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Abstract 

Cape York Peninsula in the far north east of Australia is the closest mainland point to Papua 

New Guinea and could well prove to be the site of initial colonisation of the continent >60,000 

years ago. This tropical landscape of endemic flora and fauna has been isolated from 

Australia’s urban and industrial activity for the past 200 years, remaining remote and to a 

large degree unpopulated. The lack of recent development has resulted in very few 

archaeological investigations in the region, leaving gaps in our understanding of Cape York 

prehistory. This thesis provides new narratives on prehistory in the region through 

bioarchaeological and biogeochemical studies of Aboriginal human remains. These 

investigations have been framed and directed by Indigenous communities throughout Cape 

York and represent a form of community bioarchaeology. 

Biogeochemistry has been used globally in archaeology for over 40 years, however in Australia 

these techniques remain underutilised. Being a destructive, complicated and expensive set of 

analyses, with the added complexity of piecing together a meaningful narrative from small 

datasets, has resulted in few Australian archaeological isotope studies. The research 

presented here is one of the most extensive archaeological isotope projects conducted in the 

region to-date. In partnership with Aboriginal communities from Cape York we examined 

prehistoric/historic burials and mortuary cave internments from savannah and continental 

island settings. Landscape strontium isotope ratio (87Sr/86Sr) baseline data were also gathered 

for comparison with human results to investigate mobility and community structure. 

This thesis is presented as five scientific studies that have been prepared as chapters in a 

publication format for submission to international peer reviewed journals. I have conducted 

the fieldwork, historical research, scientific analyses and writing of all of these documents 

with editing, field/technical assistance and funding attributed to my supervisory team and co-

authors. 

Preliminary chapters detail the excavation and analyses of human remains from the Flinders 

Islands and Gulf Plains of Cape York, discussing them within archaeological and historical 

contexts. The following study measures 87Sr/86Sr in surface soils, vegetation, waterways and 
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mammalian fauna to test the reliability of predicting human provenance in Cape York, taking 

geological, seasonal and weathering processes into account. Regional portions of this baseline 

data are then analysed in detail in two case studies comparing human tooth enamel and 

dentine 87Sr/86Sr, carbon (δ13C) and oxygen (δ18O) isotope signatures to interpret prehistoric 

and colonial period mobility and provenance.  

This thesis forms part of an overarching ARC project: (ARC Linkage: LP140100387) to test 

scientific techniques for provenancing Aboriginal ancestral remains. The studies presented 

here demonstrates the research value of isotope geochemistry in Australian bioarchaeology 

and provides a foundation for future repatriation of unprovenanced Aboriginal remains. 
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1. Introduction

Bioarchaeology plays a critical role in reconstructing our past. The sub-discipline provides a 

direct record of past human lives and holds great potential for answering long pondered 

questions on prehistoric population dynamics, mobility, diet and disease. Littleton (2014) has 

commented that Australian bioarchaeology lags behind other nations that have undertaken 

modern advancements. She states that of primary importance to the advancement of 

bioarchaeology in Australia is a more systematic and informative set of analyses using 

scientific methods.  

Isotope sciences have proven to be a ‘game changer’ globally in bioarchaeology. Not only can 

the use of isotopic tracers enhance our understanding of prehistoric lifeways, but they allow 

us to revisit more modern periods and reassess our view of history. Here in Australia, the scars 

of colonialism run deep and two centuries of burial theft has resulted in a common distrust 

of those hoping to research Aboriginal human remains. However, as the Uluru Statement from 

the Heart 2017 states, a period of truth-telling of Australia’s colonial past is what is needed 

to formally recognise our shared history and heal as a nation. In many ways bioarchaeology 

and isotope sciences can heed the call of truth-telling. It allows a reanalysis of pre and post-

contact life in Australia, and when conducted in collaboration with Indigenous communities, 

can be undertaken ethically and with a focus on reconciliation and repatriation. 

With this in mind this project has two aims: 

1. To increase our understanding of prehistoric Aboriginal mobility, the complexity of

mortuary systems and issues around Aboriginal displacement post contact in Cape

York QLD, through partnership with Indigenous communities;

2. Gather and map baseline isotopic data for future studies that may attempt to

repatriate unprovenanced remains from Cape York.

I hope to achieve this by analysing prehistoric and colonial era Aboriginal human remains, 

under the direction and guidance of Indigenous communities, to provide new 

bioarchaeological and anthropological data for the region that may shed light on the lifeways 
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of Aboriginal people. I will also, sample and map the geographic distribution of strontium 

isotope ratios (86Sr/87Sr) throughout Cape York, QLD to understand its transport from the 

geological to the biological spheres, and test the applicability of these techniques for 

Australian provenance studies. And finally, to analyse 86Sr/87Sr, δ18O, δ13C and δ15N isotope 

data from Aboriginal interments and compare with landscape isotope data to better 

understand Cape York population dynamics, subsistence and mortuary rituals. 

This thesis is divided into nine chapters. Following this introductory chapter, Chapter Two 

discusses the geology, archaeology and ethnography of Cape York, QLD. It also details isotope 

geochemistry and the application of isotope ratios in global archaeological studies. Recent 

isotope archaeological studies in Australia and the region are also discussed with applications 

for isotope mapping studies that integrate Geographic Information Systems. 

Chapters Three and Four present two bioarchaeology studies, of which one has been 

published in Archaeologies (Adams et al. 2018). These chapters detail the bioarchaeology and 

physical anthropology of the remains, setting the scene for preceding chapters that analyse 

the isotopic composition of these individuals. I completed the fieldwork, analyses and writing 

of both of these documents with field assistance and editing from my supervisory team and 

co-authors. 

Chapter Five is a co-authored publication analysing Cape York 87Sr/86Sr distribution that was 

published in the journal Geoarchaeology (Adams et al. 2019). This study involved the analyses 

of baseline soil, plant, water and faunal 87Sr/86Sr data from Cape York to understand variability 

and the transfer between sample types. The study tests the reliability of the dataset and 

presents it as a series of isoscapes to visualise isotope distribution and predict 87Sr/86Sr at 

unsampled locations. Being the first author I have collected, prepared and analysed all the 

samples and data, completed all GIS applications and wrote the paper. My supervisory team 

and co-authors assisted with fieldwork, analytical techniques and editing.  

Chapters Six and Seven are two case studies utilising the baseline data from Chapter Five and 

isotopic data from the human remains detailed in chapters three and four. Human enamel 

carbonate δ13C and δ18O results are combined with 87Sr/86Sr enamel and dentine values to 
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understand prehistoric and colonial period population dynamics and mobility. I have analysed 

all the data, mapped all the results and written these chapters with my supervisory team.  

Chapter Eight discusses the applicability of the results from preceding chapters for the 

purposes of repatriating unprovenanced human remains from north-east Australia. A short 

discussion on future studies can also be found in Chapter Nine. 

Through rigorous community consultation, excavation, geochronology, osteology and 

geochemical assessment of the landscape and human remains, this study offers new data on 

pre and post-contact Aboriginal population dynamics in Cape York, Australia. 

Limitations of this study 

Australian bioarchaeology has long been tainted by the stigma of burial theft and the 

discipline is still viewed by many Aboriginal people as macabre, and one aligned with early 

colonialist agendas. In order to gain the trust and acceptance of the Indigenous community 

of Cape York I have endeavored to include them in the planning, fieldwork and framing of the 

results. In order to disseminate the findings, I have also placed a heavy emphasis on plain 

language scientific communication to make the science more accessible. This was achieved 

through the presentation of research results at community meetings, plain language 

community reports, bi-annual reporting at the Cape York Aboriginal Advisory Committee and 

the delivery of articles in the Conversation, and collaboration with the communities on all 

publications. While I have sought to uphold scientific rigor, in order to deliver work that was 

important to, and could be interpreted by the community, the first two bioarchaeological 

studies have a heavy emphasis on ‘community bioarchaeology’ and are presented in a plain-

language format. 

Cape York is notorious for its remoteness and unpredictable climate and landscape making 

vehicle access difficult. Samping soil, plant, water, faunal and human samples, over an area 

of almost 300,000 km2, a valid isotopic representation of every lithology was difficult to attain. 

Similarly, in some areas community engagement was delayed and intended sample sites could 

not be reached. This has resulted in low sample density throughout some regions of the study 
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area. In many cases these areas exhibited a lack of lithological diversity (ie. western 

Quaternary alluvial deposits). This lack of geological diversity means 87Sr/86Sr values should 

be relatively similar and it should not heavily impact overall results and interpretations. 

Remote off-shore fieldwork, under strict time constraints and under the guidance of the 

Aboriginal community and rangers, can make robust analytical field investigations difficult. In 

many instances is was not appropriate to unwrap bark coffins or remove the remains for 

inspection. The reporting of burial locations has also been withheld and so has images of 

many of the remains. Hence the level of information that has been presented is what the 

communities feel is appropriate and fulfills the aims of this project. 

There has only been one study examining tooth enamel δ13C and δ18O in northern Australia 

(Theden-Ringl et al. 2011). Similarly, there is a lack of local faunal comparative δ13C, δ15N and 

δ18O baseline data from within the study areas. As such, the results presented here have been 

interpreted against regional and global studies that contrast in ecology, climate and geology. 

Comparing isotope studies across regions and different laboratory techniques can confound 

interpretations. Considering this, and the equifinality surrounding isotope sciences means 

that the research presented here remains open to further testing and reinterpretation.  
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2. Background

Cape York is situated in the north-east of Australia within the state of Queensland (QLD) 

(Figure 1). It is a tropical landscape with large tracts of relatively undisturbed scrub, grasslands 

and rainforest. Bounded on the west by the Gulf of Carpentaria and on the east by the Great 

Barrier Reef and Coral Sea. The climate is strongly influenced by the Australian monsoon 

where maximum rainfall is restricted to the summer months of November to April (Woinarsky 

et al. 2007). The Great Dividing Range runs along the eastern seaboard (Figure 2) of Cape York 

creating orographic rains in the eastern and upland districts through winter that support 

perennial streams and the wet tropical vegetation (Luly et al. 2006). The climate of the 

lowlands of western Cape York is strongly seasonal with vast tracts of grassland plains that 

are frequently inundated during the monsoon. Humidity is high all year round in Cape York 

and tropical cyclones are frequent (Luly et al. 2006).  

Figure 1: Cape York north QLD, roads and rivers. 
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Figure 2: Cape York north QLD, topography taken from Geosciences Australia (2012) 
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2.1 Cape York Geology 

Bedrock geology, geomorphology and weathering processes are the driving factors of 

strontium isotope distribution. These processes determine where and how isotopes make 

their way into the hydrological and biological spheres. Therefore, to reliably interpret 

landscape 87Sr/86Sr variability the geology should be understood.  

Cape York was originally landlocked within the supercontinent Rhodinia where volcanic 

magma cooled into large granite bodies and basalts (Willmott 2009). The geology and 

subsequently biology of Cape York exhibit an east/west divide. Millions of years ago the west 

sank into vast basins and river plains while the east domed up before much of it broke off and 

sank below the Coral Sea (Willmott 2009). Vast alluvial fans and weathered profiles of bauxite 

and laterite dominate low lying plains and river corridors throughout much of the western 

regions (Bain and Haipola 1997). Upland sediments are transported along rivers like the 

Mitchell and Norman that terminate at the shores of the Gulf of Carpentaria. Eastern Cape 

York contrasts with large granite bodies and rich volcanic soils throughout places like the 

Atherton Tablelands (Bain and Haipola 1997). Metamorphic and igneous processes have 

further formed the Cape York landscape creating geological folds and faults that run through 

the Coen and Yambo Inliers all the way to Papua New Guinea (Bain and Haipola 1997). This 

highly variable geology makes Cape York an ideal place to assess landscape isotopic variability 

and test the applicability of these techniques for biological provenancing. A synthesis can be 

viewed in Table 1.
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Figure 3: Cape York bedrock geology (Bain and Haipola 1997). 
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1650 Million Years Ago (MYA) (Precambrian) 

Before Pangea and Gondwana existed sections of western and northern Australia are formed from basalt lavas in Precambrian shallow 

seas of Rhodinia. Heat and pressure form metamorphic phyllites, schists and gneisses. These sections now outcrop at Yambo and Coen. 

~600 – 460 MYA (late Precambrian, early Ordovician) 

New crust of sediments and volcanics form the eastern side of Pangea. These crusts metamorphose and today are only encountered at 

the Iron and Sefton Range. 

~460 – 360 MYA (Ordovician, Silurian and Devonian) 

A basin develops off the edge of the continent and fills with sediment eroding from old continental limestone and basalts from lava 

flows. ~360 MY old sediments from this basin are compressed and raise up to form steeply inclined outcrops along coast in the 

Hodgkinson Province. 

In the middle of the peninsula (410 – 400 MYA) the Cape York Peninsula Batholith forms when bodies of molten magma rise upwards 

into metamorphosed granites which are now exposed and weather to white sandy soils. 

In the Devonian the sediments from the east harden and rise above sea level. Early limestones form bluffs while compression pushes the 

old core eastwards along the Palmerville Fault. 

~360 - 340 MYA (Devonian, early Carboniferous) 

After compression sediments deposit in the Pascoe River Basin forming the sedimentary rocks found along the Pascoe River. 

~330 – 250 MYA (mid Carboniferous, late Permian) 

Heating and melting of crust due to stretching and thinning creates magma bodies that solidify into granite rocks below the surface. 

These cause some of the largest volcanic explosions seen on the continent forming belts like the Kennedy Province around Townsville 

and Cooktown and running from Coen to Papua. 

~290 – 235 MYA (Permian, Triassic) 

Tension from this stretching and heating cause the Lakefield and Olive River Basins to form. Here sediments accumulate but are later 

buried by younger sediments. 

~160 – 95 MYA (mid Jurassic, early Cretaceous) 

Stability arrives and large tracts of land west of the east coast sink forming the Laura and Carpentaria Basins. Sediments from higher 

country to the east erode into these basins. Shallow seas wash over areas where the Dalrymple, Garraway, Albany Pass, Gilbert Formation 

and Helby sandstone beds are formed. Seas deepen creating silt and mud that form the Rolling Downs Group. 95 MYA seas retreat 

exposing sediments. 

~100 MYA (Cretaceous) 

Eastern edge of the continent ‘Domes Up’ stretching and pulling apart creating modern QLD coastline, QLD trough and the Great 

Escarpment. Today the Peninsula is only the western extent of the original landform. 

~50 MYA (Paleogene) 

Sediments erode west from the high country to the east forming the Bulimba Formation as sands and gravel which becomes the Karumba 

Basin. Seas then rise in the gulf creating the sandy Wyaaba Beds and depositing sediments in the Kalpowar Basin. 

6 -1 MYA (Neogene, Quaternary) 

Small volcanoes and lava flows erupt north of Cooktown and on several of the Torres Strait Islands. This is related to the more extensive 

basalt eruptions on the Atherton Tableland. 

~1 MYA to Present (Quaternary) 

Sea level changes blow white quartz sand up from exposed continental shelf on the east coast. Aeolian and hydrological processes create 

beach (Chenier) ridges along the west coast and Princess Charlotte Bay. Beach ridges across Torres Strait cut the Gulf of Carpentaria off 

from the sea creating Lake Carpentaria.  

Table 1: The Geological Story of Cape York Peninsula, Report for the Department of 

Environment and Resource Management, Willmott, 2009. 
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2.2 Cape York Archaeology 

The following is a synthesis of Cape York archaeology and ethnography that is constructed 

around the two study areas: the Flinders Islands, Princess Charlotte Bay, and the Gulf Plains 

of western Cape York.  

Cape York is home to a diverse network of Indigenous groups that adhere to a largely totemic 

religion (Sutton 2011:1). Kin groups associate with their home country the identity of totem 

plants, animals and other phenomena that structure interaction with the wider environment. 

Stories are used to bind people, geography and nature. A group’s totems are their story and 

places of significance are ‘story places’ (Sutton 2011:1). Cultural landscapes tell the stories of 

ancestral forces and map the physical world. When the world began story places were visited 

by ancestral beings that lived as people and formed the landscape. Their actions and words 

lived on as stories and dances, providing a direct link to the ancestral past. These ceremonies 

were regionally based and differed amongst the people of Cape York. 

The archaeological story of Cape York is integral to wider research on the initial human 

occupation of Australia. It is one of the closest mainland points to Asia and represents a viable 

path for initial colonisation. It is commonly accepted that Australia was colonised between 47 

– 68,000 years ago (ka BP) (Roberts et al. 1990, Roberts et al. 1998, O’Connell and Allen 2004,

Rasmussen et al. 2011, Turney et al. 2001, Veth et al. 2014, Clarkson et al. 2015, Hamm et al. 

2016, Clarkson et al. 2017, McDonald et al. 2017, Veth 2017, Veth et al. 2017). Although water 

now flows between Cape York and Papua New Guinea sea level was up to 120 m lower than 

present during glacial periods, allowing non-volant species to traverse the Torres Land-bridge 

(Willmott 2009, Wright 2011). During these glacial periods the Fly and Strickland Rivers 

flowed from PNG across the Torres Land-bridge and into a lake the size of Tasmania, named 

Lake Carpentaria (Figure 4Figure 4: Lake Carpentaria. Taken from Torgersen 1985.) (Torgersen 

1985). Westward flowing rivers that now flow into the Gulf of Carpentaria flowed into Lake 

Carpentaria. Lake Carpentaria held freshwater from ~36 – 26 ka BP when it became brackish 

up until 10 ka BP. The area was in all likelihood a biodiversity hotspot throughout these 

periods and White (2000) suggested that the Artesian Basin would have resulted in mound 

springs around the lake margins. This inviting environment may have been a refuge to people 
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through the Last Glacial Maximum, acting as a conduit for movement from PNG to mainland 

Australia (Hiscock 2007:24). 

Palynological data from Cape York has also stimulated debate over the effect human 

occupation had on the Australian environment. In 1983 pollen data from Lynch’s crater on 

the Atherton Tablelands displayed a distinct rise in burning events ~38 ka BP (Kershaw 1983). 

This increase in fire did not align with major climatic boundaries and signalled an abrupt shift 

in vegetation from rainforest species to sclerophyll vegetation (Kershaw 1983).  These dates 

were subsequently revised to 45 ka BP and was used to interpret impacts on the Australian 

ecology from the disappearance of megafauna and the arrival of people in the terminal 

Pleistocene (Turney et al. 2001). 

Pleistocene occupation of Cape York is recorded in rockshelters containing stratified 

occupation and rock art. The oldest of these sites, Ngarrabullgan Cave, contains human 

occupation dated to 37,710 BP (David 1993, et al. 1997). Other early sites in Cape York include 

the 32 ka BP dated site, Sandy Creek Shelter 1 near Laura, where a pecked fragment of 

sandstone was found below a date of 12 ka BP (Morwood and Trezise 1989, David et al. 1999) 

At Fern Cave near Chillagoe, Bruno David uncovered occupation at 26 ka BP accompanying 

petroglyphs (David 1991). While within close proximity petroglyphs and occupation were 

found at 18 ka BP in Walkunder Arch Cave (Campbell and Mardaga-Campbell 1993).  

Cape York rock art has also been used to interpret prehistoric demography and occupation. 

The rock art styles of Cape York are divided into two distinct groups corresponding to trade 

networks observed ethnographically (David 1991). These territorial structures are reported 

to have been in place for over 2,000 years (David and Lourandos 1998). The Quinkan rock art 

galleries in the centre of Cape York, near Laura, represent one of these distinctive styles. 

Petroglyphs are recognised as one of the earliest art types used throughout Australia and 

accompany some of the earliest occupation, however, production of this style seems to cease 

before 13 ka BP (Rosenfeld et al. 1981, David and Lourandos 1998). It has been suggested by 

Rosenfeld et al. (1981) that Cape York’s rock art changed from non-figurative to figurative 

around 5,000 years ago.  



29 

Cape York is also home to some 

of the earliest known examples 

of common stone tool 

morphology. Sandy Creek 1 is 

one of the oldest sites 

containing edge ground axe 

technology in Australia at 32 ka 

BP (Morwood and Trezise 

1989). We also see some of the 

earliest examples of backed 

artefacts at Walkunder Arch 

Rockshelter in south-east Cape 

York ~15.5 ka BP (Hiscock 

2007:156). These ground stone 

tools and backed artefacts are 

not found in southern Australia 

until the Holocene and some 

have suggested that there were regionally distinct toolkits in Cape York in the Pleistocene 

(Hiscock 2007:110). 

Situated in the tropical north of Australia, Cape York experiences seasonally destructive 

monsoonal rain and cyclones that can obscure archaeology, skewing our interpretation of site 

prevalence (Bird 1992). These processes are most destructive along the coast and in open-

site contexts. However, an abundant open-site type that remains visible in the landscape and 

has been researched in-depth for decades are shell and earth midden mounds (Cribb 1986, 

Stone 1989, Morrison 2003, Brockwell 2006, Faunlkner 2006, Morrison 2013, Ó Foghlú et al. 

2016, Brockwell et al. 2017, Holdaway et al. 2017 Fanning et al. 2018).  

Shell midden mounds are common throughout all the coastal regions of Cape York however 

it is on the western Cape York low alluvial plains where they are most prolific (Figure 5). Shell 

mounds here have been shown to comprise up to 90% of one bivalve species, the Anadara 

granosa (Hiscock 2007:176). These bivalves present an interesting case study as they are 

presently rare in northern Australia, although they were found in vast quantities during the 

Figure 4: Lake Carpentaria. Taken from Torgersen 1985. 
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late Holocene (Faulkner 2006). These mounds are now securely identified as evidence of 

human discard, however, they were previously suggested to be the result of scrub fowl 

nesting (Stone 1989). Because mound building was most prolific when sea level was higher, 

mounds are also found inland from the modern coastline (Hiscock 2007:176). For this reason 

environmental change has been implicated in the decline of A. granosa in the Holocene 

(Hiscock and Faulkner 2006). However, other studies suggest that humans played a role in 

their demise. Faulkner (2006) found that exploitation of A. granosa was so intense that 

mounds recorded a reduction in shell size between 2,500 and 1,200 years ago (Faulkner 

2006). More recent dating of shell mounds near Weipa in western Cape York pushed the 

chronology of mound building back to 3,500 – 4000 cal BP, while a period of intense mound 

building took place 1,800 to 2,300 years cal BP, at varying rates of accumulation (Holdaway 

et al. 2017). Fanning et al. (2018) found similar antiquity of formation with construction back 

to ~4,000 years cal BP.  

Figure 5: Shell mound at Imbuorr, Weipa region, Cape York. Taken from McNiven 2015. 

Because A. granosa represents the most abundant material in shell mounds, it has often been 

established that they represent a sole economic resource that was harvested seasonally in 

great numbers. However, Larsen et al. (2015) and Fanning et al. (2018) found that the 

prevalence of A. granosa in the deposit was also due to post-deposition diagenetic alteration 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEorya1KnZAhUKNpQKHQLACwgQjRwIBw&url=https://www.cambridge.org/core/books/cambridge-world-history/australasia-and-the-pacific/E4B0F7C0B22CB77D380B9594FD2E99E8/core-reader&psig=AOvVaw2pj0iTE0ErBbWCjjuJXF1C&ust=1518843647582614
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that resulted in the absence of other economic resources. Morrison (2013) presented a 

unique view of shell mound proliferation, suggesting that mounds represented interspersed, 

irregular and large gatherings of individuals rather than seasonal occupation. He also posited 

that shell mound proliferation did not reflect seasonal resource use, but instead relied heavily 

on inter-annual nuanced understandings of resource fluctuations where a suite of marine 

foods were harvested by large communicating groups (Morrison 2013). 

Earth mounds are another common site type found within the Gulf of Carpentaria. These 

mounds consist predominantly of soil and sand (Brockwell 2006). Cribb (1986:150-151) 

conducted research on earth mounds near Aurukun and found that they were generally 

located at the junction of fresh water wetlands and open woodland. The vicinity commonly 

contained vegetable and fruit species and Cribb suggested that earth mounds might be built 

to facilitate domiculture (Cribb 1996). Dates show that earth mound use proliferated in the 

late Holocene suggesting mound building increased due to environmental change ~2,000 

years ago. This increase in earth mounds coincides with the decrease in A. granosa mounds 

(Brockwell 2006).  

In 2017, Brockwell et al. followed on with this work, finding that earth mound creation was 

concentrated at 2,200 and 500 years before present. They postulated that the proliferation 

of earth mounds at these times reflected climatic and consequential environmental changes 

in the landscape. Mounds aligned with paleoenvironmental records showing the 

establishment of permanent water and swamps in the area 2,200 years ago and the wettest 

period being post 500 years BP (Stevenson et al. 2015). In the Northern Territory earth 

mounds proliferate post 2000 years BP and 500 years as well (Brockwell 2009).  

Mound research on the western coast of Cape York and other regions of northern Australia, 

has also informed our understanding of demographic and broad-scale change in the late 

Holocene (Barham et al. 2004, McNiven 2006, Rosendahl 2014, Brockwell et al. 2017). This 

work suggests a realignment of regional demography, rituals and foraging patterns 800 – 600 

years ago in response to climatic change that should be represented in the archaeology. 
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Cape York Prehistoric Bioarchaeology/Palaeopathology/Demography 

Very little bioarchaeology has been carried out in north east Australia. Being frequently 

impacted by tropical cyclones and monsoonal rain, the preservation of human remains is rare. 

One of the few anthropological studies in the region, was conducted by Webb (1995) who 

sought to measure health and inter-personal violence in northern Australian prior to 

European colonisation. Webb utilised skeletal remains from tropical Australia that were held 

in Australian museums, carrying out general assessment of pre-contact health based on 

morphological and pathological traits. Due to the lack of dating and/or contextual detail 

associated with the remains, the data were combined for Northern Territory and Cape York 

Peninsula.  Webb (1995) recorded that 50% of males and 20% of females had signs of Dental 

Enamel Hypoplasia indicating nutritional stress. He found that there was no evidence for 

Treponemal Disease in northern Australia at the time of European colonisation, although this 

had been suggested by Taylor (1977) and Anderson (2009). Webb (2009) also later researched 

trauma in the tropical Australia skeletal series held in these museums. He noted a high rate 

of cranial trauma in females at 24% and a low rate of only ~6% in males. 

For many years archaeologists have speculated whether the expansion of Austronesian 

speaking people into Papua, dated to around 3,300 BP (Summerhayes 2010), also included 

Cape York. Being within close proximity to Cape York raises the possibility of Austronesian 

contact with north-east Australia and even migration down the east coast (McNiven et al 

2011). This contact was proposed by Barham (2000) and Barker (2004) for the presence of 

material culture like complex fishhooks, outrigger canoes and ceremonial increase sites (Hale 

and Tindale 1933-34, Haddon and Hornell 1975, Beaton 1985). While the direction of flow has 

been questioned (McConnel 1936), trade between the Torres Strait and Papua New Guinea 

has long been documented (Lawrence 1994). The discovery of pottery and Torres Strait style 

stone arrangements Lizard Island, in the Great Barrier Reef has led to further debate on the 

subject (Lentfer et al 2013, Fitzpatrick et al. 2018). 

Biological anthropologists have also suggested there is a clinal distribution in cranial traits 

from Papua New Guinea through Queensland (Hrdlička 1928). Hrdlička believed there was 

evidence of Papuan gene flow into Cape York. Macintosh and Larnach (1973) also 

demonstrated that traits in Cape York crania show a resemblance with New Guinea when 
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compared with that from southern Australia. More recent DNA evidence for gene flow from 

Papua into Cape York, focussed on Pama-Nyungan language speakers, and demonstrated that 

unidirectional gene flow from Papua was geographically restricted to north east Australian 

populations (Malaspinas et al. 2016). This new evidence for gene flow is significant when 

combined with evidence for Melanesian cultural influences down the east coast of Australia 

(McNiven et al. 2011). Genomic evidence also suggests a significant demographic shift in 

north east Australia as early as 10,000BP (Malispinas et al. 2016). This was also postulated by 

John Beaton in 1985 who proposed a date of 2,500 BP, based on his work in Princess Charlotte 

Bay. 

2.3 Research Sites Background 

Case studies were carried out in the Flinders Islands, Princess Charlotte Bay and Normanton 

on the inland Gulf Plains of Cape York (Figure 6). The two regions contrast in their landscape, 

geology, biology and archaeology providing diverse platforms to test geochemical techniques 

for understanding human mobility. 

The Flinders islands lie adjacent to Bathurst Bay and Cape Melville within the Great Barrier 

Reef Marine Park (Figure 6b). The islands have been inhabited for at least the past 2,500 years 

and over this time have been visited by diverse Aboriginal groups from the wider Cape York 

and perhaps even Melanesian visitors that arrived with outrigger canoe technology (Beaton 

1985, McNiven 2011, McNiven and Ulm 2015) The geology of the islands is Jurassic to 

Cretaceous sandstone creating large galleries that are adorned with ochre motifs. Normanton 

lies within the Gulf Plains region at the south-west margins of Cape York (Figure 6c). The 

landscape consists of grasslands that are intersected by river corridors flowing from the 

eastern highlands into the Gulf of Carpentaria (Bain and Haipola 1997). Normanton is situated 

on the Norman River and is frequently inundated by floodwaters. It is positioned within the 

Normanton Formation lateritic colluvium and labile sandstones that are surrounded by 

Quaternary alluvial sands and gravels. The town became the site of a fringe camp in the early 

colonial period that was home to diverse Aboriginal groups, isolated from country and culture 

by increasing European colonial occupation.  
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Figure 6a: Map of Cape York, north QLD, Australia, b: Princess Charlotte Bay and Flinders 

Island Group, c: Normanton and the Gulf of Carpentaria. 

Flinders Island Group and Princess Charlotte Bay Archaeology 

In the 1970’s debate focused on how the initial colonists of Australia coped with an alien 

environment and spread throughout the continent (Bowdler 1977). A popular theory 

suggested that colonists utilised a coastal economy. Following the coast and being adept in 

harvesting the marine environment meant that people could reach southern Australia 

without having to venture into unknown inland environments. Due to present sea level it is 

not possible to test sites along the submerged Pleistocene coast, so archaeologists focused 

on the earliest signs of coastal economies when seas reached their present level (6-7 ka BP) 

(Beaton 1985, Neal and Stock 1986, Morse 1988, Barker 1991).  

John Beaton was one of these archaeologists and focused his attention on Princess Charlotte 

Bay and the Flinders Islands (Beaton 1985). Here he found the oldest occupation at Walaemini 
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Shelter near Cape Melville to be 5,480 years BP. He also excavated Yindayin (Endaen) 

Rockshelter on Stanley Island in the Flinders Group where he dated occupation to 2,350 years. 

He found no occupation in Princess Charlotte Bay when sea level reached its present level 

(Beaton 1985). He reasoned that if groups were living on the coast at this time they would 

have been displaced by the rising sea levels and had to move inland to Princess Charlotte Bay. 

As he found no sign of shell middens or occupation older than 5,500 years old he concluded 

that people were not using marine economies in Princess Charlotte Bay in the mid Holocene, 

and therefore, the first Australians may not have utilised a marine economy (Beaton 1985).  

High abundances of sites in the last few thousand years led to the theory of ‘intensification’ 

in the late Holocene. The theory of intensification usually involves increased sedentism and 

population accompanying technological change. Intensification was championed by David 

and Lourandos (1999) in Princess Charlotte Bay where site abundance was recorded 

increasing through the late Holocene. Other scholars have been quick to dismiss findings of 

increased site intensities in Princess Charlotte Bay. They believe that the lack of older sites is 

merely a product of a seasonally destructive and cyclone prone environments, skewing what 

is represented in the archaeological record (Bird 1992). 

Very few stone artefacts have been recovered from archaeological investigations in Princess 

Charlotte Bay. Beaton recorded three ground stone axes from the surface of mainland sites 

but no flaked stone. This is odd considering that flaked stone is the most common 

archaeological material found throughout Australia. Hale and Tindale also recorded an 

absence of flaked stone when he undertook ethnographic work on the islands. He states that, 

“no evidence for the use of stone tools remain,” (Hale and Tindale 1933-34:66). He does 

however refer to quartzite choppers being used in Princess Charlotte Bay along with polished 

axes to fell trees near the Stewart River for canoes. Hale and Tindale (1933-34:131) also state 

that the region is devoid of suitable fine grained stone for flaking. Early documentation of 

contact with the islands recounts the local people of the Flinders Islands utilising iron from 

shipwrecks as tools (King 1827:231). Tindale also commented that iron from shipwrecks had 

been used for at least a century before his arrival in the 1920’s.  
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Flinders Island Group and Princess Charlotte Bay Ethnography 

The Traditional Owners of Princess Charlotte Bay and the Flinders Islands utilised a marine 

economy. They lived on fish, turtle, dugong, yam, pandanus nut and many other foods that 

these productive coastlines provide. Thomson (1933:457) describes them as: a distinct type 

of Australian who were great seafarers and navigators, taking advantage of the Great Barrier 

Reef biota and living on turtle, dugong and fish. The lives of the people of Princess Charlotte 

Bay were recorded by several anthropologists in the late 19th and early 20th Centuries. These 

anthropologists recorded clan names that differ across the texts. This is because groups had 

different names for their neighbours and themselves depending on their relationship 

between communities, moieties and language groups.  For an in-depth analysis of language 

and group names refer to Sutton (1976). Sources agree that people living in and around 

Princess Charlotte Bay were known as the ‘Lamalama’ in some way or another, referring to 

‘sand-beach people’. The Flinders Islands (Wurrima) are considered to be the territory of 

another group of the sand-beach people: the ‘Walmbaria’ according to Hale and Tindale 

(1933-34:67) or ‘Biyalgeyi’ according to Sutton (1976). In the Flinders Island dialect 

collectively the people of the Flinders Islands are known as Aba Wurriya (Sutton pers. Comm 

2017). After discussion with Clarence Flinders (Traditional Owner of the Flinders Islands) and 

Peter Sutton (one of the last speakers of the traditional language of the Flinders Islands), it 

was decided to use the term: Aba Wurriya in this document and future texts.  

In 1898, 1899 and 1902 the anthropologist and QLD Protector of Aborigines, Dr Walter Roth 

visited Princess Charlotte Bay. He compiled a report to the Commissioner of Police on 

Aboriginal groups in the hinterland of Princess Charlotte Bay (Roth 1898). In this report he 

suggests putting aside a large area, now within Lakefield National Park and Marina Plains, as 

a Reserve for Aboriginal people. In this report Roth presents the first recording of the 

language of the people from Cape Melville, ‘Koko Lamalama’. Roth records sleeping 

platforms, dialects, swimming styles, astronomy, trade, marriage, hunting, stories, and 

childhood games while in and around Princess Charlotte Bay. He met around 30 individuals in 

and around Barrow Point when he visited in 1898 and photographed 84 at Cape Melville when 

he returned in 1899 (Roth 1910, Sutton 2016:92).  
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Figure 7: Flinders Island Residents, taken by Tindale in 1927. Taken from Sutton 2005:146. 

Norman Tindale of the South Australian Museum visited Flinders Island in 1927 and recorded 

only 20 individuals remaining (Figure 7). Tindale remained on the Flinders Island for five weeks 

camping with the Aba Wurriya and recording their customs and rock art (Hale and Tindale 

1933-34). This large body of work was the first in-depth anthropological recording conducted 

on the Flinders Island Group and involved notes on tribal boundaries, customs, initiation, 

burial, fighting and hunting. Tindale recorded that the people occupying Bathurst Head and 

the Flinders Islands called themselves the Walmbaria. This group they divide into two clans, 

those of the mainland: ‘Tartali’, and those living on the islands: ‘Wureimu’ (Hale and Tindale 

1933-34:69). They write that the Walmbaria were principally a maritime people, subsisting 

on shore-fish, molluscs, crustaceans, dugong and turtle. Denham Island (Omaini) was once 

inhabited by a special group of Walmbaria whom were considered extinct. They recorded that 

the Koko Lamalama were people living along the Normanby and North Kennedy Rivers, but 

suggested that they were called this by groups from the south. The Koko Lamalama actually 

called themselves Bakanambia and Wanabara (Hale and Tindale 1933-34:69). To the south of 

Bathurst Bay, including Cape Melville, lived the Mutumui people. This tribe was divided into 

several clans: the Ongwara at Mack River, Yinini or Baulam at Cape Melville and the Eibole at 

Barrow Point. They wrote that there was two main totems on the islands, known as, Owaimini 

(Kangaroo) and Ungawu (Native Companion).  



38 

Hale and Tindale (1933-34) recorded that tooth evulsion was common in all members of both 

sexes as was lateral scars on the chests of men. Hale and Tindale record that vegetable foods 

were scarce on the islands and therefore considered a luxury item. Surprisingly no stone tools 

have been recorded in archaeological deposits on the Flinders Islands even though Hale and 

Tindale suggest stone axes were integral to the production of the Melanesian style outrigger 

canoes in the area before the arrival of iron, attained from ship wrecks. While on the island 

they witnessed an initiation ceremony where a turtle skull was painted and secreted within 

the crevice of one of the many rockshelters on the islands. 

Anthropologist Donald Thompson also spent time on the Flinders Islands and Port Stewart in 

1935 taking notes on life and customs of the inhabitants. He recorded only six women, two 

children and an old man living on the islands when he arrived (Sutton 2005:143). Thomson 

recorded moieties and clan groups of the surviving population through an informant named 

Chinaman Gilbert. Gilbert was recruited onto the pearling luggers like many of his relatives in 

the early 20th Century, working as far north as PNG (Sutton 2005:148). In a recording to a 

gentleman named, La Mont West Jr in the 1960’s, Gilbert recalls how his grandfather and 

father had been shot by Europeans on the Flinders Islands in 1900, while he hid in a 

rockshelter (Sutton 2005:148).  With the onset of the 2nd World War, Princess Charlotte Bay 

became a strategic radar point for the Australian army. Following reports of Japanese aircraft 

refuelling in Princess Charlotte Bay the last Aba Wurriya to inhabit the Flinders Islands were 

removed to Hopevale and Palm Island where their descendants live to this day (Sutton 2005). 

Normanton and Gulf Plains Archaeology 

The Gulf Plains region of north QLD consists of vast, flat, open country dissected by 

watercourses and wetlands. This landform produces both eroding and aggrading landforms 

due to its low gradient and frequent flooding. These processes dictate the visible presence of 

archaeological material and are particularly destructive to archaeological sites (Gorecki et al. 

1992). Compared to other regions within Cape York, very few archaeological studies have 

taken place within the Gulf Plains region. Notable studies that have been conducted have 

focussed on Pleistocene refuge sites at Lawn Hill and GRE8 where radiocarbon dates showed 

occupation of considerable antiquity at 41.5 (37.5 – 44.5) ka BP (O’Connel and Allen 2004, 

Hiscock 2008:52).  
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The low, alluvial nature of the plains means rockshelters are uncommon with most sites being 

open and concentrated around waterways (Gorecki et al. 1992). A project carried out by 

Rowland and Connolly in 2002 compiled a list of site type prevalence throughout QLD. They 

reported 600 recorded archaeological sites within the Gulf Plains region making up only 4% 

of sites recorded across QLD. Of these 600 sites, 46% were artefact scatters and 34% were 

considered art sites (Rowland and Connolly 2002).  

In 1992 a seven week archaeological survey of the low lying eastern Gulf Plains recorded 

artefact scatters, art sites and a large number of portable grinding implements and patches 

(Gorecki et al. 1992). Another study was conducted in 2004 where rockshelters, stencilled art, 

artefact scatters, grinding surfaces and quarries were recorded in the south-east margins of 

the Gulf Plains (Wallis et al. 2004). 

Scarred trees are a common site feature across the Gulf Plains and many can be found along 

the rivers flowing into the Gulf of Carpentaria. Several are found within close proximity to 

Normanton. These scars often show the signs of bark removal for containers, canoes and 

shields. Burials are another common site type within the study area, usually found on 

elevated ground close to water courses.  

Western Cape York is topographically very different to eastern Cape York and is home to high 

intensities of midden mounds. These mounds are sites of discard of shell and food scraps 

believed to have been inhabited seasonally (Brockwell 2006). Some of these mounds measure 

up to 100 m long and more than 10 m high (Figure 5) (Hiscock 2007:175). Midden mounds 

have been the topic of much discussion in the archaeological literature as they proliferate in 

the late Holocene (Cribb 1986, Cribb et al. 1988, Meehan 1988, Alan 1996, Bourke 2004, 

Brockwell 2006). There are two dominant types of mound: shell and earth.  

Normanton and Gulf Plains Ethnography 

The Normanton region is the traditional lands of the Kukatj, Gkuthaarn and the Kurtjar. The 

Kurtjar occupied the Staaten River to the Smithburne River. The Gkuthaarn lived west to the 

Smithburne River while the Kukatj lived between the Leichardt and Flinders Rivers (Figure 8) 

(Memmott and Channels 2004:21). The Leichardt River was an important boundary for these 

and other groups and is the eastern boundary of circumcision and subincision (Memmott and 
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Kelleher 1995:12). Trade and marriage linked these groups with those in the east and north 

of the Norman River (Memmott and Kelleher 1995:12). The Kukatj, Gkuthaarn and Kurtjar 

relied heavily on riverine resources of the west flowing rivers.  

In the 1600’s Dutch and English navigators mapped the Gulf of Carpentaria: Janszoon (1606), 

Carstenz (1623), Tasman (1644), Flinders (1802) and Stokes (1841) (Memmott and Channels 

2004). While overland expeditions led by Leichardt (1844), Gregory (1856) and Burke and 

Wills (1861) mapped the inland rivers and plains. This valuable information provided 

knowledge of the Cape York landscape and was utilised to stock and take possession of the 

land and waterways. European and Chinese migrants came in large numbers, having 

devastating effects on the traditional owners of the Gulf of Carpentaria. As farmers sealed off 

boundaries conflict ensued between colonists and traditional owners. Stories of Aboriginal 

people standing up for their land concerned station owners and politicians in Brisbane, 

leading to intervention from the notorious QLD Native Police in the mid 1800’s. The Native 

Police were headed by English ex-servicemen and Aboriginal men. They were notorious for 

their early morning surprise raids resulting in the deaths of whole communities (Richards 

2008:133). Genocide was openly considered by many new white settlers as the only way to 

free up Aboriginal land and waterholes for cattle (Richards 2008:203). In 1857 several 

detachments of the Native Police spent 3 weeks hunting and killing, “every adult Aboriginal 

person they could find in the Upper Dawson River district,” (Richards 2008:63). Native Police 

were sent to west Cape York in 1868 to patrol the Norman River region (Queenslander 1872). 

This period was remembered in oral histories as the ‘Shooting Time’ and led to extensive 
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displacement. In mentioning a 

stock run along a main river near 

Normanton an annual 

government report mentions that 

when stockmen find Traditional 

Owners near the lease they chase 

them, on horseback, “cut them 

right and left with their stock 

whips, break their spears and 

take their tomahawks,” (Roth 

1900:6).  

Pastoralism and mining grew 

rapidly on the Gulf Plains through 

the 1860’s, providing a constant 

influx of European and Chinese 

migrants. As a result many 

Aboriginal groups were displaced 

from their traditional lands and 

pushed into crowded town camps 

around Normanton.  

Because there was such a diverse mix of Indigenous groups that moved into the fringe camps, 

they occupied separate areas around Normanton and were bound by customary laws of 

avoidance and kinship (Memmott and Channels 2004:56). Conditions in the town camps were 

crowded and epidemics of European infectious disease ensued (Roth 1903:13). With this 

onset of disease and rising colonial occupation Dr Walter Roth was appointed government 

medical officer in 1896. Roth was strongly opposed to the colonial acquisition of all of Cape 

York and tried to have Aboriginal law recognised and the vast majority of west Cape York 

preserved for the Traditional Owners (Roth 1899:11, 1900:6). With an influx of mining and 

Chinese labour came the subsequent availability of opium, having a disastrous effect on Cape 

York Aboriginal groups already low in numbers and ravished by disease. Many employers 

turned to paying Aboriginal employees with cheap ‘ash’ opium (QLD Gov Community 

Figure 8: Gulf Plains pre-European Aboriginal traditional 

lands. Taken from Memmot and  Channells 2004. 
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Awareness Website 2015). This led to the instalment of The Aboriginals Protection and 

Restriction of the Sale of Opium Act 1901. In 1939 an Aboriginal Reserve (R78) was gazetted 

near Normanton where diverse Aboriginal groups were expected to live together. 3 years 

later a subsequent inspection suggested the movement of the reserve to the Hospital Ridge 

Camp (R79) that was proclaimed in 1948 (Memmott and Channels 2004:57). In 1952 

Aboriginal people from Karumba were also moved into this camp (Memmott and Kelleher 

1995:27-29). In 1956 an incident saw non-Aboriginal people officially banned from the 

reserve and six years later the Australian Inland Mission School was closed leaving children 

on the reserve without an opportunity to study (Memmott and Kelleher 1995:31). White 

citizens of Normanton opposed a push to have Aboriginal children enrolled at the local school 

and the proposed building of eight new homes for Aboriginal people within town in 1969 

(Memmott and Channels 2004:57). With the implementation of the Station Hands Award 

(1968) Aboriginal stockmen were entitled to equal wages. This led to widespread Indigenous 

unemployment and in increase in the Reserve population (Memmott and Kelleher 1995:31). 

2.4 Isotope Studies and Archaeology 

Isotopes are forms of elements that differ in mass due to their number of neutrons (Faure 

1986). It is this difference in neutrons, and thus atomic mass that allows us to discriminate 

between different isotope species (Faure and Powell 2012). Isotopes were originally 

discovered by J. J. Thompson of Cambridge in 1912 and the earliest techniques focused on 

developing geochronology (de Laeter 1998). Isotope analyses in archaeology originated from 

these earth science disciplines (Craig 1953, Park and Epstein 1960). 

Climatic, geological and biological processes distribute and retain isotopes of different mass 

due to weathering, fractionation and radioactive decay (Faure 1986). If we know how these 

processes affect isotope distribution, we can measure isotope ratios to understand the 

processes that resulted in the isotopic composition of the studied material. Light isotope 

compositions commonly used to discriminate diet and climate (δ13C, δ15N δ18O) are expressed 

using the Delta (δ) notation, as parts per thousand different from a standard: δX = 

[(Rsample/Rstandard) - 1] x 103 (Peterson and Fry 1987). The use of heavy isotopes like Sr for 

geochemical tracing is generally expressed as a ratio (87Sr/86Sr).  



43 

Early archaeological studies were applied to a narrow set of questions focused on human 

dietary transitions by discerning between plants with specific photosynthetic pathways, 

marine and. terrestrial economies, and the seasonality of site use (Shakleton 1973, Van der 

Merwe and Vogel 1977, Nakamura et al. 1982, Minagawa 1992). Mobility and provenance 

studies in archaeology commonly utilise isotope ratios of oxygen (δ18O), hydrogen (δ2H), 

strontium (87Sr/86Sr) and lead (20nPb/204Pb) (Turner et al. 2009). Light isotope ratios of oxygen 

and hydrogen are commonly used to discern climatic proxies and are distributed in water and 

the atmosphere. Heavy isotope ratios of strontium and lead are distributed by geological 

processes. These isotopic compositions are incorporated into human body tissue and are used 

to understand residence and seasonality.  

Today isotope research is used to understand multiple facets of prehistory, including: 

mobility, diet, disease, social status, domestication, social complexity, trade, marriage 

customs and class division (Makarewicz and Sealy 2015).  

Strontium isotopes in geology and environmental systems 

Strontium (Sr) sits within the lithophile alkaline elements on the periodic table with an ionic 

radius of 1.13 Å (Faure and Powell 2012). It is slightly larger than Ca2+, substituting for it in 

plagioclase, gypsum, calcite, feldspar, dolomite, aragonite and biogenic apatite in the human 

body (Faure and Mensing 2005). As Strontium is a trace element it is found in all rock types 

(metamorphic, igneous and sedimentary). Sr occurs in the environment in four forms: 84Sr, 

86Sr, 87Sr and 88Sr with abundances of 0.56%, 9.87%, 7.04% and 82.53% respectively 

(Montgomery 2002:22). 88Sr, 86Sr and 84Sr are stable but 87Sr is both stable and radiogenic, 

increasing over time due to radiogenic production of 87Sr from Rubidium (87Rb) decay (Faure 

1986:119). By measuring the decay from Rb to Sr geochronologists are able to date geological 

formations (Faure and Powell 2012). A half-life of ~4.88 x 1010 makes Sr isotope ratios suitable 

for prehistoric studies (Bentley 2006). There are 16 unstable isotopes of Sr, one being the 

radioactive isotope 90Sr created from nuclear fission (Faure and Powell 2012). Although 

87Sr/86Sr can be measured to beyond the 6th decimal, Bentley (2006) states that is generally 

held that results should be reported to the fifth decimal for consistency. 

87Sr/86Sr varies among different rock types and ages (Montgomery 2002:23). The initial Sr/Rb 

composition of bedrock influences later content, as does the amount of 87Sr that has evolved 
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from 87Rb. In theory old Rb bearing rock will have a higher 87Sr content than younger Rb 

bearing rock (Figure 9). Igneous rock exhibits a wide range of values from high 87Sr/86Sr in old 

granites to low 87Sr/86Sr in mafic volcanics. Sedimentary carbonaceous rock exhibits the 

87Sr/86Sr from the water when they formed, while sedimentary clastic rock exhibits the 

isotopic composition of the source rock. This is further confounded due to metamorphic 

processes that alter 87Sr/86Sr values (Price et al. 2002) Table 2 is a general guide to 87Sr/86Sr 

distribution in geology from Bentley (2006). 

87Sr/86Sr cycles through the environment and eventually ends up in surface waters that are a 

combination of local and upstream inputs within the catchment. The concentration of Sr in 

surface water varies between ~0.006 to ~0.8 ppm depending on the local weathering 

processes and bedrock (Capo et al. 1998). Tectonic processes can exacerbate weathering as 

can the structure of the weathered rock and the size of the catchment. In many instances at 

high elevations 87Sr/86Sr in surface waters is strongly correlated with the underlying bedrock, 

however further along the catchment at lower elevations the 87Sr/86Sr represents a combined 

value of upper catchment inputs (Hoogerwerff et al. 2001). Surface water 87Sr/86Sr is also 

influenced by precipitation that can increase weathering and contribute to the overall 

87Sr/86Sr value, making climate a significant driver of surface water 87Sr/86Sr results (Bentley 

2006).  

Ground water 87Sr/86Sr reflects the underlying geology and is controlled by reprecipitation 

and dissolution of of weathered minerals (Bentley 2006). Bedrock geology that is highly 

soluble and more susceptible to weathering (limestone etc.) will impart a bulk rock 87Sr/86Sr 

value into  ground water, while rock that is more stable and less soluble will impart those 

minerals that are more susceptible to weathering rather than the averaged rock value (Aberg 

1995). Ground water 87Sr/86Sr is also significantly influenced by climate and other inputs ie. 

meteoric recharge and anthropogenic contamination. 
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Figure 9: Evolution of 87Sr/86Sr in bedrock over time. Taken from Bentley 2006. 

The oceans exhibit generally high Sr concentrations at ~7.74 ppm. This ocean Sr concentration 

and is a function of salinity, weathering, surface water runoff and precipitation (Faure and 

Mensing 2005). Evaporation and other meteoric processes influence ocean Sr concentration 

at the surface but the effect of these processes decreases with depth (McArthur et al. 2001). 

A combination of global tectonic, geological and atmospheric processes has resulted in a 

modern homogenous global marine 87Sr/86Sr value of 0.70918 (McArthur et al. 2001, Bentley 

2006). This value changes over time dependant on global volcanic activity, continental crust 

and carbonate weathering and dissolution (Faure and Mensing 2005). 

Geology 87Sr/86Sr 

Basalt along mid ocean ridges and volcanic islands 0.702-0.704 

Oceanic islands arcs formed by subduction-related magmatism 0.703-0.707 

Continental Crust 0.702-0.750 

Phanerozoic Marine Limestone and Dolomite 0.707-0.709 

Old Granite 0.710-0.740 

Table 2: Common Sr isotopic ratios for geology (Bentley 2006) 
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Weathering, tectonic processes and transportation break down bedrock and transfer a 

mixture of the original lithological 87Sr/86Sr values into soil. 87Sr/86Sr is found in all soil fractions 

(bioavailable, carbonate, silicate), and the concentration and ratio of different isotopes is 

influenced by ground and meteoric water, sea spray, dust fall, anthropogenic contamination 

and soil depth (Bentley 2006). These processes make the soil Sr fraction highly variable and 

results in a wide variance in 87Sr/86Sr depending on the interaction of ecology, climate and 

geology. The bioavailable Sr portion in soil is that taken up by plants and makes up only one 

fraction of total soil Sr. Bioavailable Sr concentrations in soil vary widely from ~0.2 - ~20 ppm 

depending on the fraction of carbonates and feldspars (Capo et al. 1998, Price et al. 2002). 

The bioavailable Sr content taken up by plants is variable. Leaves and roots usually exhibit low 

values (0.2-20 ppm) whereas bark and wood can have higher concentrations (~0.2%) (Capo 

et al. 1998). Plant 87Sr/86Sr can also differ between species depending on depth of roots, 

atmospheric deposition and other local processes (Sillen et al. 1998) Shallow rooted plants 

generally sample the top soil while deep rooted plants may source 87Sr/86Sr from bedrock and 

groundwater. Bio-cycling, meteoric input and other atmospheric inputs like dust and sea 

spray can influence plant 87Sr/86Sr values (Sillen et al. 1998).  

87Sr/86Sr in biology is a time averaged, combined value of 87Sr/86Sr in surface soils, bedrock 

geology, meteoric and surface hydrology. These inputs are further influenced by a plethora 

of processes that create a distinct bioavailable signature at a given geographic location 

(Makarewicz and Sealy 2015). 

Strontium isotopes in archaeology and mobility studies 

Sr isotopes studies in archaeology generally measure the ratio of 87Sr to 86Sr. The large atomic 

mass of Sr isotopes and the small relative difference between these masses makes it less 

susceptible to equilibrium and kinetic fractionation, representing an ideal geochemical tracer 

for reconstructing biological provenance (Price et al. 2002).  

Sr isotopes were initially used in ecology to map the geographic movement of faunal species 

(Gosz et al. 1983, Rundel et al. 1989, Koch et al. 1992). However, to understand mobility using 

87Sr/86Sr the local range must first be understood. This is commonly done by sampling proxies 

like soil, rock, water and vegetation. The technique has been used to study the movement of 
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fish (Kennedy et al. 1997; Harrington et al. 1998, Kennedy et al. 2002, Bacon et al. 2004, 

Walther and Thorrold 2009), birds (Font et al. 2007, Sellick et al. 2009), extinct megafauna 

(Hoppe et al. 1999, Hoppe 2004, Perez-Crespo et al. 2016, Price et al. 2017) and extant 

herbivorous mammals (Sealy et al. 1991, Koch et al. 1995, Arppe et al. 2009, Britton et al. 

2009, Widga et al. 2010, Baumann and Crowley 2015). Hoppe et al. (1999) used these 

techniques to map prehistoric mammoth migration in Florida and Georgia, USA. To 

understand the background bioavailable 87Sr/86Sr signature they sampled plants, surface 

water and rodent teeth. Results showed that Mastadon were migrating seasonally to Georgia, 

while Mammoths remained sedentary in Florida year round (Hoppe et al. 1999).  

Researchers often use a variety of modern and ancient faunal material to define the local 

87Sr/86Sr but debate continues as to which sample is more appropriate for calculating 

prehistoric bioavailable 87Sr/86Sr ranges (Knudson et al. 2004, Bentley et al. 2004, Buzon et al. 

2007). This is because unlike prehistoric fauna, modern faunal 87Sr/86Sr may be influenced by 

imported foods and/or fertilisers. Archaeological studies are posed with similar problems 

because diagenesis of ancient material may skew the original signal (Bentley 2006). Other 

confounding factors that can skew the bioavailable 87Sr/86Sr signal of human remains is the 

consumption of traded, non-local food and spices (Fenner and Wright 2014). 

Ericson (1985) was the first to propose using Sr isotope ratios in human teeth and bone to 

look at prehistoric migration. Since this time studies around the globe have utilised Sr isotope 

variability to understand human migration and provenance (Ericson 1985, Sealy et al. 1991, 

Price et al. 1994, Sealy et al. 1995, Cox and Sealy 1997, Ezzo et al. 1997, Grupe et al. 1997, 

Price et al. 1998, Price et al. 2000, Hoogewerff et al. 2001, Price et al. 2001, Price, et al. 2002, 

Bentley 2006, Evans et al. 2006, Juarez 2008, Kusaka et al. 2009, Nehlich et al. 2009, 

Montgomery 2010, Maurer et al. 2012). Case studies include Willmes et al.’s (2014) Sr isotope 

study on human remains from the Bell Beaker site, Le Tumulus des Sables, France. Here they 

demonstrated limited mobility within the population and all remains were from the local 

region. Waterman et al. (2013) found similar results when he recorded 95% local individuals 

at Chalcolithic settlement of Zambujal, Portugal. Price et al. (2014) found that a local 

Mesoamerican ruler known as Yax K’uk Mo accredited with consolidating power in Copan in 

426 AD was in fact non-local and most probably grew up in the northern Mayan districts. In 

London, Shaw et al. (2016) was able to model demographics of Roman cities by recording 
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what percentages of people were from continental Europe. Wright (2005) also measured 

population dynamics of cemeteries at Tikal, Guatemala. However, as discussed above, 

Wright’s study was confounded by the use of non-local lime and salt to treat maize.  

Other studies have researched prehistoric mobility in: Europe (Bentley et al. 2003, Price et al. 

2004, Boel 2011, Wahl and Price 2013, Willmes et al. 2018, Fornander et al. 2015, Shaw et al. 

2016), the Pacific (Bentley et al. 2007, Shaw et al. 2009, Shaw et al. 2010, Kinaston et al. 2013, 

Kinaston et al. 2014, Brown and Thomas 2015, Stantis et al. 2015, Cheung et al. 2018), Asia 

(Kusaka et al. 2012, Turner et al. 2012, Zhang et al. 2014, King et al. 2015, Valentine et al. 

2015, Fenner et al. 2016), the Middle East (Buzon and Simonetti 2013, Gregoricka 2013 

Kenoyer et al. 2013), and the Americas (Pestle et al. 2013, Knudson and Torres-Rouf 2014, 

Slater et al. 2014, Cook and Price 2015, Cucina et al. 2015). Other studies have researched 

hominin mobility and provenance (Richards et al. 2008, Kelly 2007, Britton et al. 2011, 

Copeland et al. 2011, Niven et al. 2012, Willmes 2015, Kootker et al. 2016).  

Oxygen isotope chemistry and models 

Oxygen (O) is a non-metallic element of which there are three stable isotopes 16O, 17O and 18O 

with abundances of 99.762%, 0.037% and 0.204% respectively (Parks 2009). Oxygen isotope 

analyses often compare 18O/16O and express the results using the Delta notation (δ18O), as 

parts per thousand different from a standard: δ18O = [(18O/16O sample/
18O/16O standard) - 1] 

x 103. O isotopes are commonly used to understand meteoric and ecological processes 

because their abundance in water varies.  

The O isotopic composition of water is dependent on altitude, latitude, humidity/aridity and 

precipitation. These meteoric processes are known as the altitude, continental, temperature 

and amount effects (Lachniet and Patterson 2009). These effects alter the amount of 16O to 

18O in water where the lighter 16O is preferentially lost through evaporation and transpiration. 

This in-turn results in higher concentrations of the heavier 18O in evaporated surface waters 

(Makarewicz and Sealy 2015).  Alternatively, 18O is preferentially lost from atmospheric water 

through precipitation (Dansgaard 1954, Turner et al. 2009). These heavier 18O isotopes are 

therefore greater in abundance in areas of high rainfall, warm climate and close to the coast 

(Gerling 2015:125). The ‘amount effect’ is most prevalent in areas of pronounced dry and wet 
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seasons, similar to Cape York. During the monsoon season δ18O in precipitation is enriched 

and depleted through the dry season (Dansgaard 1964, Eastoe and Dettman 2016). 

These external processes make it possible to model and map δ18O throughout the landscape. 

Bowen and Revanaugh (2003) and Bowen et al. (2005), compiled global trends of δ18O data 

from the Global Network for Isotopes in Precipitation (GNIP) database and modelled the first 

predictive Australian δ18O isoscape (IAEA/WMO 2001). This initial Australian surface 

predicted modern annual δ18O values based on seven sites throughout the continent (Figure 

10). They used this data to arrive at a predictive annual range of -4.1 to 7.4 ‰ (SMOW) in 

Cape York. 

Figure 10: Predicted annual Australian precipitation δ18O (SMOW) ranges (Bowen and 

Revanaugh 2003, Bowen et al. 2005). 

This work was followed by two studies on isotopes in Australian precipitation using the same 

GNIP dataset of seven sites (six coastal and one central) (Liu et al. 2010, Terzer et al. 2013). In 

2018 Hollins et al. expanded on this work and included a further eight Australian sampling 

sites. However, none of these fifteen sampling sites were located in Cape York, or indeed on 

the Queensland coast above -27 latitude. The Hollins et al. (2018) isoscape predicts an annual 

δ18O value in precipitation at -5 to -4 ‰ (Figure 11). While the older Bowen and Revanaugh 

(2003) isoscape shows more diversity attributed to topography at a lower δ18O predicted 
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annual range of -5 to -6.6, in the Princess Charlotte Bay region. Considering that both 

isoscapes are average annual predictions they are both a merely an approximation of the 

value in precipitation at any time that may be affected by multiple seasonal and hydrological 

processes. Therefore, they must be applied with caution.  

 

Figure 11: Australian predictive δ18O surface. Taken from Hollins et al. 2018. 

The only known sampled δ18O dataset from Cape York is found in Murphy et al. (2007b). This 

research sampled δ18O in macropodid tooth enamel from all regions of mainland Australia. 

Cape York samples collected between latitudes 12.6˚ and 18.9˚ in Cape York returned a range 

of -2.27 to 3.46‰ VPDB (Murphy et al. (2007). These results obviously do not align with the 

annual modelled results presented in Bowen et al. (2005) or Hillson et al. (2018) illustrating 

that factors like the amount effect, evaporation and seasonality make it difficult to align single 

events recorded in body tissue to time-averaged predictive models. 

Oxygen isotopes in biological and mobility studies 

Predictable δ18O fractionation means that we can measure long and short range patterns of 

mobility through regional environmental variables of δ18O (Makarewicz and Sealy 2015). 

Some case studies include that of Dupras and Schwarcz (2001) who measured δ18O in 
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prehistoric Egyptian burials at Dakhleh Oasis in Egypt. They found that males were non-local 

and one had leprosy associated with the caravan trade in Egypt ~250 AD and exiled lepers 

from the Nile Valley. Another (Fricke et al. 1995) tracked decreasing δ18O in medieval 

Greenland associated with climate variability in the Little Ice Age. Evans et al. (2006) analysed 

δ18O in 4th Century Hampshire cemetery remains, testing whether the deceased were 

immigrants from Central Europe. They found that many were non-local and their place of 

origin differed. Many other studies using δ18O values have been conducted over the past 20 

years to understand past migration and sedentism (White et al. 1998, Bentley et al. 2007, 

Prowse et al. 2007). 

The use of δ18O to track prehistoric migration is, however not without complications as there 

are preservation issues with the measurement of δ18O in old bone. Once biological material 

begins to break down diagenesis occurs. Carbonate in bone is often susceptible to diagenesis 

because the crystal structure of hydroxyapatite exposes large surface areas for bicarbonate 

absorption (Koch et al. 1997). This means that the δ18O being measured may be an exogenous 

post-mortem addition (Makarewicz and Sealy 2015).  

Other confounding factors relate to climate/seasonal variability like El Niño weather events. 

These can shift δ18O values in meteoric water, skewing the interpretation of predicted δ18O 

values. While a lack of comparative δ18O datasets can result in inaccurate predicted values, 

and surface waters may be physically disconnected from precipitation values due to inputs 

from ground water, glaciers and surface run-off. Topography and distance from the coast also 

have compounding effects on meteoric δ18O values as can high levels of evaporation, as noted 

by Ayliffe and Chivas (1990) in Australia. Seasonal influences are also difficult to interpret 

against human enamel values that usually sample a discreet time and do not provide an 

average that may be implied in interpretive conclusions. While human cultural processes like 

storing, boiling and transporting water and food, and/or weaning, can also enrich δ18O 

through kinetic and metabolic fractionation, disconnecting environmental δ18O from that in 

body tissue (Wong et al. 1987).  

Carbon isotopes and archaeology 

Carbon is the fourth most abundant element in the Universe by mass and it has two known 

stable isotopes, 12C and 13C. 12C is much more abundant being 99% compared to 13C at only 
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1% (de Laeter et al. 2003). Carbon isotope analyses are usually measured in the ratio 13C/12C 

(δ13C) and commonly compared against a known standard like Vienna Pee Dee Belemnite 

(VPDB). They are a powerful tool for understanding ecological systems because isotopic 

compositions change (fractionate) in predicted ways as they cycle through the environment 

(Peterson and Fry 1987). By sampling the carbon isotopic composition of nutrients, plants and 

fauna we can establish a chemical outline of food web structure and test it across different 

systems (Fry 1991). This is because the isotopic composition of body tissue reflects the 

isotopic composition of dietary inputs, and more specifically, the macronutrient sources of 

protein, carbohydrates and lipids (DeNiro and Epstein 1976, de Laeter et al. 2003). For this 

reason carbon isotopes were the first isotopes used in archaeology and are still commonly 

relied upon to discriminate between vegetation diets (Bowen 1960, De Niro and Epstein 1978, 

Tiezen et al. 1983). 

The technique originated from radiocarbon dating when scientists realised that plants using 

a C4 photosynthetic pathway returned younger dates than plants using a C3 pathway (Bender 

1968). It was soon utilised by scientists to track carbon isotopes through food webs (De Niro 

and Epstein 1976, 1981). There are three common carbon fixation pathways classified by how 

they assimilate carbonic acid gas. The first is terrestrial C3 plants that present a δ13C value 

between -33 and -23‰ and fall under the Calvin and Benson System (Tokui et al. 2000). These 

plants consist of wheat and rice and are at the lower end of the δ13C scale. Plants utilising a 

C4 pathway, or Hatch and Slack System, generally fall between -16 and -9‰ and represent 

plants like corn, sorghum and sugar cane (Stantis et al. 2015). The last type of carbon fixation 

pathway is CAM (Crassulacean Acid Metabolism). These plants straddle C3 and C4 values and 

have evolved to withstand arid conditions. Pineapples are an edible CAM plant (Stantis et al. 

2015).  

In archaeology, carbon isotope studies originally focused on the spread of corn agriculture in 

the Americas (Van der Merwe and Vogel 1977, 1978) and Neolithic diets in Europe (Tauber 

1981). Van der Merwe and Vogel (1977) undertook analyses of human remains from New 

York State, USA to pinpoint when subsistence changed from hunter gathering to maize 

agriculture. Citing an enrichment of 6‰ in δ13C from diet to bone collagen they calculated 

that δ13C content of collagen for subsistence on C3 vegetation would be -20‰ while a diet of 

largely C4 grasses would be -7‰. They found that pre-agriculturalists displayed carbon 
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signatures similar to that of European hunters while agriculturalists displayed a clear spike in 

δ13C suggesting a rapid and efficient shift to maize agriculture in American prehistory (Van 

der Merwe and Vogel 1977). This approach was transferred to China where Pechenkina et al. 

(2005) reconstructed Neolithic subsistence. Here they showed that high δ13C values of -7.7 ± 

0.4‰ in human, pig and dog bone illustrating that millet was a dominant Neolithic staple and 

often fed to domestic animals.  

Here in Australia seeds, tubers and fruits were all integral to the pre-contact Australian diet, 

however, the use of grass seeds for the purpose of grinding to make flour has also played a 

crucial role in sustenance for millennia (Fullagar and Field 1997). The type of grass gathered 

and eaten by Indigenous Australians depended largely on latitude. C3 grasses are more 

adapted to cooler seasons and are commonly found in the southern regions of Australia 

(Hattersley 1983). Examples include the weeping grass (Microlaena stipoides) and common 

wheat grass (Elymus scaber) varieties (Murphy and Jones 1999). In contrast, C4 grasses are 

adapted to warm (dry and moist) seasonal conditions, and are found at a relative abundance 

>0.9, north of the 25˚ latitude in Australia (Murphy and Bowman 2007) (Figure 12). Common

varieties include kangaroo grass (Themeda triandra) and wire grass (Eriachne obtuse) 

(Murphy and Jones 1999). 

Carbon isotope analyses are also used to differentiate between organisms utilising terrestrial 

or marine foods because marine organisms typically exhibit higher δ13C values (Kinaston et 

al. 2014). Chrisholm et al. (1982) found that the flesh of marine organisms was approximately 

7.9 ± 0.4‰ higher in δ13C compared to terrestrial organisms. Because of this people living 

where there is little or no edible C4 vegetation will present high δ13C values only if their diet 

contained sufficient marine input (Laws et al. 1995). Walker and De Niro (1986) showed this 

when they compared prehistoric human remains from southern California, USA. They found 

that people living on the Channel Islands had elevated levels of δ13C (-14‰) compared to 

populations living on the coast (-14.5‰) and those inland (-17.2‰). They interpreted this to 

represent subsistence heavily dependent on marine resources on islands and along the coast, 

compared to inland populations that subsisted on terrestrial foods (Walker and De Niro 1986). 
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Figure 12:  C4 grass relative abundance throughout Australia, predicted from seasonal 

water availability. Taken from Murphy et al. (2007a). 

Nitrogen isotopes and archaeology 

Nitrogen is the fifth most abundant element on earth and makes up 78% of our atmosphere 

(Haynes 2014). Nitrogen consists of two stable isotopes (14N and 15N) that are compared using 

the ratio 15N/14N and commonly measured against a known standard like AIR (δ15N). 14N 

makes up 99.636% of abundant nitrogen while 14N only makes up 0.00364% (de Laeter et al. 

2003). Nitrogen from the atmosphere enters our biology through the food we eat. Because 

of this we can use nitrogen isotopes to understand dietary behaviour related to protein 

intake. Terrestrial organisms generally have lower δ15N than marine and freshwater 

organisms due to the increased trophic steps in aquatic systems (Shoeninger et al. 1983) 

making δ15N suitable for interpreting prehistoric terrestrial/marine economies and meat 

consumption.  

In 1983 Tauber et al. conducted studies on modern Inuit from northern America and found 

that their δ15N levels were 10‰ higher than agriculturalists. Similar results were found when 
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comparing prehistoric hunters and agriculturalists and they concluded that a higher 

contribution of meat in the human diet would raise human tissue δ15N values. The following 

year studies on step wise enrichment of δ15N along the food chain was conducted by 

Shoeninger and De Niro (1984) and Minagawa and Wada (1984). Their findings sparked a long 

succession of archaeological studies on meat consumption and trophic enrichment where 

overly simplistic models underestimated the complexities of δ15N in the ecosystem 

(Makarewicz and Sealy 2015).  

These original studies believed herbivores displayed low δ15N homogeneity, creating a 

baseline that trophic enrichment could be measured from. We now know that interpreting 

trophic enrichment requires a more in depth understanding of environmental inputs and local 

source δ15N in floral and faunal communities. Soil δ15N sources define plant communities and 

reflect local microbial nitrogen cycling and denitrification (Szpak 2014). Climatic and 

environmental variables drive the base of the food chain presenting flora like legumes with 

low δ15N values due to N2-fixing bacteria and arid species adaption with high δ15N values 

(Kinaston et al. 2014). Adding to this complexity is the inter and intra species δ15N diversity 

inherent within faunal communities. This diversity is controlled by dietary preferences, food 

availability, seasonality, metabolism and physiology (Balasse et al. 2001). When considering 

domestic flora and fauna δ15N values are largely dependent on human driven exogenous δ15N 

from cropping, manuring and foddering (Makarewicz and Sealy 2015). The realisation that 

not all herbivorous mammals exhibit low δ15N makes archaeological interpretation more 

complex, needing extensive background sampling and an in depth understanding of plant and 

animal physiology if inferences are to be made about diet in prehistory. 
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2.5 Regional Archaeological Isotope Studies 

Australian archaeological isotope studies 

Very few Indigenous archaeological isotope studies have been conducted in Australia over 

the past 30 years. The few studies undertaken were conducted in Arnhem Land, the Murray 

River mouth of South Australia, the south coast of Victoria and south-east Queensland. The 

first Australian isotope study (Hobson and Collier 1984) measured δ13C isotope variability 

amongst 10 individuals from the prehistoric Aboriginal cemetery at Broadbeach, QLD (Table 

3). These results were compared to eight sets of remains excavated at the Swanport 

prehistoric Aboriginal cemetery on the Murray River near Adelaide. Hobson and Collier 

recorded a distinct difference between the two populations with the coastal population 

returning high δ13C results (-16.6 ± 1.2‰) compared to the lower riverine results at Swanport 

(-20.1 ± 0.8‰). One individual from Swanport (A108) returned a high δ13C value more akin to 

marine subsistence (-16‰). Three years later Collier and Hobson published further on this 

research suggesting that although the Broadbeach population lived by the coast their marine 

diet was surprisingly <50% (Collier and Hobson 1987).  

In 1995 Pate completed analyses on the 

late Holocene Roonka Flat burial 

ground, SA. Here δ13C suggested that 

diet was similar throughout the 

population with largely C3 vegetation 

subsistence (Pate 1995). He believed 

that the δ13C results were also 

indicative of limited mobility. Pate 

revisited these data in 1997 with a 

review of δ13C and δ15N results from 

traditional Aboriginal foods along the 

Murray River (Pate 1997). In 2002 Pate 

et al. conducted δ13C and δ15N analyses 

on the Coorong, coastal Murray River 

Mouth, Swanport (lower Murray River) 

and Roonka (upper Murray River). Pate et al. (2002) used this dataset to assign δ13C and δ15N 

Table 3: Swanport and Broadbeach δ13C results. 

Taken from Hobson and Collier 1984. 
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values to each population. He then completed δ13C and δ15N analyses on 91 sets of 

unprovenanced human remains from the South Australian Museum, ascribing 77/91 (85%) of 

the unprovenanced samples to locations along the Murray River (Figure 13). In 2014 Pate and 

Owen once again revisited the δ13C and δ15N data from Swanport concluding that similar 

isotope ratios throughout the population was indicative of sedentism and territoriality (Pate 

and Owen 2014).   

Figure 13: South Australian δ13C and δ15N results with suggested provenance. Taken from 

Pate et al. (2002). 

Westaway et al. (2004) completed Australia’s first archaeological Sr isotope study in south-

west Victoria. They also employed δ18O analyses to provenance Aboriginal human remains 

that had been sent to Scotland in the 19th Century (Table 4). Historical documents recorded 

that these remains were collected from either Port Fairy or Camperdown. The study sampled 

water in the two areas and the remains, comparing 87Sr/86Sr results. They found that Sr and 

O isotope data of the remains matched Port Fairy soil and precipitation values and 

successfully repatriated the remains (Westaway et al. 2004).  
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Table 4: 87Sr/86Sr, δ18O and δ13C results taken from Westaway et al. (2004). 

Theden-Ringl et al. (2011) was the first Australian study to combine 87Sr/86Sr, δ18O and δ13C 

analyses on human remains found at Anuru Bay, Arnhem Land, Northern Territory (Table 5). 

Here in 1966 two beach burials were excavated and described as Macassan traders from 

Indonesia (MacKnight and Thorne 1968). Theden-Ringl et al. (2011) compared tooth enamel 

results to δ18O precipitation values and 87Sr/86Sr and δ13C results from three human and one 

faunal tooth collected from two nearby rockshelters at Malarrak. δ13C results showed a clear 

distinction between the Anuru Bay (mean: -12.3‰) and Malarrak (-13.0‰) samples (Table 5). 

87Sr/86Sr also showed a difference between the Anuru Bay (mean: 0.70718) and Malarrak 

(mean: 0.71926) values. However, δ18O values presented more variability between the Anuru 

Bay samples then between Anuru Bay and Malarrak. Theden-Ringl et al. (2011) used these 

data to conclude that the individuals were not local to Arnhem Land and represented a 

distinct population when compared to the Malarrak samples.   

Table 5: Results taken from Theden-Ringl et al. (2011). 
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Regional archaeological isotope studies 

Prehistoric cultural contact between Australia and Melanesia has long been debated based 

on proximity and similarities in culture, spirituality and technology (Greer et al. 2015). Isotope 

studies in Papua New Guinea (PNG) are therefore applicable to this study. PNG archaeological 

isotope research shows that 87Sr/86Sr values are distinctly low compared to those collected 

from northern Australia (Theden-Ringl et al. 2011). A study focusing on individuals from Early 

(3,300 – 2,900 BP) to Middle (3,000 – 2,700 BP) Lapita periods in the Anir Islands, Bismarck 

Archipelago returned 87Sr/86Sr results of ~0.706-0.707. These were interpreted as marine 

input in diet while faunal results were interpreted as providing evidence of food (pig) 

transport between the islands (Shaw et al. 2009). Shaw et al. (2010) used 87Sr/86Sr and δ18O 

in tooth enamel to discriminate locals at a late Lapita Site (2,750-2,500 BP, 800-550 BC) on 

Watom Island, Bismarck Archipelago. They found that 87Sr/86Sr values were restricted to 

~0.707 – 0.709, and used these data to suggest that communities were highly mobile and 

contained non-local individuals. Results also suggested all island populations were subsisting 

on a similar diet (Shaw et al. 2010). Shaw et al. (2011) also conducted 87Sr/86Sr and δ18O 

analyses on prehistoric (720 – 300 BP, 1230 – 1650 AD) populations at Nebira in the southern 

coastal-inland region of PNG. The study analysed 27 individuals with all returning 87Sr/86Sr 

values ~0.705 – 0.708. This data was used to suggest that five were non-local and likely from 

coastal regions. 

The geology of young volcanic and limestone islands of Oceania produce low 87Sr/86Sr values 

compared to northern Australia. One such island is Uripiv, Vanuatu where human material 

from a 2,800 year old Lapita site was analysed. Kinaston et al. (2014) found that human 

87Sr/86Sr values were similarly low at ~0.707 – 0.709 and interpreted subsistence turning 

increasingly terrestrial over time. Results indicated three individuals were raised off the 

island, suggesting regional interaction (Kinaston et al. 2014). At another 3000 year old Lapita 

Site of Teouma on Efate Island, Vanuatu 87Sr/86Sr values were also low and restricted at 

~0.706 – 0.709. When combined with δ18O and δ13C results the study showed that four of the 

individuals were non-local with subsistence based on marine resources that were 

supplemented with plants from local basalt soils (Bentley et al. 2007). A more recent 87Sr/86Sr 

study in Viti Levu, Fiji investigated the mobility of 53 prehistoric individuals returning 87Sr/86Sr 

values between ~0.705 – 0.709 (Cheung et al. 2018). Results suggest that the population 
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derived from two distinct geographical regions but was relatively self-contained (Cheung et 

al. 2018). 

Indonesian studies are also of primary concern considering the pre-colonial Macassan 

Trepang (Holothurium sp.) industry in northern Australia. Here, Fenner et al. (2016) 

conducted a 87Sr/86Sr, δ18O and δ13C study on 2,000 year old human remains. They found that 

the background landscape samples also expressed low 87Sr/86Sr values at ~0.706 – 0.708 

(Fenner et al. 2016).  Results showed that while oxygen and carbon isotopes within teeth 

were similar throughout the population, 87Sr/86Sr results were higher than expected (Fenner 

et al. 2016). 

2.6 Isotopes in body tissue 

Several types of body tissues are used in archaeological isotope studies. Bone collagen has 

been used extensively in palaeodietary studies. Collagen is a protein and 17 – 21% of the 

amino acids are essential and therefore directly from diet (Zu and Sealy 2019). The correlation 

between δ13Cdiet and δ13Ccollagen is strong and Ambrose and Norr (1993) found that changing 

the isotopic composition of dietary protein by just 5% to a monoisotopic diet changed 

collagen values by up to 50% (Zu and Sealy 2019). 

Many δ13C and δ18O studies also rely on analysing the composition of tooth enamel 

bioapatite. Tooth enamel δ13Cbioapatite is precipitated from blood plasma bicarbonate with 

carbon dioxide expired from diet and metabolism (Passey et al. 2005, Fernandes 2012). This 

forms carbonated calcium-deficient hydroxyapatite Ca10−x(PO4)6−x(HPO4)x(OH)2−x, which is a 

hydroxyl endmember of the apatite group (Prodan et al. 2014). δ18O makes strong chemical 

bonds in apatite and is expressed in the oxyhydroxide group (OH-) of calcium hydroxyapatite 

(Ca10(PO4)6(OH)2 (Faure 1986, Turner et al. 2009, Gerling 2015:126). Oxygen is present in 

phosphate (PO4
3-) and carbonate (CO3

2-) and both are highly correlated (r2 = 0.98) (Bryant et 

al. 1996, Lacumin et al. 1996, Sponheimer and Lee-Thorp 1999). While many studies utilise 

δ18Ophosphate, δ18Ocarbonate is easier to isolate and can be retrieved along with δ13C data (Gerling 

2015:124). δ18O in tooth enamel correlates with δ18O in body water at time of formation, 

which is a reflection of ingested meteoric water and water from foods (Ayliffe and Chivas 

1990). δ18Ophosphate in the tooth enamel is often compared against the SMOW or VSMOW 

standard (Standard Mean Ocean Water), while δ18Ocarbonate is generally compared to the PDB 

https://link.springer.com/article/10.1007/s12520-012-0102-7#CR24
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or VPDB standard (Pee Dee Belemnite) (Coplan 1995). However, these standards have a linear 

correlation and are comparable.  

Figure 14: Metabolic pathways of carbohydrates, lipids and proteins with δ13C values from 

Kusaka et al. 2015. 

Sr can substitute for the crystal calcium phosphate in tooth enamel and dentine 

hydroxyapatite. 87Sr/86Sr in enamel and dentine is known to be correlated in vivo (Underwood 

1997, Montgomery 1999). Enamel is extremely hardy to diagenesis and it is a reliable 

reservoir of the in vivo 87Sr/86Sr value (Budd et al. 2000). However, the in vivo dentine 87Sr/86Sr 

signature is susceptible to diagenesis and in some cases results in a complete replacement of 

the in vivo 87Sr/86Sr value with a soil-derived 87Sr/86Sr value (Budd et al. 2000). This makes the 

analyses of tooth dentine 87Sr/86Sr problematic. However, because dentine 87Sr/86Sr is 

susceptible to change following death it provides a way to assess diagenesis. A procedure that 

is complicated by the differential effects of 87Sr/86Sr up-take, bound by factors that are site 

and time specific (Budd et al. 2000). 
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Hair is another tissue commonly used to discriminate dietary intake (Nakamura et al. 1982). 

Because hair grows at a known rate it is a powerful tool for assessing the finer details of a 

person’s life and has been used to measure dietary stress and recent mobility in forensic cases 

(Fraser 2006, Bol et al. 2007). The use of a combination of stable isotopes and body tissue 

remains the most accurate way to assess broad diet categories, physiology and nutritional 

stress (Reitsema 2013). Since the late 20th Century methods of pre-treatment have advanced 

to combat diagenesis in archaeological samples and the introduction of continuous-flow mass 

spectrometry has made prehistoric isotope research more reliable (Makarewicz and Sealy 

2015).  

Diet to tissue models and fractionation 

The complexities of using isotope ratios to estimate diet are acute and rely on our ability to 

accurately measure how isotopes are incorporated into the body. Early studies emphasised 

isotope ratio abundances within populations (Gaffney et al. 1978, Lydon and Baxter 1978) 

and how isotopes fractionate when incorporated into tissue (Bowen 1960). A study on gerbils 

by Tiezen et al. (1983) changed their diet abruptly from a C4 (corn) diet to a C3 (wheat) diet, 

finding that isotopic turnover rates were dependent on the type of tissue. They recorded that 

lipids were depleted in δ13C from diet by 3‰ while hair was enriched by 1‰. They ranked 

δ13C highest in hair, followed by brain, muscle, liver and finally fat (Tiezen et al. 1983). 

This fractionation is caused by differences in the rate of reaction, diffusion and equilibrium 

constants (Bowen 1960). Early work showed that light isotopes, like that of C and N, travel 

quicker than heavy isotopes through metabolic pathways due to lower energy costs (Bowen 

1960). They recognised that fractionation is dependent on tissue type, diet and depletion via 

CO2 (De Niro and Epstein 1978). Hobson et al. (1996) looked into δ13C and δ15N fractionation 

between diet and tissue of captive seals that were fed a known diet of Herring. After 

measuring the isotope ratios of diet they measured δ13C and δ15N in hair and organs. They 

found that δ15N fractionation from diet to blood was +1.7‰ while diet to liver δ15N 

fractionation was +3.1‰. δ13C fractionation from diet to liver was not so pronounced at 

+0.6‰ but diet to hair saw the biggest fractionation of +3.2‰ (Hobson et al. 1996).

Early attempts to quantify fractionation factors to infer dietary δ13C from human tissue 

arrived at a range of values between 3.7 and 6‰ offset (Bowen 1960, De Niro and Epstein 
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1978, Tiezen et al. 1983, Minagawa and Wada 1984, Shoeninger and De Niro 1984, Ambrose 

and Norr 1993, Hobson et al. 1996, Bocherens and Mariotti 2002). This early work provided 

fractionation values that could be employed to different body tissues to calculate diet-tissue 

spacing. Minagawa and Wada (1984) and Shoeninger and De Niro (1984) showed that an 

agreeable level of fractionation from diet to bone collagen in humans was +3‰ for δ15N. 

Other studies have measured enrichment of δ13C from diet to human bone collagen at ~5‰ 

(Ambrose and Norr 1993, Kinaston et al. 2014). However, a review of published δ13C 

enrichment values by Bocherens and Mariotti (2002) found that fractionation from diet to 

tissue ranged from 3.7 to 6‰, suggesting that fractionation values were highly variable 

(Bocherens and Drucker 2003). In 2007, Kellner and Schoeninger also completed controlled 

feeding experiments on a range of omnivores to recalculate the δ13Cdiet to δ13Cbioapatite offset. 

This work was revised by Froehle et al. (2010) who used a graphic model to distinguish C3 and 

C4/marine diet from body tissue.   

Froehle et al. (2012a, 2012b) continued to build on their earlier research utilising previously 

reported archaeological data (Ambrose and Noor 1993, Teiszen and Fagre 1993, Ambrose 

2000, Howland et al. 2003, Jim et al. 2004, Warrinner and Tuross 2009, Froehle et al. 2010) 

from 158 individuals from distinct American pre and post agricultural communities to 

estimate the amount of C3, C4 and marine derived foods in prehistoric diet. Here they 

expanded on the linear regression analyses carried out by Kellner and Shoeninger (2007), and 

Froehle et al. (2010) that used solely δ13C variables and included new δ15N data in multivariate 

cluster analyses to develop a discriminant function model for the use of δ13Ccollagen, 

δ13Cbioapatite, δ15Ncollagen in reconstructing diet (Froehle et a. 2012a). They found that the data 

split into five groups and plotted the k-means cluster centroids isotope value (Figure 15: 

Multivariate δ13C and δ15N model for the reconstruction of prehistoric human diet taken 

from Froehle et al. (2012).Figure 15). Cluster 1, representing a 100% C3 diet clustered around 

the -20.3‰ VPDB (δ13Ccollagen) and 12‰ VPDB (δ15Ncollagen). Cluster 2, representing 30:70, C3 

and C4 respectively with >50% C4 protein, clustered around -11.3‰ VPDB (δ13Ccollagen) and 

10.1‰ VPDB (δ15Ncollagen). Cluster 3, representing 50:50 marine protein, clustered around –

10.5‰ VPDB (δ13Ccollagen) and 17.7‰ VPDB (δ15Ncollagen). Cluster 4, representing 70:30%, C3 

and C4 respectively with ≥65% C3 protein, clustered around -18.6‰ VPDB (δ13Ccollagen) and 

11.4‰ VPDB (δ15Ncollagen). Finally, Cluster 4, representing 30:70%, C3 and C4 respectively 
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with ≥65% C3 protein, clustered around -15.3‰ VPDB (δ13Ccollagen) and 8.8‰ VPDB 

(δ15Ncollagen).  

 

Figure 15: Multivariate δ13C and δ15N model for the reconstruction of prehistoric human 

diet taken from Froehle et al. (2012). 

In the same year Fernandes et al. (2012) and Oconnell et al. (2012) also added to earlier δ13C 

and δ15N diet to tissue routing studies. Fernades et al. (2012) used regression analyses to 

calculate a dietary macronutrient model where δ13Ccollagen = 4.8 + 0.74 (δ13Cprotein) + 0.26 

(δ13Cenergy) ‰ and δ13Cbioapatite = 10.1 + δ13Cdiet‰ (Fernandes et al. 2012). While O’Connell et 

al. (2012) employed controlled human feeding experiments, in which they recorded a δ15Ndiet 

to δ15Ncollagen offset of +5.9-6.3‰. However, as they discussed, the most conservative 

calculation, from red blood cells converted to collagen was assessed to be +4.6‰ O’Connell 

et al. 2012). 

Isotope research can also be used to measure nutritional stress and pathologies in human 

populations (Reitsema 2013). Both δ13C and δ15N ratios have been used to study how 

nutritional stress can be seen in body tissue when an organism must catabolise its own body 

tissue to maintain growth (Deschner et al. 2012). This catabolisation repeats the fractionation 
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process resulting in an enrichment of δ15N (Reitsema 2013). It was also recorded in birds 

fasting while incubating eggs, where body tissue δ15N levels rose by up to +0.5 – 2‰ (Hobson 

et al. 1993). Similar trends were observed in humans when Hatch et al. (2006) studied people 

with eating disorders. They found that once again starvation increased δ15N by 0.5 – 2‰. A 

study of pregnant women by Fuller et al. (2004) found that those with morning sickness also 

recorded increased levels of δ15N. Sometimes however starvation and nutritional stress is not 

recorded in body tissues as discovered by Williams et al. (2007). They found that rapid 

growing organisms actually returned lower δ15N levels as more protein is used to build tissue 

and less is wasted, even when nutritionally stressed (Williams et al. 2007, Reitsema 2013).  

2.7 Mammal tooth formation 

Mammal teeth are composed of four main parts: pulp, dentine, enamel and cementum (). 

The pulp is the inner most layer of the endodontium complex. The main function of pulp is to 

form dentine (odontoblasts) (Bleicher et al. 2014). Dentine is the main portion of the tooth 

and is made up of 70% mineral hydroxyapatite, 20% organic material and 10% water (Nanci 

2013:194). The cementum is a calcified periodontium layer that protects the tooth root and 

attaches it to the alveolar bone. The enamel is the visible protective layer that covers the 

crown. Enamel is the hardest substance in the mammalian body and consists of 96% minerals 

(Ross et al. 2006:485). Enamel in mammals is generally thickest at the cusp and thinnest at 

the cemento-enamel junction (Nanci 2013). 

Tooth formation in humans involves growing the organic matrix, calcification and finally 

mineralisation. The formation and eruption of all permanent teeth is carried out over 

approximately 20 years (Smith 1991:142). Tooth formation periods can be used as a guide to 

indicate age when isotopic compositions were laid down in the enamel. Formation of 

deciduous teeth begins between six and eight weeks of prenatal development, while 

permanent teeth do not begin to form until the 20th week (Nanci 2013:70). Tooth formation 

is divided into 5 stages: initiation, bud, cap, bell and maturation (Table: 6) The initiation stage 

is the first sign of formation and exhibits a distinction between vestibular lamina and dental 

lamina. Cells align at eight weeks to create the bud (Young et al. 2006). 

They then aggregate into dental papilla to form a cap that becomes the enamel. In the bell 

stage the tooth takes on a bell shape and begins to form enamel while separating from the 
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oral cavity. The final stage sees hard tissue mature and an organic matrix forms the dentine. 

Deciduous tooth formation lasts two to three years from initial mineralisation to root 

completion (Smith 1991:145). Permanent teeth continue to form after birth with formation 

of each tooth taking eight to twelve years (Smith 1991:145). Formation of permanent teeth 

occurs in a series of clusters. The incisors, canines and the first molars begin to form in the 

first year of life. The premolars and second molars form from two to four years of age while 

the third molar forms at five to six years of age (Fanning and Moorees 1969). 

Table 6: Permanent tooth formation timeline. Taken from Ash and Nelson 2003:54. 

Macropodid teeth also form an important part of this study. There are 71 recognised species 

of macropod in Australasia of which 46 are endemic to Australia, 21 to Papua New Guinea 

and four are shared (Richardson 2012:1). Macropods are members of the order Diprotodontia 

which includes, possums, koalas and wombats. They belong to this group because all 

members have a single pair of enlarged lower incisors that are procumbent (Richardson 

2012:6). Macropods have lost their first premolar and reduced their canines. They have 

enlarged and rigid second premolars and a sectorial third premolar. Macropod molars are 

brachydont and increase along the molar row (Richardson 2012:6). Macropod teeth form 

from the tip of the crown to the base and similarly to humans, incorporate diet and 

geographic data in the enamel (Brookman and Ambrose 2013). Macropod upper incisors form 

while the joey is still weaning, along with the first upper molar (Fraser 2005). The second 

upper molar starts to form while the weaning continues but finishes formation once the joey 

moves on to a grass diet. The upper 3rd and 4th molars form while the macropod is on a full 
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grass diet (Fraser 2005). Because multi stage enamel maturation creates time averaging in 

the isotopic signal, mature enamel contains temporally overlapping signals that span six 

months from initial secretion to a fully formed tooth (Brookman and Ambrose 2013).  

Macropodid species access water differently with some getting 25 – 40% from vegetation. 

This can result in evapotranspiration playing a large role in determining enamel δ18O (Ayliffe 

and Chivas 1990). Weaning has also been considered a potential hazard for δ18O analyses due 

to fractionation in the mothers body. However, Fraser (2005) found that δ18O values remain 

constant along the tooth row, from teeth formed while weaning and those formed after. She 

found that δ18O values aligned closely with climate variables on a continental scale (Fraser 

2005). Sr isotope signatures in macropod teeth should similarly align with the regional 

signature due to limited fractionation (Kawasaki et al. 2002). 

2.8 Isotope GIS 

Geographic Information Systems (GIS) are commonly employed to visualise spatial isotope 

data. Isotopic data can be modelled in many ways to present a continuous surface that can 

then be analysed. Analyses differ depending on sample type, density and value ranges. 

Surfaces can be used to compare results with other variables within the landscape and to 

predict values at unsampled locations.  

Interpolation is often used to model isotope data across a surface. Interpolation techniques 

have been used for decades, relying on Tobler’s first law of geography: Everything is related 

to everything else, but near things are more related than distance things (Tobler 1970, De 

Boor 1978). It). Interpolation relies on spatial autocorrelation where the null hypothesis 

assumes there is spatial randomness in order to display positive or negative spatial 

autocorrelation (Hainig et al. 2010). Variography was originally used by mining engineers to 

display spatial autocorrelation and assumes the notion of stationarity (Haining et al. 2010). 

Spatial autocorrelation assesses whether samples close together are more similar than 

samples further apart. It can also use a semivariogram to plot distance against the squared 

difference of the values. It is important that data show a degree of spatial auto-correlation if 

they are to be modelled using interpolation (Gunarathna et al. 2016). 
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There are many methods of interpolation that can be used to model data across the 

landscape. A commonly utilised method is Kriging of which there is several types: Ordinary, 

Simple, Universal, Indicator, Probability and Empirical Bayesian Kriging. Kriging utilises geo-

statistics, exploiting covariance as a function of distance between measured points to predict 

unsampled locations (Krivoruchko 2012). Structure in the covariation between sampled 

points and distance is used to build a valid variogram model (Pilz and Spock 2008). These 

models rely on the assumption of spatial autocorrelation but allow more flexibility than 

deterministic techniques that model results on distance weighting between sampled and 

predicted points (Gunarathna et al. 2016). Kriging assesses the reliability of the 

semivariogram by testing the model on sampled points so that error in the surface can be 

quantified.  
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3. A Community Bioarchaeological Research Project in the
Flinders Islands Group, Tropical North Queensland, Australia

The following chapter is prepared in a paper format and reports on a community led 

bioarchaeological study. The study was initially prepared as a paper and submitted to the 

journal Australian Archaeology in 2018. However, here it has been thoroughly revised without 

co-authors from the preceding submission, and presented as a chapter in paper format. Co-

authors on the previous submission were members of the field crew who assisted excavation 

between 2015 and 2016. The chapter describes the bioarchaeological setting of five pre-

contact interments from the Flinders Islands, Cape York. It details supervised community led 

excavation on two previously disturbed beach burials and documents some of the few 

remaining bundle burials found in the islands. I retained a tooth and bone from these 

individuals and aDNA (on two of the remains) was carried out by Wright et al. (2018), and 

combined here with a skeletal inventory, bone collagen stable isotope analyses and a 

radiometric assessment. The chapter sets a backdrop for heavy isotope analyses on the 

remains reported in Chapter Six.  

This work was originally intended to be a purely scientific study, however, it became obvious 

that there were elements to the project that had been over-looked and it was more suitably 

framed as an application in community bioarchaeology. This was due to the heavy 

involvement of the Flinders Island community in all aspects of the project. It realises the aims 

of this thesis by increasing our understanding of Aboriginal mortuary practices in Australia 

through partnership with the Indigenous community. 

While the community assisted with project scope, excavation etc as lead author I organised 

all permits, documented and assisted excavation of the skeletal remains and resurveyed the 

islands between 2015 and 2017. I conducted all background research and wrote the chapter. 

My supervisory team provided bioanthropological expertise and advice on structure. 

Community consultation was carried out over five years with the Cape Melville, Flinders and 

Howick Islands Aboriginal Corporation and results were presented at two Cape York 

Indigenous Advisory Committee meetings held in Cairns. Preliminary results were also 

presented to the Australian Society for Human Biology Conference in 2015 and the Australian 

Archaeology Association Conference in December 2017 and in Auckland in 2018. 
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ABSTRACT 

Bioarchaeology has been revolutionised in recent decades as a result of the development of 

isotope and ancient DNA analysis. These techniques have added information about the 

lifeways of past people that would have astonished early archaeologists. Unfortunately, 

bioarchaeological research in Australia has not kept pace due to understandable concerns 

arising from the disregard of Indigenous Australians rights over their ancestors’ remains that 

was shown by researchers, government officials, and members of the public for much of the 

nineteenth and twentieth century. To change this state of affairs, bioarchaeologists working 

in Australia must move toward a more inclusive approach to research. Here, we report a 

project in which we adopted this approach. The project focused on prehistoric burials from 

the Flinders Island Group, Queensland. Members of the local community undertook the 

excavation and helped devise analyses that would deliver not only scientific findings but also 

socially relevant outcomes. The project has provided new data on burial practices in tropical 

northeast Australia in prehistory. It has also produced evidence that points to heterogeneity 

in community structure within the islands prior to European contact. In addition, the project 

has provided a baseline for attempts to conserve in situ burials in the island group. More 

generally, the project shows that there can be fruitful collaboration between scientific 

institutions and Indigenous communities on Aboriginal ancestral remains. 

Keywords: Bioarchaeology, Indigenous archaeology, community archaeology, ancient DNA, 

stable isotopes, mortuary archaeology 

“In 2015 we invited Griffith University to come with us to Flinders Island to help conserve a 

burial we found eroding from the beach. The islands are jointly managed with Queensland 

National Parks who provided all the resources to get to the islands and helped complete the 

work. This was the beginning of a partnership with Griffith and we have since completed 

fieldwork documenting and conserving other burials discussed in this paper. Fieldwork has 

meant we can take the younger generation back to the islands and get them involved in this 

important work. The scientific work on the burials shows how long we cared for the cave 

burials and I hope that by including images of the bundles it might gather interest in 

conserving them and lead to the return of some of the many that have been stolen. I am 

happy that this research has taken place and hopefully it will continue into the future.” 

Clarence Flinders, team member and one of the Traditional 
Owners of the Flinders Island Group, 2016. 
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1) INTRODUCTION

This paper reports research carried out on five pre-contact burials in the Flinders Island 

Group, which are located just off the east coast of Cape York, Queensland, in Princess 

Charlotte Bay (Figure 16). The research forms part of an Australian Research Council-funded 

program of research that is focused on investigating the population history of Cape York and 

seeking to improve methods for repatriating unprovenanced remains of Indigenous 

Australians (Collard et al. in press). 

In 2015 our team was asked to assist in the rescue excavation of two eroding beach burials 

by the Flinders Island Group’s Traditional Owners, the Queensland Department of Aboriginal 

and Torres Strait Partnerships (DATSIP), and the Queensland Police, who had carried out a 

preliminary assessment of the burials. Excavation and reburial was undertaken by Traditional 

Owners, with members of our team recording the burials, analysing the remains, and taking 

samples for dating, ancient DNA (aDNA), and isotope analysis. While assisting the Traditional 

Owners, our team was alerted to thefts of traditional burials from local rockshelters and it 

was decided that further fieldwork should be carried out to record the remaining rockshelter 

burials. This additional fieldwork, which occurred in 2016, is also reported here. Because both 

field visits were carried out under tight time constraints, there were some important 

limitations. Nevertheless, the data they yielded are interesting, especially with regard to pre-

contact genetic diversity and burial practices in Cape York. In addition, we think the project 

represents a potentially useful model for future research on ancient human remains in 

Australia, with its combination of Traditional Owner-led excavation and in-field 

osteoarchaeological analyses. 

The paper is structured in the following way. We begin with a brief outline of the environment 

and history of the Flinders Island Group. We then summarise what is known about Aboriginal 

mortuary practices in the Flinders Island Group in the ethnohistoric period. Next, we describe 

the five burials. Thereafter, we report the results of our in-field bioarchaeological 

assessments. In the subsequent three sections, we outline the results of the aDNA, dating, 

and dietary stable isotope analyses. In the final section of the paper, we compare the data for 

the five burials to each other and to what is known about mortuary practices in the 
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ethnographic period. We also discuss their implications for our understanding of the 

Indigenous history of the Flinders Islands Group. 

Figure 16: Flinders Island Group and Cape York, Australia. 

2) BACKGROUND

2.1) Overview of the environment and history of the Flinders Island Group 

The Flinders Island Group is located in Princess Charlotte Bay, ca. 340 km northwest of the 

city of Cairns. Seven islands form the group—Flinders (Wurriima), Stanley (Muyu Mali), 

Blackwood (Wakayi), Maclear, Denham (Inggal Odul), King, and Clack (Ngurromo). The islands 

sit within Australia’s Great Barrier Reef, on the western side of the Coral Sea (Figure 16). 

The Flinders Island Group are continental in origin and consist of Jurassic-Cretaceous 

Dalrymple Sandstone and Gilbert River Formation Sandstone. They feature rugged sandstone 
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escarpments and sand dunes, which are covered by mixed heath woodland, grassland, and 

vine thickets. While the only modern terrestrial animals are monitor lizards and snakes, the 

islands are home to a wide variety of bird species (Abrahams et al. 1995). Fringing reef 

surrounds the islands and supports a wide range of fish species, as well as dugong and turtles 

(Cappo et al. 2007). The climate of the islands is seasonally tropical with monsoonal rains from 

November to April and frequent cyclones (Woinarsky et al. 2007). 

Oral history indicates that the islands were first occupied by clan groups known collectively 

as the Aba Wurriya (Aba means “people,” Wurri-ya means “Flinders Islands” [Peter Sutton 

pers. comm 2018]). These groups are reported to have moved seasonally between the islands 

and the adjacent mainland, subsisting on a wide range of marine foods, macropods, lizard, 

bird and frog, as well as vegetable foods like yam and pandanus nut (Thomson 1933, Hale and 

Tindale 1933-34:107). The islands were also a ceremonial stopping point for groups from the 

wider region; Sutton et al. (1993) concluded that there were regular visits by, and 

intermarriage with, groups from over 50 km to the west and south of the islands. 

Beaton’s (1985) excavations at the Yindaen Rockshelter (previously referred to as the Endean 

Rockshelter; (Figure 17) on Stanley Island led him to conclude that the islands had been first 

colonised around ca. 2,200 years ago in response to an increase in population size on the 

mainland. This hypothesis has long been accepted (e.g. Hiscock, 2008, Brockwell et al., 2017). 

However, recent research at the Yindayin Rockshelter indicates that the Flinders Island Group 

have actually been occupied since at least 6,280 calBP (M. Wright et al., submitted). 

McNiven et al. (2004, 2011) have argued that over the last 3,000 years the Coral Sea was an 

“interaction sphere” involving gene flow and cultural diffusion between Indigenous 

Australians and Melanesians from the Torres Strait Islands and New Guinea. One of the lines 

of evidence that supports this hypothesis is the production and use of outrigger canoes by 

some Indigenous groups in Cape York in the ethnohistoric period (Moore 1978). The Aba 

Wurriya were one of these groups. Thus, there is reason to think that the Aba Wurriya were 

part of a social network extending all the way to New Guinea, for several thousand years. 

Due to their location, the Flinders Islands Group were an early point of contact between 

Indigenous Australians and Europeans. The first recorded meeting of the Aba Wurriya and 
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Europeans took place in 1821, during Captain Philip King’s survey of the east coast of Australia 

(King 1827). Subsequently, the islands became an important anchorage between Sydney and 

Asia, before becoming a centre for the pearling trade. Unsurprisingly, these developments 

impacted the Aba Wurriya. In the late 1890s, the first Northern Protector of Aborigines, 

Walter Roth, photographed 84 of the islands’ Indigenous inhabitants (Roth 1898). By 1935, 

when Donald Thompson spent time in the region, the number of Aba Wurriya on the islands 

had been reduced to nine (Sutton 2005). In the 1930s and 1940s, the last Aba Wurriya were 

removed to Hopevale and Palm Island, where their descendants live to this day (Sutton 2005). 

Figure 17: Flinders Island Group Traditional Owners Clarence Flinders and his son, Rhyin 

Flinders, at Yindaen Rockshelter in 2015. 

2.2) Aboriginal mortuary practices in the Flinders Island Group in the ethnohistoric period 

Ethnographic reports from the 19th and 20th centuries suggest that the mortuary practices of 

Indigenous Australians were highly variable. They included burial, desiccation, cremation, 

abandonment, crushing, dismemberment, secretion in trees and rock, disposal in water as 

well as the utilisation of remains for spiritual and utilitarian functions (McConnel 1937; Pretty 

and Calder 1980). Meehan (1971) divided the practices into three categories—simple, 

compound, and pseudo-compound (Meehan 1971:3). In a simple disposal, a corpse is 

disposed of in one place at one time, usually in a grave. The category compound disposal 

includes mortuary practices in which multiple procedures were carried out at different times, 
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prior to final disposal. Pseudo-compound disposal differs from compound disposal in that it 

involves a series of procedures that are carried out at a single time, at the time of disposal. 

Compound disposal practices feature prominently in the ethnographic record of Princess 

Charlotte Bay (Hale and Tindale 1933-1934; McConnel 1937; Meehan 1971; Roth 1907). For 

example, Roth (1907:380-384) wrote that when someone died, the community dug a grave 

in the centre of camp. Over this, a platform of logs and grass was raised and covered with 

bark. The corpse was then consigned to the grave and the community camped around it in a 

ring. The corpse remained in the ground for many days before the bones were exhumed and 

placed in a bark coffin. Hale and Tindale (1933-1934:95) recorded defleshing via burial before 

transfer of the deceased’s remains to a bark coffin. This was not the only compound disposal 

practice recorded in Princess Charlotte Bay. Hale and Tindale (1933-1934) mention several 

others, including defleshing via exposure on a platform prior to placement in a bark coffin. 

The bark coffins in question were typically made from sheets of termite and fire-resistant bark 

rolled into a cylinder ca. 0.8m-1.4m long (L’Oste-Brown et al. 2002). The defleshed, 

disarticulated remains were usually placed on a pad of grass and the bark cylinder was tied at 

the ends with string made from human hair, animal fur, sinew, skin, or plant fibre. In some 

cases, the coffins were decorated with ochre, shells, skins, and/or feathers (L’Oste-Brown et 

al. 2002). 

There is evidence that not everyone was treated in the same way. Roth (1907) recorded that 

the death of prominent and/or powerful people was often avenged and their remains carried 

from camp to camp and defleshed before being buried or secreted in a tree or cave. Often 

the remains of such individuals were placed in an elaborate bark coffin or retained and used 

to promote the success of the group in hunting. Roth (1907) reported that the old, less 

esteemed, or infirm were given simpler burials with less ceremony, often close to the site of 

death. In one recorded instance the body of an unmarried male with no important relatives, 

and who had not demonstrated valour in combat or prowess in hunting, was simply wrapped 

in bark and kept near the camp so that the family could visit the body. Once mourning rituals 

ceased, the body was buried in what appeared to be an arbitrary location remote from the 

camp and food sources (Roth 1907:397-398). Similarly, Hale and Tindale (1933-1934) noted 

that the status of an individual in life dictated the complexity of their mortuary treatment. 
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They recorded that older individuals were usually not seen as a threat in the afterlife and 

were often buried articulated within a short time of death with little ceremony. 

Roth (1907) offered an explanation for the differential treatment of individuals. He suggested 

that the people of Cape York considered death to be the result of spiritual intervention or 

human agency rather than a natural phenomenon. He noted that it was believed that the 

spirits of the dead could harm the living, and that an individual’s character governed the 

actions of their spirit in the after-life. This impacted how corpses were treated: “The spirits of 

women, children, infirm and invalid old men, whom during life, the survivors had no reason 

to fear, need not be bothered about it in the way of ceremonial to the same extent as is 

considered necessary with the more virile of the men” (Roth, 1907: 366). The remains of such 

men had to be given extensive ceremonial treatment to prevent them doing evil to surviving 

members of the community (Roth, 1907). 

3) THE BURIALS 

One of the beach burials (FI1) was located in an area of Flinders Island known as Apa Spit 

(Tindale and Hale 1933-1934) or Wathirrmana (Sutton et al., 1993:36). The spit comprises 

coarse silica sands and contains numerous horizons of midden with artefacts and charcoal 

(QPWS Report ER:C64). FI1 was initially excavated by Traditional Owners and police, who re-

covered it after determining that it was a traditional burial. Upon re-excavation, the individual 

was found at a depth of ca. 1.2 m below ground level in a loose, beige shell-grit/sand foredune 

matrix with abundant charcoal. Grave margins were difficult to determine due to the sandy 

nature of the surrounding matrix and the earlier excavation. However, based on the remains’ 

placement and the curvature of spine, we estimate that the grave was oval (ca. 1.2-1.5 m long 

and 0.8 m wide) and had a concave base. The individual was orientated north-east with their 

face directed east. They had been interred on their back with their legs partially flexed and a 

large (ca. 40 cm diameter) limestone rock placed on their chest. The individual’s hands were 

placed palm down on the thighs, and their feet were crossed. The rock, which has been 

removed during the preliminary investigation, was the only identifiable grave good (Figure 

18). 

The other beach burial (SI1) was discovered eroding from beach foredune sands on Stanley 

Island in 2015 by a group of fishermen, who removed the crania for a photo before re-burying 



77 

the remains. Subsequently, the burial was investigated by the Queensland Police. The burial 

was located in a large (ca. 1 km wide), flat, sandy cove that is surrounded by limestone 

boulders and scrub and contains some of the largest shell mounds in the Flinders Islands 

Group. The burial was dug into coarse beige silica sands covered in thick tufts of grass with a 

surface of broad (ca. 2-3m wide, 0.8m high) ridgelines. Wind and tidal action close to the high 

tide mark had eroded the south-east margins of the area where the burial was located. The 

placement and alignment of in-situ elements of the axial skeleton suggested that the 

individual had been buried facing south-east. Weathering on the frontal and supraorbital 

ridges of the cranium had resulted in surface pitting indicating that it had been exposed for a 

period of time. The lower portions of the skeleton appeared to have been removed by tidal 

activity. No grave goods were recovered, but the grave had been heavily disturbed, so we 

cannot be certain that there were none in the past. 

The first rockshelter we visited is located close to the beach on the east coast of Flinders Island 

in an area of abundant middens and rock art. The rockshelter faces east and is ca. 10 m wide 

and ca. 2 m deep. The floor slopes down towards the entrance, which is ca. 1 m high. When 

Graham Walsh surveyed the islands in the early 1980s he recorded two sets of remains in the 

rockshelter (Walsh 1985). His report contains photographs of femora bound in bark, 

suggesting that they were bundle burials. During our visit, we found only one set of remains 

(FI2), which were partially covered as a result of heavy weathering of the roof. The individual’s 

face was orientated east but this may not have been the original orientation because there 

were signs of disturbance. Some skeletal elements were preserved in the surviving bark 

cylinder fragments but they were partially buried and we decided not to disturb them further. 

The second rockshelter we visited is on Flinders Island’s north coast. It faces north-west and 

is ca. 30m long, ca. 6m deep, and up to 1.5 m high. This rockshelter was also surveyed by 

Walsh (1985), who recorded the presence of six bundle burials involving ornate bark coffins 

and matting (Figure 19, Figure 20), and several painted ochre motifs. Horsfall (1991) later 

reported that four of the burials had been removed. In an attempt to stop further disturbance 

of the burials, a steel cage was constructed along the drip line. Our visit in 2016 confirmed 

that only two of the burials remained—Walsh’s (1985) Burial 2 (B2) and Burial 3 (B3). Although 

the cylinder-coffins and skeletal remains associated with four of the six burials were missing, 

the outer paperbark wrapped around the cylinders remained either in situ or nearby, with the 
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exception of Burial 6 which had no evidence of discarded paperbark. One cylinder-coffin 

remained with B3. It had been opened but retained fine twine that likely bound the post-

cranial skeletal elements. Two isolated femora and a calcaneus were documented three 

metres from the back wall of the rockshelter. We suspected that these were associated with 

Burial 4 but we could not be certain and so did not analyse or sample them. 

 

Figure 18: FI1 excavated remains. 

  

Figure 19: B2 in the 1980s (left; Walsh 1985) and in 2016 (right). 
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Figure 20: B3 in Interment Cave 1 in the 1980s (left; Walsh 1985) and in 2016 (right). This 

individual is the most intact of the few surviving bark cylinder burials in the rockshelter. 

4) OSTEOARCHAEOLOGICAL ANALYSIS

All the osteological analyses were completed on the day following excavation. Sex, age, 

ancestry, and pathologies were assessed with the methodological standards outlined by 

Brothwell (1981), Larnach and Macintosh (1970), Buikstra and Ubelaker (1994), Donlon et al. 

(2002), Moore-Jansen et al. (1994), and White and Folkens (1991). When aging the specimens, 

we employed the broad categories recommended by Buikstra and Ubelaker (1994) (i.e. young 

adult [20-35 years], middle adult [35-50], old adult [50+]). Stature was not estimated for any 

of the individuals because we did not have an osteometric board available. Similarly, point of 

flexing was not included in the assessment because only one of the individuals was found 

complete and fully articulated and this individual had previously been excavated by the police. 

Fl1 was complete with all skeletal elements present, articulated, and in a very good state of 

preservation (Figure 18). On the basis of cranial traits such as the dolocephalic nature of the 

cranial vault, vault gabling, pronounced supracilary ridge, square orbits, mid-facial 

prognathism, and pronounced cheekbones (Donlon et al. 2002), the individual was deemed 

to be an Indigenous Australian. Pelvic traits (Phenice 1969) indicated that the individual was 

male, while the degree of occlusal wear, epiphyseal fusion, and suture closure indicated that 

he was in Buikstra and Ubelaker’s (1994) middle adult category. 

FI1’s right first maxillary incisor was found to have been removed earlier in life. Extreme 

occlusal wear was observed on the other teeth, with roots of the lower molars no longer 

supported by the mandibular alveolar bone, which is consistent with Brothwell’s (1981) 

“considerable” stage for recording periodontal disease. An unhealed periapical lesion that 
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meets the criteria for an abscess was also recorded in the vicinity of the periodontal disease. 

An enthesopathy was present on the right humerus, suggesting that the individual was right 

handed and had engaged in heavy use of his right arm. 

SI1 preserved the cranium and mandible, left humerus, left and right clavicles, left and right 

scapulae, nine individual ribs from either side of the body, and 14 cervical and thoracic 

vertebrae. Lower portions of the postcranial skeleton consisted of highly weather proximal 

portions of the femora. Because SI1 did not preserve a pelvis, ancestry and sex were assessed 

on the basis of cranial traits alone. Among the cranial traits we identified were lightly built 

supraciliary ridges, relatively high frontal, small mastoid processes, and weakly developed 

nuchal crest (Buikstra and Ubelaker 1994; Donlon et al. 2002). These suggested that SI1 was 

likely an Australian Aboriginal female. SI1 was estimated to be a young adult based on fusion 

of epiphyses, cranial suture closure (Buikstra and Ubelaker 1994) and degree of occlusal wear, 

particularly the absence of wear on the M3s (Brothwell 1981). 

The young woman had a generally gracile axial skeleton, but there were indications on the 

clavicles and left proximal humerus of a relatively robust musculature in the shoulder girdle. 

Despite her youth, indications of osteoarthritis were apparent in the cervical vertebrae and 

the glenoid fossa of the scapula. Dental enamel hypoplasia (DEH) was identified on some of 

her teeth, which suggests that she experienced stress early in life. There was also evidence 

that she suffered from periodontal disease for a period of time before death. 

To reiterate, FI2 consisted of a cranium and what seemed to be a largely intact postcranial 

skeleton. We did not analyse all of the postcranial elements because, as we explained earlier, 

the individual was mostly covered in sediment. Among the postcranial elements that were 

exposed and therefore available for inspection were the pelvis, left femur and tibia, left 

humerus and radius, three ribs, phalanges and four lumbar vertebrae. 

Several cranial traits suggested that the individual was Aboriginal, including elongated overall 

shape, gabled vault, strong phenozygy, mid-facial prognathism, and prominent cheek bones 

(Buikstra and Ubelaker 1994; Donlon et al. 2002; Phenice 1969. The pelvis had a narrow 

greater sciatic notch, a sub pubic concavity with a convex inferior border, and a ventral arc 

with a slight ridge. These characters suggest that the individual was a male (Buikstra and 
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Ubelaker 1994; Donlon et al. 2002; Phenice 1969). Several cranial traits also suggested that 

the individual was male. These included a well-developed superciliary ridge, large mastoid 

processes, and well-developed areas of muscle attachment on the occipital. That FI2 was male 

was later confirmed by aDNA analysis (Wright et al 2018). The degree of epiphyses fusion, 

suture closure, and occlusal wear indicated that FI2 was a young adult (Brothwell 1981; 

Buikstra and Ubelaker 1994). 

FI2 presented very few indicators of disease. Periosteal lesions in the form of woven bone 

were recorded on the medial left femur, suggesting that the individual may have suffered 

from chronic infection (Madewell et al. 1981). While several teeth of FI2 had been lost post 

mortem, signs of ante-mortem tooth avulsion were absent. 

Analysis of B2 was limited to the cranium because most of the remaining postcranial elements 

were partially buried and accessing them would have involved significant disturbance (Figure 

19). B2 was determined to be an Aboriginal male based on characters of the cranium, 

including elongated skull shape, gabled vault, strong phenozygy, mid-facial prognathism, and 

prominent cheek bones (Buikstra and Ubelaker 1994; Donlon et al. 2002; Phenice 1969). 

Despite diminutive dimensions, the pelvis displayed very strong muscle attachments. He was 

estimated to be a young adult on the basis of epiphyseal fusion, suture closure, and occulusal 

wear (Brothwell 1981; Buikstra and Ubelaker 1994). 

B2 exhibited bilateral cribra orbitalia, often interpreted as a response to anaemia (Wapler et 

al. 2004), although the aetiology of these lesions are increasingly being recognised as a result 

of other potential diseases such as infection (Ortner 1999, Walker et al 2009). The presence 

of bilateral shallow channelling connecting lesions and the inclusion of the trabecular in the 

lesion indicates that it can be classified as category 3 “trabecular cribrotic” (Webb 1982) 

(Figure 21). B2’s left maxillary first incisor was avulsed (and fully resorbed) while calculus 

accumulations, alveolar resorption, and periodontal disease were evident, particularly in the 

post-canine dentition. 

The B3 bundle burial contained a largely intact skeleton (Figure 20), although most of the 

hands and feet appeared to be missing. B3 was not disturbed for the purposes of constructing 

a skeletal inventory, but the cranium and some other elements could be assessed. The 
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elongated cranial vault, square orbits, pronounced cheek bones, and projecting zygomatic 

arches indicated that the individual was likely an Indigenous Australian. B3 was identified as 

female, based on Phenice’s (1969) techniques for sex determination of the cranium and 

pelvis. In view of the limited amount of occlusal wear on the M3, the individual was estimated 

to be a young adult in her early 20s (Brothwell 1981). The degree of ephiphyseal fusion, open 

sutures of the cranial vault, incomplete fusion of S1-S2 in the sacrum, and the recent 

ossification of the spheno-occipital synchondrosis were consistent with the individual being a 

young adult (Buikstra and Ubelaker 1994). 

DEH was present on B3’s anterior teeth and upper 2nd molar, indicating stress when young. 

There was also evidence of periodontal disease, with alveolar resorption associated with the 

upper left first Incisor. There was also ante-mortem damage to the ilium. It showed signs of 

pitting and partial healing, which may have been caused by soft tissue infection-induced 

sepsis. 

 

Figure 21: Cribra orbitalia in B2. 
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Table 7: Summary of skeletal remains. See text for details of methods used to establish sex and age, and to generate dates. 

Table 8: Summary of dates calibrated using OxCal 4.2 (Bronk Ramsey 2009) with a combined Southern hemisphere atmospheric calibration curve SHCal13 

(Hogg et al. 2013), and the Marine13 (Reimer et al. 2013) marine/mixed curve set at: 20% ± 5% marine input. 

Name 
Interment 

Type 
Sex Approximate Age at Death Pathologies 

FI1 Burial Male Middle adult (mid - late 40s) Periapical lesions; anthesopathy on right humerus 

FI2 
Cave 

Interment 
Male 

Young adult (mid 20’s- mid 

30’s) 
Periosteal lesion on LH femora 

SI1 Burial 
Femal

e 
Young adult (18 – 24) 

Dental enamel hypoplasia; periodontal disease; 

osteoarthritis 

B2 
Cave 

Interment 
Male Young adult (mid to late 20’s) Periodeontal disease; cribra orbitalia 

B3 
Cave 

Interment 

Femal

e 

Young adult (early to mid 

20’s) 

Dental enamel hypoplasia; tissue infection on ilium 

Sample Sample Type Lab ID C:N 
δ13C 

(VPDB) 
δ15N 
(AIR) 

Uncalibrated 
14C age (BP) 

Atmospheric Calibrated 
Range (SHCal13) 

Marine Corrected Calibrated 
Range (Marine13) 

Calibrated range 
of year at death Probability 

FI1 Phalange 15127 3.2 -10.8‰ 12.0‰ 325 ± 25 447 - 297 cal BP 316 - 148 cal BP 1589 – 1802 CE 95.4 % 

FI2 

SI1 

RH PM1

Phalange 

16861 

15128 

3.1 

3.2 

-12.2‰

-13.6‰

11.1‰ 

10.2‰ 

435 ± 22 

375 ± 25 

504 - 335 cal BP 

473 – 319 cal BP 

460 - 310 cal BP 

445 - 276 cal BP 

1490 – 1640 CE 

1505 – 1674 CE 

95.4 % 

95.4 % 

B2 RH I2 16862 3.1 -14.0‰ 11.6‰ 308 ± 20 440 - 290 cal BP 303 - 147 cal BP 1647 – 1804 CE 95.4 % 

B3 LH I1 16863 3.1 -12.8‰ 12.6‰ 449 ± 20 508 – 341 cal BP 473 - 317 cal BP 1477 – 1633 CE 95.4 % 
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5) aDNA ANALYSIS 

All five sets of remains were sampled for aDNA analysis, but only two, SI1 and FI2, yielded 

genomic data. Details of the methods used to extract the data are given in Wright et al. (2018), 

as are the results of the analyses in which they have been employed to date. Briefly, the data 

indicated that SI1 was a female and that FI2 was a male. The analyses also indicated that both 

individuals belonged to the Aboriginal mitochondrial haplotype P5b1, which is predominantly 

known from Queensland (Nagle et al. 2017). This haplotype is thought to have diverged from 

the ancestral haplotype P5 between 12,000 and 28,000 years ago (Wright et al. 2018). FI2 was 

also found to carry a Y chromosome haplotype, S1c, that had not previously been found in 

Aboriginal Australians (Wright et al 2018). Thus, the aDNA analyses supported the conclusions 

we reached in the field regarding SI1 and FI2—namely that they were a male and a female of 

Aboriginal descent. Wright et al. (2018) obtained a further interesting result regarding SI1 and 

FI2. They found that SI1 and FI2 shared ca. 13% ancestry with New Guinea Highlanders. This 

is consistent with McNiven et al.’s (2004, 2011) Coral Sea Interaction Sphere hypothesis, 

which, as we explained earlier, posits the occurrence of gene flow from Melanesia to Cape 

York after the Austronesians dispersed into the southwest Pacific ca. 3,000 years ago. 

6) RADIOCARBON DATING 

Direct AMS radiocarbon dating of bone collagen was completed at the Research School of 

Earth Sciences, Australian National University. We sampled phalanges from FI1, FI2, B2, and 

B3, and a rib from SI1. Collagen was extracted using ultrafiltration and acid and alkali were 

used to remove exogenous carbonates and humics. The samples were gelatinised before 

being filtered. Raw ages were recorded in radiocarbon years using the Libby half-life of 5568 

years. Ultrafiltration specific background was subtracted, based on measurements of samples 

of 14C-free CO2. 

We calibrated the dates with OxCal 4.2 (Bronk Ramsey 2009). Because the individuals were 

located close to the coast a portion of their diet was likely of marine origin, we therefore 

applied a marine reservoir correction to take into account the proportion of marine diet that 

could offset dates. The amount of marine input was difficult to calculate due to the lack of 

regional baseline results and the high abundance of C4 vegetation, leading to high δ13C results 

in terrestrial fauna. Murphy and Bowman (2007) found that out of their seven macropodid 
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collagen samples between -12.11 and -15.43 latitude in Cape York, the average δ13C was -

13.53‰ VPDB. Near-shore marine foods sampled in Fry et al. (1983) and reproduced in 

Herrscher et al. (2018) sit in the exact same position between -17 and -6‰ (VPDB). The human 

δ15N results (10.2 – 12.6 ‰ AIR) (Table 2) were low for coastal people, and may indicate a 

higher reliance on near-shore marine foods rather than high-trophic level fish. However, it is 

also difficult to calculate due to the due to a lack of faunal/marine δ15N data for Cape York. 

Given the lack of baseline data and the overlap of near-shore marine food and terrestrial 

fauna, a conservative mixed marine and atmospheric calibration curve was utilised assuming 

a marine component of 20 ± 5% marine input. We used the Southern Hemisphere calibration 

curve SHCal13 (Hogg et al. 2013) and combined it with the Marine13 curve (Reimer et al. 

2013) utilising a ΔR offset of 52 with an SD of 63, based on a weighted mean from the nearest 

five reservoirs on the CHRONO Marine Reservoir Database (Rhodes et al. 1980). 

Calibrated results returned a wide range of potential years of death from 473 to 147 calBP 

(1477 to 1804 CE) (Table 2). FI2, SI1 and B3 returned the oldest calibrated ranges ~1500 to 

1650 CE. FI1 and B2 were assessed to have died later, also with a wide range from ~1600 to 

1800 CE (Table 2). Thus, we cannot use these dates to compare with models for demographic 

change in Cape York (e.g. Brockwell et al. 2018) because the dates are not precise enough. 

What we can say is that the individuals all died prior to European contact and therefore can 

be used to assess mortuary behaviour, pathology and lifeways with post-contact individuals. 

7) STABLE ISOTOPE ANALYSIS

Bone collagen carbon (δ13Ccollagen) and nitrogen (δ15Ncollagen) isotope ratios from the five 

individuals were used to assess their diets. δ13Ccollagen and δ15Ncollagen reflects the protein 

fraction of diet and are commonly employed to estimate broad dietary-protein components 

(Ambrose and Norr 1993, Jones et al. 2012). δ13Ccollagen reflects the relative proportion of C3/C4 

vegetation in diet as well as the importance of marine versus terrestrial resources, with 

fractionation between diet and consumer of +0-2‰ (Shoeninger and De Niro 1984, 

Katzenberg et al. 1995, Bocherens and Drucker 2003). δ15Ncollagen indicates the amount of 

marine protein versus terrestrial protein because it involves a larger trophic offset of 3-6‰ 

(O’Connell et al. 2012). 
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δ13C and δ15N measurements on bone collagen were completed at the Australian National 

University’s Radiocarbon Dating Laboratory using a Sercon 20-22 mass spectrometer coupled 

to an ANCA-GSL. Collagen was retrieved from phalanges of FI1, FI2, B2, and B3, and from a rib 

of SI1. Collagen extraction followed the ultrafiltration protocol described by Brock et al. 

(2010). All samples yielded >1% collagen. Samples were measured against in-house 

references and corrected against standards USGS-40, USGS-41 and ANU Sucrose (Fallon et al. 

2010). All samples returned a standard error of <0.2‰ 

A δ13Ccollagen to δ13Cdiet offset for the Flinders Island Group was calculated based on Fernandes 

et al.’s (2012) dietary macronutrient model in which δ13Ccollagen = 4.8 + 0.74 (δ13Cprotein) + 0.26 

(δ13Cenergy) ‰. A δ15Ncollagen to δ15Ndiet offset for the islands was calculated based on O’Connell 

et al.’s (2012) controlled human-feeding experiments, in which they recorded an offset of 

+5.9-6.3‰. However, as they discussed, the most conservative calculation, from red blood 

cells converted to collagen was assessed to be +4.6‰ (δ15Ndiet to δ15Ncollagen). 

Modern faunal δ13C data were used to assess baseline isotopic values. Modern values were 

corrected for pre-industrial atmospheric carbon levels (Suess Effect), with terrestrial faunal 

+1.5‰, and marine fauna +0.86‰ (Marino and McElroy 1991, Froele et al. 2012, Kinaston 

2014). Bone collagen values were converted to flesh values by subtracting 3.7‰ for 

Macropodid and 1.5‰ for dugong, following methods described by Beaven-Atfield et al. 

(2008), Keegan and DeNiro (1988), and Kinaston et al. (2014). 

To interpret the δ13Ccollagen and δ15Ncollagen values we drew on archaeological evidence and 

ethnographic accounts. We also utilised previously published isotope data from Australia and 

Oceania (Fry et al. 1983, Hobson and Collier 1984, Collier and Hobson 1987, Keegan and 

DeNiro 1988, Ambrose et al. 1997, Pate 1998, Pate 2002, Pate 2014, Leach et al. 1996, Yoneda 

et al. 2004, Valentin et al. 2006, Beavan Athfield et al. 2008, Field et al. 2009, Allen and Craig 

2009, Jones and Quinn 2009, Richards et al. 2009, Storey et al. 2010, Valentin et al. 2010, 

White et al. 2010, Kinaston et al. 2013, Kinaston et al. 2014, Kinaston et al. 2015, Herrscher 

et al. 2018) (see Appendix 2). Archaeological δ13C and δ15N research in Australia has largely 

been focused on skeletal remains recovered from large burial complexes in South Australia 

(Pate 1998, Pate 2002, Pate 2014) and Queensland (Hobson and Collier 1984, Collier and 

Hobson 1987). In the north of the continent little archaeological isotope work has been 
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carried out (but see Theden-Ringl et al. [2011] for a rare exception). In contrast, in recent 

years there has been a flurry of stable isotope studies focusing on the diets of Pacific Islanders 

(e.g. Fenner et al. 2016). 

The Flinders Island Group human δ13Ccollagen analyses returned a mean of -12.68 ± 1.26‰ 

(VPDB), while the δ15Ncollagen analyses returned a mean of 11.5 ± 0.91‰. Converted to 

estimated protein dietary input values, δ13Cdiet is -17.48 ± 1.26‰ (VPDB) and δ15Ndiet is 6.9 ± 

0.91‰ (AIR). 

Spearman’s rank correlation coefficient was used to assess the relationship between δ13C and 

δ15N values for the five individuals. The values proved to be positively correlated (r=0.365) 

and non-significant (p=0.545). Based on the guidelines provided by Richards and Hedges 

(1999) and Kinaston et al. (2013, 2014), this suggests that animal protein was an important 

component of the diet and that the trophic levels of the marine and terrestrial inputs were 

similar. 

Table 9: Flinders Island human δ13C and δ15N results. 

Sample 

Name 
Sample 

Internal 

ID 

Collagen 

Yield (%) 
C:N 

δ 

13Ccollagen 

(VPDB) 

δ13Cdiet 

(VPDB) 

δ15Ncollagen 

(AIR) 

δ15Ndiet 

(AIR) 

FI1 Phalange 15127 1.05 3.2 -10.8 -15.6 12 7.4 

FI2 Phalange 16861 6.0 3.1 -12.2 -17.0 11.1 6.5 

SI1 Medial Rib 15128 4.28 3.2 -13.6 -18.4 10.2 5.6 

B2 Phalange 16862 3.0 3.1 -14.0 -18.8 11.6 7.0 

B3 Phalange 16863 2.9 3.1 -12.8 -17.6 12.6 8.0 

Archaeological excavation of Yindaen (Endaen) Rockshelter on Stanley Island offers some 

tangible information concerning dietary input. Beaton (1985) stressed the seasonal 

availability of many food sources on the islands and Princess Charlotte Bay. He also suggested 

that Anadara midden mound building ceased on the islands 500-600 years ago. This date 

aligns with a demographic increase that was posited by Brockwell et al (2017). In his 

excavation of Yindayin Rockshelter, Beaton (1985) recorded a dense deposit of intertidal reef 

and mangrove, shellfish, dugong and turtle, and concluded that this reflected the economic 

base of the occupants. In the upper units he found that gastropods (Terebralia palustris, 

Lambis lambis) made up to 60% of the material by weight. He also recorded that up to three 



88 
 

species of wallaby were found in the deposit and that turtle was found in all spits. Fish remains 

were scarce. An analysis of the invertebrate material recovered from Yindayin rockshelter 

during the 2016 excavation mentioned earlier found that there were three phases of activity 

at the site: 1) 6,286 cal BP; 2) 2,938-2,073 calBP, and 3) 179-51 calBP (Wright et al.  submitted). 

In the upper level spits, which are contemporaneous with the skeletal remains reported here, 

Wright et al. (submitted) recorded that intertidal invertebrate species of mud whelks, bivalve 

muscles, chiton’s and sea snails dominated the assemblage by weight. If we use these data 

alone we would assume that the population of the Flinders Islands focused almost exclusively 

on intertidal resources. However, we have to keep in mind that weathered bone is less 

resistant to taphonomic processes than shell and therefore the abundance of shell relative to 

other animal remains may not reflect their relative importance in the individuals’ diets. 

Ethnographic observations recorded by Hale and Tindale (1933-1934:107-116) provide 

observations about the diet of the Aba Wurriya in the 1920s. Fishing, which was carried out 

with spears, brush fish-traps, and nets, targeted mullet, rock cod, and groper. Shark liver, 

oysters, and rock-lobster were also consumed on occasion; they were considered “treats.” 

While marine resources were important, Hale and Tindale (1933-1934:112) stressed the role 

played by plants in the group’s diet. They explained that “[t]he tribes encountered by us made 

use of any plant, root, fruit, or plant-exudation which their districts afford, and which by any 

stretch of imagination can be termed edible, especially when they are lacking meat or fish.” 

Fruits from plants like the Buchanania sp. were abundant and eaten raw, and Hale and Tindale 

(1933-1934:108) state that at certain times of year other fruits drifted into the islands and 

were collected along the shore. Yams (Dioscorea satira) were a staple on Flinders and Stanley 

Island, being collected by women and ground into a “sago-like mass” (pg. 112). Other 

rhizomes were plentiful, and during lean periods the fruit of the Pandanus and mangroves 

were prepared for sustenance (Hale and Tindale 1933-1934:108). 

Terrestrial fauna were also a key part of the Aba Wurriya’s diet in the 1920s. Although the 

islands now lack kangaroos, excavations at Yindayin attest to at least three species of 

macropod being consumed on the islands. Hale and Tindale (1933-1934) recorded three 

species of macropod being eaten by the Aba Wurriya when they visited the mainland. The 

species in question were the agile wallaby (M. agilis), the Antilopine kangaroo (M. antilopinus) 

and an undescribed black rock wallaby. Interestingly, Aba Wurriya individuals of the kangaroo 
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totem were banned from eating the macropod, which indicates that access to some food 

items was culturally mediated (Hale and Tindale 1933-1934:107). Among the other sources 

of animal protein consumed when Tindale visited the Flinders Island Group were grubs, land 

snails (Thersites bipartite), green ants (Oecophila smaragdina), honey, frogs, goanna (Varanus 

sp.), and the eggs and meat of birds, especially scrub turkey (Talegalla lathami) (Hale and 

Tindale 1933-1934:108). 

The most surprising dietary item reported by Hale and Tindale (1933-1934:116) was human 

flesh. This appears to have been a desperation measure. The Aba Wurriya informants told 

Norman Tindale in the 1920’s that, “at one time they were in the habit of eating human flesh. 

When food became scarce at the end of the dry season, and especially when dugong hunting 

had proved ineffective owing to rough weather, meat hunger led them to kill adults” (Hale 

and Tindale 1933-1934:116). 

Thus, the ethnographic data recorded by Hale and Tindale (1933-1934) support the 

hypothesis that the diet of the Aba Wurriya was diverse and included terrestrial game and a 

large quantity of plants. 

δ13C and δ15N results obtained from the Flinders Island Group remains were compared with 

regional human δ13C and δ15N datasets from southern Australia (Hobson and Collier 1984, 

Collier and Hobson 1987, Pate 1998, Pate 2002, Pate 2014). Hobson and Collier (1984) 

recorded δ13C in prehistoric burials from Broadbeach on the south QLD coast at -16.6 ± 1.2 ‰ 

(PDB). In 1987 they reported that these values represented a community subsisting on a diet 

of <50% marine foods (Collier and Hobson 1987). Figure 22 compares the results for the 

Flinders Island Group samples to regional populations. We can see that FI1, FI2 and B3, all sit 

higher in δ13C than the results from terrestrial Papua New Guinea (Nebira), and Fiji, reflecting 

a larger degree of C4 vegetation and/or marine food. We can also see that all but SI1 sit higher 

than the Nebira Papua New Guinea, Fiji, and Vanuatu δ15N results and more closely align with 

the Lapita Papua New Guinea and Australian estuarine populations. 
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Figure 22: Flinders Island Group δ13C and δ15N in collagen results compared to south 

mainland Papua New Guinea (PNG) (Kinaston 2014), Watom Island PNG (Jones 2012), 

Vanuatu (Kinaston et al. 2014), and South Australian Aboriginal population from Roonka 

and Swanport on the inland Murray River, Swanport, and The Coorong and Lake 

Alexandria in the estuary reaches of the Murray Mouth (Pate 2004). 

Flinders Island Group δ13Ccollagen and δ15Ncollagen values were converted to the δ13Cdiet and 

δ15Ndiet values using the diet-spacing models in Fernandes et al. (2012) and O’Connell et al. 

(2012) and compared to dietary isotope values to further discriminate diet (Figure 23). 

Comparitive isotopic results from previous regional publications were used in Herrescher et 

al. (2018) and were also used in this study as a comparison (Supplementary Data 1). Modern 

macropodid bone collagen values reported in Murphy and Bowman (2006) were used, along 

with Manta Ray, Stout Whiting, and Sea Mullet muscle results from the southern Great Barrier 

Reef (Revill et al. 2009, Lydie et al. 2013). Other Pacific Islands regional δ13C and δ15N results 

were compiled and reported in Herrscher et al. (2018); after Fry et al. (1983), Collier and 

Hobson, (1987), Keegan and DeNiro  (1988), Leach et al. (1996), Ambrose et al. (1997), Yoneda 
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et al. (2004), Valentin et al. (2006), Beavan Athfield et al. (2008), Field et al. (2009), Allen and 

Craig (2009), Jones and Quinn (2009), Richards et al. (2009), White et al. (2010), Valentin et 

al. (2010), Storey et al. (2010), and Kinaston et al. (2014). Archaeological dugong bone from 

an undated Flinders Island midden site was also assessed (ANU Radiocarbon Lab ID:456965).  

We can see that the Flinders Island Group results sit within marine mammals, shellfish and C3 

and C4 plants. Overlapping with δ15N values from terrestrial fauna from PNG and the Pacific 

Islands, fresh water fish, reef fish and dugongs. Flinders Island Group human dietary δ13C 

values align with local freshwater and marine fish, turtle and manta ray. However, they also 

overlap with δ13C values recorded in PNG, the Pacific Islands, and Cape York terrestrial fauna. 

These isotope results suggest marine contributed to diet but considering the comparatively 

low δ15N results when compared to coastal/esturine populations it suggests that a substantial 

portion of diet may have also come from terrestrial sources. Taking these results and the 

ethnographic accounts discussed above into consideration, leads us to approximate a 

conservative estimate of ~20 ± 5% marine food in diet.  

B3 and FI1 results suggest a diet higher in marine foods then the other individuals, aligning 

closely with the marine coastal dwellers from South Australia. These higher values may 

indicate culturally mediated preferential access to these foods, as discussed in Hale and 

Tindale (1933-1934:107). B2 and FI2 most likely consumed less marine foods then B3 and FI1 

and SI1 is a clear outlier. SI1 likely consumed less marine/C4 vegetation and aligns with the 

mainland Nebira population of New Guinea. Whether SI1 had a different diet because of 

cultural factors or because she was a visitor to the islands is not possible to determine at 

present. 
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Figure 23: Flinders Island Group δ13C and δ15N collagen values converted to dietary protein 

values following Fernandes et al. (2012) and O’Connel et al. (2012). Modern faunal δ13C 

and δ15N values obtained from Murphy and Bowman (2006) Revill et al. (2009), Lydie et al. 

(2013). Other Pacific Islands regional δ13C and δ15N results were compiled and reported in 

Herrscher et al. (2018); after Fry et al. (1983), Collier and Hobson, (1987), Keegan and 

DeNiro  (1988), Leach et al. (1996), Ambrose et al. (1997), Yoneda et al. (2004), Valentin et 

al. (2006), Beavan Athfield et al. (2008), Field et al. (2009), Allen and Craig (2009), Jones 

and Quinn (2009), Richards et al. (2009), White et al. (2010), Valentin et al. (2010), Storey 

et al. (2010), and Kinaston et al. (2014). Archaeological dugong material obtained from an 

undated midden on Flinders Island in 2016 (ID:456965). 
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8) DISCUSSION

8.1 Inter-individual variability 

Although the Flinders Islands skeletal assemblage is small and restricted to five individuals we 

see a wide variety of mortuary behaviour, pathology, and isotope results. When we conduct 

an inter-individual comparison we can see that diet varied substantially for a small group of 

people that are interpreted as being from the same community and all dying within a few 

generations. As mentioned earlier, the Flinders Islands may exhibit behaviour that places 

them within the Coral Sea ‘Sphere of Interaction’ (McNiven et al. 2004, 2011) and the origin 

of these individuals should be discussed with this in mind. Considering the wide range of 

results is it possible that some of these individuals are non-local to the Flinders Islands? 

We found that two of the oldest burials, SI1 and B3, were both young females. These two 

women were discovered in contrasting circumstances. SI1 seems to have been buried 

articulated, and therefore not ceremonially defleshed and bound. Her burial on the beach 

within a short time of death indicates that this young woman did not meet the criteria for 

complex funerary rites, considered a simple burial using Meehans (1971) To our knowledge 

there were no grave goods and she was buried in an actively eroding environment. B3, on the 

other hand, was provided a significant degree of ritual after death. She was defleshed and 

then placed in an ornate rockshelter with paintings. Other contrasts between the individuals 

include their stable isotope results. SI1 returned the lowest δ15Ncollagen results in the 

assemblage, while her δ13Ccollagen results were the second lowest after B2. B3 returned the 

highest δ15Ncollagen results and her δ13Ccollagen results were markedly higher than SI1’s. If we 

interpret elevated δ13C and δ15N values as an indicator of protein in diet then we can infer 

that the diet of B3 was higher in meat and/or high trophic level foods. Such foods were 

traditionally harder to attain and highly sought after (Hale and Tindale 1933-1934:116). When 

we compare the pathologies of B3 and SI1 we see that both exhibited dental enamel 

hypoplasia, this can be caused by multiple factors but commonly reflects a lack of nutrition or 

similar stresses during tooth formation (Ungar et al. 2017). SI1 also exhibited periodontal 

disease and osteoarthritis in her upper axial skeleton, illnesses that generally reflect wear and 

tear on the body due to poor health and/or excessive labour. Interestingly, B3 exhibited tissue 

infection in the ilium, that resulted in sepsis, indicating a prolonged illness before death. This 

culmination of signatures in body tissues suggest that SI1 and B3 held different roles in the 
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community. B3 may have had more access to highly sought after foods and occupied a higher 

level in society, dying young from illness and being celebrated after death. SI1 may have 

occupied a lower level in society, undertaking a higher level of labour, consuming less sought 

after terrestrial foods and being buried simply after death. 

In the male burials we see two young-middle aged men (FI2 and B2) that died at least one 

generation apart. Both of these men also exhibited pathologies. Those being a periostial 

lesion on the femora and cribra orbitalia as a sign of anaemia or malnutrition. They were both 

afforded a significant degree of mortuary ritual and placed in rockshelters upon death. This 

can be considered a complex interment using Meehan’s (1971) classifications and shows that 

they were cared for upon death. Their isotope results show only 1‰ difference in their 

δ15Ncollagen results suggesting that they were eating a similar diet. However, their δ13Ccollagen 

results illustrate a much wider variance. 

Unlike FI2 and B2, FI1 was uncovered fully articulated, suggesting that he was buried shortly 

after death. Being an elderly individual, exhibiting extreme occlusal wear and periapical 

lesions at the time of death, FI1 would seem to align with the type of person afforded limited 

mortuary ceremony by Roth (1898) and Hale and Tindale (1933-34). The rock placed on the 

torso of FI1 also suggests a distinct funerary protocol that is rare in the literature (McBryde 

1965, 1971:121). However, these sources do not interpret the significance of the custom. A 

modern Aboriginal interpretation of this feature was provided by Traditional Owner Danny 

Gordon at the time of re-excavation. He commented that beach burial FI1 may have been an, 

‘un-liked man’. He suggested that the rock was a sign that the community did not want this 

man coming back and harming the living (Danny Gordon pers. comm 2015). FI1’s isotope 

results suggest that he consumed a higher level of protein and/or marine/high trophic level 

foods than did FI2 and B3, and may indicate distinct group affiliation, as noted by Hale and 

Tindale (1933-34) that restricted certain foods for different totemic affiliation.  

We should also consider that the Flinders Islands were often visited by groups from the 

mainland who stayed for ceremony (Rigsby and Chase 1998). Hale and Tindale (1933-34:98) 

recorded that when one of these non-local people died they were afforded very different 

mortuary practices to local group members. The non-local individuals were buried in a sandy 

location near the water’s edge in the hope water would carry the body away, thereby 
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removing any spiritual threat (Hale and Tindale 1933-1934:98). Comparisons with the 

ethnography presented here suggests that FI2, B2 and B3 were esteemed members of the 

local community, while the simple interments associated with FI1 and SI1 indicates that they 

may have been of non-local origin.  

8.3 Comparison with other skeletal samples from tropical Australia 

Webb’s (1995) data provide the only general assessment of Aboriginal pre-contact health with 

which we can compare our Flinders Island sample. All the individuals reported here had some 

indicators of stress. Evidence of stress, perhaps the result of anaemia, could be seen in the 

orbits of the male internment B2. Two individuals, SI1 and B2, had evidence of periodontal 

disease (SI1 and B2). While DEH was not seen in the males, both of the females, SI1 and B3, 

had teeth with this condition. The latter pattern of a higher incidence in females relative to 

males is the opposite to what Webb (1995) found. In his tropical dataset, 50% of males and 

20% of females had signs of DEH. The cause and ramifications of this difference are unclear 

at the moment, but it highlights the importance of developing larger, well provenanced 

datasets with associated sex and age estimates so more reliable observations of past 

palaeopathological patterns can be made. 

We found no evidence of the individuals having suffered from infectious diseases. While there 

is some debate that there may have been yaws in Cape York prior to the arrival of Europeans 

(Anderson 2010; Taylor 1977), we see no evidence in the present sample. This is consistent 

with Webb’s (1995) conclusion that treponemal disease was absent from Cape York in 

prehistory. The closest documented case of treponemal disease was recorded in central arid 

Queensland and in all likelihood represents the arid variant known as treponarid (Dommett 

at el. 2006). It is possible that treponemal disease entered tropical Australia via Macassan 

contact (Campbell 2002) and the absence of this infectious disease in Webb’s sample and the 

present one may indicate that it failed to spread to Cape York. 

We did not find any evidence of cranial trauma in either the males or the females in the 

sample from the Flinders Island Group. In contrast, Webb (2005) noted signs of cranial trauma 

in almost a quarter of females (~24%) and a smaller but still significant percentage of males 

(~6%) from tropical Australia. This difference also underscores the need to expand the 

palaeopathological dataset for Australia. 
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8.4 Cultural heritage protection 

The conversations between the scientific members of the team and the Traditional Owners 

of the Flinders Island Group identified a number of shared goals. By far the most prominent 

of these was a desire to document the remaining in situ burials on Flinders Island and Stanley 

Island to provide the basis for a preservation plan. 

It is likely that the mortuary record of the Flinders Island Group was once far richer, and what 

remains today provides only a limited insight into the islands’ mortuary landscape. Our 

fieldwork shows that complex mortuary receptacles that have been cared for and preserved 

for hundreds of years are still being stolen and/or rotting away. The fact that so many human 

remains have been stolen since initial archaeological survey in the 1980s is a point of great 

concern for the Traditional Owners (Figure 24). An obvious step to halt the further destruction 

of these burials is to prevent the public from accessing burial caves and rockshelters by adding 

metal grating to their entrances. Although this is not a favoured option the techniques have 

halted the theft of the last remaining bundles since the 1990’s. 

While the protection of the last few surviving Flinders Island Group bundles burials is of 

paramount importance to the local community, they also feel that their ancestors should be 

returned to their home. Repatriation is an important issue for many Aboriginal communities 

and rests upon the ideas of appeasing the dead and the community’s connection to country. 

As discussion grew we decided that it would be best to open dialogue with the regional 

community about the theft of these remains. We also wanted the dialogue to be accessible 

to the wider audience and younger generation. As such, we commissioned the illustrator Kate 

Moon to prepare a community poster as a cartoon, in the hope that the story of the mortuary 

landscape of the Flinders Islands was disseminated widely and might lead to the return of the 

missing Aba Wurriya remains. This cartoon is presented in Appendix 1. 
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Figure 24: Bark coffins opened and remains stolen in the 1980’s from Interment Cave 1 

(Walsh 1985). 

9) CONCLUSION

In this paper we have presented results from a project that focused on human burials within 

the Flinders Islands Group, Far North Queensland, and involved the community as stake 

holders in every stage of the project. The research yielded data on the largest and best dated 

set of ancient human skeletons from Far North Queensland. These new bioarchaeological 

data have enabled us to shed light on the complexity of mortuary practices in the region prior 

to the arrival of Europeans and to make inferences on the continuity of social structures in 

the Flinders Islands over the past 500 years. 

We found that the ancestors of the Aba Wurriya had at least two distinct mortuary practices: 

1) complex multi-stage mortuary rites with remains placed in rockshelter environments, and

2) those simply buried articulated, close to water in eroding environments. We suspect that

this difference in ceremony was not a function of time, age or sex, but instead reflected the 

individuals’ standing in the community, relationships with the broader group, and the impact 

they were believed to be able to have on the grieving community after their death. 

The palaeopathological data we collected have provided a revision of observations made on 

the health and stress of tropical populations in Australia (Webb 1995). All individuals 

exhibited some form of pathological stress, presented in different skeletal forms. However, 

there were no physical manifestations of violence in the form of cranial injuries as seen in 

Webb’s (2005) dataset from northern Australia. We were also able to discount the prevalence 

of Yaws in the Flinders Islands individuals, which casts doubt on the claim that it was 

introduced to the region prior to European contact (Taylor 1977, Anderson 2010). 
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The stable isotope analyses we carried out suggest that diet in the Flinders Island Group prior 

to European contact was heterogeneous. A similar range of results has been retrieved from 

Oceanic datasets and indicates that members of the community had varying access to foods. 

Some individuals presented here may of consumed less marine foods then what has been 

interpreted from the Yindayin archaeological results. Contrasting isotope data between 

similarly aged individuals from this small community may be indicative of culturally mediated 

access to foods and/or the presence of non-local individuals in the beach burials. 

Bioarchaeology has been revolutionised in recent decades as a result of the development of 

isotope and ancient DNA analysis. These techniques have added information about the 

lifeways of past people that would have amazed early archaeologists. Unfortunately, 

bioarchaeological research in Australia has not kept pace due to understandable concerns 

arising from the disregard of Indigenous Australians rights over their ancestors’ remains that 

was shown by researchers, government officials, and members of the public for much of the 

Australia’s colonial past. We are of the opinion that in order to change this state of affairs, 

bioarchaeologists working in Australia must move toward a more inclusive approach to 

research, and we attempted to implement a similar approach here. We believe the project 

can be fairly characterized as a ‘win-win,’ with both the scientific members of the team and 

the Traditional Owners feeling satisfied with the outcomes of the project and wishing to work 

together again. The Traditional Owners’ positive assessment of the project is reflected in the 

quotation from CF that opens the paper. Concluding that that this type of collaborative 

research can provide social outcomes while helping to record and protect Australia’s 

disappearing heritage.  
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Appendix 1. Comic strip created by Kate Moon as an alternative form of media to tell the 

Flinders Island story. 
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Appendix 2. Regional isotope results. 

Samples d13C d15N d13C +_ D15N +_ 

FI1 collagen -10.8 12 0.2 0.2 

FI2 collagen -12.2 11.1 0.2 0.2 

SI1 collagen -13.6 10.2 0.2 0.2 

B2 collagen -14 11.6 0.2 0.2 

B3 collagen -12.8 12.6 0.2 0.2 

Roonka Humans -20.038 14.485 1.47 0.747 

Swanport Humans -19.361 11.3129 0.677 0.381 

Coorong Humans -11.608 14.691 1.206 2.693 

Lake Alexandria Humans -15.518 12.771 1.092 1.822 

PNG Humans -16.418 9.509 3.055 0.792 

Vanuatu Humans -17.397 9.257 1.221 1.832 

Tonga humans -15.867 10.467 0.871 2.31 

FI1 diet -15.6 7.4 0.2 0.2 

FI2 Diet -17 6.5 0.2 0.2 

SI1 Diet -18.4 5.6 0.2 0.2 

B2 Diet -18.8 7 0.2 0.2 

B3 Diet -17.6 8 0.2 0.2 

Dugong -7.04 7.7 0.2 0.2 

CY roos -12.422 3.857 3.296 1.26 

Manta Ray -16.54 8.9 0.1 0.3 

Whiting -16.54 11.7 0.1 0.1 

Mullet -18.74 10.2 0.9 0.7 

C3 plants -25 4 2.1 2.3 

C4 plants -10.5 4.7 0.7 2.2 

Shellfish (in-shore) -11.3 3.9 5.5 3 

Reef Fish -12.3 8.4 2.9 2.1 

Freshwater Fish -20.1 6.5 2.7 3.8 

Marine Mammals -13.1 14.9 1 2.9 

Marine Turtle -13.65 13.95 5.303 1.344 

Terrestrial Animals (PNG and 
Pacific) 

-18.7 9.5 2.9 3.7 

References: Fry et al. 1983, Hobson and Collier 1984, Collier and Hobson 1987, Keegan and 

DeNiro 1988, Ambrose et al. 1997, Pate 1998, Pate 2002, Pate 2014, Leach et al. 1996, Yoneda 

et al. 2004, Valentin et al. 2006, Beavan Athfield et al. 2008, Field et al. 2009, Allen and Craig 

2009, Jones and Quinn 2009, Richards et al. 2009, Storey et al. 2010, Valentin et al. 2010, 

White et al. 2010, Kinaston et al. 2013, Kinaston et al. 2014, Kinaston et al. 2015, Herrscher 

et al. 2018.
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4. Normanton Bioarchaeological Publication

This chapter details a bioarchaeological investigation of eight crania and post cranial elements 

that eroded from the Norman River floodplain in 2015. These remains were those of eight 

young Aboriginal individuals that died on Australia’s colonial frontier in the 1890’s. Their 

crania were sold to the Australian Museum in 1905 as scientific specimens, before being 

repatriated in the early 1990’s. This publication was published in the international journal 

Archaeologies in December 2018.  

The study provides background detail to the health and life of the individuals presented in the 

isotopic assessment in Chapter Seven. It also discusses conditions suffered by many 

Aboriginal people in Australia at the time of European colonisation and serves as a form of 

truth-telling, as requested in the Uluru Statement from the Heart, 2017 and by the 

Normanton community. Similar to the preceding chapter, this work details a community 

bioarchaeological approach to research that has socially relevant outcomes. It achieves the 

aims of this thesis by increasing our understanding of Aboriginal displacement post-contact 

in Cape York QLD, and doing this through partnership with the Indigenous community.  

Research and fieldwork was conducted at the request of the Gkuthaarn and Kukatj people of 

Normanton. I completed the excavation and assessment of the remains in 2015, a plain 

language report for the Gkuthaarn and Kukatj people, and write the publication with the 

community. Four subsequent trips were made to Normanton to discuss the findings of this 

research and preliminary results were presented at the World Archaeological Congress (WAC-

8) in Kyoto in 2016.

This chapter is already published and as such further changes are not possible, however it 

should be noted that the assignment of Dolly to N8 was based on her age estimate and 

strontium isotope results presented in Chapter Seven that suggest that she grew up in a 

marine environment, as recorded in the Australian Museum archives presented within. 
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Abstract 

This study heeds the call for a ‘truth-telling’ of injustices carried out on Aboriginal 

communities during the colonial acquisition of Australia as stated in the Uluru Statement from 

the Heart 2017. Here we discuss the lives of eight Indigenous people buried in Normanton in 

north-west Queensland (QLD) who died and had their remains collected in the late 1890s as 

scientific specimens. The remains were repatriated to the community in the 1990s and buried 

near Normanton, before being exposed by erosion in 2015. With the consent and 

participation of local traditional owners – the Gkuthaarn and Kukatj people, this assessment 

utilised bioarchaeological, historical and anthropological methodologies to gain a better 

understanding of Indigenous life and health on the Australian colonial frontier. Gkuthaarn 

and Kukatj people were engaged throughout the investigation and statements throughout 

this piece made by them illustrate how bioarchaeology can inform on past injustices in 

Australia’s history, bringing hidden histories into the public consciousness and aiding the 

transition to reconciliation through ‘truth-telling’. 

Introduction 

This paper is informed by the call made on 26 May 2017 by Aboriginal and Torres Strait 

Islander Peoples in the Uluru Statement from the Heart for ‘a fair and truthful relationship 

with the people of Australia’ (Uluru Statement from the Heart 2017). The Statement seeks 

‘truth-telling about our history’ (Uluru Statement from the Heart 2017). What is disclosed by 

the Aboriginal remains in Normanton, investigated at the invitation of the Aboriginal people 

of Normanton, is responsive to that call. 
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In the late 19th Century there was a great deal of interest in the variation of human 

populations around the world. Huxley’s (Huxley 1863) attempt to place Homo sapiens in 

Darwin and Wallace’s theory of evolution (Darwin 1859) helped generate a new level of 

curiosity towards Indigenous skeletal remains. The fossil record of human origins was 

beginning to be uncovered and modern human variation was yet to be understood. The 

earliest fossilised remains had appeared in Asia, not Europe or Africa, and it was towards Asia 

and Australia that many scholars of the time looked to understand human evolution. The 

discovery of Homo erectus in the Dutch East Indies (Dubois 1896) seemed to help confirm that 

Asia was the cradle of human evolution.  

In the absence of fossil remains the collection of contemporary skeletal remains of Indigenous 

people played a key role in building the picture of human evolution. Medical doctors and 

other scientists in Australia actively collected remains of Aboriginal people on behalf of 

national and international institutions. Even those charged with the responsibility of 

‘protecting’ Aboriginal people 

from the depredations of 

colonialism on the Australian 

frontier considered that 

Aboriginal human remains 

should be obtained and 

provided to research 

institutions. Dr Walter 

Edmund Roth (1861-1933), a 

teacher, medical officer and 

ethnographer who later 

became the Northern and then 

Chief Protector of Aborigines 

in Queensland was one such 

individual. A noted 

humanitarian, Roth 

campaigned vigorously against 

the exploitation of Aboriginal Figure 25: Gulf Plains and Normanton. 
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(and Torres Strait Islander) people, bringing him into conflict with powerful vested interests 

in Australia. Yet Roth also collected Aboriginal remains for scientific research, removing them 

from complex rituals associated with corpses, which Roth himself documented (Roth 1897: 

163-166; see also Berndt and Berndt 1988: 453-486).  

As Indigenous people around the world gained civil rights and became vocal about colonial 

mistreatment, the collecting of Indigenous remains for research purposes became the focus 

of increased criticism by descendant communities. This eventuated in the repatriation 

movement through the late 20th Century where Commonwealth programs like the Return of 

Indigenous Cultural Property Program 2002 saw the repatriation of hundreds of skeletal 

remains to communities around Australia (Truscott 2006). The broader process of 

decolonisation had a significant impact on scientific disciplines like archaeology, and the sub-

discipline of bio-archaeology. Beginning in the late 1960s, a growing Aboriginal critique of 

‘western’ research brought significant changes to Australian archaeology, which embraced 

repatriation (Griffith 1996, Zimmerman 2005:305), while research in bio-archaeology 

basically disappeared (Lewin 1984).  

The bioarchaeology of colonial impacts on Indigenous communities remains a highly sensitive 

research subject in Australia, resulting in less research undertaken with Australian Indigenous 

people (Kowal forthcoming; Littleton 2005; Dowling 2017) when compared to other parts of 

the world (see for example numerous studies in Larsen and Milner 1994). Case studies such 

as the one offered here contribute to the reconstruction of Aboriginal life on the Australian 

frontier, complementing the extensive ethnographic and historical research about contact 

history (Reynolds 1974; Evans and Thorpe 2001), while offering further contexutalisation. In 

remote locations like Normanton, where Australian colonialism was particularly disruptive, 

and the ethnographic and historical record is comparatively patchy, case studies like this one 

may be particularly valuable for communities’ efforts to understand and express their pasts.  

Our results provide a rare scientific insight into the living conditions of many Aboriginal 

Australians on the colonial frontier. The individual patient records taken by Roth, 

supplemented by our own historical and archival research has allowed us to garner insights 

into the lives of those represented by these fragmentary remains. However, archaeological 

practice within Australia no longer simply assumes responsibility and stewardship over 
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human remains, and here we embrace a decolonising methodology identifying Gkuthaarn and 

Kukatj people as stewards of their culture, country and its contents and active drivers behind 

this research. The historical relevance of this research to Gkuthaarn and Kukatj people is 

considered in the context of the ‘truth-telling’ called for in the Uluru Statement, intended to 

underpin recognition of Indigenous peoples such as the Gkuthaarn and Kukatj and future 

agreements by them with government and others.  

Background 

In 2015 human remains were discovered eroding from an Aboriginal reburial site at Conwell 

Flat on the outskirts of Normanton. Following discussions between The Carpentaria Land 

Council, State Coroner’s Office and Department of Aboriginal and Torres Strait Islander 

Partnerships, Griffith University was approached to assist in identification of the remains. On-

site inspection revealed eight crania and associated post-cranial elements. Inquiries to state 

museums revealed that the individuals had been repatriated to the community in 1991 from 

the Walter Roth Collections of the Australian Museum. Members of the local Aboriginal 

community, the Gkuthaarn and Kukatj people, requested the assistance of Griffith University 

archaeologists and biological anthropologists for rescue excavation and reburial of the 

remains. With the assistance of Gkuthaarn and Kukatj Rangers, the fragmentary remains were 

uncovered and assessment of health, age and sex was undertaken to document their life on 

the colonial frontier before they were re-interred in a safer location.  

Normanton is situated in south-west Cape York, QLD, on the Norman River about 35 

kilometres inland from the Gulf of Carpentaria (Figure 25). Normanton lies within the 

traditional lands of the Gkuthaarn and Kukatj people, who are also identified in the literature 

as ‘Gooran’ and ‘Karrandee’ (Curr 1887), ‘Karunti’ (Parry-Okeden 1897; Roth 1897), ‘Ka-run-

thee’ (Bulleta 1897), ‘Goothanto’ (Mathews 1899), ‘Karantee’ (Mathews 1900), ‘Kurandi’, 

‘Kutandi’, or ‘Kutanda’ (Sharp 1939), ‘Karundi’ (Tindale 1974), ‘Garundi’  (Capell 1963), 

‘Gudhanda’ (Breen 1972), ‘Garandi’ (Oates 1975), and ‘Kuthant’ (Black 1975). Neighbouring 

groups include the Kurtjar to the north, as well as what have become known as the Tagalaka 

people to the east, and the Mitakoodi and Mayi people in the south. 

Compared with other parts of northern Australia, comparatively little ethnographic research 

was undertaken around Normanton. Walter Roth’s work is an exception, although his reports 
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and publications principally address areas to the south and southwest of the town. Some 

linguistic work has been undertaken, including the studies of Paul Black (Black 1978) and 

Gavan Breen (Breen 1981), although these studies reflect only obliquely on the local peoples’ 

experience of colonisation.  

Very little archaeological research has been undertaken around Normanton, and no research 

has been undertaken on its contact history. Important aspects of the frontier contact history 

of Cape York are now being reconstructed through more recent studies of the Native Police 

around Laura and the Stawell River (Burke et al. 2017, Lowe et al. 2018, Burke et al. 2018), 

while other research demonstrates occupation evidence of considerable antiquity. 

Ngarrabullgan Cave is ~400km east of the study site, and contains evidence of human 

occupation at 37,710 BP (David 1993; David et al. 1997). Other sites within proximity 

exhibiting evidence or early occupation include Sandy Creek Shelter 1 near Laura dated to 

~32,000 BP (Morwood and Trezise 1989; David et al. 1999), Fern Cave near Chillagoe dated 

to ~26,000 BP (David 1991) and Walkunder Arch Cave (near Chillagoe) dated to 18,000 BP 

(Campbell and Mardaga-Campbell 1993). Significant rock art research has also been 

concentrated south-west of Normanton in Waanyi Country (Tacon 2008). 

European Contact on the Gulf Plains 

Following the overland exploration of north-west QLD and southern Cape York, the area was 

rapidly settled by pastoralists beginning in the 1860s. Mineral exploitation of the area was 

also well underway by the 1860s, with the first dray of copper ore hauled to Normanton from 

Cloncurry in 1867. Normanton was proclaimed in August 1868, and grew rapidly following the 

discovery of gold at Croydon (Barber 2013). Throughout the 1860s, 1870s, and 1880s, 

European, Chinese and southeast Asian migrants arrived in large numbers, and conflict with 

Indigenous people ensued.  

The QLD Native Police were deployed in Normanton soon after the proclamation of the town 

(Richards 2008; Bottoms 2013). The Native Police were composed of Aboriginal and Pacific 

Islander men who were directed by English military veterans (Burke et al. 2018). They were 

notorious for their early morning surprise raids that were brutal and lethal, and could result 

in the extermination of entire communities (Richards 2008:133). Historians have suggested 

that genocide was openly considered by many colonial settlers as an appropriate way to free 
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up Aboriginal land and waterholes for cattle (Wills 1895:107; Evans and Thorpe 2001; 

Richards 2008:203; Evans 2013:16). A government report from the period published some of 

the tactics employed throughout the Normanton region, recording that when stockmen 

found Aboriginal people near their pastoral lease they pursued them, on horseback, ‘cut them 

right and left with their stock whips, break their spears and take their tomahawks’ (Roth 

1900:6).  

This contact period led to extensive displacement of Aboriginal people throughout the region. 

An early development was the establishment of town fringe camps of Aboriginal people, 

where government provisions of blankets, flour and tea were supplied (Figure 26). Gkuthaarn 

and Kukatj people mixed with members of other Aboriginal groups in these camps, including 

members of no longer extant groups. The anthropologist Norman Tindale, who visited 

Normanton in 1963, was told by an elderly Ariba man that ‘enmity’ existed amongst these 

different groups around the turn of the century, no doubt worsened by the cramped 

conditions. Roth himself told W E Parry-Okeden in 1897 that ‘over 600 blacks have been in 

Normanton at one time’, being ‘principally from the north-east’ but including Gkuthaarn and 

Kukatj people (Parry-Okeden 1897:10). In 1939, The Normanton fringe camp at Conwell Flat 

was officially gazetted as an Aboriginal Reserve before being moved to a hill near the 

Normanton Hospital as a consequence of expansion of the airstrip during WWII (Memmott 

and Channels 2004:57). 

Life on the Australian Colonial Frontier 

Increased contact between settlers and Aboriginal people led to an increased exchange of 

communicable diseases to which Aboriginal people had little immunological resistance 

(Campbell 1983; McMichael 2001; Levine 2013). As an example of the impact of these 

diseases in the Indigenous population of the region, a government report in 1900 stated that 

in Cloncurry, ‘the few remaining Aboriginal people are all diseased,’ at Camooweal nearly all 

individuals are diseased while at Mount Garnet the population is ‘reeking with syphilis’ (Roth 

1900:7). Drawing on information from his successor as government medical officer at 

Normanton, Roth further reports that ‘half’ of the 176 Aboriginal inhabitants of the 

Normanton fringe camp were suffering from European infectious disease (Roth 1900:7). 
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Figure 26: Blanket issue in Normanton in 1906 (QLD Police Museum: ehive-PM0940). 

Following growing public disquiet, W E Parry-Okeden, the Queensland Commissioner of 

Police, reported on the condition of fringe dwelling Aboriginal people at Normanton as part 

of his 1897 Report on the North Queensland Aborigines and the Native Police (Parry-Okeden 

1897). Following this Report, the QLD Government appointed a set of ‘Protectors’ of 

Aborigines to monitor and manage the Aboriginal population, including regulating the 

employment of people and seeing to their overall welfare. The role went to Dr Walter Roth. 

Upon his selection to the Protectorate role in 1898, William Parry-Okeden, the QLD 

Commissioner of Police wrote to Roth stating that,  

‘your selection for the position of Protector of Aboriginals under the new Act has been largely 

owing to the fact that the enthusiastic interest in the welfare of the blacks you have displayed, 

gives great promise of the proper performance of the humanitarian work implied, in the 

fulfilment of the duties of a Protector and that you possess eminent qualifications for the 

prosecution of scientific investigation in connection with the ethnology and anthropology of the 

Aborigine’ (Letter fom W.E. Parry-Okeden to Walter Roth on 04/01/1898 in Kahn 1993). 

As a government officer Roth worked across many Aboriginal groups throughout the broader 

region, travelling on horseback as far as the Northern Territory border area. He agitated 

unsuccessfully for the establishment of a network of Aboriginal reserves across northern 
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Queensland (Roth 1898:11; 1900:6). With an influx of mining and Chinese labour in the late 

19th Century came the subsequent availability of opium, having further disastrous effects on 

Gulf Plains communities already decimated from violence and disease. When employers of 

Aboriginal labour turned to paying with cheap ‘ash’ opium Roth lobbied to install the 

Aboriginals Protection and Restriction of the Sale of Opium Act 1901. Roth’s good relationship 

with Aboriginal people of north QLD was at odds with many European colonists and those 

ruthlessly exploiting their labour in the pearling and beche-de-mer industries, as well as on 

the pastoral stations. In 1905 when Roth went to Western Australia to carry out the Royal 

Commission into the conditions of Aboriginals his reappointment as Protector of Aborigines 

was vigorously protested by these interests (Khan 1993).  

Throughout his career in Australia, Roth published 18 volumes on Aboriginal ethnology and 

anthropology, compiling a significant resource for Aboriginal people and researchers. These 

records cover topics from burial customs and sorcery, to children’s games and utilitarian 

items. However, Roth was also interested in physical anthropology and collected many 

human remains while working in Cape York. In a letter to the English anthropologist Walter 

Baldwin Spencer, on the 10th of May 1890 Roth declares that, ‘for the last four years I have 

been collecting from N.W. Central Queensland, and the Gulf Country, and now from the far 

north. My private collection with about 600 different separate objects, 50 of them skeletons 

& skulls’ (Pitt Rivers Manuscript Collection 2014: Spencer Paper Box 1a C). Roth continued 

working in north QLD for a further decade by which time he had amassed a large collection 

of Aboriginal artefacts and human remains. In 1905 he sold much of his collection, including 

over 2000 artefacts and 308 photographic negatives to the Australian Museum for 450 

pounds sterling.  

When Roth sold this collection of human remains to the Australian Museum there was public 

outcry. The QLD government considered the collection of artefacts and human remains 

property of the state. Public backlash in newspapers included a list of all objects and remains 

sold to the Australian Museum (Truth Newspaper, Brisbane, Sun 15 Apr 1906:9-11) (Table 1). 

This controversy was fomented in part by Roth’s legion of enemies across the pearling, beche 

de mer and pastoral industries who seized on this sale, as well as Roth’s earlier publication of 

an image of an Aboriginal couple having sex, in an attempt to discredit his work. Roth later 

left Australia to continue his career in Guyana, his legacy afterwards mired in controversy 
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(Khan 1993). It is of interest, in light of the protest by the Queensland Government about the 

sale of the remains to an institution outside Queensland, that by Proclamation in 1911, the 

Australian Government prohibited the export of Aboriginal skeletal remains from Australia 

(Commonwealth of Australia Gazette No 39 dated 20th May 1911). Following Roth’s exile 

from Australia, the remains he collected (including those listed in Table 1) languished in the 

Australian Museum. No published studies of these remains have to-date been uncovered.  

Details of the human remains from Normanton are listed in Table 1. All but No. 74 were a 

collection of the recently deceased and Roth’s own patients. The remains listed below in Table 

1 were repatriated to the community in 1991 and reburied in a single location. 

Table 10: Manifest records given to the Australian Museum in 1905 with the purchase of 

artefacts and human remains from Dr Walter Roth. 

No. Element Date Location Sex Notes 

4 Skull 1895 Cloncurry Female 
‘Dolly’, Karunti Tribe (Normanton Station), 

employed at Cloncurry Barracks 

25 - 27 Skulls 1897 Normanton NA Patients, died in hospital. 

28 Skull 1897 Normanton Female Died in hospital. 

29 Skull 1897 Normanton NA Patient, died in hospital. 

39 Skull   Male Karunti Tribe, my last patient, a syphilitic. 

74 Skull 1902 Normanton Female Given to me by Inspector Galbraith 

3 

Tibiae 

and 

Fibula 

1897 Normanton NA 

Examples of ‘Boomerang’ shins from 

amongst the graves on hospital hill, 

Normanton, 

Repatriation, Reburial and Excavation 

Throughout the 20th Century decolonisation spurred a global push for the return of 

Indigenous skeletal remains to their ancestral homes. Debate on the return of Aboriginal and 

Torres Strait Islander cultural property and human remains gained public attention from the 

1970s (Fforde 2014). Much changed as a result of the first World Archaeology Intercongress 

held in 1989 in Vermillion, South Dakota, which established a new direction in skeletal 

research and repatriation (Zimmerman 2006). The Australian Museum took the lead role in 

1991 of Australian cultural institutions, largely through the efforts of its Director, to support 

repatriation to Aboriginal communities (Pickering and Gordon 2011).  
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This general reassertion of control over cultural heritage led to recognition from the wider 

community and a public push for reconciliation. It has been argued that Australian 

archaeology ‘was largely and publicly transformed by repatriation’ (Kowal forthcoming: 22), 

with scholars working with Aboriginal communities to critique traditional archaeological 

practice and promote Indigenous people as agents in research for the first time (Isaacson and 

Ford 2005, Jackson and Smith 2005, Smith 2012). Equally, many Aboriginal groups began to 

see the value of embracing the scientific methodologies incorporated in archaeological 

research as it helped raise awareness of the great importance of their past (Griffiths 2018). 

The National Museum of Australia (NMA) developed the Return of Indigenous Cultural 

Property Program in the early 1990’s with a Commonwealth budget of $1.3 million to identify 

the provenance of ancestral remains in institutions and have them returned (Truscott 2006). 

By 2003 QLD had enacted Indigenous heritage legislation that recognised Aboriginal people 

as the guardians of their own cultural heritage and ancestral human remains. This reformative 

period resulted in the return of hundreds of sets of human remains to communities 

throughout Australia. Some of the remains in question were those taken from Normanton 

and sold to the Australian Museum by Walter Roth. In 1991 the remains of eight individuals 

were returned to Normanton where they were buried by representatives of the Gkuthaarn 

and Kukatj people. The remains were buried at Conwell Flat on the outskirts of Normanton 

and a fence was constructed to protect the site (Horsfall 1991). A senior Gkuthaarn and Kukatj 

person recalled this reburial in an interview: 

‘A lot of those bones were from the hospital and that, and he [Roth] grabbed all the 

bones and sent [them] away to a museum and left [there] for many years. The 

museum ended up ringing us, [and] we got a heap of bones. They rung Bynoe 

[Community Advancement Cooperative Society Ltd] and brought it back to 

Normanton. [They] got [my] uncle … and took them down to the flat there… Bynoe 

done a bit of work putting a fence around [them]’ (Figure 27) (Fieldnotes, Richard 

Martin, 15 June 2018).  

In 2015, the police discovered these remains eroding from the reburial location on the 

Norman River floodplain and contacted local Aboriginal people including the senior person 

interviewed above. This man explains: 
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‘The police were walking around and asked about the bones and they were directed 

to me. The police said we found the bones. I explained to them where the bones came 

from’ (Fieldnotes, Richard Martin, 15/6/2018). 

The police contacted the Queensland State Department of Aboriginal and Torres Strait 

Islander Partnerships, who in turn contacted Griffith University researcher Dr Michael 

Westaway to confirm they were historical burials rather than contemporary victims of crime. 

Gkuthaarn and Kukatj people were consulted about what should be done. They held meetings 

and resolved to request Griffith University to help them carry out the excavation safely and 

with minimal harm to the remains and to undertake additional research on these remains, 

expressing interest in what their ‘old people’ could tell them (Fieldnotes, Richard Martin, 

15/6/2018). A senior member of this group explains: ‘We asked that mob to do that DNA test 

to see where they fit in with our generation now – to see if they was family with any of us 

here in Normanton’ (Fieldnotes, Richard Martin, 15/6/2018). They also resolved that the 

remains should be buried in the old Aboriginal cemetery that lies across the road from the 

Normanton cemetery so that the ‘old people’ could rest peacefully with their countrymen. 

 

Figure 27: View south toward original burial site, showing a boundary fence around the 

burial site (Horsfall 1991). 
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Figure 28:View west toward eroded reburial site in 2015. 

Figure 29: Excavation of the remains with the Normanton Rangers. 
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Figure 30: Normanton Rangers reburying remains in the Aboriginal Cemetery. 

Understanding Health on the Frontier  

Due to the significant degradation of the skeletal remains only limited information could be 

recovered from each individual. The absence of museum catalogue numbers associated with 

the remains meant that it was not possible to assign them to Roth’s inventory. What could be 

revealed was that the majority of the individuals were Aboriginal adolescents. These young 

people provide insight into the high mortality rates of adolescents living in fringe camps and 

missions on the Australian colonial frontier. A description of the remains can be found in the 

Appendices. 

Over a period of 24 years monsoonal rain and flooding had washed much of the outer 

sediments away leaving the remains exposed on an elevated platform above the floodplain 

surface (Figure 28) The remains included eight heavily weathered crania, two tibiae and two 

fibulae. With assistance from the Normanton Rangers and the use of constructed aluminum 

cradles to help lift the fragmented crania, all remains were carefully excavated (Figure 29). 

Sediment was removed from around the skulls and sieved through a 2 mm nested sieve to 

retrieve all bone fragments. Once the upper level of sediment was removed it was noticed 

that the remains had originally been interred in plastic bags. After securing the crania the 
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tibiae and fibulae were found to be held together with copper wire, these skeletal elements 

were also heavily weathered. Once all elements had been retrieved they were taken to the 

Normanton Ranger Base where assessment of health, age and sex was carried out. 

Assessment of the remains was carried out over the following day before they were carefully 

packaged and re-interred at the Normanton Aboriginal Cemetery (Figure 30).   

Due to the extent of weathering and taphonomic damage that had taken place since the 

remains were repatriated in 1991, it was very difficult in the time available to associate 

excavated cranial remains with the individuals recorded in Table 10. However, using historical 

records and the cranial information that we could piece together it is possible to draw a 

picture of their lives on the colonial frontier around Normanton in the 1890’s.  

Analysis of cranial suture closure and tooth eruption and tooth wear indicate that most of the 

individuals died between the ages of seven and fifteen (Appendix 1). Evidence for treponemal 

disease was recorded in the two sets of tibiae and fibulae recovered from the site. These 

elements exhibited anterior-posterior curvature, which is often accredited to yaws or 

congenital syphilis (Aufderheide and Rodríguez-Martín 1998). Treponemal diseases 

commonly exhibit such symptoms, and ‘Boomerang Leg’ was regularly recorded across 

northern Australia throughout the contact period (Hackett 1936; Hackett 1975). It was too 

difficult to assess whether bone modification to the cranial vault included a pathological 

element as a result of the extensive exfoliation of cortical bone. With the post contact 

presence of diseases like syphilis and smallpox at an epidemic level in Aboriginal communities 

it is not surprising that juvenile death was common (Campbell 2007; Webb 2009:155).  

Dental hypoplasia identified in two of the individuals indicate they had experienced chronic 

nutritional stress. The individuals presented here exhibit high prevalence of nutritional stress 

around the age of three, based on tooth formation rates (Smith 1991:145). This was not an 

uncommon situation in town ‘fringe camps’ where infectious disease and reduced 

exploitation of traditional food resources had a significant impact on the development and 

health of young children. Dental caries identified in the dentition of three individuals indicates 

reliance on a carbohydrate rich, European diet, including processed flour and sugar (Appendix 

1). The inclusion of these foods in the group’s diet strongly suggests some of their number 

grew up in ‘fringe camps’ around Normanton. These camps would have been heavily reliant 
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on rations of low quality European foods. Prior to colonisation, dental caries were notably 

absent in Indigenous populations as their diet did not include soft, starchy, processed foods 

like wheat and refined sugar (Pascoe and Seow 1994). Two of the individuals exhibited 

substantial occlusal wear in their dentition, suggesting that foods prepared and cooked in a 

traditional manner were also part of their diet. Morrison et al. (2010) has provided historic 

evidence suggesting that Aboriginal people living on missions in west Cape York 

supplemented their rationed European diet with traditional bush foods, and even used 

desirable foods like native bee honey to trade with European missionaries. 

One of the individuals exhibits evidence of trauma to the back of the cranium. The trauma is 

heavily eroded on one edge but the bevelled preserved edge shows that the trauma exhibits 

no sign of bone remodelling which is indicative of healing. This trauma likely occurred close 

to the time of death, and perhaps represents evidence of trephination. In his medical notes 

Roth makes no comment regarding the death of an individual through cranial trauma, which 

also suggests that this may represent a surgical procedure. There is evidence that 

trephination was employed at this time to relieve the symptoms of syphilis (For an example 

see Miller 1890). 

Case Study – ‘Dolly’ 

One person for whom we know enough in order to attempt to draw a more personal picture 

is ‘Dolly’. Dolly is most probably represented by the remains of individual 8 (Appendix 1).  

Dolly is recorded in the archives of Roth’s sale to the Australian Museum. Records state Dolly 

was employed at the Cloncurry Police Barracks, and was a local girl of the ‘Karunti’ (a historical 

name referring to the Gkuthaarn and Kukatj people). 

While we know few details of Dolly’s life, records compiled by the Protector of Aborigines 

serve to illustrate the lives of other Aboriginal woman living around Normanton at the turn 

of the 20th Century. When reporting on Aboriginal girls as cleaners and servants in the Annual 

Report to the Police Commissioner of 1900, Roth states,  

‘the majority of these female children are engaged mostly as nurse-girls, kept in a false position 

by being brought up as ‘one of the family’ - a fact which will probably account for their receiving 

no regular wages – and then when they get into trouble [ie. are discovered to be pregnant by 
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their European employers] are no longer wanted, but packed off to shift for themselves as best 

they can’ (Roth 1900:7). 

In 1902 a similar case is recorded about a young girl from Normanton named Minnie, 

‘eighteen years, a native of Normanton, brought up by Europeans but finally stranded at the 

Salvation Army Maternity Home, Charters Towers, where her illegitimate child died’ (Roth 

1902:13). 

The name, ‘Dolly’, was a European name commonly given to females on the colonial frontier. 

There are several references to other young women named Dolly in Roth’s records to the 

state government and they serve to illustrate the hardships suffered by many. In 1901 Roth 

wrote about another young girl named Dolly,  

‘poor little Dolly, a child about twelve or thirteen years of age, suffering with venereal, who 

after two years treatment at the Thursday Island Hospital, was discharged incurable, and sent 

down here. This is the little girl who was outraged at Possession Island by a fiend, unfortunately 

never brought to justice: she continues to suffer great pain, but fortunately for herself cannot 

apparently last much longer’ (Roth 1901:13). 

In 1902 he wrote,  

‘Dolly, half-caste, about thirteen years, lately in service at Normanton with Mrs M in whose 

employ she has been for ten year's past… Dolly was accordingly handed over to the police, who 

had her examined by the doctor, when she was found to be seven months pregnant. The girl 

having been with her mistress so many years without receiving any wages, and only possessing 

the two articles of clothing which she stood up in, the Protector asked Mrs M what she was 

prepared to do for her, but could get no satisfaction. Dolly was thereupon ordered to Yarrabah, 

but gave birth to a daughter soon after reaching Cooktown on her way south. The child died 

before the mother resumed her journey’ (Roth 1902:11).  

The Dolly recovered from the rescue excavation at Normanton in 2015, was employed at the 

Cloncurry Barracks in the 1890s. Historical records list two police stations in Cloncurry. There 

was a station in town (Figure 31) and there was a Native Police Barracks located three miles 

from town known as, ‘Native Police water-hole’ (Hillier 1994:285). In 1880 eight Native Police 

lived at the barracks. In the same year Dolly died, an Aboriginal man from the 

Tambo/Barcaldine district also passed away while working at the Cloncurry Police Barracks. 

This man also had his remains removed by Roth and sold to the Australian Museum (Tindale 
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1974; Truth Newspaper, Brisbane, Sun 15 Apr 1906:9-11). Very little historical evidence 

provides us an indication of the life history of women who worked in Native Police barracks. 

It is uncertain if women were taken from ‘dispersed’ tribes to work in these camps. It is 

important to note that Dolly is one of the individuals that has the skeletal manifestations of 

treponemal disease (Syphilis/Yaws).     

Figure 31: Original Cloncurry Barracks 1920 (QLD State Archives, Item No. PM0532). 

Community Response 

Gkuthaarn and Kukatj people are now members of a registered native title claim over 

Normanton and lands and waters to its south and west, giving them some procedural rights 

in relation to the management of their ancestors remains and other cultural heritage matters 

(Federal Court proceedings QUD 685/2012). Throughout the investigation described above, 

which was initiated at the request of the Gkuthaarn and Kukatj people, they expressed 

considerable interest in what they could learn from the remains and through the 

methodology used by the Griffith researchers. The results of the research were subsequently 

presented to the group at a number of meetings throughout 2017 and 2018.  
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Gkuthaarn and Kukatj people expressed a range of views about the research and its findings. 

One senior person commented on his feeling of ‘relief’ when the remains were safely 

retrieved and reburied. He stated: 

‘[Griffith University researchers] put a tarp[aulin] over and dug it [the remains] up real 

steady. [They were] fragile from the sun…. We felt like we was just welcome [by the 

spirits of the people connected with these remains] like they wanted to get reburied. 

[We] just had that feeling they wanted to get reburied, was a couple of times they had 

been exposed’ (Richard Martin, Fieldnotes, 15/6/2018). 

This senior person associated the bones with potentially dangerous spiritual forces, and 

refused to touch the bones during the excavation. He subsequently explained: 

‘We never touch ‘em, we just left it to the [Griffith University] team. They got DNA 

from the teeth, they put ‘em in a box, we didn’t want to touch the bones so we just 

touch the box. We didn’t want to handle it, we just put them in a better resting place…. 

Dig a hole and put ‘em in [the ground]’ (Richard Martin, Fieldnotes, 15/6/2018). 

For this man and the other senior Gkuthaarn and Kukatj people, the individuals were 

contemporaries of his parents and grandparents. As such, he addressed them during the 

reburial with the following words: ‘I just say, ‘you’re in a better resting area now’. I just say to 

the Old People – they was all young people but they [are] older than us’ (Richard Martin, 

Fieldnotes, 15/6/2018). 

For Gkuthaarn and Kukatj people the presentation of these findings allows aspects of the past 

to be spoken of rather than hidden. Gkuthaarn and Kukatj people responded to these findings 

with expressions of sadness for these people and the suffering that occurred on the colonial 

frontier. One person stated: ‘[it is] sad to read of body parts being taken so far away and that 

our people could not have the traditional burial as their ancestors did [and] they are so young 

– I cannot imagine what they experienced in such a cruel environment during those years’

(Pers. communication, 31/5/2018). This person connected such suffering with her own 

experience as part of the Stolen Generations of Aboriginal people removed from their families 

throughout the 20th Century during policies aiming at the assimilation of Indigenous people 

into the Australian population.  
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Another Gkuthaarn and Kukatj person interpreted findings about the remains as evidence of 

medical experiments performed on Aboriginal people in earlier times: 

‘It’s sad to hear about that stuff from those days. Because the white people came over 

with that disease [in response to the finding that some of the individuals were afflicted 

with syphilis] [and] they introduced it to the Aborigines to see if they can heal them 

[i.e. white people with this disease]…. If you go back through Dr Roth some of them 

documents … they introduced it into them to experiment on them so they can fix it in 

the white race at the time, then they used to make this medicine to see if they can 

heal the Aboriginals they inject it in to’ (Richard Martins, Fieldnotes, 15/6/2018). 

As in this example, Gkuthaarn and Kukatj people saw the value of the findings as providing a 

context in which their own understanding of the colonial frontier (which include oral histories 

like this) could be spoken of, corroborated and believed. A variety of comments were 

recorded, including the following:  

‘I am sad to learn of our people getting horrible diseases and, with the study 

completed, these were young people who left behind such a sad story that needs to 

be told so non-Indigenous people, not just throughout Australia but particularly in our 

region, know and understand that these traumas still impact on our people 120 years 

later’ (Pers. communication, 31/5/2018). 

Another Gkuthaarn and Kukatj person commented similarly on the benefits of these findings: 

‘My old grandmother was one of those people who said they was horrible and didn’t 

want to repeat it [i.e. did not want to tell accounts of colonial violence to subsequent 

generations], but I believe it should be repeated [to] help us understand more about 

what really happened. People [are] just listening to one side of it [i.e. colonisation]. 

You’ve got people who say Aboriginals just live off the welfare, but there was a reason 

why that happened. Aboriginal people fought for this country, you’ve got people who 

say you’ve gotta get over that [i.e. colonial violence], but what I say is: Lest we forget’ 

(Richard Martin, Fieldnotes, 15/6/2018). 
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The repatriation of the remains and the contribution to Gkuthaarn and Kukatj people’s 

knowledge of what these forebears endured, is consistent with a story people have passed 

down through generations, of the old hospital site being occupied by headless spirits. This 

ongoing belief gives expression to the deeply held concerns of generations of Gkuthaarn and 

Kukatj people about the silent and unaccountable practices of those with power over them. 

For Gkuthaarn and Kukatj people, their involvement in the appropriate disposition of these 

remains and their invitation to the researchers to allow the remains to tell their story equips 

them with a response to those spirits which they believe may, in due course, allow the spirits 

to find rest. 

Truth-Telling with Contemporary Bioarchaeology 

In 2017, representatives from Aboriginal and Torres Strait Islander communities around the 

continent produced The Uluru Statement from the Heart, which identified the need to 

develop a ‘Makarrata Commission to supervise a process of agreement-making between 

governments and First Nations and truth-telling about our history’ (Uluru Statement from the 

Heart 2017). Studies, such as the research undertaken on the Normanton skeletal remains 

with the support of the local Gkuthaarn and Kukatj people, contribute to this important 

request.  

While a number of key studies have been published on understanding Australian Aboriginal 

origins (Kirk and Thorne 1976; Habgood 1986; Webb 2006; Westaway and Groves 2009), 

variability (Brown 2000; Pardoe 2006) and health (Webb 2009) there has been very little 

research undertaken on human skeletal remains dating to the early European contact period 

(see Littleton 2005 and Dowling 2017). In other parts of the world, bioarchaeological studies 

on the impact of European contact on Indigenous health has played an important role in 

revealing how devastating introduced diseases were on Indigenous populations (Larsen and 

Milner 1994). In contrast, Donlon (2008) has noted that case studies on the biological 

anthropology of frontier Aboriginal populations in Australia are very limited. Aboriginal 

people have historically been subject to considerable deprivation of rights, and protection of 

their cultural heritage is one of the few policy areas in which Indigenous communities have 

some measure of control. The sensitivities associated with research on Aboriginal skeletal 

remains, we would suggest, is amplified when it comes to the study of Aboriginal people of 
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the more recent historic past. However, such sensitivity need not prevent research being 

undertaken on remains with the support of communities in places like Normanton. 

Forensic investigations across the world have revealed important evidence of human rights 

abuse, and, if considered suitable by Indigenous groups, osteological research could help to 

record past hardships and abuses in an Australian context. In the example of the Normanton 

remains we are provided with considerable detail of the ill health of these young individuals 

that led to them being patients in Roth’s care. We argue that even when the record is highly 

fragmentary, stories such as those presented here provide powerful evidence about the 

conditions which prevailed in Australia’s contact history.      

The study presented here reveals a record of Aboriginal hardship, ill health and mortality on 

the Australian colonial frontier. It has been argued that archaeology can be a deeply colonial 

practice (Smith and Jackson 2006), but here we have demonstrated how research undertaken 

with the involvement of communities, that is directed and informed by the descendants of 

those being studied (Atalay 2006:280), can develop a resource for communities to tell their 

own stories. Bioarchaeological investigations such as these can provide insights into the 

conditions that Aboriginal people endured during the early contact period. We recorded the 

view from Gkuthaarn and Kukatj people that such evidence was needed to allow Indigenous 

histories to be spoken of, corroborated, and believed by non-Indigenous people, within the 

process of ‘truth-telling’. It has been viewed as positive, and indeed restorative for the 

descendant communities of Normanton. Community responses to this research and its 

findings stress the value of learning more about the past, using different methodologies and 

techniques. Through community engagement these stories can be brought forward to tell of 

the hardships endured by Aboriginal people through Australian colonisation. Our findings 

show that, when conducted in the proper manner, ‘truth-telling’ studies like these may 

benefit communities affected by traumatic colonial and post-colonial experiences, opening 

up discussion about difficult topics across generations and with the wider Australian 

community. 
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Appendix 1: Overview of skeletal remains 

Individual 1. Roth’s notes indicate that this individual died in hospital. The third molars had 

not erupted indicating that he or she had died before reaching adulthood. The estimate based 

on eruption patterns indicate that this person was 15±3 years of age at the time of death. The 

first and second maxillary molars exhibited dental caries. In the second molar there was 

evidence of dental hypoplasia, suggesting that the individual underwent a period of chronic 

nutritional stress around the age of 3 years old. 

Individual 2 (E15228). All cranial sutures were open indicating that these remains were those 

of an adolescent. The maxillary teeth were all lost post mortem. In the heavily weathered 

mandible most teeth were also lost post mortem, with the exception of three molars that 

demonstrated significant occlusal wear patterns, indicating it likely that this individual 

subsisted on a traditional diet for much of their life. One of the molars exhibited evidence of 

interproximal caries, which also suggests that they subsisted on European foods. In the left 

parietal there was significant trauma that had beveled edges. The poor condition of the bone 

and heavy weathering on one edge rendered it unclear whether this trauma was a result of 

surgical intervention (for example trephination) or inflicted post mortem. The lack of any 

bone remodeling on the un-eroded bone surface indicates that the trauma occurred close to 

the time of death and supports the suggestion that it may represent trephination (Figure 32).  

 

 

 

 

 

 

 

Figure 32: Individual two exhibiting cranial trauma (possible trephination). 
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Individual 3 (E15813). The dental eruption patterns indicated this individual was an 

adolescent, ~12±2.5 years although occlusal wear was significant (Brothwell 1981:72). A 

number of dental caries in the teeth in both the maxilla and mandible were identified, 

suggesting that a European diet was adopted for a considerable period of time. Dental 

hypoplasia indicated that the person had experienced nutritional stress and diseases like 

Small Pox and Syphilis are common diseases that can leave this type of physical trait in 

forming teeth and bone. The third molars had erupted, indicating that this individual was a 

teenager. 

Individual 4. These remains were heavily damaged, and it was too difficult to clean the matrix 

around the teeth in the time available without further damaging the skeletal remains. The 

dentition – unerupted third molars - and suture (coronal and sagittal) development indicate 

this individual was also an adolescent. 

Individual 5. This individual was only represented by fragmented portions of the crania and 

these were in very poor condition. Based on rates or cranial suture closure these remains are 

interpreted as that of an adult. 

Individual 6. These very fragmented remains were those of a child. On the basis of dental/root 

morphology and development, the individual was considered to be between 7-‐‐11 years of 

age. Dental caries was observed indicating the individual subsisted on a largely European diet 

(Figure 33). 

 
Figure 33: Individual six with interproximal dental caries in molar. 
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Individual 7. The surviving cranial fragments were heavily weathered, and very few teeth 

remained in the maxillae. The base of the cranium was lost and the mandible was absent. The 

third molars showed no sign of gingival eruption, however, the present dentition were all 

permanent, indicating that the individual was a teenager. 

Individual 8.  The skeletal remains were heavily affected by erosion, with the right half of the 

skull absent. There is bone loss that does appear to be reminiscent of caries sicca, which is a 

destructive lesion associated with tertiary syphilis (Figure 34). The third molar was erupted, 

and this individual is regarded as the only adult amongst the group. 

Figure 34: Individual eight with possible caries sicca. 
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5. Cape York Strontium Isoscape

This chapter presents Australia’s first regional scale 87Sr/86Sr variability study, offering data 

that can be employed in provenance and repatriation studies. Between 2015 and 2017 

fieldwork was conducted in north QLD to collect soil, plant, water and faunal baseline 

strontium isotope data to compare with human results. Statistical analyses, mapping and the 

tracking of 87Sr/86Sr through different sample types was used to validate the dataset and 

understand the movement of 87Sr/86Sr from the geological to the biological sphere. 

It achieves the aims of this thesis by sampling and mapping Cape York baseline isotope data 

that may be used in future studies to repatriate unprovenanced human remains. 

I obtained all permits and conducted all fieldwork associated with this publication throughout 

Cape York. Traditional Owner groups were visited during fieldwork to discuss the project and 

obtain access to Aboriginal Land. I prepared and completed all isotope analyses, statistics, 

geological interpretation, mapping and writing of the publication. The results were presented 

at three Cape York Indigenous Advisory Committee meetings held with Aboriginal 

representatives in Cairns and Townsville. Results were also presented at Registered Aboriginal 

Party meetings in Victoria and international archaeology conferences in Australia, Japan and 

New Zealand. 

This chapter was published in the Journal: Geoarchaeology, in January 2019 and further 

changes are not possible. 
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Abstract 

It has been estimated that up to 25% of Indigenous human remains held in Australian institutions are 

unprovenanced. Geochemical tracers like strontium isotope ratios (87Sr/86Sr) have been used globally for 

over 40 years to discern human provenance and provide independent data to aid in repatriation efforts. In 

order to reliably apply this technology, landscape 87Sr/86Sr isotope ratio variability must be quantified. In 

Australia, only a few studies have used this technique and they are lacking in detail. Here, we present 

Australia’s first regional strontium isotope ratio variability study. We measured strontium isotope ratios in 

soil, plant, water and faunal material throughout Cape York, Queensland, the most northerly point of 

mainland Australia. Results show a close correlation between surface soil leachates, vegetation, surface 

water and faunal 87Sr/86Sr results with extremely high values (0.78664) associated with ancient Precambrian 

geology. Our study suggests that measuring 87Sr/86Sr in soil and plant samples offers a reliable approach for 

assessing regional Sr isotope distribution, although the inclusion of mammal and fresh water samples is also 

important to assess exogenous inputs. This study provides an important tool for modern and prehistoric 

provenance studies, and may aid in answering some of Australia’s most enduring archaeological questions. 

Introduction 

This study was part of an Australian Research Council funded research project that sought to improve our 

ability to provenance human skeletal remains from Queensland (QLD), Australia that currently cannot be 

repatriated due to a lack of geographical information. Strontium isotope ratios (87Sr/86Sr) are commonly used 

in archaeology and forensic anthropology as geochemical tracers for assessing provenance and migration 

(Makarewicz and Sealy 2015). However, before Sr isotope ratios can be used to assign skeletal remains to a 
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specific geographic region, the spatial variability of the 87Sr/86Sr isotope ratios in the landscape must be 

established. Between 2015 and 2018, we undertook sampling campaigns to establish the 87Sr/86Sr ratio 

distribution throughout Cape York, a peninsula of roughly 288,000 km² in the far northeast of Australia. The 

project also investigated a series of prehistoric and contact period burials in the Flinders Islands and 

Normanton, Cape York (Adams et al. 2018a, b), providing case studies to test this technique.  

Commonly, Sr isotope ratio distribution studies rely on a suite of different sample types, with little focus on 

how reliably geological Sr output is transferred through vegetation, hydrology, and mammalian body tissue 

(Vaiglova et al. 2018, Wang et al. 2018, Whelton et al. 2018). These factors are case-specific and altered by 

environmental proxies like topography, weathering rates, climate and anthropogenic disturbance (Bentley 

2006). Here we present Australia’s first Sr isoscape and investigate how reliably bioavailable 87Sr/86Sr is 

transferred through vegetation, hydrology and mammalian body tissue in north-east Australia to gauge 

confounding factors and assess the technique for human mobility studies. 

Cape York 

Cape York forms the north-eastern corner of Australia, bounded on the west by the Gulf of Carpentaria and 

on the east by the Coral Sea. Its southern boundary conventionally follows the 16°S latitudinal gridline. The 

climate of Cape York is strongly influenced by the Australian monsoon and therefore the Cape experiences 

a wet season and a dry season. The wet season occurs in the summer months, from November to April 

(Woinarsky et al. 2007). Tropical cyclones are common in this season (Luly et al. 2006). The Great Dividing 

Range creates orographic rains in the eastern and upland districts of Cape York through the dry winter 

months (Luly et al. 2006). These year-round rains support perennial streams that sustain wet tropical 

vegetation. The lowlands of western Cape York are strongly seasonal with regard to rain and feature vast 

tracts of savannah grasslands as a consequence. Rivers drain the central highlands east and west of the 

divide into 22 river catchments (see Figure 38, below).  

Geomorphological processes have generated contrasting east-west bedrock geology and this in turn has 

created a biological divide (Figure 35). The eastern region bears large granite bodies and ancient upland 

metamorphic and igneous deposits that are incised by folds and faults that run all the way to Papua New 

Guinea (Willmott 2009). The eastern tablelands have rich volcanic soils, while basins along the east coast 

consist of low lying floodplains. The western region contains vast alluvial fans with weathered profiles of 

bauxite and laterite that dominate the low-lying plains (Willmott 2009). Upland sediments are transported 

west along vast river, terminating on the shores of the Gulf of Carpentaria.  
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Archaeology 

Debate persists as to the precise timing of human occupation of Australia, but in general terms it is 

considered somewhere between 68 – 47,000 years ago (ka BP) (Roberts et al. 1990, Roberts et al. 1998, 

O’Connell and Allen 2004, Rasmussen et al. 2011, Turney et al. 2001, Veth et al. 2014, Clarkson et al. 2015, 

Hamm et al. 2016, Clarkson et al. 2017, McDonald et al. 2017, Veth 2017, Veth et al. 2017, O’Connell et al. 

2018). Due to its proximity to New Guinea and Asia, Cape York is a prime candidate for the point of initial 

landfall and presents a suitable conduit for later movement between New Guinea and Australia (Hiscock 

2007:24, Malaspinas et al. 2016, Kealy et al. 2018). 

Although a sea barrier now exists between Cape York and New Guinea, sea level was ~ 120 m lower than 

present through glacial periods. This would have allowed humans and other non-volant species to traverse 

the Torres Land-bridge (Willmott 2009, Wright 2011). During these glacial periods rivers flowed from New 

Guinea across the Torres Land-Bridge into the Gulf of Carpentaria, which existed as a large fresh-brackish 

lake (Torgersen 1985). White (2000) has suggested that mound springs fed from the Artesian Basin may have 

surrounded the lake margins, creating a biodiversity hot spot and refuge for people throughout the Last 

Glacial Maximum. 

Debate also surrounds the Melanesian influence into Australia through Cape York during the mid-late 

Holocene (Fitzpatrick et al. 2018, Rowland 2018). The presence of new technologies like the outrigger canoe 

(Beaton 1985, McNiven et al. 2011, McNiven and Ulm 2015) and the discovery of pottery on Lizard Island, 

south east of the Flinders Islands (Lentfer et al. 2013) suggests that Cape York may have acted as a conduit 

for people moving into the continent (Rowland 2018). The development of ‘increase sites’ in Cape York was 

a spiritual/cultural aspect that may also indicate a northern connection (Hale and Tindale 1933-34, McIntyre-

Tamwoy 2011). The development of a 87Sr/86Sr isotope reference map for the region will deliver a valuable 

research tool that may be applied to these questions.  

Repatriation 

In the late 19th Century there was a great deal of interest in the evolution of our own species (e.g. Huxley 

1863). With the discovery of Homo erectus in Indonesia (Dubois 1896) a number of early researchers focused 

their attention on Australia and its connection with south-east Asia, considering that the region played a 

central role in human evolution (e.g. Klaatsch 1923). In the absence of fossil human remains, collecting 

Indigenous skeletal remains for universities and museums became an activity that helped develop an 

understanding of modern human variability. People throughout Australia actively collected Aboriginal 

human remains on behalf of scientific institutions.  
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As Indigenous people around the world gained increased civil rights throughout the 20th Century, the 

collecting of remains for research became the focus of increased criticism. This led to the repatriation 

movement where Australian programs like the Return of Indigenous Cultural Property Program (2002) 

repatriated over 1000 sets of remains to Aboriginal communities (Truscott 2006, Berthier-Foglar et al. 

2012:369). However, because many of these remains were collected by lay people and government officials 

on the colonial frontier, they are accompanied by little contextual information. Museums and institutions 

have considered how to address this problem for the last 30 years. Pardoe (2013) estimated that 10-15% of 

the South Australian Museum’s human remains collection is unprovenanced, while up to 25% of other 

Australian collections have little to no geographical contextual detail.  

Cape York is one such region where the return of unprovenanced ancestral human remains is a priority for 

Indigenous communities. Combined with Cape York’s proximity to New Guinea and Asia, and absence of 

modern contaminants from agriculture and development, it provides an ideal setting to test geochemical 

tracing techniques and measure how they are transferred through environmental proxies.  

Strontium Isotope Ratios 

Sr is present in all rock types (clastic, metamorphic and igneous) in form of four stable isotopes: 88Sr, 87Sr, 

86Sr and 84Sr (Faure 1986). Sr isotope studies commonly use the ratio of the isotopes 87Sr and 86Sr (87Sr/86Sr). 

The 87Sr/86Sr ratio differs between the different rocks and minerals, depending on the amount of Sr and Rb 

in the minerals and their age (87Sr is the daughter product of 87Rb). Preferential weathering of these minerals 

governs what transfers into soil. Typical labile Sr concentrations in soils range from 0.2 – 20 ppm (Aberg et 

al. 1990, Bentley 2006). Soil 87Sr/86Sr is taken up by vegetation and fauna, creating a correlation between 

the local geology and biosphere (Koch et al. 1992, Blum et al. 2000). As silicates are highly weathering 

resistant, most Sr in soils derive from carbonates and feldspars (Capo et al. 1998). This bioavailable Sr fraction 

is further modified by hydrological, aeolian and geomorphological processes (Price et al. 2002). The 

bioavailable 87Sr/86Sr distribution in the landscape is established by sampling 87Sr/86Sr of different sample 

types. Exogenous inputs like sea spray, precipitation, dry fall as well as the role of preferential weathering, 

climate, ground cover, and anthropogenic disturbance all effect 87Sr/86Sr distribution (Bentley 2006).  

Sr isotopes were initially used in ecology to map the geographic movement of faunal species (Gosz et al. 

1983, Rundel et al. 1989, Koch et al. 1992). Because Sr is a lithophile alkaline element that is similar in size 

to Ca2+, it substitutes Ca in calcite bearing minerals including the biogenic apatite in the mammalian body 

(Bentley 2006). The large atomic mass of Sr isotopes and the small relative difference between these masses 

makes it less susceptible to kinetic fractionation when moving through the biosphere, making it an excellent 

geochemical tracer for reconstructing biological provenance (Price et al. 2002). This technique has been used 
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to study the movement of fish (Kennedy et al. 1997; Kennedy et al. 2002; Bacon et al. 2004; Walther et al. 

2009), birds (Font et al. 2007; Sellick et al. 2009), extinct megafauna (Hoppe et al. 1999, Hoppe 2004; Arppe 

and Vartanyan 2009; Perez-Crespo et al. 2016; Price et al. 2017), extant herbivorous mammals (Sealy et al. 

1991; Koch et al. 1995; Britton et al. 2009; Widga et al. 2010; Baumann and Crowley 2015) and humans 

(Britton et al. 2011; Copeland et al. 2011). 

Ericson (1985) was the first to propose using Sr isotope ratios in human teeth and bones to look at prehistoric 

migration. Since then studies around the globe have utilised Sr isotope variability to understand Hominin 

migration and provenance (Ericson 1985; Sealy et al. 1991, Price et al. 1994; Sealy et al. 1995; Cox and Sealy 

1997; Ezzo et al. 1997; Grupe et al. 1997; Price et al. 1998, 2000, 2001, Hoogewerff et al. 2001; Price et al. 

2002; Wright 2005; Bentley 2006; Evans et al. 2006; Juarez 2008; Richards et al. 2008; Kusaka et al. 2009; 

Nehlich et al. 2009; Montgomery 2010; Maurer et al. 2012). Following advancements in mass spectrometry, 

Sr isotope studies have become part of a package of analyses commonly conducted in archaeology. In order 

to systematically undertake provenancing, landscape Sr variability studies have been undertaken to set 

baselines, from which migration can be established. Regional maps of 87Sr/86Sr distributions have been 

completed over the past 15 years for parts of the Americas (Beard and Johnson 2000, Hoddell et al. 2004, 

Bataille and Bowen 2012, Laffoon et al. 2012, Pestle et al. 2013), Africa (Sillen et al. 1998), Asia (Song et al. 

2014), Europe (Evans et al. 2009, 2010; Voerkelius et al. 2010, Frei and Frei 2013, Willmes et al. 2018) and 

the Middle East (Hartman and Richards 2014). 

There are several ways to map bioavailable 87Sr/86Sr: 1) modelling from geological data; 2) measuring the 

bioavailable Sr in soil, plant and water samples; and 3) measuring signals once they are averaged in fauna 

and humans. Modelling involves predicting the Sr isotope ratios from the lithology, its age and the rate of 

weathering (Beard and Johnson 2000, Bataille and Bowen 2012 Bataille et al. 2018). Many unquantifiable 

factors contribute to the bioavailable Sr reservoir and these stochastic inputs can result in inaccurate 

assumptions in the model (Stewart et al. 1998). Because geology directly influences the bioavailable Sr 

isotope composition, sampling within distinct lithological units is integral to understanding 87Sr/86Sr 

distributions. An assessment of soil, water and vegetation gauges the movement of 87Sr/86Sr through 

environmental systems. Because faunal species sample multiple Sr sources they represent the bioavailable 

Sr pool within that species range and provide an averaged isotopic signature (Makarewicz and Sealy 2015). 

Maurer et al. (2012) found that different sample types offered contrasting 87Sr/86Sr results at sample sites in 

Germany, with plant and water being the most reliable for provenancing human remains. These results are 

site specific to Europe, being influenced by domestication and agricultural practices. In places like Cape York, 

where agriculture and development has had less impact, a detailed assessment of sample type reliability is 

required. 
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Materials and Methods 

To establish the spatial bioavailable 87Sr/86Sr signatures of Cape York soil leachates, vegetation, fresh water 

bodies and local mammalian fauna from all major geological units and the 22 water catchments of Cape York 

were analysed and compared. Sample sites were selected according to the Geological Map of North QLD, 

compiled by Bain and Haipola (1997) and the detailed surface and bedrock lithology of North QLD (Bain and 

Draper 1997) accessed through Geosciences Australia.  

Sample collection and processing 

Sampling targeted soil, plant and water samples from distinct bedrock lithologies. Sampling within Aboriginal 

freehold land was carried out with the consent of the relevant community. Sampling in National Parks was 

completed under Permit No: WITK16288415.  

Soil was collected from ~15 to 30 cm below the ground surface and aimed to sample the subsurface (B) soil 

horizon, in areas void of natural and anthropogenic disturbance. Plant samples consisted of ~10-20 leaves 

from savannah and tropical north QLD tree species: Acacia colei, Corymbia intermedia, Eucalyptus 

leptophylla, Eucalyptus camaldulensis, Jagera pseudorhus and Melaleuca quinquenervia. Fresh water 

samples were collected from freshwater creeks and rivers within 5 km of soil and plant samples, within the 

same lithology. Faunal sampling targeted macropodid and wild pig teeth, commonly found as ‘road-kill’. 

Global Positioning System (GPS) coordinates, photographic and bedrock lithology metadata were collected 

at every sample site. Sample preparation and analyses was conducted in the Radiogenic Isotope Facility (RIF) 

at University of Queensland, St Lucia (UQ), Radio Isotope Facility (RIF), and the Research School of Earth 

Sciences (RSES) at the Australian National University (ANU). 

Plant sample digestion followed methods in Yu et al. (2007). Plant samples were washed with Milli-Q 

ultrapure water (with resistivity of 18.2 MΩ•cm at 25°C) to remove exogenous dust and placed in 50 ml 

ultra-cleaned quartz crucibles. Samples were ashed at 450°C for 12 hours in a muffle furnace. A 10 mg aliquot 

was collected and digested in 2 ml 7N double distilled nitric acid (HNO3) for 48 hours at 140°C. The solution 

was then evaporated overnight at 90°C before being redissolved in 3 ml 2N double distilled nitric acid (HNO3) 

for column chemistry. 

All soil samples were dried overnight at 60°C before being sieved through a 2 mm Endecott standard woven 

wire sieve. A 100 mg aliquot was leached in 4 ml ultrapure 1M acetic acid (CH3COOH) for 30 minutes before 

15 minutes sonication. Each sample was centrifuged at 4000 rpm for 15 minutes before the supernatant was 

removed and evaporated overnight at 90°C. The sample was redissolved in 1 ml 7N ultrapure HNO3 and 
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evaporated overnight at 90°C. The solute was redissolved in 2 ml 2N ultrapure HNO3 on a hotplate at 120°C 

for two hours. 

20 ml of water samples were screened through a 0.2 μm syringe filter before being evaporated at 90°C in 

ultra-cleaned Teflon beakers. The remaining solute was digested in ultrapure concentrated hydrogen 

peroxide (H2O2) at 90°C. The solute was redissolved in 2 ml 2N ultrapure HNO3 on a hotplate at 120°C for 

two hours ready for column chemistry. Ion exchange chromatography was used to isolate Sr from other 

elements within soil, plant and water samples. Columns were filled with 3.8 ml Eichrom Sr specific resin in 

1.5N ultrapure HNO3 and capped at either end. Columns were rinsed before samples loaded and collected 

with 2N ultrapure HNO3.  

Teeth were cleaned with water and a brush to remove particulates before being cut using an Edanta 

diamond cutting wheel. Molars were cut from the occlusal surface to the root apices, (diagonally) 

distolingual-mesiobuccal. Incisors were bisected from incisal surface to apex of the root. Samples were 

placed with the cut surface facing up, in an aluminium holder (3.5 x 2 cm). They were mounted using 

‘Sculpey’ modelling clay so that the exposed face was parallel to the top of the container, 0.2 mm below 

the rim. 
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Figure 35: Cape York bedrock geology (Bain and Haipola 1997) with sample sites. 

Isotope measurement 

Sr separates from soil, plant and water samples were diluted in 2% ultrapure HNO3 doped with a 10 ppb 

Indium internal standard and screened on a Thermo X-series II quadrupole inductively coupled plasma mass 

spectrometer (ICP-MS) at UQ RIF Lab. Based on the screened Sr concentrations, an aliquot of each stock 

solution was diluted to ca. 30-40 ppb depending on the working sensitivity of the instrument (aiming for 88Sr 

intensity of 7-8 volts), and measured for its Sr isotope compositions on a Nu Plasma HR multi-collector 

inductively coupled plasma mass spectrometer (MC-ICP-MS). The SRM-987 standard solution was measured 
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before and after every 5 unknown samples as a drift monitor. During measurement, Sr isotope data for both 

SRM-987 and samples were corrected for mass fractionation using the Raleigh exponential law by 

normalizing to 86Sr/88Sr = 0.1194. The fractionation-corrected 87Sr/86Sr ratios of the samples were further 

corrected using standard-sample bracketing using a polynomial fit through the SRM-987 measurements by 

normalizing their 87Sr/86Sr values to 0.710249 to account for long-term drift. Repeated analyses of SRM-987 

yielded a mean 87Sr/86Sr of 0.710249 ± 0.000015 (n=68, 2σ). This measurement falls within the accepted 

value of 0.71025 (Faure and Mensing 2005) and original value of 0.71034 ± 0.00026 (Moore et al. 1982). 

Following this protocol, separate digestions of USGS rock standards BHVO-2 and BCR-2 performed by 

different chemists in the laboratory give long-term mean 87Sr/86Sr values of 0.70348±0.000019 (2σ, N = 14) 

and 0.70502±0.000019 (2σ, N = 36), respectively, indistinguishable from GeoReM recommended values 

(GeoRem 2005). The dataset was also assessed for accuracy by reproducing sample preparation, leaching, 

column chemistry and analyses. Differences between these duplicates were on average <0.0155% (n=38). A 

Wilcoxon signed rank test with continuity correction was also completed to assess significance of similarity. 

Results returned a p-value of (0.1274) showing that duplicates were almost identical. Soil leaching 

experiments are discussed in depth in Supp 3. 

Isotopic measurements of faunal teeth were conducted at the Australian National University (ANU) Research 

School of Earth Sciences (RSES) by multi-collector inductively coupled plasma mass spectrometry (MS-ICP-

MS) using laser ablation sample introduction. Samples were measured using a Finnigan MAT Neptune Varian 

820. Mounted teeth were ablated using the ANU laser ablation system, which is covered in detail in Eggins 

et al. (1998, 2003) and Grün et al. (2014). This system uses a 25 x 8 mm beam exciting the laser to illuminate 

a rotary wheel with apertures. This aperture is projected and demagnified onto the sample surface via a 

long-working distance triplet lens. The excimer laser with λ = 193 nm, delivers laser fluence of 10 J/cm2 (0.3 

GW/cm2). Tooth surface was first ‘cleaned’ of exogenous material using a 205 μm beam and analysed using 

160 μm beam for 120 sec analyses with 30 sec pre and post ablation at 10 Hz. These conditions result in ~5 

μg sample for each analysis, removing ≈200 nm from the surface with each pulse (Grün et al. 2014). Enamel 

was ablated at three locations ~1 mm apart. 

High levels of phosphorous in hydroxyapatite (Ca10(PO4)6(OH)2 in teeth can lead to an interference on mass 

87 where polyatomic compounds 40Ar+31P+16O and 40Ca+31P+16O have been measured (Hortswood et al. 

2008, Simonetti et al. 2008). By adding 8cc/min nitrogen to the plasma the sample gas flow rate can be 

dropped, increasing residence time of particles in the plasma, lowering oxide production that results in less 

interference on mass 87 (Willmes et al. 2016). Mass 71 was measured to record polyatomics 40Ca+31P and 

40Ar+31P that correlate to the interference on mass 87. Rare Earth Elements (REEs) were also monitored 

throughout analyses to assess sample diagenesis. No samples returned high REEs. 
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Analyses 

Non-parametric statistical tests were carried out using the statistical programming language R (R Core Team 

2018) and PAST (Palaeontological Statistics Software Package) Version 3.15. XY Plots were also used to 

compare different sample types and assess how 87Sr/86Sr is transferred from geology to hydrology and 

biology. In the plots a 1:1 line is shown with the 2σ range. The difference between the soil and plant samples: 

ΔSP=(soil87Sr/86Sr - plant87Sr/86Sr)/2 was used to determine outliers with results outside the 95% interval 

(2σ) excluded from further analyses. To visualise 87Sr/86Sr distribution, Geopackage Maps were used. Shape 

Files of geological maps were supplied by the QLD Department of Natural Resources and Mines (Detailed 

Geology Release – March 2017). Lithological diversity was combined with 87Sr/86Sr data to create distinct 

isotope ranges for each unit to understand the relationship between the geology, and how this is transported 

into the bioavailable 87Sr/86Sr pool. A detailed discussion on assessing analytical precision can be found in 

Supp. 4. 

Results were also grouped by river catchments. As noted earlier, the study area contains 22 river catchments 

designated by the QLD Department of Environment’s Science and Aquatic Conservation Assessment Reports 

(EHP 2012, Rollason and Howell 2012, DES 2018). Average faunal ranges were also compiled to map fauna 

feeding outside of Voronoi polygon ranges and catchments. These were compiled for three macropodid and 

one sus species. Priddel et al. (1988) conducted a study of over 400 kangaroos and found that 90% of red 

kangaroos (M. rufus) range within 9kms, while 90% of Eastern grey kangaroos (M. giganteus) range within 6 

kms from their initial sample site equating to areas of 254.5 km2 and 113 km2, respectively. Agile wallabies 

(M. agilis) travel far less occupying a range of = 6.7 km2 (Stirrat 2003) Feral pigs (S. Scrofus) occupy ranges of 

about 43 km2 (Giles 1980; Saunders et al. 1988). Ranges were mapped on the figures with range measured 

as the radius from the sample site. 

GIS Mapping 

The bedrock geology was combined with 87Sr/86Sr data to create distinct isotope ranges for each lithology. 

Results were also grouped by catchment to view local ranges that influence faunal and water results and 

compared with a Voronoi diagram illustrating plant/soil 87Sr/86Sr ranges partitioned by the distance between 

points in a Euclidean plane. Interpolated models were used to test 87Sr/86Sr variability mapping techniques. 

Kriging is one of the methods employed, that exploits covariance as a function of distance between 

measured points to predict unsampled locations (Pilz and Spock 2008). Kriging and Voronoi maps were 

created in ESRI ArcMAP 10.3 to compare models and determine the most reliable predictive surface. A 

detailed discussion of interpolation analyses can be found in Supp. 5.
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Results and Discussion 

Altogether, 94 paired soil and plant, 14 water and 21 faunal samples were used to map Cape York 

bioavailable 87Sr/86Sr variability. The data are shown in Figure 36 and detailed in Supp. Table 1 and Supp 7. 

Figure 36: Cape York soil, plant, water and faunal 87Sr/86Sr results on lithological map. Outliers are 

marked in red and discussed below. 



155 
 

Soil and Vegetation 

Soil and plant Sr isotope results showed that over 90% of paired values had a strong correlation. Spearman’s 

rank correlation coefficient returned a value of 0.9549, indicating that 87Sr/86Sr in soils in taken up by plants 

with little to no offset. Mean ΔSP was -0.00031622, 25th percentile: -0.0003245 and 75th percentile as 

0.0003248 (Figure 37a).  

 
Figure 37: a) ΔSP Histogram illustrating sample distribution and the five soil/plant sample outliers. 

Yellow lines correspond with frequency distributions of the four most common ΔSP results. Figure 3b) 

Soil/Plant 87Sr/86Sr results with 1:1 line and 2σ band (±0.0335) 

From a dataset of 94 pairs of soil and plant samples five samples were deemed outliers (Figure 37b), being 

outside of the 2σ band of the 188 samples (±0.0335). Four of the outliers were excluded from further 

analyses because the combined average would not indicate the local 87Sr/86Sr signature taken up by fauna 

and humans. Outlier 6 was retained because of the similarity between fauna and soil/plant results. 

Many factors can lead to a discrepancy between soil and plant results from the same location, including 

anthropogenic, meteorological and geological processes. Being situated in remote far north QLD, 

anthropogenic interference is rare, and we interpret discrepancies reflecting a disconnection between upper 

and lower soil horizons and vegetation utilising subsurface water. Outliers 27 and 42 are found in high grade 

metamorphic deposits in central Cape York. The topography of these central upland regions is steep with 

thin soil horizons and deep weathering. These factors can lead to a disconnection between strata, with plants 

sourcing water from the lower deposit. Outlier 49 is sourced from a marine environment and should reflect 

the modern marine signature (~0.70920). The soil result (0.71018) is close to this signal, however, the plant 

result (0.71841) is elevated and all other samples, including water, upland from this site are also elevated 
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suggesting that subsurface water is distributing a higher 87Sr/86Sr value that is being taken up by the 

vegetation. Outlier 20 exhibits a significant difference between plant and soil, being 0.71343/0.73257 

respectively. Considering the sample site is 50 km from the neighbouring lithology and within a flat landscape 

where no other samples show a similar result it is considered a sampling or analytical error.  

Outlier 6 is sourced from a small area of Mesoproterozoic felsic intrusive deposits outcropping at Croydon 

in the south of the study area. The area exhibits some of the highest recorded 87Sr/86Sr values with soil 

(0.79107) and plant (0.78221) both elevated. Within 5 km of the sample site the geology changes abruptly 

to lower 87Sr/86Sr values (0.73598). High variability in this local area may once again lead to a disconnection 

between the surface soils and plants accumulating high 87Sr/86Sr values from lower deposits. However, 

considering that the faunal sample 99 from the same site returned a distinct and high value (0.78625) 

between the soil and plant values indicates that the results should be included in further analyses.  

A Voronoi map (Figure 39) was constructed 

using combined soil and plant results after 

outliers had been removed. The Voronoi 

process partitions the Euclidean plane into 

convex polygons that represent one sample 

point corresponding to a distinct 87Sr/86Sr 

range. This map aids visualisation of 87Sr/86Sr 

distribution throughout Cape York covering 

seven categories from low values in the north 

and east to high values in the central and 

southern regions. The map was utilised as the 

primary means of comparing water and faunal 

results to soil and plant values. The 

marine 87Sr/86Sr signature of ~0.70920 is 

often transported in 

precipitation and reflected in marine derived 

rock (Bentley 2006). These marine influences 

can contribute to the local bioavailable 87Sr/86Sr 

in soils and plants. The strong north-south 

gradient we see in Cape York may be due to 

increased marine 

derived 87Sr/86Sr in precipitation and/or the 

Figure 38: Cape York River Catchments with typical 

faunal habitat ranges represented by spot size (EHP 

2002, Rollason and Howell 2012, DES 2018). 
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local marine sandstone/limestone of the northern cape, compared to southern and inland regions. Faunal 

ranges were used to assess fauna feeding outside of polygon boundaries. 

Watercourses traverse geological boundaries taking on 87Sr/86Sr from weathered upland minerals in rock 

and soil, so catchment wide soil results may reflect water values (Bentley 2006). Soil results from the 22 river 

catchments in Cape York (Figure 38) were collated and compared to fresh water results to assess whether 

the local soil 87Sr/86Sr value, or the catchment wide soil 87Sr/86Sr signature had a greater effect on water 

results (Supp. Data 6).  

In 14 of the catchments sample frequency was too low for comparison so they were combined with adjacent 

catchments with similar values (Coleman-Holroyd, Daintree-Endeavour-Jeannie, Embley-Wentlock, Jardine-

Ducie, Mossman-Barron, Lockhart-Stewart-Olive/Pascoe). The Staaten River Catchment contained no 

samples and was thus excluded. 

Figure 40 shows that water sample (126) falls outside the catchment range and 2σ band (±0.029), calculated 

from the 14 water results. While samples 120, 121 and 129 only just reach the 2σ band and could also be 

classed as outliers. Water-value means were evenly distributed with seven values above and below the 

catchment range. The Voronoi map ranges was also used to compare local soil results to corresponding 

water values and illustrated four samples outside the 2σ band (±0.029), with two below (117, 118) and two 

above (126, 128) (Figure 41). 

Water Results 

Catchment soil ranges are larger than the local Voronoi ranges, making them less accurate. Mean values 

were compared using ANOVA and between sum of squares (SSB) to test the accuracy of the two approaches. 

SSB results illustrated that Voronoi range mean values (presented as circles on Figure 38 and Figure 39) 

exhibited a closer correlation with water values at 3.622E-05, when compared to catchment SSB at 8.921E-

05. This result also suggests that local soil values more accurately express water values than catchment wide 

ranges. Considering that catchments incorporate many lithologies, with seasonally fluctuating mineral 

weathering sourced only from upstream, this result is not surprising. 
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Figure 39: Voronoi diagram of combined soil/plant 87Sr/86Sr ratio ranges throughout Cape York, 

Australia. The figure includes water and faunal results with typical faunal habitat ranges. 
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Figure 40: Water 87Sr/86Sr results compared to catchment soil ranges with a 2σ band (±0.029). 
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Figure 41: Water 87Sr/86Sr results compared to local soil ranges with a 2σ band (±0.029). 
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Figure 42: Faunal 87Sr/86Sr results compared to combined soil and plant Voronoi ranges that take into 

account faunal feeding range with a 2σ band (±0.033). 
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Faunal Results 

21 faunal results were compared to soil and plant results within the species foraging territory, to assess the 

reliability of utilising local soil and plant samples for predicting mammal 87Sr/86Sr values (Supp. Data 2). 

Maximum faunal ranges were calculated for three macropodid and one sus species, indicating that seven 

faunal samples were collected with species range overlapping polygon borders. These species habitats are 

presented as 87Sr/86Sr ranges in Figure 42 and indicate that 80% of faunal results fall within the measured 

local 87Sr/86Sr range for soil and plant results. Mean faunal 87Sr/86Sr results were also compared with 

combined soil and plant mean results using ANOVA to assess the similarity between the datasets. The 

between sum of squares (SSB) was 0.000147, indicating a strong association between soil/plant and faunal 

values. Results suggest that soil and plant samples are a reliable proxy for estimating local mammal 87Sr/86Sr 

values. Water results were unable to be compared to faunal results due to sample density and a lack of water 

and faunal results in the same vicinity. However, because local soil and plant results have been shown to 

correlate with both water and faunal results accurately, and because local results are more indicative of 

water results when compared to catchment wide signatures, we consider water values within species range 

a valid mammalian body tissue 87Sr/86Sr input.  

Figure 42 also shows that four of the faunal samples (104, 106, 109, 112) sit outside the 2σ band (±0.033), 

calculated from the 21 faunal results. Outliers 104 and 109 are within 20 kms of polygons that reflect their 

results, and it is possible that the Voronoi polygon boundaries in this region do not an accurately display the 

local 87Sr/86Sr gradient between sample sites. The plot also displays most of the faunal result means below 

the 2σ band. The marine 87Sr/86Sr signature of ~0.70920 can be transported in precipitation (Bentley 2006) 

and will dictate the 87Sr/86Sr value in surface runoff, potentially disconnecting it from the local soil signature. 

Although macropodid species have lower mean turnover rates of water per day than eutherian species, they 

will still drink surface water, and during monsoonal seasons surface runoff would likely incorporate a large 

portion of daily water intake (Denny and Dawson 1975). It is possible that Cape York surface runoff during 

the monsoon season is influenced by a marine signal in precipitation contributing to faunal body water 

87Sr/86Sr. This exogenous input would present faunal 87Sr/86Sr signatures generally lower than the local soil 

value. This would also explain why outlier 112 close to the coast is lower than the surrounding soil and plant 

values. Sample 106 is an anomaly as it represents the lowest value in the dataset. This red kangaroo (M. 

rufus) was sampled on a major road to the south and the species is not generally recorded this far north, 

suggesting that it may have covered a distance in excess of 100 km and perhaps represents 87Sr/86Sr values 

from outside of the study area.  

  



163 
 

Cape York Geological 87Sr/86Sr results 

Whether it be bedrock or a combination of weathered substrates and minerals, geology is the dominant 

driver of the spatial distribution of 87Sr/86Sr. Regional studies have consistently demonstrated that the young 

volcanic and limestones islands of south-east Asia, Melanesia and Oceania exhibit 87Sr/86Sr results below the 

modern marine value of ~0.70920 (Bentley et al. 2007, Shaw et al. 2009, 2010, 2011, Theden-Ringl et al. 

2011, Kinaston et al. 2014, Fenner et al. 2016, Cheung et al. 2018). 

Cape York soil and plant results reflect parent lithologies and results were grouped by their underlying 

bedrock to understand how lithological type and age contributed to results. Figure 43 presents Cape York 

87Sr/86Sr ranges by lithological type, indicating the highest values occur in regions overlying felsic volcanic 

rock and high grade metamorphics. If outliers indicated by whiskers are discounted we can attribute 87Sr/86Sr 

ranges to distinct lithologies. Values of ≤0.71000 only occur in marine sands (reflecting the marine 87Sr/86Sr 

signature) and bauxite/ferricretes. 87Sr/86Sr ratios between 0.71000 and 0.71700 are found in mafic volcanic 

regions, as well as the widely distributed consolidated and unconsolidated clastic sediments of the eastern 

half of Cape York. Values between 0.71700 and 0.73800 are found in small pockets of slate and carbonates 

as well as in the felsic intrusions and widely distributed sands and gravels of the south western half of Cape 

York. 87Sr/86Sr values between 0.74000 and 0.76500 are only found in high-grade schists and gneisses as well 

as felsic volcanic rocks, the highest values of ≥ 0.76500 are only found in the latter. 87Sr/86Sr results divided 

by lithological units are presented below and in Supp. Data 7 (Figure 56). 

Igneous Rocks 

Felsic Intrusive 

Devonian–Carboniferous igneous felsic rock that is largely composed of adamellite and granite runs through 

much of eastern Cape York (Willmott 2009). They have become prominent landmarks along the east coast 

due to their resilience to weathering. Erosion of the overlying rock has exposed these granites, that exhibit 

a 87Sr/86Sr range of 0.71100 – 0.74253 (14, 39, 41, 50, 53, 54, 55, 77, 78, 84, 90). 

MAFI C  VOL CANI CS  

Some of the lowest 87Sr/86Sr values recorded in this study were measured in rock formed from basaltic 

magmas that outcrop along the mid-east coast. These were generated by partial melting at mantle depths 

and decompression of a rising plume. They ascended to the earth’s surface and erupting to form alkali basalt 

basanite and hawailite compositions. This domed-up the eastern portion of the continent before vast 

sections sank (Willmott 2009). Basalts generally exhibit low 87Sr/86Sr values and here they express a range of 

0.71065 – 0.71591 (12, 36, 89). 
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Felsic Volcanics 

Igneous felsic volcanic rock from the Mesoproterozoic is found in the middle of southern Cape York and 

returned the highest combined soil/plant result for the study at 0.78664 (6). Cape York also witnessed 

volcanic activity through the Cainozoic. These areas exhibit a restricted and lower 87Sr/86Sr range of 0.73833 

– 0.74156 (13, 16)

Metamorphic Rocks 

High Grade Metamorphics 

Cape York contains several inliers that are considered to be part of a sequence deposited on a rise during 

the Proterozoic (Withnall et al. 1988). The rock today consists largely of metamorphic mica-quartz schist, 

quartzite and biotite-feldspar-quartz gneiss dating from the Palaeoproterozoic to the Mesoproterozoic. This 

lithology returned high results at 0.74058 - 0.77733 (7, 18, 27, 29, 42).  

LOW GRADE METAMORPH ICS  

Mica and schists were formed from volcanic and sedimentary rock on the eastern edge of the ancient super-

continent ‘Pangea’. Here they metamorphosed and later outcropped along the mid-east coast (Blewett and 

Black 1998). These metamorphics are easily weathered soft schists and mica with some quartzite (Willmott 

2009). The lithology is represented by only one sample exhibiting a low 87Sr/86Sr result of 0.72013 (75).  

Sedimentary Rock 

Clastic Sediments 

Clastic rocks are a mixture of old and young lithologies that have weathered and been reformed. It is this 

mixing of many different lithologies that gives clastic rock such a wide range of values (0.70747 – 0.76680). 

High 87Sr/86Sr values are associated with Palaeozoic clastic rocks and metasediments throughout the south-

central region of the cape, returning 87Sr/86Sr values up to 0.76680 (33). However, the same lithology 

throughout south-east Cape York also expresses low values: 0.71167 – 0.73525 (10, 11, 15, 35, 85, 91, 92, 

93, 94).  

Clastic material formed from weathered upland sediments, with ages between 160 to 95 Ma, cover vast 

areas of Cape York (Willmott 2009). Quartzose sandstones and siltstones now occupy the tip of the cape and 

regions in the central-east, exhibiting a low 87Sr/86Sr range of 0.70968 – 0.71314 (62, 64, 69, 74). While basins 

of calcareous claystone and glauconitic sandstones are a remnant of marine transgression and occupy the 

entire western flank of Cape York (Withnall and Cranfield 2013). These western basins returned the lowest 

87Sr/86Sr result in the study 0.70747 – 0.72386 (3, 19, 43, 52, 56, 57, 58, 59, 60, 61, 73, 79).  



165 

Running north-south through the centre of the cape is a strip of mudstone, siltstone and sandstone that 

abuts marine material laid down in the Silurian Devonian (Illig and Chang 2016). The region comprises of 

fossiliferous mudstone, chert, sandstone and basalts that exhibit a low 87Sr/86Sr range of 0.71148 – 0.71563 

(31, 32).  

Carbonates 

Represented by only one combined soil/plant sample this lithology in south-central Cape York separates 

clastic Devonian rock from high grade metamorphics (Illig and Chang 2016). This narrow stretch of shallow 

marine limestone, sandstone and basalt exhibits a 87Sr/86Sr value of 0.72835 (17).  

Unconsolidated and Residual Deposits 

Residual/ Colluvial 

Much of the north-western regions of Cape York contain bauxite and ferricrete residuals and colluvium. 

These lithologies are residual deposits that are situated very close to the coast and exhibit a strong marine 

signature of ~0.70920. Being material eroded from Jurassic–Cretaceous alluvial sediments, 87Sr/86Sr results 

range from 0.70908 – 0.71737 (30, 38, 65, 66, 68, 71, 72, 81, 88).  

Alluvial 

Around 95 MYA seas that covered much of Cape York receded exposing rock formed during the Jurassic - 

Cretaceous. These sediments eroded into vast alluvial fans along the east and western lowlands of Cape York 

(Doutch 1976). From the Miocene to the Pliocene, alluvial material was also deposited along these coastal 

margins. The western basins exhibit a 87Sr/86Sr range of 0.72707 – 0.74229 (1, 4, 5, 8, 9, 20, 21, 22, 23, 24, 

25, 26, 28, 34, 44, 45, 46, 51). While the eastern lowland basins offer a wider 87Sr/86Sr range of 0.71796 – 

0.74488 (37, 40, 47, 48, 80, 82, 86, 87). These 87Sr/86Sr results are diverse because they are a culmination of 

weathered bi-products from Precambrian rock, Palaeozoic clastic and Devonian igneous felsic material.  

Marine Sands 

Areas along the coast naturally exhibit results close to the modern marine signature (~0.70920). These dune 

fields and areas of seawater inundation exhibit a 87Sr/86Sr range of 0.70920 – 0.71148 (2, 63, 67, 70, 76).  
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Figure 43: Cape York soil and plant results aligned to rock types, with outliers excluded. Boxplot colours 

represent rock types on the lithological map. 

87Sr/86Sr mapping and Sampling 

Interpolation models have been used to map bioavailable 87Sr/86Sr in Europe (Willmes et al. 2018) and was 

carried out on Cape York soil, plant and water results. Parameters were compared across three kriging 

interpolation methods: Simple, Empirical Bayesian Kriging and Cokriging (Figure 44, Figure 45, Figure 46)  

Simple Kriging data were log transformed and a nugget utilised in the covariogram. Neighbours were set at 

a maximum of 15, and a minimum of five over eight sectors with standard neighbourhood type (Figure 44a). 

The combined dataset was also run using the Empirical Bayesian Kriging (EBK) function set at 200 simulations 

with nugget enabled (Figure 45a). Data was analysed using a power semivariogram with a maximum of 15 

neighbours and a minimum of 10 over eight sectors with standard neighbourhood type. The dataset was 

also visualised using the cokriging function that not only analysed the soil/plant dataset using 

autocorrelation but also cross-correlated between the soil/plant, water and faunal datasets (Figure 46a). All 

datasets were log transformed and simple type kriging employed. By removing the nugget and using the K-

Bessel model type best visual fit of the covariogram was achieved. This model showed best overall results 

for regression function and the predictive mean was assessed to be 0.0005561, thus allowing the data to sit 

close to the observed values. The cokriged surface was determined to be the most reliable surface for 
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predicting values at unknown sample types because it honoured the heterogeneity of the dataset better 

than other methods. Although error surfaces for simple and EBK interpolated surfaces (Figure 44a, Figure 

45a) suggest lower error margins than the cokriged surface (Figure 46b), heterogeneity in the dataset has 

been sacrificed and ranges do not reliably adhere to local 87Sr/86Sr results. 

Interpolation requires spatial autocorrelation that assesses whether samples close together are more similar 

than samples further apart (Gunarathna et al. 2016). In geology we see lithologies with high 87Sr/86Sr values 

abutting lithologies of low 87Sr/86Sr values, defying the law of spatial autocorrelation. Therefore, interpolated 

models smooth the data and heterogeneity can often be lost. Because of this process all three interpolated 

surfaces (Figure 44, Figure 45, Figure 46) have distinct 87Sr/86Sr ranges due to the utilisation of different 

model parameters on the same dataset.  

By way of comparison we can view the data as a Voronoi map, which offers a distinct value associated with 

each sample (Figure 36). This map more accurately represents the heterogeneity of soil/plant results and 

illustrates the degree of variability on the northern cape, that is excluded in all interpolated models. 

However, the Voronoi process also depends on sample distribution and Figure 36 illustrates that the under 

sampled regions of south-western Cape York are presented as uniform, when in fact this is due to a lack of 

sampling. To this extent both techniques have their downfalls and both make assumptions about 87Sr/86Sr 

range and heterogeneity depending on sampling density and variability. Ultimately it falls to the user of 

these surfaces to discern what is the most appropriate for their purpose and it would be irresponsible to 

suggest that either of these surfaces is foolproof for predicting human values. We would argue that a 

combination of surfaces should be employed to understand regional 87Sr/86Sr distribution. 

The goal of this study was to design a system and mapping protocol that can be used to understand human 

migration, provenance and aid in repatriation efforts. We find that soil, plant, water and faunal results all 

offer a means of assessing local 87Sr/86Sr variability that can be used to map distribution. Maurer et al. (2012) 

measured how reliably different sample types represented 87Sr/86Sr results in German archaeological 

remains. Their results indicated that anthropogenic interference from chemical fertilizers contaminated soil 

and faunal samples and they concluded that water and vegetation offered the most reliable method for 

developing 87Sr/86Sr baselines for investigating past human migration in Germany. Our study was carried out 

in remote north-east Australia where agricultural practices are a modern phenomenon. Aside from pastoral 

activities, the region is largely undeveloped and the potential for modern anthropogenic interference is low. 

Our results indicate that Cape York plant 87Sr/86Sr is almost identical to soil leachate 87Sr/86Sr and when 

combined they are a reliable indicator of bioavailable 87Sr/86Sr that is transferred into water and fauna. 

Water and faunal samples have been shown to closely align with local soil and vegetation results, even after 
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lithological and environmental processes are taken into account. We would argue that in remote areas void 

of modern contaminants, the most reliable method of measuring Sr isotope distribution is by utilising soil 

and plant results. By first measuring 87Sr/86Sr in soil and plants, weathering processes and exogenous inputs 

can be assessed. Because humans also sample fauna and water from a given territory their inclusion in a 

study is important but, as we have shown above, soil and plant results are a valid representation of the 

locally weathered bioavailable 87Sr/86Sr and a reliable indicator of what should be found in other sample 

types.

Figure 44: a) Cape York combined soil, plant, water and faunal simple kriged surface. Figure 44b) 

Combined soil, plant, water and faunal simple kriged error surface. 
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Figure 45: a) Cape York combined soil, plant, water and faunal EBK surface. Figure 45b) Combined soil, 

plant, water and faunal EBK error surface. 

 
Figure 46: a) Cape York combined soil, plant, water and faunal cokriged surface. Figure 46b) Combined 

soil, plant, water and faunal cokriged error surface. 
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Conclusion 

This project is the first to map regional 87Sr/86Sr distribution in Australia that can be used to provenance 

human remains and other biological material. 87Sr/86Sr distribution was found to be dependent on geological 

and environmental factors with outcropping ancient metamorphosed Precambrian material returning 

extremely high values, presenting a combined 87Sr/86Sr range of 0.70536 – 0.79356. We have demonstrated 

that surface soil and plant results are a reliable indicator of local 87Sr/86Sr expressed in the biology and 

hydrology. The similarity between soil, plant, water and faunal results attests to the power of using 

radiogenic isotopes like Sr for provenance studies and the combination of all four sample types amplifies the 

reliability of predicting human provenance. In the absence of a suite of sample types soil and plant results 

offer the most accurate technique for assessing regional Sr isotope variability. Although geostatistical models 

are commonly employed to predict values at unsampled locations, we found that the methods we used were 

not a robust technique for mapping Sr isotope variability in Cape York. We believe un-modelled data 

represented the heterogeneity of geology more accurately in north-east Australia and should be assessed 

primarily to assign provenance in the region. Results from this study may aid in establishing the provenance 

of skeletal remains held in institutions that hold no geographical contextual detail and contribute to a more 

nuanced understanding of prehistoric human mobility in Australia.  
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Supplementary Data 

1. Soil and Plant Results

Soil Plant 

Sample 
Number 

Site Name 
Eastings 
(GDA94) 

Northings 
(GDA94) 

Geology Rock Catchment 87Sr/86Sr 2se 87Sr/86Sr 2se ΔSP 
Combined 

87Sr/86Sr 
1 Maggieville 141.14554 -17.4533 T3 Alluvial Norman 0.729700 0.000009 0.728399 0.000007 0.000651 0.729049 

2 Karumba 140.8519 -17.474849 QC  Marine Sands Norman 0.709262 0.000008 0.709471 0.000009 -0.000104 0.709366 

3 Normanton 141.05485 -17.69346 K Clastic Norman 0.715791 0.000012 0.716091 0.000008 -0.000149 0.715941 

4 T3/Qa 141.5437 -17.97462 T3 Alluvial Norman 0.728594 0.000009 0.727881 0.000010 0.000356 0.728237 

5 Qa/T3 142.00959 -18.04558 T3 Alluvial Norman 0.736993 0.000019 0.734961 0.000013 0.001016 0.735977 

6 Croydon 142.23874 -18.18963 mPi Felsic Intrusive Norman 0.791074 0.000022 0.782212 0.000012 0.004431 0.786643 

7 Five Mile Water Hole 142.686256 -18.27315 mPv Felsic Extrusives Gilbert 0.775708 0.000013 0.778955 0.00001 -0.001623 0.777331 

8 Chadshunt Turnoff 142.89252 -18.19044 Qa Alluvial Gilbert 0.734764 0.000010 0.734853 0.000011 -0.000044 0.734808 

9 Strathmore Front Gate 142.66583 -17.95971 T2 Alluvial Gilbert 0.737509 0.000023 0.738346 0.000009 -0.000418 0.737927 

10 Mossman 145.42091 -16.433754 D Clastic Mossman 0.714793 0.000013 0.715513 0.000012 -0.000359 0.715153 

11 Cairns Hinterland 145.651122 -16.825982 D Clastic Barron 0.715356 0.000012 0.719205 0.000010 -0.001924 0.717280 

12 Mareeba 145.40421 -16.99433 CZV Mafic Volcanic Barron 0.716044 0.000014 0.715773 0.00001 0.000135 0.715908 

13 Dimbula 145.08621 -17.16276 Qa Alluvial Mitchell 0.741936 0.000013 0.741189 0.00001 0.000373 0.741562 

14 Almadden 144.66759 -17.34796 Cpi Felsic Intrusive Mitchell 0.709645 0.000015 0.713341 0.000010 -0.001847 0.711493 

15 Rookwood 144.29944 -16.99138 D Clastic Mitchell 0.718266 0.000010 0.718904 0.000013 -0.000319 0.718584 

16 Nychum, Gate to station 144.3566 -16.89977 CPv Felsic Extrusives Mitchell 0.74043 0.000018 0.736224 0.000014 0.002102 0.738326 

17 Bellevue 144.13348 -16.59735 SD Carbonates Mitchell 0.729194 0.000009 0.727514 0.000012 0.000839 0.728353 

18 Mt Mulgrave 143.96683 -16.39162 pP High Grade Metamorphic Mitchell 0.739381 0.000010 0.741781 0.000010 -0.001199 0.740581 

19 Gamboola 143.68091 -16.55566 K  Clastic Mitchell 0.723922 0.000012 0.724194 0.000012 -0.000135 0.724058 

20 Highbury Station Turnoff 143.13234 -16.43779 Qa Alluvial Mitchell 0.732568 0.000045 0.713427 0.000011 0.009570 0.722997 

21 Dunbar 142.39482 -16.02063 Qa Alluvial Mitchell 0.733127 0.000009 0.734345 0.000011 -0.000608 0.733736 

22 Kowanyama Front Gate 141.78217 -15.55214 Qa Alluvial Mitchell 0.730649 0.000013 0.731160 0.000012 -0.000255 0.730904 

23 Topsy Creek 141.90888 -15.298407 Qa Alluvial Mitchell 0.730292 0.000012 0.729106 0.000010 0.000593 0.729699 

24 Rutland Plains 141.92017 -15.73436 Qa Alluvial Mitchell 0.733828 0.000022 0.732365 0.000013 0.000731 0.733096 

25 Koolatah 142.44331 -15.89755 Qa Alluvial Mitchell 0.736199 0.000014 0.736119 0.000009 0.000039 0.736158 

26 Oriners 142.9218 -15.40484 Qa Alluvial Mitchell 0.730497 0.000014 0.731142 0.00001 -0.000322 0.730819 

27 Kilarney 143.50755 -15.47919 pP High Grade Metamorphic Mitchell 0.72477 0.000014 0.793561 0.000011 -0.034395 0.759165 

28 King Junction 143.51836 -15.8674 Qa Alluvial Mitchell 0.732223 0.000017 0.734062 0.000011 -0.000919 0.733142 

29 King Junction Gate 143.57552 -15.74367 pP High Grade Metamorphic Mitchell 0.765411 0.000013 0.763707 0.000011 0.000851 0.764559 

30 Pinnacles 143.62865 -15.57904 Cz Colluvial/Residual Mitchell 0.718135 0.000172 0.716614 0.000011 0.000760 0.717374 

31 Fairlight 144.05037 -15.77005 O1 Clastic Normanby 0.715804 0.000010 0.715453 0.000011 0.000175 0.715628 

32 Palmerville 144.08618 -15.97301 O1 Clastic Mitchell 0.711566 0.000009 0.711363 0.000009 0.000101 0.711464 

33 The Granite 144.313288 -16.100357 D Clastic Mitchell 0.766385 0.000014 0.767212 0.000012 -0.000413 0.766798 

34 Maitland Downs 144.724749 -16.23481 Qa Alluvial Mitchell 0.733282 0.000011 0.733374 0.000011 -0.000046 0.733327 

35 Mt Mulligan 144.833669 16.780972 D Clastic Mitchell 0.735174 0.000013 0.735340 0.000010 -0.000083 0.735256 

36 Lakeland 144.857889 -15.863778 CzV Mafic Volcanic Normanby 0.715254 0.000009 0.713926 0.000009 0.000663 0.714589 

37 Laura 144.430528 -15.550722 Qa Alluvial Normanby 0.725491 0.000011 0.725219 0.00001 0.000136 0.725355 

38 Hahn River 143.874317 -15.191372 Cz Colluvial/Residual Normanby 0.715099 0.000009 0.715681 0.000015 -0.000290 0.715390 

39 Dixie Station 143.326733 -15.104369 Dei Felsic Intrusive Normanby 0.738809 0.000017 0.739936 0.00001 -0.000563 0.739372 

40 Musgrave 143.503139 -14.784917 Qa Alluvial Normanby 0.74427 0.000016 0.745481 0.000013 -0.000605 0.744875 

41 Glen Garland 143.271 -14.84425 Dei Felsic Intrusive Coleman 0.731744 0.000011 0.731490 0.000011 0.000126 0.731616 

42 Strathhaven 142.933056 -14.846111 mP High Grade Metamorphic Coleman 0.734319 0.000039 0.744338 0.000013 -0.005009 0.739328 

43 Strathmay 142.799066 -14.876094 K Clastic Coleman 0.720645 0.000011 0.720598 0.000010 0.000023 0.720621 

44 Strathgordon 142.42825 -14.771111 T2 Alluvial Coleman 0.741573 0.000010 0.743009 0.000012 -0.000718 0.742291 
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45 Pompuraaw Boundary 142.088583 -14.779528 Qa Alluvial Coleman 0.735155 0.000020 0.735635 0.000013 -0.000239 0.735395 

46 Southwell 142.125833 -14.628917 T2 Alluvial Coleman 0.741776 0.000016 0.738008 0.000012 0.001884 0.739892 

47 Lilyvale 143.655472 -14.609194 Qa Alluvial Normanby 0.740152 0.000013 0.740689 0.000011 -0.000268 0.740420 

48 Running Creek 143.678527 -14.487959 Qa Alluvial Stewart 0.725225 0.000065 0.725670 0.000013 -0.000222 0.725447 

49 Port Stewart 143.68075 -14.075778 Qc Marine Sands Stewart 0.710177 0.000013 0.718414 0.000011 -0.004118 0.714295 

50 Coen 143.223583 -13.972233 Dei Felsic Intrusive Archer 0.744082 0.000011 0.740984 0.00001 0.001549 0.742533 

51 Ten Mile Junction 142.707165 -13.432068 Qa Alluvial Archer 0.731448 0.000014 0.731516 0.000013 -0.000033 0.731482 

52 Rokeby 142.66698 -13.64386 K Clastic Archer 0.715978 0.000027 0.715892 0.000010 0.000043 0.715935 

53 Coen Airport 143.123564 -13.749004 Dei Felsic Intrusive Archer 0.735188 0.000041 0.739528 0.000011 -0.002170 0.737358 

54 Archer River 142.94035 -13.434167 Dei Felsic Intrusive Archer 0.735212 0.000010 0.738397 0.000011 -0.001592 0.736804 

55 Old Mine 143.05344 -13.35832 Dei Felsic Intrusive Archer 0.732309 0.000013 0.7302 0.000009 0.001054 0.731254 

56 Wolverton 142.840067 -13.284983 K Clastic Archer 0.714479 0.000011 0.714281 0.000009 0.000098 0.714379 

57 Telegraph Rd intersection 142.7679 -13.075183 K Clastic Archer 0.709923 0.000010 0.710204 0.000011 -0.000140 0.710063 

58 Aurukun Turnoff 142.405796 -12.946081 K Clastic Embley 0.708328 0.000008 0.708120 0.000011 0.000104 0.708223 

59 York 142.373972 -12.724472 K Clastic Embley 0.707541 0.000011 0.707406 0.000011 0.000067 0.707473 

60 Moreton Telegraph Station 142.640472 -12.452771 K Clastic Wentlock 0.718464 0.000015 0.717654 0.000009 0.000404 0.718058 

61 Shellburne 142.631708 -11.935627 K Clastic Jacky Jacky 0.712457 0.000012 0.712662 0.000011 -0.000102 0.712559 

62 Heathlands 142.583358 -11.739667 JK Clastic Ducie 0.709725 0.000041 0.709628 0.000010 0.000048 0.709676 

63 Captain Billy Landing 142.854565 -11.630731 Qcd Marine Sands Jacky Jacky 0.709353 0.000021 0.709286 0.000009 0.000033 0.709319 

64 Fruit Bat Falls 142.4335 -11.441139 JK Clastic Jardine 0.711228 0.000008 0.711238 0.00001 -0.000004 0.711233 

65 Clough Landing 141.895917 -12.219278 Qc Marine Sands Embley 0.709568 0.000012 0.709657 0.000008 -0.000044 0.709612 

66 Red Beach Rd 141.927916 -12.442552 Czb Residual Embley 0.709083 0.000012 0.709069 0.00001 0.000006 0.709075 

67 Mapoon 141.882688 -11.985831 Czb Residual Ducie 0.709204 0.000011 0.709201 0.000008 0.000001 0.709202 

68 Pennefather River 141.86445 -12.332649 Czb Residual Embley 0.709643 0.000011 0.709605 0.000011 0.000019 0.709624 

69 Vrilya Point 142.333419 -11.312778 JK Clastic Jardine 0.710044 0.000030 0.709996 0.000009 0.000024 0.710020 

70 Usher Point 142.783567 -11.166472 Qcd Marine Sands Jacky Jacky 0.709407 0.000012 0.709397 0.000010 0.000004 0.709402 

71 Umagico 142.346167 -10.886306 Czb Residual Jacky Jacky 0.711659 0.000010 0.710990 0.000010 0.000334 0.711324 

72 Muttee Head 142.316917 -10.953417 Cz Colluvial/Residual Jacky Jacky 0.712103 0.000014 0.709397 0.000010 0.001352 0.710750 

73 Bromley 142.723778 -12.429222 K Clastic Wentlock 0.711315 0.000011 0.712038 0.000008 -0.000361 0.711676 

74 Frenchmans Track 143.024556 -12.701583 Jk Clastic Olive-Pascoe 0.712801 0.000017 0.713484 0.000009 -0.000341 0.713142 

75 Lockhart River 143.281778 -12.744806 nPE Low Grade Metamorphic Lockhart 0.719756 0.000010 0.720497 0.000011 -0.000370 0.720126 

76 Cape Weymouth 143.423667 -12.629194 Qcd Marine Sands Lockhart 0.711782 0.000011 0.711187 0.000011 0.000297 0.711484 

77 Old Mine 142.939306 -13.088417 Dei Felsic Intrusive Archer 0.729474 0.000008 0.729777 0.000010 -0.000151 0.729625 

78 Ebagoola 143.315194 -14.301417 Dei Felsic Intrusive Holroyd 0.740908 0.000016 0.741492 0.000011 -0.000291 0.741200 

79 Holroyd 142.726556 -14.173056 K Clastic Holroyd 0.71721 0.000014 0.717122 0.000009 0.000044 0.717166 

80 Violetvale 143.59425 -14.73375 Qa Alluvial Normanby 0.726001 0.000010 0.726886 0.000010 -0.000442 0.726443 

81 Marina Plains 143.839611 -14.519167 Cz Colluvial/Residual Normanby 0.714366 0.000010 0.713712 0.00001 0.000326 0.714038 

82 Bizant 144.028972 -14.741278 Qa Alluvial Normanby 0.734735 0.000023 0.733846 0.000011 0.000444 0.734290 

83 Bathurst Head - - JK Clastic Normanby 0.712097 0.000014 0.712097 0.000010 0.000000 0.712096 

84 Cape Melville 144.433804 -14.263368 Cpi Felsic Intrusive Jeannie 0.719677 0.000010 0.717397 0.000009 0.001139 0.718536 

85 Barrow Point 144.557743 -14.382095 D Clastic Jeannie 0.715923 0.000013 0.716414 0.000011 -0.000245 0.716168 

86 Wakooka 144.541083 -14.538611 Qa Alluvial Jeannie 0.723257 0.000008 0.723396 0.000009 -0.000069 0.723326 

87 Old Laura 144.449167 -15.347806 Qa Alluvial Normanby 0.720553 0.000010 0.720335 0.000009 0.000108 0.720443 

88 Battlecamp 144.690694 -15.295528 Cz Colluvial/Residual Normanby 0.710881 0.000012 0.710873 0.00001 0.000004 0.710877 

89 Hopevale 145.034694 -15.332722 Czv Mafic Volcanic Endeavour 0.710577 0.000009 0.710735 0.000009 -0.000079 0.710650 

90 Black Mountain 145.222722 -15.706389 Cpi Felsic Intrusive Endeavour 0.711567 0.000009 0.710398 0.000010 0.000584 0.710982 

91 Rossville 145.273397 -15.743722 D Clastic Endeavour 0.729506 0.000012 0.728708 0.000011 0.000399 0.729107 

92 Bloomfield 145.334194 -15.946917 D Clastic Daintree 0.722696 0.000013 0.720674 0.000011 0.001011 0.721685 

93 Cape Tribulation 145.461306 -16.087028 D Clastic Daintree 0.711756 0.000010 0.711573 0.000013 0.000091 0.711664 

94 Cairns 145.722444 -16.958333 D Clastic Barron 0.716317 0.000013 0.718145 0.000011 -0.000913 0.717231 

Table 11: Cape York soil and plant results. 
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2. All Faunal and Water Results 

Sample Number Sample type Site Name Eastings 
(GDA94) 

Northings 
(GDA94) 

Geology Rock Catchment 87Sr/86Sr 2se 

95 M. rufus Maggieville  141.14554 -17.4533 T3 Alluvial Norman 0.728797 0.000056 

96 S. scrofa Karumba 140.8519 -17.474849 Qc Marine Sands Norman 0.710080 0.000045 

97 M. agilis Normanton 141.05485 -17.69346 K Clastic Norman 0.712480 0.000047 

98 M. agilis Qa/T3 142.00959 -18.04558 T3 Alluvial Norman 0.738927 0.000129 

99 M. agilis Croydon 142.23874 -18.18963 mPi Felsic Intrusive Norman 0.783701 0.000099 

100 M. rufus Five Mile Water Hole 142.686256 -18.27315 mPv Felsic Extrusives Gilbert 0.750155 0.000066 

101 M. rufus Chadshunt turnoff 142.89252 -18.19044 Qa Alluvial Gilbert 0.733434 0.000054 

102 M. giganteus Mareeba 145.40421 -16.99433 CzV Mafic Volcanic Barron 0.716750 0.000139 

103 M. giganteus Dimbula 145.08621 -17.16276 Qa Alluvial Mitchell 0.732188 0.000071 

104 M. giganteus Lynde River 143.28339 -16.46692 Qa Alluvial Mitchell 0.732355 0.000047 

105 M. giganteus 15KM Past Highbury 143.13234 -16.32455 T2 Alluvial Mitchell 0.733233 0.000086 

106 M. rufus Brothers 144.852861 -15.907833 CzV Mafic Volcanic Normanby 0.705355 0.000129 

107 M. giganteus Fairview Station 143.977205 -15.270684 K Clastic Normanby 0.714410 0.000035 

108 M. giganteus Lilyvale 143.655472 -14.609194 Qa Alluvial Normanby 0.739408 0.000028 

109 M. agilis Oyala 142.842176 -13.667663 K Clastic Archer 0.713080 0.000141 

110 S. scrofa Batavia Downs 142.671116 -12.659875 K Clastic Wentlock 0.709806 0.000038 

111 S. scrofa Shellburne 142.631708 -11.935627 K Clastic Jacky Jacky 0.709649 0.000016 

112 M. agilis Coen Airport 142.991135 -13.522337 Dei Felsic Intrusive Archer 0.729299 0.000251 

113 M. giganteus Bizant 144.028972 -14.741278 Qa Alluvial Normanby 0.735691 0.000076 

114 M. agilis Lakefield 144.256611 -14.983417 Qa Alluvial Normanby 0.717964 0.000044 

115 M. agilis Black Mountain 145.222722 -15.706389 Cpi Felsic Intrusive Endeavour 0.709710 0.000144 

116 Fresh Water Bony Glen 144.348754 -16.099501 D Clastic Mitchell 0.754544 0.000015 

117 Fresh Water McLeod River 144.890371 -16.557342 Qa Alluvial Mitchell 0.727071 0.000013 

118 Fresh Water Mitchell River 142.424624 -15.960544 Qa Alluvial Mitchell 0.727371 0.000011 

119 Fresh Water Hahn River 143.874317 -15.191372 Cz Colluvial/Residual Normanby 0.718287 0.000014 

120 Fresh Water Southwell 142.125833 -14.628917 T2 Alluvial Coleman 0.732268 0.000013 

121 Fresh Water Running Creek 143.678527 -14.487959 Qa Alluvial Stewart 0.729042 0.000011 

122 Fresh Water Myall Creek 142.270914 -12.653622 k Clastic Embley 0.707232 0.000011 

123 Fresh Water Wentlock River 142.640472 -12.452771 K Clastic Wentlock 0.720347 0.000013 

124 Fresh Water Captain Billy Landing road 142.808861 -11.616111 JK Clastic Jacky Jacky 0.713294 0.000010 

125 Fresh Water Jardine River 142.284231 -11.099889 JK Clastic Jardine 0.712869 0.000017 

126 Fresh Water Muttee Heads 142.316917 -10.953417 Cz Colluvial/Residual Jacky Jacky 0.718774 0.000017 

127 Fresh Water Cape Melville Creek 144.432945 -14.274331 Cpi Felsic Intrusive Jeannie 0.717034 0.000018 

128 Fresh Water Normanby River 144.844835 -15.289696 Jk Clastic Normanby 0.716563 0.000010 

129 Fresh Water Isabella Creek 145.014448 -15.300452 Jk Clastic Endeavour 0.708233 0.000013 

Table 12: Cape York faunal and water results.
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3. Soil Leaching Experiment

Exogenous inputs, preferential weathering, climate, ground cover, experimental design and the soil Sr fraction 

that can be accessed by biology all impact the results of exploratory Sr research. Surface soils contain Sr as 

silicates and carbonates but natural processes rarely unlock the Sr portion contained within silicates (Willmes 

2015:55). This means that experimental design should target carbonates that are readily available to the biology 

(Capo et al. 1998). To test the most appropriate soil Sr extraction methods two leaching and digestion techniques 

were compared. All samples were leached, digested and analysed in the UQ RIF Laboratory, St Lucia. All soil 

samples were first dried overnight at 60°C in the UQ Archaeology Laboratory before being sieved through a 2 

mm Endecott standard woven wire sieve. 

Australian National University Method 

Laboratory standard methods at Australian National University (ANU) Research School of Earth Sciences (RSES) – 

Archaeogeochemistry Laboratory compiled by Malte Willmes (Nov 2013). Aliquot was placed into a vial with 2.5 

ml 1M ammonium nitrate (NH4NO3). Capped and shaken for 8 hours. Tubes were then placed in centrifuge at 

3,000 rpm for at least 15 minutes. 1-2 ml of supernatant removed and placed in Teflon beaker. Evaporated at 

60°C overnight. 1 ml distilled concentrated Nitric Acid (HNO3) added and capped to redigest at 60°C for at least 

one hour. Allowed to cool and evaporated overnight at 60°C. 2 ml 2M HNO3 added and left on hotplate for at 

least one hour to redissolve. 

University of Queensland Method 

Laboratory standard for leaching Sr for dating at 

UQ RIF developed by Ai Duc Nguyen (June 2014). 

A 100 mg aliquot was leached in 4 ml ultrapure 

1M acetic acid (CH2O) for 30 minutes before 15 

minutes sonication. Sample was centrifuged at 

4000 rpm for 15 minutes and supernatant 

removed. Supernatant was evaporated overnight 

at 90°C. Sample was redissolved in 1 ml 7N 

ultrapure HNO3 and evaporated overnight at 

90°C. Solute was redissolved in 2 ml 2N ultrapure 

HNO3 on a hotplate at 120°C for at least two 

hours. Results show a close correlation between 

the two leaching and digestion methods as can be 

Figure 47: Comparison of ANU and UQ leaching technique 

results. 
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seen in Figure 47. Once results showed that methods did not differ the UQ method was employed for all soil 

samples.  

4. Assessing Analytical Precision 

Analytical precision was assessed using Sr 

analytical standards and duplicating sample 

processing techniques. Non-parametric 

statistics were carried out using open source 

statistical platform R-Studio Version 1.0 

(RStudio Inc. 2016) and PAST 

(Palaeontological Statistics Software 

Package) Version 3.15. Sr standard NBS-987 

(National Institute of Standards and 

Technology) was measured throughout all 

analyses on the MC-ICP-MS at UQ RIF and 

returned an average 87Sr/86Sr of 0.71025 ± 

0.00001 (n=68, 2σ). This measurement falls 

within exact agreement of the accepted 

value of 0.71025 (Faure and Mensing 2005) and original value of 0.71034 ± 0.00026 (Moore et al. 1982).  

The dataset was also assessed for accuracy by reproducing sample preparation, leaching, column chemistry and 

analyses (Figure 48). Differences between these duplicates were on average <0.0155% (n=38). A Wilcoxon signed 

rank test with continuity correction was also completed to assess significance of similarity. Results returned a p-value of 

(0.1274) showing that duplicates were almost identical.  

  

Figure 48: Duplicate Results with 1:1 line. 
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5. Interpolation Techniques- Kriging

Kriging methods were performed in ESRI ArcMAP 10.3 comparing model and transformation processes to 

determine the most reliable predicted surface. Kriging is a method of interpolation that utilises geo-statistics 

(Krivoruchko 2012). Kriging exploits covariance as a function of distance between measured points to predict 

unsampled locations. It exploits structure in the covariation between sampled points and distance to build a 

variogram model with parameters (Pilz and Spock 2008). Many types of kriging exist: Ordinary, Simple, Universal, 

Indicator, Probability and Empirical Bayesian Kriging. They all rely on the assumption of spatial autocorrelation 

but allow flexibility, compared to deterministic techniques that explicitly model results on distance weighting 

between sampled and predicted points (Gunarathna et al. 2016). Kriging offers an added benefit over 

deterministic techniques because it assesses the reliability of the semivariogram by testing the model on sampled 

points.  

Soil and Plant Results 

Soil and plant results explored the relationship between different methods of kriging and how they translated 

into predicted surfaces and model error. Initial analyses of the data showed that it did not fit the general 

semivariogram model used to assess autocorrelation (Figure 49). This was due to heterogeneity in the dataset 

and because of extremely high values within close spatial proximity to low values, thus defying the law of spatial 

autocorrelation. To counteract this several kriging methods were employed to assess how best to model the 

dataset while maintaining the sampled range of 0.707472 – 0.78664. 

Figure 49: Semivariogram and QQ Plot of combined soil/plant results. 

 Simple Kriging  

Combined soil and plant samples were run using a simple kriging type with log transformation, utilising the 

nugget (Figure 50). Neighbours were set at a maximum of 20 and minimum of five using an eight sector type. The 

nugget effect drove the sample range down and the surface does not honour the true landscape heterogeneity 

of the dataset. 
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Ordinary Kriging  

Combined plant and soil samples were run using an ordinary kriging type with log transformation (Figure 50). The 

nugget effect was disabled for this analyses to get the model to honour the sampled data. The model type was 

stable with 20 maximum neighbours and five minimum selecting from eight sectors. However, predicted error 

showed higher than other models.  

Empirical Bayesian Kriging 

Combined plant and soil samples were run (Figure 51) using empirical bayesian kriging (EBK) using empirical 

transformation and a K-Bessel semivariogram type. Neighbours were set at 20 maximum and five minimum using 

a standard circular neighbourhood type. The nugget cannot be disabled when using EBK and has resulted in 

variability being driven down substantially.  

Empirical Bayesian Kriging Composite 

In an attempt to drive down error in the predicted surface and get a better visual fit of the semivariogram the 

data set was split by geological provinces (Figure 51). This technique was carried out by Willmes (2015) in his 

87Sr/86Sr study of France. Here they found similar circumstances with the sharp geological divide between the 

Massif Central and Paris Basin predicting abnormally high 87Sr/86Sr values. Because interpolation is scale 

dependant it can lead to broad generalisations in the model that level values out toward the mean. By reducing 

the scale of the model it becomes more representative of the regional geology and represents a truer range.  

The study area was split into Quaternary sedimentary basins, the Hodgkinson Province and the Kennedy Province. 

The results did not tend to differ markedly from the EBK model except for retaining high values through the 

Kennedy Province and releasing the southern portion of the Hodgkinson Province from being affected by the 

extreme signals in the south-west Quaternary basin. The range of values improved on the traditional EBK model 

while still falling short of the ordinary kriging model. By splitting the dataset the model was better at predicting 

values within the given region which led to an improvement in the Predicted Standard Error. 

Inclusion of Water Samples 

Because water is an integral component of the bioavailable 87Sr/86Sr pool it should be included in analyses. Once 

distribution of soil and plant values had been modelled water was included in analyses. The inclusion of water in 

the models aided in representing the heterogeneity of the dataset. Sites where water, plant and soil samples 

overlapped were combined and the mean was used.  
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Figure 50: Semivariogram and QQ Plot of water results. 

Simple Kriging 

Data was log transformed and the nugget was disabled. A stable covariance model was used with a maximum of 

15 and minimum of five neighbours across eight sectors. The surface (Figure 51) showed more variability than 

the simple and ordinary kriged surfaces using only soil and plant results. The error surface suggests elevated 

errors associated with dropping the nugget.  

Empirical Bayesian Kriging 

Data was run at 100 simulations using the Power semivariogram with a maximum of 15 and a minimum of 10 

neighbours. The nugget cannot be dropped using EBK and therefore smoothed the data and creating a favourable 

error map. Although the surface (Figure 51) was smoothed the heterogeneity of the dataset was well presented 

compared to the soil/plant EBK model. 

Cokriging 

Cokriging takes two datasets and utilises them as two distinct variables. This is different to the use of all other 

models where the data were combined into one dataset. Both datasets were log transformed and the 

exponential semivariogram was used for both variables. The nugget was disabled and neighbours were set at a 

maximum of 15 and a minimum of two over eight sectors using a standard neighbourhood type. By decreasing 

the minimum neighbours the model became focused on the local scale and decreased the broad predictions 

based on disparate connections between sample sites that overlap geological boundaries. This surface shows 

sharp boundaries between lithologies that is translated into greater prediction within close range of observed 

values but decreasing sharply in unobserved regions (Figure 51). 

Composite Simple Kriging 

A composite surface (Figure 51) was also created to compare with the composite surface created using only soil 

and plant. This involved running three models with the combined dataset. All datasets were log transformed and 

run using simple kriging and covariograms instead of semivariograms. All neighbours were set at a maximum of 
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five, a minimum of two with standard neighbourhood type over eight sectors. The nugget was utilised because 

it proved to have the best visual fit for the model. Results exhibited less variability throughout the western 

quaternary basin but was very close to results expressed in the cokriged surface. The error surface showed 

improved results throughout the Quaternary basins and the Kennedy Province because the data was a better fit 

for the model. The Hodgkinson Province dataset showed greater heterogeneity at a local scale and therefore was 

unable to accurately predict distant values from observed points.  

Faunal Results 

Faunal samples were used to test the theory that geology should be the driver of bioavailable 87Sr/86Sr and be 

similarly represented in mammalian teeth to soil samples. Two types of surfaces were created to compare with 

the kriged maps in Figure 51. Both faunal surfaces illustrate that there is correlation between mammalian tooth 

enamel and the local 87Sr/86Sr signature expressed in soil, plant and water samples. Considering the small sample 

size they represented the range and distribution seen in the other kriged surfaces. High values recorded in the 

central southern region are represented well, as are low values in the north and Hodgkinson Province. Mid-high 

87Sr/86Sr values in the north-west Quaternary Basin and the Kennedy Province also correlate well with the soil, 

plant and water data. 

 
Figure 51: Semivariogram and QQ Plot of faunal results. 
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Figure 52: Soil and plant sample kriged surfaces and model standard error. 



194 
 

      
Figure 53: Soil/plant and water samples kriged surfaces and model standard error. 
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Figure 54: Faunal kriged surfaces with error. 

  
Figure 55: Semivariogram and QQ Plot of combined soil, plant, water and faunal results. 

Combined Soil, Plant, Water and Fauna Simple Kriged Surface 

The combined dataset of 115 samples was analysed using the simple kriging method with a stable model 
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set at a maximum of 15, and a minimum of five over eight sectors with standard neighbourhood type. This 

surface assessed the range well and the model had a favourable visual fit to the data. Combining the data 

also helped to lower model error when compared to the previous surfaces.  

Combined Soil, Plant, Water and Fauna Empirical Bayesian Kriged Surface 

The combined dataset was run using the Empirical Bayesian Kriging (EBK) function set at 200 simulations 

with nugget enabled (Figure 55). Data was analysed using the Power semivariogram with a maximum of 15 

neighbours, a minimum of 10 over eight sectors with standard neighbourhood type. The semivariogram 

model had a very good visual fit and illustrated heterogeneity in the mid-west region of the cape. The error 

surface showed an improvement of previous models but did not perform as well as the combined simple 

kriged model (Figure 55). 

Combined Soil, Plant, Water and Fauna Cokriged Surface 

The dataset was finally analysed using the Cokriging function that not only analysed the soil/plant dataset 

set using autocorrelation but also cross-correlated between the soil/plant, water and faunal datasets. All 

datasets were log transformed and simple type kriging employed. By removing the nugget and using the K-

Bessel model type best visual fit of the covariogram was achieved.  

This model showed best overall results for regression function and the predictive mean was assessed to be 

0.0005561, thus allowing the data to sit very close to the observed values. The surface is very similar to other 

combined datasets, expressing the range and heterogeneity of Cape York 87Sr/86Sr distribution. Although 

errors look to be higher in unsampled areas results in sampled regions exceed error results using other 

methods. 
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6. Cape York River Catchment Results  

Catchment Samples Soil 87Sr/86Sr Water87Sr/86Sr Fauna 87Sr/86Sr 

Archer 11 0.710064 – 0.74253 - 0.71308 – 0.729299 

Coleman/ Holroyd 8 0.71717 – 0.74229 0.732268 - 

Daintree/ 

Endeavour/ 

Jeannie 

11 0.71066 – 0.72911 0.70823 – 0.717034 0.70971 

Embley/ Wentlock 10 0.70747 – 0.71806 0.70723 – 0.72035 0.70981 

Gilbert 5 0.73481 – 0.77733 - 0.73344 – 0.75016 

Jardine/ Ducie 5 0.70921 – 0.71123 0.71287 - 

Jacky Jacky 8 0.70932 – 0.71256 0.71329 – 0.71877 0.70965 

Mitchell 26 0.71146 – 0.76678 0.72707 – 0.75454 0.73219 – 0.73323 

Mossman/ Barron 5 0.71515 – 0.71728 - 0.71675 

Norman 10 0.70937 – 0.73598 - 0.71008 – 0.78370 

Normanby 20 0.71088 – 0.74488 0.71656 – 0.71829 0.70536 – 0.73932 

Lockhart/Stewart/

Olive Pascoe 

5 0.71149 – 0.72545 0.72904 - 

TOTAL 124    
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7. Results by Lithological Age

Figure 56: Cape York 87Sr/86Sr results on a lithological map (Bain and Haipola 1997). 
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6. Prehistoric human mobility in the continental islands of north-
east QLD, measured through isotope analyses of human
remains

This study presented here is a chapter prepared in publication format that details strontium 

(86Sr/87Sr), oxygen (δ18O) and carbon (δ13C) isotope results from the human remains presented 

in Chapter Three. Samples were attained through a community led bioarchaeological 

excavation on two previously disturbed beach burials and some of the few remaining bundle 

burials found in the Flinders Island, Cape York. The chapter utilises the local baseline data 

reported in Adams et al. (2019) (Chapter Five), comparing with isotope results attained from 

the teeth of five individuals buried on the Flinders Islands.  

Results suggest population movement between the Flinders Islands and adjacent mainland 

up to 500 years ago, with most individuals drinking highly fractionated water and accessing a 

diverse range of resources. Ethnographic evidence suggests that in the colonial era the 

Flinders Islands were a meeting ground for a diverse network of Indigenous groups (Sutton 

1993, Greer 1995). Our results support this interpretation with the human remains presented 

here of people potentially from diverse backgrounds. Results illustrate the complexity of 

north QLD hunter-gatherer social life and movement prior to colonisation. 

This chapter realises the aims of the thesis by increasing our understanding of prehistoric 

Aboriginal mobility and mapping isotope data that may assist with future repatriation of 

unprovenanced human remains from Cape York. 

I supervised excavation, attained scientific permits and conducted the field survey. I then 

prepared and measured the 86Sr/87Sr isotope data, interpreted the δ18O and δ13C data and 

wrote the chapter. This chapter was prepared with my supervisory team in a publication 

format to facilitate submission to a journal. 
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Abstract 

Archaeologists have long used strontium (87Sr/86Sr), oxygen (δ18O), and carbon (δ13C) isotope 

ratios to investigate prehistoric human subsistence and mobility. However, to-date this 

approach has been underutilised in Australia. Here, we present a study in which we measured 

the 87Sr/86Sr, δ18O, and δ13C isotope ratios of five late prehistoric skeletons recovered from 

simple beach interments and ceremonial rockshelter burials in the Flinders Islands in far 

northern Queensland, Australia. Results suggest that the individuals from the rockshelters 

were of local origin. One of the individuals buried on the beach also has a local Sr signature. 

However, δ13C results indicate that his juvenile diet was markedly different from those of the 

rockshelter burials, implying diverse and heterogenous diet among island inhabitants. 

Another beach interment exhibits isotope results that suggest she was not local to the islands. 

Our findings align with ethnographic data and oral history, and suggest that the Flinders 

Islands were a stopping point for human groups travelling through the region in the late 

prehistoric period. More generally, this study demonstrates the promise of isotope analyses 

for understanding the mobility and diet of pre-European Australians. 

1. Introduction

The study reported here is part of an Australian Research Council-funded project that is using 

genetics, isotope geochemistry, and osteoarchaeology to improve the understanding of 

prehistory in Cape York Peninsula, Queensland. It is hoped this research will lead to methods 

for repatriating unprovenanced remains from museums and other research institutions to 

Indigenous communities in Cape York and elsewhere in Australia (Collard et al. submitted). 

Here we measured the strontium (87Sr/86Sr), oxygen (δ18O), and carbon (δ13C) isotope ratios 

in tooth enamel of a number of human skeletons from the Flinders Island Group, off the east 

coast of Cape York. The approach we employed has been used frequently in other countries 

(e.g. Bentley et al. 2007, Fenner et al. 2016), but not in Australia. To the best of our 

knowledge, only two previous studies have measured 87Sr/86Sr, δ18O, and δ13C in Aboriginal 

remains and the most recent of those was almost ten years ago (Westaway et al. 2004, 

Theden-Ringl et al. 2011). 
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2. Background

2.1. Regional Geology and Prehistory 

The islands of the Flinders Island Group are located in Princess Charlotte Bay, which is roughly 

340 km northwest of the city of Cairns (Figure 57). There are seven islands in total—Flinders 

(Wurriima), Stanley (Muyu Mali), Blackwood (Wakayi), Maclear, Denham (Inggal Odul), King, 

and Clack (Ngurromo). Cape Melville is a notable headland 22 km east of the islands; a 

headland of lower relief, Bathurst Head, lies 5 km to the south. Since 1975, the islands and 

Princess Charlotte Bay have been part of the Great Barrier Reef Marine Park. 

The Flinders Islands are continental islands. They consist of Jurassic-Cretaceous Dalrymple 

Sandstone and Gilbert River Formation Sandstone, while the surficial geology of the mainland 

to the west comprises Quaternary alluvial and marine sands and at Bathurst Head Jurassic-

Cretaceous alluvial and marine sandstone/limestones are found. The geology of Cape Melville 

contrasts with that of the islands and the mainland to their west. It is dominated by large 

outcrops of Carboniferous/Permian granite (Bain and Draper 1997, Bain and Haipola 1997). 

Early Cretaceous shallow marine limestone and Jurassic-Cretaceous sandstone are common 

throughout headlands directly south of the islands. 

The seven islands feature rugged sandstone escarpments and sand dunes. These are covered 

by mixed heath woodland, grasslands, and vine thickets. While the only modern terrestrial 

animals are monitor lizards and snakes, the islands offer refuge to a wide variety of birds 

(Abrahams et al. 1995). Fringing reef surrounds the islands and supports a wide variety of fish 

species, as well as dugong and turtles (Cappo et al. 2007). The climate of the islands is 

seasonally tropical with monsoonal rains from November to April and frequent cyclones 

(Woinarsky et al. 2007). 

In 1985 Beaton used Princess Charlotte Bay and the Flinders Islands in his models of coastal 

occupation following sea level rise (Beaton 1985). His initial excavations at Yindaen 

Rockshelter on Stanley Island (previously referred to as the Endean Rockshelter [e.g. Beaton, 

1985]) suggested that the islands had been initially colonised in response to an increase in 

population size on the mainland (Beaton 1985). This hypothesis of regional demographic and 

subsistence change ~2,200 years BP was also reflected in the recent work by Brockwell et al. 
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(2017). However, recent research at the Yindayin Rockshelter indicates that the Flinders 

Islands Group has been occupied since at least ca. 6,280 calBP (M. Wright et al., in 

preparation). Oral history indicates that the islands were first occupied by clan groups known 

collectively as the Aba Wurriya (Aba means “people,” Wurri-ya means “Flinders Islands” 

[Peter Sutton pers. comm 2018]). The clan groups moved seasonally between the islands and 

the adjacent mainland, subsisting on a wide range of near-shore and reef marine foods 

macropod, lizard, bird and frog, supplemented by vegetable foods like yam, mangrove seed 

and pandanus nut (Thomson 1933, Hale and Tindale 1933-34:107). The islands were also a 

ceremonial and seasonal stopping point for groups from the wider region; Sutton et al. (1993) 

documented that there were regular visits by, and intermarriage with, groups from over 50 

km to the west and south of the islands. 

 

Figure 57: Site Location: a. Cape York Peninsula, north Queensland, Australia indicating 

the location of Princess Charlotte Bay. b. Princess Charlotte Bay indicating positions of the 

Flinders Island Group. c. Flinders Island Group with their European and Indigenous names. 
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Because the islands are less than 1500 km from New Guinea and are known to have been 

ceremonially important in the ethnohistoric period, they are at the centre of debates about 

population movement in the region before European contact (Rowland 2018). A number of 

authors contend that Melanesian cultural practices spread down the east coast of Australia 

around 3,500 years ago, resulting in the adoption of new technologies like the outrigger canoe 

(Beaton 1985, McNiven et al. 2011, McNiven and Ulm 2015). “Increase sites” are another 

regional phenomenon that may be indicative of a northern cultural connection (McIntyre-

Tamwoy 2011). At these ceremonial sites, the remains of edible species like dugong and turtle 

bones were amassed in the hope of increasing the effectiveness of hunting expeditions (Hale 

and Tindale 1933-34, McIntyre-Tamwoy 2011). The discovery of pottery on Lizard Island, 

southeast of the Flinders Islands, has also been argued to suggest Torres Strait/New Guinea 

contact in the area (Lentfer et al. 2013). 

Because of their location, the Flinders Island Group was an early point of contact between 

Indigenous Australians and Europeans. The first recorded meeting of the Aba Wurriya and 

Europeans took place in 1821, during Captain Philip King’s survey of the east coast (King 1827). 

Subsequently, the islands became an important anchorage between Sydney and Asia before 

becoming a centre for the pearling trade. Unsurprisingly, these developments had a major 

impact on the Aba Wurriya. In the late 1890s, the first Northern Protector of Aborigines, 

Walter Roth, photographed 84 of the islands’ Indigenous inhabitants (Roth 1898; see also 

Sutton 2016). By 1935, when Donald Thompson spent time in the region, the number of Aba 

Wurriya on the islands had been reduced to nine—six women, two children, and an old man 

(Sutton 2005). During World War Two, Princess Charlotte Bay became a strategic radar base 

for the Australian army and the last Aba Wurriya were removed to Hopevale and Palm Island 

where their descendants live to this day (Sutton 2005). 

2.2. Using Isotopes to Provenance Human Remains 

We utilised three isotope proxies (87Sr/86Sr, δ18O and δ13C) in human teeth to approximate 

diet and provenance. Similar techniques in the region have been carried out by Bentley et al. 

(2007), Theden-Ringl et al. (2011) and Fenner et al. (2016). 

In general terms, isotope biogeochemistry utilises ratios between pairs of isotopes to shed 

light on geographic, climatic and biological processes. In many archaeological provenancing 
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studies, two isotopes of the element strontium are compared—87Sr and 86Sr (Ericson 1985). 

87Sr is derived from the radiogenic decay of the Rubidium isotope 87Rb with a half-life of 48.8 

billion years (Faure 1986:119), while 86Sr is a naturally occurring stable isotope. The ratio of 

87Sr and 86Sr in an organism’s body reflects their abundance in the local environment. The 

ratio of 87Sr to 86Sr in a given location is determined by the type and age of the local geology 

(Montgomery 2013:22). As rock weathers, this Sr signal is transported into the hydrological 

system and biota and is known as “bioavailable Sr” (Price et al. 2002, Wright 2005). 

Consequently, 87Sr/86Sr in human remains can be compared to landscape 87Sr/86Sr values in 

order to approximate whether the deceased was non-local, and, if landscape Sr values have 

been mapped adequately, to narrow down potential locations of geographic origin. 

The bioavailable 87Sr/86Sr portion taken up by organisms substitutes for biogenic apatite in 

the formation of teeth and bone (Faure 1986). Teeth form during childhood and, unlike most 

bones, do not remodel. Consequently, dental 87Sr/86Sr can indicate where an individual was 

raised. The main dental tissues sampled in isotope studies are enamel and dentine. Dental 

enamel is a dense mineral structure that does not contain blood vessels or nerves and 

therefore does not remodel (Ross et al. 2006:485). Dentine is also a dense stable structure 

and once formed there is also little to no further isotope uptake (Goldberg et al. 2011, 

Radhakrishna 2011, Nanci 2012:194, Vital et al. 2012). Unlike tooth enamel, however, once 

buried dentine can become diagenetically altered, taking on the local 87Sr/86Sr signature 

(Budd et al. 2000). Therefore, by comparing dentine and enamel results it is often possible to 

discern whether an individual was buried where they grew up. However, at present there is 

no way to test the rate of alteration and caution must be used when interpreting offsets 

between these tissues as partial replacement may result in intermediate values that can 

confound results (Budd et al. 2000). 

Before 87Sr/86Sr can be used to infer a specimen’s provenance, an understanding of regional 

87Sr/86Sr variability is required. Some studies have employed predictive modelling to estimate 

87Sr/86Sr variability (Beard and Johnson 2000, Bataille and Bowen 2012). However, modelling 

results can be confounded by geological, aeolian, and hydrological processes that disconnect 

bedrock from the surface 87Sr/86Sr signature. Because of this, it is generally accepted that the 

best practice is to sample the study region to assess bioavailable 87Sr/86Sr variability (Willmes 
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et al. 2018). In the present study, we utilise 87Sr/86Sr results from the Sr isoscape of Cape York 

published by Adams et al. (2019). 

δ18O in enamel is also often used to understand prehistoric human mobility because human 

body tissue δ18O reflects ingested water δ18O (Fricke et al. 1995, Dupras and Schwarcz 2001, 

Bentley et al. 2007, Knudson et al. 2009, Cox et al. 2011, Kenoyer et al. 2013). Such analyses 

utilise the ratio between 18O and 16O and express the results using the Delta notation (δ18O), 

as parts per thousand against a standard like VPDB (Vienna Pee Dee Belemnite): δ18O = 

[(18O/16O sample/
18O/16O standard) - 1] x 103. In mammalian teeth, oxygen isotopes form part 

of the oxyhydroxide group (OH-) of calcium hydroxyapatite (Ca10(PO4)6(OH)2 (Faure 1986, 

Turner et al. 2009). Oxygen is present in both the phosphate (PO4
3-) and carbonate (CO3

2-) of 

tooth enamel apatite and the ratios derived from the two tissues are strongly correlated (r2 = 

0.98) (Bryant et al. 1996, Lacumin et al. 1996, Sponheimer and Lee-Thorp 1999). 

Longinelli (1984) and Smits et al. (2010) have noted that a difference of as little as 1‰ can 

indicate a different drinking water source. However, using δ18O to trace movement is not 

straightforward because of equifinality issues. Although human tissue δ18O reflects drinking 

and food water δ18O, it can become enriched through metabolic fractionation. Here light 

oxygen isotopes (16O) are lost preferentially over heavier ones (18O), via perspiration 

respiration and urination (Bryant and Froelich 1995, Kohn 1996). Other biological processes 

like nursing can also offset δ18O values with incisors, canines and the first molars being the 

most likely to be influenced by up to 2‰ (SMOW) (Ash et al. 2003:54, White et al. 2004, Evans 

et al. 2006, Smits et al. 2010). 

The isotopic composition of meteoric water is dependent upon the altitude, continental, 

temperature and amount effects that alter the relative abundance of 16O to 18O in water 

(Lachniet and Patterson 2009). While the lighter 16O is preferentially lost through evaporation 

and transpiration, the heavier 18O becomes concentrated in evaporated water bodies. 

Alternatively, 18O is preferentially lost from atmospheric water during precipitation 

(Dansgaard 1954, Turner et al. 2009, Makarewicz and Sealy 2015). Heavier 18O isotopes are 

higher in abundance in areas of higher rainfall, warmer climate and closer to the coast due to 

the “amount effect” (Gerling 2015:125, Eastoe and Dettman 2016). Three mechanisms result 
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in amount effects: evaporation of falling raindrops, change in moisture source between 

seasons and progressive regional rainout (Dansgaard 1964, Kurita et al. 2009).  

Predictable hydrological processes make it possible to map δ18O throughout the landscape 

and use it to understand biological movement. These isotope maps are known as “isoscapes.” 

However, confounding factors related to climatic/seasonal variability, exogenous inputs, and 

anthropogenic alteration can shift δ18O values in ingested water, confounding the 

interpretation of predictive δ18O isoscapes. Two Australian oxygen isoscapes have been 

produced that predict annual δ18O in precipitation for Princess Charlotte Bay. Bowen et al. 

(2005) compiled δ18O data from the Global Network for Isotopes in Precipitation (GNIP) and 

predicted modern annual precipitation δ18O values in Princess Charlotte Bay between -4.1 

and -7.4 ‰ (SMOW). Subsequently, Hollins et al. (2018) utilised a further eight Australian 

sampling sites and predicted annual precipitation δ18O values in Princess Charlotte Bay at -5 

to -4 ‰ (SMOW). 

Carbon isotopes have been used for decades to reconstruct prehistoric human diet (Bowen 

1960, De Niro and Epstein 1978, Tiezen et al. 1983). Carbon isotope studies compare two 

isotopes (12C and 13C) as a ratio using the delta notation (δ13C), against a standard like Vienna 

Pee Dee Belemnite (VPDB) (Peterson and Fry 1987). The δ13C composition of body tissue 

reflects the δ13C of dietary inputs and can be used to discriminate between terrestrial and 

marine diets, and infer plant based diet based on the three carbon fixation pathways: C3, C4, 

and Crassulacean Acid Metabolism (CAM) (van der Merwe and Vogel 1978, Schoeninger et 

al. 1983). C3 plants are isotopically distinct from C4 plants: C3 vegetation presents δ13C values 

between -33 and -23‰ VPDB (Tokui et al. 2000), while C4 plants generally fall between -16 

and -9‰ VPDB (Stantis et al. 2015). Seeds, tubers, and fruits were integral to the pre-contact 

Indigenous Australian diet, but the use of grass seeds for the purpose of grinding to make 

flour also played a crucial role in sustenance for millennia (Fullagar and Field 1997). The 

type of grass gathered and eaten by Indigenous Australians depended largely on latitude 

(Thorp et al. 1986). C3 grasses are adapted to cooler seasons and are commonly found in 

the southern regions of Australia (Hattersley 1983). Examples include the weeping grass 

(Microlaena stipoides) and common wheat grass (Elymus scaber) varieties (Murphy and 

Jones 1999). In contrast, C4 grasses are adapted to warm (dry and moist) seasonal 

conditions, and are found at a relative abundance >0.9, north of the 25˚ latitude in Australia 
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(Murphy and Bowman 2007). Common varieties include kangaroo grass (Themeda triandra) 

and wire grass (Eriachne obtuse) (Murphy and Jones 1999). 

Archaeological studies generally focus on measuring the carbon isotope composition of bone 

collagen (δ13Ccollagen) and tooth enamel/bone bioapatite (δ13Cbioapatite) (Kellner and Shoeninger 

2007). While δ13Ccollagen represents dietary protein, δ13Cbioapatite reflects the macronutrient 

sources of protein, carbohydrates and lipids (DeNiro and Epstein 1976, de Laeter et al. 

2003).Tooth enamel δ13Cbioapatite is precipitated from blood plasma bicarbonate with carbon 

dioxide expired from diet and metabolism (Passey et al. 2005, Fernandes 2012). This forms 

carbonated calcium-deficient hydroxyapatite Ca10−x(PO4)6−x(HPO4)x(OH)2−x, which is a hydroxyl 

endmember of the apatite group (Prodan et al. 2014). 

δ13Cbioapatite can be used to estimate dietary input if metabolic fractionation is taken into 

account. Kellner and Schoeninger (2007) completed controlled feeding experiments on a 

range of omnivores to calculate the δ13Cdiet to δ13Cbioapatite offset. This work was revised by 

Froehle et al. (2010) who used a graphic model to distinguish C3 and C4/marine diet from body 

tissue. In 2012, Fernandes et al. added to these earlier studies and used regression analyses 

to focus on the macronutrient routing between diet and tissue. This research resulted in a 

robust model for calculating omnivore dietary carbon routing in bioapatite: δ13Cbioapatite = 

10.1+ δ13Cdiet‰, revised to: δ13Cbioapatite = 11.3 + δ13Cdiet‰ for humans when taking into 

account body size effects (Fernandes et al. 2012). 

3. Methods

3.1. Isotope Signatures of the Human Remains 

We analysed the isotope signatures of teeth associated with five sets of human remains, 

which we will refer to as FI1, FI2, B2, B3, and SI1 following Adams et al. (submitted). Methods 

were similar to that carried out in comparable regional studies analysing 87Sr/86Sr, δ18O, δ13C 

in tooth enamel (Bentley et al. 2007, Theden-Ringl et al. 2011, Fenner et al. 2016). FI1 and SI1 

were excavated from simple burials in the foredune sands of Flinders and Stanley Islands; FI2, 

B2, and B3 were recovered from bark bundle coffins in rockshelters on Flinders Island. The 

remains have previously been subjected to analysis by Adams et al. (submitted). The authors 

found that the Flinders Island beach burial, FI1, was an elderly male, and that the Stanley 

https://link.springer.com/article/10.1007/s12520-012-0102-7#CR24
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Island beach burial, SI1, was a young female. They also determined that one of the bark 

bundle burials from Flinders Island was a young male (B2), another was a young female (B3), 

and the third was a male in the 20-30 age range (FI2). See Supplementary Data 1 for additional 

skeletal and mortuary details. 

Adams et al. (submitted) reported radiocarbon dates for the five individuals (Table 3). The 

calibrated date ranges for the two beach burials overlap. FI1 is estimated to have died 

between 1589 and 1802 CE (316-148 calBP), while the analyses suggest that Sl1 passed away 

between 1505 and 1674 CE (445-276 calBP). The rockshelter burials have date ranges that 

overlap with those for the beach interments. The radiocarbon assays suggest that the death 

of B2 occurred between 1647 and 1804 CE (303-147 calBP), while that of B3 took place 

between 1477 and 1633 CE (473-317 calBP). FI2 is estimated to have died between 1490 and 

1640 CE (460-310 calBP). Overall, the radiocarbon dates obtained by Adams et al. (submitted) 

indicate that the five individuals died between the late 15th century CE and the first decade 

of the 19th century CE, i.e. prior to the first recorded European contact.  

Analyses of δ13Ccollagen and δ15Ncollagen indicated that the individuals consumed heterogeneous 

diets, with a mean δ13C value of -12.68 ± 1.26‰ (VPDB) and a mean δ15N result of 6.9 ± 0.91‰ 

(AIR). Results suggested differential access to food resources with SI1 and B2 consuming the 

least amount of high trophic marine foods and/or C4 protein. FI1, FI2 and B3 recorded the 

highest δ13C and δ15N values, suggesting a greater intake of high trophic level fish, marine 

mammal and/or C4 protein in diet. While δ13C values for the individuals were high, all δ15N 

values were less than 12‰ (VPDB) indicating that near-shore marine foods potentially formed 

a significant portion of diet. However, the abundance of C4 vegetation in the region, and local 

macropod results exhibiting the same values as shellfish reported in oceanic studies, meant 

that a significant degree of protein may have come from terrestrial mammal. The differences 

in diet and mortuary style were considered to potentially indicate a non-local origin for SI1 

(Adams et al. submitted).   
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Table 13: Details of human remains analysed in present study. Osteological assessments, δ13Ccollagen and δ15Ncollagen results, and 

calibrated dates from Adams et al. (submitted). Dates obtained from bone collagen and calibrated using OxCal 4. (Bronk Ramsey 2009) 

Individual Island Burial type Sex Age-at-death 
Calibrated 

date range 

δ13Ccollagen 

(VPDB) 

δ15Ncollagen 

(AIR) 

Tooth sampled 

for present study 

FI1 Flinders Simple burial, foredune M Mid to Late 40s 1589-1802 CE -10.8 12 LM1 

FI2 Flinders 
Bark bundle burials, 

rockshelter 
M 20-30s 1490-1640 CE -12.2 11.1 RP2 

B2 Flinders 
Bark bundle burials, 

rockshelter 
M Mid 20s 1647-1804 CE -14.0 11.6 RI2 

B3 Flinders 
Bark bundle burials, 

rockshelter 
F Early 20s 1477-1633 CE -12.8 12.6 LI1 

SI1 Stanley Simple burial, foredune F 18-24 1505-1674 CE -13.6 10.2 RI2 
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Dental 87Sr/86Sr, δ18O, and δ13C for the five individuals was measured at the Australian 

National University’s Research School of Earth Sciences. The incisors were bisected from the 

incisal surface to the apex of the root, while the molars were cut diagonally from the buccal 

edge of the occlusal surface to the lingual root apices. Tooth-sections were mounted into 

aluminium holders using modelling clay with the exposed surface facing the laser aperture. 

Enamel 87Sr/86Sr was analysed at three locations between the dento-enamel junction and the 

crown. Dentine 87Sr/86Sr was analysed at two locations between the pulp to dento-enamel 

junction. Spot analyses results from the different locations within the substrate were 

combined to provide bulk averages for the enamel and dentine. See Supplementary Data 3 

for individual spot-analyses results. These results do not reflect change in isotopic 

composition throughout dental formation because sampling did not target specific enamel or 

dentine growth bands. 

We employed multi-collector inductively coupled plasma mass spectrometry (MC-ICPMS) 

with laser ablation sample introduction to analyse dental 87Sr/86Sr. The ablation system uses 

a 25 x 8 mm beam exciting laser that is projected and demagnified via a long working distance 

triplet lens. At a wave length of 193 nm, the laser delivers fluence of 10 J/cm3 (Grün et al. 

2014). Ablation at 205 µm was used to clean the exposed surface of exogenous material. This 

was followed by 120 sec analyses with 30 sec pre and post ablation at 10 Hz using 160 µm 

spot size. Analyses were carried out on a Finnigan MAT Neptune Varian 820 configured to run 

three measurements: 10 second whole mass recording, 1 second half mass recording, and 1 

second recording mass 71. The latter was measured to track polyatomics that stems from the 

high levels of phosphorous in teeth, which can lead to the polyatomic compounds 

40Ar+31P+16O and 40Ca+31P+16O on mass 87 (Hortswood et al. 2008, Simonetti et al. 2008). 

Willmes et al. (2016) developed tuning techniques to lower oxide production to minimise this 

interference. This procedure was carried out by adding 8cc/min nitrogen to the plasma to 

drop the gas flow rate and increase particle residence time. A previously-recovered Dugong 

dugon tooth was utilised to standardise all Sr measurements. Rare earth elements were also 

recorded to assess the likelihood of enamel diagenesis (Willmes et al. 2016). 
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87Sr/86Sr analytical variability for single samples is much more precise (to the fifth decimal 

place), but a wider confidence (error) estimate applies when trying to use data from single 

teeth samples to estimate average differences between individuals. The 0.0008 estimate is 

the uppermost estimate of within-tooth variation in our data, and a liberal error estimate, so 

that differences of >0.001 between individuals are conservatively estimated as likely to be 

real and significant. In the future, more work could be done with multiple teeth from 

individuals to ascertain the true within-individual variance, but multiple teeth were not 

available in this study.  For these reasons, data are presented and discussed to the third 

(0.001) decimal place. 

Next, we measured dental δ18O and δ13C isotope ratios. A portion of tooth enamel was 

removed from the occlusal surface (~2 mm x 2 mm). This bulk sample was used to provide an 

average of isotopic input during tooth formation and was not used to observe isotopic change 

during tooth formation. Tooth enamel was ground to fine powder using a mortar and pestle. 

Ground enamel was placed in an ultra-cleaned teflon tube and covered in 0.1M acetic acid 

(CH3COOH), before sonication for 15 minutes This was followed by a further 15 minutes 

reaction. The solution was centrifuged at 4000 rpm for 15 minutes and acetic acid was 

removed. The sample was rinsed three times with Milli-Q ultrapure water (18.2Ω at 25°C), 

centrifuging between steps. Excess Milli-Q ultrapure water was evaporated at 40˚C. Analyses 

were run on a Finnigan MAT 251 and Kiel carbonate device. The working gas used was 2009-

2, and data was corrected for 17O interference using Santrock et al.’s (1985) method: R17 = k 

(R18)a. Raw ions were converted to delta values for analysis, and Vienna Pee Dee Belemnite 

(VPDB) was used as the standard for all δ18O and δ13C measurements. All samples returned a 

result a standard deviation less than 0.04. Drinking water δ18O values were calculated using 

the equation in Chenery et al. (2012), based on Daux et al.’s (2008) equation: δ18OC 

(δ18ODW = 1.590 × δ18OC – 48.634) to compare Flinders Islands enamel δ18O results to 

predicted drinking water δ18O values. VPDB values were converted to Vienna Standard Mean 

Ocean Water (VSMOW) with the following equation: VSMOW‰ = (1.03092 x VPDB‰) + 30.92 

(Coplen et al. 1983). 

Because of the strong correlation between δ13Cbioapatite and δ13Cdiet it is possible to estimate 

the relative portion of dietary inputs. However, metabolic fractionation between diet and 

human tissue can complicate δ13C interpretation (Ambrose and De Niro 1986, Bocherens and 
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Mariotti 2002, Kellner and Shoeninger 2007). To address this, we used the fractionation offset 

equation presented by Fernandes et al. (2012) to estimate the δ13C value of diet (δ13Cbioapatite 

= 11.3 + δ13Cdiet‰). 

3.2. Regional Isotopic Signature 

Before 87Sr/86Sr can be used to interpret provenance, an understanding of the regional 

87Sr/86Sr signature is required. There are several distinct lithologies present in the Princess 

Charlotte Bay area: Quaternary marine/alluvial sands and unconsolidated deposits; Jurassic 

to Cretaceous sandstone and limestone that form the islands; Cainozoic colluvial deposits; 

and Carboniferous-Permian mafic intrusives that outcrop as large granite boulders at Cape 

Melville. We utilised soil, vegetation, and water 87Sr/86Sr results for Princess Charlotte Bay 

reported in Adams et al. (2019). We combined these with our own 87Sr/86Sr analyses of soil 

and plant samples from Flinders and Stanley Island. Sampling was completed under Permit 

WITK16288415. Processing and analysis of soil, plant, and water samples were conducted at 

the University of Queensland’s Radio Isotope Facility. Soil and plant samples were combined 

to create a unique value for each sample site (Supplementary Data 4). 

Plant samples consisted of ~10-20 leaves from the species Corymbia intermedia. Plant sample 

digestion followed the method described in Yu et al. (2007). Samples were washed with Milli-

Q ultrapure water (18.2Ω at 25°C) to remove exogenous dust and placed into 50 ml quartz 

ultra-cleaned crucibles. They were then ashed at 450°C for 12 hours in a muffle furnace. 

Subsequently, a 10 mg aliquot was collected and digested in 2 ml 7N ultrapure concentrated 

nitric acid (HNO3) for 48 hours at 140°C. The resulting solution was then evaporated overnight 

at 90°C before being redissolved in 3 ml 2N ultrapure concentrated nitric acid (HNO3) for 

column chemistry. 

Soil samples were first dried overnight at 60°C before a 100 mg aliquot was leached in 4 ml 

ultrapure 1M acetic acid (CH3COOH) for 30 minutes before 15 minutes of sonication. Each 

sample was centrifuged at 4000 rpm for 15 minutes and then the supernatant was removed. 

The supernatant was evaporated overnight at 90°C. The sample was redissolved in 1 ml 7N 

ultrapure HNO3 and evaporated overnight at 90°C. The solute was redissolved in 2 ml 2N 

ultrapure HNO3 on a hotplate at 120°C for at least two hours. 
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Ion exchange chromatography was used to isolate Sr from other elements in the soil, plant, 

and water samples (Yu et al. 2007, Adams et al. 2019). Columns were filled with 3.8 ml 

Eichrom Sr Specific Resin in 1.5N ultrapure HNO3 and capped at either end. Columns were 

loaded with the concentrated solute in 2N ultrapure HNO3
 and the final Sr solution was 

collected for analyses. The samples were screened in 2% ultrapure HNO3 with a 10 ppb Indium 

internal standard on an Agilent 7900 quadrupole inductively coupled plasma mass 

spectrometer. Once screened, the samples were diluted and Sr isotope ratios were analysed 

on a multi-collector inductively coupled plasma mass spectrometer. 

4. Results and Discussion 

Because the isotopic values of skeletal remains can only be interpreted in light of the regional 

isotopic results, we will begin by discussing the latter. 

4.1. Regional Isotopic Signatures 

A number of Sr isotope studies have been undertaken in Southeast Asia and Oceania (Bentley 

et al. 2007, Shaw et al. 2009, 2010, 2011, Kinaston et al. 2014, Fenner et al. 2016, Cheung et 

al. 2018) (Supplementary Data 2). These results display distinctly low 87Sr/86Sr in young 

volcanic and limestone islands at or below the modern marine signature of ~0.70920. 

Northern Australian 87Sr/86Sr results are generally higher (Theden-Ringl et al. 2011, Adams et 

al. 2019). Most pertinently for present purposes, Adams et al. (2019) mapped the strontium 

isotope distribution throughout mainland Cape York and reported values ranging from 

0.70536 to 0.79356. 

Our results for Princess Charlotte Bay and the Flinders Islands Group sit between 0.70959-

0.74042 (Figure 58). The results can be divided into four groups: 

1. The Flinders Island Group. Combined soil and plant 87Sr/86Sr results from the 

Jurassic-Cretaceous alluvial and marine sandstone/limestone of the Flinders Island 

Group (Sites: 8, 9) sit close to the modern marine Sr signature. Stanley Island samples 

returned 0.71087, while Flinders Island samples returned a value of 0.70961 (Figure 

2c,d). This suggests that the input of exogenous marine 87Sr/86Sr has influenced the 

surficial geology and brought the 87Sr/86Sr ratio closer to the modern marine value of 

~0.70920 (Hodell 2004). 
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2. Coastal Princess Charlotte Bay. Coastal sites in Princess Charlotte Bay consist of

Quaternary marine sands and Jurassic-Cretaceous alluvial and marine

sandstone/limestone at Bathurst Head (Sites: 1, 5, 7) sitting between 0.71210 and

0.71430 (Figure 2c,d).

3. Cape Melville. Results from Carboniferous-Permian granite at Cape Melville (Sites: 10,

11,12) sit between 0.71617 – 0.71854 (Figure 2c,d).

4. Inland alluvial regions. The most elevated 87Sr/86Sr results come from Cainozoic

colluvial material over 10 km from the coast (Sites: 2, 3, 4, 6, 13), sitting between

0.72332 and 0.74042 (Figure 2c,d).

Figure 58: a) Princess Charlotte Bay 87Sr/86Sr results from Adams et al. (2019). b) Bathurst 

Bay and Flinders Island 87Sr/86Sr results. c) Princess Charlotte Bay 87Sr/86Sr results over 

lithologies. d) Princess Charlotte Bay lithological units and associated 87Sr/86Sr. 
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Although two isoscapes predicting δ18O in Cape York precipitation have been produced 

(Bowen et al. 2005, Hillson 2018), no measurement sites are located within 1000 km of 

Princess Charlotte Bay, and none at all on the coast of Queensland above 27˚S. Therefore, 

these models can only be used as guides. The Bowen et al. (2005) model predicts modern 

annual δ18O values for the Princess Charlotte Bay region between -6.6 and -5‰ (SMOW). With 

lower predicted δ18O results of -7.4 - -6.6‰ (SMOW) in the more temperate hinterland 

rainforest region south of Princess Charlotte Bay. The Hillson (2‰0‰8) model predicts -6 to 

-5‰ (SMOW) throughout all of Princess Charlotte Bay and ~100 km south and inland of Cape

York. Murphy et al. (2007a) sampled Macropodid enamel δ18O throughout Cape York and 

their results give us the only direct assessment of variability. Between -12.7˚ and -15.4˚ 

latitude, within Cape York, Murphy et al. (2007) collected nine enamel apatite δ18O samples 

and measured a range of -1.40 to 2.09‰ (VPDB). This indicates that the combined annual 

isoscape predicted range of -7.4 to -5‰ (SMOW) (Bowen et al. 2005, Hillson 2018) should be 

used a rough annual estimation. 

Comparative enamel apatite δ13C results from Cape York archaeological investigations are 

currently lacking; the most suitable alternatives are macropodid enamel apatite δ13C results 

reported by Murphy et al. (2007b). These authors sampled macropodid enamel δ13C from the 

same specimens discussed above (Murphy et al. 2007a) at nine sites between -12.7˚ and -

15.4˚ latitude in the Cape. They found that eight of the samples yielded δ13C between -13.89 

and -6.85‰ (VPDB) with a mean of -8.94‰ (VPDB). All these specimens were from the 

browsing/grazing Macropus agilis, a species known to consume fruits, legumes, roots, and 

bark (Aplin et al. 2008). The only enamel apatite δ13C result from another species, Macropus 

antilopinus, returned a much higher result of -1.5‰ (VPDB). This species relies heavily on 

grazing in woodland and open environments. Thus, the high δ13C result may reflect the local 

C4 grasses more than Macropus agilis. 

4.2. Isotope Signatures of the Human Remains 

Human enamel and dentine 87Sr/86Sr results are shown in Table 14 and plotted in Figure 59. 

It is clear from the foregoing that there are some substantial differences within the samples. 

The enamel 87Sr/86Sr values for FI1 (0.71012) and FI2 (0.71036) are close to the averaged 

Stanley Island value of 0.71086 suggesting a local origin. FI1’s dentine tissue value of 0.70952 
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diverges from the enamel value and may indicate a partial diagenetic replacement from sea 

water due to being buried in beach sands. In contrast, FI2 results show a strong association 

between the enamel and dentine values suggesting limited diagenetic alteration. 

SI1’s enamel (0.71171) and dentine (0.71179) values are both higher than that observed in 

the landscape samples from the Flinders Island Group, suggesting she was not living in the 

islands at the time of tooth formation. SI1 was buried in beach sands, so it would be 

reasonable to expect her dentine values to express a partial or full diagenetic overprint from 

marine water, like FI1. However, SI1’s enamel and dentine values align well, and do not reflect 

the modern marine 87Sr/86Sr value. SI1’s 87Sr/86Sr results are close to that measured for the 

Jurassic-Cretaceous alluvial and marine sandstone/limestone at Bathurst Head (0.71210), 

which raises the possibility that she grew up there. However, Jurassic-Cretaceous alluvial and 

marine sandstone/limestone extend south-east of Bathurst Head, into the highlands toward 

Bloomfield and Cooktown, and these areas were not sampled by Adams et al. (2019). So, it is 

feasible that she grew up further inland. 

B2 and B3 enamel apatite values (0.70992, 0.70979) are closest to the values returned by soil 

and plant samples from Flinders Island, suggesting that they lived in the Flinders Island Group 

during enamel formation. However, their dentine values (0.71775, 0.71581) are the highest 

values recorded in the sample, which may indicate that B2 and B3 moved to a geological 

setting distinct from the Flinders Islands following cessation of enamel formation but while 

dentine tissue was still forming. Incisor enamel formation stops around ~1300 days while 

incisor dentine and root formation continues up to the age of 10 (Dean and Scandrett 1996). 

This implies that B2 and B3 moved from the islands to the mainland between 3.5 and 10 years 

of age (Ash and Nelson 2003:54). The Carboniferous-Permian granite geology of Cape Melville 

expresses 87Sr/86Sr values of 0.71617-0.71854. These values align well with the B2 and B3 

dentine values and therefore make Cape Melville a potential local region of post-infancy 

residence. 

Another plausible scenario for the divergence in B2 and B3’s enamel and dentine results 

involves distinct mortuary protocol recorded in the Flinders Islands in the 1920s. B2 and B3 

were found bundled in a dry rockshelter on Flinders Island, and it is unlikely therefore that 

the dentine has been diagenetically imprinted while in their current setting. However, 
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Flinders Island ethnographies reported in Adams et al. (submitted) detail maceration 

techniques following death to assist transfer of skeletal elements before bundling and 

secretion (Hale and Tindale 1933-34). One of these maceration techniques was burial for a 

lengthy period of time (Roth 1907:380-384). If B2 and B3 had been buried in Cape Melville, or 

an area of similar 87Sr/86Sr values, for the purposes of maceration and transfer, it may also 

lead to these elevated dentine 87Sr/86Sr results. 
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Table 14: Enamel and dentine 87Sr/86Sr, δ18O and δ13C results from Flinders Island Group burials. δ18O and δ13C all <0.04 SD. Dietary δ13C 

input calculated using: δ13Cbioapatite = 11.3 + δ13Cdiet‰ (Fernandes et al. 2012). VPDB values converted to Vienna Standard Me 

Sample 
Enamel 

87Sr/86Sr 
2 se 

Dentine 

87Sr/86Sr 
2 se 

Enamel 

carbonate δ18O 

(VPDB) 

Enamel 

carbonate δ18O 

(VSMOW) 

Drinking 

water δ18O 

(VSMOW) 

δ13Cbioapatite 

(VPDB) 

δ13Cbioapatite

Diet (VPDB) 

δ13Ccollagen 

(VPDB) 

δ13Ccollagen 

Diet (VPDB) 

FI1 0.71012 0.000040 0.70953 0.000028 -1.46 29.42 -1.86 -7.80 -19.10 -10.8 -15.6

FI2 0.71036 0.000072 0.71025 0.000084 -3.43 27.38 -5.09 -9.66 -20.96 -12.2 -17

B2 0.70993 0.000117 0.71776 0.000164 -0.15 30.77 0.28 -10.19 -21.49 -14.0 -18.8

B3 0.70979 0.000123 0.71581 0.000263 -2.68 28.16 -3.86 -10.55 -21.85 -12.8 -17.6

SI1 0.71171 0.000129 0.71179 0.000089 -4.49 26.29 -6.83 -12.59 -23.89 -13.6 -18.4
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Figure 59: a) Flinders Island individuals enamel and dentine 87Sr/86Sr results compared to local soil, plant and water result ranges. 1:1 line in red 

shows where the results would be placed if the enamel and dentine results were the same, and thus no diagenetic overprint had occurred. b) 

Flinders Island individuals δ18O and δ13C results plotted with regional results from Cape York, Arnhem Land, Vanuatu and Bali (Bentley et al. 2007, 

Murphy et al. 2007, Theden-Ringl et al. 2011, Fenner et al. 2016). 
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δ18O values obtained from the tooth enamel of the five Flinders Islands individuals show a 

high degree of variability suggesting use of different water sources and/or different food 

preparation procedures (Table 2). It should be noted that enamel samples for all the 

individuals were taken from different teeth and do not align temporally or developmentally. 

As such, some of the range of values may indicate climatic fluxes and/or the mothers personal 

nursing trends. However, we do not believe this to be the defining characters of the results 

and broad trends can be identified.  

FI2’s enamel δ18O value (-3.43‰ VPDB), when converted to drinking water values (-5.09‰ 

SMOW), is the only result that aligns with the annual δ18O precipitation for Princess Charlotte 

Bay of -5 to -6.6‰ (SMOW) predicted by Bowen et al.’s (2005) and Hillson’s (2018) models. 

This result is lower than FI1, B2 and B3’s δ18O results and may be due to sampling a premolar 

rather than the first molar or incisors that form earlier in life (Ash and Nelson 2003:54). 

FI1, B2, and B3 δ18O results are high, between -0.15 and -2.68 ‰ VPDB. This equates to a 

range of -3.86 to 0.28‰ for ingested water (Table 2). These values are not recorded in any of 

the regional tropical island studies reported in Supplementary Data 2 and display a high 

degree of 18O enrichment. Ayliffe and Chivas (1990) concluded that Australian surface waters 

are enriched in 18O due to high levels of evaporation. Because the Flinders Islands are 

relatively small, rivers are uncommon and rock pools hold much of the drinking water 

throughout the year. Our δ18O results for FI1, B2, and B3 may therefore reflect the 

consumption of highly evaporated water from rock pools. Another hypothesis involves the 

atmospheric precipitation process called the “amount effect.” This results in the initial phase 

of precipitation being enriched in heavy 18O and is common in warm monsoonal regions close 

to the coast. Hillson et al. (2018) detected high degrees of seasonal amount effect in Darwin, 

Mt Isa, and Meekatharra, and it is therefore possible that the elevated δ18O expressed in FI1, 

B2 and B3 are due to monsoonal amount effects. δ18O values in Murphy et al. (2007a) also 

recorded high δ18O values in Cape York kangaroo tooth enamel between -12.7˚ and -15.4˚ 

latitude, at -1.40 to 2.09‰ (VPDB) (Supplementary Data 2), confirming that δ18O values in 

Cape York are generally elevated. As mentioned above nursing can also elevate δ18O results 

in enamel and may account for some of this shift (Wright and Schwartz 1998). 
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Interestingly, the young woman buried on the beach at Stanley Island, SI1, has a markedly 

lower δ18O result than the other four individuals. This suggests that she was ingesting water 

from a different source, potentially in a region where evaporation and processes like the 

amount effect are less pronounced. When comparing to regional isotope studies SI1’s δ18O 

results align closest with that recorded in tooth enamel from Arnhem Land, Northern 

Territory.  

While seasonality in the islands was reported to result in changes in diet, due to the bulk 

enamel sampling of enamel distinct seasonal changes should be averaged over tooth 

formation. As we noted earlier, collagen δ13C results, Adams et al. (submitted) concluded that 

the protein fraction of SI1’s adult diet likely included a diverse range of near-shore marine 

foods and terrestrial animals, while the adult diets of FI1, FI2, B2 and B3 probably had a higher 

percentage of high trophic level marine foods and/or marine mammal. The previously 

published data collated in Supplementary Data 2 show that dietary heterogeneity of this type 

was not uncommon in SE Asia and Oceania in prehistory. Our δ13Cbioapatite results suggest that 

Flinders Island Group individuals also consumed a wide range of foods when young potentially 

indicating culturally mediated access to foods or exotic origins for some individuals. 

δ13Cbioapatite values for FI1 are markedly higher than those we obtained for FI2, B2, and B3. 

When calculated to diet using the diet-carbonate δ13C offset (-11.3‰), results indicate a 

juvenile diet at -19.10‰ (VPDB), suggesting that FI1 was consuming a higher proportion of 

marine and/or C4 vegetation than the other Flinders Island Group individuals (Table 2). 

Interestingly, the value for FI1 is also markedly higher than the δ13Cbioapatite values that have 

been reported for Vanuatu, Arnhem Land, and Bali (Bentley et al. 2007, Theden-Ringl et al. 

2011, Fenner et al. 2016).  

According to our δ13Cbioapatite results, FI2, B2, and B3 consumed similar diets when they were 

juveniles. The values for the three individuals fall in a narrow range of -21.85 to -20.96‰ 

(VPDB). The values are close to the high-end of δ13Cbioapatite results reported for Vanuatu and 

Bali (Bentley et al. 2007, Fenner et al. 2016), and suggest a diet with a limited amount of 

marine and/or C4 vegetation. 
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Given that the 87Sr/86Sr ratios of FI1, FI2, B2, and B3 suggest they grew up in the Flinders Island 

Group, their δ13Ccollagen and δ13Cbioapatite results point to considerable dietary variability among 

the Aba Wurriya in prehistory. One explanation for this that is worth considering is culturally 

mediated access to foods. Ethnographic accounts indicate that Aba Wurriya totemic 

affiliations involved restricted access to some foods (e.g. macropod). So it could be that FI1’s 

much higher δ13C value reflects preferential access to these resources as a consequence of 

totemic affiliation.  

Like her δ13Ccollagen value, SI1’s δ13Cbioapatite value indicates a diet that was distinct from the rest 

of the Flinders Islands individuals (Table 2). SI1’s juvenile diet appears to have contained a 

much lower proportion of C4 vegetation and/or marine food than those of FI1, FI2, B2, and 

B3. In support of this hypothesis, Fenner et al. (2016) stated that a range of -22.8‰ to -22.2‰ 

indicted diet was within the high end of the C3 range. SI1’s δ13Cbioapatite result sits close to that 

recorded for Bali and Vanuatu and within 0.5‰ (VPDB) of the δ13Cbioapatite results for Arnhem 

Land (Theden-Ringl et al. 2011), which suggest that she was likely consuming a higher amount 

of terrestrial or C3 foods. This diet of less marine and/or C4 foods is consistent with the 

87Sr/86Sr and δ18O results indicating that she may not have been local to the Flinders Islands. 

Overall, our isotope results suggest that all individuals, bar SI1, were local to the Flinders 

Island Group. This conclusion is supported by previous work (Adams et al. submitted) where 

burial type and collagen isotopes results were used to assess the likelihood of a non-local 

origin for SI1 and FI1. As noted above, Longinelli (1984) and Smits et al. (2010) found a 

difference in δ18O by as little as 1‰ can be indicative of a different drinking source. The 

Flinders samples show a range of 7‰ indicating that these individuals were drinking water 

from disparate sources. As we have mentioned, amount effects are certainly prevalent in the 

Cape and considering that samples do not align temporally these values may be more 

indicative of decadal climate. We witness a narrower range in δ13C results of 3‰ with FI1’s 

results indicating that he consumed a diet higher in marine and/or C4 vegetation which may 

be indicative of preferential access to marine foods.  

In regard to the 87Sr/86Sr results, FI1 and FI2 exhibit island/marine values in both their enamel 

and dentine, while dentine results from B2 and B3 suggests travel between the Flinders Island 

Group and an area of elevated 87Sr/86Sr, like Cape Melville. In contrast, SI1’s 87Sr/86Sr results 
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suggest she was not in the Flinders Islands during tooth formation and grew up in an area of 

similar geology to Bathurst Head. During this period she was drinking water from a source 

less influenced by evaporative/amount effect processes and consuming a diet higher in C3 

vegetation and less marine foods. Although we cannot discount a more exotic location, the 

hinterland region south of Princess Charlotte Bay exhibits the same geology sampled at 

Bathurst Headland. This upland region would likely exhibit less evaporative hydrological 

processes (Bowen et al. 2005) and when Murphy et al. (2007b) sampled Macropus species in 

this area (Lat -14.77714/Long 143.50534) they reported δ13C values of -13.89‰ (VPDB). 

Sutton et al. (1993) recorded histories detailing regular intermarriage between the Aba 

Wurriya and people of this region, and today the town of Bloomfield, is where many of the 

remaining Aba Wurriya live. Interestingly ethnographic accounts from the late 19th Century 

indicate that when non-locals passed away while visiting the islands, they were buried in 

beach environments to ensure their spirits left with the tide (Hale and Tindale 1933-34:98). 

Future work may shed light on the origin of SI1, further assisting to piece together the pre-

contact lives of Australia’s prehistoric island inhabitants. 

5. Conclusion

In the study reported here, we examined the 87Sr/86Sr, δ18O, and δ13C isotope ratios of five 

late prehistoric human skeletons that were recovered from simple beach interments and 

ceremonial rockshelter burials in the Flinders Islands Group in far northern Queensland, 

Australia. The isotope ratios we obtained suggest that the individuals from the rockshelters 

were of local origin. One of the individuals buried on the beach also has a local 87Sr/86Sr 

signature. However, his δ13C value indicates that his diet was markedly different from all other 

individuals, suggesting differential access to food resources among the inhabitants of the 

islands. The other beach interment exhibited isotope ratios that suggest she may have been 

non-local to the islands. Our findings are consistent with the available ethnographic data and 

oral history, and point to a complex pattern of mobility and diet among the inhabitants of 

north east Australia and the islands of the Great Barrier Reef prior to the arrival of Europeans. 

More generally, the present study demonstrates that isotopic analyses of ancient human 

remains have the potential to yield important insights into the history of Indigenous 

Australians. 
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Supplementary Data 1: Details of the skeletal specimens 

A detailed description of the burials discussed in this study can be found in Chapter Three. 

Here, I will summarise the most important details. 

Adams et al. (submitted) generated the calibrated dates for the five individuals in OxCal 

(https://c14.arch.ox.ac.uk/oxcal/OxCal.html?) with the (recommended) Marine13 curve. They 

assumed a 25 ± 5% marine contribution based on the fact that the light stable isotope values 

for the individuals are within the range of a purely terrestrial diet. The Delta R used in the 

calibration was a weighted mean of the nearest five sites in CALIB’s marine database 

(http://calib.org/marine/). The actual value Delta R employed was 52, with a SD of 63. 

FI1 was a male in his late 40s who died between 1645 and 1802 AD. He was buried within a 

large occupation area known as Wathirrmana (Apa Spit) and his remains had eroded out as a 

result of tidal activity. Excavation was conducted due to extensive weathering around the 

burial making it likely that the remains would continue to be exposed. This male exhibited 

extreme tooth wear and was buried in a prone position with a large rock (~40 cm diameter) 

on his torso. Due to extreme occlusal wear on all incisors, the left lower first molar was 

retained for radiometric and isotopic assessment. 

A female (SI1) was also excavated from beach sands across Owen Channel in an area of 

intensive occupation known as Muyu-Yirrarrtjiyi (Sutton et al. 1993). Once again the remains 

had eroded due to tidal activity, exposing the crania. This young woman was assessed to have 

died between the age of 18-24 from dental eruption rates and wear. She exhibited a gracile 

axial skeleton with robust musculature in the shoulder girdle. Early signs of osteoarthritis 

were apparent in her vertebrae and shoulders. Dental hypoplasia indicated periods of 

nutritional stress in early life along with gum infections. The individual died between 1510-

1794 AD. 

B2 is a male who died in his 20s. He exhibited bilateral cribra orbitalia, often interpreted as a 

response to anaemia (Ortner 1999). The left first upper incisor had been avulsed and the 

pelvis displayed very strong muscle attachments. The individual died between 1655 and 1804 

AD. 
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The second interment remaining in IC1 was that of a female (B3) in her early 20s. She showed 

osteological signs in her pelvis of giving birth. Dental enamel hypoplasia in her teeth indicated 

a period of juvenile metabolic stress and the ilium showed evidence of soft tissue infection 

that may have resulting in sepsis. The young woman died between 1494 and 1635 AD. 

Another interment cave on Flinders Island (IC2) contained two sets of remains, the skull of 

the second individual had been removed, and it has been suggested was stolen by crew from 

a fishing trawler. This small low rockshelter was actively weathering and close to the beach, 

providing little protection for the remains. It was therefore surprising once more that the 

remains were of such antiquity. Here a male (FI2) died between 1502-1640 AD in his late 20s 

to early 30s. The individual suffered from chronic infection or sarcoma in the medial left 

femur. 
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Supplementary Data 2: Regional archaeological isotope results. δ18O and δ13C data calibrated using VPDB standard. 
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Reference 

Anuru Bay, Arnhem Land 

 
Australia 2 0.71786 0.71910 0.71868 -5.50 -3.50 -4.53 -13.20 -13.10 -13.10 Theden-Ringl et al. 2011 

South-west Victoria 

 
Australia 1 - - 0.70857 - - -2.20 - - -12.02 Westaway et al. 2004 

Watom Island, Bismarck 

Archipelago 

 

PNG 21 0.70721 0.70825 0.70775 -7.63 -5.11 -6.71 - - - Shaw et al. 2010 

Lifafaesing, Boeng Island 

 
PNG 5 0.70876 0.70918 0.70899 -6.85 -5.59 -6.19 - - - Shaw et al. 2010 

Nebira, southern coast 

 
PNG 27 0.70548 0.70830 0.70629 -8.31 -5.59 -7.15 - - - Shaw et al. 2011 

Balbalankin, Anir Islands 

 

PNG 1 - - 0.70625 - - - - - - Shaw et al. 2009 

Kamgot, Anir Islands 

 

PNG 4 0.70661 0.70720 0.70684 - - - - - - Shaw et al. 2009 

Uripiv, Malakula 

 
Vanuatu 15 0.70758 0.70875 0.70842 - - - - - - Kinaston et al. 2014 

Teouma 

 

Vanuatu 17 0.70686 0.70897 0.70775 -7.53 -3.94 -6.00 -14.2 -9.80 -12.42 Bentley et al. 2007 

Sigatoka, Viti Levu 

 

Fiji 53 0.70522 0.70855 0.70784 - - - - - - Cheung et al. 2018 

Pacung, Sembrian, Bali 

 

Indonesia 9 0.70672 0.70834 0.70751 -6.06 -5.01 -5.63 -12.57 -9.83 -11.46 Fenner et al. 2016 

Sulawesi 

 
Indonesia 2 0.70628 0.70807 0.70717 -5.90 -3.40 -4.65 -12.50 -12.10 -12.50 Theden-Ringl et al. 2011 
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Supplementary Data 3: Enamel δ13C and δ18O results from with regional results 
from Cape York, Arnhem Land, Vanuatu and Bali (Bentley et al. 2007, Murphy 
et al. 2007, Theden-Ringl et al. 2011, Fenner et al. 2016). 

 

Sample Species Sample Type δ13C δ18O Reference 

S395 M. agilis molar -11.63 -1.14 Murphy et al. 2007a, b 

S396 M. agilis molar -8.46 2.09 Murphy et al. 2007a, b 

S397 M. agilis molar -13.89 0.2 Murphy et al. 2007a, b 

S404 M. agilis molar -10.12 -0.45 Murphy et al. 2007a, b 

MG25 H. sapiens molar -13.1 -3.5 Theden-Ringl et al. 2011 

MK25 small unidentified mammal molar -12.7 -0.4 Theden-Ringl et al. 2011 

MT4 H. sapiens premolar -13.2 -4.6 Theden-Ringl et al. 2011 

MT6 H. sapiens molar -13.1 -5.5 Theden-Ringl et al. 2011 

Van 1 H. sapiens premolar -13.3 -6.65856 Bentley et al. 2007 

Van 2A H. sapiens premolar -13.2 -5.97952 Bentley et al. 2007 

Van 3 H. sapiens molar -10.4 -4.33042 Bentley et al. 2007 

Van 4 H. sapiens molar -12.8 -5.6885 Bentley et al. 2007 

Van 5A H. sapiens premolar -12.2 -7.53161 Bentley et al. 2007 

Van 6 H. sapiens molar -13.1 -6.36754 Bentley et al. 2007 

Van 8 H. sapiens molar -13.3 -6.36754 Bentley et al. 2007 

Van 10A H. sapiens molar -14.2 -6.17353 Bentley et al. 2007 

Van 10B H. sapiens molar -12.2 -6.17353 Bentley et al. 2007 

Van 10C H. sapiens molar -12.4 -6.07652 Bentley et al. 2007 

Van 10E H. sapiens incisor -12.2 -3.94239 Bentley et al. 2007 

Van 12 H. sapiens molar -12.5 -7.04658 Bentley et al. 2007 

Van 14 H. sapiens molar -13 -6.56155 Bentley et al. 2007 

Van 15 H. sapiens incisor -10.9 -4.81545 Bentley et al. 2007 

Van 16 H. sapiens premolar -12.5 -7.2406 Bentley et al. 2007 

Van 17 H. sapiens molar -13.1 -6.36754 Bentley et al. 2007 

Van 18 H. sapiens molar -9.8 -4.71844 Bentley et al. 2007 

B-1S H. sapiens second molar -11.94 -5.01 Fenner et al. 2016 

B-6P H. sapiens second molar -12.57 -5.63 Fenner et al. 2016 

B-7P H. sapiens second molar -11.66 -5.47 Fenner et al. 2016 

B-8P H. sapiens second molar -11.8 -5.89 Fenner et al. 2016 

B-9P H. sapiens second molar -10.73 -6.06 Fenner et al. 2016 

B-10P H. sapiens second molar -10.99 -5.76 Fenner et al. 2016 

B-11P H. sapiens first molar -9.83 -5.28 Fenner et al. 2016 

B-12P H. sapiens first molar -12.18 -5.95 Fenner et al. 2016 
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Supplementary Data 4: Flinders Island Human Laser Ablation 87Sr/86Sr Results. 

 

Sample  

Kr corrected ratios 

88Sr/86Sr 2se 84Sr/86Sr 2se 85Rb/86Sr 2se 84Sr/88Sr 
2se 

87Sr/86Sr 2se 
Distribution 

of Results 

Averaged 
87Sr/86Sr 

2se 

FI1 

Enamel 

FI1 En1 8.715850 0.001787 0.054030 0.000011 0.001455 0.000894 0.006199 0.000003 0.71010 0.0000695 

0.0000433 0.710120 0.000040 FI1 En2 8.712034 0.001653 0.054055 0.000010 0.001101 0.000134 0.006205 0.000002 0.71011 0.0000925 

FI1 En3 8.713517 0.001461 0.054045 0.000009 0.001523 0.000579 0.006202 0.000002 0.71014 0.0000526 

FI1 

Dentine 

FI1 De1 8.716754 0.002489 0.054025 0.000016 0.000582 0.000173 0.006198 0.000004 0.70954 0.0000437 
0.0000239 0.709527 0.000028 

FI1 De2 8.715803 0.002071 0.054031 0.000013 0.000608 0.000045 0.006199 0.000003 0.70952 0.0000349 

FI2 

Enamel 

FI2 En1 8.713225 0.000719 0.054047 0.000005 0.002447 0.000158 0.006203 0.000001 0.71030 0.0001001 

0.0001122 0.710360 0.000072 FI2 En2 8.712738 0.003251 0.054050 0.000021 0.002571 0.000124 0.006204 0.000005 0.71041 0.0001400 

FI2 En3 8.711223 0.001686 0.054060 0.000011 0.002774 0.000137 0.006206 0.000002 0.71037 0.0001342 

FI2 

Dentine 

FI2 De1 8.711021 0.001094 0.054061 0.000007 0.010654 0.001171 0.006206 0.000002 0.71024 0.0001095 
0.0000217 0.710251 0.000084 

FI2 De2 8.713739 0.001962 0.054044 0.000012 0.010909 0.000848 0.006202 0.000003 0.71026 0.0001410 

SI1 

Enamel 

SI1 En1 8.710780 0.001158 0.054062 0.000007 0.001831 0.000095 0.006206 0.000002 0.71195 0.0001422 

0.0005093 0.711711 0.000129 SI1 En2 8.709307 0.001754 0.054072 0.000011 0.001707 0.000040 0.006209 0.000003 0.71175 0.0000654 

SI1 En3 8.709479 0.001507 0.054071 0.000010 0.001552 0.000061 0.006208 0.000002 0.71144 0.0001371 

SI1 

Dentine 

SI1 De1 8.711721 0.001752 0.054057 0.000011 0.000639 0.000137 0.006205 0.000003 0.71169 0.0000578 
0.0002119 0.711792 0.000089 

SI1 De2 8.709384 0.002844 0.054071 0.000018 0.000573 0.000033 0.006208 0.000004 0.71190 0.0001010 

B2 Enamel 

B2 En1 8.666087 0.001099 0.054348 0.000007 0.004456 0.000140 0.006271 0.000002 0.70977 0.0000756 

0.0003242 0.709928 0.000117 B2 En2 8.667039 0.001395 0.054342 0.000009 0.005114 0.000033 0.006270 0.000002 0.71009 0.0000536 

B2 En3 8.667555 0.001539 0.054338 0.000010 0.005038 0.000108 0.006269 0.000002 0.70990 0.0000892 

B2 

Dentine 

B2 De1 8.663603 0.002138 0.054364 0.000014 0.000531 0.000033 0.006275 0.000003 0.71787 0.0001837 
0.0002572 0.717757 0.000164 

B2 De2 8.665858 0.001561 0.054349 0.000010 0.000518 0.000042 0.006272 0.000002 0.71761 0.0002371 

B3 

Enamel 

B3 En1 8.664192 0.001552 0.054360 0.000010 0.006245 0.000120 0.006274 0.000002 0.70988 0.0002154 

0.0001790 0.709792 0.000123 B3 En2 8.665684 0.000443 0.054350 0.000003 0.006965 0.000100 0.006272 0.000001 0.70970 0.0000781 

B3 En3 8.665580 0.000667 0.054351 0.000004 0.008394 0.000037 0.006272 0.000001 0.70970 0.0001142 

B3 

Dentine 

B3 De1 8.662546 0.001082 0.054371 0.000007 0.000808 0.000013 0.006277 0.000002 0.71543 0.0000854 
0.0007722 0.715813 0.000263 

B3 De2 8.664095 0.000587 0.054361 0.000004 0.000794 0.000011 0.006274 0.000001 0.71620 0.0000832 
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Supplementary Data 4: Princess Charlotte Bay soil, plant and water 87Sr/86Sr results from Adams et al. 2019. Flinders and 
Stanley Island soil and plant 87Sr/86Sr results published in Adams et al. (2019). 

 

 

Sample 

Soil and Plant Samples 

 

Lithology 

Soil 87Sr/86Sr 

 

2se Plant 87Sr/86Sr 2se Combined Average 

1 Quaternary marine sands 0.71018  0.000013 0.71841 0.000011 0.71430 

2 Quaternary alluvial sand/gravel 0.72523  0.000065 0.72567 0.000013 0.72545 

4 Quaternary alluvial sand/gravel 0.74015  0.000013 0.74069 0.000011 0.74042 

5 Quaternary marine sands 0.71437  0.000010 0.71371 0.000010 0.71404 

6 Cainozoic colluvial sand/ferricrete 0.73474  0.000023 0.73385 0.000011 0.73429 

7 Jurassic-Cretaceous alluvial-marine sandstone/limestone 0.71210  0.000010 0.71210 0.000014 0.71210 

8 Jurassic-Cretaceous alluvial-marine sandstone/limestone 0.71084  0.00001 0.71090 0.000010 0.71087 

9 Jurassic-Cretaceous alluvial-marine sandstone/limestone 0.70963  0.000010 0.70960 0.000014 0.70961 

11 Carboniferous-Permian mafic intrusives 0.71968  0.000010 0.71740 0.000009 0.71854 

12 Carboniferous-Permian mafic intrusives 0.71592  0.000013 0.71641 0.000011 0.71617 

13 Cainozoic colluvial sand/ferricrete 0.72326  0.000008 0.72340 0.000009 0.72332 

 

 

 

Water Samples 
 

 
    

Sample 

 

Lithology 
87Sr/86Sr 

 
2se    

3 Quaternary alluvial sand/gravel 0.729042  0.000011    

10 Carboniferous-Permian mafic intrusives 0.717034  0.000018    
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7. Isotope geochemistry sheds light on the lives of young 
Indigenous Australians living on the colonial frontier in 
Queensland’s Gulf Country 

This study presented here is a chapter prepared in publication format that details strontium 

(86Sr/87Sr), oxygen (δ18O) and carbon (δ13C) isotope results from the teeth of five young 

Aboriginal people that died in Normanton, north west QLD in the 1890s. The remains of these 

young people were collected by Dr Walter Roth and sold to the Australian Museum in 1905, 

before being repatriated in the 1990s. They are the focus of the study in Chapter Four. 

We interpret 87Sr/86Sr isotope signatures in tooth enamel as indicators of childhood 

residence. Results suggest that all individuals were non-local to Normanton and when 

interpreted in light of historical information it suggests they were likely members of 

Aboriginal communities to the east of Normanton that were displaced. Oxygen isotope data 

suggests a high degree of fractionation of ingested and/or body water. Carbon isotope results 

suggest a high degree of C4 plant/ C4 plant eating herbivore in juvenile diet. This is interpreted 

as a local diet, largely void of European grains. 

It realises the aims of this thesis by increasing our understanding of Aboriginal mobility and 

displacement post contact in Cape York through partnership with the Indigenous community 

of Normanton. 

I assisted with the excavation, community liaising for samples of remains and returned several 

times to discuss and explain the findings. I prepared and measured the 86Sr/87Sr isotope data, 

interpreted the δ18O and δ13C data and wrote the chapter with the community’s concerns in 

mind. This chapter was prepared with my supervisory team in a publication format to 

facilitate submission to a journal. 
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Abstract 

Isotope geochemistry is a well-established technique for understanding prehistoric human 

mobility and diet. Less studied is the applicability of these techniques in historical contexts 

for improving our understanding of colonisation and displacement. The research reported 

here used strontium (87Sr/86Sr), oxygen (δ18O), and carbon (δ13C) isotope ratios from tooth 

enamel and dentine to illuminate aspects of the lives of six young Indigenous people who died 

in Normanton, Queensland, in the 1890s, and whose remains were sold to the Australian 

Museum as scientific specimens. Historical evidence indicates that many of the Aboriginal 

groups of the Gulf Country were displaced to camps on the outskirts of towns like Normanton 

as a result of the spread of the pastoral and mining industries in the late 19th century. Our 

enamel 87Sr/86Sr results suggest that the young people moved to Normanton from three 

geologically distinct regions; five of them probably grew up to the east of the town and one 

to the west. Significantly, the 87Sr/86Sr results for the latter individual are consistent with the 

records of the scientist who sold her remains to the museum. The carbon isotope results 

indicate that the individuals ate mostly C4 plants and/or C4-plant-consuming herbivores. 

Oxygen isotope enamel results suggest that drinking water was either scarce and/or heavily 

fractionated, with one individual exhibiting extreme 18O enrichment resulting in a rarely 

witnessed enamel oxygen isotope value of +4.69‰ (VPDB). Thus, the results of the present 

study sheds additional light on this critical period in the history of Queensland’s Gulf Country. 

More generally, it demonstrates that bioarchaeology has the potential to complement 

historical research on the colonisation of Australia, providing information on the lives of 

Aboriginal Australians that is often not reflected in the documentary record. 

1. Introduction 

This paper reports a study in which isotopic data were used to shed light on aspects of the 

lives of six young Indigenous people who died in the town of Normanton, Queensland, in the 

1890s. Normanton lies in the eastern part of Queensland’s Gulf Country, which is the 

traditional lands of the Kukatj, Gkuthaarn, and Kurtjar people. During the late 19th century 

many Aboriginal Australians living in north Queensland were displaced to camps on the 

outskirts of towns like Normanton, as a result of the spread of the pastoral and mining 

industries. Conditions in these camps were crowded and communicable disease resulted in 
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the deaths of many people (Campbell 2007). The remains of some of these individuals were 

sold to the Australian Museum in 1905 by Dr Walter Roth, who was a medical doctor, amateur 

anthropologist, and the first Northern Protector of Aborigines (Kahn 1993). The Australian 

Museum repatriated the six sets of remains that are the focus of the present study to the 

Traditional Owners in the 1990s and the remains were interred near Normanton. In 2015, the 

remains were exposed by erosion and shortly after their rediscovery the Traditional Owners 

invited the scientific members of the team to participate in a collaborative research project. 

Our team excavated the eroding remains on the outskirts of Normanton and presented an 

assessment of the individuals’ health status based on palaeopathological indicators in an 

earlier paper (Adams et al. 2018). In this study we focused on the dentition of the six 

individuals and measured three isotope ratios—strontium (87Sr/86Sr), carbon (δ13C), and 

oxygen (δ18O). Strontium and carbon isotope ratios provide information about an individual’s 

geographic location and diet during tooth formation, respectively. Oxygen isotope ratios offer 

insights about ingested water and the local climate during the period of dental development. 

Thus, we hoped to shed light on where the six individuals lived before moving to Normanton 

and on aspects of their lives that would have had important implications for their health.  

2. Background

2.1. The Normanton region and its Aboriginal inhabitants in the late 19th century 

Normanton is located on the west side of Cape York, Queensland, in an area commonly 

referred to as the Gulf Country (Figure 60). It is around 40 kms from the Gulf of Carpentaria, 

about 300 km west of the Great Barrier Reef and Coral Sea, and approximately 400 km south 

of the most northerly tip of Australia. The town is situated on the Norman River that flows 

west across the Gulf Country and terminates at the Gulf of Carpentaria. Normanton was 

founded in the mid 19th century to facilitate mining and pastoral exports along the Norman 

River and remains an economic hub in the region today. 

Normanton’s climate is influenced by the Australian monsoon, which means that the 

maximum precipitation falls in the summer months, from November to April (Woinarsky et 

al. 2007). The Gulf Plains bioregion comprises 219,000 km2 of low-lying alluvial plains 

dissected by major rivers such as the Norman, Nicholson, Gregory, Leichardt, Flinders, and 
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Cloncurry (EHP 2015). At only 18 m above sea level the plains around Normanton are low and 

flat compared to the eastern ranges where many of these rivers have their headwaters. 

Normanton lies within the Carpentaria Geological Basin, which is made up of Jurassic–

Cretaceous (205-80 million years old) sediments of the Great Artesian Basin (Vanderstaay and 

Reeves 2000). This basin is almost entirely covered by Pliocene-Holocene alluvial deposits. 

However, Normanton sits at the eastern margin of an outcrop of older sediments in the form 

of the fine grained mid-Cretaceous-Tertiary soils and colluvium, known as the Normanton 

Formation. 

 

Figure 60: Cape York, north QLD and the Gulf Plains region where Normanton lies. 

Normanton is situated in the traditional lands of the Kukatj, Gkuthaarn, and Kurtjar people. 

The Kukatj and Gkuthaarn people were also referred to in the literature as the ‘Karunti’, 

‘Gooran’ or ‘Karrandee’ (Curr 1887; Parry-Okeden 1897; Roth 1897), ‘Ka-run-thee’ (Bulleta 
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1897), ‘Goothanto’ (Mathews 1899), 

‘Karantee’ (Mathews 1900), 

‘Kurandi’, ‘Kutandi’, or ‘Kutanda’ 

(Sharp 1939), ‘Karundi’ (Tindale 

1974), ‘Garundi’  (Capell 1963), 

‘Gudhanda’ (Breen 1972), ‘Garandi’ 

(Oates 1975), and ‘Kuthant’ (Black 

1975). Anthropologists have 

sketched rough traditional 

boundaries for the three tribes: the 

Kurtjar’s traditional homeland was 

to the north and north-west of 

Normanton, while the Gkuthaarn 

were reported to have occupied the 

lands to the west of Normanton. The 

traditional territory of the Kukatj was 

reported to be further south-west of 

the Norman River. It should be noted that these boundaries were fluid and there is much 

conjecture associated with boundaries prescribed by early anthropologists. The Kukatj, 

Gkuthaarn, and Kurtjar had social ties to groups to the east and north of the Norman River, 

especially the Ariba (Rib) and Walangama (Memmott and Kelleher 1995:12). The traditional 

homeland of the Ariba was to the east of the Kurtjar’s (Roth 1897, Tindale 1974, Black 1980, 

Memmott and Channels 2004). Tindale (1974) stated that the Walangama people inhabited 

the land between Normanton/Maggieville and Croydon. He also recorded that the 

Walangama joined the Ariba and moved west to Normanton where their westernmost camp 

was situated (Roth 1897, Tindale 1963) (Figure 61). These five groups were interconnected 

with each other and groups further afield. Group alliances and affiliation facilitated trade and 

travel throughout the region, with intergroup ceremonial meetings and marriage being 

common (Memmott and Channels 2004). 

At the time of European expansion into the Gulf Country, the Kukatj, Gkuthaarn, and Kurtjar 

lived a hunting and gathering lifestyle (Memmott and Channels 2004). Monsoonal rains 

Figure 61: Traditional boundaries from Black 1980, 

presented in Memmott and Channels (2004). 
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inundate much of the region’s low-lying floodplains, rejuvenating wetlands and attracting 

edible water birds, and the Kukatj, Gkuthaarn, and Kurtjar people relied heavily on these 

seasonal resources. They also relied on the resources of the aforementioned west-flowing 

rivers (Figure 61). Fish and birds were common along the river corridors, and so were several 

species of edible plant. 

The Aboriginal people of the Gulf Country had their first contact with Europeans in the early 

17th century when Dutch navigators sailed through the Gulf of Carpentaria (Ash 2011). 

However, it was not until overland expeditions from Brisbane in the 19th century that the Gulf 

Country was mapped (Lack 1962). Once this was completed the government offered leases 

and pastoralists subsequently stocked the area with sheep and cattle. For the Aboriginal 

people of the Gulf Country this turn of events devastated their traditional way of life. The 

rapid arrival of stock in a seasonally arid region placed enormous pressure on local water 

resources. As a result, many Aboriginal groups were prevented from accessing their 

traditional water sources and were pushed into marginal areas. They eventually resisted 

occupation, and the colonial government intervened by sending in the Queensland Native 

Police. 

The Native Police sent patrols into the Norman River region in 1868 (Queenslander 1872). 

Violent clashes resulted in the death and further displacement of many Aboriginal groups. 

Pastoralism and mining grew rapidly through the late 1800s, further isolating Aboriginal 

people from their lands and forcing them into crowded camps around places like Normanton. 

These overcrowded conditions were discussed in colonial correspondence in 1897 where it 

was stated that “over 600 blacks have been in Normanton at one time, being principally from 

the north-east” (Parry-Okeden 1897:10). Overcrowded conditions and sexual assault in these 

camps led to epidemics of infectious disease (Kahn 1993).  

Thirty years after Normanton was proclaimed as a township, Dr Walter Roth was appointed 

the Chief Protector of Aborigines for North Queensland and provided detailed reports on the 

displacement of Indigenous groups in the region. In 1900 he wrote, “[a]s each new block of 

country gets taken up, the blacks are forcibly hunted off their water supplies and hunting 

grounds both in it and in its immediate neighbourhood” (Roth 1900:2). The following year he 

stated, “[w]hen they find the blacks on the run any distance from the river, they race their 
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horse on to the blacks, cut them right and left with their stockwhips, break their spears and 

take their tomahawks” (Roth 1901:6). He finishes with the following: “were all the land in the 

north to be thus leased, all the blacks would be hunted into the sea. The poor wretches must 

be allowed the wherewithal to live” (Roth 1901:6).  

The treatment of Aboriginal people by Europeans and the Native Police was also recounted 

by a local Kurtjar man, Rolly Gilbert. He explained that “[t]he white men would drive us away 

from the places they wanted. They drove us away from our soak…so that their cattle could 

have the water. They shot many of our people there... The white men or the Native Police 

also shot up whole camps of our people…The neighbouring tribes were probably worse off 

than ours was—at least there seem to be fewer of these people left today” (Memmott and 

Kelleher 1995:19, Memmott and Channels 2004:53). 

2.2. Isotope geochemistry and its use in Oceanic archaeology 

Isotopes of the element strontium (Sr), 87Sr and 86Sr, align with the surrounding geology and 

are commonly expressed as the ratio: 87Sr/86Sr. 87Sr is formed from the radiogenic decay of 

87Rb that has a half-life of 48.8 billion years (Faure 1986:119). Because of this long decay it 

essentially remains the same over archaeological timescales. As rock weathers it transfers 

geological 87Sr/86Sr into the surrounding waterways that is taken up by vegetation, fauna and 

humans. The Sr portion available to biology is known as bioavailable Sr and is determined by 

preferential weathering of different minerals (Montgomery 2002:22, Bentley 2006). This 

bioavailable 87Sr/86Sr is transported into mammalian body tissue with little to no alteration 

due to the large atomic mass of Sr isotopes and the small differences between these masses 

(Price et al. 2002, Wright 2005). 

The bioavailable 87Sr/86Sr portion taken up by organisms substitutes for biogenic apatite in 

the formation of teeth and bone (Faure 1986). Teeth form during childhood and, unlike most 

bones, do not remodel. The main dental tissues sampled in isotope studies are enamel and 

dentine. Dental enamel is a dense mineral structure that does not contain blood vessels or 

nerves and therefore does not remodel (Ross et al. 2006:485). Dentine is also a dense stable 

structure and once formed there is also little to no further isotope uptake (Goldberg et al. 

2011, Radhakrishna 2011, Nanci 2012:194, Vital et al. 2012). Unlike tooth enamel, however, 

once buried dentine can become diagenetically altered, taking on the local 87Sr/86Sr signature 
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(Budd et al. 2000). Therefore, by comparing dentine and enamel results it is often possible to 

discern whether an individual was buried where they grew up. However, at present there is 

no way to test the rate of alteration and caution must be used when interpreting offsets 

between these tissues as partial replacement may result in intermediate values that can 

confound results (Budd et al. 2000). 

Before 87Sr/86Sr can be used to infer a specimen’s provenance, an understanding of regional 

87Sr/86Sr variability is required. Adams et al. (2019) mapped bioavailable 87Sr/86Sr throughout 

Cape York. In the present study, we utilise their 87Sr/86Sr results from Normanton to compare 

with the Normanton skeletal assemblage. 

Oxygen isotopes are also incorporated into human body tissue and often employed to 

understand mobility (Fricke et al. 1995, Dupras and Schwarcz 2001, Bentley et al. 2007, 

Knudson et al. 2009, Cox et al. 2011, Kenoyer et al. 2013). Oxygen isotopes (18O and 16O) are 

compared through a ratio δ18O = [(18O/16O sample/
18O/16O standard) - 1] x 103, against a 

standard like Standard Mean Ocean Water (SMOW) (Peterson and Fry 1987). In mammalian 

teeth, oxygen isotopes form part of the oxyhydroxide group (OH-) of calcium hydroxyapatite 

(Ca10(PO4)6(OH)2 (Faure 1986, Turner et al. 2009). Oxygen is present in both the phosphate 

(PO4
3-) and carbonate (CO3

2-) of tooth enamel apatite and the ratios derived from the two 

tissues are strongly correlated (r2 = 0.98) (Bryant et al. 1996, Lacumin et al. 1996, Sponheimer 

and Lee-Thorp 1999). Podlesak et al. (2008) found in a controlled study of woodrats that 

drinking water made up 56% of body water while oxygen in food only contributed 15%.  

The δ18O composition of meteoric water varies globally because 18O condenses more readily 

than the lighter 16O. The same processes result in the preferential retention of the heavier 

isotope 18O in evaporated water bodies (Longinelli 1984, Luz et al. 1984). Heavier 18O isotopes 

are higher in abundance in areas of higher rainfall, warmer climate and closer to the coast 

due to the “amount effect” (Gerling 2015:125, Eastoe and Dettman 2016). Three mechanisms 

result in amount effects: evaporation of falling raindrops, change in moisture source between 

seasons and progressive regional rainout (Dansgaard 1954). These regional processes dictate 

geographic δ18O distribution and δ18O in body tissue can therefore be used to infer climate 

and geography (Epstein and Mayeda 1953, Dansgaard 1954, Craig 1961, Bowen et al. 2005 

Kinaston 2009).  

http://onlinelibrary.wiley.com/doi/10.1111/j.1475-4754.2006.00258.x/full#b12
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-4754.2006.00258.x/full#b13


251 
 

Predictable hydrological processes make it possible to map δ18O throughout the landscape 

and use it to understand biological movement. These isotope maps are known as “isoscapes.” 

Two Australian oxygen isoscapes have been produced that predict annual δ18O in 

precipitation for the Gulf Country. Bowen et al. (2005) compiled δ18O data from the Global 

Network for Isotopes in Precipitation (GNIP) and predicted modern annual precipitation δ18O 

values around Normanton between -5 and -4.1 ‰ (SMOW). Hollins et al. (2018) utilised a 

further eight Australian sampling sites and predicted annual precipitation δ18O values on the 

Gulf Country at -7 to -5 ‰ (SMOW). It must be noted that confounding factors related to 

climatic/seasonal variability, exogenous inputs, and anthropogenic alteration can shift δ18O 

values in ingested water, confounding the interpretation of these predictive δ18O isoscapes.  

The oxygen isotope composition of hydroxyapatite in teeth can be used to calculate the initial 

drinking water value. Chenery et al. (2012) calculated drinking water δ18O from human tooth 

enamel carbonate, Coplen et al.’s (1983) equation for enamel phosphate 

δ18ODW = 1.590 × δ18OC – 48.634. However, employing δ18O to trace movement is not 

straightforward because of equifinality issues. Although human tissue δ18O reflects drinking 

and food water δ18O, it can become enriched through cooking, disease and other types of 

metabolic fractionation. Here light oxygen isotopes (16O) are lost preferentially over heavier 

ones (18O), via perspiration respiration and urination (Bryant and Froelich 1995, Kohn 1996). 

Other biological processes like nursing can also offset δ18O values in teeth with incisors, 

canines and the first molars being the most likely to be influenced by up to 2‰ (SMOW) (Ash 

et al. 2003:54, White et al. 2004, Evans et al. 2006, Smits et al. 2010). 

Carbon isotope studies compare two isotopes (12C and 13C) as a ratio using the delta notation 

(δ13C), against a standard like Vienna Pee Dee Belemnite (VPDB) (Peterson and Fry 1987). The 

δ13C composition of body tissue reflects the δ13C of dietary inputs and can be used to 

discriminate between terrestrial and marine diets, and infer plant based diet based on the 

three carbon fixation pathways: C3, C4, and Crassulacean Acid Metabolism (CAM) (van der 

Merwe and Vogel 1978, Schoeninger et al. 1983). C3 plants are isotopically distinct from C4 

plants: C3 vegetation presents δ13C values between -33 and -23‰ VPDB (Tokui et al. 2000), 

while C4 plants generally fall between -16 and -9‰ VPDB (Stantis et al. 2015). Seeds, tubers, 

and fruits were integral to the pre-contact Indigenous Australian diet, but the use of grass 

seeds for the purpose of grinding to make flour also played a crucial role in sustenance for 
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millennia (Fullagar and Field 1997). The type of grass gathered and eaten by Indigenous 

Australians depended largely on latitude (Thorp et al. 1986). C3 grasses are adapted to 

cooler seasons and are commonly found in the southern regions of Australia (Hattersley 

1983). Examples include the weeping grass (Microlaena stipoides) and common wheat grass 

(Elymus scaber) varieties (Murphy and Jones 1999). In contrast, C4 grasses are adapted to 

warm (dry and moist) seasonal conditions, and are found at a relative abundance >0.9, north 

of the 25˚ latitude in Australia (Murphy and Bowman 2007). Common varieties include 

kangaroo grass (Themeda triandra) and wire grass (Eriachne obtuse) (Murphy and Jones 

1999). 

Archaeological studies generally focus on measuring the carbon isotope composition of bone 

collagen (δ13Ccollagen) and tooth enamel/bone bioapatite (δ13Cbioapatite) (Kellner and Shoeninger 

2007). While δ13Ccollagen represents dietary protein, δ13Cbioapatite reflects the macronutrient 

sources of protein, carbohydrates and lipids (DeNiro and Epstein 1976, de Laeter et al. 

2003).Tooth enamel δ13Cbioapatite is precipitated from blood plasma bicarbonate with carbon 

dioxide expired from diet and metabolism (Passey et al. 2005, Fernandes 2012). This forms 

carbonated calcium-deficient hydroxyapatite Ca10−x(PO4)6−x(HPO4)x(OH)2−x, which is a hydroxyl 

endmember of the apatite group (Prodan et al. 2014). 

δ13Cbioapatite can be used to estimate dietary input if metabolic fractionation is taken into 

account. Kellner and Schoeninger (2007) completed controlled feeding experiments on a 

range of omnivores to calculate the δ13Cdiet to δ13Cbioapatite offset. This work was revised by 

Froehle et al. (2010) who used a graphic model to distinguish C3 and C4/marine diet from body 

tissue. In 2012, Fernandes et al. added to these earlier studies and used regression analyses 

to focus on the macronutrient routing between diet and tissue. This research resulted in a 

robust model for calculating omnivore dietary carbon routing in bioapatite: δ13Cbioapatite = 

10.1+ δ13Cdiet‰, revised to: δ13Cbioapatite = 11.3 + δ13Cdiet‰ for humans when taking into 

account body size effects (Fernandes et al. 2012). 

To date, three bioarchaeological studies in Australia have utilised carbon, oxygen and 

strontium isotope ratios in Aboriginal human remains (Westaway et al. 2004, Theden-Ringl et 

al. 2011, Adams et al. in preparation). Results from these studies show that Australia’s ancient 

geology is transferred into human remains well and can be used as a robust geochemical 

https://link.springer.com/article/10.1007/s12520-012-0102-7#CR24
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tracer. Westaway et al.’s (2004) study, which was conducted in Victoria, was able to 

discriminate between two sample sites and provenance human remains taken from the 

region in the 19th Century. Theden-Ringl et al’s (2011) study concerned the provenance of 

remains found buried on a beach in Arnhem Land. 87Sr/86Sr results from Arnhem Land proved 

to be higher than those retrieved from the remains and they were interpreted as being 

Macasasan fishermen. The isotope study presented in Chapter Seven (Adams et al. in 

preparation) also combined Sr, C, and O isotopes from tooth enamel and dentine to infer 

mobility between island and mainland populations up to 500 years ago within the Great 

Barrier Reef. Although bioarchaeological isotope research has been few and far between in 

Australia, these studies indicate that isotopes have the potential to contribute a great deal to 

our understanding of the country’s history. 

3. Materials and Methods 

Dr. Walter Roth was a trained physician with a strong interest in the Aboriginal groups of 

Northern Australia. He created close relationships with many Aboriginal people recording 

their customs and language. While Roth was a surgeon in Cape York and the Chief Protector 

of Aborigines he also collected Indigenous skeletal remains as scientific specimens. Roth was 

well known to local pastoralists and government officials in the region, who also procured 

remains for his scientific endeavours. In 1890, Roth stated that he had been able to procure 

50 skeletons and skulls from north Queensland and made a profit of £450 when he sold them 

to the Australian Museum in 1905 (Kahn 1993). These remains were housed in the Australian 

Museum in Sydney for almost a century before eight crania and two sets of fibula/tibia were 

repatriated to the Kukatj and Gkuthaarn people in the 1990s. The remains of these eight 

individuals were eventually reinterred on the outskirts of Normanton in an area known as 

Conwell Flat. When Roth sold the collection to the Australian Museum he provided a manifest 

on the elements, place of origin and other unique factors that were associated with them. 

From this list we can garner some information on these individuals. This list is presented 

below and details eight skulls and two sets of tibiae and fibulae that were collected from 

Normanton at the turn of the 20th century (Table 1). It details some information on the life of 

a woman known as Dolly, and suggests that some individuals were re-excavated from the 

Normanton Cemetery (Hospital Hill), and others died in his care. Along with the original 



254 
 

manifest we have records of the remains being released from the Australian Museum and 

oral testimony from surviving Kukatj/Gkuthaarn that they were reburied at Conwell Flat.  

Table 15: Roth’s manifest given to the Australian Museum in 1905. 

Acquisition No. Element Date Location Sex Notes 

4 Skull 1895 Cloncurry Female “Dolly”, Karunti Tribe (Normanton Station), 

employed at Cloncurry Barracks 

25 - 27 Skulls 1897 Normanton NA Patients, died in hospital. 

28 Skull 1897 Normanton Female Died in hospital. 

29 Skull 1897 Normanton NA Patient, died in hospital. 

39 Skull   Male Karunti Tribe, my last patient, a syphilitic. 

74 Skull 1902 Normanton Female Given to me by Inspector Galbraith. 

3 Tibiae 

and 

Fibula 

1897 Normanton NA Examples of ‘Boomerang’ shins from amongst 

the graves on hospital hill, Normanton.  

In 2015 the remains in question were exposed through erosion and Griffith University 

bioarchaeologists were invited to excavate and analyse the remains and then help with their 

reburial. The results were published in Adams et al. (2018). They found that the crania of eight 

individuals, and two sets of tibiae and fibulae eroding from an exposed elevated surface on 

the floodplains of the Norman River. This area was a community campground through the 

19th century and an established burial site can be found on an elevated surface to the west 

(Adams et al. 2018). The crania exhibited extensive exfoliation of cortical bone and Adams et 

al. (2018) found it difficult to associate the remains with those from Roth’s manifest. 

However, based on cranial suture closure, dental eruption and wear they concluded that most 

individuals died between the ages of seven and 15. The tibiae and fibulae exhibited anterior-

posterior curvature accredited to yaws or congenital syphilis. Dental hypoplasia was evident 

in two individuals suggesting nutritional/pathological stress during formation (Adams et al. 

2018). Dental caries were identified in three of the individuals and was interpreted as a sign 

of a significant degree of high carbohydrate European foods in the diet. In contrast, two 

individuals also exhibited extreme occlusal wear, suggesting a substantial amount of 

traditionally prepared foods. Interestingly, one individual showed signs of trauma to the back 

of the crania, with no signs of bone remodelling, and this was interpreted as potential 

evidence for trephination, a medical procedure to relieve pressure in the cranial vault (Adams 
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et al. 2018). Although it was not possible to associate many of the remains with Roth’s 

manifest, N8 was interpreted as most-likely to be ‘Dolly’, based on her age assessment. They 

concluded that all individuals were juvenile or young adult and that they had most likely died 

of infectious disease. We know that most of the individuals died in Normanton and Adams et 

al. (2018) reported that it was possible that this is where they contracted them. Teeth could 

only be reliably associated with six of the individual crania and they are that specimens 

analysed here.  

Due to the fragmentary nature of the remains, five of the six Normanton individuals could not 

be reliably associated with the remains recorded in Roth’s manifest and are referred to by 

their excavation reference numbers (ie. N1-N7). In Adams et al. 2018 they tentatively assign 

N8 as acquisition No. 4 based on her age assessment, being the only adult. As we will discuss 

below the isotopic composition of her teeth aligns with this assessment. 

All of the teeth analysed were maxillary molars and premolars. These teeth form from birth 

until ~6 years of age and therefore isotope results represent juvenile residence and diet 

(Nelson 2014:24). As explained earlier, dentine does not remodel through life and is 

considered here a post mortem signature. Osteological assessment of the individuals is 

presented in Adams et al. (2018). All analyses of human tooth enamel and dentine was 

conducted at Research School of Earth Sciences (RSES) at Australian National University (ANU) 

in Canberra, Australian Capital Territory.  

Laser-ablation multi-collector inductively coupled plasma mass spectrometry (LA-MC-ICPMS) 

was used to measure 87Sr/86Sr in the human teeth. Teeth were cut anterior – posterior to 

expose enamel and dentine and mounted in aluminium trays. The ablation system used a 25 

x 8 mm beam exciting laser, projected and demagnified via a long working distance triplet 

lens. At a wave length of 193 nm the laser delivers fluence of 10 J/cm3 (Grün et al. 2014). A 

spot size of 205 µm cleaned the cut surface before 120 sec analyses with 30 sec pre and post 

ablation using 160 µm spot size at 10 Hz. Enamel was analysed at 3 locations from dentine to 

crown. Dentine was analysed at 2 locations from pulp to dento-enamel junction. Analyses 

were carried out on a Finnigan MAT Neptune Varian 820 configured to run three 

measurements: 10 second whole mass recording, 1 second half mass recording and 1 second 

recording mass 71 to track polyatomic interference from Argon and Phosphorous oxides that 
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can interfere with mass 87. This interference stems from the high levels of phosphorous in 

teeth that can lead to polyatomic compounds 40Ar+31P+16O and 40Ca+31P+16O on mass 87 

(Hortswood et al. 2008, Simonetti et al. 2008). Willmes et al. (2016) developed tuning 

techniques to lower oxide production to minimise this interference. This procedure was 

carried out by adding 8cc/min nitrogen to the plasma to drop the gas flow rate and increase 

particle residence time. Dugong dugon teeth were used as standards and rare earth elements 

were also recorded to assess the likelihood of diagenesis (Willmes et al. 2016). 

To interpret the Sr results, we employed Adams et al.’s (2019) 87Sr/86Sr isoscape for Cape York, 

which included the eastern Gulf Country (Figure 62). They found that soil, plant, and faunal 

87Sr/86Sr results exhibited a strong east-west gradient between Croydon/Strathmore and the 

Gulf of Carpentaria. Within 100 km of Normanton the three dominant lithologies return 

distinct 87Sr/86Sr ranges. The early Cretaceous shallow marine conglomerate of Normanton 

yielded a narrow 87Sr/86Sr range of 0.7125-0.7159, while the Pliocene alluvial sediments east 

of Normanton returned a wide range of 0.7286-0.7390. The marine derived Quaternary 

sediments from the coast produced a range of 0.7093-0.7094, which is close to the modern 

marine 87Sr/86Sr signature (0.7092). Over 100 km east of Normanton values change abruptly 

due to ancient igneous lithologies around Normanton. Here Mesoproterozoic felsic intrusives 

and extrusives exhibit extremely high 87Sr/86Sr values that elevate nearby lowland alluvial 

values (Figure 62). These 87Sr/86Sr results for soil, plant, water, and fauna from Adams et al. 

(2019) were compared to the 87Sr/86Sr results for the human enamel and dentine.  

 

Figure 62: Gulf Plains region of Cape York soil, plant and faunal 87Sr/86Sr results modelled 

as a Co-Kriged interpolated surface in Adams et al. (2019). 
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The first step in measuring the δ18O and δ13C ratios was to remove a portion of tooth enamel 

from the occlusal surface of each tooth (~2 mm x 2 mm). These bulk samples were used to 

provide averages of isotopic input during tooth formation; we did not try to identify isotopic 

change during tooth formation. Tooth enamel was ground to fine powder using a mortar and 

pestle. Ground enamel was placed in an ultra-cleaned teflon tube and covered in 0.1M acetic 

acid (CH3COOH), before sonication for 15 minutes This was followed by a further 15 minutes 

reaction. The solution was centrifuged at 4000 rpm for 15 minutes and acetic acid was 

removed. The sample was rinsed three times with Milli-Q ultrapure water (18.2Ω at 25°C), 

centrifuging between steps. Excess Milli-Q ultrapure water was evaporated at 40˚C. Analyses 

were run on a Finnigan MAT 251 and Kiel carbonate device. The working gas used was 2009-

2, and data was corrected for 17O interference using Santrock et al.’s (1985) method: R17 = k 

(R18)a. Raw ions were converted to delta values for analysis, and Vienna Pee Dee Belemnite 

(VPDB) was used as the standard for all δ18O and δ13C measurements. All samples returned a 

result a standard deviation less than 0.04. Drinking water δ18O values were calculated using 

the equation in Chenery et al. (2012), based on Daux et al.’s (2008) equation: δ18OC 

(δ18ODW = 1.590 × δ18OC – 48.634. VPDB values were converted to Vienna Standard Mean 

Ocean Water (VSMOW) with the following equation: VSMOW‰ = (1.03092 x VPDB‰) + 30.92 

(Coplen et al. 1983). Although Pestle et al. (2014) showed that in some instances isotope 

results can differ between labs, we included a comparison with global human δ18O and δ13C 

results to illustrate general population trends and assess the contribution of introduced foods 

in the diet of the individuals reported here.  

4. Results and Discussion 

4.1. Strontium isotope ratios 

87Sr/86Sr enamel results for the six humans vary substantially and suggest three distinct 

locations of childhood residence (Figure 63). N1 and N3 exhibit the highest enamel 87Sr/86Sr 

values at 0.73183 and 0.73204. These values are all quite close and ratio results are within 

0.001 of each other, and as such are interpreted as being in a similar geology during tooth 

formation. N4, N6, and N7 values are all lower between 0.72764 and 0.72933. These ratio 

results only differ by 0.002 and are interpreted here as representing a similar geology of 

residence during tooth formation. N8 enamel results are markedly lower at 0.71080. This is 

0.017 from the closest human enamel result (N4) and 0.022 different from N3. Individual laser 
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ablation results for each specimen can be found in Supplementary Data 1 and illustrates that 

there is limited within-tooth variation at <0.002. 

Table 16: 87Sr/86Sr, δ18O and δ13C results from teeth of Normanton Individuals. Age at death interpreted from cranial and 
dental characteristics discussed in Adams et al. (2018). Female assignment of N8 is tentatively based on her age assessment. 

As we explained earlier, Adams et al. (2018) proposed that N8 was the individual Roth 

identified as Dolly, based on their age assessment (Adams et al., 2018). The 87Sr/86Sr results 

support this. Dolly is recorded in Roth’s manifest as a member of the Karunti Tribe. As we 

explained earlier, the Karunti are now known as the Gkuthaarn People. Black (1980) reported 

that the traditional lands of these people were originally west of Normanton in the Gulf of 

Carpentaria (Figure 61). N8’s enamel Sr value (0.71080) aligns well with this; it is lower than 

that seen in the other individuals and is close to the modern marine value of 0.7092. The Co-

Kriged surface presented in (Figure 62) visualises the gradient in 87Sr/86Sr results in the region 

and illustrates these lower values close to the coast.  

Sample Sex 
Age at 

Formation 
Age at 
Death  

Tooth 
Enamel 

87Sr/86Sr 
2 se 

Dentine 
87Sr/86Sr 

2 se 
δ18O 

(VPDB) 
δ13C 

(VPDB) 

N1 - Birth - 3 15 ± 3 M1 0.73183 0.000070 0.72477 0.000060 0.72 -11.44 

N3 - 3 - 6 12 ± 3 M2 0.73204   0.000083 0.71310 0.000265 -1.17 -10.19 

N4 - Birth - 3 Adolescent M1 0.72764 0.000287 0.72413 0.000378 -2.09 -13.39 

N6 - Birth - 3 7 - 11 M1 0.72846 0.000178 0.72623 0.000160 -0.7 -10.35 
N7 - 2 - 6 Teenager PM1 0.72933 0.000148 0.71776 0.000164 0.47 -10.59 
N8 F Birth - 3 Adult M1 0.71080 0.000288 0.71581 0.000263 4.69 -8.76 
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Figure 63: Sample sites, Normanton human results and results from Adams et al. (2019). Results are presented on underlying lithologies and as ranges in 

the boxplots. Human results are also presented in the boxplot and discussed below.
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Figure 62 also supports the interpretation that the other five individuals presented here were 

not members of the Gkuthaarn or Kukatj. The values for N1 (0.73183) and N3 (0.73204) are 

within the range measured for the Pliocene alluvial plains directly east of Normanton, as 

displayed in the box plot in Figure 63. The 87Sr/86Sr results for N4, N6, and N7 (0.72764 to 

0.72933) also lie within the range measured east of Normanton.  This may indicate that all 

five individuals were originally based east or north-east of Normanton.  Ethnohistoric 

information may aid with the interpretation of these isotope results. As we explained earlier, 

when Europeans moved into the Gulf Plains, camps developed around Normanton. Aboriginal 

groups from the wider area lived in these camps in their own delineated areas. Some of these 

groups were the Kurtjar, Ariba (Rib), Walangama, Gkuthaarn and the Kukatj (Figure 61). 

Because we do not witness any enamel results aligning with the soil, plant or faunal values 

recovered from Normanton it suggests that all teeth used in this study had finished 

developing when the individuals relocated to Normanton. It is possible that enamel 87Sr/86Sr 

results from these individuals relate to values from outside of the study area, but considering 

the above histories of groups east and north-east of Normanton being displaced and pushed 

into camps around Normanton at the time that these people died, it makes it highly likely that 

they were members of groups like the Walangama or Ariba.  

Dentine 87Sr/86Sr results differ from the enamel results in a manner that is consistent with 

partial diagenetic 87Sr/86Sr replacement. In this case we can see that N1, N4, and N6 dentine 

values are all lower than their corresponding enamel results, sitting between 0.72413 and 

0.72623 (Figure 64, Table 16). N3 and N7 dentine values are also lower than their 

corresponding enamel results between 0.71310 and 0.71776. In contrast N8’s dentine 

87Sr/86Sr results are higher than enamel at 0.71581. We can also see that the 87Sr/86Sr results 

from Normanton sit between 0.71250 and 0.71590. All individuals dentine 87Sr/86Sr results 

display a shift from their enamel 87Sr/86Sr values toward the local Normanton 87Sr/86Sr 
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value (Figure 64

 

Figure 64). Although dental enamel is a hard substance that is robust to the processes of 

diagenesis, dentine is a porous matrix that may absorb the burial setting 87Sr/86Sr over time 

(Budd et al. 2000). The processes acting on dentine 87Sr/86Sr uptake following burial are not 

well understood. However, Budd et al. (2000) found in their study of Sr abundance and 

isotope ratios on archaeological tooth dentine, that diagenesis is highly variable with soil 

derived Sr in some cases leading to a compete turnover of the original signal. In a floodplain 

setting, where remains are degrading heavily over a short period of time, we might expect to 

see the results of diagenetic uptake of local 87Sr/86Sr in dentine. We acknowledge that the 

processes enacting on dentine in archaeological settings is understudied, however, 

considering the highly destructive taphonomic processes that have taken place on the 

Normanton remains since their burial in the 1990s, partial turnover of 87Sr/86Sr, toward the 

local geological signal cannot be ruled out. These processes may have resulted in an uneven 

uptake of 87Sr/86Sr in the dentine, due to the placement of the remains relative to each other 

in the burial setting and the portion of the dentine sampled. 
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Figure 64: Normanton individuals (N1-N8) enamel and dentine 87Sr/86Sr results with local 

soil, plant and faunal 87Sr/86Sr values presented as coloured bands from Adams et al. 

(2019). 

4.2. Carbon isotope ratios 

Enamel δ13C results for N1, N3, N6, and N7 exhibit a narrow range of -11.4 to -10.2‰ (VPDB). 

N8’s enamel δ13C is higher than all the other Normanton samples at -8.76‰ (VPDB). N4 is also 

considered an outlier; s/he yielded an enamel δ13C result of -13.4‰ (VPDB), which is the 

lowest of the six individuals. 

Carbon isotope ratios are used to discriminate diet with bone collagen results between -16 

and -9‰ indicating a diet of C4 vegetation (Stantis et al. 2015). δ13C values can also 

discriminate between terrestrial and marine diets, with marine input elevating δ13C values 

(Kinaston et al. 2014). Loftus and Sealy (2012) recorded an average enamel to collagen offset 

of 3.8 ± 1‰ for C4 vegetation consumption, calculated to an enamel range of -12 to -5‰. Our 

δ13C results suggest that all Normanton individuals were eating a diet high in C4 plants and/or 
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marine foods. The narrow range of δ13C results for N1 N3, N6, and N7 suggests that they 

subsisted on a similar diet throughout tooth formation. N4’s diet contained less C4
 plants, C4 

plant eating herbivores and/or marine foods. N8’s elevated δ13C results support the 

interpretation that this was a member of the Gkuthaarn and Kukatj people who occupied the 

land along the Gulf of Carpentaria coast and ate a larger proportion of marine foods, aligning 

well with the interpretation of this individual being Dolly. 

Table 17: Normanton tooth enamel carbonate δ13C and δ18O results and drinking water values calculated using Chenery et 
al. (2012). Age at death supplied from Adams et al. (2018). 

To illustrate the extreme nature of some of the Normanton results and to assess the likelihood 

of introduced crops in diet, the results were compared against a global comparative dataset 

(Figure 65). When compared to global prehistoric human δ13C enamel results the Normanton 

individuals sit within a similar range to Indonesia, the Caribbean Islands, and Pakistan. 

European prehistoric δ13C results are indicative of a diet of C3 plants like wheat (Tokui et al. 

2000) and sit lower on the plot. Interestingly, prehistoric δ13C enamel results from Papua New 

Guinea also occupy this lower range. This global comparison suggests that in the 1890s C3 

grains like wheat did not represent a substantial element in the diet of these young Aboriginal 

people, making access to traditional foods crucial. 

4.3. Oxygen isotope ratios 

Enamel δ18O results for five of the individuals--N1, N3, N4, N6, and N7—sit within an elevated 

and wide range of -2.09-0.72‰ VPDB (Table 3). Once again N8 is an outlier with an abnormally 

high δ18O value of 4.69‰. That the δ18O values are elevated can be seen in Figure 65, which 

plots all of the individuals to the right, with four higher then any other international results. 

This suggests that the young individuals from Normanton were drinking 18O enriched water 

and/or signal an enrichment of 18O in body tissue through physiological processes. 

Sample Sex 
Age at 

Formation 
Age at 
Death  

Tooth 
Enamel 

δ13C 
(VPDB) 

Enamel 
δ18O 

(VPDB) 

Enamel 
δ18O 

(SMOW) 

Drinking 
Water  δ18O 

(SMOW) 

N1 - Birth - 3 15 ± 3 M1 -11.44 0.72 31.662 1.709 

N3 - 3 - 6 12 ± 3 M2 -10.19 -1.17 29.714 -1.389 

N4 - Birth - 3 Adolescent M1 -13.39 -2.09 28.765 -2.897 

N6 - Birth - 3 7 - 11 M1 -10.35 -0.7 30.198 -0.619 

N7 - 2 - 6 Teenager PM1 -10.59 0.47 31.405 1.299 

N8 F Birth - 3 Adult M1 -8.76 4.69 35.755 8.217 
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As we explained earlier, human body tissue reflects δ18O atmospheric O2 and oxygen in food 

and water. Atmospheric oxygen δ18O is relatively constant (Dole et al. 1954) and therefore 

variation in δ18O in enamel is primarily driven by variation in the composition of ingested 

water (Sponheimer and Lee-Thorp 1999). The Normanton results are converted to ingested 

water values in Table 17. Two Australian oxygen isoscapes predict annual δ18O in precipitation 

around Normanton to be between -7 and -4.1‰ (SMOW) (Bowen et al. 2005, Hollins et al. 

2018). These values are far below the human results presented here and several processes 

may be acting on the water that these individuals are ingesting.  

Early δ18O research in Australia concluded that there was a high degree of preferential loss of 

16O through evaporation of surface waters that leads to elevated mammal δ18O results (Ayliffe 

and Chivas 1990). We also know that heavier 18O isotopes are higher in abundance in 

monsoonal regions due to the “amount effect”, where evaporation of falling raindrops, 

change in moisture source between seasons and progressive regional rainout elevates δ18O 

(Gerling 2015:125, Eastoe and Dettman 2016). Even after taking these processes into account 

the Normanton results remain unusually high. 

It has also been demonstrated that δ18O is also enriched in mammal body tissue due to the 

nursing effect and body water loss through physiological processes like perspiration, 

urination, and disease (Kohn 1996, Abeni et al. 2015). The nursing effect can enrich δ18O in 

the nursing mothers milk up to 2‰ (SMOW) (Ash et al. 2003:54, White et al. 2004, Evans et 

al. 2006, Smits et al. 2010). This may also account for some of the elevation in results that we 

witness in N1, N3, N4, N6, and N7. However, N8’s δ18O results remain a clear outlier even 

after taking meteorological, seasonal, and the nursing effect into account. Cooking and 

fermentation can also lead to elevated δ18O ratios, but these processes are widespread in the 

countries represented in the global comparison in Figure 65, and no results come close to 

N8’s. 

As discussed above, Australia’s colonial period was extremely disruptive to the Aboriginal 

groups of the Gulf Country, leading to displacement of entire communities and exposure to 

infectious diseases. Aboriginal people were systematically forced from fresh water and food 

resources that may have led to severe dehydration and nutritional stress. The combination of 

the Gulf Country’s meteorological and evaporative processes, combined with the 
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physiological responses from nursing, disease and dehydration, may account for the extreme 

enamel δ18O values displayed by Dolly (N8).  

 

Figure 65: Global oxygen and carbon enamel isotope results compared against the 

Normanton individuals (Bentley et al. 2007, Knudson et al. 2009, Laffoon et al. 2012, 

Fenner et al. 2016, Shaw et al. 2010, Kinaston et al. 2014, Shaw et al. 2011, Kenoyer et al. 

2013, Smits et al. 2010, Zhang et al. 2014, Neil et al. 2017). 

Conclusions 

This study is the first to utilise isotope geochemistry to better understand Aboriginal life on 

the Australian colonial frontier. Results support historical literature on the displacement of 

Gulf Country Aboriginal groups that sought refuge in camps on the outskirts of Normanton. 

Our enamel 87Sr/86Sr results suggest that five of the six young people presented in this study 

spent their formative years living to the east and/or northeast of Normanton, while the 

enamel 87Sr/86Sr results for the sixth individual, who we believe is the person that Roth called 

Dolly, not only indicate that she was from a different region from all the other individuals but 
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also suggest that she grew-up close to the coast in the Gulf of Carpentaria. This is consistent 

with Roth’s notes on Dolly. The enamel carbon results for the six individuals suggest that they 

ingested little by way of European C3 grains like wheat, and instead subsisted on native C4 

grasses, C4-plant consuming animals, and/or marine foods. This supports our interpretation 

of the 87Sr/86Sr results that the six individuals grew up in their tribes’ traditional lands before 

being displaced to Normanton in the late 19th century. The enamel oxygen results for the six 

individuals suggest that drinking water may have been heavily fractionated. This is common 

in the tropics of Australia where rain-out effects and a high degree of surface evaporation 

elevates 18O in water. Dolly (N8) exhibits an unusual level of δ18O enrichment and although 

we cannot discount processes like cooking and fermentation, we suspect her value is 

indicative of metabolic fractionation from preferential loss of 16O in body water due to 

dehydration and/or disease. This is consistent with the ethnohistoric reports, which indicate 

that the Aboriginal people of the Gulf Country were systematically forced from fresh water 

and food resources. Overall, the results presented here demonstrate the potential that 

isotopic analyses of skeletal remains have for shedding additional light on the ways that 

Indigenous Australians were affected by European colonisation. Isotopic research can provide 

independent verification of claims made in historical documents and offer insights about the 

lives of Aboriginal people that simply are not available from the documentary record. 
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Supplementary Data 1: Flinders Island Human Laser Ablation 87Sr/86Sr Results 

     Sample 

Kr corrected ratios 

88Sr/86Sr 2se 84Sr/86Sr 2se 85Rb/86Sr 2se 84Sr/88Sr 2se 87Sr/86Sr 2se Difference 
Averaged 
87Sr/86Sr 

2se 

N1 Enamel 

N1 En1 8.6549278 0.0017845 0.054419511 1.14822E-05 0.004225181 4.69125E-05 0.006287691 2.6233E-06 0.7318935 0.0000481 

0.0001573 0.731819 0.00007 N1 En2 8.658063 0.0011621 0.054399345 7.47112E-06 0.004313647 2.70361E-05 0.006283085 1.70621E-06 0.7317362 0.0000342 

N1 En3 8.6562715 0.0016455 0.054410868 1.05847E-05 0.004263095 4.48439E-05 0.006285717 2.4179E-06 0.7318261 0.0000695 

N1 Dentine 
N1 De1 8.6582724 0.0020716 0.054398002 1.33149E-05 0.001031848 0.000234432 0.006282779 3.04036E-06 0.7239806 0.0005602 

0.0015866 0.724774 0.00006 
N1 De2 8.6587257 0.0017667 0.054395087 1.13559E-05 0.000992498 9.02448E-05 0.006282113 2.59313E-06 0.7255672 0.0001358 

N3 Enamel 

N3 En1 8.6566612 0.0006045 0.054408359 3.88741E-06 0.004789105 0.000149803 0.006285144 8.8792E-07 0.7320425 0.0001006 

-0.0000696 0.732051 0.000083 N3 En2 8.6564789 0.0021809 0.054409532 1.40264E-05 0.004643469 0.000204073 0.006285412 3.20387E-06 0.7321121 0.0000860 

N3 En3 8.6564103 0.0009432 0.054409973 6.06597E-06 0.004732996 0.000133829 0.006285512 1.38557E-06 0.7319985 0.0001361 

N3 Dentine 
N3 De1 8.6582575 0.0011819 0.054398096 7.59847E-06 0.001243355 1.50017E-05 0.0062828 1.73529E-06 0.7314008 0.0000473 

-0.0007907 0.731005 0.000265 
N3 De2 8.6587038 0.0012601 0.054395227 8.1005E-06 0.000940947 8.23323E-06 0.006282145 1.84988E-06 0.7306101 0.0000326 

N4 Enamel 

N4 En1 8.6572322 0.000797 0.054404687 5.12487E-06 0.011322994 8.80137E-05 0.006284305 1.17046E-06 0.7278625 0.0000870 

0.0006673 0.727516 0.000287 N4 En2 8.6569404 0.0034044 0.054406566 2.18933E-05 0.009976238 5.38328E-05 0.006284734 5.00052E-06 0.7271951 0.0000648 

N4 En3 8.6573329 0.0015616 0.054404041 1.00423E-05 0.010649488 0.000781301 0.006284157 2.2937E-06 0.7274915 0.0003434 

N4 Dentine 
N4 De1 8.6606565 0.0012536 0.054382677 8.05478E-06 0.001402147 2.42768E-05 0.006279279 1.83896E-06 0.7235715 0.0000874 

0.0011251 0.724134 0.000378 
N4 De2 8.6588815 0.0009958 0.054394084 6.40101E-06 0.001229055 9.29675E-06 0.006281884 1.46172E-06 0.7246966 0.0000388 

N6 Enamel 

N6 En1 8.6569396 0.001407 0.05440657 9.04776E-06 0.002503208 6.35671E-05 0.006284735 2.06652E-06 0.7284643 0.0001783 

0.0000794 0.728411 0.000178 N6 En2 8.6566773 0.0019117 0.054408256 1.22948E-05 0.002464795 1.26854E-05 0.00628512 2.80826E-06 0.7283849 0.0001821 

N6 En3 8.6573138 0.0016848 0.054404163 1.08346E-05 0.002471935 1.60482E-05 0.006284185 2.47463E-06 0.7283833 0.0001052 

N6 Dentine 
N6 De1 8.6595151 0.0018839 0.054390013 1.21054E-05 0.001472292 4.42811E-05 0.006280954 2.76387E-06 0.7263661 0.0000813 

-0.0003180 0.726207 0.00016 
N6De2 8.6597549 0.0016673 0.054388471 1.07149E-05 0.001328578 2.51751E-05 0.006280602 2.44652E-06 0.7260481 0.0002605 

N7 Enamel 

N7 En1 8.6585071 0.0012149 0.054396491 7.81044E-06 0.007018501 2.15942E-05 0.006282433 1.7837E-06 0.7292195 0.0000821 

-0.0001628 0.729342 0.000148 N7 En2 8.6569342 0.002921 0.05440661 1.8793E-05 0.00721417 0.00037836 0.006284745 4.29339E-06 0.7293824 0.0002682 

N7 En3 8.6554825 0.0039578 0.054415952 2.54651E-05 0.007223414 0.000376389 0.006286879 5.81784E-06 0.7294256 0.0002768 

N7 Dentine 
N7 De1 8.6636035 0.0021383 0.054363751 1.37349E-05 0.000531063 3.29556E-05 0.006274959 3.13526E-06 0.7178715 0.0001837 

-0.0002224 0.717760 0.000164 
N7 De2 8.6654159 0.0014973 0.054352114 9.61066E-06 0.000511605 3.48746E-05 0.006272303 2.19303E-06 0.7176492 0.0001964 

N8 Enamel 

N8 En1 8.6624378 0.0010865 0.054371234 6.97787E-06 0.00255716 1.81875E-05 0.006276667 1.59274E-06 0.7103830 0.0000420 

-0.0008251 0.711382 0.000288 N8 En2 8.6617893 0.0005572 0.054375398 3.57895E-06 0.002512567 4.92695E-05 0.006277617 8.16984E-07 0.7112080 0.0001744 

N8 En3 8.6627425 0.0009077 0.054369277 5.83032E-06 0.001813728 3.12379E-05 0.00627622 1.33085E-06 0.7125540 0.0000504 

N8 Dentine 
N8 De1 8.6625464 0.0010824 0.054370536 6.95216E-06 0.000808374 1.25992E-05 0.006276508 1.5869E-06 0.7154271 0.0000854 

0.0007722 0.715813 0.000263 
N8 De2 8.6640948 0.0005869 0.054360593 3.76756E-06 0.00079412 1.12438E-05 0.006274238 8.59791E-07 0.7161993 0.0000832 
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8. Community Bioarchaeology and Repatriation  

In recent years early museum collections of human remains, particularly in Queensland, have 

been associated with frontier violence (Turnbull 2007). While these accounts have been 

contested (McCallister et al 2015) they have had an influence on the general perception of 

Australian Aboriginal skeletal based research. This perspective has required a far more 

consultative process for bioarchaeology in the modern era. The pioneering consultative work 

of Colin Pardoe can be considered the first step toward a bioarchaeology that was more 

community engaged. He produced a large series of plain language community reports and 

linked osteological research with cultural landscapes producing a series of publications that 

highlighted the importance of bioarchaeology for Australian research (Pardoe 1994). This 

community engaged level of work continued with the employment of Mike Green as a 

physical anthropologist with the Victoria Archaeological Survey who produced several 

important plain language reports on Aboriginal remains for Victoria’s Aboriginal communities. 

Around the same period Judith Littleton undertook important research on funerary 

archaeology and bioarchaeology along the Murray River (Littleton and Allen 2007). These 

early studies paved the way for a more consultative form of bioarchaeology, that was 

transparent and aimed at rebuilding confidence and relationships between institutions and 

the Aboriginal Community. At the centre of these debates was the issue of repatriation. 

By this time repatriation of Indigenous remains had been a focus of Australian state and 

federal governments for decades and led to programs like the Commonwealth Government’s 

Return of Indigenous Cultural Property Program (RICP). The RICP began in 1999 and 

repatriated over 1000 sets of remains and more than 360 sacred objects to Aboriginal 

communities around Australia (Truscott 2006, Berthier-Foglar 2012:369). However, many 

more remain within the walls of scientific institutions that are of unknown provenance. 

Repatriating these unprovenanced collections has so far created a conundrum, leading to 

discussions of a federally funded ‘Keeping Place’ (Truscott 2006). Museums and institutions 

around the world have shared this problem for over 20 years and have allocated resources to 

develop a solution. This process has led to the development of scientific methodologies that 

can potentially confirm or deny regions of provenance. In Australia, these scientific 
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techniques aim to simply discern which community group should be consulted on the 

remains, and in many instances an approximated geographic region would suffice.  

Cranial morphology analysis is one technique that utilises cranial morphology to understand 

population dynamics, ancestry and human evolution. The approach employs quantitative and 

qualitative data to estimate ancestry through the shape and length of cranial landmarks 

(Smith 2009). Recent applications in medical imaging and microscribe digitising allow the 

measurement of three-dimensional shapes and evaluation using statistical methods (Smith 

2008:102). Many researchers have used these population variables to assess climatic and 

environmental processes acting on human skeletal material (Beals et al. 1984) and in recent 

years biological anthropologists have utilised computer programs like CRANID and FORDISC 

that employ these morphometric statistical analyses to estimate ancestry (Wright 1992, Jantz 

and Ousley 1993, Williams et al. 2005, Oxenham 2008:112). However, these techniques have 

come under increasing criticism for incorrect assignments (Hubbe and Neves 2007). Elliott 

(2008) critiqued FORDISC and found that before an accurate determination of ancestry could 

be made the source population had to be represented in the reference library and sex 

determined. Elliott also found that a successful determination required at least 10 

measurements between multiple anatomical regions. In many cases these prerequisites could 

not be met, presenting a dilemma for researchers attempting to repatriate unprovenanced 

remains of unknown sex, unrepresented populations and of fragmentary nature.  

DNA sequencing has also proved to be valuable in approximating ancestral links, where it has 

been used extensively in ancient (aDNA) contexts to associate human remains to living 

descendants and calculate divergence events (Kemp 2006, Melchior et al. 2008, Li et al. 2015, 

Mounier and Lahr 2016, Vai et al. 2017). This field of study has grown exponentially over the 

past few decades and continues to be one of the leading analyses for assessing ancestry. 

However, before genetic applications can be used to assign remains to a community, a human 

DNA reference collection must be available to compare results. As with cranial morphometric 

techniques this reference collection must include the source population if comparisons are to 

be drawn. DNA applications are also limited in what they can tell us about migration and 

provenance because this information is often not stored within our genetic makeup. 
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As we have discussed, isotope ratios (87Sr/86Sr, δ18O and δ13C) correlate to climatic, geological 

and ecological variables and also offer a method of biological provenancing. The application 

of isotope geochemistry for these purposes is far from perfect and often involves discounting 

regions, rather than defining a point of origin. And as with genetic and cranial morphometric 

techniques, an understanding of regional 87Sr/86Sr variability is essential for comparison. 

However, if baseline data is available then isotope geochemistry does hold potential for 

discerning approximate regions of provenance for human remains with no contextual detail.  

In Chapter Five we demonstrated that in remote north-east Australia 87Sr/86Sr in soils is 

transferred relatively unaltered into vegetation. Water values do not always align 1:1 with 

overall catchment soil/plant values because of the unidirectional movement of water, but 

they do correlate well with the local soil and plant values. We also demonstrated that local 

soil and plant 87Sr/86S values are transferred into medium-large mammal tooth enamel with 

little to no alteration. These results are significant because some studies have found 

anthropogenic and environmental/geological factors impacted 87Sr/86Sr distribution (Maurer 

2012), and here we have demonstrated the relatively unaltered transfer of 87Sr/86Sr through 

multiple sample types. Once the methodology was validated in Chapter Five we applied 

87Sr/86S landscape data to human values distinct in geography and time. This 87Sr/86S data 

suggests a new understanding of prehistoric island mobility and re-explores our colonial past. 

These results illustrate that the 87Sr/86Sr variability throughout Cape York is wide ranging and 

distinct regions of high ratios (>0.750), will be easier to provenance material to, then 

homogenous regions like the Quaternary alluvial deposits of the western Gulf Plains.  

Throughout these investigations we have utilised three methods of visualising 87Sr/86Sr results 

that could be valuable to future provenance studies: geopackage maps, interpolated surfaces 

and Voronoi distribution maps. Geopackage maps associate bedrock geology to landscape 

87Sr/86Sr distribution. Designated by lithological ranges, geopackage maps can act as a cursory 

visualisation of 87Sr/86Sr ranges. Presented in Figure 66 are geopackage maps and boxplots 

illustrating Cape York 87Sr/86Sr ranges of combined soil/plant/water results against faunal and 

human results. These geopackage results can be compared to assess the lithologies that 

express a given 87Sr/86Sr range. If for example the result is relatively high (>0.760) it aligns 

closest with the metamorphic or igneous units within Cape York. These results are very high 

and distinct and would be a favourable outcome for designating regions of probable 
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provenance. Similarly, if biological results are found to be ~0.709 then the individual is likely 

from a coastal region, or area of carbonate limestone that sill expresses a marine signal. 

Ultimately this would create problems for further analyses as the remains could be from any 

coastal and/or island group in the world. If results sat within the range of 0.710 and 0.720 

then there is many units towards the northern regions of Cape York that may represent the 

area of provenance. And similarly a result between 0.720 and 0.740 could align with many 

lithologies throughout southern and central Cape York.   

To investigate further we could employ one of the interpolated surfaces presented in Chapter 

Five (Figure 67). This method designs a predictive surface from observed values and therefore 

in areas where there is a low sample density, results are less reliable. Once again, the regions 

of higher 87Sr/86Sr values are easily visualised on this surface and there is a clear gradient in 

the western Quaternary alluvial basins. However, this surface also demonstrates a wide range 

of possibilities for results in the range of 0.710 – 0.720 at the north of Cape York.  

To further discriminate likely regions of provenance that exhibit values between this range of 

0.710 – 0.720, we could also utilise the Voronoi diagram presented in Chapter Five (Figure 

68). This surface illustrates the heterogeneity of these lower 87Sr/86Sr regions more precisely 

and presents several areas of potential provenance that can be compared with the other 

surfaces. As we have discussed throughout chapters five, six and seven, using a combination 

of sample types and methods of visualising landscape 87Sr/86Sr aids in narrowing down regions 

of potential provenance. There is however always the possibility of confounding factors, 

cultural and/or exogenous/diagenetic, that can skew isotopic values within body tissue. For 

this reason it is prudent to employ a suite of investigative methods (historical, ethnographic, 

craniometrics, genetics, other isotope ratios etc.) to assess the validity of 87Sr/86Sr isotope 

results. In places like Cape York, 87Sr/86Sr maps like those presented here will be most 

effective at narrowing down to a range of community groups that can then be consulted, so 

that other investigative methodologies can be applied.  
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Figure 66: Cape York combined soil/plant/water results compared against faunal and human results from the same lithological age unit and rock type unit. 
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Figure 67: Interpolated surface of Cape York combined soil, plant and water results. 
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Figure 68: Voronoi Map of Cape York combined soil and plant 87Sr/86Sr results. 
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9. Conclusion 

The removal of Aboriginal skeletal remains over the past 200 years is commonly seen as 

crucial to advancing scientific anthropological theories and resolving the evolutionary 

placement of our own species. However, many Aboriginal people viewed these acquisitions 

as theft of their family members that embodied a connection to ancestral culture (Petrović-

Šteger 2013:33). Because initial Australian bioanthropological research was undertaken with 

little Aboriginal consultation many Aboriginal communities still view the discipline as 

macabre, and one aligned with earlier colonialist agendas.  

This project has shown that the agenda’s of the scientific and Aboriginal communities can 

work in tandem, to advance scientific research through a community focus while developing 

scientific techniques to return ancestral Aboriginal skeletal remains. To achieve this I have 

advanced two aims:  

1. To increase our understanding of prehistoric Aboriginal mobility, the complexity of 

mortuary systems and issues around Aboriginal displacement post contact in Cape 

York QLD, through partnership with Indigenous communities; 

2. Gather and map baseline isotopic data for future studies that may attempt to 

repatriate unprovenanced remains from Cape York. 

Cape York was chosen for this study because it not only represents a large area void of the 

modern human interference, but because it also represents a viable path for initial 

colonisation into the continent. Throughout glacial periods the Torres Land Bridge offers a 

path for non-volant species between Australia and Papua New Guinea (Torgerson 1985) and 

it is possible that in more recent years Cape York was a conduit for trade in and out of the 

continent. Future work may well prove this link and the baseline 87Sr/86Sr data presented here 

illustrates that Cape York results are distinct when compared to the low 87Sr/86Sr values 

measured in regional Oceanic and Asian studies (Bentley et al. 2007, Shaw et al. 2009, 2010, 

2011, Theden-Ringl et al. 2011, Kinaston et al. 2014a, Kinaston et al. 2014b, Fenner et al. 

2016, Cheung et al. 2018), offering a powerful tool for biological provenancing in the region. 

While we have demonstrated the enormous scientific potential of utilising isotope 

geochemistry to investigate archaeological questions on human mobility and community 
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structure, results also have social implications. For the Traditional Owners of the Flinders 

Islands this research has demonstrated a continuity of cultural connection between 

continental islands and the mainland up to 500 years ago. Aba Wurriya stories describe 

seasonal movement to Cape Melville and today their native title extends to this area, 

validating an unbroken connection to their country. In Normanton, personal accounts of 

massacres and displacement have been passed down through generations, and here we have 

applied scientific techniques that would seem to corroborate these stories.  

In 2017 Indigenous voices from all around the country gathered at Uluru and prepared the 

Uluru Statement from the Heart. In this document Aboriginal Australians requested a: 

‘Makarrata Commission to supervise a process of agreement-making between governments 

and First Nations and truth-telling about our history’ (Uluru Statement from the Heart 2017). 

As we have demonstrated, there is enormous potential for scientific applications like isotope 

geochemistry in Australian Archaeology to uncover these stories and when combined with 

other methodologies may develop a more intimate and accurate narrative of Australian 

prehistory. Thus, advancing two agenda’s and building collaboration between the scientific 

and Indigenous communities. 
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Appendix 1. Chapter Five 87Sr/86Sr LA-MC-ICP-MS Results 
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Appendix 2. Chapter Five 87Sr/86Sr assessed by Lithological Age 

Precambrian 4.6 BYA – 540 MYA 

The oldest lithology sampled was high grade metamorphic rock formed in the 

Palaeoproterozoic (pP) that extends from the central highlands up to the western perimeter 

of the Laura Basin. This lithology exhibits a high and wide 87Sr/86Sr range of 0.740581 – 

0.76455. Igneous felsic volcanic rock (mPv) from the Mesoproterozoic is found in the south 

and returned the highest combined soil/plant result for the study at 0.786643. High-grade 

metamorphic rock was also formed in the Mesoproterozoic (mP) and exhibits another high 

combined Soil/Plant 87Sr/86Sr value of 0.77733 (Table 1). Low-grade metamorphic rock (nPꞓ) 

from around Lockhart River on the mid-east coast of the Cape spans the late Neoproterozoic 

to the Cambrian period and returned a combined 87Sr/86Sr result of 0.72012. 

Palaeozoic 540 – 245 MYA 

Clastic sedimentary rock was formed in two phases throughout the Palaeozoic. At the western 

extent of the Hodgkinson Province is the older, early Ordovician clastic sedimentary unit (O1) 

exhibiting a 87Sr/86Sr range of 0.71147 – 0.71562. The other being Devonian in age (D) 

occupying the widest 87Sr/86Sr range measured in this study at 0.71166 – 0.76679. Carbonate 

sedimentary rock from the Silurian-Devonian (SD) measured a combined soil/plant 87Sr/86Sr 

result of 0.72835. 

The Palaeozoic resulted in three phases of igneous felsic intrusion. The early Devonian 

granites of the Kennedy Province (Dei) exhibit a 87Sr/86Sr range of 0.72962 – 0.74120. 

Devonian – Carboniferous igneous felsic intrusions (CPv) returned a combined plant/soil 

87Sr/86Sr result of 0.74156. The youngest was from the Carboniferous to the Permian (Cpi) 

consists largely of large granite bodies that exhibit a 87Sr/86Sr range of 0.71100 – 0.71853.  

Mesozoic: 248 – 65 MYA 

Clastic sedimentary rock (K, Jk) formed in this era make up much of the Carpentaria Basin to 

the north of the region and the Laura Basin perimeter. Jurassic – Cretaceous sedimentary rock 

(Jk) being 0.70961 – 0.71314 and early Cretaceous rock (K) being 0.70747 – 0.723862 (Table: 

1). 
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Cainozoic: 65 MYA- Present 

Pliocene alluvial sands and gravels (T3,T2) occupy the upper river valleys of the Karumba and 

Laura Basins. These areas exhibited a 87Sr/86Sr range of 0.72807 – 0.73597 (T3) and 0.73792 

– 0.74229 (T2). 

The Cainozoic witnessed the formation of colluvial/residual deposits throughout Cape York. 

These lateritic residuals (Cz) represent a 87Sr/86Sr range of 0.71087 – 071737. Cainozoic 

residual and bauxite (Czb) exhibit a largely marine 87Sr/86Sr range of: 0.709076 – 0.70962. 

Cape York also witnessed volcanic activity through the Cainozoic (Czv). These areas exhibit a 

restricted and low 87Sr/86Sr range of 0.71065 – 0.71590. 

The youngest geology in Cape York comprises Quaternary alluvial sands and gravels (Qa) that 

dominate the western Karumba and eastern Laura Basin. The western Karumba Basin 

returned a soil/plant range of: 0.72969 – 0.73615, while the eastern Laura Basin exhibited a 

greater range of: 0.72044 – 0.74487. Quaternary coastal sands and tidal areas (Qc) and 

exhibited a 87Sr/86Sr range of 0.70920 – 0.71148. 
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Lithology Age 
Sample 
Pairs (n) 

Soil 87Sr/86Sr Plant 87Sr/86Sr ^SP Min ^SP Max 
^SP 

Mean 
^SP SD 

^SP 
Outliers 

(n) 

^SP 
Outliers 

% 

Combined SP 87Sr/86Sr 
with Outliers Removed 

Mean 
Combined 

SP 

Combined SP 
SD 

Unconsolidated Alluvial Sand and Gravel Quaternary (Qa) 20 0.720553 - 0.744270 0.713427 - 0.745481 -0.0018388 0.019141 0.000751 0.004401 1 5 0.720444 -0.744875 0.731744 0.005867 

Unconsolidated Marine Sand Quaternary (Qc) 6 0.709204 - 0.711782 0.709201 - 0.718414 -0.008237 0.000594 -0.001296 0.003410 1 17 0.709203 - 0.711485 0.709754 0.000970 

Colluvial/Residual Sand and Laterite Cainozoic (Cz) 6 0.710881 - 0.718135 0.709397 - 0.716614 -0.004340 0.002705 0.000085 0.002221 1 17 0.710877 - 0.717375 0.713797 0.002741 

Residual Bauxite and Ferricrete Cainozoic (Czb) 3 0.709083 - 0.709643 0.709069 - 0.709657 -0.000089 0.000038 -0.000012 0.000067 0 0 0.709076 - 0.709624 0.709437 0.000312 

Igneous Mafic Volcanic Rock Cainozoic (Czv) 3 0.710567 - 0.716044 0.710735 - 0.715773 -0.000168 0.0013276 0.000476 0.000768 0 0 0.710651 - 0.715909 0.713716 0.002735 

Unconsolidated Alluvial Sand and Gravel Pliocene (T3) 3 0.728271 - 0.736993 0.727881 - 0.734961 0.000389 0.002032 0.001240 0.000822 0 0 0.728076 - 0.735977 0.731034 0.004308 

Unconsolidated Alluvial Sand and Gravel Miocene-Pliocene(T2) 3 0.737509 - 0.741776 0.738008 - 0.743009 -0.001436 0.003768 0.000498 0.002847 1 33 0.737928 - 0.742291 0.740109 0.003085 

Clastic Sedimentary Rock Early Cretaceous (K) 12 0.707538 - 0.723527 0.707406 - 0.724194 -0.000723 0.000810 0.000051 0.000416 0 0 0.707472 - 0.723862 0.714662 0.004945 

Clastic Sedimentary Rock Jurassic-Cretaceous (Jk) 5 0.709595 - 0.712801 0.709627 - 0.713484 -0.000682 0.000097 -0.000118 0.000320 0 0 0.709611 - 0.713142 0.710354 0.001494 

Igneous Felsic Intrusive Rock Carboniferous - Permian (Cpi) 3 0.709645 - 0.719677 0.710398 - 0.717397 -0.003695 0.002279 0.000070 0.003185 1 33 0.711001 - 0.7185369 0.714768 0.005328 

Igneous Felsic Volcanic Rock Devonian - Carboniferous (CpV) 2 0.740430 - 0.741936 0.736224 - 0.741189 0.000747 0.004205 0.002476 0.002445 1 50 0.741563 - - 

Clastic Sedimentary Rock Devonian (D) 10 0.711756 - 0.766385 0.711573 - 0.767212 -0.003849 0.002022 -0.000534 0.001554 1 10 0.711665 - 0.766798 0.725748 0.017059 

Igneous Felsic Intrusive Rock Early Devonian (Dei) 7 0.729474 - 0.744082 0.729777 - 0.741492 -0.003184 0.003098 0.000037 0.002079 3 29 0.729626 - 0.741200 0.734614 0.005271 

Carbonate Sedimentary Rock Silurian - Early Devonian (SD) 1 0.729199 0.727514 - - - - 0 0 0.728357 - - 

Clastic Sedimentary Rock Early Ordovician (O1) 2 0.711590 - 0.715804 0.711363 - 0.715453 0.000227 0.000351 0.000289 0.000087 0 0 0.711477 - 0.715629 0.713553 0.002935 

Low-Grade Metamorphic Rock Late Neoproterozoic - Mid Cambrian (nPE) 1 0.719756 0.720497 - - -0.000741 - 0 0 0.720126 - - 

Igneous Felsic Volcanic Rock Mesoproterozoic (mPv) 1 0.775708 0.778955 - - -0.003247 - 1 100 - - - 

Igneous Felsic Intrusive Rock Mesoproterozoic (mPi) 1 0.791074 0.782212 - - 0.008862 - 1 100 - - - 

High-Grade Metamorphic Rock Mesoproterozoic (mP) 2 0.734319 – 0.765411 0.744338 – 0.763707 -0.010091 -0.003247 -0.006633 0.004788 1 50 0.777332 - - 

High-Grade Metamorphic Rock Palaeoproterozoic (pP) 2 0.724770 - 0.765411 0.741781 - 0.793561 -0.068790 -0.001703 -0.023162 0.039568 1 50 0.740581 - 0.764559 0.752570 0.016955 

TOTAL  94   -0.006610 0.002345 -0.000841 0.004311 14     
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