and arc signatures (AZ06-32),
although the latter has slightly lower eNd(t).

Contamination of mantle wedge by slab-
derived fluids released from dehydration of
altered oceanic crust is undetectable on the eHf(t)
vs eNd(t) plot (e.g. Handley et al. 2007, 2011).
However, the mantle source of the Dehshir lavas
could have been affected by subducted pelagic
sediments and/or the mantle-derived melt, or by
assimilation of sediments in the continental crust,
because these lavas have considerable variations
in eNd(t) (Fig. 5).

The felsic dikes of this study may reflect the
involvement of subducted sediments or crust in
the mantle sources, which have either high
Nd/Hf (pelagic sediment) or low Nd/Hf (continen-
tal crust) (e.g. Gasparon & Varne 1998; Plank &
Langmuir 1998; Carpentier et al. 2009; Handley
et al. 2011). Figure 6 shows the results of bulk-
mixing calculations between mantle-derived melt
and sediments and continental crust contaminants.
Involvement of subducted sediments in the mantle
source affects Nd more than Hf isotopic com-
positions (Fig. 6). In contrast, involvement of con-
tinental crust affects Hf as well as Nd isotopic
compositions (Fig. 6).

The Dehshir felsic samples have similar eHf(t)
(average eHf(t) = 16.6) to the MORB-like basalt
(average eHf(t) = 17.0) but significantly less radio-
genic Nd isotopic compositions than the mafic
samples (average felsic eNd(t) = 6.64 in contrast
to average mafic eNd(t) = 7.33). The horizontal
offsets to slightly lower eNd for the Dehshir felsic
lavas (Fig. 6) may reflect greater involvement of
pelagic sediments, which would have high Nd/Hf

Table 1 Sm–Nd and Lu–Hf concentrations and Nd–Hf isotopic data of the Dehshir volcanic rocks

Dehshir ophiolite Diabase dike Pillow basalt Lava flow Dacite dike Dacite dike Dacite dike

G06-16 AZ06-32 DR05-2A AZ06-8 AZ06-11 AZ06-31
Nd (ppm) 3.342 6.787 15.377 7.752 5.633 5.544
Sm (ppm) 1.446 2.047 5.081 2.318 1.728 1.668
Lu (ppm) 0.337 0.382 0.792 0.425 0.348 0.381
Hf (ppm) 1.040 1.529 1.110 1.879 1.370 1.966
143Nd/144Nd 0.5131041 0.5129595 0.5130113 0.5129697 0.5129660 0.5129722
2ss 0.0000055 0.0000038 0.0000051 0.0000055 0.0000043 0.0000067
147Sm/144Nd 0.261 0.182 0.200 0.181 0.185 0.182
2s 0.007 0.005 0.002 0.005 0.007 0.004
176Hf/177Hf 0.2832863 0.2832513 0.2833698 0.2832477 0.2832360 0.2832330
2s 0.0000077 0.0000066 0.0000058 0.0000078 0.0000079 0.0000069
176Lu/177Hf 0.046 0.035 0.101 0.032 0.036 0.028
2s 0.001 0.000 0.001 0.001 0.001 0.000
eNd(t)† 8.31 6.44 7.24 6.67 6.54 6.7
eHf(t)‡ 17.39 16.82 16.9 16.92 16.25 16.68

† eNd(t) = [(143Nd/144Nd) sample/(143Nd/144Nd)CHUR - 1] ¥ 10 000
‡ eHf (t) = [(176Hf/177Hf) sample/(176Hf/177Hf)CHUR - 1] ¥ 10 000
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ratios. Similarly, slightly lower eNd(t) for the arc-
type mafic lava with a high Th/Nb (AZ06-32,
eNd(t) = 6.44) is also attributable to mixing sedi-
ments with the source mantle (Fig. 6).

DISCUSSION

SIGNIFICANCE OF INDIAN MANTLE DOMAIN SIGNATURE
IN TETHYAN OPHIOLITES

The Indian mantle domain signature is known
from south of Australia along the Southeast
Indian Ridge to south of Africa on the southwest
Indian ridge (Mahoney et al. 1992). Isotopically
this mantle domain signature is characteristic of
several back-arc basins in the western Pacific
(e.g. Stern et al. 1993; Hickey-Vargas 1998). The
presence of this mantle domain is inferred for
Tethyan seafloor in southern Eurasia because the
now-vanished Tethys Ocean covered most of the
region currently occupied by Indian Ocean
(Zhang et al. 2005). Nd–Sr–Pb isotope data on
rocks from Tethyan Jurassic to Late Cretaceous
ophiolites, including Oman (Benoit 1997), Iranian
Neyriz and Band-e-Zeyarat, and Tibet ophiolites
(Zhang et al. 2005) also show signatures for
Indian Ocean-type mantle source. The Jurassic –
Early Cretaceous Masirah ophiolite does not
show such a signature (Mahoney et al. 1998). All
the cited studies use Nd, Pb, and alteration-
modified Sr isotopes. Seafloor alteration usually
can greatly affect Sr isotope composition of the
rocks, so this measurement is less useful than Nd
and Hf isotope data. New data reported here
using fluid-immobile Hf–Nd isotopes confirm an
Indian mantle domain for the Late Cretaceous
Dehshir ophiolite.

Fig. 5 eHf(t) vs eNd(t) diagram for
Dehshir igneous rocks. Note that
Dehshir igneous rocks have Indian
Ocean-type mantle affinity (a) and plot
above the global arrays (b) of Vervoort
et al. (1999).
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Fig. 6 eHf(t) vs eNd(t) diagram showing how Dehshir lavas are domi-
nated by melt sources similar to Indian Ocean MORB (IMORB). Data of
felsic samples can be explained by participation addition of <<0.5%
pelagic sediments. Models of bulk mixing between IMORB and high
Nd/Hf pelagic clays and low Nd/Hf continental crust are from Handley
et al. (2011). Assumed values for end-components are: IMORB melt,
Nd = 0.97 ppm, Hf = 0.25 ppm, 143Nd/144Nd = 0.513042, 176Hf/
177Hf = 0.283211; pelagic clay, Nd = 187.9 ppm, Hf = 5.73 ppm, 143Nd/
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HF–ND ISOTOPE CONSTRAINTS ON SLAB INPUTS

There are no other Hf isotopic data for Late Cre-
taceous ophiolites in the 3000 km-long suture zone
that stretches from Troodos to Semail. There is
some Nd isotope data on lavas from Neyriz, Iran
(Zhang et al. 2005), Oman (Godard et al. 2006), and
Troodos (McCulloch & Cameron 1983) ophiolites.
These data are summarized on a eNd vs Th/Yb
diagram, combining all data from the literature on
the Oman and Neyriz ophiolites along with our
Dehshir data (Fig. 7).

The Dehshir ophiolitic rocks have broadly
similar but variable Nd isotopic compositions
(eNd = +6 to +8) reflecting different slab inputs, as
implied by variable Th/Yb ratios (Fig. 7). The
Dehshir felsic dikes (AZ06-8, AZ06-11, AZ06-31)
and the calc-alkaline mafic pillow lava (AZ06-32)
are characterized by high Th/Yb ratios and slightly
less radiogenic Nd isotopic compositions. These
contrast with the two other MORB- and IAT-type
Dehshir mafic samples (G06-16 and DR05-2A) with
lower Th/Yb and more radiogenic Nd (Fig. 7).

The Oman lower lavas (Geotimes or V1 unit)
along with Neyriz and Dehshir (DR05-2A) MORB-
type lavas have radiogenic Nd with moderately low
Th/Yb (Fig. 7). The upper boninite-type/highly
depleted tholeiitic lavas from Oman (Lasail or
V2 unit), one Neyriz lava and one Dehshir IAT-
type lava (G06-16) are characterized by radiogenic
Nd with the lowest Th/Yb (Fig. 7).

From Figure 7, a few important aspects can
be seen. First, it is clear that all the Dehshir
lavas with arc signatures (e.g. samples G06-16
and DR05-2A with low Th/Nb = 0.1–0.23 and

Th/Yb = 0.04–0.09 respectively) are clearly differ-
ent from other lava suites, indicating strong
involvement of sediment components in the melt
source (e.g. samples AZ06-32, AZ06-8, AZ06-11,
and AZ06-31 with higher Th/Nb = 0.47–0.52 and
Th/Yb = 0.25–0.29). Whether this is from shallow
Iran crust or subducted sediments is not clear.

Second, the MORB-type lavas (Geotimes) and
boninite-type/highly depleted tholeiitic lavas
(Lasail) from Oman plot in different fields
although Nd isotope compositions are almost iden-
tical. The Dehshir lava with MORB-type affinity
(DR05-2A) falls in the MORB-type lava field from
Oman, while IAT-type lava (G06-16) shows affinity
with the boninite-type/highly depleted tholeiitic
lava field from Oman (Fig. 7). Therefore, the
MORB-like mafic lavas still largely reflect the
mantle source in terms of Nd and Hf isotopes (see
above section).

IMPLICATION FOR TECTONIC SETTING

The eNd(t) data available for a 3000 km-long
Tethyan belt including the Oman, Dehshir, Neyriz,
and Troodos ophiolites are shown in Figure 8. Note
that most Troodos samples are less radiogenic
than those of the Dehshir, Neyriz, and Oman,
which plot between eNd(t) = +6.5 and +9. It is
notable that the samples with eNd(t) > +7 include
the MORB-type and boninite-type/highly depleted
tholeiitic lavas from the Dehshir, Oman, and
Neyriz ophiolites, whereas those with eNd(t) < +7
are for sediment-affected arc-type lavas in the case
of Dehshir. Therefore, the Troodos lavas with
eNd(t) = 0 to +6 can be highly affected by sediment
components. These less radiogenic Troodos lavas
are upper lavas of boninitic affinity.

The nearly simultaneous formation of supra-
subduction zone Tethyan ophiolites forming a belt
from Oman in the east through Iran to Southwest
Turkey and Troodos (Cyprus) in the west, over
thousands of kilometers, provides the best geologi-
cal evidence that this ophiolite belt reflects a major
subduction initiation event (Pearce & Robinson
2010). For this setting, Ishizuka et al. (2006) and
Reagan et al. (2010) suggested models in which
subduction initiation was accompanied by spread-
ing to produce forearc basalts with no signature of
slab-derived components and then by boninitic
protoarc volcanism with more and various sub-
ducted slab signatures, reflected in the related
eruption of tholeiitic and boninitic lavas.

It is still in question whether or not the low
eNd(t) is totally caused by the involvement of
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Fig. 7 eHf vs Th/Yb for Dehshir lavas and comparison with lavas from
other late Cretaceous ophiolites including Neyriz and Oman ophiolites.
Data sources are Zhang et al. (2005) for Neyriz lavas and Godard et al.
(2006) for Oman lavas.

210 H. Shafaii Moghadam et al.

© 2012 Wiley Publishing Asia Pty Ltd



sediments with the supra-subduction zone mantle.
Fertile Indian domain mantle source also accounts
for this. Another question is what is regional iso-
topic heterogeneity and whether or not there is an
along-strike gradient in isotopic composition for
this ophiolite belt. More Nd–Hf isotope data along
with trace element compositions for other Late
Cretaceous Tethyan ophiolites are needed to test
this idea.

CONCLUSIONS

We have highlighted the importance of Hf and Nd
isotopes as a petrogenetic tool for characterizing
the mantle source and sediment contributions,
either subducted or upper plate, for magma
sources of the Dehshir supra-subduction zone
ophiolite. In a eHf(t) vs eNd(t) plot, all Dehshir

volcanic rocks show derivation from an Indian
MORB-type mantle domain. The Dehshir felsic
rocks have similar eHf(t) ratios to the MORB-like
mafic lavas but have less radiogenic Nd isotopic
compositions than the mafic samples. This may
mean that felsic lavas reflect greater involvement
of crustal sediments in the source region. The
available eNd(t) data for the Oman, Dehshir,
Neyriz, and Troodos ophiolites indicate that
Troodos lavas are the least radiogenic of the Late
Cretaceous Peri-Arabian Tethyan ophiolites.
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