
Unexpected uses for obsidian: experimental replication and
use-wear/residue analyses of chopping tools

Nina Kononenko a, b, 1, Robin Torrence a, b, 2, Peter White b, *

a Geosciences and Archaeology, Australian Museum, 6 College Street, Sydney, NSW 2010, Australia
b Department of Archaeology, SOPHI, University of Sydney A14, NSW 2006, Australia

a r t i c l e i n f o

Article history:
Received 7 July 2014
Received in revised form
4 November 2014
Accepted 6 November 2014
Available online 29 November 2014

Keywords:
Obsidian
Use-wear
Residues
Chopping
Stone axe
Papua New Guinea

a b s t r a c t

Large flaked stemmed artefacts with a morphological resemblance to axes or adzes have been recovered
from stone quarries in West New Britain, Papua New Guinea, but they are made from obsidian, a volcanic
glass generally considered too brittle for tasks demanding tough, long-lasting edges, such as chopping
wood. To evaluate the potential of obsidian for percussive woodworking, 11 replica obsidian tools were
used as axes and adzes. Although breakage was common and the tools suffered extensive edge damage,
they were surprisingly effective as chopping tools. The patterns of use-wear and residue traces on the
experimental tools informed the analysis of 27 archaeological artefacts which were found to have been
used as axes or adzes with the addition of sawing in a few cases. As these tools have not been found
outside the quarries, their occurrence suggests that during this period some forms of woodworking took
place only where there was an abundant supply of raw material. The limited spatial distribution of
obsidian chopping tools raises questions about the nature of forest clearance and woodworking in this
tropical environment.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Percussive cutting tools are used with a swinging force that
strikes a blow with the cutting edge (e.g., Crosby, 1977:83). In most
cases a handle extends the tool's length and weight and acts as a
lever allowing the user to apply additional force and increase the
impact of the cutting edge (Kamminga,1982:21). As inmost parts of
the world, in Papua New Guinea wood chopping tools were nor-
mally made from a tough raw material, e.g., volcanic or meta-
morphic stone, and were ground to provide a thick, sturdy cutting
edge. Ground edge tools are well provenanced in the Highlands of
mainland New Guinea at the start of the Holocene and may date to
the terminal Pleistocene on Manus (Golson, 2005: 467e9, 475e7,
484). In New Britain (Fig. 1), however, they have not been found in
archaeological contexts dated before c. 3200 BP (Torrence and
Doelman, 2007; Specht, 2009:16; Torrence, unpublished field
notes; Specht, pers. comm.).

A majority of the ground stone implements date within the past
500 years and resemble those observed in use by early European
travelers to the region (e.g., Parkinson, 1999; Specht, 2005a). The
scarcity of clearly recognizable chopping tools potentially useful for
clearing the tropical forest during the earlier period of settlement
(beginning 40,000 BP) presents a problem for understanding land
use patterns in this region, where shifting agriculture is the most
likely form of subsistence. In addition, it seems logical that chop-
ping tools would have been required for building the water craft
that transported obsidian to neighbouring islands beginning c.
20,000 BP (e.g., Summerhayes, 2009).

Until recently, we had assumed that obsidian was not used for
percussive cutting because of the likelihood that it would shatter if
applied with force to a hard substance (cf. Mewhinney, 1957:25;
Greiser and Sheets, 1979:296). However, given recent findings from
use-wear studies that obsidian tools from Easter Island were used
for woodworking (e.g., Church and Rigney, 1994; Church and Ellis,
1996), we revisited our assemblages and took a more sceptical
approach to a class of large obsidian tools with retouched tangs,
known locally as ‘stemmed tools,’ that date to c. 10,000e3200 BP
(e.g., Araho et al., 2002; Torrence, 2004; Specht, 2005b). The New
Britain artefacts are larger than the Easter Island tools, but both
have distinctive tangs or stems and are made on kombewa flakes
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(i.e., double-bulbed; cf. Owen,1938) that have relatively thick edges
and two smooth faces bearing some resemblance to ground stone
axes/adzes (e.g., Bollt et al., 2006; Araho et al., 2002:Figs.12 and 13).
Although it seems clear from their inherent fragility that the ma-
jority of the large stemmed tools were not used in utilitarian tasks
(cf. Specht, 2005a; Torrence et al., 2013), there is a small group of
more robust artifacts found in the vicinity of the obsidian sources of
Kutau-Bao, Baki and Mopir in West New Britain (Fig. 1). This study
tests the hypothesis that these large, heavy obsidian stemmed
tools, previously thought to be practice pieces or rejects from the
manufacture of the ceremonial items, represent the chopping im-
plements that would be expected to be necessary on a forested
tropical island.

In the first stage of the analysis 11 experiments evaluated the
capabilities of hafted obsidian tools for chopping wood and recor-
ded the use-wear/residue properties using both low, reflected and
high powered, incident light microscopy (cf. Van Gijn, 2014). The
primary aim was to assess the effectiveness of obsidian stemmed
tools in the performance of percussive tasks. We recorded use-
wear/residue patterns that could help determine if the ancient
obsidian stemmed artefacts had been used in percussive wood-
working. In the second part of the study we compared the exper-
imental results with a use-wear/residue analysis of large obsidian
retouched tools from various sites in West New Britain (Fig. 1).
Surprisingly, the analyses show the tools had been used for chop-
ping and sawing, probably on soft woods. This finding means that
the potential role of obsidian tools in tasks involving heavy per-
cussion in other regions should be carefully considered.

2. Materials and methods: experimental study

The design of the experiments was informed by preliminary
use-wear analyses of the archaeological obsidian stemmed tools
together with ethnographic and historic information concerning

the use of percussive wood-working tools in Papua New Guinea
(e.g., Bulmer, 2005; Coutts, 1977; Crosby, 1977; Golson, 1977, 2005;
Parkinson, 1999; P�etrequin and P�etrequin, 1993). Since the me-
chanical principles of wear formation are consistent if the relevant
conditions are comparable (e.g., Rots, 2010:7), the experimental
tools were made with obsidian from the same geological sources as
the prehistoric tools (Kutau-Bao and Baki in Fig.1; cf. Torrence et al.,
1992) and were applied to species of wood similar to those used by
indigenous populations inWest New Britain in the relatively recent
past (e.g., Floyd, 1954; Parkinson, 1999; Inline Supplementary
Table S1).

Inline Supplementary Table S1 can be found online at http://dx.
doi.org/10.1016/j.jas.2014.11.010.

The replica stemmed axes and adzes were knapped by Kono-
nenko using hard hammer percussion. Following the production of
a large kombewa flake, stems were created using bifacial or uni-
facial retouch. The manufacture of each stemmed tool took from 1.5
to 3 h but experienced and skilled prehistoric knappers probably
required much less time. With one exception (2013/8), the working
edges of the experimental tools were not retouched, similarly to the
archaeological artefacts. Carewas taken to reduce the thickness and
curvature of the original flake because the degree of flatness de-
termines the amount of contact between the stem's surface and the
haft. Tools with a pronounced longitudinal curvature are more
difficult to haft and the stems are at greater risk of fracture during
use (Rots, 2010:179).

The variables proposed by Rots (2010:9; Rots et al., 2006:936)
are used in Inline Supplementary Table 2 where the hafting ar-
rangements of the experimental tools are recorded. (1) The haft
types included a bent handle for hafting axes and adzes (Fig. 2aee)
and a straight handle for hafting axes (Fig. 2feh). (2) Both direct and
indirect methods for placing the stone tool next to the bent handle
were used. In direct contact the presence of ridges formed by
retouching the stem always creates some space between the

Fig. 1. Willaumez Peninsula, New Britain, PNG, with sites and obsidian sources (italic).
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