
http://www.nature.com/doifinder/10.1038/nature20125




0 0  M O N T H  2 0 1 6  |  V O L  0 0 0  |  N A T U R E  |  3

LETTER RESEARCH

Warratyi rock shelter is the oldest Australian arid-zone occupation 
site and one of the earliest on the continent. The presence of people 
in the southern interior of the continent ≥​49–46 ka (Fig. 1) suggests 
that, following their arrival in Australia, people dispersed more rapidly 
across the continent than previously thought. The location of Warratyi 
could imply a more direct north–south route for pioneering human 
settlers rather than an exclusive coastal route. The evidence supports 
the model that Aboriginal people had settled in the Australian arid zone 
well before the extreme arid conditions of the last glacial maximum 
and the associated expansion of major environmental barriers such 
as sandy deserts9.

Human occupation was repeated but ephemeral in nature, indicating 
that Aboriginal people may have used Warratyi both as a refuge at a 
time when the surrounding lowlands and open plains were too arid to 
exploit and as a temporary campsite when environmental conditions 
became more stable regionally10.

The development of worked-bone technology by at least 40–38 ka, 
hafted tools by at least 35 ka and backed artefacts by at least 24 ka shows 
that people living at Warratyi were early innovators of modern techno-
logical adaptations found in late Pleistocene Australia and Southeast 
Asia. This refutes previously held views concerning the timing of 
cultural and technological innovation for late Pleistocene Australia8.

Warratyi also provides stratified archaeological data and a chrono
logy that directly link humans with megafauna in Australia. The late 
Pleistocene is marked by the extinction of large vertebrates from the 
continents22–24. Although at least 22 species, which later went extinct, 
overlapped temporally with humans in Australia and New Guinea22, 
only two sites, Cuddie Springs in eastern Australia and Nombe rock 
shelter in New Guinea (Fig. 1), have been reported to contain cultural 
and megafaunal material within the same stratigraphic layers22,24. 
However, the evidence of direct association between megafauna and 
humans at these sites has been challenged based on site formation, 
climatic, stratigraphic and chronological grounds26–28.

The discovery of megafaunal bone and directly dated eggshell in 
a well-stratified and reliably dated archaeological context at Warratyi 
not only shows that these taxa were contemporary with humans but 
also provides the only direct evidence that people interacted with some 
megafauna in Australia. The location of Warratyi in northern South 
Australia is also important for evaluating the causes of continent-wide 
megafaunal extinction, because it confirms the temporal overlap of 
humans and extinct species 50–40 ka across a much broader geographic 
area of Australia than previously thought. Until now, direct evidence 
for the co-existence of humans and megafauna had been lacking for the 
arid interior, a major region of the continent.

Figure 2 | Main chrono–stratigraphic and archaeological features 
found in Warratyi rock shelter. A graphical depiction of the distribution 
of artefacts and bone against depth below the surface, and the inferred 
stratigraphic units (1–4) in Warratyi rock shelter showing overall site 
chronology and important artifacts found at the site. The depth of dated 

samples and their ages are indicated. The density of artefacts (number 
per kilogram of sediment) is shown in blue and weight (g) of bone in 
red. White squares, emu eggshell ages; black squares, putative Genyornis 
oological material eggshell ages; white and black circles, single-grain OSL 
and TT-OSL ages, respectively. AMS, accelerator mass spectrometry.
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Single-grain OSL deposition age 
± 68% uncertainty range

Stratigraphic unit 1

Stratigraphic unit 2

Stratigraphic unit 3

Stratigraphic unit 4

Single-grain TT-OSL deposition age 
± 68% uncertainty range

Diprotodon bone fragment 
(spit 18, square 4c)

Bone point
(spit 14, square 2c)

Lowest backed artefacts
(spit 5, square 2b)

Lowest white gypsum pigment
(spit 16, square 4c)

Lowest red ochre pigment per use 
(spit 18, square 4c)

Lowest hafted �ake
(spit 15, square 4d)

Artefacts per kg of sediment

Total bone weight per spit (g)

30.3 ± 1.6 ka

37.3–35.4 cal kyr BP

25.0–24.4 cal kyr BP

26.5–26.0 cal kyr BP

40.5 ± 2.2 ka

42.8 ± 
2.4 ka

41.0–38.7 cal kyr BP

39.9–38.5 cal kyr BP

40.6–38.5 cal kyr BP

48.2 mean cal kyr BP*
47.3 mean cal kyr BP*

26.4 ± 1.4 ka

43.8 ± 
3.4 ka

10.3 ± 0.6 ka

11.6 ± 0.8 ka

10.5 ± 1.6 ka

30.6–29.6 cal kyr BP

33.9–32.7 cal kyr BP

25.6–25.2 cal kyr BP

49.2–46.3 cal kyr BP

Radiocarbon dating sample from hearth feature, 
95.4% calibrated age range  

Emu Eggshell AMS radiocarbon age, 
95.4% calibrated age range  

Putative Genyornis eggshell AMS radiocarbon age.

* The 95.4% calibrated upper age range of these samples 
could not be calculated as they lie beyond the internationally 
rati�ed SHCal13 calibration scale. The mean calibrated age 
value is shown for indicative purposes.
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Extended Data Figure 2 | Excavation profiles and section drawings 
of Warratyi rock shelter square 2C. a, Profile of the west face of square 
2C from the surface to the weathered bedrock on the floor of the shelter. 
Several charcoal concentrations and small lenticular features of ash and 
charcoal were interpreted as hearths. Roof fall flakes occur throughout 
and the only evidence of burrowing is the small, darker grey area on the 
left edge, which was traced across the excavation and identified as a rabbit 

burrow. This material was excavated separately to limit contamination  
of the main deposit. The numbers shown here denote the features shown 
in the profile drawing in b. The scale bar is marked with 20 cm units.  
b, Stratigraphic profile drawing of square 2C showing general stratigraphic 
features with feature descriptions and stratigraphic unit descriptions.  
c, Legend for stratigraphic profile drawing of square 2C. The scale bar is 
marked with 20 cm units.
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Extended Data Figure 9 | Analysis of putative Genyornis oological 
eggshell material. A, Scanning electron micrographs of sample 1 from 
square 4C, quadrat B, spit 18. Aa, view of a fresh broken edge showing a 
smooth eroded-out surface (upper), a section through a pore canal; Ab, 
detail of the pore canal opening showing the material filling pore; Ac, 
detail of the inner layer 1 and smooth inner surface of the shell showing 
that it is slightly eroded, so that the tips of the mammillary cones of layer 
1 are lost; Ad, outer surface of the shell showing an elongated pair of 
pore canal openings occluded by material; Ae, outer surface of the shell 
showing the rounded eroded edge of the fragment; Af, outer surface of 
the shell and another opening to a pore canal showing its elongated nature 

and occlusion by material. B, Scanning electron micrograph views of 
an eggshell of Anseranas semipalmata (sample from the South Australia 
Museum B.14591) showing the cross-section on the left and a detail of 
the accessory layer on the right. Note that the accessory layer comprises 
an amorphous mass of similar sized spheres, a structure that typifies the 
accessory layer of many galloanseres, including that of putative Genyornis 
material. C, Element-profile plot across the pore aperture shown in Ab. 
The sides of the pore are at approximately 40 and 90 μ​m on the x axis and 
on either side the profile reflects the dominant CaCO3 nature of eggshell. 
Within the pore, elevated levels of iron (Fe), silica (Si) and aluminium (Al) 
are present.




	Cultural innovation and megafauna interaction in the early settlement of arid Australia

	Authors
	Abstract
	References
	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿ Site distribution map showing archaeological and megafaunal sites.
	﻿Figure 2﻿﻿ Main chrono–stratigraphic and archaeological features found in Warratyi rock shelter.
	﻿Figure 3﻿﻿ Earliest bone point.
	﻿Extended Data Figure 1﻿﻿ Warratyi rock shelter, site location, site plan and excavation strategy.
	﻿Extended Data Figure 2﻿﻿ Excavation profiles and section drawings of Warratyi rock shelter square 2C.
	﻿Extended Data Figure 3﻿﻿ Excavation profiles and section drawings of Warratyi rock shelter squares 4C and 4D.
	﻿Extended Data Figure 4﻿﻿ Graphical representation of the size of stone artefacts and distribution of raw materials in Warratyi rock shelter.
	﻿Extended Data Figure 5﻿﻿ A sample of the stone artefacts found in Warratyi rock shelter.
	﻿Extended Data Figure 6﻿﻿ Single-grain OSL dose-recovery and single-grain OSL and TT-OSL De distribution results for Warratyi rock shelter A, Single-grain OSL and TT-OSL dose-recovery test results.
	﻿Extended Data Figure 7﻿﻿ Bayesian modelling results for Warratyi rock shelter.
	﻿Extended Data Figure 8﻿﻿ Distribution of resin and red ochre material on stone artefacts and gypsum analysis.
	﻿Extended Data Figure 9﻿﻿ Analysis of putative Genyornis oological eggshell material.
	﻿Extended Data Figure 10﻿﻿ Megafaunal bone evidence of D.




