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INTRODUCTION

The naming of New Zealand jade varies with context. It has
long been prized by the Maori, for whom, under the name
pounamu, it carried deep cultural and spiritual significance.
The European term is usually the non-specific “greenstone,”
although Beck (1984) in an authoritative monograph recom-
mended the term New Zealand jade. Early work by Finlayson
(1909) and Turner (1935) established that most of the occur-
rences consist of nephrite. We shall use the term nephrite un-
less a particular distinction is needed. The primary and most
valuable sources are in the Westland region on the west coast
of the South Island, although Beck (1981 and 1984) and Turner
(1935) indicated that some Maori artifacts were derived from
other sources.

Nephrite occurrences are widespread around the world, usu-
ally associated with ultramafic exposures close to tectonic
boundaries, but the lenses are characteristically localized and
small. In Westland, there are two occurrences some 250 km
apart, both associated with ultramafic exposures close to the
Alpine Fault (Fig. 1), a major tectonic boundary. Nephrite
cobbles and boulders have been recovered from moraines and
rivers in the course of being worked for gold.

The properties of nephrite arise from its felted mass of mi-
croscopic randomly oriented fibers of tremolite/actinolite,
where colors extend through shades of green and even to black
or white and occasionally pink or lavender. Over the last ap-
proximately 30 years there has been much work on the forma-

tion and properties of nephrite (especially of Siberian, Chinese
and Canadian origin, as shown by GEOREF and SCIFINDER
references) but none on the New Zealand mineral, despite its
rich coloring and often attractive flecking. Therefore we now
report a spectroscopic approach supported by analytical and
petrographic evidence to compare the New Zealand material
with occurrences in other parts of the world. The spectroscopy
covers infrared, Mössbauer, and optical absorption methods.

STRUCTURE OF NEPHRITE

Nephrite is a near mono-mineralic formation, but deviations
from the idealized actinolite composition (Mg/Fe)5Ca2Si8O22(OH)2

arise particularly from the presence of Al3+ and Fe3+. Most samples
used in this study tend toward the low-iron tremolite end of the
tremolite-actinolite tie. These two minerals are isomorphous
clino-amphiboles (Hawthorne 1983). The structure of tremo-
lite was originally determined by Warren (1929) and improved
by many modern refinements (see Hawthorne 1983 for a sum-
mary), including Hawthorne and Grundy (1976). Though X-
ray analysis does not provide definitive evidence, it is
reasonable to assume that there is some chain replacement of
Si by Al, providing compensating charge balance can be main-
tained. The packing of the two amphibole chains in the for-
mula unit within the crystal provides three differentiated
octahedral sites M1, M2, and M3 for cations, and a larger dis-
torted eightfold cavity, M4 (see Goldman and Rossman 1977,
for details of the local geometry of the four sites). The four
sites all lie on the twofold axis of the monoclinic unit cell (space
group C2/m). M3 lies also on the mirror plane and has
point-group symmetry C2/m, while M1, M2, and M4 have point-* E-mail: c.tennant@it.canterbury.ac.nz
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ABSTRACT

Infrared, optical absorption spectroscopy, and Mössbauer spectroscopy were used to investi-
gate the color of jade from New Zealand. Spectroscopic results were supplemented by chemical
analyses and petrological examination. Infrared spectra gave a quick identification of the matrix,
optical absorption spectra gave information on color in relation to observed absorption bands, and
Mössbauer spectra gave the distribution of Fe2+ and Fe3+ at the cation sites and also show how the
Fe3+/Fe2+ ratio increases due to oxidative weathering. The development of the attractive flecking
in the gem-quality jade is due to agglomerations of colloidally dispersed magnetite or chromite
that can also lead to the formation of black spots. Darker samples are generally high in total iron,
although not all lightly colored (or pale) samples are low in iron—cream or white unweathered
nephrite can also contain high iron concentrations. Weathering under the climatic conditions where
the samples occur can produce either a brown, hydrated iron oxide, or a whitish outer rind if the
acidity is high enough to remove the oxide. In either case the nephrite matrix is unaltered. Two
quite rare variations were found and ascribed to: (1) incomplete nephrite formation in samples
developed in association with an unusual ultramafic protolithology and (2) the formation of
chromian margarite giving rise to a bluish-green (pseudo) jade.


