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ABSTRACT 
This paper presents a preliminary occupation chronology for the Riverland region of South Australia, based on 
31 radiocarbon age determinations. This region has represented a significant geographic gap in understanding 
occupation chronologies for the broader Murray-Darling Basin. The dating forms part of an ongoing research 
program exploring the long-term engagements of Aboriginal people with the habitat mosaics of the central 
River Murray corridor. Dating targets were selected on the basis of their landscape context. Results relate 
occupation evidence to an evolving riverine landscape through the period extending from approximately 29 ka 
to the late Holocene. These results include the first pre-Last Glacial Maximum ages returned on the River 
Murray in South Australia and extend the known Aboriginal occupation of the Riverland by approximately 
22,000 years. 
 
Introduction 

At the time of European invasion, Aboriginal peoples of the central River Murray were 
engaged in a broad-based economy embedded in a diverse and highly productive mosaic of 
riverine habitats (Anon 1919; Beveridge 1865, 1883; Eyre 1845:259, 286–287; Finniss 1966; 
Grosvenor 1979; Krefft 1865:72; Robinson and Clark 2000:48; Schell 1914). These habitats 
were sustained through a seasonal regime of flooding and drying that provided optimal 
conditions for species diversity and supported booms in various staple foods. At a deeper 
time scale, however, people experienced radical changes in landscape, climate and ecology, 
including a period of sustained environmental stress in the river corridor accompanying the 
Last Glacial Maximum (LGM). 
 
The distribution of radiocarbon determinations in the Murray-Darling Basin (MDB) has been 
interpreted as evidence of high variability in Aboriginal populations through time, with major 
declines coincident with phases of climatic and ecological instability (Smith et al. 2008; 
Williams et al. 2008). However, on a continental scale, the data also suggest that the MDB 
may have acted as a ‘persistent node’ and potential refugia, including through the period of 
profound restructuring of Australian environments and Aboriginal societies associated with 
the LGM (Williams et al. 2013). Yet, there remain many large data gaps in our knowledge 
that hamper the development of a robust picture of sub-regional trends, highlighting the need 
for further work both in the MDB and elsewhere (Ulm 2013; Williams et al. 2015a). The 
Riverland region represents both a geographical and chronological gap in radiocarbon 
sampling of archaeological sites in the MDB. It lies between a Pleistocene record contained 



for the most part in the central western MDB, and a largely Holocene record reported across 
the Lower Murray. Thus, this region presents an opportunity to address a number of 
important questions, including the way in which the MDB was initially peopled. 
 
The dating reported here was undertaken as part of a collaborative and multifaceted research 
project between Flinders University and the River Murray and Mallee Aboriginal 
Corporation (RMMAC). The project seeks to explore the ways in which RMMAC ancestors 
may have accommodated various scales of change in the riverine environments of the upper 
Riverland region of South Australia (Figure 1). The dates reported in this article represent the 
initial results emerging from this ongoing program of research. 

 
Figure 1. Locations of 14C sampling conducted as part of this study in relation to the Murray-
Darling Basin and upper Riverland regions. Inset shows detail of sampling locations on the 
Calperum Floodplain. 



Towards a chronology of the Murray-Darling Basin 
On the basis of the AustArch database (Williams et al. 2014) and other published sources 
(e.g. Littleton et al. 2017; Wilson et al. 2012), a total of n = 851 14C age determinations can 
be attributed to Aboriginal occupation across the MDB (Figure 2). Only five age estimates 
had been recorded specifically within the Riverland region prior to this research, all of which 
had been derived from ancestral remains located within the Katarapko floodplain (Figure 1). 
These age estimates ranged between approximately 5,300–800 cal BP (Dowling 1990:28). 
 
This contrasts with the well-established timeline for human occupation within the wider 
southwest MDB, which currently extends to at least 45 ka. Evidence for early occupation in 
the MDB is found around lake systems fed by large capacity, preglacial rivers to both the 
north and south of the River Murray corridor, including the Willandra Lakes (Allen and 
Holdaway 2009; Bowler et al. 2003; Fitzsimmons et al. 2014; O'Connell and Allen 2004), the 
Menindee Lakes (Cupper and Duncan 2006; Hope et al. 1983) and Lake Tyrell (Richards 
et al. 2007). Evidence of a broadening settlement system incorporating both lacustrine and 
riverine habitats appears in the radiocarbon evidence from 29–25 ka. This expanded 
occupation, which includes the earliest evidence along the River Murray corridor, is defined 
by typically small, discrete, single lens middens at locations including Karadoc Swamp 
(Luebbers 1995), Monak Swamp (Edmonds 1997) and Lake Victoria (Abdulla et al. 2019; 
Gill 1973; Kefous 1981). A more significant change in the nature of occupation deposits 
occurs from around 15 ka with the development of often large-scale and more diverse lake 
and channel-based middens (Balme 1995; Balme and Hope 1990; Clark and Hope 1985; 
Coutts and Victoria Archaeological Survey 1977; Garvey 2017; Prendergast et al. 2009). 
 
 



 
Figure 2. Locations of age determinations attributed to archaeological material in the 
southwestern section of the MDB based on the AustArch database (Williams et al. 2014) and 
other published sources, together with the sampling conducted as part of this study. 
 
The apparent lag of c.15 ka between initial MDB and River Murray occupation evidence is 
despite the presence of large perennial lakes within the river corridor that are likely to have 
functioned contemporaneously with the Willandra and Menindee systems. Early development 
of the Lake Victoria lunette, for instance, extends to at least 40 ka (Chen 1995), though the 
earliest known lakeside middens developed here from around 29 ka (Wk-50137) (Abdulla 



et al. 2019). This lag appears even more pronounced in South Australia, where the majority 
of age estimates relate to Holocene occupation. As Garvey (2013:120; see also 
Hope 1993:190–191) has contended, the constrained occupation chronology for the River 
Murray is difficult to reconcile given that the riverine corridor would have provided ‘a 
constant source of water and other significant resources’ and might be presumed to have been 
a fall-back for people during the period of aridity leading into the LGM. The patterns 
observed in the River Murray 14C data have been attributed to changes in ecological 
productivity of the riverine corridor, shifts in economic strategy and/or population level, site 
visibility or taphonomic loss (Clark and Hope 1985; Hope 1993; Pardoe 1995; Pate 2017; 
Prendergast et al. 2009). 
 

Study area 

The dating program reported here relates to two locations in the Riverland region of South 
Australia (Figure 1). The first is the Ral Ral–Hunchee (Calperum) floodplain, located 
upstream of Renmark. The second comprises a high cliff-line bounding the southeast margin 
of the Pike River floodplain 35 km downstream of Calperum. Both are typical examples of 
the anabranch floodplains that characterise the river corridor in the upper Riverland. The 
geomorphology of these floodplains captures a record of profound change in hydrological 
regime across the last glacial–interglacial cycle, and can be related to a diverse range of 
complementary evidence seen throughout the broader MDB that point to generally consistent 
responses to climatic shifts and their effect on catchment inflows (Bowler 1978; Bowler 
et al. 2012; Bowler and Harford 1966; Kemp 2001; Kemp et al. 2017; Kemp and 
Rhodes 2010; Luebbers 1995; Ogden et al. 2001; Page 1994; Page et al. 1996, 2001, 2009; 
Page and Nanson 1996; Pels 1964, 1966, 1971; Prendergast et al. 2009). While the timing of 
these shifts across individual catchments may differ (Hesse et al. 2018), major hydrological 
phases can be attributed to relatively humid conditions between 50–35 ka, a cooling trend and 
increasingly arid conditions punctuated by brief pluvial events through the LGM and 
continuing to around 12 ka, an early to mid–Holocene wet phase (Mid-Holocene Climatic 
Optimum [MHCO]) and then increased variability and aridity through the late Holocene 
under a greater influence of El Niño Southern Oscillation (ENSO) cycles (Fitzsimmons 
et al. 2013; Petherick et al. 2013). 
 
Across all hydrological phases, the continual migration of the main river channel and the 
network of distributary channels has remained the key driver of floodplain development. 
While this migration is inherently destructive, the process can also preserve and partition a 
time-series in landscapes as river frontages migrate, lake shorelines contract and meander 
cut-offs form discrete wetland complexes. Within the Riverland, the level of landscape 
preservation is exceptional, aided in large part by the gradual incision of the floodplain which 
has acted to reduce the frequency and extent of flooding across former (higher) landscapes. 
 



The research strategy has sought to capitalise on these characteristics, targeting sites that are 
situated in landforms established during various stages of floodplain development. Sites 
CAPR17_22 and CAPR17_23, for example, are located on a series of two source bordering 
dunes (SBD) that had originally developed around point bars in the interior of a pre-LGM 
meander scroll. The scroll was subsequently abandoned, and the floodplain depression 
gradually expanded into the modern Lake Merreti–Clover Lake basins (Figure 1). The 14C 
sampling in this project aimed to place these sites within a wider chronology of landscape 
development. 
 
The sampling has also benefitted from high cliff-lines that bound the Murray valley. While 
these cliffs have been continually cut back through the process of river migration, they have 
remained elevated well above flood level and can therefore be regarded as a baseline, of 
sorts, to compare against the floodplain record. The dating results also indicate that the cliff-
line, at least in the area of the sampling conducted at Pike, has remained a relatively static 
feature over a period of least 29 ka. 
 

Methods and materials 

Site and sample selection 

This study commenced with an extensive program of landscape survey which, to date, has 
comprised approximately 200 km of linear transects on the Calperum floodplain. As with the 
radiocarbon sampling, this survey strategy aimed to intensively assess a range of landscapes 
formed during various stages of floodplain development, from pre-LGM to modern. This 
enabled identification of major nodes of archaeological material at a landscape scale and 
provided critical context for this study. 
 
All archaeological sites develop through an interplay of natural and anthropogenic processes. 
Within floodplains, shell is deposited naturally in various contexts, often in lens-like deposits 
stranded along high watermarks around lagoons and channels, while wildfires, particularly 
amongst the woodland areas, bake sediment and lay down deposits of ash and charcoal. The 
lagoon and stream fringes and woodland areas are coincident with much of the archaeology 
in the Riverland floodplains, and there remains a significant risk, therefore, of confusing 
natural and cultural deposits in these settings. The criteria used in this study to distinguish 
between natural from anthropogenic material has followed well-established standards (see for 
example Garvey 2017:90). The shell samples were recovered from well-defined features (see 
examples in Figure 3) comprising size-selected, mature and disarticulated shell valves. All 
samples were associated with other cultural material including stone artefacts and/or hearth 
material. The majority of samples, including all of the Pike samples, were recovered from 
aeolian sediments—SBDs, dunes and sand sheets (i.e. outside of their natural growing 
contexts). 



Figure 3. Examples of sampling locations and features. (A) Craig Westell and Ena Turner 
recovering sample OZX288 from (B) a thin lens of A. jacksoni exposed in an aeolian sand 
sheet capping the Pike cliff in site PikeAWE15_10. (C) William Cook recovering shell 
sample Wk-48701 from (B) a small clumped deposit of V. ambiguus exposed in a broad 
deflation in site CAPR17_14. Note the heat retainer fragments (hr) and chert flake (sa) 
associated with the clumped shell in (D). (E, F) Timothy Johnson at a hearth feature in the 
eastern section of site CAPR17_19. The charcoal sample OZX278 was recovered from below 
a clay heat retainer in this feature (Photographs: A. Roberts, 9-12 April 2018). 
 
The 14C sampling focussed on a series of seven open scatters on the Calperum floodplain and 
two open scatters perched on the Pike cliffs (Figure 1). All of these sites include components 
of freshwater mussel shell, hearth material (clay heat retainer on the floodplain and calcrete 



nodules on the cliff line) and stone artefacts. In several cases, ancestral remains were also 
present in the sites though buffers around these locations were employed to ensure that they 
were excluded from the sampling. All sampling locations were specifically approved by 
RMMAC representatives. Typical of the MDB, fauna represented in the sites is dominated by 
two species of freshwater mussel, the river species Alathyria jacksoni and lagoon 
species Velesunio ambiguus, with most assemblages comprised exclusively of one or the 
other species. The freshwater gastropod Notopala sublineata was also identified in several of 
the Pike sites. Age determinations were obtained for 30 samples of freshwater mussel shell 
(V. ambiguusand A. jacksoni) recovered from in situ midden lenses and surface features, as 
well as a single in situ sample of charcoal recovered from the base of a heat retainer hearth 
(Table 1). While it was intended to sample a similar number of hearths and middens, it was 
observed that the exposed hearth features rarely contained charcoal, other than fine 
disseminated material, that was considered inappropriate for obtaining robust age 
determinations. 
 
Table 1. Age determinations for Calperum and Pike floodplains. (Table view) 
Site ID Sample ID Laborator

y Code 
Landform/Archaeologica

l Context 
Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

CAPR17_05 CAPR_01
4 

OZX281 Densely packed shell in 
discrete clumped midden 
feature exposed on crest 
of SBD truncated by Ral 
Ral Wide Water. Several 
chert flakes also present 
within feature. 

Shell 
fragments 
(V. 
ambiguus) 

AMS −11.2 ± 0.
1 

520 ± 25 540–498 

CAPR17_09 CAPR_00
5 

OZX277 Discrete, clumped shell 
feature exposed on rim 
of deep deflation hollow 
on SBD. Dense scatter of 
heat retainer (baked 
clay) and low density 
artefacts extends into the 
deflation hollow east of 
the feature. 

Shell 
fragments 
(V. 
ambiguus) 

AMS −7.8 ± 0.2 765 ± 30 723–571 

CAPR17_10 CAPR_00
1 

Wk-48700 In situ shell recovered 
from discrete, densely 
packed shell midden 
clump within broader 
scatter exposed on crest 
of SBD. Feature is 
associated with minor 
heat retainer (small 
baked clay fragments) 
and a low density scatter 
of stone artefacts (chert 
and silcrete flakes). 

Shell valve 
(V. 
ambiguus) 

AMS na 1,369 ± 19 1,299–
1,185 

CAPR17_10 CAPR_00
3 

Wk-47547 Eroding, densely packed, 
clumped midden within 

Shell 
fragments 

AMS na 814 ± 21 729–670 



Site ID Sample ID Laborator
y Code 

Landform/Archaeologica
l Context 

Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

broader scatter exposed 
on crest of SBD 
associated with minor 
heat retainer (small 
baked clay fragments) 
and a low density scatter 
of stone artefacts (chert 
flakes). 

(V. 
ambiguus) 

CAPR17_10 CAPR_00
4 

OZX276 In situ shell removed 
from discrete clumped 
feature exposed on low 
sand pedestal on edge of 
deflation surface on crest 
of SBD. Several stone 
artefacts and fine heat 
retainer fragments 
(baked clay) have also 
eroded from the pedestal. 

Shell valve 
(V. 
ambiguus) 

AMS −10.2 ± 0.
2 

660 ± 25 651–552 

CAPR17_14 CAPR_01
5 

OZX282 In situ shell from densely 
packed, clumped midden 
feature exposed in 
surface of broad 
deflation area on terrace. 
Feature contains silcrete 
and chert flakes, 
fragments of heat 
retainer (baked clay) and 
a light grey 
discolouration in the soil. 

Fragmente
d shell 
valve (V. 
ambiguus) 

AMS −5.6 ± 0.1 3,435 ± 25 3,720–
3,562 

CAPR17_14 CAPR_01
6 

OZX283 as above Shell 
fragments 
(V. 
ambiguus) 

AMS −6.1 ± 0.1 905 ± 25 897–722 

CAPR17_14 CAPR_01
7 

Wk-48701 as above Shell 
fragments 
(V. 
ambiguus) 

AMS −7.0 ± 0.2 939 ± 18 904–738 

CAPR17_14 CAPR_01
8 

OZX284 In situ shell from small 
clumped feature exposed 
on top of low, gravel 
beach ridge perched on 
rim of terrace. Feature 
forms part of a diffuse 
scatter of fragmented 
shell and low density 
artefacts continuing 
along ridge. 

Fragmente
d shell 
valve (V. 
ambiguus) 

AMS −10.6 ± 0.
1 

8,360 ± 30 9,460–
9,144 

CAPR17_19 CAPR_00
6 

OZX278 Charcoal recovered from 
base of in situ hearth 
directly under clay heat 
retainer. Feature forms 

Charcoal AMS −22.9 ± 0.
1 

185 ± 25 283–0* 



Site ID Sample ID Laborator
y Code 

Landform/Archaeologica
l Context 

Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

part of dense hearth 
grouping (eroding and in 
situ features) extending 
across eastern edge of 
SBD. 

CAPR17_19 CAPR_00
7 

OZX279 Clumped midden feature 
exposed on crest of SBD 
and forming part of 
complex scatter of 
midden, hearth and low 
density scatter of stone 
artefacts. 

Fragmente
d shell 
valve (A. 
jacksoni) 

AMS −8.3 ± 0.1 330 ± 30 452–296 

CAPR17_19 CAPR_00
9 

Wk-47548 Thin shell lens exposed 
at 29 cm depth in wall of 
rabbit warren on crest of 
SBD immediately below 
ash stained soil. 
Clumped midden 
features are exposed on 
the surface beyond the 
warren. 

Shell 
fragments 
(V. 
ambiguus) 

AMS na 473 ± 21 520–467 

CAPR17_19 CAPR_01
0 

OZX280 Thin, narrow shell lens 
exposed in wall of 
shallow gully erosion on 
SBD at depth of 11 cm. 
The lens comprises a 
small number of shell 
valves. Stone artefacts 
occur on the ground 
surface immediately 
above the lens. No 
additional material 
visible along the gully 
profile. 

Shell 
fragments 
(V. 
ambiguus) 

AMS −13.2 ± 0.
1 

1,295 ± 30 1,269–
1,074 

CAPR17_22 CAPR_02
1 

Wk-47549 Small, thin clumped 
midden feature exposed 
on the upper edge of 
shallow erosional scald 
on SBD. A dense scatter 
of eroded heat retainer 
and low density artefact 
extends across the scald 
amongst and downslope 
of the feature. 

Shell 
fragments 
(V. 
ambiguus) 

AMS na 3,433 ± 21 3,702–
3,566 

CAPR17_22 CAPR_02
2 

Wk-48702 Small clumped midden 
feature exposed on 
sloping ground on SBD 
amongst dense scatter of 
eroded heat retainer 
(baked clay) and low 
density artefacts. 

Shell 
fragments 
(V. 
ambiguus) 

AMS −7.1 ± 0.2 475 ± 17 518–475 



Site ID Sample ID Laborator
y Code 

Landform/Archaeologica
l Context 

Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

CAPR17_23 CAPR_01
9 

OZX285 Shell recovered from 
surface of broad, heat 
retainer hearth (possible 
oven mound) with thick 
ashy soil exposed to 
20 cm depth in 
pedestalled feature. 
Feature is located on a 
broad, low SBD amongst 
heavily eroding surfaces. 

Shell 
fragments 
(V. 
ambiguus) 

AMS −7.0 ± 0.1 1,045 ± 25 960–806 

CAPR17_23 CAPR_02
0 

OZX286 In situ shell recovered 
from small, discrete shell 
clump exposed on sand 
pedestal on edge of 
SBD. 

Fragmente
d shell 
valve (V. 
ambiguus) 

AMS −6.7 ± 0.1 585 ± 20 622–517 

PikeAWE15_1
0 

CAPR_02
3 

Wk-47550 Thin (<5 cm) in situ lens 
of shell exposed by 
pipeline trench 
dissecting an aeolian 
sand sheet on high cliff 
line. Shell sample was 
recovered from depth of 
69 cm. Stone artefacts 
and more diffuse shell is 
seen in the cutting above 
the lens, with midden 
and artefacts redeposited 
in spoil heaps outside the 
trench. 

Fragmente
d shell 
valve (A. 
jacksoni) 

14C −6.8 ± 0.5 12,722 ± 64 15,299–
14,770 

PikeAWE15_1
0 

CAPR_02
4 

OZX287 Small, thin (<5 cm) in 
situ lens of shell exposed 
by pipeline trench 
dissecting an aeolian 
sand sheet on high cliff 
line. Shell sample was 
recovered from depth of 
32 cm. Stone artefacts 
and more diffuse shell is 
seen in the cutting above 
and below the lens, with 
a chert core fragment 
associated with the lens. 

Shell 
fragment 
(A. 
jacksoni) 

AMS −7.7 ± 0.1 5,540 ± 35 6,399–
6,211 

PikeAWE15_1
0 

CAPR_02
5 

OZX288 In situ shell lens exposed 
at 8 cm depth in eroding 
profile in thin aeolian 
sheet capping high cliff 
line. The lens is thin 
(<5 cm). 

Fragmente
d shell 
valve (A. 
jacksoni) 

AMS −9.5 ± 0.1 25,080 ± 15
0 

29,470–
28,720 

PikeAWE15_1
0 

CAPR_02
6 

Wk-48703 In situ shell lens (A. 
jacksoni and N. 
sublineata) exposed at 

Fragmente
d shell 

AMS −7.0 ± 0.2 12,679 ± 30 15,200–
14,786 



Site ID Sample ID Laborator
y Code 

Landform/Archaeologica
l Context 

Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

5 cm depth in shallow 
profile in thin aeolian 
sheet capping high cliff 
line and formed along 
edge of a trail bike track. 
The lens is thin (<5 cm). 

valve (A. 
jacksoni) 

PikeAWE15_1
0 

CAPR_04
0 

Wk-49723 Same feature as OZX288 
(see above) 

Fragmente
d shell 
valve (A. 
jacksoni) 

14C −8.7 ± 0.2 23,166 ± 12
4 

27,655–
27,175 

PikeAWE15_1
0 

CAPR_04
1 

Wk-49724 In situ, broad, densely 
packed shell lens 
exposed in deep eroded 
profile in aeolian sheet 
on rim of cliff line. The 
lens is 10 cm thick. 

Shell valve 
(A. 
jacksoni) 

14C −9.7 ± 0.2 12,825 ± 59 15,501–
15,029 

PikeAWE15_1
0 

CAPR_04
2 

Wk-49725 Shell valves exposed in 
shallow gully erosion 
dissecting aeolian sheet 
on rim of high cliff line. 
Sample was recovered 
from 59 cm depth in 
gullied profile and in 
association with 
additional shell. 

Fragmente
d shell 
valve (A. 
jacksoni) 

14C −9.3 ± 0.2 12,509 ± 75 15,051–
14,218 

PikeSP16_01 CAPR_04
3 

Wk-49726 In situ, broad, densely 
packed, thin shell lens 
exposed in eroding 
profile in aeolian sheet 
on rim of cliff line. The 
lens is 5 cm thick. Intact 
hearth features 
(constructed from 
calcrete nodule heat 
retainer) occur 
immediately adjacent to 
the lens. 

Fragmente
d shell 
valve (A. 
jacksoni) 

14C −8.4 ± 0.2 12,788 ± 94 15,556–
14,788 

PikeSP16_01 CAPR_04
4 

Wk-49727 In situ, broad, densely 
packed, thin shell lens 
exposed in eroding 
profile in aeolian sheet 
on rim of cliff line. The 
lens is thin (<5 cm). The 
lens trends under an in 
situ heat retainer hearth 
semi-embedded and 
exposed on the surface 
of sand sheet. 

Shell valve 
(A. 
jacksoni) 

14C −8.1 ± 0.2 12,968 ± 64 15,710–
15,215 

PikeSP16_01 CAPR_02
7 

OZX289 In situ, dense clumped 
shell feature exposed in 
edge of shallow 

Shell 
fragments 

AMS −7.1 ± 0.1 12,800 ± 60 15,445–
14,960 



Site ID Sample ID Laborator
y Code 

Landform/Archaeologica
l Context 

Material 
Sampled 
(species) 

Metho
d 

δ13C per 
mil 

CRA (years 
BP ± 1σ 

error) 

Calibrate
d Age 

(cal BP 
95.4%) 

erosional scour in thin 
aeolian cover. 

(A. 
jacksoni) 

PikeSP16_01 CAPR_02
8 

Wk-47551 In situ shell lens exposed 
in eroded profile in 
aeolian sheet on rim of 
high cliff. Lens is 
immediately adjacent to, 
and in same stratigraphic 
context as, a heat 
retainer (calcrete nodule) 
hearth. 

Shell valve 
(A. 
jacksoni) 

14C −8.1 ± 0.5 10,114 ± 99 11,979–
11,270 

PikeSP16_01 CAPR_02
9 

Wk-48704 Small, in situ, thin shell 
lens exposed in eroding 
profile in aeolian sheet 
on rim of high cliff. 
Similar features occur in 
the immediate area 
exposed in continuation 
of the profile. 

Fragmente
d shell 
valve (A. 
jacksoni) 

AMS −8.8 ± 0.2 12,975 ± 26 15,645–
15,263 

PikeSP16_01 CAPR_03
0 

OZX290 Eroding scatter of heat 
retainer, low density 
stone artefacts and fine 
shell fragments in 
shallow deflation area in 
broad dune/sand sheet. 

Fragmente
d shell 
valve (V. 
ambiguus) 

AMS −12.5 ± 0.
1 

5,930 ± 35 6,831–
6,569 

PikeSP16_01 CAPR_03
1 

Wk-48705 as above Shell 
fragments 
(V. 
ambiguus) 

AMS −8.8 ± 0.2 2,534 ± 20 2,731–
2,460 

*Date may extend out of range (i.e. modern). 
 
Samples were collected from locations where the cultural deposits and their landscape 
context were relatively well preserved. This invariably included elevated locations such as 
SBDs, high-cut banks overlooking palaeochannel traces, as well as the confining cliff line in 
the case of the Pike sites. The sampling strategy also aimed to target multiple features within 
a small number of sites, rather than rely on single age estimates from a broader sample of 
sites. This approach has been strongly influenced by studies conducted in the western plains 
of New South Wales, where a detailed program of OSL and 14C dating in open context sites 
has described a complex occupation history in a landscape where aggradation and deflation is 
likely to have been a major factor in the accumulation and scale of surface deposits (Fanning 
et al. 2009; Holdaway et al. 2005, 2008; Rhodes et al. 2009). Ultimately, the approach in this 
research has sought to develop a robust local chronology around a series of site-specific 
chronologies and provide support for any extrapolation of the results where this is necessary. 
 

 



Sample collection 

The 14C samples were collected in April 2018 and May 2019. The approach, as developed in 
consultation with RMMAC and set out in permits issued under the South 
Australian Aboriginal Heritage Act 1988, was to minimise impacts to the sites by removing 
small amounts of shell or charcoal from existing exposures rather than undertaking 
excavation, in the first instance. In several locations, these exposures included natural and 
artificially exposed profiles. Preliminary observations indicate that the majority of sites are 
not deeply stratified, with the exception of several of the Pike sites, though a program of 
excavation will further assess this. Excavations will also assess the potential taphonomic loss 
of exposed midden material, a significant factor identified in open sites in the MDB (see for 
example Balme and Hope 1990; Johnston 1993). 
 
High precision spatial coordinates were collected using a Leica GS16/CS35 receiver/tablet 
combination in real-time kinematic (RTK) mode. Coordinates were collected on all the 
sample contexts as well as natural ground surfaces where samples were removed from 
exposed profiles. A proforma sample collection sheet was used to record relevant details 
including potential contamination, soil and landscape context. Samples were removed with 
either steel tweezers or trowel. Loose sediment was removed using the tweezers or a nylon 
brush and the cleaned sample was then weighed using digital scales, placed in an alfoil 
packet and then into a plastic zip-lock bag. 
 

Laboratory techniques and analysis 

A total of 15 samples were analysed at the Australian Nuclear Science and Technology 
Organisation (ANSTO) Centre for Accelerator Science at Lucas Heights. A further 16 
samples were analysed at the University of Waikato Radiocarbon Dating Laboratory using 
both AMS (n = 9) and conventional radiometric (n = 7) methods. Standard pre-treatments at 
both facilities included testing for calcite recrystallisation by staining with Fiegel’s solution 
(Friedman 1959); the test was negative for all shell samples. Unrounded Conventional 
Radiocarbon Ages (CRAs) were calibrated using the OxCal 4.3 program (Bronk-
Ramsey 2009) and applying the SHCal13 atmospheric curve (Hogg et al. 2013). Calibrated 
age-ranges at 95.4% probability are reported here. Gillespie et al. (2009) undertook sampling 
of freshwater mussel shell along the Murrumbidgee and Darling Rivers, both major 
tributaries of the River Murray, and concluded that no appreciable reservoir effect would 
occur in Murray-Darling basin samples. Our study area lies downstream of the sampling 
conducted by Gillespie et al. (2009). The intervening geology dissected by the river is non-
carbonate fluvial/alluvial sediments and underlying quartzose sands of the Pliocene Loxton-
Parilla Sands. As such, any potential riverine reservoir effect for the freshwater mussel shells 
was not expected to be significant. Further studies are required to characterise variability in 
reservoir effect in the MDB. 
 



Results 

The calibrated age-determinations range across the period 283–0 cal BP (OZX278) through 
to 29,470–28,720 cal BP (OZX288) (Table 1, Figure 4), and are described here in terms of 
five groupings of related sites. 
 

Figure 4. Calibrated age-ranges (95.4%) for the Calperum and Pike floodplains. 
 

Sites CAPR17_05, CAPR17_09 and CAPR17_10 

Five samples were recovered from clumped midden features within a group of three large 
open scatters in the southwest section of the Calperum floodplain. The sites are located on 
SBDs developed within a sequence of late LGM meander scrolls and are centred on a large 
oxbow lagoon, Ral Ral Wide Water. The lagoon occupies a former course of the River 
Murray that was abandoned as the river migrated further to the east in the floodplain. An age 



range of between 1,299–1,185 cal BP (Wk-48700) and 540–498 cal BP (OZX281) was 
returned on complete or fragmented valves of the lagoon species of freshwater mussel, V. 
ambiguus. The shell content in the broader site areas is comprised exclusively of V. 
ambiguus, suggesting it was collected by Aboriginal people from Ral Ral Wide Water and 
not the former high flow channel the lagoon had formed in. Survey transects also intersected 
a series of 21 additional palaeochannel traces and associated SBDs throughout these meander 
scrolls, though the sites tend to occur on the active waterfrontages extending around the 
periphery of the scrolls rather than within the interior of the scrolls. This patterning, together 
with the dating results and the presence of the lagoon rather than river species of freshwater 
mussel (A. jacksoni), suggests the extant archaeology in this section of the floodplain is 
Holocene. Profiles exposed around deflation hollows and pedestalled sediments in the SBDs 
also indicate that the sites are essentially surface features. 
 

Site CAPR17_14 

Four samples of V. ambiguus were dated from site CAPR17_14, an extensive open scatter 
located on a terrace forming the south western margin of Lake Woolpoolool at Calperum. 
The lake basin has developed around a pre-LGM meander scroll. The age results cover a 
range of between 897–722 cal BP (OZX283) and 9,460–9,144 cal BP (OZX284). Three of 
the samples (OZX282, OZX283 and Wk-48701) were recovered from a series of clumped 
midden features located in close proximity to each other at the northeast edge of the terrace 
(Figure 3). The fourth sample (OZX284) was recovered from a small midden clump located 
on top of a low carbonate gravel beach ridge 115 m south of the other samples. This ridge 
extends north from a series of Woorinen Formation dunes that have been truncated at the 
lake’s edge. A carbonate soil within these dunes is a likely source of the gravel forming the 
beach ridge. OZX284 is currently the oldest age estimate recovered from the Calperum 
floodplain. This age result (9,460–9,144 cal BP) suggests that dunes had advanced across the 
western margin of the Calperum floodplain and had been sculpted by a highstand in Lake 
Woolpoolool sometime prior to the early Holocene when freshwater mussel was being 
harvested by Aboriginal people out of the lake. According to Lomax et al. (2011), major 
activation cycles in the Woorinen Formation dunes continued across the LGM to 
approximately 12 ka in the western MDB with a brief period of dune stabilisation and soil 
development occurring between 18‒15 ka. Given this, the highstand in Lake Woolpoolool 
could potentially be related to the period of sustained deglacial inflows suggested by Gingelle 
et al. (2007). 
 

Site CAPR17_19 

CAPR17_19 is a large open scatter located on a SBD situated on the southern side of Ral Ral 
Creek near the junction of a narrow high flow channel and broader lagoonal section of the 
anabranch creek. The SBD had originally formed in a meander scroll predating the scrolls in 
the southwestern section of the Calperum floodplain. Two samples of V. ambiguus and one 



of A. jacksoni were sampled from lensed and clumped midden features. A charcoal sample 
was also recovered from below a clay heat retainer in an intact hearth exposed in the eastern 
section of the site (Figure 3). The results span an age range of between 1,269–1,074 cal BP 
(OZX280) and 283–0* cal BP (OZX278). Again, despite occurring on a much older 
landform, all results are late Holocene. Importantly, the SBD is dissected by shallow gully 
erosion, exposing several extended profiles to depths of between 1‒1.2 m. OZX280 was 
recovered from a depth of 11 cm in the side of a one of these gullies, with no additional 
cultural material identified along the broader profile extending 30 m either side of this 
sample. 
 

Sites CAPR17_22 and CAPR17_23 

Lakes Merreti and Clover occupy a broad basin developed around a former meander scroll of 
an equivalent age as the Lake Woolpoolool basin (i.e. pre-LGM). The two waterbodies are 
partitioned by a terrace and series of SBDs developed around former point bars in the inner 
section of the meander. Two sites, CAPR17_22 and 23, were sampled on these SBDs, both 
comprising large open scatters of clumped midden, hearth material and a low density of stone 
artefacts. The results essentially replicate the younger group of age estimates in site 
CAPR17_14 at Lake Woolpoolool, with a single age of around 3,600 cal BP and three within 
the last 1,000 years. All samples were collected from shallow profiles exposed in sediment 
pedestals or the edges of erosional scouring. No additional cultural material was observed in 
these profiles below any of the samples. 
 

Sites PikeAWE15_10 and PikeSP16_01 

A total of 14 age estimates were returned from two open scatters located on the high cliff line 
bounding the southeast margin of the Pike floodplain overlooking the Pike River anabranch. 
These sites form components of a broader site complex extending over 8 km along the rim of 
the cliff. The results span a range of ages of between 2,731–2,460 cal BP (Wk-48705) and 
29,470–28,720 cal BP (OZX288). All samples, except for OZX290 and Wk-48705, 
comprised of A. jacksoni recovered from lensed and clumped features within an aeolian sand 
sheet capping the cliff line (Figure 3). Samples OZX290 and Wk-48705 comprised 
fragmented V. ambiguus located in dune deflations 80–150 m from the cliff edge and 
associated with discrete hearth groupings. 
 
Samples OZX288 and Wk-49723 are the oldest age determinations in the initial dating 
program, returning ages of 29,470–28,720 cal BP and 27,655–27,175 cal BP, respectively. 
The samples were recovered from the same, thin midden lens in site PikeAWE15_10 (Figure 
3), and importantly, indicate that this section of the Pike cliff line has remained a relatively 
static feature, capturing a record of occupation to around 29,000 years. While it is inevitable 
that archaeological material would have been lost through ongoing erosion of the cliff (most 
samples were recovered from eroding profiles), it can be reasonably expected that the record 



preserved along the cliff would be broadly representative of this timeline. These ages 
represent the oldest 14C determinations reported along the River Murray corridor in South 
Australia. 
 

Discussion 

The observations outlined here are based on an initial round of 14C dating. A further round of 
dating, site survey and excavation will focus on the Pike floodplain and will aim to expand 
and validate these results. Specifically, the expanded sampling will target additional sites 
situated in LGM period landscapes to support any conclusions around an apparent LGM gap 
in the dating. The aim is to also explore potential pre-30 ka archaeological signatures and 
further develop and/or refine a number of site-specific histories. At this stage, some tentative 
observations are able to be presented here, and these will provide some guidance in the 
ongoing research program. 
 
The results extend the known occupation timeline in the Riverland to approximately 29 ka. 
The first half of this timeline is, however, represented by only two ages obtained on a single 
midden lens on the Pike cliff (Figure 3). The gap to the next youngest result (15,710‒
15,215 cal BP, Wk-49727) spans the full breadth of the LGM. The scant dating evidence 
across this period is consistent with the survey results at Calperum where sites are found on 
LGM and older landforms, but appear to be draped over these landforms and relate to the 
modern waterfrontages based on their locations, shell species and/or direct dating results. The 
complementary 14C and survey evidence, therefore, suggests a long period of ephemeral 
occupation leading into and straddling the LGM. These results contrast with the central 
Murray evidence upstream of the Riverland, as shown in Figure 5, which include a number of 
age estimates obtained on occupation materials at Lake Victoria. While the 29 ka ages are 
replicated in both sets, a grouping of ages between 22 ka and 18 ka in the central Murray set 
is not replicated in the Riverland. We see no evidence in the data that the Riverland served as 
part of a LGM refugia (cf. Williams et al. 2013), though comparisons with the broader central 
Murray record hint at a more nuanced occupation in the central Murray with Lake Victoria 
perhaps acting as a more continuous node and the Riverland on the periphery of this region. 



 



Figure 5. A comparison of median calibrated 14C age estimates from the Riverland (including 
the current results and previous dating conducted at Katarapko), and the broader central 
Murray corridor extending to the Darling River junction (including Lake Victoria). Dates not 
from this study sourced from Williams et al. (2014) and Abdulla et al. (2019). 
 
Throughout this extended period, the river was characterised by a regime of high energy 
though short‒duration flood events. Processes of aridification in the broader region saw dune 
fields mobilise beyond the river corridor and advance into the floodplain. Salinisation is 
evident in the LGM floodplains in the form of gypseous lunettes around an outer belt of lakes 
on the Calperum floodplain and in less extensive saline clay units in the inner lake lunettes 
(e.g. Lake Woolpoolool). The impacts of salt on floodplain ecology are pervasive and it is 
likely that Aboriginal people would have had fewer and perhaps less reliable subsistence 
options across this period. Both species of freshwater mussel, for instance, have salinity 
limits (Walker 2017:33; Walker et al. 2001:18‒19). While this may offer a possible 
explanation for the absence of shell middens (i.e. a pattern simply reflecting a declining 
availability of freshwater mussel and its presentation in the archaeology), we feel confident 
that the gap in the dating evidence represents a real phenomenon given the complementary 
survey results. 
 
The pattern changes abruptly at around 15 ka, when the Pike cliff is seemingly blanketed with 
a semi-continuous midden comprised of the river mussel, A. jacksoni, and a lesser component 
of the river snail, N. sublineata. Eight ages of around 15 ka were returned on shell sampled 
along a 1.8 km stretch of the cliff line, replicating a seemingly synchronous, large-scale 
development of middens throughout the central River Murray corridor. Importantly, the Pike 
middens appeared rapidly in a landscape essentially bereft of occupation evidence, though 
also formed over an extremely narrow timeline—as little as 200 years based on the calibrated 
ranges. This ‘event’ coincided with a change in the morphology of the river to something 
more reminiscent of the modern system and accompanied a deglacial hydrological regime of 
more regular and sustained flows more suited to the reproduction of freshwater mussel 
(Walker 1981, 2017; Walker et al. 2001) and a range of additional riverine species, including 
waterbirds (Ballinger and McNally 2006). The question is whether this increased collection 
of shellfish reflects a shift in economic focus, demographic change, or a combination of the 
two. As Morgan (2015:195–196) has argued, there are many potential factors unrelated to 
population levels that can potentially mimic population-mediated change in assemblages. We 
need to first ask what it is we are actually witnessing in the development of largescale 
middens c.15 ka, and whether direct comparison with the preceding or subsequent record is 
necessarily valid. 
 
The 15 ka event is followed by a gradual accumulation of 14C ages leading into and 
continuing through much of the Holocene. Significant gaps also exist in the results, though 
given the sample size, we are reluctant, at this stage, to identify these as hiatuses. It is worth 
noting that a more consistent spread of 14C ages is observed in the broader central Murray 



record during this same period (Figure 5). Major changes in socio-economic systems are 
thought to have accompanied the transition into the Holocene. Along the River Murray 
corridor, Pardoe (1988) has theorised that the use of formal ‘cemeteries’ expanded and 
became widespread by 6 ka, serving as signifiers of ancestral ties to, and control over land, in 
the context of increased population density. Similarly, Williams et al. (2015a, 2015b) have 
proposed that the improved climatic and ecological conditions during the early stage of the 
MHCO had supported regional scale population increases, and that the ‘demographic 
packing’ that ensued had demanded an expanded diet breadth to compensate for increased 
competition for resources. Further sampling and site analyses are planned to more fully 
assess this critical period and determine the representativeness, or otherwise, of these initial 
dating results. 
 
As with the 15 ka ‘event’, the gradual accumulation of 14C evidence throughout the Holocene 
is punctuated by a marked increase in the frequency of ages from 1.3 ka. This timing 
coincides with a gradual and sustained rise in water salinity in the Riverland floodplains (Gell 
et al. 2005:450–451), and it is unlikely, therefore, that the 14C trend is associated with any 
significant improvement in floodplain ecology. It is worth noting that the late Holocene 
midden-derived ages in the Riverland fall within the same timeline as the rapid development 
of oven mounds in the MDB (Jones 2016:16; Jones et al. 2017), and presumably within the 
Riverland floodplains, where a large number of these features have been recorded (Westell 
and Wood 2014). It is tempting to speculate that both the late Holocene trend in midden-
derived 14C results and uptake of oven mound use in this region, may have related to a 
wholesale change in economic strategy and/or capacity, and perhaps a transformative period 
in the social structures supported by the floodplain habitats. It is also worth noting that, in 
this case, the Riverland results do parallel a similar trend identified in time-series analyses 
of 14C ages in the greater MDB which suggest a rapid growth in modelled population over the 
last two millennia (Smith et al. 2008; Williams et al. 2008). 
 

Conclusions 

The research is being conducted in the aftermath of the millennium drought; an event 
considered to be the most severe since record keeping began (Barr et al. 2014). The dramatic 
collapse in floodplain ecology during this event provides a poignant reminder of the potential 
pace and scale of change, and the challenges posed to economic and social systems 
embedded within this seemingly bountiful, though ultimately fragile environment. The 
incised nature of the Murray valley as it enters the Riverland makes it particularly susceptible 
to changes in inflow conditions, as any reduction is invariably associated with a greater influx 
and accumulation of salt sourced out of the saline aquifers of the high plains that confine the 
valley (DEWNR 2012:13; Telfer et al. 2012; Yan et al. 2005). These characteristics provide a 
framework in which we can begin to integrate the archaeological sequence of the Riverland 
into a broader MDB narrative. In essence, the MDB should be seen fundamentally as a 
cascading system in which the sensitivity to inflow conditions is naturally amplified as one 



progresses downstream, more ‘distant from effective water supply’ (Bowler et al. 2012:273). 
The ephemeral evidence across the 30—15 ka period of Aboriginal occupation in the 
Riverland reflects upon this sensitivity—life adapted to a river unrecognisable in the modern 
system, an image far removed from the verdant shoestring oasis we imagine this river to be. 
The abrupt development of large-scale freshwater mussel middens c.15 ka is seemingly 
replicated throughout the central River Murray corridor, illustrating a level of dynamism that 
tends to be overlooked, or at least understated, for the terminal Pleistocene. The 15 ka event 
ushered in a distinctive change in the nature of Aboriginal engagement with the Riverland 
floodplains—a level of relative permanency reflected in the gradual accumulation of 14C 
evidence across the Holocene. From 1.2 ka, however, this engagement underwent another 
marked transformation, defined by a rapid and sustained increase in the 14C evidence. 
Locally, a refocussing of economic strategy had manifest in the rapid uptake of oven mound 
use, a site type that, in some respects, has come to define the Riverland floodplains (Westell 
and Wood 2014). 
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