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ABSTRACT

The study of ancient trade and exchange would benefit from detailed analyses conducted at the
level of the individual obsidian exposures. A useful method is to evaluate the null hypothesis that
all potential sources were equally favourable to those who exploited, exchanged, and used the
obsidian. Before deviations from the null hypothesis can be inferred as social behaviour, the
physical characteristics of the obsidian exposures and their history in time and space should be
studied. These points are illustrated by a case study from Papua New Guinea where volcanic
activity during the time of occupation radically altered the availability and accessibility of obsidian
sources. Having accounted for environmental factors, changes in the abundance of obsidian from
various chemical groups is interpreted in terms of a highly flexible system of exchange that may
have been adopted to help cope with the high risks created by volcanic activity.
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A NULL HYPOTHESIS acquired from the geological outcrops,

The study of ancient obsidian trade is manufactured into a product and/or consumed
generally based on inferences from (Torrence 1986; Tykot 2002a). By far. the
archaeological data on how the resource was majority of obsidian exchange studies focus
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solely on patterns of consumption. These are
typically represented by the spatial distribution
of artefacts which have been determined by
geochemical characterisation to have been
derived from particular obsidian sources.
Changes in the amount of obsidian consumed
from various sources are frequently interpreted
to mean differences in the way that exchange
operated (e.g. Tykot 1998; 2002a; 2002b:
Summerhayes et al. 1998; Specht 2002; White
1996; review in Torrence 1986, 4-7). Recent
work, especially in Papua New Guinea
(Ambrose et al. 1981; Torrence et al. 1992;
Fredericksen 1997) and the western
Mediterranean (Tykot 2002a; 2002b; Tykot et
al. 2002), have shown that inferences about
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the nature of exchange based on changes in

the relative abundance of material from
different sources are not accurate unless one
has first considered the potential effects of the
physical characteristics of the obsidian
sources, the nature of their availability through
time, and their accessibility in space.

A useful way to begin a study of obsidian
trade or exchange is with a null hypothesis
which states that all potential sources were
equally favourable to those who acquired,
produced and consumed obsidian. To evaluate
this hypothesis, one first assesses the
geological history of the outcrops both in
terms of when they were formed and whether
they have remained exposed on the surface.

Fig. 1: The obsidian exposures which were evaluated and sampled for PIXE-PIGME analysis and locations for the
samples dated by the fission track method. The major obsidian source areas within Papua New Guinea are
identified in the inset map.




IMPORTANCE OF SOURCE AVAILABILITY AND ACCESSIBILITY: A CASE STUDY FROM PAPUA 55

Secondly, the relative utility of the outcrops is
measured in terms of physical qualities that
would affect their desirability for the people
who collected or quarried the material as well
as to the producers and users. Relevant traits
would include the ease of getting access to the
sources, the relative cost of collecting or
extracting the raw materials and the
abundance, size, colour, and flaking properties,
etc. of the obsidian within them (cf. Torrence
1986; Torrence et al. 1992, 85; Tykot et al
2002; Eerkens and Rosenthal 2004). If the
outcrops were not consistently available and
accessible during the period when obsidian
was exploited or they did not have equal
utility or cultural value, then physical
properties of the outcrops and/or the raw
material may be a primary reason why all
sources were not used equally in the past,
rather than something related to the social
nature of exchange.

To illustrate these points further, I turn toa
case study from the Willaumez Peninsula in
Papua New Guinea (Figures 1, 2). Obsidian
found within this region was exploited from
the time when humans first colonised the
island at least 35,000 years ago (Torrence et al.
in press) until very recently. The first evidence
for long distance transport of obsidian is about
20,000 years ago. It continued to be widely
distributed within Papua New Guinea until
very recently, although the scale of movement
was greatest in the period from about 3,000 to
2,000 BP (Summerhayes et al. 1998; White
1996; Specht 2002).

FIELDWORK AT THE

OBSIDIAN SOURCES

Fieldwork has been conducted at the
obsidian sources within the Willaumez
Peninsula over a number of years (Torrence et
al. 1992; Fullagar et al. 1991; Summerhayes
et al. 1998: 140-144). The study has been
conducted with the ‘exposure’ as the minimal
unit. An exposure is defined as any locality

where obsidian could be accessed and includes
both in situ geological deposits as well as
secondary sources such as beach cobbles or
river gravels. Given the broad spread of
obsidian flows in this region and the lack of
access by road, it is clear that not every
exposure has been studied, although an
attempt has been made to sample across the
known spatial distribution. The location of the
studied exposures is presented in Figure 1.

With the exception of the exposures
related to the Hamilton flows, which have
abundant inclusions and are characterised by
extremely poor fracturing properties, the
majority of the exposures contain raw material
of relatively good quality, although the size of
the nodules can vary widely within and
between exposures. Transport may have been
an important factor for people in the past and
it may be assumed that the inland exposures
were harder to access than those closer to the
beach. Overall, it was concluded that on the
basis of physical attributes alone, the
exposures in the Mopir and Kutau-Bao regions
would have been slightly preferred over the
Baki and Gulu flows because regular supplies
of large nodules could have been acquired with
less effort. The Baki and Gulu exposures were
considered to be about equal thirds but not far
behind.

In addition to the archaeological survey, a
study of the recent volcanic history of the
region and changes in sea level provide
important evidence about when and where the
different obsidian exposures could have been
exploited. For instance, the lowering of sea
level during the Pleistocene would have
affected the conditions of access to the
outcrops on the off shore islands such as Garua
and Garala (Figure 2) since these would have
become landlocked, along with the coastal
exposures of the Kutaw/Bao source (Torrence et
al. 1996). Very little is known about volcanic
activity during the Pleistocene and its
potential effects on the distribution of obsidian
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Fig. 2: The Willaumez Peninsula showing the area
represented in Figure 4 and the location of the
Kupona na Dari (FABM) Pleistocene site.

exposures. Long tephra sequences have been
identified on Garua Island and in the southern
part of the Willaumez Peninsula where
artefacts are sealed below Pleistocene aged
tephras at the site of Kupona na Dari (Torrence
et al. 1999; FABM on Figure 2). In contrast,
Holocene volcanic activity from several
volcanoes has been well documented. Tephras
derived from them blanket many areas where
obsidian sources have been found (Machida et
al. 1996; Torrence et al. 2000). It therefore
seems likely that access to obsidian exposures
was not stable through time and may have had
an effect on the nature of exchange.

OBSIDIAN CHARACTERISATION
Although a number of techniques have
been used to differentiate among the known
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obsidian outcrops (e.g. Summerhayes et al.
1998: 131-3; Green and Bird 1989; Torrence
and Victor 1995), the majority of the research
has utilised the PIXE-PIGME (Proton Induced
X-ray Emission-Proton Induced Gamma-ray
Emission) technique, following on from the
pioneering efforts of Wal Ambrose and Roger
Bird. Initial work discriminated among
sources found in the major regions of Manus,
New Britain and the Fergusson Islands (Figure
1). Following the archaeological studies of the
outcrops in New Britain described above, an
effort was made to discriminate on a much
finer basis. Consequently, 5 main chemical
groups were distinguished among the obsidian
outcrops known in New Britain: Mopir, Kutau-
Bao, Gulu, Hamilton, Baki (Bird et al. 1997;
Summerhayes et al. 1998). As can be seen
from Figure 1, the New Britain chemical
groups cluster in space, suggesting that they
may each be monitoring a single volcanic
event. With the exception of the Baki
chemical group, the composition of the
exposures grouped together are quite
homogeneous. In the case of the Baki group, it
was suggested that the variability in chemical
composition (which is notably less than the
inter-group variation) was due to magma
mixing within an ash-flow deposit (Bird er al.
1997, 66). Subsequently, a more detailed
separation has also been achieved for obsidian

sources in Manus province (Fredericksen
1997; Bird nd.).

SPATIAL DISTRIBUTIONS

The spatial patterning of obsidian from the
New Britain sources changes significantly
through time (e.g. Specht 2002; Summerhayes
et al. 1998; White 1996). To what extent do
these changes reflect significant differences in
exchange systems? 1 will address this question
in terms of a recent study in which PIXE-
PIGME was used to determine the chemical
group of 327 obsidian artefacts derived from
test excavations within a study area located at
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Fig. 3: Changes in the consumption of obsidian at the Kupona na Dari Pleistocene site.
The location of the site is shown in Figure 2. The early period dates to before 20,000 bp
and the late period is ¢. 20,000-6,000 bp.

the base of the Willaumez Peninsula (Figures
2). Given our assessments of the obsidian
exposures, the null hypothesis would be that
Kutau-Bao and Mopir should comprise the
majority of the obsidian consumed in this
region and temporal changes should reflect
cultural processes. Note that the area is
conveniently located approximately midway
between these two source regions. As we shall
see, the patterns of consumption that we have
monitored do not conform to this prediction.
The late Pleistocene period (c. 40,000-
10,000 BP), which represents the earliest
colonisation of humans in this region, is
represented in our data set by the single site of
Kupona na Dari (Figure 2, FABM; Torrence et
al. 1999; Torrence et al. in press). Almost 100
per cent of the 191 artefacts recovered from
the site are composed of obsidian. The results
of PIXE-PIGME characterisation of 60 artifacts
are portrayed in Figure 3. The stratigraphy at

the site can be divided into an early (pre-
20,000 BP) and a late (post-20,000 BP)
period. The most important change in
obsidian consumption is the absence of Kutau-
Bao obsidian in the early period and its
appearance in the late period when there is
also a decrease in the amount of obsidian from
the Mopir source. Given that the Kutau-Bao
exposures were regarded along with Mopir as
having the highest potential for sustained
exploitation, the late arrival of Kutau-Bao
obsidian, the decline in Mopir, and the relative
stability in the proportion taken up by Baki
and Gulu are surprising results.

The data set from the Holocene period
comprises 267 artifacts taken from test pits
distributed across the base of the Willaumez
Peninsula (Figure 4). The most important
changes in obsidian use also involve the
relative proportions of Kutau-Bao and Mopir
obsidian. With the exception of the period c.
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Fig. 4. Changes in the consumption of obsidian from
different chemical groups based on PIXE-PIGME
analysis. The variation in the size of the pie charts is
related to the size of the sample that was analysed.
The location of the study area is shown in Figure 2.

1400-500 BP, Kutau-Bao dominates the
assemblages. Early on there is a small quantity
of Mopir obsidian, but this disappears
between 3600-1700 BP. At around 1700 BP
Mopir obsidian is very popular for a short
period before returning to a low percentage of
the total obsidian consumed. Both Baki and
Gulu, which were assessed as having lower
quality exposures, were used in small
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quantities throughout the Holocene, although
there was a slight increase in the most recent
period. Only a very few pieces from these two
sources have been found outside the
Willaumez Peninsula (Summerhayes et al.
1998).

CHANGES IN AVAILABILITY

Clearly the null hypothesis stating that the
proportion of obsidian consumed should
match the assessed quality of the exposures
has not been met given the data presented in
Figures 3 and 4. Furthermore, the relative
amounts of obsidian appearing at the various
locations are not stable through time as
predicted. At this stage, however, we cannot
conclude that the variations from expectations
reflect different exchange processes. First, we
need to determine whether the obsidian
exposures were all available for use throughout
the time periods in question. In particular, the
absence of the high ranking Kutau-Bao source
in the early part of the sequence at Kupona na
Dari suggests that it may not have been present
in the environment at this time.

To address this issue, we dated the
outcrops directly using the technique of fission
track dating. The results are presented in
Table 1. A detailed discussion of the method
used is presented in Bonetti et al. (1998) and
Torrence et al. (in prep.). There are several
important implications from these results.
Firstly, it seems clear that Kutau-Bao obsidian
is relatively young. There is some variability in
the dates but they overlap at one standard
deviation. The age of the emplacement of the
obsidian accounts for its absence in the early
levels at Kupona na Dari.

Secondly, the fission track dates indicate
that the Baki and Gulu chemical groups are
not homogeneous. This was already suspected
for the Baki group where the mixing of several
magmas was proposed to explain chemical
differences among samples from the same
outcrop (Bird et al. 1997: 66). The widely
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Sample Obsidian Chemical Group Age (Ka)
Outcrop
1574 T6 Kutau/Bao 26.7+7
1767 T1/H/II Kutau/Bao 129+9
396 Talasea Kutau/Bao 11.8+8
airstrip
1573 G002 Baki 30.2+9
381 Garala 2 Baki 232+ 31
1576 V002 Gulu 21.1£5
1577 V005 Gulu 26.3+4
433 V008 Gulu 138 £22
1575 AIS-S2 Mopir 183.0+ 40
Ulip East S2 Mopir 180.4 £+ 50

Table 1: Results from Fission Track Dating. See Figure 1 for sample locations. Information
on locations and descriptions of outcrops is presented in Torrence et al.
(1992: Figure 2, Table 1) and Fullagar et al. (1991).

differing ages for the Baki obsidians, however,
indicate a rather complex situation for the
source of the magmas. This problem deserves
further geological study since it is possible that
not all the current exposures were available for
use when people first colonised the region at
about 35-40,000 BP (Pavlides and Gosden
1994).

The Gulu results are not so clear cut since
the younger outcrops may post-date the arrival
of human in the region. This raises the
question of whether the early Gulu material at
Kupona na Dari came exclusively from the
older source (the western most sample on
Figure 1). The sampled exposure was found
buried beneath a number of layers of tephras
(volcanic material) within a modern quarry
for road material, but it was exposed at some
time in the past and it is likely that the
overlying beds are derived from relatively
recent eruptions from the nearby Dakataua
volcano (Machida et al. 1996).

The fission track dates highlight the
possibility of major changes in the landscape
since the arrival of humans on New Britain

and the potential effects that these could have
had on the availability of obsidian exposures.
The importance of change in the occurrence of
obsidian exposures on the proportions of the
various sources that are recovered within
archaeological excavations are obvious. What
is especially important about the fission track
dates for the New Britain obsidians, however,
is that groups determined to be homogeneous
in their chemical composition included
obsidian which was formed at different times.
Presumably the same source of magma
erupted at different times. This is a well
known phenomenon (e.g. Froggett 1983). It is
therefore important to combine a program of
dating with characterisation studies based
solely on differences in elemental composition.

CHANGES IN ACCESSIBILITY

In addition to changes in the availability
through time of obsidian exposures, various
forms of environmental change can alter their
accessibility in space. In other words, the
obsidian may have been formed, but through
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later environmental processes, such as
changes in relative sea level and subsequent
volcanic activity, the exposures may have
become more difficult to access or rendered
completely out of the reach of human activity
altogether. Changes through time in the
accessibility of the obsidian exposures in New
Britain illustrate both these processes.

Sea level change can radically alter the ease
of access to resources. It has been proposed
that, due to the local geography, the lowering
of sea level during the last glaciation had a
greater effect on access to the Willaumez
Peninsula sources, particular Baki and Kutau-
Bao, than to the Mopir exposures (Torrence et
al. 1996). Volcanic activity, however, has
probably played the most important role in
altering access to obsidian exposures. One of
the Baki obsidian exposures on Garua Island,
which is adjacent to a series of thick piles of
debitage from quarrying and tool manufacture
(site FAP), was covered and effectively sealed
by a thick layer of in situ airfall and reworked
tephra derived from an eruption of the Witori
volcano dated to c. 5900 BP (Torrence 1992;
Torrence et al. 2000). At this location at least,
the source material was completely buried
until relatively recently when a stream eroded
down through the layers and exposed it. To
what extent and for how long other Baki
exposures were seriously affected by this
volcanic event is debateable, since Baki
obsidian is plentiful within archaeological
contexts on Garua Island (but not elsewhere)
dating to the period following this volcanic
event (Torrence and Summerhayes 1997).
Tephra derived from the 5900 BP volcanic
event has been observed in the vicinity of the
Kutau-Bao outcrops, but there is no indication
that they were sealed in the same manner as
some of the Baki outcrops on Garua. The
effects at this time of tephra falls on the Mopir
source, which is located very close to the
Witori volcano, are also unknown but are
likely to have been considerable and may
explain why such small quantities of Mopir
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obsidian reached the study area in the early
Holocene (Figure 4).

A great deal more information is available
on the role of a further Witori eruption dated
to 3600 BP. In addition to the Mopir region
near the volcano, this sizeable volcanic event
radically altered the entire landscape of the
Willaumez Peninsula (Machida et al. 1996;
Torrence et al. 1996). As a consequence of
volcanic flows, the coastline was greatly
extended so that the Mopir sources, previously
obtainable from about 4 kilometres from the
sea, would have become over 30 kilometres
inland in a relatively short period of time,
although some exposures may have been
accessible by boat upriver from the sea. In
addition, the massive pyroclastic flows and
thick airfall tephras destroyed all the
vegetation and made the region uninhabitable
for many years. Consequently, Mopir obsidian
disappears from the archaeological record in
our sample (Figure 4) as well as from the
Pacific region at large for almost 1000 years
(Green 2003: 105-6; Summerhayes et al.
1998). Although obsidian from the Kutau-Bao
chemical group continues to dominate
assemblages in New Britain after this period,
some of the Kutau-Bao exposures had became
inaccessible as a consequence of the thick layer
of air fall tephra in the region. For example, a
major obsidian quarry at Bitokara Mission
(site FAQ) was buried at this time and does
not appear to have been reused in later periods
(Torrence 1992; Specht et al. 1988). This
example illustrates the complex relationship
between the data obtained from a
characterisation study of artefacts and the
landscape of obsidian exposures from which
they were originally acquired.

A third volcanic eruption, this time from
the Dakataua volcano, located at the northern
end of the Willaumez Peninsula, occurred at
about 1400 BP'. The tephra from this event
had its greatest impact on the local area and
did not reach the Mopir region. The effect of
the Dakataua eruption on the accessibility of
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obsidian exposures in our study area is clear
(Figure 4). Directly following the eruption,

the proportion of Mopir obsidian in the.

assemblages increased dramatically, although
this pattern did not maintain itself past 500
BP, possibly because another series of much
smaller Witori eruptions probably contributed
to its decrease.

SOCIAL FACTORS

In an area with so much recent volcanic
activity, it is not surprising that obsidian
exposures have not been a stable resource.
Both changes in the existence of certain
obsidian sources as well as their relative
accessibility have had profound effects on how
and when they were exploited in the past. In
turn, the consumption of obsidian (measured
in terms of the relative proportion of different
chemical groups represented in archaeological
contexts) was dependent on what could have
been obtained by direct procurement or
through exchange. Clearly, for the New Britain
obsidian sources our null hypothesis must be
rejected. Environmental factors had a profound
effect on changes in the relative abundance of
different source groups at archaeological sites.

Having accounted for changes in source
availability and accessibility, there are still a
number of unexplained deviations from the
null hypothesis. For example, the dominance
of Kutau-Bao obsidian in the assemblages in
our case study (Figure 4) (as well as elsewhere
in the Pacific from the beginning of the
Holocene_cf. Summerhayes et al 1998;
Torrence and Summerhayes 1997) cannot be
explained solely in terms of the physical
properties of the exposures or the obsidian
within them. In this case it can be inferred
that some form of social exchange took place.

Gaining access to a resource is an
inherently social process. Although people
may have acquired obsidian directly from the
exposures themselves, direct access still would
have involved social factors. Firstly, the

recognition that some people were ‘owners’ is
a social definition. Secondly, others would
have had to negotiate access in order to obtain
the material directly. With the exception of
the very first colonisers, the acquisition of
obsidian from the sources would have always
required some form of social process.

The evidence about the dominance of the
Kutau-Bao obsidian points to either strict
control over the access to sources and/or
cultural preference for this particular obsidian
or to the people who were exchanging it.
Furthermore, the degree of monopoly of
Kutau-Bao is less strong before and after the
period c. 3600-1700 BP. Given that there is a
different mix of sources within each sample pit
shown in Figure 4, it seems more likely that
individual persons or families within a
community obtained their supplies of obsidian
through personal exchange relationships with
a trade partner and that these links were rather
fluid (cf. Winter and Pires-Ferreira 1976;
Torrence 1986, 32-35). During 3600-1700
BP, when there is much less variation among
places, it is possible that the region was
involved in a more formal system of exchange
involving Kutau-Bao obsidian.

Information about how social systems
might have operated in the past can be gleaned
from changes in the consumption of obsidian
from different sources. For example, the rapid
switch to Mopir obsidian following 1400 BP
indicates a great deal of flexibility in social
relationships. It seems to have been
remarkably easy for people to alter their
source of supply from primarily Kutau-Bao to
primarily Mopir either by travelling to the
sources direct and negotiating access with the
owners, through establishing new exchange
relationships, or perhaps by negotiating to
exchange a different product with established
exchange partners. Fluidity in social relations,
especially over long distance, would have been
quite an asset for people inhabiting a region
prone to volcanic disasters.
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Possibly the need to establish social ties
over a large area in order to offset the high
environmental risks of this region is one
reason why, with the exception of the poor
quality material from the Hamilton source,
obsidian from all the chemical groups was
circulated around the Willaumez Peninsula as
soon as the various sources were formed and
when they were accessible (cf. Kirch 1988).
The only exception to this general pattern is
the dominance of Kutau-Bao between 3600-
1700 BP, when a different type of exchange
system may have been operating. Torrence and
Summerhayes (1997) proposed that in this
period exchange was characterised by intra-
regional exchange of a limited set of products,
of which Kutau-Bao obsidian was one.
Whatever system was operating, small
amounts of Baki and Gulu obsidian continued
to be moved, perhaps because some people
were maximizing their options, and by
implication their social ties, or were not
integrated into a larger system.

SIGNIFICANCE OF THE RESULTS

The key finding of this study is that the
social networks created through the exchange
of obsidian in the Willaumez Peninsula have
varied through time but have maintained their
flexibility. This strategy may have been an
important mechanism for coping with an
environment characterised by the serious risks
of volcanic disasters (Torrence 2002). The
results of this study have implications beyond
the study region, particularly in terms of the
methodology. Our understanding of the role
of exchange in prehistoric societies in this
region could only be reached after a detailed
study of the history of the obsidian exposures
themselves. We have demonstrated that a
reconstruction of the availability and
accessibility of obsidian sources should be an
essential component of all studies of obsidian
exchange,

The inferences about social networks and
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exchange were made following a thorough
study of the basic resource: the obsidian
exposures.  Rather than be guided by the
chemical groups obtained by clustering
determinations from a characterisation study,
it is important to operate at the base level of
the obsidian exposures because it is relevant to
what we are trying to understand: why people
chose or favoured particular resources and not
other ones. To begin with, it is important to
understand what the chemical groups mean in
terms of the physical world. In the case
presented here, fission track dating
demonstrated that exposures grouped together
had been formed at different times in the past,
despite the similarity in their chemical
makeup. Unfortunately, dating exposures has
not usually been seen to be an important
aspect in studying the potential for human
exploitation of obsidian sources, perhaps
because in many parts of the world the time
scales over which they were used is quite
short. In our case, the dating has produced
important results and has substantially
enriched our interpretations of the PIXE-
PIGME characterisation studies.

Secondly, it is important to evaluate a
representative range of exposures in terms of
variables relevant to human exploitation. For
example, not all chemical groups will be
comprised of exposures that are conducive to
sustained quarrying, have nodules of the
appropriate sizes or shapes, are the desired
colour, etc. (cf. Eerkens and Rosenthal 2004).
This procedure also enables one to determine
rank orderings of the chemical groups in terms
of their potential value to people exploiting
them.

Thirdly, the history of when and in what
ways the obsidian exposures were accessible
for human use needs to be reconstructed.
Some environments are inherently more stable
than others and will require less research
along these lines. As illustrated by our case
study, environmental reconstruction is critical

o
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to understanding changes in the consumption
of different sources in situations where
volcanic activity was ongoing. Some sources
that were used in the past may no longer be
accessible, as in the case of one of the Manus
obsidians that dominated the Pleistocene
record and appears to have been drowned
since (Ambrose et al. 1981; Fredericksen
1997) and others may only have been formed
recently, as demonstrated for the Kutau-Bao
source and possibly also in Manus (Ambrose et
al. 1981). Furthermore, very old sources can
be buried by volcanic tephra and later be re-
exposed by erosion.

CONCLUSIONS

Although the main points of this paper
should be blatantly obvious, they have not
been given adequate attention by scholars
studying changes in the history of obsidian
distribution and exchange. Generally,
inferences about exchange have been based
entirely on the results of characterisation
studies on artefacts recovered from
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ENDNOTES

1. The date for the Dakataua eruption was previously reported at ¢. 1100 BP (Machlda et al. 1996; Torrence et al.
2000), but new fleldwork has yielded a more accurate date of 1400 BP.
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