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New Zealand and Oceanic obsidians: an archaeological
perspective using neutron activation analysis

Foss Leach*

Neutron activation analysis was carried out on 203 obsidian samples from 32 known
sources in New Zealand and the Pacific islands. Concentrations are presented for 23
elements, and the data are examined through various kinds of statistical treatment,
including canonical variate and factor analyses, to reveal the underlying patterns of
regularity and distinctiveness amongst the sources. The implications for sourcing
archaeological artefacts are discussed.
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OBSIDIAN IN NEW ZEALAND AND PACIFIC ARCHAEOLOGY
Obsidian was a very important type of rock for prehistoric people in New Zealand and the
Pacific Islands. The ability to produce an extremely sharp cutting edge on obsidian made it
ideally suited to such tasks as shaving, cutting skins and meat, and delicate carving and
planing operations on wood. The high value this material had ensured that people took pieces
wherever they went, and made obsidian an obvious choice for inclusion in the elaborate trade
and exchange networks which were widespread amongst early communities in this part of the
world. Obsidian is equally valuable to the archaeologist; not only because the types of tools
made and the patterns of use-wear on them can tell us about the everyday activities of these
former communities, but also because of its unique chemical and physical properties. For one
thing, obsidian has an unusual affinity with water, and a fresh surface exposed by prehistoric
people sets a very effective clock into motion which forms the basis of a well known
technique of chronometric dating (see Leach 1977a; Katsui & Kondo 1976; Leach & Naylor
1981; Leach & Hamel 1984). Secondly, of all the many varieties of rock used in the past,
only obsidian is characteristically homogeneous in terms of its chemical composition, reflecting
the volcanic environment where it was produced. A study of the composition of obsidian
tools, therefore, can reveal the original geographic source of the material. This information is
instrumental in tracing the origin of founder populations in Pacific Islands, and in revealing
the nature of regular prehistoric communication patterns, such as are implied by trading
networks (Leach 1973, 1978, 1985; Leach & Anderson 1978; Leach & de Souza 1979; Ward
1974c; Duerden et al. 1984).

Clearly, it is first necessary to document the chemical composition of the natural sources
of obsidian in the Pacific area, so that when artefacts are analysed they may be matched to
their original source. No study carried out to date has been able unambiguously to distinguish
between all the known sources used by prehistoric people. Each new study adds more
information into the accumulating database, and assists with discrimination. This paper is a
further step in that direction. It should also be noted that the chemical characteristics of
obsidian sources can be an excellent guide to the sources of pumices, tephras, and porphyritic
lavas found in archaeological sites, since they have similar composition to obsidian (Jack
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1976: 185). Neutron activation analysis (NAA) was chosen as a method of characterising
sources because it provides information on a wide variety of elements. It is not envisaged that
this technique would be employed for routine analysis of artefacts; it is expensive, destructive
of artefacts, and time consuming. However, the close definition of the various sources by this
method reveals which are highly distinctive and which are not, and it also suggests which
elements might be best suited for second generation techniques that can be applied to the
artefacts themselves. This particular aspect has been explored elsewhere (Leach 1977b,
1977c; Leach & Manley 1982; Bollong 1983; Seelenfreund 1985). The NAA research was
carried out in 1976, and some of the principal findings have contributed to research
developments in the intervening period. However, although the NAA data have been reported
(Leach & Warren 1981; Chidgey 1981, 1982), it has taken until now fully to assemble the
data and carry out statistical analysis for this present paper.

THE CLASSIFICATION OF OBSIDIANS
The geological nomenclature relating to obsidian is the source of some confusion amongst
archaeologists. One of the reasons for this is that geologists normally specify the chemical
composition of rocks in terms of oxides, a so-called 'normative composition'; whereas
archaeologists have come to understand the various lithic materials used by prehistoric
people in terms of their elemental composition. There is widespread use of energy dispersive
X-ray fluorescence analysis (EDAX) by archaeologists, museum anthropologists and art
historians, a technique unsuited to the accurate determination of the lighter elements such as
sodium, aluminium, and silicon. It is therefore unlikely that normative compositions will
ever be commonly known for the bulk of archaeological materials including obsidian artefacts.
In most cases, where only one valency state is involved, it is a relatively simple matter to
convert from one composition scale into another; but normative classification of rocks is
often made in terms of molecular proportions of oxides, and simple conversion from known
element concentrations to this scale is more complex.

It is doubtful at this stage that archaeologists will switch to normative analysis, but it is
worthwhile briefly to review the main compositional features of obsidians on this scale, and
suggest how the classification might be applied to elemental analyses.

The compositional range of what archaeologists refer to as obsidian is approximately as
follows (after Jack 1976: 186).

SiO2 68-77%
A12O, 12-15%
Na2O c.5%
K2O c.5%
Fe2O3 + FeO + CaO c.2%

In comparison with pyrex glass, the main feature which distinguishes obsidian is the very
high alumina content (cf. 2% in pyrex). On the whole, obsidian is a glass of high chemical
durability compared with pyrex, and considerable hardness compared with man-made silica
glasses (for further details on electrical and physical properties see Ericson et al. 1975).

There are at least four different ways in which obsidians are commonly classified (see
Macdonald 1975: 500 ff.). The weight percentage of silica is used to distinguish between:

(i) rhyolitic obsidian >66 wt% SiO2

(ii) dacytic obsidian <66 >52 wt% SiO2

(iii) tachylite (basaltic glass) <52 wt% SiO2

Secondly, obsidians are classified according to their normative quartz contents (q):
(iv) rhyolite >10% q
(v) trachyte <10% q

Thirdly, the normative femic minerals (dark minerals containing Fe and Mg) are used to
separate:

(vi) comendites <12.5% femics
(vii) pantellerites >12.5% femics


