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Abstract

Radiocarbon determinations obtained from heat retainer hearths in
four sampling locations in western New South Wales, Australia are
reported, with age estimates ranging from the mid Holocene until
the last few centuries BP. Hearths are first considered in their
geomorphic setting to determine the likely age of the surfaces into
which they were dug and the reasons why they are still extant
today. Second, the radiocarbon determinations are analysed not to
date single events in the past, but to construct a regional
chronology of Indigenous Australian occupation. In this
chronology, periods when hearths were not constructed are as
important as periods when radiocarbon determinations indicate
sustained hearth formation. Third, comparisons are made among
the four sampling locations to determine regional patterns. Results
suggest both regional and local patterns of occupation and
abandonment, or at least very much reduced hearth construction,
over the last two millennia. The increasing frequency of
radiocarbon determination results from hearths as one approaches
the present is likely to be a result of the relative abundance of well
preserved recent surfaces in the locations we have studied and the
consequent lack of relatively ancient surfaces.

Introduction

Antiquarians and archaeologists have long been aware of
the rich surface archaeological record that is exposed in
many areas of western New South Wales (NSW), Australia
(Figure 1). This record is dominated by flaked stone
artefacts, but also includes ground stone (axes and grinding
dishes), mounds, middens, burials, rock art sites, scarred
trees, and what are commonly termed ‘heat retainer
hearths’. The remains of heat retainer hearths are frequently
exposed at the surface by erosion and then deflated, so that
the depression into which they were originally excavated
erodes away, leaving behind a dome of heat fractured hearth
stones (Figure 2) that in some cases protect a layer of
charcoal sufficient to obtain a radiocarbon determination.
Here we report the results of radiocarbon determinations on
charcoal from 96 heat-retainer hearths from western NSW,

and our efforts to establish a chronology of Indigenous
Australian occupation based on interpretation of these
determinations in the light of geomorphic landscape change.

The research has been conducted by the Western New
South Wales Archaeological Program (WNSWAP) with
field sites located on the southeast margin of the Australian
arid zone in far western NSW, extending from Broken Hill
north to Tibooburra near the NSW/Qld border and east as far
as Peery Lake near the opal mining town of White Cliffs
(Figure 1). Rainfall in this region averages less than 300 mm
per annum, pan evaporation exceeds 2000 mm per annum,
and prolonged droughts, where annual rainfall is below the
first decile of the annual average for several successive
years, are the norm. At the same time, intense storm cells
can result in places receiving twice their average annual
rainfall in less than 24 hours. Vegetation cover is naturally
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Figure 1. Western New South Wales, showing the locations
of the study areas discussed.

 



sparse and patchy, resulting in a high level of surface
visibility. In addition, the introduction of sheep and cattle
grazing in the nineteenth century led to accelerated topsoil
erosion over a large proportion of the region, aiding surface
exposure of stone artefact scatters and associated heat
retainer hearths (Fanning 1994, 1999, 2002). Valley floor
incision associated with these changes has also exposed
sedimentary sequences in the creek banks. Analysis and
dating of sediments of these valley fills allows a longer-term
geomorphic history of the valley floor, and how preser-
vation of the archaeological record may have been affected
by past environmental change, to be determined. Two chron-
ological techniques have been employed concurrently,
namely radiometric and AMS dating of fluvially deposited
charcoal buried with the sediments, and Optically
Stimulated Luminescence (OSL) dating of quartz grains,
which directly dates the depositional event which is
responsible for the sedimentary unit.

Review of early investigations: 
Stud Creek in Sturt National Park

To provide some background, we first summarise both the
geochronological and archaeological findings from the first
phase of our research carried out in the Stud Creek
catchment near Tibooburra (Holdaway et al. 1998; Fanning
and Holdaway 2001a and b, 2004; Holdaway et al. 2000,
2002, 2004). Here, the sedimentary record extends back at
least 75,000 years, as indicated by the basal OSL date of
75,280 +/- 3,350 years obtained from the bottom of the
sequence exposed in an excavated trench (Holdaway et al.
2004: Fig. 2). But very little remains of the depositional
record within this valley: it is an erosion dominated record

that clearly points to lack of preservation as main control on
the relatively short length of archaeological record in this
place (Fanning and Holdaway 2001b). The surface is
covered with what is commonly called PEM, or post-
European material, deposited across the valley floors in the
first phase of slope instability following the introduction of
domestic livestock in large numbers in the late 1800s
(Fanning 1999). In many places across the region, the PEM
unconformably overlies much older sediments, here tightly
dated to around 5000 calBP. Fortuitously, at Stud Creek we
also excavated through a discontinuous layer of former
floodplain material containing abundant finely divided
charcoal and dating to between 1200 and 2000 BP (OSL and
radiocarbon). This fits nicely with the oldest radiocarbon
determination from heat retainer hearths excavated into this
surface, of around 1418 to 1591 calBP (Table 1). We inter-
pret this to be the most recent surface that Indigenous
Australian people camped on, dug their fire pits into, and
discarded their artefacts on. We are able to date this phase of
occupation because the remains of heat retainer hearths they
constructed are now exposed at the surface due to recent
erosion. There are no artefacts in the sediments below this
layer, but rather than evidence for no occupation prior to
2000 years ago, we interpret the stratigraphic record of this
valley fill to indicate that erosion has episodically removed
any record of other than the most recent two millennia of
human occupation (Fanning and Holdaway 2001b). In other
words, at this place at least, absence of evidence may not
necessarily be evidence of absence.

Across Australia, stone artefact forms are not sufficiently
diagnostic to permit precise age estimates; even the
appearance of the Australian small tool tradition is no longer
accepted as a temporal horizon (Hiscock and Attenbrow
1998, Hiscock 2002). However the heat-retainer hearths
with which some artefacts are spatially associated provide a
means whereby artefact discard – and hence occupation of a
particular location – may be indirectly dated. The age range
of the exposed hearths provides an ‘envelope of time’ in
which associated artefacts are likely to have been discarded.
We cannot know precisely when an individual artefact was
deposited, but if it can be assumed that hearth construction
and artefact deposition are even approximately related, then
patterns in the distribution of hearth age estimates provide
some indication of the chronology of artefact deposition and
following from this, human occupation of different
locations. 

The presence of hearths is indicated by clusters of heat
fractured rocks on the surface (Figure 2). The rocks – or
other materials such as broken grinding dishes, pieces of
termite mound, clay balls or sometimes hardpan and
cemented soil – formerly lined the base of a shallow pit dug
into the soil in much the same way as a Polynesian hangi pit
is excavated today. A fire was set and allowed to burn down
to coals before the food items were placed on top and the
whole lot buried in soil. At the appropriate time, the soil was
scraped away and the cooked food eaten (Brock in Peake-
Jones 1988). The heat retainers are now exposed at the
surface because the topsoil has been eroded away. In some
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Figure 2. A typical heat retainer hearth (SC28 in Table 2)
from the SC study area at Fowlers Gap, sectioned during
partial excavation. Hearths are recognised by clusters of

heat-fractured rocks on the surface, but can only be dated
when charcoal is present, as indicated by the dark staining

between the heat retainers and the base of the fire pit in
the centre of the image.



cases, they protect charcoal (Figure 2) for which an age
estimate can be obtained with radiocarbon, giving an
estimate of the time when the hearth was last used.

A single age estimate from a single hearth indicates
occupation of a location at a single point in the past. Earlier
or later occupations may have occurred but a single
determination provides no further evidence of their presence
or absence. Age estimates obtained from many hearths are
needed to demonstrate patterns in the occupation of a
particular location. Considered in this way it is not only the
‘date’ (in truth not a date at all but an age estimate recorded
in the form of a probability distribution) that is of interest
but periods when age estimates are present and periods
when they are not.

At the Stud Creek and TIB13 locations in Sturt National
Park, we collected datable samples of charcoal from 28
hearths, ranging in age from around 300 calBP to around
1591 calBP (Table 1). These determinations fell into two
clear groups, separated by a period of around 200 – 300
sidereal years. Bayesian analysis of the determinations
confirmed the existence of both phases of hearth building
activity, and the gap when no hearths were constructed
(Holdaway et al. 2002). The statistics also showed that
during the phases of hearth building activity, hearths were
constructed, used and abandoned every few decades.
However there was little evidence to suggest that the
occupants at any one time were aware of those who had
occupied the valley previously. For example, hearths with
different ages were built side by side with no obvious
physical evidence of reuse. This spatial proximity also
suggested that patterns in the age estimates of these hearths
were not easily explained away as the result of differential
erosion. We concluded, therefore, that the period during
which no hearths were constructed at Stud Creek reflected
abandonment of hearth-building activity and, by extension,
occupation in the Stud Creek valley, rather than destruction
of hearths dating only to this period by subsequent
geomorphic activity.

Lab Result dC13 Calibrated 2s ages
number* (y BP) (%)** (y BP (probability))

Wk-6632 220±55 -23.1 1-22 (0.092)
143-219 (0.355) 
267-313 (0.235)

Wk-6621 380±50 -23.6 325-367 (0.235) 
429-505 (0.462)

Wk-6625 450±120 -23.3 319-393 (0.206)
425-553 (0.448) 
609-620 (0.028)

Wk-5332 470±50 -23.3 483-490 (0.053) 
495-541 (0.591)

Wk-5127 580±60 -22.0 541-564 (0.196) 
585-593 (0.059) 
596-646 (0.414)

Wk-6627 630±130 -24.1 518-684 (0.679)
Wk-6631 660±50 -23.4 563-600 (0.374) 

628-662 (0.318)
Wk-5125 660±50 -22.6 563-600 (0.374) 

628-662 (0.318)

Lab Result dC13 Calibrated 2s ages
number* (y BP) (%)** (y BP (probability))

Wk-5330 690±50 -23.6 564-587 (0.231) 
589-599 (0.064) 
631-635 (0.025) 
645-674 (0.343)

Wk-6624 720±55 -24.0 567-582 (0.108) 
648-708 (0.563)

Wk-6038 790±50 -23.0 670-736 (0.685)
Wk-5329 820±50 -22.0 678-763 (0.657) 

781-786 (0.03)
Wk-6629 1170±130 -23.3 965-1183 (0.6) 

1203-1233 (0.07) 
1252-1257 (0.011)

Wk-5124 1210±50 -22.8 1062-1176 (0.622) 
1211-1224 (0.054)

Wk-5122 1260±40 -22.5 1148-1157 (0.043) 
1171-1263 (0.639)

Wk-5126 1260±60 -23.2 1092-1108 (0.06) 
1126-1160 (0.132) 
1169-1266 (0.511)

Wk-6622 1280±60 -22.7 1150-1156 (0.023) 
1171-1286 (0.654)

Wk-6036 1290±50 -23.2 1176-1220 (0.312) 
1221-1270 (0.349)

Wk-5331 1300±50 -23.2 1177-1209 (0.245) 
1227-1285 (0.432)

Wk-6037 1310±60 -23.4 1176-1213 (0.238) 
1223-1290 (0.447)

Wk-6626 1330±150 -23.0 1062-1353 (0.666) 
1365-1370 (0.008) 
1380-1386 (0.01)

Wk-6623 1350±75 -22.6 1176-1211 (0.159) 
1224-1313 (0.488) 
1320-1330 (0.036)

Wk-6620 1390±70 -23.6 1190-1199 (0.031) 
1238-1248 (0.034) 
1260-1353 (0.585) 
1365-1369 (0.013) 
1381-1385 (0.012)

Wk-5123 1410±50 -23.6 1283-1351 (0.683)
Wk-6039 1440±60 -22.9 1292-1355 (0.504) 

1360-1389 (0.173)
Wk-6035 1460±50 -22.5 1306-1390 (0.678) 

1403-1406 (0.02)
Wk-6630 1630±50 -23.6 1418-1469 (0.219) 

1483-1502 (0.086) 
1511-1568 (0.341) 
1584-1591 (0.028)

Table 1. Radiocarbon determinations from Sturt National
Park. Calibrated ages were determined using DateLab 2.0
software (Jones and Nicholls 2002) accessing INTCAL98
calibration curve data (Stuvier et al. 1998).

*All determinations in this paper were carried out at the University
of Waikato Radiocarbon Dating Laboratory. Samples were
manually cleaned to remove obvious contaminants before
submission. In the laboratory, samples were washed in hot 10%
HCl, rinsed, and treated with hot 1% NaOH. The NaOH insoluble
fraction was then treated with hot 10% HCl, filtered, rinsed and
dried.  **The analytical error for all carbon isotope values in this
paper is ± 0.2%.
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Variable preservation of the archaeological record:
‘Fowlers Gap’ in the northern Barrier Range

The Stud Creek results are provocative, but come from one
small valley system of less than 0.54 km2. We needed to see
whether similar patterns also existed elsewhere across the
region and in different geomorphic environments. At
‘Fowlers Gap’, a pastoral lease now run by the University of
NSW as an arid zone research facility 250 km to the south
of Stud Creek (Figure 1), we looked at the archaeological
record on landsurfaces of different ages, reflecting differ-
ential geomorphic stability, across an area of some 39,000
ha. We collected datable samples of charcoal from 47
hearths from six separate locations, named to reflect the
Land Systems (Mabbutt et al. 1973) in which they are
located (Figure 3). Ages range from around 300 calBP to
around 6000 calBP1 (Table 2), with the length of record
from each location appearing to reflect relative landscape
stability. The longest record was obtained from an alluvial
terrace adjacent to Fowlers Creek (the FC location in Figure
3 and Table 2), while shorter records came from locations
(MD, ND, NN, SC and ST in Figure 3 and Table 2) where
channel change appeared to have obliterated floodplain
surfaces in the relatively recent past (Holdaway and Fanning
2003b).

We found that there was a strong correlation between the
probable or known age of the landsurface, the age range of
the hearths, and the characteristics of the lithic assemblages
found there. For example, an alluvial drape on a rock-cut
terrace near the ND sampling location has been dated to
around 1100 years BP (Jansen 2001). The oldest hearth date
obtained from that surface is 709+/-128 BP (548-739 calBP;
Wk9341). Relatively active surfaces at the SC sampling
location, exhibiting evidence of recent channel avulsion,
had remains of heat retainer hearths dating to less than 1000
BP (Table 2). In contrast, the oldest hearth date obtained
from the FC location – a terrace surface adjacent to Fowlers
Creek, the main through-going drainage in the region – is
5234+/-164 BP (5890-6202 calBP; Wk9348) reflecting the
probable greater age of the landform on which it is found.
Other landsurfaces on ‘Fowlers Gap’ exhibit great antiquity,
as has been demonstrated by Fisher (1997), Gibson (2000)
and Hill and Roach (2003) who have found very little
geomorphic change on surfaces dating from the late
Cretaceous/early Tertiary period nearly 65 million years
ago. However, we have yet to find extensive stone artefact
scatters or clusters of heat retainer hearths on these surfaces.
Our research has therefore focussed on the floodplains and
terraces adjacent to currently active or recently abandoned
drainage lines where evidence for Indigenous occupation is
relatively abundant.

The ‘Fowlers Gap’ study area demonstrates that land-
surfaces across a region are not all the same age – or at least
their surface sediments were not all deposited at the same
time. Thus, because geomorphological processes may not

necessarily be spatially extensive, space is not a good
substitute for time in the investigation of occupation history
using surface artefact scatters. This has implications for a
number of archaeological research goals. If, for instance,
evidence of the first settlement of a region is desired,
archaeological materials must be found that have survived
on surfaces of appropriate ages. Artefact typology might
offer a clue in such situations; however as noted above,
artefact types with clear chronological signatures are not
well established in Australia. 

Of more relevance to our field research in western NSW
is the problem the results discussed above pose for
understanding the use of space by past Indigenous
Australian groups. If, as our geomorphically based studies
suggest, the relationship between space and time is
complex, we are led to ask what the distribution of locations
with artefacts (‘sites’ in traditional archaeological parlance)
represent? The conventional response is that locations with
artefacts result from the operation of a settlement system in
the past: a variety of places were used by groups of people,
with movement between places reflecting changes in the
environmental and social landscape. We do not disagree
with such a characterisation of a settlement system, but our
results indicate that the archaeological record that remains
today is not a simple reflection of their structure. The
‘Fowlers Gap’ research indicates that places only a few
kilometres from each other retain records that differ by
many thousands of years in age. Therefore the type of
results returned by conventional site surveys will quite
likely combine data that differ in age depending on the
geomorphic age of the surfaces being surveyed. The results
of a survey, therefore, do not directly reflect the operation of
a single settlement system but instead reflect a palimpsest of
the remains from the operation of a number of different
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1 All calibrations reported in this paper were performed using
DateLab 2.0 software (Jones and Nicholls 2002) accessing
INTCAL98 calibration curve data (Stuvier et al. 1998).
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settlement systems of varying ages. Artefact typology is
unlikely to be sufficient as a technique to separate locations
of different ages. The alternative is to separate locations
with long term artefact accumulations from those where
accumulation occurred over shorter time spans using
geomorphic indicators of surface age. While such an
approach has been applied to the study of Pleistocene
landscapes (e.g. Mungo) it has been applied much less
frequently in considering Indigenous Australian use of space
during the Holocene (e.g. Robins 1996). The results from
the ‘Fowlers Gap’ studies indicate that, at least in western
NSW, geomorphic assessment of surface ages must form
part of all archaeological surveys if the results are to be used
to gauge the operation of settlement systems in the past. 

Fowlers Creek (FC)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk 10254 Modern -24.3 FC458
Wk 9363 213 ± 40 -23.4 2-14 (0.09) FC455

147-177 (0.258)
179-191 (0.067)
206-208 (0.01)
273-303 (0.24)

Wk 10256 329 ± 47 -23.2 314-337 (0.134) FC486
351-412 (0.359)
417-438 (0.119)
445-457 (0.064)

Wk 9362 898 ± 56 -23.8 739-752 (0.061) FC29A*
758-797 (0.201)
810-834 (0.126)
853-910 (0.295)

Wk 10253 896 ± 66 -22.7 738-797 (0.277) FC29B*
809-834 (0.12)
853-911 (0.277)

Wk 9346 1857 ± 62 -23.0 1714-1834 (0.577) FC20
1846-1867 (0.095)

Wk 10255 1963 ± 55 -23.5 1831-1834 (0.013) FC460
1835-1845 (0.044)
1868-1951 (0.516)
1961-1972 (0.055)
1981-1990 (0.043)

Wk 9347 3130 ± 54 -22.7 3268-3290 (0.123) FC21
3300-3308 (0.03)
3322-3403 (0.476)
3429-3442 (0.053)

Wk 9351 3327 ± 91 -23.1 3467-3643 (0.611) FC33
3660-3688 (0.071)

Wk 9345 3383 ± 56 -23.5 3493-3497 (0.011) FC2
3554-3693 (0.653)

Wk 9354 3385 ± 81 -22.5 3478-3518 (0.107) FC6
3530-3537 (0.017)
3551-3698 (0.519)
3711-3718 (0.017)
3797-3804 (0.017)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk 9353 3392 ± 49 -21.7 3567-3696 (0.682) FC5
Wk 9355 3467 ± 100 -24.0 3590-3599 (0.018)

3611-3619 (0.017)
3633-3840 (0.593)
3845-3867 (0.042) FC7

Wk 9344 3549 ± 153 -23.4 3638-3992 (0.618)
4032-4082 (0.066) FC16

Wk 9349 3661 ± 102 -22.4 3837-3859 (0.041)
3863-4094 (0.587)
4120-4147 (0.053) FC24

Wk 9348 5243 ± 164 -23.9 5769-5793 (0.033)
5797-5807 (0.014)
5890-6202 (0.601)
6247-6269 (0.031) FC22

Mulga Dam (MD)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk10266 218 ± 35 -23.8 3-13 (0.085) MD184
149-175 (0.283) 
185-186 (0.006) 
275-304 (0.292)

Wk10262 238 ± 40 -24.1 3-13 (0.057) MD154
149-174 (0.219) 
275-314 (0.374) 
411-418 (0.027)

Wk10263 380 ± 40 -23.3 329-356 (0.182) MD156
431-503 (0.494)

Wk10261 960 ± 47 -23.5 794-813 (0.134) MD153
827-867 (0.268) 
885-929 (0.281)

Wk10264 990 ± 81 -24.9 792-816 (0.1) MD158
822-968 (0.586)

Wk10265 1144 ± 45 -23.4 972-1039 (0.402) MD183
1044-1085 (0.211) 
1111-1122 (0.048) 
1161-1168 (0.034)

Nundooka (ND)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk 9339 314 ± 39 22.9 309-331 (0.144) ND10
354-432 (0.529)  

Wk 9338 354 ± 39 21.8 321-389 (0.415) ND9
426-469 (0.273)  

Wk 9337 357 ± 53 23.9 319-394 (0.405) ND8
425-475 (0.277)  

Wk 9342 379 ± 46 24.8 326-359 (0.201) ND15
430-504 (0.467)

Wk 9343 398 ± 111 23.2 315-407 (0.314) ND17
421-518 (0.363)

Wk 9336 468 ± 38 23.0 500-537 (0.686) ND6
Wk 9340 678 ± 37 24.8 564-586 (0.3) ND11

592-597 (0.038) 
645-669 (0.352)

Wk 9341 709 ± 128 24.3 548-739 (0.668) ND13
752-758 (0.014)
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*Determinations were made on two sub-samples of charcoal from
hearth FC29 to check the consistency of multiple radiocarbon
determinations from a single hearth using different methods. Wk
9362 is a radiometric determination and Wk 10253 is an AMS
determination. The results are statistically indistinguishable.



Nuntherungie (NN)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk 10258 343 ± 50 23.2 318-398 (0.448) NN15
424-464 (0.224)  

Wk 10257 468 ± 50 23.7 481-541 (0.692) NN5 
Wk 10260 514 ± 65 23.8 503-561 (0.516) NN20

602-626 (0.156)  
Wk 10259 957 ± 44 24.0 794-813 (0.139) NN17

828-866 (0.267) 
886-928 (0.278)  

Sandy Creek (SC)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk10271 Modern -23.8 SC11 
Wk10277 Modern -24.5 SC34 
Wk10278 Modern -24.3 SC36 
Wk9360 252 ± 39 -23.3 5-8 (0.013) SC81

153-171 (0.145) 
280-317 (0.393) 
402-423 (0.118)

Wk9358 255 ± 49 -23.6 3-11 (0.029) SC52
150-173 (0.125) 
277-323 (0.309) 
376-428 (0.225)

Wk10270 268 ± 49 -24.0 156-169 (0.063) SC10
283-325 (0.28) 
367-429 (0.321)

Wk10273 325 ± 48 -22.8 312-336 (0.138) SC23
351-436 (0.497) 
448-456 (0.042)

Wk9356 362 ± 38 -23.7 322-384 (0.377) SC44
428-476 (0.314)

Wk10275 392 ± 47 -23.9 330-355 (0.153) SC27
432-508 (0.524)

Wk10276 524 ± 45 -23.6 514-552 (0.572) SC28
610-619 (0.101)

Wk10279 588 ± 59 -24.4 545-565 (0.17) SC69
584-646 (0.515)

Wk10272 904 ± 47 -23.6 743-747 (0.019) SC13
762-797 (0.187) 
809-834 (0.143) 
851-911 (0.342)

Wk10274 1349 ± 69 -25.5 1177-1208 (0.154) SC24
1227-1311 (0.511) 
1323-1328 (0.019)

Sandstone Tank (ST)

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk10269 213 ± 48 23.2 1-16 (0.089) ST316
146-214 (0.385) 
271-305 (0.215) 

Wk10268 239 ± 45 24.3 2-14 (0.06) ST314
147-176 (0.201) 
180-189 (0.03) 
274-316 (0.329) 
404-422 (0.067) 

Wk9361 404 ± 67 23.2 326-361 (0.169) ST312
429-515 (0.487)

Wk10267 534 ± 46 23.8 516-555 (0.514) ST311
607-621 (0.159)

Table 2. Radiocarbon determinations from ‘Fowlers Gap’
sampling areas. 

Bayesian analysis of hearth age determinations

The geomorphic history of the six sampling locations
investigated at Fowlers Gap help to make sense of the range
of age estimates obtained from heat retainer hearths. Older
hearths occur on older land surfaces while those surfaces
that are more recent retain hearths with maximum ages of
only a few hundred years. However, additional patterning is
evident in the distribution of hearth ages from each location.
Like the results from Stud Creek discussed above, hearth
ages are not distributed evenly through time but tend to
cluster into phases. The robustness of these phases may be
tested using a Bayesian analysis implemented with the Date-
Lab v. 2.0 software (Jones and Nicholls 2002). Using this
software we are able to test the probability that age estimates
fall into one or more phases with significant gaps between
the phases when, we infer, no hearths were constructed.

Two of the sampling locations provide sufficient hearths
to illustrate the method. A full description of the hearths,
their age estimates and the results from each sampling
location is provided elsewhere (Holdaway and Fanning
2003b). Figure 4 shows the calibrated age ranges for the
hearth determinations from the Fowlers Creek sampling
location. The age estimates fall into at least three groups
represented by, first, a single age estimate around 6000
calBP, a second group of estimates 3500 to 4000 calBP, and
a third group of estimates less than 2000 calBP.

Bayesian analysis designed to verify the existence of the
three periods of hearth construction at the FC sampling loca-
tion could be undertaken, but it is hardly necessary given the
separation in time illustrated in Figure 4. Of more interest is
the possibility that, as for the Stud Creek record, gaps might
exist in the chronology of hearth construction at Fowlers
Creek during the last 2000 years. Closer inspection of
Figure 4 indicates that the five age estimates younger than
2000 calBP themselves fall into three groups. The existence
of these phases can be assessed using a Bayesian approach. 

Broadly speaking, application of Bayesian inference
follows the scientific method: from an initial set of beliefs,
new information is gathered through experimentation and
the results used to make adjustments to the plausibility of
different hypotheses (after Buck et al. 1992). In our case,
application of the theorem allows us to test hypotheses on
whether groups of age estimates are distributed evenly
through time or whether they are clustered, and if so, what
is the most plausible number of clusters. The core theorem
of a Bayesian approach is easy to understand. Following
Buck (2001), the data collected can be represented by x
while the features of the interest are represented by u (these
terms are also called the parameters of the statistical model).
In the Fowlers Creek example, the parameters of interest are
the phases of hearth construction indicated by aligning the
radiocarbon age estimates in chronological order. As noted
previously for the Stud Creek determinations, the question
considered is whether the FC hearth age estimates younger
than 2000 calBP should be considered as a single continuous
distribution through time, or are better thought of as three
clusters of estimates separated by gaps in time. 
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Application of Bayes’ theorem involves three com-
ponents: the likelihood, the prior and the posterior. The
likelihood is a statistical function written as P(x|u), which
means the probability of the data having a certain set of
values, given a value for the features of interest. The prior,
P(u), is the probability of observing particular values of the
parameter of interest (radiocarbon determinations forming
the phases at Fowlers Creek) while the posterior is what will
come from the analysis, the combination of the data, the
likelihood and the prior. The components are related as
follows: 

P(u|x)]P(x|u) x P(u)

that is, the posterior is proportional to the likelihood times
the prior (Buck 2001). 

At Fowlers Creek, the prior is constructed as follows: 

1. If c0 and c1 respectively represent the calendar dates of
the beginning and end of the earlier phase of hearth
construction (Phase 1), c2 and c3 the beginning and end
of the middle phase (Phase 2), and c4 and c5 the
beginning and end of the latest phase (Phase 3)

2. and u is a calibrated hearth date, 

3. then, if the hearth is in Phase 1 then c0< u<c1; if the
hearth is in Phase 2 then c2 < u < c3; and if the hearth is
in Phase 3 then c4 < u < c5

The model can be extended for any number of phases.
However, for Fowlers Creek, we tested only whether the age

estimates for determinations more recent than 2000 calBP
fall into one, two or three phases (phases of hearth construc-
tion represented by the radiocarbon age estimates each
separated from one another by a gap when no hearths were
constructed) and assessed which of these models is the most
plausible.

Using the Datelab v. 2.0 software (Jones and Nicholls
2002), the mean likelihood statistic can be calculated for H0

and H1. The two statistics are then divided (H1 /H0) and the
result (the Bayes Factor) compared to values published by
Raftery (1996) and reproduced here as Table 3. Values over
12 are considered to show strong evidence for multiple
groups of determinations.

Bayes factor Degree of support for 
model 2 vs. model 1

< 1 Supports model 1
1 to 3 Minimal
3 to 12 Positive
12 to 150 Strong
>150 Very strong

Table 3. Interpretation of Bayes factor Model 2 v. Model 1,
from Raftery (1996)

Hearth ID Radiocarbon Phase Models H0 vs Mean 
determination H1 Likelihood
(y BP) Ratio

A B C D
FC455 213±40 1 1 1 1 A:B 59.33
FC486 329±47 1 1 1 1 A:C 39.36
FC29B 896±66 1 1 2 2 A:D 633.32
FC29A 898±56 1 1 2 2 B:C 0.66
FC20 1857±62 1 2 2 3 B:D 10.67
FC460 1963±55 1 2 2 3 C:D 16.09

Table 4. Bayes factor test for FC radiocarbon
determinations younger than 2000 calBP. Mean likelihoods
indicate the most probable hearth construction phase
model, tested against a null hypothesis of one single phase
and combinations of multiple phases.

The mean likelihoods for one, two and three periods of
hearth construction are presented in Table 4 together with
the radiocarbon determinations. With mean likelihood ratios
mostly greater than 12, there is very strong evidence that the
hearths at FC younger than 2000 calBP do not form a
continuous sequence. Of the four possible combinations of
one, two or three phases (Table 4), the mean likelihood ratio
for Phase sequence D (i.e. three groups of determinations
with close values) has the highest mean likelihood ratio
compared to Phase sequence A (i.e. only a single phase of
hearth construction), B and C (different combinations of two
phases of hearth construction). The table of Bayes Factors
indicates no distinction between the two different two phase
models (B and C) and only positive separation of B from D
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calendar years BP. Horizontal bars beneath each curve
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(one of the two-phase models from the three-phase model).
All other results show strong separation. Overall, the three
phase model shows the strongest support. Therefore, at
Fowlers Creek, the evidence suggests that hearth construc-
tion within the last 2000 years most plausibly occurred in
three distinct phases. The gaps in the hearth chronology may
represent periods when no hearths were constructed.

The second example uses the results from eight hearths
excavated at the ND sampling location. All hearths at this
location are more recent than 1000 calBP, due to the
removal of older sediment deposits from the valley in which
they are located (discussed above). Table 5 provides the
mean and errors for each of the determinations and indicates
the three hypotheses assessed: that the determinations fall
into one, two or three phases. Again, strong to very strong
support is provided through the analysis of the Bayes
Factors for the rejection of the single phase model, and
strong support is provided for the three over the two phase
models. 

Hearth ID Radiocarbon Phase Models H0 vs Mean 
determination H1 Likelihood
(y BP) Ratio

A B C
ND10 314±39 1 1 1 A:B 15.9
ND9 354±39 1 1 1 A:C 274
ND8 357±53 1 1 1 B:C 17.2
ND15 379±46 1 1 1
ND17 398±11 1 1 1
ND6 468±38 1 1 2
ND11 678±37 1 2 3
ND13 709±128 1 2 3

Table 5. Bayes factor test for ND radiocarbon
determinations. Mean likelihoods indicate the most
probable hearth construction phase model, tested against a
null hypothesis of one single phase and combinations of
multiple phases.

Thus, at ND as well as FC, hearth age determinations do
not show either a random or continuous pattern through
time. Rather, the determinations are temporally clustered,
suggesting discrete phases of hearth construction. Geomor-
phological processes cannot be used to account for the gaps
in the hearth chronology, since there is no obvious
relationship between hearth location and age determination
that would reflect removal of a portion of hearths by
geomorphic processes such as gullying. Thus, gaps in the
record appear to represent times when no hearths were
constructed. Similar results occur when determinations from
the other sampling locations at Fowlers Gap are considered.
In each case Bayesian analysis confirms multi-phase hearth
clusters for which no geomorphological explanation is
apparent. Gaps apparent in the age determination sequence
appear to correlate with periods when hearths were not
constructed and associated occupation was either very much
reduced or non-existent.

Building a regional chronology: 
Peery Lake and Pine Point

In recent years, WNSWAP has conducted archaeological
investigations, including radiocarbon determinations on
hearth charcoal, at two other locations within the region,
near Peery Lake in the Paroo Darling National Park east of
White Cliffs (Holdaway, Fanning and Shiner 2002,
Holdaway and Fanning 2003a) and on the ‘Pine Point’ and
‘Langwell’ pastoral properties south of Broken Hill (Shiner
2004) (Figure 1). These studies extend the range of
geomorphic environments we have investigated, and as
outlined below, the radiocarbon determinations obtained
from hearths reinforce the temporal pattern beginning to
emerge for late Holocene Indigenous Australian occupation
of western NSW.

Peery

Stone artefact scatters in their landscape settings were
investigated at three locations near Peery Lake during a
management-related survey for the NSW National Parks
and Wildlife Service. The three locations preserve dense
concentrations of artefacts that, when treated as three
separate assemblages, reveal a varied behavioural record
(Holdaway, Fanning and Shiner 2002). The remains of more
than 200 heat retainer hearths were identified at the Peery
Creek location, clustered along the highest parts of an
alluvial floodplain on the left bank (Figure 5).

As indicated in Table 6, 43% of the hearths at Peery
Creek are either disturbed, scattered or remnant, having
degraded to such an extent that their presence is indicated
only by fire hardened soil and a ring of heat cracked oven
stones. Just over 45% of the hearths are only partially
exposed. While some of these may be well preserved, it is
possible that many will already be disturbed, either through
bioturbation or through previous erosion and subsequent
reburial. Thus at this location, just 12% of detectable hearths
appear to be intact and suitable for excavation. This is a
limited and rapidly depleting resource from which we may
learn about the chronology of Indigneous Australian
occupation.

Twelve of these intact hearths were partially excavated
but only nine yielded sufficient charcoal for radiocarbon
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Hearth condition Number Percent

Partial exposure 96 45
Exposed, intact 25 12
Disturbed 22 10
Scattered 57 28
Remnant 10 5

Total 210 100 

Table 6. Condition of hearths at the Peery Creek location
in the Paroo Darling National Park near White Cliffs,
NSW (classification after Witter, pers. comm.).



determinations (Table 7). Despite this, clear patterns are
evident on the combined probability plot (Figure 6). Three
distinct periods of hearth-building activity can be identified
and verified using the same form of Bayesian analysis
reported for the Fowlers Gap locations above. Bayes Factors
calculated for comparisons between one phase, two phase
and three phase models indicate strong support for
multiphase hearth age estimates compared to the single
phase model (Table 8). Among the multiphase models there
is no support for comparisons between the two phase
models but very strong support for the three phase model
compared to either of the two phase models or the single

phase model. As at the Fowlers Gap sampling locations, FC
and ND, the hearth age estimates from Peery Creek indicate
several phases of occupation separated by gaps during
which no hearth construction occurred.

Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk11787 347±40 -24.7 320-391 (0.433) PC162
426-465 (0.241) 

Wk13581 641±41 -24.5 562-601 (0.42) PC109
628-652 (0.252)  

Wk11784 1351±53 -24.3 1185-1203 (0.11) PC76
1234-1251 (0.106) 
1258-1309 (0.471)

Wk13580 1419±34 -23.5 1292-1333 (0.642) PC98
1341-1345 (0.046)

Wk11786 1423±57 -24.7 1287-1353 (0.584) PC108
1363-1373 (0.051) 
1377-1387 (0.051)

Wk11783 1458±52 -24.9 1305-1390 (0.671) PC36
1403-1406 (0.019)

Wk11785 1510±47 -24.2 1315-1318 (0.011) PC99
1331-1418 (0.569) 
1469-1483 (0.058) 
1502-1511 (0.036)

Wk13583 1810±66 -24.9 1630-1651 (0.081) PC165
1661-1670 (0.03) 
1691-1822 (0.572)

Wk13579 1826±44 -22.3 1713-1819 (0.676) PC68

Table 7. Radiocarbon determinations from the Peery Creek
location. 
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Figure 5. Vertical aerial image of the Peery Creek
sampling location near Peery Lake, showing locations of

hearths including those for which a radiocarbon
determination was obtained. (Source of image: LPI NSW)
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Figure 6. Calibrated age estimates for the Peery Creek
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Hearth ID Radiocarbon Phase Models H0 vs Mean 
determination H1 Likelihood
(y BP) Ratio

A B C D A:B 3.39
PC162 347±40 1 1 1 1 A:C 1.31
PC109 641±41 1 1 1 1 A:D 2890
PC76 1351±53 1 2 1 2 B:C 0.0386
PC98 1419±34 1 2 1 2 B:D 851
PC108 1423±57 1 2 1 2 C:D 2200
PC36 1458±52 1 2 1 2
PC99 1510±47 1 2 1 2
PC165 1810±66 1 2 2 3
PC68 1826±44 1 2 2 3

Table 8. Bayes factor test for the Peery Creek radiocarbon
determinations. Mean likelihoods indicate the most
probable hearth construction phase model, tested against a
null hypothesis of one single phase and combinations of
multiple phases.

‘Pine Point’/ ‘Langwell’

Another archaeological study on ‘Pine Point’ and ‘Lang-
well’ pastoral stations, located approximately 50 km south
of Broken Hill in western NSW (Figure 1), was undertaken
for doctoral research by Shiner (2004). The main objective
was to use the techniques developed by WNSWAP to
investigate the formation of deflated stone artefact
distributions in landscapes away from the uplands that had
been the focus of our work at Stud Creek and ‘Fowlers
Gap’. The geographic setting of ‘Pine Point’ and
‘Langwell’, in the transitional zone between the foothills of
the Barrier Range and the riverine plains of the Murray-
Darling Basin, was ideal. 

The remains of 122 hearths were located by intensive
pedestrian survey across the study area (Figure 7). They
were classified into three groups according to their relative
degree of preservation (Table 9). Of those with partially
exposed and clustered heat retainers, 30 were chosen for
partial excavation, selected primarily for their spatial
proximity to the stone artefact sampling areas. The
excavated hearths generally consisted of a sandy matrix
with a dense cluster of mostly quartz heat retainers and
small amounts of charcoal. There was no structural evidence

that hearths were reused over long periods of time. Heat
retainers were typically separated from the base of the fire
pit by several centimetres of soil, but were sometimes
resting directly upon the fire pit. Charcoal was usually found
directly underneath the heat retainers and very rarely as
distinct lenses. Multiple layers of charcoal were not
recorded in any of the hearths.

Sufficient charcoal for a radiocarbon determination was
recovered from 16 of the excavated hearths. In Table 10 the
determinations are listed in chronological order from
youngest to oldest. A calibrated probability distribution plot
of the determinations is presented in Figure 8. The radio-
carbon determinations do not form a continuous sequence,
but cluster into five main groups. The oldest is represented
by a single determination from KZ1 H3 at approximately
2000 calBP. The second group consists of two hearths with
determinations between 1500 and 1700 calBP. The third
group consists of one hearth with a calibrated determination
between 1050 and 1300 calBP. Seven determinations form
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Figure 7. Vertical aerial image of the ‘Pine
Point’/ ‘Langwell’ sampling location south of Broken Hill,

showing the locations of all hearths including those for
which radiocarbon determinations were obtained (after
Shiner 2004 Figure 6.4; source of image: LPI NSW).

Hearth Condition Pine Ck Rantyga Ck
Number Percent Number Percent

Partially Exposed 26 29 15 43
Disturbed 37 43 15 43
Scattered 24 28 5 14 

Total 87 100 35 100 

Table 9. Condition of hearths in the ‘Pine Point’/
‘Langwell’ study area, south of Broken Hill, NSW
(classification after Witter, pers.comm.).



the fourth group, with determinations spanning 750 to 950
calBP, and the fifth group consists of five determinations
that span 550 to 350 calBP. The lack of determinations
between 900 and 1200 calBP, a gap identified in our other
field areas, is again evident and will be discussed in detail
below. Bayesian analysis returned the strongest result for
five phases of hearth construction (Table 11).  

Hearth ID Radiocarbon Phase Models H0 vs Mean 
determination H1 Likelihood
(y BP) Ratio

A B C D
CN H 42 261 ± 49 1 1 1 1 A:B 0.84
CN H 34 458 ± 58 1 1 1 1 A:C 2.08
CN H 35 481 ± 55 1 1 1 1 A:D 1320
CN H 36 516 ± 52 1 1 1 1 B:C 2.49
KZ2 H 25 584 ± 46 1 1 1 1 B:D 1570
CN H 56 771 ± 46 1 2 2 2 C:D 632
KZ1 H 2 848 ± 69 1 2 2 2 
CN H 55 886 ± 47 1 2 2 2 
CN H 23 910 ± 52 1 2 2 2 
KZ1 H 7 959 ± 51 1 2 2 2 
CN H 25 967 ± 62 1 2 2 2 
CN H 24 1002 ± 48 1 2 2 2 
CN H 33 1247 ± 56 1 2 3 3 
CN H 32 1653 ± 52 1 2 3 4 
CN H 7 1747 ± 76 1 2 3 4 
KZ1 H 3 2004 ± 73 1 2 3 5  

Table 11. Bayes factor test for ‘Pine Point’/ ‘Langwell’
radiocarbon determinations. Mean likelihoods indicate the
most probable hearth construction phase model, tested
against a null hypothesis of one single phase and
combinations of multiple phases.
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Lab Result dC13 Calibrated 2 s ages Hearth
number (y BP) (%) (y BP (probability)) ID 

Wk9994 261 ± 49 -23.8 160-166 (0.053) CN H 42
287-315 (0.514) 
408-420 (0.107)  

Wk12322 458 ± 58 -24.1 463-545 (0.682) CN H 34
Wk12323 481 ± 55 -23.5 477-534 (0.686) CN H 35
Wk12324 516 ± 52 -23.0 510-554 (0.572) CN H 36

609-620 (0.102) 
Wk12326 584 ± 46 -22.2 544-564 (0.212) KZ2 H 25

587-590 (0.025) 
599-645 (0.47) 

Wk12325 771 ± 46 -24.6 737-795 (0.344) CN H 56
812-829 (0.098) 
862-906 (0.235)  

Wk9995 848 ± 69 -23.4 687-794 (0.542) KZ1 H 2
813-827 (0.057) 
866-886 (0.078)  

Wk10282 886 ± 47 -23.9 737-795 (0.344) CN H 55
812-829 (0.098) 
862-906 (0.235)  

Wk10280 910 ± 52 -23.0 765-779 (0.071) CN H 23
787-798 (0.059) 
809-839 (0.162) 
842-912 (0.384)  

Wk10832 959 ± 51 -22.1 793-814 (0.137) KZ1 H 7
826-867 (0.26) 
884-929 (0.274)  

Wk12320 967 ± 62 -21.9 794-814 (0.133) CN H 25
826-867 (0.257) 
884-931 (0.287)  

Wk12319 1002 ± 48 -24.5 797-809 (0.094) CN H 24
835-848 (0.075) 
911-963 (0.517)

Wk12321 1247 ± 56 -23.9 1092-1108 (0.071) CN H 33
1126-1160 (0.158) 
1169-1193 (0.132) 
1197-1241 (0.259) 
1245-1261 (0.082)

Wk10281 1653 ± 52 -23.2 1421-1430 (0.028) CN H 32
1489-1497 (0.024) 
1515-1613 (0.553) 
1623-1625 (0.006) 
1674-1689 (0.061)

Wk9993 1747 ± 76 -23.5 1550-1734 (0.678) CN H 7
Wk10831 2004 ± 73 -23.2 1871-2044 (0.678) KZ1 H 3

Table 10. Radiocarbon determinations from ‘Pine
Point’/ ‘Langwell’.



Synthesis: Regional patterns of
Indigenous Australian occupation

The results of the Stud Creek hearth age
determinations were previously published in
the Journal of Archaeological Science. In
that paper, we concluded:

…an hiatus in the construction of hearths at
the same time as that in Stud Creek at
multiple locations in the arid zone [of
Australia] may well support an argument
for the impact of continent-wide or even
global environmental change, such as the
Medieval Warm Period [now referred to as
the Medieval Climatic Anomaly] on human
occupation. On the other hand, the presence
of similar gaps in the radiocarbon record at
different times will indicate a quite different
human-environment interaction, one where
long-term human adaptation involved a
discontinuous use of place…(Holdaway et
al. 2002: 362)

Based on the results from hearth
excavation at a number of locations in
western NSW we are now in a position to
test the conclusions drawn on the basis of
the Stud Creek data. Age estimates from
separate sampling locations across western
NSW show a similar pattern of discon-
tinuous hearth construction. At all locations
we investigated, periods of hearth con-
struction are separated by periods when no
hearths were constructed. As discussed
above, sampling locations show consider-
able variation in the maximum time period
over which hearths were constructed
reflecting the maximum age of the surfaces
on which they were constructed but this can
be mitigated somewhat by limiting, for this
comparison, the maximum age estimate of
hearths considered. In Figure 9, calibration
probability distributions for hearths with age
estimates more recent than 2000 calBP from
all available sampling locations are com-
pared. The hearths are sorted first by
location (roughly following a north to south,
then west to east, direction) and then by age
estimate. It might be expected that the
hearth radiocarbon determinations would
form either a uniform or a random distribu-
tion with age and geographic location, but in
fact they do not. Instead, the hearth age
estimates appear clustered, with groups of
determinations from different locations
falling into generally similar time periods,
but with some regional differences. 

In Figure 9, the determinations from
Peery form a pattern distinct from those
from ‘Pine Point’/‘Langwell’ and ‘Fowlers
Gap’, which are very similar to each other.
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The determinations from Stud Creek form a pattern that is
somewhat different from the other three locations. What
might be causing these patterns? To some degree, the
patterns reflect the age of the surfaces onto which hearths
were constructed. There are, for instance, few hearth
determinations older than 1750 calBP because surfaces
older than this age are rare in the valley floor locations we
have chosen to study. 

It is possible that the patterns detected are a product of
the way we have applied the radiocarbon technique. The
nature of the material we are using to obtain age estimates,
for instance, raises some issues. Assuming that Indigenous
Australians used locally available wood as fuel for fires, as
demonstrated for the Stud Creek samples (Holdaway et al.
2002: 355), there exists the possibility that a considerable
gap (as much as one to two centuries) exists between the
death of the tree and the burning of wood for fuel.
Anecdotally, species like mulga (Acacia aneura) are known
to stand with their bark on for many decades after death, and
may lie on the ground for many more decades before rotting.
They are also relatively long lived (perhaps up to two
hundred years), so whether sapwood or heartwood was used
in an individual hearth could affect the radiocarbon
determination by up to several hundred years (Dr J. Pickard,
Department of Physical Geography, Macquarie University,
pers. comm. 23rd May 2005). This problem of ‘old wood’ is
a considerable issue in places like New Zealand where
radiocarbon samples are routinely analysed to determine
whether the sample comes from twigs or heart wood. Our
sample locations span a range of botanical communities and
we are currently establishing a comparative collection of
wood and charcoal so that in the future we will be able to
screen our samples to reduce or eliminate the ‘old wood’
problem. At present we can only acknowledge that our age
determinations may be inaccurate estimates of the true age
of the burning event by as much as 200 years if dead
heartwood was used for fires in the past. It is conceivable
that the patterns in age determinations we have identified
might relate to the ‘old wood’ problem but it is not immed-
iately apparent how.

Recent research has also highlighted the problems posed
by radiocarbon sample contamination. Gillespie et al.
(1992), for instance, report considerable differences
between conventional age determinations of fluvial charcoal
where samples were given minimal pre-treatment, and AMS
results from similar samples where a rigorous protocol of
chemical pre-treatment to remove humic acids was
followed. However, this is unlikely to be a significant
problem with our results, for the following reasons. First,
our samples were mechanically cleaned then chemically
pre-treated following an acid-base-acid protocol similar to
that followed by Gillespie et al. for their AMS samples.
Alan Hogg and Fiona Petchey from the University of
Waikato Radiocarbon laboratory, where our samples were
tested, report that this is normally sufficient for charcoal
samples. Second, humic acid contamination is less likely in
the arid environment of western NSW when compared with
the more humid Southern Tablelands where the Gillespie 

et al. samples came from. Finally, for hearth FC29, we
checked the radiometric age estimate of one sub-sample of
charcoal against an AMS determination on another, and
found that the two were statistically indistinguishable (Table
2). While these results could conceivably be influenced by
similar contamination of the sub-samples, the almost
identical results arising from different determination
methods makes this less likely. 

Other aspects of the pattern we have detected reflect
problems with the calibration curve (e.g. McFadgen et al.
1994). Determinations more recent than 350 BP, for
instance, all look very similar (Figure 9) but given the
ambiguity of the calibration curve during this period (i.e.
flat regions of the curve leading to a multi-modal probability
plot when radiocarbon determinations are calibrated), little
can be concluded from such similarities. 

Of more interest are groups of determinations in the
periods 350-550 calBP and 750-950 calBP, as well as the
relative lack of determinations in the period 950-1150
calBP. Close inspection of the calibration curve reveals
ambiguous areas – flat spots where a radiocarbon deter-
mination returns a wide range of sidereal ages – and this
may explain some of the separation between groups of
determinations in the periods 350-550 calBP and 750-950
calBP. The gap between these periods, roughly 550 to 650
calBP, corresponds to a relatively flat point in the calibration
curve meaning that determinations intersecting this point on
the curve will return a widely distributed calibration plot.
The effect is illustrated by the determination for hearth
NN20 (Figure 10). The calibration curve for this deter-
mination is bimodal with peaks corresponding to approx-
imately 500-560 calBP and 600 to 630 calBP. 

However, Bayesian analysis of the determinations from
‘Fowlers Gap’ and ‘Pine Point’/’Langwell’ indicate that
despite the calibration curve anomaly, there is strong
support for a gap between determinations from the periods
350-550 calBP and 750-950 calBP. At the precision level
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provided by the radiocarbon determinations we have
obtained so far, it appears likely that the ‘Pine Point’ and
‘Fowlers Gap’ locations were occupied at similar times over
the last 2000 years. Moreover these locations were
abandoned, or at least saw occupations that did not involve
hearth formation, at similar times. At this stage we are not in
a position to provide answers to the question of why the
occupation patterns at the two locations are so similar. The
most that we can say at present is that the pattern seems to
represent a regional phenomenon only identifiable because
we have begun to develop a regional view of occupation
chronology.

Bayesian analysis of the Stud Creek radiocarbon
determinations indicated the presence of a gap in hearth
construction that correlates with the Medieval Climatic
Anomaly (MCA), from 900 to 1150 calBP. Radiocarbon
determinations fall into two phases at Stud Creek, the more
recent of which ranges in age from ca. 420 to 920 calBP.
Radiocarbon determinations covering a similar range occur
at both ‘Fowlers Gap’ and ‘Pine Point’/ ‘Langwell’.
However determinations equivalent in age to the first phase
of hearth construction, prior to 1150 calBP, are not present
at the other locations. A single determination from ‘Pine
Point’/ ‘Langwell’ has a calibrated range spanning part of
the pre-MCA period at Stud Creek but two other
determinations are older with ages that fall at the upper limit
of the Stud Creek determinations. At ‘Fowlers Gap’ only
determinations from FC have age estimates from the pre-
MCA period, most likely because the hearths that they came
from have been preserved on a more stable landform (a river
terrace).

In contrast, the pre-MCA phase is well represented at
Peery but not the later phase. Thus, there is a clear regional
signature, from Stud Creek near the Queensland border as
far south as Broken Hill and east to White Cliffs (Figure 1),
with few if any hearths constructed during the MCA period
at the locations we have sampled. However, the expression
of this signature varies from location to location. It is
possible that this signature and the associated regional
variability reflect differing local behavioural responses to a
regional change in climate associated with the MCA. At
present we lack fine resolution palaeoenvironmental records
for western NSW that illustrate how the MCA was
expressed climatically. Clearly, this is an area that would
benefit from more research.

Discussion

The intensive program of hearth excavation and age
estimation we have conducted in western NSW has allowed
us to develop a regional chronology that indicates not only
periods of time when our sampling locations were occupied
by Indigenous Australian people but, equally importantly,
periods when they were not. Critical to our ability to
develop a regional chronology is the ability to document the
age of surfaces on which the archaeological record
developed. The pattern of occupation evident at the different

sampling locations we have studied owes much to age of the
surfaces on which the hearths rest. A second critical aspect
involves comparison of calibrated age determinations. Flat
spots in the calibration curve can cause gaps in an age
sequence that may appear to represent periods when no
hearth construction occurred. Bayesian analysis is important
here since the technique makes use of calibrated probability
distributions.

Despite the problems associated with radiocarbon, our
analyses indicate that for western New South Wales,
regional patterns of Indigenous occupation can be identified
at a scale measured in centuries. Different parts of the land-
scape were used for a few hundred years then apparently
abandoned, or at least used in different ways that did not
involve hearth construction, intermittently over the last
2000 years. As well, different patterns are apparent at
different locations within the region. This suggests that a
complex historical sequence best characterises the
environmental adaptation of Indigenous Australian people
in late Holocene western New South Wales. The pattern is
visible at the precision level given with radiocarbon, which
is a function of both the standard error associated with the
determination and the effect of calibration. For these reasons
it is likely that the types of patterns we can perceive will not
be apparent during all time periods. In addition, older
radiocarbon determinations frequently have larger standard
errors so the precision with which a regional chronology can
be determined will decline as we go back in time. 

This raises a number of issues related to current theories
for peopling of the arid zone. A number of authors have
discussed the idea that, during periods of maximum aridity,
people restricted their distribution to biogeographically-
defined refugia, moving to occupy, or in some cases re-
occupy, fully arid environments only as conditions
improved (e.g. Hiscock 1988; Lampert and Hughes 1987,
1988; Ross et al. 1992; Smith 1989, 1993; Veth 1987, 1993,
1995). We have no specific criticism of the refugia and
related models, but we are led by our western New South
Wales results to wonder at what temporal scale refugia and
the like are being defined? Given that, in the late Holocene
when chronologies are relatively precise, we see either local
abandonment or very much reduced use of individual
locations together with a variable local response to possible
global climatic changes, we are led to ask whether such
changes might not be expected during much earlier periods
– the late Pleistocene and early Holocene for instance. The
difficulty, of course, is to differentiate such relatively short
term fluctuations when the precision imposed by the
chronometrics is necessarily low (Mulvaney and Kamminga
1999). The temptation will always be to view changes in the
local record as reflecting major regional responses to
environmental fluctuations. But given the rarity of early
sites (partly reflecting the rarity of ancient surfaces in the
places we have studied), the possibility exists that what may
appear to reflect major regional changes in landuse actually
reflect the types of fluctuations we have demonstrated for
the late Holocene i.e. local rather than regional changes. We
can offer no solution to this dilemma at present other than to
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warn against too hasty creation of settlement pattern models
on the basis of radiocarbon determinations from isolated
early sites.

We have one more caution to add. This concerns the
evidence we have amassed for discontinuous occupation at
locations in western New South Wales during the late
Holocene. If gaps in our radiocarbon chronology do indeed
represent discontinuous occupation, then late Holocene
western New South Wales does not reflect a stable long-
term adaptation of Indigenous Australian people to the
environment. This is prima face evidence against Gould’s
(1977) concept of a stable desert culture, a concept that has
been criticized by others (e.g. Veth 1993, 1995). What
interests us is the nature of this changing adaptation. As
indicated above the tendency is always to look at the big
picture when chronological precision is low. But if
Pleistocene occupations were in any way like those in the
late Holocene then we may expect discontinuous occupation
at a temporal scale much shorter than the resolution of the
chronometrics. Therefore the reasons why early sites were
abandoned may differ little from those that operated during
the late Holocene. Abandonment of sites may have been a
common occurrence reflecting local conditions and
therefore not related to large scale environmental change.
People left often – the question is why they did not return for
relatively long periods of time representing many
generations. Evidence for change in occupation may not
therefore be apparent at a site that was abandoned, since
abandonment is in effect part of the normal occupational
signature. This clearly poses a problem for explaining the
long-term occupational history of the arid zone for which
we also cannot offer a solution at present.

Finally, if the gaps in our chronology truly represent
periods of little or no occupation at our study locations this
presumably has something to say about the demography of
Indigenous Australians. Estimating past population numbers
is notoriously difficult. Attempts based on correlating
numbers of people to numbers of artefacts have been rightly
criticised (Hiscock 1988). Still, the ubiquity of artefacts on
the surface in many parts of western New South Wales may
give the impression of intensive occupation by substantial
populations. Our chronological analyses do not support such
an interpretation. Substantial populations do not seem to
have occupied locations on even a semi-permanent basis,
and a direct indication of past population size cannot be
determined from our data.

Conclusions

We have now analysed multiple locations in western New
South Wales and the patterns in the age determinations –
comprising clusters of age estimates separated by gaps of
variable length – are present irrespective of the geomorphic
environment. The record of occupation through the last few
thousand years – at least in this part of the arid Australian
interior – is discontinuous. Whether or not these discon-
tinuities match with global, continental or even regional
climatic anomalies is a moot point. What is important is that

they exist, and this has implications for the ways in which
Indigenous Australian occupation histories and settlement
patterns are interpreted.

It is clear from the research reported here that the
chronological study of surface artefact scatters in Australia
– or anywhere else for that matter – should take into account
the effects of landscape dynamics on the preservation,
exposure and visibility of the archaeological record. In our
study area, increases in site numbers after the mid-Holocene
are at least in part a legacy of better site preservation in
some locations than in others.

Our results also indicate that Indigenous Australians did
not maintain a constant relationship with their physical
environment through time for the last few thousand years of
the Holocene for which we now have a relatively detailed
occupation record. Where landscapes are geomorphically
dynamic, for example along active watercourses and at the
heads of piedmont areas, landsurfaces – and the
archaeological material preserved on them – are of variable
age. Spatially adjunct assemblages are not necessarily
functionally related. Thus the record we have investigated
could not be used to support a settlement pattern model that
assumes stability in landscape use.

Discontinuities in the archaeological record that persist
after differential preservation is taken into account may
have implications for the demography of Indigenous
Australians: despite the ubiquity of surface artefact scatters
in arid Australia, we may be dealing with relatively small
numbers of people who were unable to sustain prolonged
occupation of some regions. Given this, we may need to
modify our understanding of population movements and
successful colonisation at earlier times. The precision at
which we can see gaps in the chronological record during
the late Holocene raises the issue of what types of behaviour
the less precise late Pleistocene and early Holocene records
actually represent. The reasons why locations were aban-
doned for long periods of time may not be apparent from the
record available for study at these locations. 
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