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Geochemistry of dike rocks in Dun Mountain Ophiolite, Nelson, New Zealand
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Abstract Basaltic dikes of the Lee River Group (Permian)
at Roding River and in the Red Hills ultramafic body, both
parts of the Dun Mountain Ophiolite, were analysed for
major and trace elements. The dikes in the Lee River Group
change into massive and pillowed lava towards the
uppermost part of the sequence. The dikes in the Red Hills
occur parallel to the layering of host ultramafic rocks. The
Red Hills ultramafic body corresponds to the mantle-crust
transition zone. The age of Red Hills dikes has been
determined at c. 280 Ma. Hence, the Lee River Group and
Red Hills dike complexes are about the same age. There are
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contrasting differences, however, between major and trace
element compositions in those two dike rock groups. Lee
River Group basalts show an increase in FeO*/MgO with
increase in SiO2; high field strength elements and REE
concentrations are higher in the Lee River Group than those
in the Red Hills basalts; and eNd values are +7.5 to +8.3,
suggesting the source to be depleted mantle. On the other
hand, Red Hills basalts do not show an increase in FeO*/
MgO with increase in SiO2, and are relatively enriched in
large ion lithophile elements such as Ba and Sr, depleted in
high field strength elements and REE, and eNd values (+6.2
and +7.1) of plagiogranites associated with the Red Hills
basalts are lower than those in the Lee River Group basalts.
Lee River Group basalts have MORB or back-arc basin
basalt affinities, whereas Red Hills basalts have island arc
related characteristics. The new set of geochemical data is
consistent with the Red Hills ultramafic body being a section
of residual uppermost mantle previously described. The Dun
Mountain Ophiolite is here suggested to have been derived
from an island arc related tectonic environment following
the extraction of MORB in a back-arc basin at 280 Ma.
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INTRODUCTION

The geochemical characteristics of ophiolites are closely
related to their tectonic setting. Island arc related ophiolites
were first described by Miyashiro (1973, 1975). Miyashiro
(1973) pointed out that the Troodos ophiolite was formed in
an island arc, based on major element compositions of the
lower pillow lava and sheeted dike complexes. Subsequently
many papers have been written on this subject (e.g.,
McCulloch & Cameron 1983; Hawkins & Evans 1983), and
the interpretation that some ophiolites have an island arc
related origin is now widely accepted. Coombs et al. (1976)
suggested on the basis of major element chemistry that the
Dun Mountain Ophiolite originated from igneous activity
at a Permian mid-oceanic ridge close to a continent. Sinton
(1980) also pointed out that, from the chemical compositions
of the most differentiated rocks, the tectonic setting of Dun
Mountain Ophiolite was near an island arc. He did not,
however, mention the tectonic environment of relatively
undifferentiated basaltic rocks of the main ophiolite suite.
Davis et al. (1980) reported that, from major, trace, and Sr
isotopic compositions, the Dun Mountain Ophiolite was
formed in a mid-oceanic ridge environment. However, they
found no evidence suggesting an island arc related origin
for the ophiolite. In this paper, we argue on the basis of
further geochemical evidence that the Dun Mountain
Ophiolite originated from a Permian island arc following
on from mid-oceanic ridge igneous activity, most likely in a
back-arc basin.
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Fig. 1 Geologic map of the Dun Mountain Ophiolite in Nelson,
South Island, New Zealand (after Kimbrough et al. 1992). Thick
arrows show study areas at Roding River and Red Hills.

GEOLOGY

The Dun Mountain Ophiolite Belt (Blake & Landis 1973.
Coombs et al. 1976) in the Nelson area of the South Island.
New Zealand, is located on the western side of the Alpine
Fault (Fig. 1). The belt consists of ultramafic rocks, gabbros
and mafic dikes and lavas. Near Nelson, gabbros are not
exposed, and dike rocks are in fault contact with ultramafic
rocks (Fig. 2). In general, the ultramafic rocks form melange
The dike complex and the lava sequence are grouped as the
Lee River Group (Waterhouse 1964). Volcanic rocks of the
Lee River Group are overlain unconformably by the Permian
Maitai Group (Johnston 1981, 1982) consisting of limestone
and calcareous mudstone.

The Lee River Group is composed of basalt and dolerite
and is well exposed in the Roding River area with a total
thickness of c. 1 km. The relationship between lavas and
dikes is not clear. Although pillow structure is at times
recognised, massive form is more common in lavas. Fine
grained basaltic rocks are seen to intrude into dolerites, and
vice versa. Dike rocks exhibit gradual changes of grain size
from fine to medium grained.

Basaltic dikes also occur commonly in the Red Hill:
ultramafic body. The Red Hills ultramafic body is divided
into two parts: dunite-dominant and harzburgite-dominant
Dunite, clinopyroxene-plagioclase-bearing dunite, minor
harzburgite, and gabbro, are exposed in the western area,
whereas main harzburgite is exposed in the eastern area of
the body. The dunite-dominant part of the body is regarded
as a "mantle-crust transition zone" by Nicolas & Prinzhof et
(1983) and Benn et al. (1988). The ultramafic body has well
developed north-south-trending layering of preferential K
oriented clinopyroxene grains. Gabbro, dolerite, and
plagiogranite dikes intrude parallel to this layering and occur
mostly in the dunite-dominant part of the body, with dolerite
intruding the dunite, and plagiogranite intruding only the;
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Fig. 2 Lithological columns and
sampling positions for Roding
River and Red Hills.


