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QCpOQtS 

LITHIC PROCUREMENT IN CENTRAL AUSTRALIA: 
A CLOSER LOOK AT BINFORD'S IDEA OF 

EMBEDDEDNESS IN ARCHAEOLOGY 

Richard A. Gould and Sherry Saggers 

Field surveys of lithic sites in Central Australia and experimental tests of materials from these sites permit 
evaluation of Binford's (1979) concept of embeddedness. While basically agreeing with Binford's view that raw 
material procurement by mobile hunter-gatherers occurred incidentally in relation to other subsistence activities, 
our results indicate that Binford's argument cannot account for patterning in raw material procurement based 
on the utilitarian properties of the materials themselves. In dealing with questions of raw material procurement, 
we propose that controlled efforts be made to evaluate the technological characteristics of materials vis-a-vis the 
mechanicalforces involved in their known or presumed uses before assuming the degree to which their procure- 
ment was structured by subsistence factors. 

This report takes up a question addressed in earlier reports (Gould 1978, 1980b) and debated by 
Binford (1979), namely: What are the factors that structure the physical occurrence of lithic materials 
used for tools by mobile hunter-gatherers, and to what extent can these factors be identified ar- 
chaeologically? Binford has argued that: 

... procurement of raw materials is embedded in basic subsistence schedules. Very rarely, and then only 
when things have gone wrong, does one go out into the environment for the express and exclusive purpose of 
obtaining raw materials for tools [1979:259; the italics are Binford's]. 

He goes on to state, on the basis of his ethnoarchaeological studies among the Nunamiut Eskimo, 
that "Raw materials used in the manufacture of implements are normally obtained incidentally to 
the execution of basic subsistence tasks" (1979:259). While essentially agreeing with this position, 
we regard Binford's idea of embeddedness as overly restrictive and inadequate to account for the 
variability observed at archaeological sites excavated in the Western and Central Deserts of Australia. 
We think Binford has overstated his position to the position to the point where parsimony approaches reductionism, 
and we argue here for a more inclusive concept of embeddedness that harks back to Binford's earlier 
(1962) arguments for inferring levels of integration within extinct cultural systems studied by ar- 
chaeologists. Current research (Hayden 1982) has demonstrated the utility of an approach that 
embraces many of the ideals of Binford's earlier views. 

EMBEDDED RESOURCE PROCUREMENT STRATEGIES 

Binford discounts the importance of technological criteria in explaining the occurrence of lithic 
materials among mobile hunter-gatherers. Our purpose here is to examine this position in the light 
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of evidence collected in Central Australia in 1981-1982 and see what the implications are for hunter- 
gatherer archaeology more generally. Binford doubts the usefulness of relating such variables as 
distance from the source, difficulties of terrain, transport capabilities, or artifact utility as a framework 
for evaluating differential occurrences of local versus non-local stone in the artifact discards of a 
habitation site. He claims that it is not utility of procurement or use of the lithic materials as such 
that structures their relative frequencies of occurrence in habitation sites, but rather that their 
frequencies of occurrence are controlled by subsistence and procurement activities. Binford's views 
can be regarded historically as one of several archaeological applications derived from the "Michigan 
School" of ethnologists and archaeologists (Earle and Ericson 1977:3-4) and ultimately from the 
idea proposed by Karl Polanyi (1957) that exchanges of material goods within a society are a basic 
and integral part of that society's organization and thus are fully "embedded" within its organization. 
Although this assumption is widely accepted by archaeologists, difficulties persist in comprehending 
how the differential occurrence of specific lithic materials of variable availability and utility was 
related to the extinct cultural systems that produced them. 

It was difficulties of this kind that led to formulation of the "exotic stone hypothesis" for the 
Puntutjarpa Rockshelter, a habitation site in the Western Desert of Australia occupied more or less 
continuously for the last 10,000 years. There it was found that small but significant amounts of 
non-local chert were used for toolmaking purposes, even when technically superior stone was readily 
available for the same tasks in the local area. The non-local or "exotic" stones were interpreted as 
evidence for long-distance social networks that operated to overcome or mitigate stresses imposed 
by drought. The long-distance movement of these lithic materials was congruent with a risk-min- 
imizing model of hunter-gatherer adaptation that depended upon such long-distance networks when- 
ever drought conditions required the temporary abandonment of an area. The exotic stone hypothesis 
supported Binford's general position by arguing that the transport of lithic raw materials over long 
distances could not be accounted for on the basis of purely technological factors but required a 
broader consideration of the ecological factors and subsistence behavior involved. In his criticism 
of the Puntutjarpa analysis, Binford asserts that, "... . the presence of exotic cherts may be a fair 
measure of the mobility scale of the adaptation appearing as a consequence of the normal functioning 
of the system, with no extra effort expended in their procurement" (1979:261). Stated in another 
way, one can say, on the basis of the Puntutjarpa evidence, that the relative frequency of stone 
adzes made from different materials was a function of the size of the foraging area covered in the 
life-span of an adze. In this case, the foraging area was extremely large, with materials present from 
known quarries up to almost 300 kilometers distant from the site. The real point of disagreement 
with Binford here is his dismissal of lithic procurement and technical factors of tool use and 
manufacture in accounting for the relative occurrence of these materials. One cannot assume embed- 
dedness of the lithic technology solely in relation to the subsistence economy, as Binford would 
have us do, even though, in the Puntutjarpa case, this is a logically parsimonious argument. 

We regard a controlled examination of technological factors pertaining to lithic procurement and 
use as essential before any convincing archaeological perception of relationships to the subsistence 

economy is possible. In the Puntutjarpa case, it was the recognition of anomalies in the relative 

utility of local versus exotic stones that led to the suggestion that a wider set of systemic relationships, 
having to do with Western Desert biogeography and Aboriginal foraging, was controlling the relative 

frequencies of these lithic materials, but, in contrast to Binford, we do not assume that this always 
happens. Technological aspects of stone toolmaking must be investigated in a controlled manner, 
since technological factors themselves may be controlling the relative frequencies of these materials. 
Binford's argument denies this possibility. Like all archaeologists, we take our primary task to be 

accounting for the variability we observe within and between the materials we actually find in our 
sites. If those materials happen to be stone artifacts, then our view of embeddedness must incorporate 
technological as well as subsistence factors if we are to avoid the charge of scientific reductionism. 
To demonstrate this point, we systematically compare the results of the earlier lithic analyses at 

Puntutjarpa with our recent studies of the lithic materials from the James Range East Rockshelter 
in Central Australia. 
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THE "EXOTIC STONE HYPOTHESIS" 
Results from the Puntutjarpa excavations indicated the presence of a class of stone implements, 

conventionally termed "adzes" by Australian archaeologists, occurring continuously, although in 
varying relative frequencies, throughout the entire 10,000 year sequence at this site, culminating in 
the use of these implements by the present-day Aborigines of this region. These are discoidal, 
unifacially retouched stone scrapers that were hafted and used as wood-scraping tools by the desert 
Aborigines. Stone adzes have probably been described in greater detail than any other type of lithic 
implement in the ethnographic desert Aboriginal toolkit (Campbell and Edwards 1966; Gould 1966; 
Gould et al. 1971; Hayden 1979; McCarthy 1967; Mulvaney 1975; Thomson 1964; Tindale 1965). 
The relationship between specific attributes of this class of tool and its particular function-that of 
a scraper for shaping implements of hard wood, mainly Acacia aneura ("mulga")-is well under- 
stood. Kamminga, referring to these adzes as tula, comments that: 

This tool was designed to cope with the traumatic impact you get by adzing wood that has a density of around 
1000 kg per cubic meter-which of course is very, very hard and dense. One important feature of the tula is 
that archaeologically and ethnographically it was almost always made from fine chalcedonies and cherts. Most 
other materials just don't do the job [1979:299]. 

Won out remnants of these implements, termed "slugs" by Australian archaeologists, are diagnostic 
of woodworking use and hafting, since experiments have demonstrated that these slugs cannot be 
produced in any other way than that observed ethnographically. Stockton's (1982:157) comment 
that such small pieces may have been hand-held when used ignores the distinctive retouch and use- 
wear that characterizes these adzes and slugs as well as the mechanics of working extremely hard, 
dense woods effectively. 

Thus we have a class of stone implements that has clear functional correlates documented by 
ethnographic observations and lithic experiments. A total of 341 of these implements was excavated 
at Trench 2 in the main cave at Puntutjarpa, and 250 (excluding endscrapers) were recovered from 
Trench 1 in the north cave at James Range East (Gould 1978). These latter extended stratigraphically 
over at least the last 5,000 years. So we also have two relatively large samples of these implements 
from stratigraphically controlled and dated contexts of post-Pleistocene age. Both archaeologically 
and ethnographically, however, we must view these implements as "maintenance" tools in the term 
defined by Binford and Binford (1969:71), that is, as tools for making and maintaining other tools. 
Unlike "extractive" tools, these implements were not directly involved with procurement of essential 
resources, so their relationship to Aboriginal adaptive behavior must be viewed as indirect. 

During our surveys and excavations in the Warburton Ranges, one of us (RAG) was fortunate to 
have the assistance of the Western Mining Corporation, whose field teams were then surveying the 
area for sources of copper. They noted any natural occurrences of isotropic stone. Local Aborigines 
also assisted in this search. Thanks to these efforts, it was possible for us to gain complete coverage 
of the local area with respect to natural sources of usable stone for toolmaking. The area within a 
40-kilometer (25-mile) radius of Puntutjarpa Rockshelter was designated as "local," in contrast to 
the area beyond. This radius was based somewhat arbitrarily on the approximate maximum distance 
that local Aborigines were observed to carry lithic raw materials from quarries to their habitation 
camps. 

Later, during the analysis of the adzes excavated at Puntutjarpa, it was observed that, while certain 
local materials like white chert predominated, there were low-level but significant amounts of exotic 
materials represented as well. The results of this earlier analysis (Gould 1980b:Table 11) show that, 
overall, 60.7% of the adzes were manufactured from white chert, while 26.7% were produced from 
a variety of non-local or exotic materials. In most cases the actual sources for these exotics in the 
Australian desert are unknown. At this point we realized that we needed additional information 
about the functional characteristics of the different lithic raw materials found at Puntutjarpa, so we 
undertook a series of by-product experiments on samples of raw materials collected at the known 
localities as well as on exotics. The results of these experiments are summarized in Bronstein (1977) 
and in Gould (1978:827-830). They demonstrate that white chert has by far the best edge-holding 
properties for scraping hard wood of any of the lithic materials available to these Aborigines. This 
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class of raw material was readily available to the Aborigines residing at Puntutjarpa from five quarry 
localities within a radius of 40 kilometers, so the preference for this stone is easily explained in 
terms of utilitarian factors of edge-holding and ease of procurement. 

These same experiments showed that the exotic cherts had poorer edge-holding properties than 
white chert. This fact, taken together with the non-local origin of these materials, led to the realization 
that a simple technological explanation could not account for the pervasive use of exotic stones in 
making this class of implements at Puntutjarpa. In other words, we were faced with a case of people 
who may have been going to considerable efforts to obtain lithic raw materials from far away that 
were mechanically less efficient for a known task than locally available material. 

The Ethnoarchaeology of "Special-Purpose" Procurement 

The issue of special-purpose procurement is not critical to our argument, despite Binford's as- 
sertions to the contrary. In contrast to the Nunamiut, there is ample evidence that Western Desert 
Aborigines made special efforts to visit lithic sources, usually as part of a visit to an adjacent sacred 
site, but sometimes, too, in order to obtain raw material that was known to have superior technical 
properties. In defense of Binford's position, one should realize that these special-purpose trips were: 
a. carried out from base camps that were, themselves, occupied in relation to key resources like 
water and edible plants, and b. not restricted exclusively to the stated goal (which had to do with 
the lithic resource, either for its own sake or in relation to an associated sacred site). In other words, 
the actual choice of lithic source to be visited was structured in part by its relative proximity to a 
habitation base camp where people happened to be at that time. And the Aborigines in question 
would always avail themselves of any edibles along the way. The only real differences from the 
reported behavior of the Nunamiut have to do with the clear and openly stated primary goals of 
these resource-procurement trips and the fact that they occurred frequently and not simply during 
emergencies or at times when the raw materials were scarce. This latter point is especially important 
because every single observed case (Table 1) involved a situation in which usable-and as now 
known, as a result of experiments-often technically superior lithic materials were already abun- 
dantly present in camp at the time when this procurement took place. 

Table 1 summarizes Western Desert Aborigine lithic resource procurement trips observed (and, 
with the exception of the Wingellina Hills case, accompanied) in 1966-1969. The trips summarized 
here refer only to those carried out for the purpose of obtaining lithic materials for stone tool- 
making or for mineral pigments, and one must keep in mind that similar procurement trips occurred 
for other special resources such as spinifex resin and Crotalaria bark for making sandals. The 13 
trips recorded here should not be regarded as a controlled sample of all such procurement during 
the field period, since other trips were often mentioned afterwards but were missed while some 
other activities were being observed. Moreover, many of these trips occurred in the context of the 
reservation-like conditions under which most Desert Aborigines were then living. The only trips 
observed under truly nomadic conditions by people living off the land on their own were the ones 
in the Clutterbuck Hills and Dixon Range. Moreover, a vehicle was used for all trips in excess of 
2.5 kilometers one way. So this should not be regarded as data collected under "pristine" conditions, 
any more than Binford's Nunamiut who regularly use guns, motor vehicles, and even, at times, 
chartered aircraft. 

Despite these limitations, one can see interesting patterning in these data. Although stone tool- 
making was not an exclusively male activity (Western Desert Aborigine women sometimes made 
and used hand-held stone scrapers and flake knives) it was only men who made special-purpose 
trips to obtain lithic materials. In part, this had to do with the sacred associations of some lithic 
sites (9 of the 13 localities visited in this study), which only men with specific affiliations to those 
sites could approach. Yet, while women were occasionally seen to pick up stone flakes for some 
immediate task while foraging, organized lithic procurement was one of the few domains of Ab- 
original daily life where such a strict division of labor by sex operated. The reverse was not true of 
other organized procurement tasks, such as collecting spinifex resin, which were usually performed 
by women but which men sometimes participated in or occasionally even did by themselves. 
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Table 1. Western Desert Aborigine Lithic Resource Procurement Trips. 

1-Way Distance Traveled 
Date Source Location Task Group from Camp Raw Material Remarks 

April 20 
1966 

June 9 
1966 

Mt. Weld Station 

Tjipa Rockhole 

June 19 Unnamed series of 
1966 4 quarries 

July 21 Clutterbuck Hills 
1966 

Aug. 17 Wingellina Hills 
1966 

Sept. 11 Tjangimurutjungku 
1966 Rockhole 

Sept. 26 Mulyamaru Rock- 
1966 hole 

Dec. 14 Mulyangiril Well 
1966 

Jan. 9 Mulyangiril Well 
1967 

Jan. 22 Wulyun, Dixon 
1967 Range 

Dec. 13 Mt. Talbot 
1969 

Dec. 14 Kunapurul Rock- 
1969 hole 

2 adult men 32.2 km (from Laverton) 

2 adult men 40.2 km (from Laverton) 

2 adult men 32.9 km (from Warburton) 

1 adult man 2.4 km (from Partjar) 

2 adult men 6.4 km (from Wingellina) 

1 adult man 10.5 km (from Warburton) 

5 adult men 19.3 km (from Warburton) 

3 adult men 0.8 km (from Mulyangiril) 

1 adult man 0.8 km (from Mulyangiril) 

2 adult men 45.0 km (from Giles Mete- 
orological Station) 

2 adult men 11.0 km (from Warburton) 

2 adult men (1) 24.1 km (2) 20.9 km 
(from Mulyangiril Well) 

Blue-gray chert. No sacred 
site, no water nearby 

Quartzite ("Silicious Billy"). 
Water present, probable sa- 
cred site 

White chert. Associated with 
sacred site at Warutjil clay- 
pan, no water 

Yellow quartzite. Associated 
w/sacred site at Partjar, no 
water 

Green chrysoprase. Associated 
w/sacred site, no water 
nearby 

Red ochre. Water present, as- 
sociated w/sacred site at Mt. 
Talbot 

White mineral pigment. No 
sacred site, no water nearby 

White chert. Water available 
at well, no sacred associa- 
tions 

White chert. Revisited source 
for additional material 

Red ochre. A major quarry/ 
sacred site, no water nearby 

Warburton porphyry. No 
water nearby. Associated w/ 
sacred site 

White chert. 2 quarries visited 
on a "round robin" trip 
from Mulyangiril. Water 
nearby. Associated w/sacred 
site at Kunapurul 

Distances of trips: N = 13, x = 20.62 km, Sx = 13.79. 

Another point of interest more specifically related to the hypothesis concerns the distances traveled 
to a lithic source. All of the sources subject to this mode of procurement were true quarries, 
representing localized concentrations of raw material and showing definite indications of previous 
visits by Aborigines for the same purpose. Wulyun, in the Dixon Range, was the most spectacular 
site of this kind visited during these field studies. It consisted of a hilltop red ochre quarry with a 
large exposed cut into the slope and several ochre-covered picks of mulga wood and large pounding 
stones lying on the surface. It was also an important sacred site along the dream-time emu track. 
The distances traveled to these quarries varied greatly according to the distance from water and 
difficulties imposed by the terrain, and the figures indicate the magnitude of these variations, ranging 
from 0.8 to 45.0 kilometers. However, even the longest of these special-purpose trips could not 
account for the degree of movement of lithic materials observed ethnographically. 

The Ethnoarchaeology of Lithic Transport 

As previously mentioned, some of the lithic materials at Puntutjarpa Rockshelter were known to 
come from sources much farther away than 45 kilometers, and this was also the case for stones 
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observed in use by Aborigines living at Warburton and Laverton in 1966-1970 (Gould 1978:831- 
832; 1980b: 154-156). The relationship of lithic materials to the Aborigine sacred life sacred life is an essential 
component of this process ethnographically, although it may not be distinguishable archaeologically 
from simple retention of stone tools for the this infor the extent ofthheir normal use-lives ine context of a highly 
nomadic and mobile pattern of foraging. The original formulation of thesis" 
probably overemphasized the importance of sacred ties as a specific mechanism accounting for such 
transport, but the original proposition that social networks of some kind are required for such long- 
distance transport of raw materials remains valid. Except for pioneer groups of Aborigines first 
penetrating the habitable portions of the arid interior of Australia, it would have been necessary 
for people moving over such long distances to establish relationships with other groups already in 
place. At the risk of arguing in a circular manner, we suggest that such long-distance movement or 
exchange of lithic al presupposes th istence of long-distance social relationships -in other 
words, a kind of "envelope" of social space that expands or contracts according to the degree of 
stress imposed by drought conditions. This, of course, has been the basis of the "exotic stone 
hypothesis" all along. 

We can look at how Western Desert Aborigines accomplished this without having to assume that 
the mechanisms by which such "exotic" lithic materials moved in the recent past were necessarily 
the same as those that operated in thate prehistoric past. teUnlikd in the prehistoric past. Unlike the Nunamiut, the Western Desert 
Aborigines made trips whenever possible to localities of sacred significance, even when these trips 
represented detours from the primary routes of movement to water and food sources. The senior 
author accompanied West Deseret Aborigines on several such trips in the Rawlinson Range and 
Clutterbuck Hills in 1966-1967 in which sacred localities related to several different "Dreaming" 
traditions were studied and mapped in detail along with individual sacred sites along "Dreaming" 
tracks in outlying areas like Lake Throssel, the Bell Rock Range, the Bedford Range, Mt. Destruction, 
and others. In 1970 this approach was extended by means of an aerial survey, with knowledgeable 
older Aborigines aboard the aircraft, along the formation extending from the Brown Range, near 
the Warburton Mission, via the Wission, via the Townshed Range and RangRanford Hill, to the Hocking Range-a 
total distance of approximately 290 kilometers involving a continuous story-line or track pertaining 
to the mythical perentie lizard. In this latter case, each of the sacred sites was later visited on the 
ground with the Aborigines affiliated to these localities, and they were documented in detail. Al- 
together, a total of 27 sacred sites was visited and documented in the company of the Aborigines 
affiliated with these sites during 1966-1970. 

One of the outstanding attributes of the ethnographically known desert Aborigines was their 
willingness to make long trips for the primary purpose of visiting sacred sites and of meeting with 
members of the patrilineages controlling those sites. In 1966-1967 the senior author observed special, 
all-male groups making such trips, often over hundreds of kilometers from their home areas, to 
introduce novices to sacred landmarks and the myths associated with them. These special, long- 
distance trips were called panalipi (literally: "all over the earth") and the tracks followed on such 
trips were a favorite theme for depiction in rock and cave art. Visitors on these occasions camped 
together in distinct, all-male enclaves within the main concentration of campsites occupied by the 
locally resident population. Such trips established the introductions necessary for later use of the 
resources of these distinct areas by the visitors with their families, and lithic materials were often 
obtained and transported over long distances during the course of such trips. These trips were also 
important for arranging betrothals (Bemdt and Bemdt 1964:107), which in due course would mean 
that one was also establishing in-law relationships over these same long distances. Such in-law 
connections involved obligatory sharing of food and access to resources and were among the most 

strictly observed relationships in the society. 
Long-distance trips were therefore of adaptive significance, since they were instrumental in es- 

tablishing social networks over wide areas of the desert. Lithic procurement occurred not only in 
the context of day-to-day foraging and resource procurement activities, but also in relation to these 
special, long-distance trips. The hypothesis toward which this research was directed is that the 
tendency to establish long-distance ties in different directions characterizes hunter-gatherer societies 
that are subject to extreme uncertainties with respect to a key resource such as water. In times of 
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severe and prolonged drought, a group would move, often hundreds of miles from its home region, 
and take up temporary residence in another, better-favored area. But this could occur only if some 
prior social relationship were in place and acknowledged by both residents (the "owners") and 
visitors. The existence and maintenance of long-distance social networks that facilitate such sharing 
are well documented by social anthropologists who have worked in arid Australia (Berndt 1959; 
Meggitt 1962; Strehlow 1965; Tonkinson 1978), and are embodied in Stanner's (1965) now-classic 
distinction between "estate" and "range" in Aboriginal man-land relationships. Movement and 
transport of lithic materials followed such networks and occurred in the context of both short trips 
in relation to special-purpose lithic resource procurement and the establishment and maintenance 
of long-distance social networks (Gould 1978:830-832). 

In a sense, all of the foregoing ethnoarchaeological information is beside the point, because one 
cannot distinguish archaeologically between either special-purpose lithic resource procurement or 
long-distance transport and/or exchange of lithic materials, on the one hand, and the distribution 
of lithic materials in the context of the normal range of foraging by highly mobile Aborigine hunter- 
gatherers, on the other hand. But the ethnographic case also tells us that we cannot ignore the 
necessity for some kind of social mechanism to facilitate this movement over long distances. One 
can regard the elaborations of such social mechanisms in terms of their social structure and symbolic 
content as a major adaptive theme in Australian Aborigine ethnology, and the presence of "exotic" 
lithic materials can, under conditions where technological explanations fail to account for these 
"exotics," provide a measure of the degree to which such social factors are operating to mitigate or 
offset the stressful effects of droughts and resource fluctuations experienced by a nomadic hunter- 
gatherer society. Now it is necessary to turn to the case of the James Range East Site and explore 
a contrasting situation in which technological factors do appear to control the presence and distri- 
bution of lithic materials of local versus non-local origin. 

At the James Range East excavations, about 80 kilometers south of Alice Springs, Northern 
Territory, and approximately 775 kilometers northeast ofPuntutjarpa Rockshelter, there were initial 
indications of non-local lithic raw materials. Seed-grinding implements of granite from at least 160 
kilometers away were found, along with fragments of diorite from a ground-edge axe that may have 
originated in the Flinders Range, about 800 kilometers to the southeast, and a flaked stone adze 
slug of a distinctive form known to occur mainly in the Cooper's Creek area of Lake Eyre, about 
435 kilometers to the southeast. With this preliminary evidence in mind, it seemed appropriate to 
examine the lithic assemblage there more closely as a first step toward testing the "exotic stone 
hypothesis." 

TECHNO-MECHANICAL APPROACHES TO TECHNOLOGY 

One essential requirement of the James Range East study was the need to control for the qualities 
of the materials themselves and the conditions under which they are obtained and used. Although 
such an approach was advocated in a pioneering paper by Goodman (1944), its application to 
particular archaeological assemblages is a relatively recent development. A good example is the 
recent study by Greiser and Sheets (1979) in which specified use-wear attributes were measured in 
relation to controlled use on different types of lithic material. From these experimental results they 
hypothesized that: 

Raw material selection occurred principally for functional reasons. Archaeologically this translates as statis- 
tically significant correlations between classes of raw materials and functional implement categories [Greiser 
and Sheets 1979:295]. 

They then applied this hypothesis to chipped stone artifacts from the Barton Ramie Site in the 
Belize Valley of the Maya Lowlands. They encountered a total of 926 chipped stone artifacts, of 
which 560 (or 60.5% of the total) were made of chert and the remaining 366 (or 39.5%) of obsidian. 
The null hypothesis would predict that, if functional criteria in materials were of no significance, 
the 31 scrapers recovered at the site would subdivide into 19 of chert and 12 of obsidian. In fact, 
the distribution of scrapers by raw material was 31 chert, 0 obsidian. From these results they inferred 
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deliberate selection of chert over obsidian because of the nature of the use intended, since their 
previous experiments provided results showing, by various criteria, how chert was better suited 
than obsidian to maintaining a working edge when used for scraping activities (Greiser and Sheets 
1979:296). 

We interpret this as a useful approach, although the conclusions do not necessarily mean that 
functional demands were the sole determinants of selection. Greiser and Sheets (1979:295) also 
mention the role of flakability, especially when considering the utility of obsidian. But we regard 
the availability and physical distribution of the different raw materials as a paramount consideration, 
too, and these are addressed under the term, "lithic landscape," where they comprise an essential 
part of our study. 

Citing Binford's argument, Goodyear (1979) claims that the exotic components of Paleo-Indian 
lithic assemblages are mainly the by-products of mobility. Unlike Binford, however, Goodyear is 
not content to assume that the functional prerequisites of tools are insignificant factors in procure- 
ment. Besides recommending physico-chemical sourcing of exotic materials, he also develops the 
argument that the superior flaking properties of cryptocrystalline materials ensured that these stones 
were preferentially procured. Instead of dismissing low-level technological factors, he states that: 

More work in general could be profitably done using instruments from physics and engineering to study 
brittleness, levels of material failure and so forth to evaluate how groups were manipulating these properties 
[1979:11]. 

Binford's arguments notwithstanding, it was decided early in the James Range East research 
program to attempt to develop and apply a series of controlled tests to determine the technological 
utility of the lithic raw materials encountered there and to relate these test results to their "locally" 
as opposed to "exotically" derived status at the site. 

Testing the Hypothesis: The James Range Evidence 

In the Central Desert we are dealing with a physical habitat that, although essentially similar to 
the Western Desert in the general scarcity and unpredictable availability of rain, differs from the 
terrain farther west in having conspicuous rocky ranges like the James Range, which contain relatively 
permanent water catchments. Such water catchments are relatively uncommon and widely scattered 
in the Western Des Desert, and they tend to be more ephemeral than their Central Desert counterparts. 
Also, the Central Desert possesses coherent systems of drainage that are not matched in the Western 
Desert. In neither subarea are there any permanent streams, but the Central Desert "rivers" can 
carry water from distant areas, which means that water falling as rain in one part of the desert may 
be carried to other parts of the desert by these streams (Mabbutt 1977:151-154). Even the driest 
parts of the Central Desert, which average less than 5 inches of rain annually, can receive usable 
water in this way. And the Central Desert possesses a few permanent artesian springs that, again, 
have no counterpart in the vast pre-Cambrian plateau that makes up most of the Western Desert. 
So the Central Desert is better endowed than the Western Desert with surface catchments for 
rainwater along with alternative water sources. This essential difference has direct implications for 
human adaptation, since the greater abundance of water sources in the Central Desert means that 
during the post-Pleistocene and today human societies were better buffered against drought and had 
better access to edible plants and game there than in the Western Desert. 

Thus the principal limiting factor for human settlement in arid Australia-the predictable avail- 
ability of usable water-is less severe in the Central Desert than in the Western Desert. Droughts 
and related problems such as localized failures of wild crops do occur in the Central Desert, but we 
expected to see less evidence for reliance upon long-distance social networks as risk-minimizing 
mechanisms there than in the Western Desert. Therefore we also predicted correspondingly less 
emphasis on transport of exotic stone materials for adze-making. Our task was to measure how 
much movement of non-local lithic raw materials was taking place at different periods in the history 
of the James Range East site in relation to a class of artifacts of known function. By systematically 
controlling for mechanical and procurement efficiency, we sought to determine to what degree the 
preferences for these different stone materials for adze-making were governed by such factors. Any 
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Figure 1. Lithic sources in the Puntutjarpa Region. 

departure from such utilitarian criteria would be detected and considered in relation to the wider 
adaptive argument proposed here, especially in comparison with contemporaneously dated materials 
from Puntutjarpa Rockshelter. 

Survey Procedures 

Confronted with the logistical and practical difficulties of carrying out surveys during the peak of 
the Central Australian summer, we made some modifications to our original James Range program. 
The radius for the survey area was reduced from 40 to 24 kilometers (i.e., 25 to 15 miles), which 
means that comparisons with the area surveyed in the Warburton Ranges area are based on a 
reduced radius there as well. The maps in Figures 1 and 2 show the survey areas around Puntutjarpa 
Rockshelter and James Range East Rockshelter, respectively, based upon the 24-kilometer radius 
of survey. 

In the James Range survey we used a small aircraft to survey the open sandhill and sandplains 
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Figure 2. Lithic sources in the James Range East Region. 

terrain within our survey area to the north and south of the range from the air, following procedures 
described in U.S. Air Force (1972) Manual 50-15, 1972: A7-1 to A8-5. Actual visibility was in 
excess of 30 nautical miles at the time of the survey, with no clouds or dust to obscure the ground. 
Given these factors and the fact that the survey was flown under ideal conditions of weather and 
near-perfect navigation, there is little likelihood that we missed any potential lithic sources in these 
areas. All potential lithic sources sighted and located from the air were inspected later by teams on 
the ground. 

Essentially, the 1981-1982 field season consisted of a ground survey of the James Range and 
other rocky terrain lying within the 24-kilometer radius depicted in Figure 2 combined with the 
aerial survey described above. In the James Range proper this survey was carried out on foot in a 
series of north-south transects back and forth across the entire range. Track-spacing was kept to 
less than 30 meters owing to the broken terrain and occasionally thick mulga-scrub vegetation. 
Outlier formations like the Deep Well Range were also surveyed on foot, although the actual pattern 
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of survey varied according to the terrain. Small outliers, isolated formations, and stony desert areas 
were visited by means of four-wheel drive vehicles and associated reconnaissance on foot. These 
efforts were assisted by the use of a series of vertical aerial photographs of James Range provided 
by the National Mapping Service of Australia, which provided greater detail than the 1:250,000- 
scale map of the area (Australian Division of National Mapping 1961). The combined result of the 
ground and air surveys carried out in the 1981-1982 field season was total visual coverage of the 
survey area. 

In no sense can the areas surveyed around Puntutjarpa or James Range East be regarded as 
statistically representative samples of the Australian Desert as a whole. However, each survey area 
included substantial areas of the principal types of terrain that are found widely throughout both 
the Central and Western Desert regions. These include sandhill/sandplain country, characterized 
by parallel or meandering sand dunes of low height (usually less than 50 feet) with broad interdunal 
corridors, stony desert ("gibbers") plains, and rocky ranges. In both survey areas these sandhill/ 
sandplains areas were dominated by spinifex vegetation (Triodia sp.), although in the area surveyed 
in the Central Desert there were also conspicuous but thinly scattered stands of "desert oak" 
(Casuarina decaisneana). The stony desert pavements in the Warburton Ranges area surveyed 
consisted mainly of eroded quartz from reef-like outcrops. Mixed with these quartz pebbles, there 
were also pieces of banded agate and lumps of quartzite, the latter often showing surfaces covered 
with desert varnish. In the James Range area, the stony desert pavements were more intermittent 
and were more limited in area and content, consisting mainly of quartzites or sandstones, often 
showing surfaces with desert varnish. Little vegetation occurred on these stony desert pavements, 
although in the Warburton area occasional thin stands of mulga and grasses were present. Although 
similarly eroded in appearance, the rocky ranges passing through the center of each of the areas 
surveyed are geologically and structurally quite different, with important implications both for water 
sources and lithic procurement. 

Variability in Local Geology and "Lithic Landscapes" 

Published surveys describe the naturally-occurring water sources of the Warburton region, in- 
cluding many found within the survey area (Forman 1932, 1933; Sofoulis 1962a; Talbot and Clarke 
1917). Calcrete aquifers occur in the area and are used by the Warburton Ranges Mission by means 
of shallow wells (approximately 30 feet deep), but these subsurface sources were beyond the reach 
of traditional Aboriginal technology. Otherwise, water supplies were limited to various rainfall 
catchments such as rock holes and shallow "native wells" like one occurring on Elder Creek just 
north of the Mission. Naturally-occurring water sources of the Warburton region tend to be ephem- 
eral, and one recent surveyor concluded: "Natural gnamma and rock hole sources are unreliable 
and consequently native movements are generally restricted to post pluvial periods" (Sofoulis 1962a: 
14). Such ephemeral water sources occur in the eastern James Range, too, but our surveys indicated 
the additional presence of large and well-shaped rockholes located in an east-west running band 
through the center of the range. This series of rockholes occurs in a belt of light-colored, cross- 
bedded rocks termed "Mereenie Sandstone" extending continuously through the core of the James 
Range (Australian Bureau of Mineral Resources 1968), which acts as a natural aquifer following 
heavy rains. A total of 11 of these rockholes or rockhole clusters was found within this formation 
during our 1981-1982 surveys, and others are known to occur within this same formation farther 
to the west, beyond the limits of our survey area. Large open-air Aboriginal habitation sites, inhabited 
rockshelters, and a variety of Aboriginal rock paintings and engravings are associated with these 
water sources, which have a degree of permanence following rains that exceeds anything observed 
in the Warburton Ranges region. The role of these relatively large and reliable water sources on the 
social and subsistence behavior of the desert Aborigines is presently being investigated in detail, 
but suffice it to say here that they would have served to mitigate the effects of drought in this region. 

In general, the lithic landscape of the Warburton Ranges region contains a wider variety of isotropic 
or semi-isotropic stones than the area surveyed in the James Range, mainly due to the presence 
there of rocks of both igneous and sedimentary origin (Soufoulis 1962b). This overriding contrast 
is affected by other, smaller-scale differences in the terrain caused mainly by erosion. At least 3.7% 
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of the total area within the Warburton survey area consists of stony desert pavements that include 
several kinds of stone used in ancient Aboriginal toolmaking, while within the James Range survey 
area a negligible amount of the land surface contained stony desert pavements with usable material. 
Also, the streambeds in the Warburton area, despite their relatively small size, pass through areas 
of stony pavement, and this combination resulted in unusually large amounts of usable lithic 
materials occurring within the streambeds (especially Hughes Creek). The aggregate effect of these 
geological differences is that the Warburton survey area is characterized by a relatively small number 
of localized lithic sources containing a wide variety of raw material types along with large areas of 
non-localized sources of lithic material, also quite varied. In contrast, the James Range survey area 
contains many localized lithic sources, but these tend to be repetitive and represent a smaller variety 
of lithic types usable for making stone tools. Also, the James Range survey area has less extensive 
non-localized sources. Despite the larger number of identifiable quarries and workshops, the lithic 
landscape of the James Range survey area offered less variety for making stone tools based on local 
resources than did the Warburton Ranges survey area. 

Small samples of isotropic stone were collected from each source locality identified in the James 
Range area survey, and these were later thin-sectioned and identified microscopically at the De- 
partment of Geology and Geophysics, Western Australian Institute of Technology, and at the 
Department of Geology, Brown University. The terminology used in this report, however, is based 
upon the macroscopic identifications applied during the field survey because these are consistent 
with the more detailed, microscopic identifications. 

A total of 232 localities (including the creekbed-source at the east end of the James Range, 
mentioned earlier) were identified and located in the 1981-1982 survey, and these are summarized 
by lithic type in Table 2. As shown both by this table and Figure 2, quartzite/chalcedonic quartzite 
was the dominant lithic type found within the survey area, with more occurrences (70.3%) in the 
James Range proper, as defined by the Sonder Formation. This material varies in color from gray 
to reddish- or yellowish-gray, often within the same locality. Occurrences often follow definite lines 
of quartzite-bearing strata, most commonly along the eroded summits of the anticline. Hence, many 
of these localities were at or near the highest and most exposed points on the James Range. The 
two largest quarry locations discovered in the survey, one on the upper flanks of Mt. Brunonia and 
the other in an outlier southeast of Deep Well Homestead, consist of this type of material. For the 
James Range survey area, quartzite was the predominant material locally available for Aboriginal 
stone toolmaking. 

In the Warburton Ranges survey area, only four localized lithic sources were found within the 
24-kilometer radius of Puntutjarpa Rockshelter. These, however, include two quarries that were 
much more extensive than any observed in the James Range survey. The site on the lower slopes 
of Mt. Talbot consists of as much as a 0.8-kilometer long area of dense and continuously distributed 
angular boulders and outcrops of Warburton porphyry, all showing extensive reduction by Aborig- 
ines. The white chert quarry near Mulyangiril Well in the northeast segment of the survey area 
consists of an entire hill covered by flakes and boulders of white chert. Smaller localized lithic 
sources include a tiny (but, nevertheless, heavily exploited) outcrop of dark red chert near The 
Sisters and a small source of white chert a few kilometers farther to the southeast. This latter site 
is of special interest because the Aborigines of the Warburton area regularly exploited it and others 
containing similar material lying just outside the 24-kilometer survey radius in this same general 
area in 1966-1970. At these localities, the Aborigines did not collect any of the white chert exposed 
in nodules on the surface, but dug into the ground to depths of less than one meter with digging- 
sticks to obtain lumps of unweathered chert. In 1966-1967 Aborigines were also observed collecting 
and using white chert from the hill near Mulyangiril Well, although there only surface material was 
taken. 

It is the non-localized sources of lithic materials, however, that were most often and regularly 
exploited by the ancient inhabitants of Puntutjarpa Rockshelter (Gould 1977:Figure 67), with quartz 
as the dominant material. An area of approximately 67.99 square kilometers (the hatched area 
shown in Figure 1) contained dense concentrations of quartz pebbles along with significant amounts 
of quartzite and banded agate. Co-located with this "gibber" pavement was Hughes Creek and its 
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Table 2. Lithic Identifications (Based on Thin Sections) From 
James Range Survey Area Localities. 

Lithic Materials No. of Sites % of Total 

Quartzite/Chalcedonic Quartzite 175 75.4 
Jaspilite 1 0.4 
Grey Billy 23 10.0 
Chert: 

Very fine, intergrown quartz 6 2.6 
Fine, vuggy chalcedony infilling 11 4.7 
Ferruginous 3 1.3 
Partly silicified calcilutite 6 2.6 

Ferruginous Sandstone 6 2.6 
Mudstone 1 0.4 

Totals 232 100.0 

Note: Thin sections were prepared by the Department of Geology and Geo- 
physics, Western Australian Institute of Technology, Perth, Western Australia 
and the Department of Geology, Brown University, Providence, Rhode Island. 

Lithic materials were identified by Mr. W. Morgan in Western Australia and 
Mr. W. Collins of Department of Geology, Brown University, Providence, 
Rhode Island. 

tributaries, in which pieces of redeposited Warburton porphyry, quartz, quartzite, and opaline were 
readily available. The geological map of the Warburton area (Soufoulis 1962b) shows four quartz 
bars or "reefs" occurring in the vicinity of this stony pavement, and these are clearly the parent 
source of this material. Similar stony pavements also occur nearby to the north and east, outside 
the survey area. 

PROCUREMENT VERSUS EDGE-HOLDING UTILITY OF 
LITHIC RAW MATERIALS AT JAMES RANGE EAST 

As a first step in comparing local versus exotic lithic raw materials excavated at Puntutjarpa 
Rockshelter (Trench 2) and James Range East Rockshelter (Trench 1), Table 3 summarizes the 
lithic raw materials used for adze-making at James Range East. The exotic component is the largest 
for this class of implements, and it exceeds the 26.2% for all exotic stones used for adze-making at 
Puntutjarpa. Moreover, exotic lithic materials were used to a significant degree for adze-making 
throughout the sequence in which they appear, ranging from a high of 63.3% to a low of 28.6%, 
indicating continuous procurement of this material. These results are opposite to what was predicted 
by the "exotic stone hypothesis." As Table 3 shows, quartzite was generally the most popular local 
type of stone for adze-making until the final one or two centuries of human occupation at James 
Range East, when local cherts and jaspilite gained in popularity. It should be noted, however, that 
exotic stones do not consistently overtake locally-derived quartzites in popularity for adze-making 
until Stratum EX, around A.D. 1665, although one must be cautious about interpreting this latter 
trend because of the small sample sizes involved below Stratum EX. 

To control for the edge-holding utility of these different lithic materials, we designed a series of 
experiments in a manner similar to those applied to the Puntutjarpa materials by Bronstein (1977). 
Billets of green mulga wood were collected in the Australian Desert and shipped to Brown University, 
where a simple apparatus was constructed to hold each billet firmly while the experiment proceeded. 
Adze and micro-adze flakes were manufactured from samples of stone taken during the survey by 
means of direct percussion with a hammerstone to the specifications for those tool types at Pun- 
tutjarpa (Gould 1977:82-85), and these measurements for each tool were recorded before each 
experiment was started. Flakes of exotic stone were obtained for these experiments from the surface 
of a much-eroded and disturbed open-air site located a few hundred yards from James Range East, 
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Table 3. Adzes by Lithic Material Through Time (James Range East, Trench 1). 

Material 

Quartzite Grey Billy Sandstone Mudstone White Chert Other Chert Exotic Chert 

Stratum C14 Date # % # % # % # % # % # % # % Total 

AX 5 13.5 1 2.7 8 21.6 11 29.7 12 32.4 37 
BX 1755 A.D. 5 13.2 1 2.6 1 2.6 8 21.1 23 60.5 38 
CX 4 8.2 5 10.2 9 18.4 31 63.3 49 
DX 16 32.7 6 12.2 13 26.5 14 28.6 49 
EX 1665 A.D. 10 32.3 3 9.7 6 19.4 12 38.7 31 
FX 9 52.9 2 11.8 1 5.9 5 29.4 17 
GX 5 50.0 5 50.0 10 
HX 110 A.D. 1 33.3 2 66.7 3 
IX 3 60.0 2 40.0 5 
JX 1 25.0 1 25.0 2 50.0 4 
KX 3 60.0 2 40.0 5 
LX 2690 B.C. 1 100.0 1 
MZ 
NZ 
OZ I 100.0 1 
PZ-P5 

Total 63 25.2% 4 1.6% 25 10.0% 50 20.0% 108 43.2% 250 
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Table 4. Performance of Replicate Adzes (James Range 
Materials). 

No. Type* Material Source Strokes Strokes/gm 

I TA Quartzite Local 4,157 729.30 
2 NTA Quartzite Local 500 116.28 
3 NTA Quartzite Local 2,222 404.00 
4 TA Quartzite Local 1,164 105.82 
5 NTA Chert Local 0 0.00 
6 TA Chert Local 6,750 265.75 
7 NTA Chert Local 8,354 488.54 
8 NTA Chert Local 2,300 182.54 
9 TMA Chert Local 710 417.65 

10 NTA Chert Local 2,009 267.87 
11 RF Chert Local 800 250.00 
12 TA Chert Local 1,481 308.54 
13 NTA Limestone Local 959 368.85 
14 NTA Sandstone Local 100 90.91 
15 TA Mudstone Local 0 0.00 
16 NTA Chert Exotic 385 120.31 
17 NTA Chert Exotic 3,250 1,625.00 
18 RF Chert Exotic 250 500.00 
19 RF Chert Exotic 97 121.25 
20 NTA Chert Exotic 13,028 744.46 
21 NTA Chert Exotic 494 109.78 
22 TA Chert Exotic 5,100 1,133.33 
23 NTA Quartzite Local 514 342.67 
24 NTA Sandstone Local 0 0.00 
25 RF Q/chert Local 30 20.00 
26 NTA Quartzite Local 112 35.00 

Mean S/gm 336.08 Median 250.00 S.D. 377.22 
Mean S/gm local 266.40 
Mean S/gm exotic 622.02 

* Types: TA-tula adze, TMA-tula micro adze, NTA-non tula adze, and 
RE- retouched fragment. 

adjacent to a bore and water-tank used by Deep Well Station. These flakes matched the exotic stone 
materials found in the James Range East excavations but were smaller, generally, than the flakes 
collected from local sources. 

The measurements recorded for these experiments were: maximum thickness, maximum width, 
weight, and angle of working edge at mid-section. For each experiment, the flake was hafted using 
spinifex resin to a mulga wood handle and held at an angle of between 300 and 450 as it was drawn 
repeatedly along the surface of the mulga billet. A "useful stroke" of woodworking wear was defined 
as any that removed a wood shaving ?/ inch or longer from the surface of the billet. Each flake was 
used in this manner, with resharpening of the working edge occurring whenever the adze ceased to 
remove shavings. Resharpening took place with the flake either in the haft or else removed from 
the haft, resharpened and rehafted. A total of 26 of these experiments was performed encompassing 
all of the lithic raw materials, both local and exotic, found within the survey area (Table 4). 

The total number of useful strokes of woodworking wear for each adze flake was recorded as the 
attrition to each flake progressed from a full-sized flake to an exhausted slug. Thus, holding constant 
the wood material, mode of hafting, manner of resharpening, and motor patterns, one can measure 
the number of useful strokes of woodworking wear per gram of lithic materials used up in the 
process due to attrition and successive resharpenings. Of course, no two adzes used in these exper- 
iments were absolutely identical in all attributes, but all conformed to the typological criteria in 
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Table 5. Performance of Replicate Adzes (Puntutjarpa/ 
Warburton Materials) 

No. Type* Material Source Strokes Strokes/gm 

1 TA Chert Exotic 1,400 274.51 
2 TMA Quartzite Local 1,495 355.95 
3 TA Chert Exotic 1,856 412.44 
4 TMA Chert Exotic 1,800 500.00 
5 TA Chert Exotic 986 298.79 
6 TMA Chert Exotic 1,000 263.16 
7 TA Chert Exotic 581 105.64 
8 NTA Chert Exotic 3,430 729.79 
9 NTA Chert Exotic 9,701 2,309.76 

10 NTA Chert Local 6,210 3,881.25 
11 RF Quartz Local 2,072 N.A. 
12 RF W/porphyry Local 1,050 N.A. 
13 NTA Chert Local 7,179 2,475.52 
14 NTA Chert Local 6,594 1,998.18 
15 NTA Chert Local 5,825 2,008.62 
16 TA W/porphyry Local 3,225 786.59 
17 NTA Chert Local 2,175 1,450.00 
18 RF Chert Exotic 15,911 N.A. 
19 NTA Chert Local 9,900 3,300.00 
20 NTA Chert Local 15,006 4,840.65 
21 ES Opaline Local 78 48.75 
22 NTA Chrysoprase Exotic 3,369 821.71 
23 TA Quartzite Local 5,782 1,700.59 
24 NTA W/porphyry Local 532 N.A. 
25 TA Quartzite Local 700 129.63 

Mean S/gm 1,147.66 Median 500.00 S.D. 1,347.53 
Mean S/gm local 1,830.57 
Mean S/gm exotic 611.76 

* Types: TA-tula adze, TMA-tula micro adze, NTA-non tula adze, RF- 
retouched fragment, and ES-endscraper. 

Gould (1977:82-84). The ratio of useful strokes of woodworking wear to grams of lithic material 
used up is intended to control for such minor variations, although it may not do so completely. 
Table 5 presents these measurements for the earlier experiments conducted on the lithic materials 
found at Puntutjarpa Rockshelter. 

Another important trend in lithic procurement is the relative increase in the use of exotic raw 
materials for adze-making at both sites during approximately the last 200 years of occupation at 
each locality, which is also when we find the greatest numbers of discarded adzes and adze-slugs at 
both sites. The (weighted) mean percentage of exotic stone in Strata CX-DX at Puntutjarpa is 28.4%, 
or 9.2% above the overall average of exotic stones for adze-making. At James Range East the 
(weighted) mean percentage of exotic stone in Strata AX-DX is 46.2% or 9.4% above the overall 
average. Although the larger sample size may be having some effect in each case, this trend suggests 
that something happened in both the Central and Western Deserts during this period leading to a 
synchronous relative increase in the percentage of exotic to locally-derived stone and that it affected 
the general pattern of lithic procurement for adzes to about the same degree. 

An overall comparison of the results in Tables 4 and 5 reveals some important patterns. Some 
of the exotic lithic raw materials in the James Range sample have more efficient edge-holding 
properties than any of the locally-derived varieties of stone, in contrast to the Warburton-Puntutjarpa 
series, in which certain locally-derived materials (specifically, white chert) had the best edge-holding 
properties. This relationship is also shown in Tables 6 and 7, where the importance of exotic materials 
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Table 6. Material Source by Strokes Per Gram of Utilized 
Material (James Range East Adze). 

Strokes Per Gram 

Source 0-500 > 500 Total 

Local 18 1 19 
Exotic 4 3 7 

Total 22 4 26 

X2 = 5.55, df 1, p < .01. 

at James Range East is comparable to that of locally-derived materials at Puntutjarpa. There is a 
statistically significant relationship between higher strokes per gram and exotic material at James 
Range East (p < .01) when strokes per gram are divided at the mean (x = 500). This situation is 
reversed at Puntutjarpa (Table 7), where there is statistically significant relationship between higher 
strokes per gram and local material (p < .05). Of interest, too, is the comparable performance of 
exotic materials at both sites. 

In spite of this comparability, problems of control encountered during these replicative and use- 
wear experiments led to further tests involving the physical properties of each lithic type by one of 
the investigators (SS). A detailed account of these tests will be published separately, but results so 
far demonstrate that there are significant relationships between performance and physical properties 
such as static hardness and resilience. These findings provide even stronger support for the argument 
that technological factors can influence lithic procurement and, therefore, patterning in the archae- 

ological record. Thus, efficiency in edge-holding for woodworking at James Range East may have 
overridden any difficulties encountered in transporting the raw materials from sources located outside 
the survey area. 

In general, the locally-derived lithic raw materials in the James Range area have poor edge-holding 
properties and do not compare favorably with most of the locally derived materials from Puntutjarpa, 
either. In part, at least, we see this as a reflection of the limited "lithic landscape" presented by the 
James Range area, in which only a small variety of rocks of sedimentary origin were present with 
isotropic formations available for exploitation. The fact that the Aborigines at James Range East 
did use these local materials as much as they did for adze-making is probably due to the fact that 
so many sources-232 in all-were present within this limited area and thus were readily accessible. 
It should be noted that the majority of these local sources (131 in all, or 57% of lithic sources within 
the survey area) occurred in formations within the James Range itself, in close proxmity to the 
major water sources mentioned earlier. In the James Range, Aborigines could always find usable 
lithic materials within one kilometer of semi-permanent water supplies. 

These results reveal important trends, the most important of which is the high percentage of 
exotic lithic materials at James Range East. What we see so far in this evidence are clear indications 

Table 7. Material Source by Strokes Per Gram of Utilized 
Material (Puntutjarpa Adze). 

Strokes Per Gram 

Source 0-500 > 500 Total 

Local 6 10 16 
Exotic 7 2 9 

Total 13 12 25 

x2= 3.74, df 1, p < .05. 
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that archaeologists cannot ignore the utilitarian properties of lithic materials used in making and 
using stone tools when attempting to explain the relationships between stone artifacts in archaeo- 
logical contexts and the sources of the materials from which they were produced. Thus we concur 
with Goodyear's conclusions and suggest that our results so far demonstrate how utilitarian con- 
siderations of efficiency of use and ease of procurement of raw materials are essential in order to 
control for factors accounting for the composition of lithic assemblages in archaeological sites 
belonging to mobile hunter-gatherer populations. That is, a controlled techno-mechanical analysis 
of the lithic materials themselves must be applied before explanations based on economic embed- 
dedness can be convincingly used. This is not a plea for increasingly sophisticated materials analysis 
in the absence of higher-level economic and social considerations. What this study has accomplished 
so far is to broaden our understanding of embeddedness to include examination at the technological 
level rather than restricting it to the level of subsistence strategies as argued by Binford. At the same 
time it has afforded an organized approach to the multiplicity of levels at which this embeddedness 
occurs and permits archaeological analysis to proceed without making a priori assumptions about 
how mobile hunter-gatherers behave. 
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populations arrived in North America prior to 11,000-11,500 years B.P. (Clovis Culture) has been 
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R. E. Taylor, L. A. Payen, C. A. Prior, and P. J. Slota, Jr., Radiocarbon Laboratory, Department of Anthro- 
pology, Institute of Geophysics and Planetary Physics, University of California, Riverside 

R. Gillespie, J. A. J. Gowlett, and R. E. M. Hedges, Research Laboratory for Archaeology and the History of 
Art, Oxford University 

A. J. T. Jull, T. H. Zabel, and D. J. Donahue, NSF Accelerator Facility for Radioisotope Analysis, University 
of Arizona 

R. Berger, Isotope Laboratory, Institute of Geophysics and Planetary Physics, Departments of Anthropology 
and Geography, University of California, Los Angeles 

American Antiquity, 50(1), 1985, pp. 136-140. 
Copyright ? 1985 by the Society for American Archaeology 

1965 Stone Implement Making among the Nakako, Ngadadjara, and Pitjandjara of the Great Western Desert. 
Records of the South Australian Museum 15:131-164. 

Tonkinson, Robert 
1978 The Mardudjara Aborigines.: Living the Dream in Australia's Desert. Holt, Rinehart and Winston, New 

York. 
U.S. Air Force 

1972 Emergency Services Manual 50-15. Attachment 7 ("Search Coverage") and Attachment 8 ("Visual 
Search Patterns"), Maxwell Air Force Base, Alabama. 

MAJOR REVISIONS IN THE PLEISTOCENE AGE ASSIGNMENTS FOR 
NORTH AMERICAN HUMAN SKELETONS BY C-14 ACCELERATOR 

MASS SPECTROMETRY: NONE OLDER THAN 
11,000 C-14 YEARS B.P. 

R. E. Taylor, L. A. Payen, C. A. Prior, P. J. Slota, Jr., 
R. Gillespie, J. A. J. Gowlett, R. E. M. Hedges, 

A. J. T. Jull, T. H. Zabel, D. J. Donahue, 
and R. Berger 

Radiocarbon analyses by accelerator mass spectrometric (AMS) techniques on organic fractions of human bone 
from various North American localities previously assigned ages ranging from about 70,000 to 15,000 years B.P. 
now suggest that none of these skeletons is older than 11,000 C-14 years B.P. 

An important part of the data that has been presented to support the assertion that human 

populations arrived in North America prior to 11,000-11,500 years B.P. (Clovis Culture) has been 
C-14-, amino acid racemization (AAR)-, and uranium-series (U-series)-deduced age estimates ob- 
tained directly on Homo sapiens skeletal materials. These age estimates and particularly the AAR 
determinations have been employed by some as part of the data used to argue that Homo sapiens 
has been in the Western Hemisphere in excess of several tens of thousands, if not several hundreds 
of thousands (e.g., Carter 1980:3) of years. 

Over the last decade, human skeletons from thirteen localities in the New World have been 

assigned ages greatly in excess of 11,000 years. Interestingly, all but two of these skeletons (Otavalo, 
Ecuador and Taber, Alberta, Canada) have been recovered in California. Furthermore, of the eleven 
California localities, all but one (Sunnyvale) are located in the southern portion of the state. Skeletons 
from seven California sites were assigned to the Pleistocene exclusively on the basis of ages deduced 
from their aspartic acid D/L ratios (Bada et al. 1974; Bada and Helfman 1975). 

Based on both conventional decay counting and accelerator mass spectrometric (AMS) C-14 

analysis on various bone organic fractions, the previously Pleistocene ages assigned to human 

R. E. Taylor, L. A. Payen, C. A. Prior, and P. J. Slota, Jr., Radiocarbon Laboratory, Department of Anthro- 
pology, Institute of Geophysics and Planetary Physics, University of California, Riverside 

R. Gillespie, J. A. J. Gowlett, and R. E. M. Hedges, Research Laboratory for Archaeology and the History of 
Art, Oxford University 

A. J. T. Jull, T. H. Zabel, and D. J. Donahue, NSF Accelerator Facility for Radioisotope Analysis, University 
of Arizona 

R. Berger, Isotope Laboratory, Institute of Geophysics and Planetary Physics, Departments of Anthropology 
and Geography, University of California, Los Angeles 

American Antiquity, 50(1), 1985, pp. 136-140. 
Copyright ? 1985 by the Society for American Archaeology 

136 136 [Vol. 50, No. 1, 1985] [Vol. 50, No. 1, 1985] 


	Cover Page
	Article Contents
	p.117
	p.118
	p.119
	p.120
	p.121
	p.122
	p.123
	p.124
	p.125
	p.126
	p.127
	p.128
	p.129
	p.130
	p.131
	p.132
	p.133
	p.134
	p.135
	p.136

	Issue Table of Contents
	American Antiquity, Vol. 50, No. 1, Jan., 1985
	Front Matter [pp.1-2]
	Erratum: The Contemporaneity Problem [p.2]
	Prehistoric Llama Breeding and Herding on the North Coast of Peru [pp.3-26]
	A Lunar-Solar Year Calendar Stick from North America [pp.27-51]
	Emergent Tribal Formations in the American Midcontinent [pp.52-62]
	The Formation of Artifact Assemblages at Workshop/Habitation Sites: Models from Peace Point in Northern Alberta [pp.63-81]
	The "Mayanized" Mexicans [pp.82-101]
	A Re-Evaluation of the Isotopic and Archaeological Reconstructions of Diet in the Tehuacan Valley [pp.102-116]
	Reports
	Lithic Procurement in Central Australia: A Closer Look at Binford's Idea of Embeddedness in Archaeology [pp.117-136]
	Major Revisions in the Pleistocene Age Assignments for North American Human Skeletons by C-14 Accelerator Mass Spectrometry: None Older Than 11,000 C-14 Years B.P. [pp.136-140]
	Natural Disarticulation and Bison Butchery [pp.141-145]
	Rapid Postglacial Shoreline Changes in the Western Gulf of Maine and the Paleo-Indian Environment [pp.145-150]

	Comments
	"Righteous Rocks" and Richard Gould: Some Observations on Misguided "Debate" [pp.151-153]
	Style and Ethnicity in the Kalahari: A Reply to Wiessner [pp.154-159]
	Style or Isochrestic Variation? A Reply to Sackett [pp.160-166]
	Calculating Population and Agricultural Intensity Levels from Field Remains: A Comment on Coe's Review of "Maya Subsistence" [pp.166-169]
	Reply to "Errors in Vierra and Carlson's Presentation of Bartlett's Test of Significance" [pp.169-170]
	If an Orange Falls in the Forest, is It Eligible? A Comment on Tainter and Lucas [pp.170-172]

	Current Research [pp.173-190]
	Reviews and Book Notes
	untitled [pp.191-193]
	untitled [pp.193-194]
	untitled [pp.194-195]
	untitled [pp.195-196]
	untitled [pp.196-197]
	untitled [pp.197-198]
	untitled [pp.198-199]
	untitled [pp.199-200]
	untitled [p.200]
	untitled [pp.200-203]
	untitled [pp.203-205]
	untitled [pp.205-206]
	untitled [pp.206-208]
	untitled [pp.208-209]
	untitled [pp.209-211]
	untitled [pp.211-212]

	Book Notes
	untitled [p.212]
	untitled [p.212]
	untitled [pp.212-213]
	untitled [p.213]
	untitled [p.213]
	untitled [pp.213-215]
	untitled [p.215]

	Society for American Archaeology [pp.216-222]
	Back Matter [pp.223-224]



