
INTRODUCTION

Sheeted dike complexes are present both in continental
and oceanic crust. This magmatism is the consequence of
partial melting in the upper mantle during lithospheric ex-
tension. The extensional processes may be either related to
continental and oceanic rifting or they are associated with
minor volcanic systems (Borgia and Treves, 1992; Ahijado
et al., 2001). Sheeted dike complexes also comprise a volu-
metrically significant portion of ophiolite complexes and are
thought to form a comparable fraction of the ocean crust as
well (e.g., Baragar et al., 1990; Alt, 1996; Francheteau et al.,
1992). Sheeted dikes at mid-ocean ridge volcanoes represent
the link between deep magma production and storage
processes, and shallow processes such as volcanism and hy-
drothermal activity. As such, they are crucial for the inter-
pretation of many data on mid-ocean ridges and other volca-
noes with pronounced rift zones, including their topography,
hydrothermal systems, petrology, and geochemistry (Staudi-
gel et al., 1999). The processes of dike emplacement are
critical to understand many aspects of crustal accretion at
mid-ocean ridges. For example, dike injection at fast and in-
termediate spreading ridges may control the distribution and
longevity of hydrothermal systems either through direct in-
troduction of heat into the extrusive layer or through en-
hanced permeability allowing access to deeper heat sources
(Pollard, 1987; Wilcock and Delaney, 1996; Cherkaoui et
al., 1997; Curewitz and Karson, 1998; Schiffman et al.,
1990). Dike propagation behaviour provides an indirect
means of examining the state of stress at mid-ocean ridges
(Pollard, 1987) and, indeed, may also play an important role
in modifying the stress field (Rubin and Pollard, 1987). Fi-
nally, dikes serve as conduits for delivery of magma for the
entire extrusive layer (Staudigel et al., 1999). The goal of
this paper is to use geochemical data including REE and in-
compatible trace element data to (i) chemically characterize
the sheeted dike unit of the Nain ophiolite, (ii) shed light on

the petrogenetic processes and, (iii) suggest a possible tec-
tonic environment of formation for this ophiolite. 

GEOLOGICAL SETTING

A number of ophiolitic complexes were mapped and de-
scribed in Iran. Iranian ophiolites are part of the Tethyan
ophiolite belt of the Middle East; they are important because
of their unique geographic location that links the Middle
Eastern and Mediterranean Hellenides-Dinarides ophiolites
(e.g. Turkish, Troodos, Greek and East European) to more
easterly Asian ophiolites (Hassanipak and Ghazi, 1999). The
locations of the major Iranian ophiolites are depicted in Fig.
1. Based on their age and abundance, the Iranian ophiolites
form two distinct groups: the less abundant ones are of Paleo-
zoic age (Weber-Diefenbach et al., 1986) (ophiolites of north-
ern Iran along the Alborz Range), the more abundant ones are
the Mesozoic ophiolites (Alavi, 1991; Arvin and Robinson,
1994). The Mesozoic ophiolites have been divided into three
sub-belts (Takin, 1972; Stocklin, 1974; 1977; McCall, 1997):
(i) ophiolites of the Zagros Suture Zone, including the Neyriz
and Kermanshah ophiolites, which appear to be coeval with
the Oman (Samail) ophiolite emplaced onto the Arabian con-
tinental margin, (ii) unfragmented ophiolites of the Makran
accretionary prism which includes Band-e-Zeyarat, Dar Anar
and Mokhtar Abad (southeast Iran), and (iii) ophiolites and
“Coloured Mélanges” that mark the boundaries of the Central
Iranian microcontinent (CIM), including Shahr-e-Babak,
Nain, Baft, Sabzevar and Tchehel Kureh ophiolites (Fig. 1).
Most geochemical studies on the Iranian ophiolites show the
occurrence of both mid-ocean ridge basalt (MORB) and is-
land arc tholeiite (IAT) affinities (Davoudzadeh, 1972; Alavi-
Tehrani, 1977; McCall and Kidd, 1981; Desmons and Becca-
luva, 1983; Arvin and Robinson, 1994; Hassanipak et al.,
1996; Wampler et al., 1996; Ghazi et al., 1997; Ghazi and
Hassanipak, 1999a; Shojaat et al., 2003).
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ABSTRACT

The Nain ophiolite is a highly dismembered ophiolite complex cropping out at the north of the Nain town to the west of central Iran. The igneous rocks of
this complex consist of both mantle and crustal suites and include serpentinized peridotites, peridotites, harzburgites associated with dunite and lherzolite,
pegmatitic and isotropic gabbros, plagiogranites, sheeted dikes and pillow lavas. Several pyroxenite, wehrlite and rodingite dikes are present in the ultrabasic
rocks. The sheeted dikes include subalkaline basalts, basaltic andesites and andesites. Their magma was of sub-alkaline (low potassium tholeiite) type and
they are chemically similar to island arc tholeiitic basalts. The N-MORB-normalized incompatible elements for the sheeted dike samples indicate depletion in
most of the high field strength elements (HFSE). The concentrations of the large ion lithophile elements (LILE) in these rocks are all greater than those in the
N-MORB. Significant chemical characteristics of the these rocks are the positive anomaly for Th and negative anomaly of Nb that are considered to represent
a subduction zone component. The chondrite-normalized rare earth element (REE) patterns of these rocks show HREE enrichment and LREE depletion
[(LaN/SmN)ave = 0.63]. Their geochmistry also shows that the primary melt derived from high degrees of partial melting of a mantle source previously depleted
with respect to the source of mid-ocean ridge basalts, and were subsequently enriched by aqueous fluids driven off subducted oceanic lithosphere in an arc-
basin setting. We conclude that the Nain ophiolite is a supra-subduction zone type ophiolite.
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