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ABSTRACT 

Stone structures (also known as stone arrangements) include many forms of intentionally placed 

stones. Some of the densest concentrations of these sites in Australia are found on the Dampier 

Archipelago (Murujuga), an arid-coastal landscape in north-west Australia. The rock art and stone 

features of Murujuga are recognised on Australia’s National Heritage List and this cultural landscape 

was recently nominated for World Heritage Listing. Despite being recognised for its scientific and 

cultural values there has also been controversy regarding the origins (natural or cultural) of these 

structures. As a result, Murujuga stone structures are under-theorised and there is limited 

understanding of the broader social and functional contexts.  

This project takes a holistic, multi-scalar approach to examining stone structures. A new typology 

based on construction and structure form is developed to identify anthropogenic constructions and to 

facilitate interrogation the variability of structures across the landscape. The study uniquely applies 

the theoretical lenses of human behavioural ecology and signalling theory, and uses geospatial (GIS) 

methodologies to understand landscape context and placement to explore possible site functions.  

LiDAR and photogrammetry have been deployed to model and test the stone features against the 

newly developed criteria. The full range of stone structures across the study area are explored in their 

entirety - at multiple scales - to understand variability between sites and patterns across the region. 

The relationships between stone structure type, function and landscape will be interrogated to 

provide a better understanding how these structures contribute to the social complexity which has 

already been identified across Murujuga, through deep time. 
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Chapter 1  

Introduction 

Why Murujuga stone structures? 

Stone structures, broadly defined as any form of intentionally placed or arranged stones, are an 

important archaeological site type that can be used to help understand past human behaviour. The 

complex and varied nature of these sites means they have been generally under-examined.  

Many previous analyses have focussed on a single structure or ‘type’. This approach does allow for an 

uncomplicated consideration of a particular place or site type, but it becomes problematic in broader 

comparisons between projects and regions. A more comprehensive approach that allows for multi-

scalar analysis and a consistent examination of the variability within and between stone structure types 

is needed. Without this, a consideration of how stone structures can be used to understand past human 

behaviour across Australia is not possible. 

The Dampier Archipelago (Murujuga), in Western Australia, contains a significant variety and quantity 

of already recorded stone structures. A number of additional problems also exist in the identification 

and classification of these structures. The high density and variety of structures across the archipelago 

makes this a good place to start to develop a more holistic approach to studying this site type.  

Terminology 

To avoid confusion I mainly use ‘stone structures’ or ‘constructions’ for anthropogenic creations and 

‘features’ or ‘formations’ to refer to natural places. I generally avoid the term ‘stone arrangement’, one 

of the more commonly used terms in Australia, it as it tends to exclude constructions considered to be 

functional, such as fish traps or shelters (Cane 1980:6; Stead 1987:vi). Terms such as stone 

arrangement, megalith, minilith and stone ruin, common in other studies are acknowledged where 

relevant but are generally avoided. As a large portion of this dissertation relates to the consideration of 

the results of natural processes, ‘formation’ is generally reserved to describe natural outcrops exposed 

slowly over time and ‘feature’ to refer to smaller piles or groups of stone created by natural processes 

(see Chapter 6).  

An Important Site Type 

Stone structures can range from a single stone to groups of stones (some arranged in shapes or 

patterns), to solid constructions (like shelters, walls or buildings). The variability in the known functions 

of these structures already reflects a range behaviours. This variability is one of the reasons that the 
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most common approach to examining stone structures is to isolate an individual ‘site’ or structure ‘type’ 

with known or easily predictable functions (e.g. fish trap, domestic or religious structure). This siloed 

approach makes sense: it allows for a more detailed analysis of an individual structure or type and it 

ensures individual consideration of function while avoiding making generalising assumptions. This 

approach starts to cause problems, when the function of a structure is not well understood and when 

there are multiple types or likely functions. In these cases the form of a structure tends to be used 

interchangeably with function. Mixing of form and function when developing classificatory systems is a 

serious and persistent problem that will be discussed in detail in Chapter 2 of this dissertation.  

Despite stone structure diversity there are sufficient commonalities to warrant the definition of stone 

structures within a systematic classificatory system. These commonalities include spatial constraints, 

landscape modification activities, the medium (stone) and the technical abilities required to create a 

structure. While other site types like artefact scatters or rock art have developed theoretical 

approaches , such as ‘chaine operatoire’, the specialised nature of stone structures as a site type has 

not been broadly recognised. A new, consistent approach is needed to organise the plethora of 

structures already known to exist, as well as provide flexibility for further refinement and testing when 

new site types or variants are identified.  

To test and develop an integrated approach to understanding stone structures, this dissertation 

explores Human behavioural Ecology (HBE) as a flexible toolkit that will allow a nuanced consideration 

of a range of behaviours illustrated by the construction of these sites. A template for understanding 

stone structures as a proxy for locationally embedded behaviours provides an important starting point 

for understanding Australian stone structures.  

While my focus in this dissertation is on understanding Murujuga stone structures, the approach is 

relevant to other regions. The theoretical model and methods of analysis were built with consideration 

of Australian stone structure more broadly and the adoption of similar techniques will allow for inter-

regional comparisons. Lessons and examples are also drawn from overseas examples where relevant, 

but it is beyond the scope of this dissertation to propose how relevant this theoretical approach might 

be to an international applications. 

Murujuga (Dampier Archipelago) 

The Dampier Archipelago consists of 42 islands on the northwest coast of Western Australia (Figure 

1.1). The islands cover an area of approximately 400 km2 and range in size from <0.02 km2 - 3.29 km2 

(JMcD CHM 2005:4; McDonald and Berry 2016:2). The largest island, Dampier Island, is now referred 

to as the Burrup Peninsula because it has been connected to the mainland via a causeway. The Burrup 

is also known by its Aboriginal name, Murujuga, which means ‘hip bone sticking out’ (Bird and Hallam 

2006a; McDonald and Berry 2016; McDonald and Veth 2009). Murujuga is now commonly used to refer 
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to the whole Archipelago (MAC 2007; Paterson et al. 2019:218) a convention that will also be adopted 

in this dissertation.  

Murujuga is a nationally important site registered on the National Heritage List in 2007, predominantly 

due to values associated with the extensive rock art and stone features found across the archipelago1 

(Figure 1.2). In 2019 the WA state government announced that the Dampier Archipelago would be 

nominated for World Heritage listing (DAWE 2020; DBCA 2019). Investigations into the outstanding 

rock art are continuing (e.g. McDonald et al. in prep.); and are complemented by more recent work on 

understanding the submerged archaeology, culminating in the identification of an underwater site 

within the northern islands of the Archipelago (Benjamin et al. 2020; Wiseman et al. 2020).  

 

Figure 1.1. General Location 

People from five groups; Yaburara, Mardudhunera, Ngarluma, Wong-Goo-Tt-Oo and Yindjibarndi are 

the current caretakers of Murujuga. These groups are also known collectively as Ngarda ngarli (meaning 

‘the people’) and they are represented by the Murujuga Aboriginal Corporation2 (MAC) (McDonald 

2015; Mulvaney 2010:19). Although unable to achieve Native Title over Murujuga, MAC does have 

freehold title and controlling interest of Murujuga National Park, part of the National Heritage Listed 

Area (Mulvaney 2015:18; MAC 2007).  

                                                           

1 Dampier Archipelago (including Burrup Peninsula), Karratha Dampier Rd, Dampier, WA, Australia (ID 105727) 
2 I am incredibly grateful for the continued support I have received from MAC for this project and for the 
opportunity to work on Murujuga. 
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Figure 1.2 National Heritage Area Place 105727 

Murujuga contains some of the densest concentrations of stone structures in Australia (DoE 2013), 

making it a good place to explore questions about this site type. While the potential significance of 

stone structures is acknowledged by previous heritage assessments (Australian Heritage Council 2009; 

DoE 2016) and the National Heritage listing, examinations of the stone arrangements have so far been 

limited (Gara 1984; JMcD CHM 2005; McDonald and Veth 2009; Vinnicombe 1987a; 1987b).  

Analysis has been particularly hampered by unclear and overlapping definitions of structure ‘types’ and 

suggestions that many structures are in fact natural formations and should be discounted (ACHM 2003; 

McDonald and Veth 2009). The controversy surrounding the origins of some structures has also led to 

an avoidance of the more controversial types of stone structures for a fear that this would result in 

challenges to the veracity of significance assessments (McDonald and Veth 2009). There has also not 

been any focussed attempt at understanding this site type in its broader social and functional context: 

a problem not just limited to Murujuga.  

Yaburara People  

The original inhabitants of Murujuga are referred to as Yaburara people (also spelled Yapurrara, 

Jaburrara and Jaburara), Mardudhunera, Ngarluma and Nickol Bay Tribe (Mulvaney 2010:16; 

Richardson 1886:296; Tindale 1974a; 1974b; Veth et al. 1993:218). Due to historic atrocities (discussed 

below) relatively little is known about the Yaburara and there is no consensus that they were a distinct 

socio-cultural group or if they were part of Mardudhunera or Ngarluma.  
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Figure 1.3 Different Murujuga boundaries identified by Norman Tindale in A) 1940 B) and 1974.  
(Reproduced from Tindale 1940; Tindale 1974b).  

In 1940 Norman Tindale records the archipelago being split between Mardudhunera (western islands) 

and Ngarluma (eastern islands). In 1974 the boundaries were updated and show the eastern part of the 

archipelago as Jaburara (Yaburara) with some a connection between Yaburara and Ngarluma illustrated 

by the dotted line (Figure 1.3).  

Other accounts by Clement, Von Brandenstien and Berndt also differ in the definitions and between 

the inhabitants being northern Ngarluma, Ngarluma and Mardudhunera (Mulvaney 2015:15-16). This 

is of cource exacerbated by potential miscommunication between infomants and recorders (Monaghan 

2003 provides further details of this problem).   

In Ngarluma language similar terms; jaburrara - northern, jaburru – coastal, north/down river, jaburrara 

– northerners (Mulvaney 2015:15). This linguistic evidences could suggest that people described as 

Yaburara may not have been a separate group. Regardless of whether Yaburara were a distinct group 

or ‘northerners’, it is clear that they inhabited the archipelago for thousands of years prior to the 

colonisation of Australia.  
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Colonial Period  

The first written accounts of the area are attributed to William Dampier who sailed through the region 

in 1699 (Dampier 1709:138). Dampier did not make mention of local people beyond observing smoke 

and the results of burning on one of the western islands (George 2015:36). Subsequent explorers of the 

region did encounter Aboriginal people, but their observations were still limited and there are very few 

observations of stone structures. 

In 1818 King (1827:40-44) described encounters with Yaburara people travelling in groups of two or 

three on “marine-velocipede[s]” a simple watercraft made from mangrove branches. King also 

interacted with one small group (five men) and two larger ones (of twenty-thirty and around forty 

people). The latter group was mainly comprised of women and children, although a young man was 

captured by dragging him onto the ship from a marine-velocipede. When this man was released he 

returned to his camp on the shore. Some of the ship’s crew went onshore to investigate the 

subsequently vacated camp. They described the camp as containing ‘huts’ which were “nothing more 

than a bush stuck in the ground, and forming only very indifferent shade” (King 1827:43).  

King’s observations suggest a fairly high density of people inhabiting and regularly travelling between 

the islands. He noted numerous temporary beach camps with campfires and midden debris around 

Rosemary, Enderby, Goodwin and Lewis Islands. More permanent stone weirs constructed across the 

“mouths of the creeks” were also observed during this trip although these constructions were recorded 

from the west of the archipelago on the Curlew River, near Onslow (King 1827:43).  

In 1861 Gregory (1884) landed at Hearsons Cove in Nickol Bay before commencing his exploration 

inland along the Maitland River. He briefly explored the southern end of the main island (the Burrup) 

and described encounters with Yaburara on three occasions: the first when two men paddled out to 

visit the ship on wooden crafts “shaped like canoes, not hollow, but very buoyant” (15th May); next 

when fourteen people were chased off from a camp at Hearsons Cove (17th May); and finally when 

seventeen people passed Hearson’s Cove with nets, presumably for fishing (20th May). These 

encounters are similar to those described by King forty years earlier and indicate large groups of people 

inhabiting Murujuga at this time. As Gregory’s party travelled further inland they also observed people 

engaging in subsistence practices such as cooking in dry river beds (21st September) and digging for 

roots (10th June) (Gregory and Gregory 1884). There is no mention of built shelters or any other stone 

structures. 

In 1863 the first European settlers established pastoral stations to the south and east of the archipelago 

around Roebourne and Cossack. One of these settlers, Richardson (1886:296) described the local 

people as the Nickol Bay tribe and the group boundaries as extending “from the mouth of the Markland 

River [Maitland River] to the Mouth of the Yule River, and extend[ing] inland some twenty or thirty 

miles”. At this time it was estimated that the group numbered c. 250-300 people. It is difficult to assess 
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the accuracy of this estimation. Richardson most likely made this estimation by observing people on 

the mainland side of Nickol Bay, rather than from direct observation on the islands. The extent of this 

Nickol Bay group covers a significantly larger area than that identified by Tindale (see Figure 1.3) and 

other cartographers (see Mulvaney 2015:16).  

In 1866 the region was ravaged by small pox. Although the exact death toll is unknown, more than 80% 

of Aboriginal people across the country are estimated to have died during the small-pox epidemic 

(Hiscock 2008:13-15). If this (and Richardson’s initial population estimation) is accurate, then this would 

mean the population of Yaburara declined from around 300 to 60 people at this time.  

In 1868 between 17-20th of February3 the survivors of this epidemic were hunted down and murdered 

by a number of European settlers in a series of events now referred to as the Flying Foam Massacre 

(Gara 1983). The exact number killed is unclear as documentary evidence varies between five to around 

sixty men, women and children. The low numbers of some reports are probably the result of settlers 

trying to downplay the severity of the atrocity (Gara 1983:89-90). It is assumed that survivors of this 

massacre would have fled the archipelago, and that this would have ceased to be the core territory of 

a residential group: resulting in the area being described as “orphan country” (Veth et al. 1993:218).  

The archipelago was not completely devoid of Aboriginal people following these events. The pearling 

industry started in the 1870s employed at least 350 Aboriginal men some of whom had been kidnapped 

and brought to the archipelago from other regions of the Pilbara and Kimberley (Paterson 2006:102). 

In 1880 another early pastoralist, Durlacher, describes people inhabiting a number of islands: 

“The mainland opposite [West Lewis], and the islands adjoining the Flying 

Foam passage, namely Angel, Gidley, Dolphin, Hauy and a number of other 

small islands were inhabited by a mixed tribe of natives, some belonging to the 

country.” (Durlacher 2013:25) 

The indication that some of the people “belonged” to the country suggests that there may have been 

some Yaburara still in the archipelago: either brought back to work in the pearling industry or having 

never left (Durlacher 2013:25).  

Durlarcher describes the Aboriginal people he encounters as having incredible strength and endurance 

and able to swim between the inner islands. Well-constructed shelters and ‘mia’ were built with earth 

and leaves for shelter from rain (Durlacher 2013:4). Beyond this, Durlacher does not make reference to 

stone structures, but a range of other subsistence and cultural practices were also observed. These 

include descriptions of camp life, particular items of material culture, marriage and mourning rituals 

and corroboree celebrations.  

                                                           

3 See The Flying Foam Massacre: an incident on the northwest frontier, Western Australia for more details (Gara 
1983). 
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In the 1900s the pastoralist John G. Withnell, son of early European settlers (Emma and John Withnell) 

in Roebourne, also provides general (albeit condescending) descriptions of “Customs and Traditions” 

people living around his station in Roebourne. Withnell’s descriptions are provided under a series of 

headings broadly including topics of; beliefs, Tarlu (also Thalu - locations places for increase 

ceremonies), infancy, circumcision, prohibited food, marriage laws, names for relatives, food 

procurement, amusements, rock carvings, battle and death. This work describes a local Thalu as a “a 

stone or pile of stones”, used to ensure that certain that a certain species increase (Withnell 1965:5). 

Yaburara descendants were also identified by work undertaken in the 1990s (Veth et al. 1993:218), 

although their traditional connection was not considered to be sufficient to avoid the extinguishment 

of Native Title by the Federal Court (WC99-014, WC98-040 and WC960-089 and see Mulvaney 

2015:15). Yaburara people suffered incredibly during the period of initial European settlement of the 

Pilbara and so the fact that there is limited information pertaining to the function and construction of 

stone structures in this area is to be expected.  

Murujuga Environment 

Given the long period of time that people have been on this northwest coastal plain (Veth et al. 2017) 

and their changing strategies for occupation in this arid coastal region, it is important to consider how 

the changing environment is likely to have influenced the decision to engage in stone constructions. 

Understanding the current climate provides a baseline for understanding broad trends through time.  

Current Climate 

Murujuga is located within the Australian arid zone with a climate that is both tropical and arid. Rainfall 

is variable, however most of the rainfall c.250-300mm annually is derived from cyclones (Beard et al. 

1990:241; Hickman 2001:3; Mulvaney 2015:29). A third of the annual rainfall can fall within 24hrs 

during one of these events. The steep rocky terrain allows this sporadic rainfall to be collected in semi-

permanent water resources (Figure 1.4 and JMcD CHM 2005:9). Temperatures typically range from a 

minimum of 10-15̊C in the winter up to a maximum of 35-40̊C in the summer (Hickman 2001:4). 
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Figure 1.4 Semi-permanent water resource at Picnic Creek during dry season  
(photo taken 11/07/2016) 

Flora and Fauna 

Despite being an arid environment, 288 species of native plants had been identified within the 

archipelago (CALM1990; Hardwick 2001; JMcD CHM 2009:5; Long et al. 2016). The current vegetation 

of Murujuga is classed as being part of the Fortescue Botanical District (Beard et al. 1990:240). 

Distinctive flora communities are associated with different habitats defined by landform, topography 

and soil (Hickman and Strong 2003:4; Long et al. 2016:9).  

Vegetation will have changed through the deep time frame that humans have been living here due to 

changing climatic conditions; however, the structure of the topography, the deep sheltered gullies and 

coastal humidity has created a unique microclimate that is “floristically distinct from the mainland” 

(Long et al. 2016:8). In particular, the region contains a mix of both Kimberley and Pilbara species, the 

former likely to be remnant species surviving in the protected microclimates of region (Mulvaney 

2015:32). Anthracological (charcoal) analysis at Boodie Cave located ~150km to the west of Murujuga 

on Barrow Island also provides evidence for these mixed regional vegetation signals, as well as changing 

environmental conditions through time (Veth et al. 2017). 

Many of these plants have been used by Yaburara people (Table 1.1). This list likely contains only a 

fraction of the total number of plants actually used. For instance, observations of Aboriginal people in 

the Western Desert over a period of only 18 months showed that Aboriginal people in the area 
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consumed over 70 different plant species including  “fifteen species of grass, three species of sedge, 

eleven species of acacia, four species of eucalyptus, three succulents, four herbs and four other 

miscellaneous shrubs” (Cane, 1989:99).  

Table 1.1 Some plants found on Muruguga with known uses 

Type Species Use Reference 

Trees 

Burrup Terminalia (Terminalia 
supranitifolia) 

edible fruit/nuts 
(Hardwick 2001:11, 
Long, 2016 #607:14) 

Pilbara Kurrajong (Brachychiton 
acuminatus) 

edible seeds and roots. 
(Hardwick 2001:10, 
Long, 2016 #607:16) 

Figs, including Rock Fig (Ficus 
brachypoda) and Sandpaper fig (Ficus 
aculeate) 

both edible although the 
latter is considered tastier. 

(Long et al. 2016:15,17) 

Mangroves, including White 
Mangrove (Avicennia marina), Rib-
fruited Mangrove (Buruguiera 
exaristata) and Yellow-leaved Spurred 
Mangrove (Ceriops Australia) 

some species were used 
as paddles and potentially 
watercraft 

(Akerman 2015:94; 
Long et al. 2016:52) 

Shrubs/Bush 

Bush Potato/Rock Morning Glory 
(Ipomea costata) 

edible tubers found 50-
100cm underground 

(Hardwick 2001:8, 
Long, 2016 #607:42) 

White Currant Bush/ Dogwood 
(Flueggea virosa) 

edible berries, roots and 
bark used as medicine. 

Used as firesticks 

(Hardwick 2001:5, 
Long, 2016 #607:19) 

Kanji Bush (Acacia pyrifolia) 
edible gum on branches 

and stems 
(Long et al. 2016:30) 

Ruby Salt Bush (Enchylaena 
tomentosa) 

edible berries (Long et al. 2016:46) 

Grasses 

e.g. Lemon Grass (5 species including 
Cymbopogon ambiguous) 

medicinal and used to 
flavour meat 

(Long et al. 2016:18) 

Gummy Spinifex (Triodia epactia) 
resin acts as strong glue 
used often for mending 

and hafting 
(Long et al. 2016:36) 

Sedge Stiffleafe Sedge (Cyperus vaginatus) 
used to make string and 

fibre 
(Long et al. 2016:26) 

Herbs 

Vicks Plant (Stemodia grossa) 
medicinal often used as a 

decongestant 
(Long et al. 2016:18) 

Diverse Flowered Solanum (Solanum 
diversiflorum) 

edible fruits (Long et al. 2016:35) 

Vines Snakevine (Tinospora smilacina) 
medicinal but also used as 

footwear (wrapped 
around the feet). 

(Long et al. 2016:41) 

Murujuga is also rich in both marine and terrestrial fauna (CALM1990:32; Hutchins 2004:346), a large 

proportion of which are identifiable in the rock art (e.g. see Figure 1.5 and JMcD CHM 2006: 93-125). 

The rock art shows that the people inhabiting this region had a deep understanding of the zoology, and 

morphological characteristics of these animals (de Koning, 2014 #892; Stewart, 2016 #893; Anderson, 

2019 #898). 
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Figure 1.5 Some of the flora and fauna represented in the rock art. A) Possible Bush Potato (Ipomea 
Costata) - Ngajarli Gorge, 2019. B) Turtle - Cape Brugieres, 2019. C) Kangaroo Ngajarli Gorge, 2019. D) 

Dugong (Dugong dugon) - Ngajarli Gorge, 2019 

Table 1.2 provides details of species already identified in the rock art, although more are likely to be 

found as research continues.  

Table 1.2 Examples of speciated rock art  

Type Species Comments 

Turtles 

Australian flatback turtle (Natator 
depressus) 
Green turtle (Chelenia mydas) 
Hawksbill turtle (Eretmochelys imbricate) 
Olive Ridley turtle (Lepidochelys kempii) 
Leatherback turtle (Dermochelys coriacea) 
Loggerhead turtle (Caretta caretta) 
Flat-shelled turtle (also Dinner-Plate turtle) 
(Chelodina steindachneri) 

de Koning (2014) identified all seven species of 
turtle currently found in Murujuga in the rock art. 

Turtles were idetnfied using a combination of 
carapace pattern and morphological 

characteristics used for zoological classification 
(de Koning 2014:8). 

Macropods 

Commonly detected 
Red Kangaroo (Macropus rufus) 
Euro or Common wallaroo (Macropus 
robustus)* 
Rothschild’s rock wallaby (Petrogale 
rothschildi)* 
Burrowing bettong (Bettongia lesueur) 
Detected in lower numbers 
Northern nail tail Wallaby (Onychogalea 
unguifera) 
Banded hare wallaby (Lagostrohus fasciatus) 
Spectacled hare wallaby (Lagorchestes 
conspicillatus) 
Rufous hare wallaby (Lagorchestes hirsutus) 

Stewart (2016) identified eight species of 
macropod in the rock art but four species were 

found more commonly.  
Only two species are currently found on Murujuga 
(marked with *). A further six species were added 
to the analysis because they were identified in the 

region or in excavated material and it was 
inferred that they may have been present in the 

area at some point in time.  
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Type Species Comments 

Fish 
 

Batfish (Platax spp.) 
Trevally (Caranx spp) 
Dart/Permit (Trachinotus spp) 
Barracuda (Sphyraena spp.) 
Tuna (Thunnini tribe) 
Emperor- non-specific (Lutjanus spp. and 
Lethrinus spp.) 
Red Emperor (Lutjanus sebae) 
Blue-line Emperor (Lethrinus laticaudis) 
Long Nose Emperor (Lethrinus olivaceus) 
Hammerhead Shark (Sphyrna spp.) 
Tiger Shark (Galeocerdo cuvier) 
Stonefish (Synanceia spp.) 
Bannerfish (Heniochus spp) 
Butterfly Fish (Chaetodon spp.) 
Mackarel (mostly Scombrini and  
Scomberomorini Tribe) 
Flounder (the order Pleuronectiformes) 
Unicorn Fish (Naso spp) 
Barramundi (Lates calcarifer) 
Bream 
Catfish (order Siluriformes) 
Sawfish (family Pristaidae) 

Anderson (2019) has identified at least twenty 
one different variants of fish in the rock art 

record. Some down to individual species and 
depending on how easy it is to distinguish others 

are to the genus, family or tribe level. This 
analysis illustrates the degree of detail 

undertaken by artists and shows the incredible 
variety of animals portrayed in the art. Latin 

names from Bray (2019) 

Geology  

The majority of the rocks in the archipelago are part of the Fortescue Group with Dampier Granitoid 

Complex (Granitoid Rocks/ West Pilbara Granite) on the southern end of the Burrup (Hickman 2001:7; 

Hickman and Strong 2003:4). The rocks that make up the western parts of the archipelago are classed 

as the Fortescue Group, while those on the east have also been further classified as a 2km thick layer 

of Gidley Granophyre (see Figure 6.3; Donaldson 2011:36; Hickman and Strong 2003:19). The rocky 

ridgeline forming the Burrup Peninsula and Dolphin Island (and their neighbouring islands) dips from 

the east towards the northwest and is comprised of a coarse grained gabbro on the east and a fine to 

medium grained Rhyodacite on the west (Figure 1.6). 

The highest point of the archipelago, Mt Burrup is located on the eastern side of the main island (the 

Burrup Peninsula) within the gabbro bedrock (DEC 2013:35). The outer islands are comprised of 

material classed as unassigned Fortescue Group which includes basalt and andesite (DEC 2013; 

Donaldson 2011:37; Fairweather 2019:16).  

https://en.wikipedia.org/wiki/Scombrini
https://en.wikipedia.org/wiki/Scomberomorini
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Figure 1.6. Basal geology across the Archipelago (Hickman 2001:19 Figure 5) 

Geomorphology 

The terrain is rocky with bedrock, either exposed or covered by a thin soil, having been laid down during 

volcanic activity more than 2400 Million years ago (Pillans, 2013 #862; McDonald, 2018 #386). The 

largest two islands (Dampier Island - now the Burrup Peninsula - and Dolphin Island) are more rugged, 

broadly classed as strike-controlled ridges. In comparison the outer islands are lower, dissected 

plateaus (Hickman and Strong 2003:4-8).The underlying geology of the region strongly influences how 

an environment can change through time. It also influences the inhabitability of an area in terms of raw 

material availability as well as influencing landform and the underlying sediments, which in turn 

influence available flora and fauna.  

The archipelago is dominated by slowly eroding land surfaces (Hickman and Strong 2003:8). Only 

Legendre Island, comprised of Limestone bedrock, is defined as being depositional environment 

(Hickman and Strong 2003:4). Quaternary-aged mudflats and mangroves containing marine sediments 

have infilled along the coastlines (Department of Environment and Conservation (DEC) 2013:35; 

Hickman and Strong 2003:4). Further details of Murujuga geology and geomorphology is provided in 

Chapter 6. 

Raw Material Selection 

Flaked stone assemblages are dominated by local, readily available materials; however, imported 

material is also recorded in varying quantities through time with proportionally more exotic material 

recorded in assemblages dating to the Last Glacial Maximum (pre-islandisation) when it is assumed 

peoples’ mobility was extreme (McDonald et al. 2018:278; Reynen 2018; Veth 1982). Basal rock type 
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also influences the form of constructed the stone structures and will be discussed in further detail in 

Chapter 6.  

From Inland Plain to Coastal Archipelago  

Despite being a harsh, arid environment Murujuga is (and was) a resource rich compared to the more 

inland parts of the Pilbara and Abydos Plain. The unique geology and topography would have provided 

significantly greater resources than the surrounding plains during times of greater aridity. The current 

environment supports previous assertions that this landscape was likely to have been a refugia for 

people during difficult periods in the past (McDonald and Veth 2009; Veth 1993). 

There is evidence that Murujuga has dramatically changed since the earliest occupation of the country, 

and the current form of the archipelago, with a land area of approximately 300km2, is likely to have 

“only existed since the mid Holocene” (McDonald et al. 2018). Evidence for landscape change has been 

inferred from environmental records, bathymetry and on records of ice levels in the poles and eustatic 

sea-level rise after the Last Glacial Maximum (Lambeck et al. 2014:15296; McDonald and Berry 2016:4; 

Ward et al. 2013:217; Whitley et al. 2018:8). 

Past sea level is one of the most important variables for coastal regions like Murujuga. While the exact 

nature of the changes in sea level and climate remain unknown, significant work has been undertaken 

on approximating where the sea would have been through time and how this would have variously 

impacted upon the local environments (Larcombe et al. 2018; Ward et al. 2013; Whitley et al. 2018:5). 

 

Figure 1.7 Changing sea level over time (Reproduced from Whitley et al. 2018:7 Figure 4) 
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Figure 1.8 Changing climate over time (Reproduced from Whitley et al. 2018:8 Figure5)  

Modelled curves (see Figure 1.7 and Figure 1.8) were used by Whitley (2018:6) to create a series of 

photorealistic visualisations which provide viewers with a time lapse of satellite imagery. While being 

indicative-only this work reconciles various (and sometime conflicting) datasets to create the 

visualisations. There are a number of (still unknown) variables such as oceanic effects (waves, tide 

current) and weather effects can impact on physical location of the coastline beyond sea level 

(Larcombe et al. 2018:3; Ward et al. 2013; Whitley et al. 2018:8). Despite this, the Whitley visualisation 

provides a useful tool to help better understand the changing sea levels and paleo-climatic conditions 

that would have dramatically changed the shape of the region over time. Table 1.3 uses these images 

(stills taken from a video4) to illustrate a timeline of key events relevant to human behaviour on 

Murujuga to provide a broad understanding of what the changing environment would have looked like.   

                                                           

4 https://www.youtube.com/watch?v=6nvizNY2T6A&feature=youtu.be 

https://www.youtube.com/watch?v=6nvizNY2T6A&feature=youtu.be
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Table 1.3 Timeline for Murujuga and Region5 

                                                           

5 Places marked in white read from left to right: Boodie Cave, Noala Cave, Rosemary 8, Murujuga Rockshelter and Ancient Pools.  
6 Periods as identified by Ward et al. are used here (2013:217 Table 1). 
7 In Warrnambool, Victoria, the Moyjil site is an older (dated to 120 000ka), but also potentially natural shell deposit located top of a rocky beach outcrop (Bowler et al. 2019:71). 
8 The ARC project Deep History of Sea Country (DP170100812) is also currently attempting to identify submerged sites which predate the current sea-stand. 
https://deephistoryofseacountry.com/ 

    

Human 
origins 

 The current caretakers of Murujuga believe that Ancestral Beings created Murujuga “when the 
earth was soft” and that the current people, who are descendants of these Beings have 
essentially been on the continent since “time immemorial” (McDonald et al. 2018:267). 
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    65 000BP 

 

Madjedbebe (see white direction arrow) is currently the oldest confirmed archaeological site 
along a north coastal migration route7 and is located c.1950km to the northeast of Murujuga 
(star outline). At Madjedbebe, excavations identified a range of cultural deposits: the lowest 
being three dense bands dated to between 65-59.3ka and argued to be the “new minimum age 
for the human colonisation of Australia” (Clarkson et al. 2017:309).  

At this time, it is predicted that populations would have been dynamic with people travelling 
large distances. Archaeological evidence is likely to reflect “small population groups at 
occupational nodes” (McDonald and Veth 2013:73). At this time the temperature was thought 
to be similar to what it is today, although the sea level was significantly lower and the coastline 
further away (Whitley et al. 2018:8).  

    50 000BP 

 

While there is still some debate about the 65-59.3ka date for entry into Australia it is widely  
accepted that “purposeful and coordinated marine voyaging” existed by 50ka years ago (Bird et 
al. 2018:437). A number of sites throughout WA dated to 50ka (Dortch et al. 2019:30) support 
this assertion. The earliest evidence in these sites is consistent with predictions of small but 
highly mobile population groups.  

There is no direct evidence for occupation of Murujuga (star outline) at this time, there is every 
likelihood, based on surrounding regions (McDonald et al. 2018; Mulvaney 2015), that humans 
were inhabiting this area also. The site closest to Murujuga that has been dated to 51.1-46.2ka 
is Boodie Cave now on Barrow Island (infilled star). This significant rockshelter has evidence of 
continuing occupation until the island was cut-off by rising sea-levels 8kya (Veth et al. 2019; 
Veth et al. 2017:20)8. 
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9 Periods as identified by Ward et al. are used here (2013:217 Table 1). 

     45 000BP 

 

Around 45kya the climate was both warmer and wetter than it is today but by 35kya, 
temperatures began to decline and sea levels start to slowly fall (Lambeck et al. 2014: 15301; 
Whitley 2017). Archaeological evidence suggests that this subsistence economy was based on 
acquisition of goods across large distances: by 42.5kya there is evidence of shell species in 
Boodie cave (infilled star) when the coast was over 20km away. The majority of the faunal 
remains were larger arid zone species indicating that the shelter may have been a temporary 
camp used by hunting parties (Veth et al. 2019:7; Veth et al. 2017:25).  
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 30 000BP 

 

At the beginning of the LGM (c.30kya) the climate became increasingly arid with a reduction in 
surface water availability (McDonald and Veth 2013:73). Sea levels continue to fall, with 
increasing rapidity i.e. in 2,000 years sea levels fell c.40 m. (Lambeck et al. 2014: 15301).  

Between 29 to 21 kya sea levels continued to descend but at a slower rate. Sea levels fell to 
around 134 m below what they are today (Lambeck et al. 2014: 15296; McDonald and Veth 
2013:73).  

The reduction of reliable water was likely to have resulted in populations starting to retreat to 
refugia like the Dampier Ranges (now Murujuga, star outline), which still retained spring-fed  
water resources  and more predictable food sources (McDonald and Veth 2013:73; Veth 1993).  
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 23 000BP 

 

At the height of the LGM (18-23ka) the climate was cooler and at its most arid. Sea levels were 
also at their lowest with the coastline up to 160km away (McDonald and Berry 2016:4; Ward et 
al. 2013:217; Whitley et al. 2018:8). The Dampier Ranges were one of a few important refugia 
which continued to have the resources to support human habitation despite abandonment in 
many areas across the country (McDonald and Berry 2016:5).  

The earliest stratified occupation in the archipelago is at Murujuga Rockshelter (star outline), 
where the deposit was dated to 21kya (McDonald et al. 2018). This site is one of nine sites now 
identified within the northwest of WA, with evidence for occupation during the LGM (McDonald 
et al. 2018:282; Reynen 2018).  

The severe climatic conditions would have put stress on populations creating increased 
competition for limited resources and people were moving over larger distances – and signalling 
indicates more open social networks (McDonald and Veth 2013:73). 
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10 Periods as identified by Ward et al. are used here (2013:217 Table 1). 
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 18 000BP 

 

The marine transgressive phase following the LGM starts at 18kya. At this time the climate was 
starting to warm up and the melting polar ice sheets started the process of sea level rise 
(Lambeck et al. 2014: 15302; Ward et al. 2013:223).  

At Murujuga Rockshelter (star outline) there was an increase in the total number of artefacts 
and a shift towards increasing use of local materials. This suggests decreasing mobility and 
increasing local intensification from this time (McDonald et al. 2018:278). 

 16 000BP 

 

The main phase of deglaciation was between 16.5k - 8.2ka during this period there was an 
average sea rise of 12m for every 1000 years (Lambeck et al. 2014: 15296). The increasing 
temperature might have encouraged people to widen their range from the LGM refugia and it 
is thought that population groups would have been small and highly mobile (McDonald and Veth 
2013:73).  

As the sea level rose groups which had expanded into the plains would be becoming increasingly 
constrained (McDonald and Berry 2016:5). It is thought that during this time signalling behaviour 
become less important, particularly for territorial negotiation as groups became more isolated 
(McDonald and Veth 2013:73).  
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  12 000BP 

 

The beginning of the Holocene at around 11.7k, sees conditions become increasingly humid and 
monsoonal (Ward et al. 2013:217). Sea rise continues but groups are becoming larger, more 
sedentary and increasingly territorial. Marine resources become a more reliable and a central 
part the economy (McDonald and Berry 2016:5). 

As populations increase, signalling behaviour became more necessary and was likely used to 
establish and maintain territoriality (McDonald and Veth 2013:73). McDonald has argued people 
were likely to have used stone arrangements, a particularly obvious territorial marker, as well as 
intensifying rock art production during this period (McDonald 2015:128). 
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11 (Ditchfield et al. 2018:2) 

Ea
rl

y 
H

o
lo

ce
n

e
 o

r 
P

le
is

to
ce

n
e

-

H
o

lo
ce

n
e

 T
ra

n
si

ti
o

n
 

B
ig

 S
w

am
p

 P
h

as
e

11
 

 10 000BP 

 

The “Big Swamp” phase extends from 10ka to 5.5ka (Ditchfield et al. 2018). At this point in time 
likely that the coastline had approached to the edge of what is now Murujuga. Mangroves would 
have extended along a number of the major estuarine systems from this coastline (McDonald 
and Berry 2016:4; McDonald et al. 2018).  

Humans were exploiting mangrove species such as Terebralia sp. which are transportable over 
some distance (their opercula can be sealed with wet mud) and which can be found in a number 
of midden contexts from this period (McDonald and Berry 2016:4). 
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 8 000BP 

 

The rate of sea level rise progressively slows between 8.2 ka to ∼2.5 ka (Lambeck et al. 2014: 
15296), however sea levels do continue to rise and there are increasingly wet conditions until ~ 
6.5ka.  

Mangrove forests are widespread across Murujuga and archaeological evidence indicates that 
there was a continued increase in focus on marine and mangrove resources (McDonald and Berry 
2016:4-5; Ward et al. 2013:217). During this period the first evidence of domestic stone 
structures were being made and used on Rosemary Island (marked with a star) dates to between 
8.1-7.4kya (McDonald and Berry 2016:1).  

 7000BP 

 

It is broadly accepted that sea level reached and exceeded modern elevations between 7500 and 
8000 cal. BP, ~1000 years earlier than previously thought (Ward et al. 2013; Whitley 2016). The 
exact timing and length of the highstand, when sea levels were 1-2m higher than they are today 
is disputed and the supporting data fragmentary. There are three main possibilities: that the 
highstand was prolonged eventually reaching current levels 1000 years ago; that it reached the 
highstand levels and then ‘smoothly reduced’; or that sea levels oscillated to their present level 
(Lewis et al. 2013:131).  
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 6000BP 

 

The rising sea levels may have caused a hiatus or reduction in use for several thousand years but 
there is evidence  as observed by early explorers that islands were accessed either by swimming 
or through the use of mangrove log water craft (see below Durlacher 2013; Gregory and Gregory 
1884; King 1827). 

Excavations in the region show a general increase in excavated archaeological material during 
this time (Ditchfield et al. 2018:2; McDonald and Berry 2016:4). It is likely that the higher sea 
levels increased the need for continual negotiation of territorial boundaries through symbolic 
behaviour. The transformation of this area from an inland range to an archipelago is reflected by 
the iconography in the rock art (Bird and Hallam 2006b: 2; JMcD CHM 2005; JMcD CHM 2006; 
McDonald and Veth 2009; Mulvaney 2015).  
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Around 4kya mangal environments declined and archaeological evidence from middens shows 
that there was a switch from mangrove shell species to those such as Anadara sp. which prefer 
rocky shore, mudflat and sandy beach environments (McDonald and Berry 2016:6). The massive 
shell mounds found from this period onwards is indicative of a significant population inhabiting 
the region at increased intensity (McDonald and Veth 2013:128).   

A reduction of highstand levels around 1-1.5ka to present levels (Lewis et al. 2013; Ward et al. 
2013:226) would have further impacted population dynamics.  McDonald and Veth (2013:73) 
argue that there was an apparent decline in rock art production at this time and that this medium 
could have been replaced by an increase in stone arrangement construction to “delimit sacred 
spaces in the ceremonial cycle” which were likely to have accelerated due to  increased 
population density. 
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Aims  

By providing a better understanding of stone structures as a site type across Murujuga, this dissertation 

aims to provide a new typology for further analysis of local stone structures and that could be adopted 

across Australia. Three key questions are identified with relation to Murujuga’s structures: 

1. What are the distinct stone structure types that can be identified?  

2. What can be determined about the function of these structure types? 

3. What do stone structures tell us about past lifeways and human behaviour? 

The first two questions are seemingly straightforward but in starting to address them, problems and 

gaps in previous approaches are identified, including some issues in the way that stone structure types 

have been previously defined. In answering these questions I will provide a foundation and unifying 

principles that can be used to better understand stone structures as a site type.  

The third question is necessarily broad in order to capture the variety of ways that stone structures 

were used and what this can show us about human behaviour in the past. While some research has 

begun to consider theoretical constructs it is generally uncommon and this site type is broadly under-

examined and under-theorised. Human behavioural ecology (HBE), provides a robust framework that 

can be adapted to conceptualising stone structures. Integrated HBE models can be tested against a 

number of inferences on how specific stone structure types may have been used and how increased 

construction can iterate further intensification and signalling behaviours through time.  

Before the first three questions can be answered it is necessary to attempt to resolve the debate around 

the origins of stone structures. A fourth question therefore takes precedence: 

4. How can natural features be differentiated from cultural constructions?  

A fundamental problem in this controversy is objectivity: arguments for/against a structure being a 

cultural construction has relied on often limited field observations which has been difficult to verify in 

photographs (where these exist). Any methodological approach therefore needed to centre on 

objective and reproducible analysis.  To this end, geographic information systems (GIS) and Structure-

from-Motion (SfM) photogrammetry using imagery collected by an unmanned aerial vehicle (UAV) have 

been deployed as the appropriate tools to achieve this. A number of additional questions arose from 

this methodological approach: 

5. Can reproducible landform analysis be performed? 

6. Can landform visualisations be used to better understand stone structures? 

7. What are the advantages and pitfalls of using UAV data and SfM techniques? 

These questions are necessarily inductive and focused on methodology because of the problems 

already outlined in previous analysis of this site type.  
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Thesis Structure 

Chapter 1 - Introduction  

This chapter has introduced stone structures as an important archaeological site type and explained 

why, in significant cultural landscape, a better understanding of the range of Murujuga structures is 

needed. Murujuga is a perfect place to start to develop more complex and sophisticated analytical 

approaches because of density and variety of structures already identified. The little that is known 

about the Yaburara people who built these structures is identified. The current Murujuga environment 

and how this has changed through time is also presented and the research questions and focus of this 

dissertation have also been outlined. 

Chapter 2 - Stone Structures in Australia 

Previous stone structure research across Australia is discussed. Some problems and lessons from 

previous approaches are highlighted, with a focus on the importance of developing a well-defined, 

form-based, typology. The current ‘Murujuga Types’ are described, revealing their overlapping 

definitions.  The controversy over the anthropogenic origins of these features, which has led to these 

sites being neglected by researchers and heritage managers, and an under-recognition of Murujuga’s 

heritage values, is discussed.  

Chapter 3 - Historiography of Stone Feature Interpretation  

The range of different functional approaches to stone structures is summarised and the various forms 

considered. The ways that form and function are relevant, but not necessarily correlated, is discussed.  

Chapter 4 - Theorising Stone Features 

Here, the ways in which stone structures can manifest evidence of past human behaviour are 

considered. Human Behavioural Ecology (HBE) is shown as a foundational line of enquiry to untangle 

the differences in how somatic (relating to the body) and symbolic responses might manifest in the 

archaeological record. The HBE framework integrated with ideas developed in Niche Construction 

Theory and Information Exchange Theory are used to develop models for understanding somatic and 

symbolic functions.  

Chapter 5 - Methods and Methodological Approach 

Spatial archaeology and geoarchaeology inform the methodological approach used in this dissertation. 

These paradigms are discussed and some foundational information is provided about the various 

technologies used during this research.  
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Chapter 6 - Natural Features or Anthropogenic Structures 

The ongoing debate about what constitutes an anthropogenic structure is tacked in this chapter. This 

problem is complicated by the naturally rocky nature of the landscape as well as the quantity and variety 

of identified structure types, but is a fundamental problem which has led to the under-recognition of 

Murujuga stone structures. Criteria for distinguishing between natural features and anthropogenic 

structures in the landscape are presented with particular attention to construction technique. 

Chapter 7 - Re-envisaging Murujuga Stone Features  

A summary of (‘recent’ and ‘legacy’) stone structures found across Murujuga with discussion on their 

distribution across the archipelago. Focussing on construction, some initial trends are identified and it 

is demonstrated that summarising structures by construction alone, does not account for the full range 

and variation now known across the archipelago.  

Chapter 8 - A New Typology 

A new typology is presented identifying nine structure types and twenty five sub-types. These types are 

defined based on construction, structure shape and landform (context and morphology). Detailed 

descriptions as well as images and schematics of each type are presented to clearly define each type. 

Chapter 9 - Stone Structures in the Murujuga Landscape 

The distribution of stone structures within the nine Murujuga structure types is presented. A summary 

of the landform context for each type is provided and examples are discussed with some consideration 

of the rage of potential functions for each type.  

Chapter 10 - Stone Structures Contextualised 

The initial research questions are revisited and assessed. Methodological approaches and criteria 

developed for distinguishing anthropogenic constructions from natural features are evaluated. The new 

Murujuga typology and the functional interpretations of these types is discussed. An integrated model 

for stone structures is developed, emphasising somatic and symbolic interpretive pathways. Future 

directions required for progressing Murujuga stone structures research are discussed. 

Outcomes/Benefits 

This research is significant because it investigates a site type which, despite the ubiquity, has not been 

explored in nearly as much detail as other components of the Murujuga cultural landscape.  This 

analysis aims to not only better understand the parameters that influenced the creation of these sites, 

but to also provide new insights to better contextualise these enigmatic and understudied features. 

The six key benefits of this research are: 
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1. Criteria which can be used to distinguish between natural features and cultural constructions; 

2. A typology which can be used for future projects in Murujuga; 

3. A theoretical frameworks for stone structure research as an important sub-discipline in 

archaeological research; 

4. A model which combines the theoretical approach with the recorded evidence to better  

understand why these sites were created and how they were used; 

5. Additional information on the scientific values of this site type in an important National 

Heritage Listed Place, currently being considered for its Outstanding Universal Values; and, 

6. Additional information for the Murujuga Aboriginal custodians about stone structures in the 

landscape, including digital visualisations that can be used to aid their management and 

interpretations of this important cultural resource.  
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Chapter 2  

Stone Structures 

Previous stone structure research in Australia and an introduction to Murujuga  

Previous stone structure research has been dominated and constrained by a primary emphasis on 

function. While some stone structure studies have begun to grapple with theoretical constructs more 

detailed analysis is needed in this research field. In this chapter I provide details of previous research 

and the limitations of that work. I then discuss the history of archaeological research on Murujuga to 

provide an understanding of what kinds of stone structures have been found, what is currently known 

about them, and why the further work in this region is important. I will also demonstrate why Murujuga 

stone structures are ideal for exploring the methodological and theoretical issues related to this site 

type. 

Stone structures are an important archaeological resource that provide locationally embedded 

information about a range of human behaviours including subsistence practices and social and cultural 

activities. While specialised studies of archaeological components, such as stone artefacts, rock art, 

zooarchaeology are common (Hiscock and Clarkson 2000), the study of stone structures is not yet 

considered a sub-discipline in archaeological research. That is not to say there have been no attempts 

to understand structures, just that the specialised nature of this site type has not been broadly 

recognised. A review of the literature indicates a number of reasons for this: 

 Distribution and scale: stone structures are uncommon in some areas and therefore rarely form 

part of standard archaeological analysis. Where structures are identified, many study areas are 

not of sufficient size (scale) to capture a large enough sample to warrant a consideration of 

these in a holistic manner; 

 Function and ethnographic interpretation: the complex function of individual sites provided by 

ethnographies has created a reluctance to hypothesise about the function of structures when 

a direct connection to those who made or used these them is unavailable; 

 Classification and typologies: previous typologies have inherent problems, adding to difficulties 

in understanding variability within this site type. 

 Chronology: difficulties in dating stone structures mean that they have been difficult to 

contextualise in chronological models. 

 Controversy over origins: difficulties in accepting the anthropogenic nature of stone structures 

have led to cautious approaches in defining and interpreting this site type;  
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 Under-theorising: interpretive frameworks specific to stone structure research require further 

development. 

I will address each of these identified problems. Controversy over origins and under-theorising are 

significant issues and will be addressed in greater detail in Chapter 3 and Chapter 6.  

Distribution and Scale 

While the nature, distribution and quantity of stone structures is variable across Australia, enough 

structures have been recorded to warrant a consistent analytical approach to analysis. While there is 

no national dataset to illustrate this point, relevant state heritage departments do hold databases with 

site locations. The location data for these locations can be used to illustrate a number of ‘hotspot’ 

locations across the country where stone structures appear to be found in higher quantities (see Figure 

2.1).  

 

Figure 2.1 Stone Structure ‘hotspots’ in WA, NT, NSW and QLD 1 

Hotspots are defined using a kernel density calculation in ArcGIS and analysis was performed on all data 

using a 63km search radius and 7km2 grids. Unfortunately, I was only able to access to spatial data from 

four states and territories due to data permissions protocols. While some other sources of data do exist 

                                                           

1 Note: hotspot raster is displayed using a standard 
deviation calculation 
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for these states, it was not comparable with the state-wide datasets and they were left off the map. 

Jurisdictions who were unable to provide data did provide some basic information about the sites held 

in their databases. This information, summarised in Table 2.1, showed that stone structures currently 

comprise an average 2.4% of the total number of sites recorded in each jurisdiction.  

Table 2.1 Proportion of stone structures (compared to all other sites) recorded across the States  

Regulatory Register 
Sites containing stone 

structures 

Proportion compared to 
all cultural 

features recorded 

Western Australia (WA) 2256  6.3% 2 

Northern Territory (NT) 270 3.2%3 

New South Wales (NSW) 822 0.8%4 

Australian Capital Territory (ACT) 8 0.2%5 

Queensland (QLD) 806 1.7%6 

Tasmania (TAS) 90 0.7%7 

Victoria (VIC) 789 2.0%8 

South Australia (SA) ~400 ~5.0%9 

This means that WA has proportionally more stone structures identified than in other states. It also 

shows that the WA hotspots (Goldfields, Central Pilbara, Murujuga and Kimberley) are nationally 

significant.  

This hotspot analysis is partly indicative of intensity of survey, but is also indicative of different geologies 

in certain regions as much as different past socio-cultural patterns. In other words, the hotspot 

locations can be areas where more compliance-based archaeological investigation has occurred and/or 

places where the geology is different. For example the Hunter Valley and Sydney have both been 

intensively surveyed but Sydney has many more stone structures. More work is needed to further 

understand this variability in structure-density across the nation. Identifying and examining stone 

structures within hotspot areas (like Murujuga) could help the development of specialised approaches 

and new methods and theories.  

                                                           

2 Data downloaded from the DPLH website January 
2021. A centroid for each site was then plotted and 
used for analysis  
3 Data provided 2019. My thanks to Dianne Bensley 
from NT Heritage who facilitated this. 
4 Data provided in 2019. My thanks to David Gordon 
from NSW Heritage Operations who facilitated this. 
5 Pers. comm. Richard Hekimian 2021  
ACT Heritage  

6 Data provided in 2021. My thanks to Stephen 
Nichols from QLD Cultural Heritage Unit who 
facilitated this. 
7 Pers. comm. Kate Moody 2021 Aboriginal Heritage 
Tasmania. 
8 Pers. comm. Oona Phillips 2021 Aboriginal Victoria. 
9 Pers. comm. Alex Nuijten 2021 Aboriginal Affairs 
SA 
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Ethnography and Function 

The use of ethnographic and historic records to contextualise and interpret stone structures and their 

likely functions is common practice in Australia (e.g. see Elkin 1933; Gould 1968; Gould 1969). This 

approach commenced early with descriptive reports by European settlers of Aboriginal stone 

arrangements. Later descriptions were integrated with ethnographic accounts where available, with 

discussion of form and function at a single location or across a few specific sites (Campbell and Hossfeld 

1964; Gould 1968; Jones 1965; Love 1938; McBryde 1963; McCarthy 1953; Mountford 1927; Sofoulis 

1973; Wood Jones 1925).  

The use of descriptive analogies and inductive reasoning continues in more recent examples in 

Australian stone structure research (see Bindon and Lofgren 1982; Builth 2014; Gunn et al. 2012; 

McIntyre-Tamwoy et al. 2015; Robins 1981; Westaway et al. 2021). Such accounts indicate subsistence 

activities and complex embedded mythological elements; many provide useful descriptions of the sites 

and a good understanding of how specific sites may have been used in the past. However, this approach 

is focused on individual sites, without consideration of how individual examples can be applied to 

locations where ethnographic evidence is not available. Site specific interpretations have led to locally 

constrained and highly specialised descriptions of function, that do not allow for understanding of 

structures in areas where ethnography is not available and direct analogy is not possible (Cane 

1980:141; Stead 1987:9). 

Undeniably, ethnographic information provides crucial emic information to better understand how 

specific objects were made, used and even when or why they might have been discarded. This 

information can be mobilised by researchers who have a different (etic) cultural tradition, to help 

understand stone structures in the archaeological record. Ethnographic information can even be used 

to demonstrate complex ritual practices and illustrate how embedded spirituality can manifest in stone 

arrangements, even in those which might appear to have obvious subsistence functions like fish traps, 

as well as in natural features (McNiven 2004). Ethnographic information that is used mindfully can also 

be useful for areas or sites where no ethnographic information is available. Examination of structures 

in the context of landscape modification, along with a good explanatory framework (e.g. Hook and 

DiLello 2010), and awareness of other surrounding archaeological material (e.g. Law and Slack 2020) 

allows for more successful interpretations. 

As continuity or homogeneity of technological and cultural practices cannot be assumed, ethnographies 

should also be treated with caution. Archaeology has also shown in modern context that what people 

say and what they do can differ (e.g. Rathje and Murphy 2001). Archaeologists do not require historical 

documents or ethnography to provide valuable insights and archaeology and while ethnographies can 

provide an interesting and nuanced account of the functions known to those who used them (Gould 
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1969; Lofgren and Dix 1974), a lack of available ethnographic information does not prevent meaningful 

archaeological interpretation.  

Problems with Typologies  

The division of material into ‘types’ is a fundamental archaeological method. Typologies are “nothing 

more than a conceptual scheme for classifying individual artefacts [or stone structures] on the basis of 

a common set of attributes” (Holdaway and Stern 2008:212). A range of approaches can be used in 

developing a typology, but the overall aim is to create some order to allow for identification of 

similarities and differences with a view to observing patterns of behaviour (Clarke 2015:44). An analysis 

of historic typologies used in previous research identifies some of the key typological problems (see 

Table 2.2) which include interchangeable uses of form, function and construction; a function-first 

approach; and a constrained focus on a single form of structure. Only four of these typologies consider 

stone structures nationally (Lane and Fullagar 1980; McCarthy 1940; Stead 1987; Towle 1939), the 

remainder relate to specific geographic areas.  

The earliest and most regularly cited typologies in Australia come from Love (1938), and McCarthy 

(1940:158). These authors divide stone structures into five basic types primarily based on the 

morphology. Love’s typology is based on 16 sites constructed by the Worora people (Kimberley, 

Western Australia). He used direct observations and conversations with informants to understand why 

the structures were created. This is a useful starting point for analysis of stone structures, but it does 

not include those structures which were not observed in use. Echoes of these early typologies are 

repeated and expanded upon through other studies. 

McCarthy (1940:158) provides a comprehensive approach considering structure classification across 

the continent. These typologies demonstrate a consistent problem found in stone structure research: 

interchangeable use of form and function to define types. This inconsistent approach means that 

assigning a structure to a particular type can be subjective and the probability of overlaps between the 

different types is increased. This problem is not unique to stone arrangements and is a hangover from 

culture historical approaches where “despite the best efforts of the classifiers, form and function often 

were conflated” (Holdaway and Stern 2008:215; Lyman et al. 1997).  

Towle (1939:217) provides the first real attempt to objectively summarise the range of stone 

arrangement types identified across the country. This simple paper provides a list of 92 references with 

letters assigned to each according to the aspects of stone structures addressed (see Table 2.2). 

Although comprehensive, no discussion or analysis of the types or forms is provided.  
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Table 2.2. Examples of Previous Stone Arrangement Typologies 

Kimberley WA 
(Love 1938) 

Australia  
(Towle 1939:217) 

Australia  
(McCarthy 
1940:184) 

VIC and 
Australia  
(Lane and 
Fullagar 
1980:147) 

WA 
(Benson-

Lidholm 1983: 7) 

TAS 
(Cane 1980) 

NSW/ACT and 
Australia  

(Stead 1987:37) 

Pilbara WA 
(Hook and 

DiLello 2010: 
290) 

Torres Strait QLD 
(Fitzpatrick 2015:41) 

1. remarkable 
natural features  

2. monoliths, not 
heavier than 
one or two men 
could erect;  

3. groups of 
elongated or 
“peculiar-
looking stones” 

4. elaborate 
arrangements 
of stones, such 
as circles, 
parallel lines, 
ovals, or more 
intricate 
designs;  

5. cairns 
 

1. fish traps (21 
papers) 

2. standing 
stones (16 
papers) 

3. stones 
arranged in 
straight lines, 
circles, lines 
and other 
forms (33 
papers) 

4. stone piles, 
heaps, clusters 
(33 papers) 

5. stone features 
generally (20 
papers) 

1. fish traps 
2. monoliths 
3. heaps and 

cairns 
4. circles and 

lines of 
stones  

5. elaborate 
arrangements 
including 
multiple 
elements 

1. artificial dams, 
weirs, dykes 
across 
watercourse 
(straight and v-
shaped) 

2. fish traps  
(low walls and 
maze) 

3. hunting hides 
(not specified) 

4. direction 
indicators 
(standing 
stones) 

5. tribal 
Boundaries 
(not specified) 

6. hearth stones/ 
threshing 
floors (circle) 

7. Shelters 
(circular) 

8. petrographs 
(not specified) 

9. Ceremonial 
(boomerang, 
maze, ovate, 
cairn, semi-
circular) 

1. heaps and 
cairns,  

2. monoliths,  
3. circles and 

ovals,  
4. lines of stones,  
5. terraces,  
6. pits,  
7. slab on block 

construction, 
8. complex 

arrangements,  
9. fish traps,  
10. hunting 
blinds,  
11. capped 
gnamma holes  

1. pits 
2. enclosure pits 
3. mounds 
4. dry stone wall 
5. pebble ridges 
6. paths 
7. tracts of 

pebbles 
8. linear 

depressions 
9. alignments 
10. pebble 

enclosure 

1. heap 
2. heaped 

arrangement 
3. upright Stone 
4. placed Stone 
5. alignment 
6. cluster 
7. pit and channel 

1. circular 
2. closed 

polyline  
3. curvilinear 
4. linear 
5. polylinear  
6. single 

subdivided into  
1. circular 

infilled 
2. circular 

outline  
3. closed 

polyline 
infilled 

4. curvilinear 
parallel 

5. curvilinear 
single  

6. linear parallel 
7. linear 

perpendicular 
8. linear single  
9. polyline 
10. single 

reinterpreted as  

1. cairn <1m 
2. standing stone 
3. capstone 
4. stone-bone-shell mound  
5. c or v variant 
6. rectangular arrangement 
7. animal effigy 

arrangement 
8. circle <1m⌀ 
9. circle 1-2m⌀  
10. low grouping of slabs 
11. linear (1-2 stones high)  
12. circle 2-3m⌀  
13. animal effigy stone  
14. circle (not defined) 
15. cylindrical/turret-like 

cairn 
16. complex structure 
17. broken wall 
18. enclosed triangle variant  
19. wall <3m long 
20. cairn 1-2m  
21. stone/stalactite/coral 

slab 
22. enclosed slab circle 
23.  stone/coral arrangement  
24. unknown 
25. rectangular beach rock 

slab  
26. painted/coloured stone  
27. water holding stone 
28. fallen slab 
29. cupules (?)  
30. circle (3m+⌀)  
31. horizontal stone 

grouping  
32. rectangular enclosure 
33. mound standing stones  
34. cairn 2m+ 
35. wall 10-20m long 

(Law and Slack 
2020) 

1. Linear 
arrangements 

2. curvilinear 
arrangements 

3. cairns 
4. standing stones  
5. amorphous 

arrangements 
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Benson-Lidholm (1983) also includes a mix of categories including: functional (hunting blinds and fish 

traps), structure form (circles and ovals, lines of stones slab on block), landscape form (terraces), 

construction (pits, heaps and cairns) and a number of attributes (complex arrangements). Nevertheless, 

this work is an impressive and comprehensive regional comparison with 50810 sites and eleven types 

identified, plotted and compared. The four WA hotspots identified; Dampier Archipelago, Central 

Pilbara, Kimberley and Goldfields (Figure 2.1 and Table 2.1 above) are still present today, despite the 

fact that there are over four times as many structures recorded (Benson-Lidholm 1983: 7).  

A different approach was taken in work by Lane and Fullagar (1980:146) with nine ‘types’ defined by 

observing shape, environment and function. Function in this typology is inferred based on 

“ethnographic analogy, archaeological data, form and content; or from a combination of these 

considerations” (Lane and Fullagar 1980:146). While this work provides important methodological 

frameworks, it still depends on a subjective grouping of structures based on an inferred function. The 

types identified are not clearly defined and would be difficult for different researchers to reproduce. 

While understanding the function of stone structures is of central importance, assigning a type using a 

function is problematic because it relies on the archaeologist’s perception without building in a 

mechanism for changed classification if and when additional information becomes available.  

Another approach is to consider only one particular form of structure and the variability found within 

it. This has the benefit of allowing a focus on the range and variability of attributes within a single ‘type’. 

This approach been most commonly used in the analysis of fish traps (and Kreij 2016; Rowland and Ulm 

2011; see Welz 2002), however it also applies to work undertaken in the central Pilbara, in the 

Packsaddle area (Hook and DiLello 2010). Hook and DiLello (2010:291) argue that the variability of 

structure shape reflects a graphic, or symbolic, system: a form of information exchange suggesting that 

the structures probably had a ceremonial or ritual function. Comparisons between the quantity and 

variability of arrangements in this area compared with others in the central Pilbara was used to argue 

that Packsaddle (also known as Gurdadaguji) was an aggregation location for people in the last 500 

years (Hook et al. 2002: 290). Slack and Law (2020) use a similar typology to Hook and DiLello (2010:291) 

with the addition of cairns. They advocate for analysis of other associated archaeological material in 

designating types. Both projects show the value of considering variability of attributes in more depth 

and of using a limited range of structures in a regionally specific locale.  

Many typologies are not readily adaptable to other regions. An extreme version of this can be seen in 

Fitzpatrick’s (2015:14) work on arrangements from Torres Strait, nearby Cape York Peninsula and 

Melanesia. Here 301 arrangements are classified into 35 types, with attributes including, shape, size, 

construction and material. The phenomenological framework supported interpretation of interactions 

                                                           

10 then comprising 5% of the total number of registered sites on the states database 
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between local and nearby peoples, but this typology has too many locale-specific categories to be 

replicated within other regions or at a national scale (Fitzpatrick 2015:14; Fitzpatrick et al. 2018).  

Cane’s (1980) work on stone structures, found mainly on pebble beaches in Tasmania provides an 

interesting introduction to some of the problems that are found within the rocky Murujuga 

environment. The potential origins of these structures (natural, historical or Aboriginal) are discussed 

and geomorphological and biological origins for some of these structures are superficially considered 

(Cane 1980:120). However, this work suffers from not having a theoretical framework and from being 

too rather than on trying to understand these structures in a more interpretive sense. Cane identifies 

ten main types focused on construction method and form, however, no reproducible criteria for 

determining the structure origins is developed. A series of detailed sub-types based on measurements 

and attributes are outlined and there is an impressive focus on creating plans and measurements, a 

clearly labour intensive process, however these sub-types are not used in the final analysis (Stead 

1987:31) and ultimately the final conclusions are vague: “the most convincing explanation for the 

majority of the artificial stone features recorded…is their presence as spiritual or ceremonial centres” 

(Cane 1980:148).  

The use of construction as the dominant defining feature was also adopted by Stead who identified 

seven types based on modes of manufacture (construction) and morphology (1987:35). Stead was 

critical of those who create “a melange of types” using function, shape, construction and detail or 

complexity during the process (Stead 1987:28). The ‘techno-morphological’ classes were tested using 

144 sites from across New South Wales (NSW) and the Australian Capital Territory (ACT); and the 

“possible cultural significance of various characteristics of arrangements” are discussed as a secondary 

component to the analysis (Stead 1987:34). Regional differences were identified and the work provides 

a comprehensive, albeit descriptive summary of stone structures across NSW and the ACT. This work 

provides a clearly defined and reproducible approach to typological analysis of stone structures. The 

limiting factor is that it remains a descriptive analysis focused on understanding the individual meaning 

and function of stone structures without consideration of the broader patterns of land use.  

This review has highlighted a range of inherent problems in previously defined stone structure 

typologies. The most common issues are unclear definitions and the mixing of form and function. This 

problem exists because the focus of the typology is on function first, with form being assigned to 

structures where a potential function is not recognised. Determining the function of specific structures 

is important, but considering it as secondary to the other defining attributes avoids confusion and 

allows for later re-interpretation where necessary. The best examples of objective and reproducible 

typologies are those defined by Cane (1980) and Stead (1987): these typologies are based on 

construction and morphology with some consideration of the general topology within which they are 

situated. This approach will be further developed when identifying a typology for Murujuga stone 

structures (see Chapter 8). 
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Understanding Chronology of Stone Structures 

Difficulties in determining the chronology and linking stone structures with broader archaeological 

occupation sequences is another fundamental problem which has beset the study of stone structures 

(Stead 1987). Dates have been recovered for a number of structures across Australia (see Table 2.3), 

showing that while dating remains difficult it is in no way impossible. A number of different 

chronological techniques have been attempted across the country, with varying success.  

The most common technique used to date the age of a structure is carbon-14 (14C) dating of associated 

organic material. Organics can be from middens within (McDonald and Berry 2016; Vinnicombe 1987a; 

Williams 1985) or adjacent to structures (Barker et al. 2016:232; McIntyre-Tamwoy 2011; Ulm 2006), 

or from charcoal excavated from beneath or within the structures (David et al. 2004; Ferguson 1981). 

A less commonly used 14C method is dating material that is part of the construction, particularly in 

coastal areas where material like shell has been integrated in the arrangement (Fitzpatrick et al. 2018; 

O'Connor et al. 2007). Yet another 14C method was the dating of accumulated fluvial charcoal, extracted 

during the excavation of a channel feature at Lake Condah which provided a series of determinations 

which convincingly dated construction and maintenance of the channel (McNiven et al. 2012). These 

studies show that successful application of radiocarbon dating depends on specific conditions and the 

likelihood that the material being dated actually does relate to the construction or use of the structure.  

Another technique used is optically stimulated luminescence (OSL). OSL can be used to provide a date 

for when sediments in association with stone structures were last exposed to light. This technique has 

been used on standing stones in the Pilbara, where the sediment underneath the stone is used to 

provide an indication of when a hole was dug to emplace the stone (Gliganic and Slack 2018; Hook and 

DiLello 2010; Hook et al. 2002). The only published results for this work so far state that the structures 

were “constructed/maintained in the last 300 years” (Hook and DiLello 2010:291). Luke Gliganic (2018 

pers. comm.) has also undertaken standard OSL sediment dating from sites in this area and preliminary 

results show that it was likely that individual stones had been added or moved over multiple phases - 

evidence that these sites were part of dynamic ritual activities and stones were moved and added over 

time (Veitch in Ross 2008:91). Further development in this approach is underway; Gliganic (2018 pers. 

comm.) has suggested that it may be possible to date the underside of the stones in the arrangement 

in order to ascertain when that side was last exposed to sunlight. This technique was used in the direct 

dating of a quarry in Tibet (Gliganic et al. 2019).  

A third method used to ascertain the age of stone structures in Australia has been the correlation of 

specific structure use with past climatic events; such as sea level rise or the presence or absence of 

inland lakes (Head 1989; Hope and Vines 1994; Kreij et al. 2018). This technique provides time 

‘windows’ within which environmentally dependent activities were occurring. The downside of this 

technique is that the windows could represent fairly long periods of time. 
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Table 2.3 Summary of previous attempts to determine the age of Stone Structures 

Published Date/s Location Dating Technique Description 

18,500±1700 BP 11 
Quininup Brook, 
South West of 

Western Austra1ia. 

Excavated charcoal directly 
associated with one of the 
stone clusters dated using C14 

This site consists of artefacts associated with 38 clustered heaps of “granite-gneiss 
manuports” (Ferguson 1981:624). One such cluster intersected at 90-95cm below 
the surface was dated by associated charcoal. It is hypothesised that these 
structures were likely of domestic origin and may have been remnants of hearths 
or used as weights to prevent bark or other material used to construct shelter 
branches from blowing away (Ferguson 1981:629). 

Estimated either 

15,000-9000 BP 

or 

3,000 BP to present12 

Brewarrina, New 
South Wales. 

Dates are inferred from 
when there might have been 
sufficient water in the system 
for a trap to have been 
effective.  

Baiame's Ngunnhu (Brewarrina Fish Traps) are a series of stacked walls and pens 
that extend along the Barwon River. These structures have never been conclusively 
dated, however two periods of potential use have been suggested (Hope and Vines 
1994:67). It has been claimed that this site is the oldest in the world and have 
quoted dates of up to 40 000 years. This early date is unsupported and is based on 
the assumption that the traps were in use from when humans arrived in the region 
(Vines 2019 pers. comm.). 

7669 ± 92 cal BP 

8063 ± 108 cal BP 13 

Rosemary Island. 
Dampier Archipelago, 

Western Australia 

Shell from within structure 
dated using C14 

A series of conjoined circular “house structures” created with stacked stones on a 
rocky platform. An excavation in the centre of one of these structures yielded 4.9kg 
of shell and 156 artefacts (Berry 2018:316). Dates were taken from excavated 
Terebralia (7760–7578 cal BP) and Melo (8161–7962 cal BP) shell, both commonly 
associated with midden assemblages. These structures are currently considered to 
be the earliest domestic structures in Australia (McDonald and Berry 2016:9). 

c.6,600 cal BP initial 
bedrock removal 

600-800 cal BP additional 
channel wall construction 

300 cal BP excavation of 
external bedrock for 

further wall construction14 

Lake Condah, Victoria 
Fluvial charcoal from within 
channel dated using C14 

This site consists of a series of built stone channels linked to ponds. These are 
interpreted to be evidence of fish (primarily eels) farming (Builth 2014; Coutts et 
al. 1978). Excavations across one such structure, Muldoons Trap Complex, 
provided an innovative dating techniques (McNiven et al. 2012:281). Samples 
provided two dates of 6448-6665 cal BP and 6483-6744 cal BP which are 
considered to be the minimum age for when “basalt blocks were removed to 
construct the both channels” (McNiven et al. 2012:281). This work also identified 
a second and potentially third phase of wall construction at this site. This makes 
these structures amongst the oldest fish traps in the world as well as demonstrating 
multiple phases of use.  

                                                           

11(Ferguson 1981:618) 
12 (Hope and Vines 1994:67) 

13 (McDonald and Berry 2016:10; McDonald and 
Harper 2016:10). 

14 (McNiven et al. 2012:284) 
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Published Date/s Location Dating Technique Description 

4,569±42 BP 15 
Rankin Island 

Kimberley, Western 
Australia 

Coral retrieved from within 
the wall dated using C14 

A low (50-105cm) linear stone structure extending 160m in length on a raised 
pebble ridge, between the beach and a swamp. The wall extends partially along the 
crest of the beach/ At the southeast end it divides into two walls which almost run 
parallel and at the northeast end it loops around (almost 360 degrees). A number 
of other walls, standing stones, piles, hollows and a rosette shaped constriction are 
also present on the swamp side of this wall. The structures are interpreted as 
having mythological significance as well as relating to quarrying activities (O'Connor 
et al. 2007:20-21). A piece of coral on the land side of the wall was dated as the 
“maximum age for construction or repair of the wall” (O'Connor et al. 2007:19). 

4,280±100 BP 16 

Phillip Point 

Burrup Western 
Australia 

Shell from beneath a stone    
This site was a hunting hide which consists of “a wall enclosing a rectangular area 
2.5m long by 1m wide with a floor of small stones (Gara 1984; McDonald and Veth 
2009:53). 

3,500 years ago - Present. 

17 

Sweers Island, Gulf of 
Carpentaria, 

Northern Australia 

Inferred date based on 
inundation modelling 

A series of walled linear structures in the intertidal zone which were digitally 
reconstructed. Inundation modelling was used to show that “all fish traps operate 
most efficiently at present mean-sea level” which commenced around 3500 years 
ago (Kreij et al. 2018:148). 

2,415 ±155 cal BP 18 
Gum Tree Valley, 
Burrup Western 

Australia 

Surface shell collected from 
the centre of the structure 
dated using C14 

‘Hut A’ comprises a series of circular cleared areas in a rocky outcrop. Stones are 
stacked around the edge and a standing stone is present within the complex. This 
structure was excavated and 57 artefacts were recovered (Lorblanchet 2018:444). 

2,320 ±210 cal BP 19 
Gum Tree Valley, 
Burrup Western 

Australia 

Surface shell collected from 
the southern part of the 
structure dated using C14 

‘Hut B’ also contains a “lateral arrangement of ‘rooms’” (Lorblanchet 2018:445) 
with four lined holes on the northwestern side, interpreted as post-holes. Flakes 
and shell were also collected from the floor of the structure (Lorblanchet 
2018:445). 

>2,000 years old 20 
Mort Creek, Rodds 

Peninsula, 
Queensland 

Date inferred from 
excavation of adjacent 
midden. Midden dated using 
C14 

A “probable fishtrap” and “possible monolith” associated with a shell midden and 
natural shell deposit. Based on 12 dates from the midden deposit it is argued that 
the whole site was mostly abandoned after 2000 years ago (Rowland and Ulm 
2011:26; Ulm 2006:97). 

                                                           

15 (O'Connor et al. 2007:19) 
16 (Gara 1984) 

17 (Kreij et al. 2018) 
18 (Lorblanchet 2018:447) 

19 (Lorblanchet 2018:447) 
20 (Rowland and Ulm 2011:26) 
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Published Date/s Location Dating Technique Description 

<2,000 years old21 Lake Condah, Victoria 
Date inferred from paleo lake 
levels  

Sediment dating and pollen analysis of fish traps at Lake Condah and Condah 
Swamp, Victoria was used to argue that while the system could have been used for 
the length of time that there was water in the system (8000 years). Some traps in 
the system were out of range until the last “one or two thousand years” and it is 
likely that systematic use and “any sort of continuous occupation” was also from 
this time period (Head 1989:115).  

c. 900 - 1,650 cal BP22 
Goemu on Mabuyag 
Island Torres Strait, 

Queensland 

C14 dating of charcoal 
excavated from around 
alignment. 

The excavation of a linear midden mound revealed an alignment of six stones 95-
100 cm below the surface. The alignment was found within shelly sands 
underneath the main midden layer and was not associated with any other cultural 
material (McNiven et al. 2015:391). It is speculated that the stones form part of a 
larger ceremonial arrangement constructed near the settlement area (McNiven et 
al. 2015:453). The mound midden is also considered a ritualised form of 
remembering, with the shape and artefacts within the deposit are linked to 
ancestral connection to place (McNiven et al. 2015:458). 

Earliest at 1,330 years ago 

Maintenance at 800 and 
450 years ago 

Most recent at 390 years 
ago23 

Packsaddle Range 
Central Pilbara 

Western Australia 

OSL dating of sediment 
underneath upright stones. 

Four sites with comprising a number of clustered standing stones. A range of 
samples were taken from beneath the stones and from associated sediment. The 
results from 20 samples indicated that the stones were likely to have been erected 
over multiple phases since 1330 years ago (Gliganic and Slack 2018). 

750 ±100 BP 24 
Bay of Fires, 
Tasmania. 

C14 dating of unknown 
material retrieved during 
excavation of structures 

North/south alignment of stones on a midden with a second alignment 
(northwest/southeast) 30cm below the first (Cane 1980:15; Jones 1965:78). The 
top alignment would have been built long after the first was covered over and 
indicates that “traditions connected with its construction continued for an 
archaeologically appreciable length of time” (Jones 1965:79). 

                                                           

21 (Head 1989:115) 
22 (McNiven et al. 2015:393) 

23 (Gliganic and Slack 2018) 
24 (Cane 1980:16) 
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Published Date/s Location Dating Technique Description 

1,350±60 AD25 
Badu Island, Torres 
Strait, Queensland 

Charcoal at base of structure 
retrieved during excavation 
used for C14 dating 

This stone structure consists of a large number of piles/heaps with linear, 
curvilinear and circular stacked alignments over a distance of 1km across a ridge. It 
is argued that this site was a ritual site due to a lack of evidence of domestic 
activities as well as the presence of tiny quartz flakes at densities of >200 flakes/m2 
around some of the structures. (David et al. 2004:3). An excavation was placed 
across one of the structures and charcoal was present only at the base of the 
excavation. It is argued that this indicative that the area was cleared by fire prior 
to the construction of that structure. 

375±95 cal BP 

and 

Modern26 

Albany Island, 
Northern Cape York 
Peninsula. Somerset, 

Queensland 

C14 dates from two turtle 
bone samples, one next to 
the cairn and one to the 
southeast of the midden. 

Stone cairn associated with a midden containing shell and turtle bones. It is 
hypothesised that this cairn is part of “a network of ceremonial sites associated 
with turtle which was in use at the time of initial European contact” (McIntyre-
Tamwoy 2011:23). 

492 cal BP - Modern27 
Mine Island, 

Central Queensland 

Inferred from C14 dating of 
shell from nearby middens 

8347 stones arranged primarily in curvilinear lines across seven areas on the island. 
Stones are small and are located on salt pans close to the shore and just below the 
high water mark. It is thought that it is most likely that the site was used as a 
“social/ceremonial retreat” (Barker et al. 2016:232). 

410 ±110 BP 

98.1 ±7 BP28 (Modern) 

Phillip Point , 
Dampier Archipelago, 

Western Australia 

C14 of charcoal excavated 
from “hearths” within stone 
circles. 

Covering 50m along the shoreline a large stone arrangement and artefact scatter 
with  “10 stone circles, a cairn, a low linear wall and 79 small conical mounds” 
(Vinnicombe 1987a:38). Stone circles were interpreted as ‘hut bases’ and some 
contained small shallow hearths (McDonald and Veth 2009:53; Rhoads and Bird in 
prep; Vinnicombe 1987a:38). 

380 ± 150 BP (inside) 

and 

Modern (entrance)29 

Gorrie Swamp, 
Victoria 

Charcoal excavated from 
inside and at the entrance of 
the structure was dated 
using C14. 

This site consists of a series of 10 circular walled structures located on relatively 
level ground. These structures were interpreted as hut bases. Excavation carried 
out across one of the structures identified 64 artefacts within one stratigraphic 
unit. This structure was semi-circular with a 1m opening facing to the northwest. 
The excavation incorporated part of the northern wall and part of the opening. Two 
charcoal samples were taken and based on the stratigraphy the earlier date was 
suggested as the age of the structure (Williams 1985:209). 

                                                           

25 (David et al. 2004:5) 
26 (McIntyre-Tamwoy 2011:23) 

27 (Barker et al. 2016:243) 
28 (Vinnicombe 1987a:38) 

29 (Williams 1985:206) 
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Published Date/s Location Dating Technique Description 

370±50 BP30 
High Cliffy Island, 

Kimberley, Western 
Australia 

The date was achieved from 
a “broken baler shell 
embedded in the topsoil 
within the structure” 
(O'Connor et al. 2007:21) 

A series walled circular structures as well as pathways, standing stones and cairns. 
The circular structures are interpreted as being foundations of small huts 
(O'Connor 1999:113). One structure had sufficient sediment to for excavation and 
hundreds of artefacts as well as turtle bone and marine shell were recovered.  

237 BP - Present31 
Central Pilbara 

Western Australia 
OSL sediment from 
underneath the stones 

A series of 10 stone arrangements made up of 1352 individual standing stones, 
mostly in a linear or curvilinear pattern (Hook and DiLello 2010:286). OSL samples 
were taken from beneath 70 stones (Hook and DiLello 2010:289). It is suggested 
that the arrangements are aggregation locales with the different form/styles of the 
arrangement related to signalling behaviour (Hook and DiLello 2010:292). 

                                                           

30 (O'Connor 1987:34; O'Connor et al. 2007:21) 31 Harris  and Ghaleb 1987 
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There are ever increasing numbers of dated sites identified across the country and continued 

innovations in the field of OSL dating are likely to improve the accuracy and add to the overall quantity 

of dated stone structures.  With two exceptions (Ferguson 1981:624; Hope and Vines 1994) all dates 

associated with stone structures in Australia are placed within the last 9,000 years. One of Early 

Holocene dates (Baiame's Ngunnhu or Brewarrina Fish Traps) is only a broad estimation as yet without 

any solid evidence. All Early-Mid Holocene dates are linked to sites which have been interpreted as 

providing or subsistence innovations (Ferguson 1981:624; McDonald and Berry 2016; McNiven et al. 

2012). The earliest date for a stone structure considered to have a signalling function is 1330 years ago 

(Gliganic and Slack 2018). This date broadly fits assertions that these types of structures may have been 

Late Holocene innovations, increasingly used in more recent times to delimit space and negotiate 

identity (Hook and DiLello 2010:292), possibly replacing engraving in the symbolic realm (McDonald 

and Veth 2013:74).  

Previous Work on Murujuga Structures 

Previous work on Murujuga stone structures provides some context about the previously defined 

Murujuga ‘types’ and why these need to be revised. Industrial development started in Dampier 

Archipelago in 1964, prior to heritage legislation being enacted in WA. This means that Dampier 

township, the port, and associated infrastructure was built with no consideration for the archaeology 

of the area (Vinnicombe 1987b:7).  

The first indication of the significance of the archaeology came from work by industry employees like 

Robert Bednarik and Enzo Virili who started observing and recording the archaeology in their spare time 

in the 1970s. Although contemporaries, Bednarik and Virili worked independently. Bednarik reputedly 

recorded 600 sites on foot around Dampier town and Virili recorded at least 8,000 motifs from 12 major 

site complexes around Dampier Salt (Vinnicombe 1997b:18). Their interest was the rock art and there 

is little mention of the stone structures at this time. 

Virili was in communication with a number of individuals from the WA Museum including Warwick Dix, 

Bruce Wright, Peter Randolph, Martin Thompson and Angela Calder (Vinnicombe 1997b:18). This 

communication led to increased interest in the region, which eventually led to a ten-month study of 

Skew and Gum Tree Valleys by Michel Lorblanchet, a French archaeologist. The work in Skew and Gum 

Tree Valleys, funded by the then Australian Institute of Aboriginal Studies (AIAS), was carried out in 

1975, 1976 and 1984 and consisted of intensive rock art recording and excavation of shell middens. 

Standing stones were recorded as were “stone huts”, one of which was also excavated. Two of these 

‘huts’ were also dated at this time using surface shell (Lorblanchet 1984; 1992:39,48; 2018). 

Lorblanchet interprets these structures as adding to the picture of “the bivalve collectors who built the 

habitations and who used the site while adding some new petroglyphs” (Lorblanchet 2018:452). 
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The WA Museum’s Department of Aboriginal Sites (DAS32, as it was first known) was formed in 1970 

with the creation of the Aboriginal Heritage Act 1972 (AHA) 33. This legislation resulted in the 

establishment of a register of sites, as well as a requirement to undertake cultural heritage assessments 

prior to future development (Vinnicombe 1997b:17). The AHA is now (in 2021) administered by the WA 

Government Department of Planning Lands and Heritage (DPLH) and the register provides a useful 

starting place for any archaeological investigations in WA. However there are a number of problems 

with the data held in digital ‘site files’, including but not limited to spatial errors and missing sites (see 

discussion of methods in Chapter 5). To overcome these problems, I supplemented and verified DPLH 

data with information from original sources. Three large, comprehensive projects were used for this:  

1. Woodside Liquid Natural Gas (LNG)/ Dampier Archaeological Project (DAP);  

2. National Estates Grant Project (NEGP); and 

3. National and World Heritage Listing (NHL/WHL) Projects.  

The combination of these previously recorded (legacy) datasets provide a good starting point for 

understanding stone structures as well as the strength and weaknesses of the previously recorded data. 

Department of Planning Lands and Heritage (DPLH)  

 

Figure 2.2 DPLH Places recorded across the Archipelago in 2020 

                                                           

32 Also the Department of Indigenous Affairs (DIA) and Department of Aboriginal Affairs (DAA) 
33 This Act is currently undergoing review. (https://www.dplh.wa.gov.au/aha-review) 
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The DPLH site register is the only publically available repository for Aboriginal site data in WA (DPLH 

2016). Through the Aboriginal Heritage Inquiry System (AHIS) portal34 site location and basic 

information identifying the site type are available to be downloaded. Although many of the locations 

are inexact and have been buffered (sometimes by greater than 1km) excessively (Figure 2.2). Individual 

site files, some containing additional details, can be requested. The AHIS database identifies 430 places 

(sites and other heritage places) listed as containing ‘man-made’ structures on Murujuga; 15% of the 

total 2,835 places listed; significantly higher than the average (6.3%) for the rest of the state (Table 2.1, 

above).  

Woodside Liquid Natural Gas (LNG) or Dampier Archaeological Project (DAP)  

 

Figure 2.3 Sites recorded during the LNG/DAP Project 

The construction of the Woodside LNG processing plant was the catalyst for the first professional, large 

scale archaeological exploration in the archipelago. This project which commenced in 1980, is referred 

to variously as the Woodside Liquid Natural Gas (LNG), Dampier Archaeological Project (DAP) and the 

Dampier Salvage Project (Veth et al. 1993:78; Vinnicombe 1987a; 1987b).  

The LNG/DAP ran for 16 months with 14 on-site archaeologists who covered a total of 20.74km2 of 

proposed impact areas. Two published documents provide details of this project and highlight the 

                                                           

34 http://maps.dia.wa.gov.au/AHIS2/ 

http://maps.dia.wa.gov.au/AHIS2/
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quantity and variety of the archaeological material across the archipelago (Vinnicombe 1987b). An 

unpublished report (Rhoads et al. 1984) and an unfinished paper by Tom Gara, (1984) provide further 

details on the range of site types previously identified and describe sites in detail. It is argued that site 

distribution was dictated primarily by food and water resources. 

A total of 720 sites was recorded of which 134 contained stone structures of some kind (Figure 2.4A). 

Survey and salvage work was undertaken rapidly ahead of the destruction of many of these places: 349 

were completely and 56 were partially destroyed. This project set standards and initial benchmarks for 

much of the following work in the region, including site definitions (i.e. all archaeological material 

located within 25m of other archaeological material was recorded as a site) and initial stone structure 

terminology. Detailed site and landscape mapping (Figure 2.3C) and was also undertaken to reflect 

different plant and animal resources as different ‘ecotones’ particular to those habitats (Vinnicombe 

1987b:14). The work undertaken is impressive both in quantity and quality, particularly considering the 

infancy of the AHA as well as the pressure which must have been felt by the field archaeologists who 

had to “sign the clearance forms authorising the developers to proceed” (Vinnicombe 1987b:10). 

 

Figure 2.4 Proportions of LNG/DAP stone structures A) Reproduced from (Vinnicombe 1987b:60 - Figure 
4). B) Reproduced from (Vinnicombe 1987b:60 - Figure 11). C) Reproduced from (Vinnicombe 1987b:60 - 

Figure 10). D) Created by author n= 160 components. Based on data presented in (Rhoads et al. 1984: 
Appendix 3). 

This analysis indicated that stone structures were found most frequently with engravings 39% (52 sites) 

while structures found by themselves or with other stone structures made up the next most common 

category at 25% (34 sites see Figure 2.4B). Stone structures occurred more commonly in near-coastal 
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uplands (26.12%) followed by inland plain and plateaus (both 20.9% see Figure 2.4C). The stone 

structure types recorded during this work are shown in Figure 2.4D. The most commonly recorded 

component is overwhelmingly a stone pit (see below for discussion of Murujuga types).  

Following the initial LNG/DAP work, Tom Gara commenced work on 65 of the 134 sites (1984:21), 

redefining the structures into eight types (see Table 2.7) with descriptions and consideration of possible 

functions. Gara’s (1984:21) work remains unfinished, but demonstrates an appreciation for the range 

of functions or roles that stone structures were likely to have been created and used for. These 

functions are broadly divided into those which show tangible evidence of resource exploitation and 

subsistence techniques, as opposed to those which would have been used for ceremonial or ritual 

activity. The latter function was ascribed to any structures for which a subsistence function cannot be 

identified (1984:21). Gara argues that Murujuga structures demonstrate sufficient variety and density 

to have exceptional national significance. 

At this time there was discussion amongst the archaeologists about whether structures were 

anthropogenic or if they were in fact natural. John Chappell, a geomorphologist from ANU, made a 

short trip to Murujuga and provided a six page unpublished (and unillustrated) summary suggesting the 

structures could not be explained by geological/geomorphological processes (Chappell 1982). This 

report did not resolve the issue Vinnicombe (1987b:69) was still unsure if all of the pits, circles and walls 

identified during the course of the LNG/DAP project were anthropogenic constructions: some 

structures were considered intentionally constructed and others were referred to as enigmatic features 

of uncertain origin.  

This problem has never been convincingly resolved. Australian Cultural Heritage Management (ACHM) 

working on clearances for the Pluto B extension to the LNG in 2003, argued that stone arrangements 

(with the exception of standing stones) were mostly natural (ACHM 2003; Draper 2007). This 

uncertainty is a fundamental issue which needs further examination before a thorough analysis of 

Murujuga stone structures is possible (see Chapter 6). 
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National Estate Grants Programme (NEGP)  

 

Figure 2.5 Sites recorded during the NEGP 

The NEGP project was the first large systematic survey of Murujuga not triggered by a specific 

development (Veth et al. 1993). The NEGP project adopted site definitions and other terms used 

LNG/DAP project (Veth et al. 1993:80). The project was funded by the NEGP, and administered by 

Department of Conservation and Land Management (CALM). The survey used systematic pedestrian 

transects (following Mattner 1989) and covered a total 87.83km: 24 (A-X) 100m corridors were 

surveyed, spaced at 500m intervals aligned east-west across the peninsula (a 20% sample). Figure 2.5 

shows the distribution of sites recorded during the NEGP project. The corridors surveyed are quite clear, 

indicating that sites are found consistently throughout the archipelago wherever systematic survey is 

undertaken. 

The authors of the NEGP report argued that the density of NEGP sites (56.7 sites per km2) meant that 

the entire Burrup peninsula should really be considered as a single site. Despite this, they still identified 

‘site’ boundaries or areas of high density of material, but astonishingly, very few have made it onto to 

the DPLH register, despite the detailed site records being submitted in 2006 (these were originally 

withheld from the State during the Ngarluma-Yinjabarndi Native Title determination).  

The NEGP project recorded 302 stone structures: 38.5% of the 784 sites recorded. Of these, 33.7% 

(n=264) were stone pits and 4.8% (n=38) were other types of stone structure (Veth et al. 1993:215). 
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The high quantity of NEGP-recorded pits partially fuelled the subsequent debate about site definitions 

and the potential misclassification of natural features as cultural (see Chapter 6).  

National and World Heritage Listing (NHL/WHL) Projects  

 

Figure 2.6 Point locations for sites complied as part of the NHL/WHL Projects including the 2009 Deep 
Gorge Survey (JMcD CHM 2006, 2009). 

In 2005 Jo McDonald and Peter Veth (JMcD CHM 2005) undertook a Desktop Assessment of Scientific 

Values for Indigenous Cultural Heritage on the Dampier Archipelago, to assess the areas’ scientific 

significance against for National heritage criteria. This project undertook a detailed review of the 

previous work across Murujuga and was followed by the Distribution of Rock Art on the Dampier 

Archipelago and Associated Inlands including the Burrup Peninsula, Western Australia, Gap Analysis and 

Predictive Model and then a Study on of the Distribution of Rock Art and Stone Features on the Dampier 

Archipelago; designed to provide additional information and to fill identified gaps in research data 

(JMcD CHM 2006). Together these projects collated significant information on the rock art and stone 

structures of Murujuga as well as undertaking analysis of the distribution and types of art motifs and 

undertaking an assessment of the province’s scientific values.  At this time a predictive model was 

developed and a dataset created with refined point locations of known sites across the Archipelago 

(JMcD CHM 2005; JMcD CHM 2006; McDonald and Veth 2009). This comprehensive dataset included 

site records from the DPLH database (then the Department of Indigenous Affairs) and the NEGP dataset 

which was then still held by Peter Veth on behalf of Ngarluma and Yinjabarndi (data displayed in Figure 

2.6).  
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While analysis focused on rock art a summary of the many types of stone structures was also provided 

(see Table 2.7). Over 560 sites were identified as having a stone feature component (JMcD CHM 2005). 

When addressing questions of scientific and national heritage values, the stone pits, stone terraces and 

most walls were excluded from this analysis because of questions that had been raised regarding their 

origins (natural or cultural) (JMcD CHM 2006: 144; McDonald and Veth 2009:53). Instead, the focus 

was on 107 “complex or unusual” stone structures which were considered to be “irrefutably a cultural 

feature” (McDonald and Veth 2009:53). Despite the exclusion of 81% of previously recorded structures, 

it was concluded that these sites contributed to the overall significance of the place. It was determined 

that the remaining assemblage still provided evidence of repeated and organised landscape 

modification throughout Murujuga (JMcD CHM 2011; McDonald and Veth 2009:53).  

Table 2.4 Unusual or complex stone arrangements identified during the NHL process (McDonald and 
Veth 2009:53 Table 4) 

Type of Stone Arrangement Number % 

Multiple standing stones 27 25.2 

Single standing stone 22 20.6 

Complex of stone features 14 13.1 

Circular arrangements 11 10.3 

Linear arrangements 11 10.3 

Mixed arrangements 7 6.5 

Fish traps 7 6.5 

Mounds 2 1.9 

Hunting hides 2 1.9 

Engraved standing stone 1 0.9 

Placed stones 1 0.9 

Placed and engraved stones 1 0.9 

Dam 1 0.9 

In 2007, Murujuga was inscribed on the National Heritage List (NHL) under the Environment Protection 

and Biodiversity Conservation Act 1999 (EPBC Act). While only a single criterion is needed to qualify for 

NHL listing, Murujuga meets five out of a possible nine (see Table 2.5). The five criteria were 

predominantly values associated with rock art, however stone structures are explicitly mentioned in 

Criterion B and D and implicitly in Criterion C. Criterion C refers directly to the work at Gum Tree and 

Skew Valley including the excavation of ‘hut A’ (DoE 2016; Lorblanchet 1992).  
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Table 2.5 Murujuga National Heritage Values (summarised from Australian Heritage Council 2009; DoE 
2016). 

Criteria Summary of Values 

Criterion A - Events, 
Processes 

 The differential weathering of the rock art shows the production occurs through time 

 Replication of certain styles indicate connections between the Archipelago and other 
areas across Australia including other regions of WA, NT QLD and VIC. 

Criterion B- Rarity 

 Richest and most diverse range of engravings in Australia.  

 Density of engravings is rare on a national scale 

 Density and diversity of stone arrangements across the Archipelago is rare at a national 
level. 

Criterion C - 
Research 

 Analysis of rock art placement and form in association with middens, grinding patches 
and quarries at Skew Valley has demonstrated the ability of this place to contribute to 
an understanding of the nation’s cultural history. 

 Archaic faces have potential to yield information to an understanding of connections 
between coast and Western Desert. 

 Style/variation in anthropomorphic design contains elements which are unique and 
some which show links with most major art provinces across the Pilbara. The 
weathering and superimpositions allows for potential to establish a relative chronology 
for these provinces. 

Criterion D - 
Principal 

Characteristics of a 
class of places 

 Richest and most diverse range rock engravings in Australia. Images are characteristic 
of regional styles that occur elsewhere in the Pilbara 

 The standing stones, which range from single to hundreds of stones, are outstanding in 
a national context. The number of purposes they are known to have served is also 
outstanding in a national context and includes thalu (increase) ceremonies as well as 
marking particular resources such as water.  

Criterion F - 
Creative of 
technical 

achievement 

 Rock art shows exceptional creative diversity as well as skilful compositions with 
animals that can be identified to species level.  

The Burrup and Maitland Industrial Estates Agreement (BMIEA) was signed between the Ngarda ngarli 

(Wong-Goo-Tt-Oo, Ngarluma Yindjibarndi and Yaburara Mardudhunera peoples) and the state in 2003. 

This agreement forces the Ngarda ngarli people to cede native title rights and interests in exchange for 

a range of compensation including the allocation of land for the Murujuga National Park (set up in 2013) 

and a commitment to study the regions rock art and impacts to it by industry emissions (ATNS 2020).  

Through the BMIEA Agreement, two state-based investigations followed this NHL inscription: a Heritage 

Inventory Methodology Report Dampier Archipelago and Archaeological Survey of Deep Gorge on the 

Burrup Peninsula (Murujuga) Dampier Archipelago WA (JMcD CHM 2009a; JMcD CHM 2009b). The 

former was designed to determine an appropriate methodology to guide future studies across the 

Murujuga conservation estate. The Deep Gorge (now Ngajarli Gorge) survey is the only one which has 

been funded by the state to implement this methodology. It recorded 42 sites, four of which included 

stone structures (included in Figure 2.6). This work included recommendations for an interpretive 

strategy including trails, signage and guided tours (McDonald and Veth 2009:123).  
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Information collated as part of the inventory methodology and Deep Gorge survey fed into a Study of 

the Outstanding Universal Values of the Dampier Archipelago Site, Western Australia (JMcD CHM 2011). 

This work was aimed at providing advice to the Australian Heritage Council about whether Murujuga 

met UNESCO’s Outstanding Universal Value’s (OUV) criteria – to be added to the WHL. The report 

concluded that Murujuga met at least three OUV criteria, with the possibility of meeting a further two, 

following additional research into these areas (see Table 2.6).  

Table 2.6 Outstanding Universal Values  

Criteria 
How criterion applies to Murujuga (text 

summarised from JMcD CHM 2011) 
Assessment 

Criterion (i) – human 
creative genius 

 Rock art is extensive, visually outstanding and 
has been produced with superlative technical 
skill. 

 Rock art has often been deliberately positioned 
to achieve a particularly high impact on the 
viewer. 

Murujuga Cultural 
Landscape represents a 
masterpiece of human 
creative genius (DAWE 

2020) 

Criterion (ii) - exhibit an 
important interchange of 

human values 

 The rock art demonstrates a rich interchange of 
human values in the Pilbara region and into the 
larger Australian arid zone. 

 Demonstrates changing human values over a 
considerable time span in response to changing 
environmental conditions. 

 Landscape modifications are extensive and 
include a myriad of stone arrangements 
resulting in a hunter-gatherer-fishing 
monumental landscape. 

More information on how 
this would be possible to 

justify –  requires 
“sufficient information is 

available on the 
cultural/ethnological 

context” 

Criterion (iii) - bear 
exceptional testimony to 

a cultural tradition 

 High densities, variety and evidence of long term 
rock art production. 

 Rock art provides evidence of continuous 
engraving tradition of the people (exceptional 
testimony) 

 Production only ceased with European 
settlement. 

The Murujuga Cultural 
Landscape bears a unique 

or at least exceptional 
testimony to a cultural 

tradition or to a civilisation 
which is living. (DAWE 

2020) 

Criterion (iv) - an 
outstanding example of a 

type of building or 
landscape which 

illustrates (a) significant 
stage(s) in human history 

 High density of archaeological material including 
rock art, stone structures, artefact scatters, 
habitation and quarry site. Sites are indicative of 
an extensively modified and inscribed 
landscape. 

 Clear evidence that this material was created 
during significant environmental transitions 
including major changes in sea level. 

 High densities of stone structures have been 
identified wherever systematic survey has 
occurred. Structures include individual standing 
stones (including some that are engraved) and 
complex or unusual arrangements. 

JMcD CHM (2011) believed 
there was sufficient 

information to suggest this 
criterion is met by the 

archaeological material 
found across Murujuga, 
however it is not used in 

the current listing. 
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Criteria 
How criterion applies to Murujuga (text 

summarised from JMcD CHM 2011) 
Assessment 

Criterion (vi) - directly or 
tangibly associated with 

events or living 
traditions, with ideas, or 
with beliefs, with artistic 

and literary works of 
outstanding universal 

significance 

 The rock art is associated with contemporary 
traditions, ideas, and belief systems of 
traditional custodians. 

More information is 
required to ascertain if this 
criteria is able to be met. 

At the time of writing (2021), the World Heritage process has begun. A Tentative List submission was 

lodged (February 2020) for the Murujuga Cultural Landscape, using Criterion (i) and (iii) (DAWE 2020). 

Considering that only 20% of the previously recorded stone arrangements identified were used to make 

these significance assessments, further work on stone arrangements could potentially add to the 

already significant values considered for Criterions (ii), (iv) and (vi). There is also considerable scope to 

investigate the 80% of stone arrangements that have not yet been considered to add value to 

understanding the NHL and WHL values. 

Murujuga Types  

The first step to understanding Murujuga stone structures is to get a better understanding of the range 

of previously identified structure types. A better understanding of the available definitions for Murujuga 

structure types is needed for a more nuanced understanding of the range and variation across the 

entire archipelago.  

A summary of the types identified in the legacy projects already outlined is illustrated in Table 2.7. This 

summary shows that there are a number of differences in the ways that structures have been previously 

defined and recorded. This summary provides a useful starting point for understanding the already 

recorded ‘types’ as well as showing some initial problems.  

The most obvious problem is that the variability and quantity of types defined is not consistent. There 

are also multiple instances of problematic definitions where form and function overlap. To avoid 

redundant repetition I have identified fourteen unique ‘types’ within these previous categories’:

1. standing stones  

2. placed stones 

3. cairns 

4. circular and semi-circular structures 

5. house structures  

6. cockpits 

7. linear structures 

8. walls  

9. terraces 

10. fish traps 

11. hunting hides 

12. stone pits 

13. complex arrangements  

14. historical structures 
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Each of these types will be discussed using descriptions and definitions provided in legacy sources. As 

will be discussed, this is not always a straight forward process as some of the ‘types’ were not clearly 

defined or, in some instances, not defined at. Photographs of particular types have been included when 

they can be directly linked to a site identified in the legacy data.  

The fifth type ‘house structures’ and the fourteenth type ‘historical structures’ are not mentioned in 

Table 2.7 but I have included them in the summary below. As will be discussed, several projects have 

previously addressed, reviewed or referred to structures in this way and it would be remiss not to 

include them in this summary.   

The potential function, where previously listed, is preliminarily discussed. A more detailed discussion of 

function and form is provided in Chapter 3. 
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Table 2.7 Murujuga Stone Structure Types  

LNG/DAP NEGP JMcD CHM Projects 

(Chappell 1982) 
(Rhoads et al. 

1984: Appendix 3 
data ) 

(Gara 1984:21) 
(Vinnicombe 

1987a:32) 
(Vinnicombe 

1987b:69) 
(Veth et al. 

1993:215) 

(JMcD CHM 
2005:65; JMcD 
CHM 2006:146) 

(JMcD CHM 
2006:146 Table 49; 

McDonald and 
Veth 2009) 

1. standing 
stones 

2. cockpits 
3. walls 

1. standing  
2. pit  
3. hide 
4. cairn 
5. circular 
6. linear 
7. terrace 
8. wall 

1. standing stones 
2. placed stones 
3. pits 
4. hunting hides 
5. heaps and cairns 
6. complex 

arrangements 
7. fish traps  
8. walls 
9. other 

1. standing stones 
2. pits 
3. dry stone walls 

1. upright stones 
2. stone pits 
3. circles 
4. heaps  
5. walls 

1. standing stones 
2. stone pits 
3. terraces and 

walls  

1. standing stones, 
2. placed stones 
3. heaps and 

cairns 
4. complex 

arrangements 
5. hunting hides, 
6. stone pits, 
7. fish traps  
8. walls  

1. multiple 
standing stones 

2. single standing 
stone 

3. complex of 
stone features 

4. circular 
arrangements  

5. linear 
arrangements 

6. mixed 
arrangements  

7. fish traps  
8. mounds 
9. hunting hides 
10. engraved 

standing stone  
11. placed stones  
12. placed and 

engraved stones 
13. dam 
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Standing Stones  

Standing stones, also described as upright stones (Vinnicombe 1987b:69), are elongated stones 

generally up to 100cm long wedged into surrounding boulders/cracks with 65-75% of their length 

protruding (Chappell 1982). Smaller stones are often wedged or chocked at the base to keep them 

upright (Figure 2.7). Previous researchers have sub-divided standing stones into multiple types 

depending weather they contain single, multiple or engraved stones (JMcD CHM 2006:146).  

 

Figure 2.7 Standing Stones at the Flying Foam Massacre Memorial Site was originally listed as Salt 
Water Access Road 6. DPLH ID#9214 A) Image c1980 (Vinnicombe 1987a:33 Figure 25). B) Same 

location in 2018. 

Standing stones are one of the few types of stone structures that are consistently considered as having 

anthropogenic origins. They have been identified on all of the previous projects discussed above, and 

they are the only structure type explicitly mentioned as having national heritage values: 

“The standing stones which range from single to hundreds of stones are 

outstanding in a national context. The number of purposes they are known to 

have served is also outstanding in a national context and includes thalu 

(increase) ceremonies as well as marking particular resources such as water.” 

(DoE 2016). 

Despite the fact that two possible functions for standing stones are listed, the most common 

explanation for these structures is that they are ceremonial or increase sites. The association of 

standing stones with the marking of resources is rarely used as an explanation of function. 

Placed Stones 

Placed stones are stones that are located in ‘unnatural’ positions on outcrops (Gara 1984). Gara 

(1984:19) classifies cairns as “placed stones and heaps”, likely for convenience, as few placed stones 

were found during the LNG/DAP project. JMcD CHM (2006) also refers to placed stones as including 

“engravings on portable–sized rocks that appeared to have been ‘placed’ in prominent locations or 
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concealed in crevices”. Placed stones are found infrequently and are vaguely and inconsistently 

defined.  

Cairns 

The definition of a cairn is three or more stones piled in a ‘heap’ or ‘mound’. These terms are used 

interchangeably, although ‘cairn’ appears to be used to describe higher, more clearly defined, mounded 

structures. Structures of this kind occur in isolation (JMcD CHM 2006) and as part of a site complex 

(Rhoads and Bird in prep). Cairns are inconsistently defined, they can be considered to be a separate 

type, grouped with placed stones (Gara 1984) or with walls (Gara 1984:12; Vinnicombe 1987a). These 

inconsistencies are confusing and probably result in an under-representation of ‘cairns’ in legacy 

datasets (see Chapter 7 for additional discussion of legacy data).  

Circular and Semi-Circular Structures 

Circular structures are generally defined as ranging in size from an average of 1.5 m to more than 5 m 

and have been described using a range of geometries including: crescent, ‘U’ shaped and ‘C’ shaped 

(Vinnicombe 1987b:69). While construction details are rarely provided, photographs of circular 

structures seem to be generally constructed by piling or stacking stones. In rare cases however, site 

descriptions do refer to stones being ‘spaced’ suggesting not all ‘circular’ structures have a stacked 

construction. In some instances the term ‘wall’ is used to describe both circular and linear constructions 

(see Gara 1984; Veth et al. 1993; Vinnicombe 1987a): another cause of confusion. 

There has been debate about the origin of circular structures. However, explanations regarding which 

circular structures should be considered natural and which cultural has been insufficient: 

“the circles of obvious human origin were a single course of stones. Other 

circles of uncertain origin are heaped stones not constructed in a course” 

(Vinnicombe 1987b:69). 

Figure 2.8 shows a circular structure originally recorded during the LNG/DAP project, but later rejected 

as a natural feature created by “the landslip of columnar-jointed rocks from an outcrop on the left” by 

ACHM (2003: 25). The natural/cultural issue is a crucial problem will be discussed in greater detail in 

Chapter 6.  

Previous suggestions for the function of circular structures mostly refer to structures with a stacked 

construction: hides, windbreaks, the foundation of huts, however those associated with ceremonial 

activities have the potential to have a different type of construction (Gara 1984:12; McDonald and Berry 

2016; Vinnicombe 1997a:69). This introduces a further problem with the categorisation of ‘circular’ 

structures as some will be included within the ‘house structure’ type described below.  
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Figure 2.8 Circular Structure Borrow Pit 5-3 DPLH ID#9804 A) Image Tom Gara c. 1980 facing east. B) 
Same location but facing south east. C) During site visit in 2019, also facing east. D) Site visit in 2019, 

facing south

House Structures  

House structures, huts, hut bases, wet weather huts, habituation structures are an important Murujuga 

structure type increasingly being considered. House structures are generally described as circular walls 

surrounding cleared spaces (Lorblanchet 1992:45; McDonald and Berry 2016; Vinnicombe 1987a:38), 

although no-one considers all circular structures to be for habitation.  

The ‘huts’ described by Lorblanchet (2018:445) are located high in a rocky outcrop and as shown in the 

plan (Figure 2.9A): ‘circular’ is a loose description of the form. The current best definition of a ‘house 

structure’ therefore seems to be a structure with a central cleared space, generally circular in shape 

with some evidence of human domestic presence by way of artefacts, seed processing and evidence of 

food consumption.  

Excavations within some of these structures has further uncovered occupation debris including shell 

and artefacts in the deposit. This evidence has been used to confirm the domestic association of these 

sites and has allowed function to be more confidently ascribed.  
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Figure 2.9 House Structures A) Plan of Hut A, Gum Tree Valley (Lorblanchet 2018:445). B) Aerial image of 
Rosemary 08 (Image Nik Callow 2014). C) Internal View of Hut A, detail of room f (Lorblanchet 2018:449 

Figure 5.33). D) House structure in use. Unidentified Woman at Mt Allan NT in 195035.

House structures on Rosemary Island show evidence of use as early as 8,063 ± 108 cal BP (McDonald 

and Berry 2016) and the Gum Tree Valley ‘huts’ on the main island have been dated to 2,320 ±210 cal 

BP and 2,415 ±155 cal BP (Lorblanchet 2018:445). This work demonstrate some of the earliest evidence 

in Australia of a technological approach to subsistence requirements (see Chapter 4). 

Cockpits 

This terminology was first used by Chappell who described “cockpit-like” features with a diameter of 8-

10m, located within shallow gullies or on drainage lines (1982). The original description does not 

provide sufficient information to confirm what exactly is being referred to and no photographs are 

included in the report.  Chappell’s description is different from most pits (see below), which tend to be 

smaller in size and infrequently contain soil at the base. Similarly, the description does not fit with that 

of circular structures (above) as these structures are not usually found in the rocky hillslopes.  

                                                           

35 https://nla.gov.au:443/tarkine/nla.obj-156273097 Accessed 7/12/2020 

https://nla.gov.au/tarkine/nla.obj-156273097
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Linear Structures 

A fundamental problem with previous research in Murujuga is that terms such as ‘linear’ are not well 

defined. The term ‘linear’ appears to have been predominantly be used to refer to walls which do not 

enclose space, however, information about construction is generally neglected.  

In the LNG/DAP project (Figure 2.4D and Table 2.7) ‘linear’, ‘wall’ and ‘terrace’ are all identified as 

separate types, however no clear distinction between these is provided (see Rhoads et al. 1984: 

Appendix 3).  Site descriptions indicate the term is used to describe a series of individual spaced stones 

in a linear pattern, as well as a series of cairns/piles (e.g. Rhoads and Bird in prep; Rhoads et al. 1984).  

Walls  

The term ‘wall’ has been used to describe stacked constructions, with linear and circular shape (Gara 

1984), generally containing individual stones that average 15-35cm but are up to 45cm in diameter 

(Chappell 1982).  

The term is most commonly used to describe low linear stacked structures, but no definition of what 

constitutes ‘low’ is given. 

Chappell describes stone walls as being located mid-slope perpendicular to the direction of the incline, 

giving the hill a stepped appearance (Chappell 1982). This description is more in line with larger stacked 

structures referred to in other projects as terraces.  

Terraces 

Where stone terraces are differentiated from stone walls, they tend to refer to larger or higher 

structures (Rhoads et al. 1984). Kangaroo Tanks (DPLH ID#9307) is a good example of a particularly 

large ‘terrace’. During the LNG/DAP project excavation a 9x1m trench and two 50x50m test pits were 

put through this terrace (see Figure 2.10). This excavation identified the presence of “ipomoea tubers” 

from within the soil as well as more humic soil upslope as well as further sediment underneath the 

terrace (Vinnicombe 1987a:42). These findings led to the hypothesis that this structure may have 

functioned in the same way as a horticultural terrace (Vinnicombe 1987a:42).  
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Figure 2.10 Kangaroo Tanks Site (DPLH ID#9307). A) Before Excavations c.1980 B) During excavations 
c.1980 (Rhoads et al. 1984:58) C) Same location in 2017 D) whole site 2017. 

In 2017 a detailed botanical survey of plants around this site was aimed to address this question of 

whether or not terraces might have been made in order to facilitate the growth of Ipomoea costata 

(Buck 2017). At the same time as the detailed survey, a more general survey of Ipomoea costata and 

Terminalia supranitifolia plants outside of this sample area was undertaken in the general proximity of 

the terrace. This work found that Ipomoea costata plants were more likely to be found within 5m of a 

stone structure than not, and that this association was unlikely to be random (Beckett et al. 2018; Buck 

2017:3). Soil samples collected from within the structure were found to retain nutrients and moisture 

and plants were also found to be generally larger nearer to the structures. It was speculated that the 

stone structures were constructed as low maintenance “form of ‘set and forget’ agriculture” (Buck 

2017:20).  

While this Plant Biology Honours project supported the potential for these structures to have aided in 

plant growth, it was not focused on whether these were natural occurrences or human constructed. 

ACHM (2003) argued that most if not all stone walls and terraces are natural features which are 

essentially the result of the “boulder version of soil creep” (ACHM 2003). This controversy will be 

addressed in more detail in Chapter 6. 
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Figure 2.11 Reproduction of figure created by the author for use in Buck’s 2017 thesis. 

Fish Traps  

Fish traps have been recorded in a number of coastal locations across the archipelago, though 

particularly around the proximal and outer islands. Vinnicombe (1987b:70) described these structures 

as “barriers of stone [constructed] to trap fish in tidal inlets” and draws parallels between these 

structures and some of the linear wall structures found inland. Gara (1984) also describes an inland wall 

of stones across a dry creek bed in Kangaroo Paw Valley, possibly Kangaroo Paw Valley DPLH ID#6075, 

as having potentially “functioned as a dam”.  

It is clear that a number of previously recorded structures are likely to have been fish traps, particularly 

those spanning narrow openings extending across tidal inlets (Figure 2.12). However, the fact that there 

has been no detailed examination or definitions of what exactly comprises a ‘fish trap’, beyond being a 

stone structure in the intertidal zone, is problematic. 
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Figure 2.12 Tish Traps. A) NEGPW15 c. 1993 (Veth et al. 1993) B) NEGPW15 2019 C) West Lewis Island 
NE DPLH ID#6231 Image c.1987 (Retrieved from DPLH Database 2020). D) Aerial Image © 2020 Western 

Australian Land Information Authority 

Hunting Hides 

Structures referred to as ‘hunting hides’ appear to have a range of forms including low walls and pits. 

During the LNG/DAP survey hunting hides were generally described as “low walls of stone or screens of 

foliage” (Gara 1984; Vinnicombe 1987a). These hunting hides were based on similar semi-circular 

walled structures (see Figure 2.13) found near to water sources (Gould 1977:45).  

This work also identified a large number of stone pits (see below) and Gara (1984) argued that the most 

likely function for these structures was also as hunting hides. Following this, ‘hunting hide’ started to 

become synonymous with ‘stone pits’.  
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Figure 2.13 Hunting Blinds No. 2. A) Reproduced illustration (Gould 1977:45). B) Reproduced photograph 
(Gould 1977:45)  

Stone Pits  

Stone pits are excavated depressions within the rocky outcrops with a width of between 0.8-2.2 m and 

a depth of 0.4-1.7m. Some pits also contain deposits of calcium carbonate and show evidence that 

stones have been removed from the centre and piled around the edges (Gara 1984). Many pits are 

difficult to identify from naturally formed depressions, and this, combined with their sheer quantity, 

has led to arguments that they are the result of natural “surface rupture” (ACHM 2003:40). Stone pits 

are consistently the most commonly identified stone structures in surveys where they are recorded. 

Not being able to ascertain conclusively if these structures are natural or cultural is hugely problematic 

and this issue has not been previously addressed. 

 

Figure 2.14 Stone Pits. A) Recorded during the LNG/DAP survey. Legacy ID MB187 and P02741 (point 
currently located within Highway 91 ID#9478 with only an artefact and engraving attributes listed on 

the DPLH Database). Photograph courtesy of Tom Gara c.1980 B) CRAR+M Database 2016 
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Gara (1984) following work undertaken by Wright (1983:96) at Harding Dam, argued that the most 

likely function for a number of Murujuga pits was that they were hunting hides. From around this time 

pits appear to have generally been assumed to be hunting hides, despite the fact that in many instances 

the location of these structures within the rocky outcrops makes this explanation unlikely (Gara 1984). 

In his analysis, Gara (1984) acknowledged a range of other possible functions for these structures 

including; shelters, hawk traps, look outs, to encourage game and potential increase sites. These other 

functions did not appear to be as readily adopted.  

This problem is illustrated by an Honours project undertaken by Sheppard (2013). Sheppard’s analysis 

assumed that all the structures were hides and he used the location of recorded stone pits from the 

NEGP survey to test a predictive model on hunting hide locations. This research identified two types of 

hide based on hunting technique: ambush or driving hides. Ambush hides were defined as being 

locations where hunters hide lying in wait for game to appear, so would be more likely to be set up near 

water sources. Driving hides are used in a more co-operative manner, hide locations are where hunters 

hide waiting for others to chase prey to their location (Sheppard 2013:33). Sheppard (2013:42) 

concludes that if structures are indeed hunting hides then they are more likely to be driving hides, since 

“only 18 of 206 stone pits” were within 50m of a watercourse. This work would have benefited from 

further consideration as to alternative functions for these structures.  

Complex Arrangements 

Complex or mixed arrangements are places that include multiple components or ‘types’ within the one 

site. The Phillip Point Stone Arrangement (DPLH ID#9878) is a good example of how extensive a complex 

arrangement on Murujuga can be (Table 2.8). 

Table 2.8 Phillip Point Stone Arrangement DPLH ID#987836 (Rhoads and Bird in prep) 

Component #1 - on the southern end of the site 
a large crescent-shaped feature consisting of 38 low mounds and two low walls;  
four U-shaped walls, one cairn and six low mounds of stone located roughly within the main feature.  
five further circular features 

Component #2 - located adjacent to the southern end of component 3  
circular structure (diameter of 5m)  
adjacent isolated mound 

Component #3 - on the northern end of the site, aligned north south 
21 low stone mounds, two low walls and a cairn in a roughly linear arrangement.  
Mounds are roughly in parallel lines on the southern end of the arrangement 
A number of loose clusters along the course of the linear feature that may have been disintegrated and 
originally other low mounds of stones 

                                                           

36 This site was destroyed in 1980 less than a week after the site was discovered (Rhoads and Bird in prep) 
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Figure 2.15 Phillip Point Stone Arrangement DPLH ID#9878 

Using ‘complex’ as a type is problematic. The term does indicate the presence of a significant site but 

details are not necessarily provided. When the individual components of a site are not described this 

an understanding of the range of structure forms within the complex are not easily accessible. 

Therefore, while useful for understanding the broad significance and complexity of sites (e.g. JMcD 

CHM 2006:146; McDonald and Veth 2009) more information is required for better understanding the 

function of these places. 

Historical Structures 

Historical structures are considered by a number of previous researchers (see Macilroy 1979; Mulvaney 

2015:11; Paterson 2006; Paterson and Souter 2004; Souter et al. 2006), but not in association with 

Aboriginal stone structures. A better understanding of landscape use and modification in Murujuga, 

requires some consideration of structures which might have been built by more recent immigrants and 

visitors as compared to those built by the Yaburara.  

Pastoral, whaling and pearling activities occurred throughout the archipelago from 1842 (Paterson 

2006; Paterson et al. 2019). The remains of structures from these industries can be seen on West Lewis, 

Gidley Island, Malus and Dolphin Islands: dry stone walls for buildings, associated infrastructure (e.g. 

sheep pens), lookouts, cairns and graves (Burcham 2019; Macilroy 1979; Mulvaney 2015:11; Paterson 

2006; Paterson and Souter 2004; Souter et al. 2006).  

Caution should also be applied to the consideration of stone structures as having European (or other) 

origins. The nationality of those who constructed historical structures is also likely to be complex and 
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there is evidence that Aboriginal people from across the country (some kidnapped and enslaved) 

worked with Asian (including Chinese, Malays and Japanese) and European people in the pearling 

industry across the archipelago (Paterson 2006:102; Souter et al. 2006:88).  

While some of these structures are obviously historical buildings and have associated historic 

documentation many are less obvious and do not have accompanying historical records. This is a 

persistent problem and is not unique to the archipelago. Insufficient criteria for distinguishing between 

Aboriginal and other Historical Structures has also led to European fence lines and hearths being 

recorded as Aboriginal stone arrangements (Pickard 2015; Stead 1987:3) as well as this the 

appropriation of “Aboriginal ceremonial stone circles in western Victoria as European megalithic 

structures” to legitimise the colonisation process (Russell and McNiven 1998:284). Aside from written 

records, two main criteria have been used for identifying a historical structure have been used: the 

suitability of a site for activities relating to historical industries, and the association of relevant cultural 

debris (Cane 1980:128; Stead 1987:4). Beyond this, no criteria for determining which structures might 

be historical has so far been identified.  

Summary 

Stone structures are a complex and nuanced site type which requires the development of consistent 

methodological approaches to analysis. Grouping similar structures together as ‘types’ is a common 

and useful approach, however some consideration of the attributes used to classify material is 

important. While multiple attributes can be considered, these should not be used interchangeably. An 

understanding of function is important, but is also subjective, and it should not be considered as the 

primary attribute to use while developing a typology.  

Stone structure distribution is variable across the country but comprise a significant and valuable 

proportion of the archaeological record. Murujuga, with its high density and variability of structures 

provides a good location to help develop specialised tools for analysing this site type.  

Much archaeological work on Murujuga has had a primary focus on Dampier Island (the Burrup 

Peninsula) and most of this work was undertaken ahead of the construction of industrial precincts and 

associated infrastructure. Despite typological debates about this site type, a significant quantity and 

variety of stone structures have been recorded in the region and these are already identified as 

significant at a national (and likely world) level. Detailed analysis of these structures needs to be 

undertaken and the data collected so far demonstrates the need for a more consistent typology and a 

better understanding of natural formation processes. A more formal approach to understanding the 

potential function of different structure forms is required. The first step in this process, which will be 

addressed in the next chapter, is to gain a better understanding the range ways in which specific stone 

structures are known (or thought to) have functioned.  
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Chapter 3  

Historiography of Stone Structure 

Interpretation 

How interpretations of stone structures have changed through time 

This chapter explores previously documented approaches to understanding the function of stone 

structures across Australia. Specific structures and their functions are broadly grouped in order to 

explore trends between function and form. The distinction between technological or somatic (relating 

to the body) and societal behaviour is introduced. These categories provide a useful way to explore and 

better understand the behavioural correlates of stone structures.  

Behavioural Correlation 

It is important to understand the specific function of individual stone structures as well as the broad 

behavioural correlates of these functions. As discussed in Chapter 1, there are very few documentary 

records of Yaburara people building and using stone structures in Murujuga. Interpretation of 

archaeology is therefore reliant on associated archaeological evidence, ethnographic analogy (Chapter 

2) and interpretations based on “form and environment” (Lane and Fullagar 1980:146). 

An understanding of the diversity of structure functions (and forms), found across Australia is needed 

in order to better explore the full range of possibilities for why Murujuga stone structures were built 

and how they were used. The range of individual structure functions means that some generalisations 

are needed in order to allow for interpretations to be made. Lane and Fullagar (1980:146) provide a 

good format for this. They define structure ‘types’ according to three key criteria - shape, environment 

and function - and group these by four general functional categories:  

1) Technological – relating to food gathering (e.g. eel traps, weirs etc.) 

2) Technological – relating to shelter (houses, shelters etc.) 

3) Demographic  – relating to various religious and mythological rites 

(e.g. ceremonial alignments) 

4) Demographic – relating to boundaries of tribal areas (heaps of 

stones, cairns etc.) 

This breakdown allows for an understanding of driving factors behind the construction of stone 

structures without getting confused by including exact details, which could be slightly different for 
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every single site. Table 3.1 shows the functional categories identified by Lane and Fullagar (1980:146) 

with modifications based on the range of structure functions that will be examined in this chapter. The 

category of ‘technological’ has been expanded to include all somatic behaviour and ‘demographic’ to 

include all social and signalling behaviour. These categories fit with behavioural themes that will be 

discussed in greater detail in Chapter 4.  

Table 3.1. HBE Adapted Functional Categories  

General Class of 
Behaviour 

Functional Categories (Lane 
and Fullagar 1980:146) 

Modified Functional 
Categories 

Somatic/Technological 

Shelter Shelter 

Subsistence and resource acquisition 
Resource acquisition 

Subsistence 

Social/Signalling 
Boundary signalling  

Memorialisation 

Communication 

Territorial Behaviour 

Mythological/Ceremonial Mythological/Ceremonial 

It is useful to separate structures into these discrete functional categories to aid in the understanding 

and interpretation of these sites. Having said that, individual categories identified are not considered 

to be mutually exclusive: stone structures can have multiple embedded functions. Cultural complexities 

are common in human society, most of us are at least subliminally aware of the multiple layers of 

meaning embedded in familiar objects. When we know and understand an object, we are aware of its 

primary function and the “the multiplicity of secondary functions [the object] serve[s]” (Sackett 

1977:372). This level of understanding becomes increasingly difficult the more removed a person is 

from the object under analysis and association of any identifiable function can be useful.  

Ethnographic examples can help to better understand the multiple functions of stone structures. For 

instance, Elkin (1933:467) describes an enclosed arrangement on level ground with parallel sides and 

semi-circular ends as representing Nuwola, a term with no direct translation: a barramundi but also 

“the baobab tree fruit, a yam, the water-lily” and “in some way as a man”. Similarly, Kurumi, a complex 

stone arrangement and ceremonial site in the Western Desert (discussed further below) is linked to 

mythology and maintenance of Kurumi plant and seeds. The Kurumi plant, tentatively thought to be 

Tecticornia arborea, is maintained through ritual re-seeding a process that occurs as part of a larger 

ceremony, illustrating the cultural complexities and layered understandings occurring at this site 

(Lofgren and Dix 1974:75). Acknowledging this complexity, archaeologists strive to understand the 

relationship between people and stone structures by exploring the known functions of stone structures 

while being mindful of the potential secondary (multiple) functions they might have.  
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Somatic/Technological Functions 

Many stone structures can be considered a technological response to somatic needs. Each indicates 

cognitive responses to somatic problems and subliminal cost/benefit analysis resulting in selection for 

different technological responses. Changes in technology also provide evidence of varying human 

responses to environmental conditions. Stones structures reflecting somatic behaviour include 

structures created for shelter, those resulting from the exploitation of a natural resource, and 

structures that are created as part of subsistence activities.  

Shelter 

The use of stone structures to provide different kinds of shelter is well-documented ethnographically 

(Durlacher 2013:12; Gould 1968:112; Lofgren and Dix 1974:75; Memmott 2007:184). The type and 

construction of shelter is likely to be related to local climatic conditions and the period that the shelter 

was inhabited. Across Australia, ethnographic evidence indicates that open wind breaks were used in 

winter, with shades for use during the day. In the central and northern parts of the country closed 

structures were also used for protection from the weather during the summer monsoon. Closed 

structures were also used for cold weather in the southern part of the country (Memmott 2007:9). 

Most shelters are described as circular, semi-circular, or ovoid in design and ranging from 3 m-5.5 m in 

diameter, although the exact forms of these structures depend upon social and environmental factors 

(Memmott 2007). It is thought that these shelters were particularly constructed in areas where natural 

shelters (e.g. rockshelters) do not exist (Wallis et al. 2017:6). Many structures were built out of non-

permanent material (e.g. branches), with rocks for support and to provide sturdy wind breaks (Gould 

1977:32; Memmott 2007:58; Wallis et al. 2017:2). Stones were favoured as raw material in areas where 

stone was a less valuable (i.e. rare) resource than timber (Lane 2009:14).  

Archaeological structures similar to these descriptions and interpreted as stone hut bases have been 

recorded, described and dated on the Dampier Archipelago (McDonald and Berry 2016), in southwest 

Victoria (VIC) (Builth 2014; Clarke 1991:18; Lane 2009:15; McNiven et al. 2017), on High Cliffy Island 

and on Rankin Island in Western Australia (WA) (O'Connor 1987; O’Connor et al. 2007) and in southwest 

Queensland (QLD) (Wallis et al. 2017:1).  

Domestic structures or shades can be difficult to identify in the archaeological record. In the Western 

Desert, Gould (1968:112) describes a shade-shelter on a creek bank inside a canyon as having “rock 

slab foundations” comprising “six rock slabs standing in place, each used as a support for an upright 

mulga branch”. The remains of such a shelter years later would probably be difficult to identify. 

A unique form of ‘hut base’ was described in Murujuga by Lorblanchet (2018:444), where a shaded area 

within a rocky outcrop measuring 17 m x 12 m with the “remains of at least seven, if not eight small 

oval ‘rooms’ of 1.5-4 m in length around a central space”. The focus of these ‘huts’ is a central cleared 
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area. The shade is provided by surrounding trees although Lorblanchet (2018:444) does suggest that a 

series of pits may have had uprights wedged into them. 

When consulted about modified depressions or pits around Harding Dam in WA, local Aboriginal men 

suggested that these might have been used as shelter during cyclones (Wright 1983:96). This 

explanation was one of a few given for these structures, the favoured explanation being that these pits 

functioned as hunting hides (Wright 1983:96).  

These descriptions consistently show that shelters require the creation of space through removal 

(clearing) of material which would be uncomfortable to sit on, resulting in a mostly level floor space. 

While domestic structures vary in size, they will need to be large enough for at least one person to lie 

down in and would frequently be found with similar structures. Remains of domestic activities (e.g. 

food consumption) generally linked to habitation behaviours could be expected amongst the associated 

archaeological remains.  

Resource acquisition 

Certain types of raw material resource acquisition result in the creation of stone structures as an 

incidental by-product. The quarrying of greenstone in southeast Australia, left more than 250 “circular 

or oval shallow mining pits” (McBryde 1984: 273). These pits are described as containing flaking floors, 

though in some instances “some larger flaking floors are discretely located down slope of the main 

mining areas, suggesting separation of activities on site” (McBryde 1984: 273-274). Pits identified on 

Rankin Island in WA were similarly interpreted as the result of “the quest for suitable raw material, as 

cobbles were dug from the beach, some [were] selected for knapping, and others moved to the side” 

(O’Connor et al. 2007:21). At Yambacoona, near Brewarrina New South Wales (NSW), over 370 

excavated pits or depressions within weathered sandstone rubble were interpreted as having been 

created through raw material extraction because they: 

“have numerous archaeological features in common with quarries reported 

from central and northern Australia…These features included flaked slabs, 

grinding stone blanks, hammer-stones, and flaking debris. Pits extend below 

the level of the most weathered rock on the surface (sometimes to bedrock)” 

(Field et al. 2003). 

This evidence suggests that raw material acquisition can result in the removal (clearing) of material 

around a central area where the resource is removed. A pit or depression is the resultant form created 

by this activity. Supporting evidence for this behaviour could include the presence of a useful resource 

within or around such structures. 
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Subsistence 

Different types of stone structures have been built for procuring or encouraging food resources, 

reiterating the potential dual subsistence and ceremonial functions. These dual functions may 

particularly relate to complexes where people aggregated for social or ceremonial events. Structures 

created for subsistence activities include those built for plant management (horticulture), aquaculture, 

game management, hunting, keeping dingos, storing food, cooking, and water storage or management.  

Plant collection and management 

Activities pertaining to plant collection and management can result in modifications to the surrounding 

landscape. Modifications can include the creation of pits or depressions created while harvesting food, 

stacked or walled structures that create terraces and the construction of arrangements for religious 

increase activities. Some of these modifications have only been indirectly correlated with stone 

structure construction; however, all provide clues as to the structure forms that may be associated with 

plant collection and management. 

In the south west of WA, the explorer Grey observed ground “perforated with the holes the natives had 

made to dig [Warran or Discorea hastifolia] root" (Grey 1841:12). Backhouse (1843:540) also describes 

finding “holes”, the result of “digging for roots of a Dioscorea, or Yam, for food”. Adding her own 

analysis to these observations, Hallam argues that people were undertaking “harvesting and 

husbanding practices which encourage maintenance and proliferation” of certain plants (Hallam 

1989:137). 

In southeastern Australia, Balme and Beck argue that large artificial earth mounds may have originally 

been constructed for use as raised gardens (Balme and Beck 1996:39). These sites are also often 

associated with the circular walled constructions of stone huts described above, suggesting a link to 

more sedentary settlement practices.  

Near Sunbury (Victoria), around the 1850’s, explorer Issac Batey observed: 

“numerous mounds with short spaces between each, and as all these are at 

right angles to the ridges slope it is the conclusive evidence they are the work 

of human hands…turning over earth in search of yams” (initially reproduced 

in Frankel 1982:44; and re-cited by Pascoe 2018:23).  

While Batey describes this activity “accidental gardening”, Bruce Pascoe (2018:23) interprets this 

description as evidence of “agricultural terracing”. These contrasting interpretations (accident vs 

agriculture) will be discussed further below. 

Purposeful modification of land to encourage plant growth has also been suggested at Murujuga. As 

described (see Chapter 2) during the DAP, the excavation of a stone terrace identified “Ipomoea tubers” 

in the soil (Vinnicombe 1987:42). Buck (2017) undertook a botanical survey which supported this initial 
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observation. Buck (2017:20) demonstrated that these structures increase soil water and nutrient 

retention and might therefore be an example of what she terms “set and forget agriculture”. 

Tindale (1974:95) describes “rings of stone” used during the harvest of Portulaca intraterranea or 

pigweed by groups all over Australia: specifically, the Wadjari, Wanman and Ngadadjara of WA; the 

Iliaura and Wakaja of NT; and the Pitjandjara of Central Australia. The circles which were 2-3 m across 

would contain stacks of pigweed which would be stored over one or two days until the seed pods 

opened (Turner 1982:62). Remains of circles on clay pans are also interpreted as having been used for 

this function (Tindale 1974:95). Pigweed is a common plant found throughout the arid zone, including 

Murujuga (Turner 1982:62). 

Another example of a stone structure associated with plant management is the previously mentioned 

Kurmi site. The site consists of a series of heaps or cairns, a line of stones and two isolated stones on a 

level clay pan, located in the northeastern Goldfields region of WA (Lofgren and Dix 1974:75). During 

the documentation of this site informants provided details of the ceremonial activities. These included 

dancing and retelling of the story for the site, as well as the collection, preparation, grinding and sowing 

of an important seed producing plant (Kurumi). The site is identified as having ceremonial, mythological 

and subsistence functions, referred to as “incipient agriculture” (Lofgren and Dix 1974:74).  

By calling the practice incipient, the agency or intent of those distributing seed is undermined. The 

reluctance to acknowledge that people had a nuanced understanding for these practices is also 

demonstrated by other observations where “seed dispersal had a religious rather than horticultural 

significance” (Sutton and Walshe in Keen 2021:12). In my opinion, there is no reason why these 

activities cannot be multi-purpose: it seems condescending to suggest that people ‘accidently’ created 

an increase ritual for a particular plant that includes distribution of seeds of that plant species without 

any knowledge why the ritual might be successful!  

The nature of these everyday food collection activities and the terminology used to describe them has 

been disputed. The dispute centres on the definition of these activities, the intent of the people who 

undertook them, and the scale at which they occurred. The main point of contention relates to 

terminology and whether these activities represent a form of agriculture (Pascoe 2018), pre or proto-

agriculture (Tindale 1974), incipient agriculture (Lofgren and Dix 1974:74), set- and-forget agriculture 

(Buck 2017), horticulture or cultivation (Keen 2021:4).  

The publication of Dark Emu (Pascoe 2018) magnified this debate, which has also been obscured by 

identity politics and xenophobic attacks against the author, Bruce Pascoe who is a teacher and writer 

not a historian or archaeologist (Marks 2020). The academic disagreements focus on three points 

regarding definitions and academic practice. Firstly there is a tendency by Pascoe to slightly exaggerate 

of some of the historical accounts used (Keen 2021:2; Marks 2020). Secondly the definition of 

agriculture used by Pascoe (2018:13) defines agriculture broadly as: “selection of seed, preparation of 
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soil, harvesting of the crop, storage of the surpluses and erecting permanent housing for large 

populations”. This differs from standard definitions which require cultivation to occur at a large scale 

(ager meaning ‘field’) and over an extended period of time, resulting in selective breeding and genetic 

change or domestication (Keen 2021:4). Finally there is a misrepresentation of a hunter gather 

economy as being simple, negative or primitive, a remnant of colonial condescension and something 

that is demonstrably untrue.  

A focus on the terminology of food acquisition tasks (and how these terms are defined) may be 

obscuring the complexities of as well as negating the sophistication of many non-industrial societies 

(Keen 2021:16). On Easter Island, for example the “inability to find evidence of past agriculture was a 

problem in landscape interpretation. The subtle indications of field systems had not been recognised” 

(Stevenson et al. 2002:18). The field systems did not conform to European perceptions of what 

cultivation should look like: soils were mulched and protected by stones (2-20 cm in diameter) and 

areas were spread with rocks also to retain moisture in the soil. Stacked rocks sometimes within larger 

rock fields were also used to form protective barriers around cultivated plants (Stevenson et al. 

2002:18). These activities are very different from a European vision of land management and the neat 

square fields absent of rocks associated with modern farming. In the United States, Lightfoot (1994) 

has shown that lithic mulch has also been used and creates “(an) artificial environment more suitable 

for the germination, growth and maturity of crops in dryland regions”. This potential for similar 

processes to have been used in Murujuga will be discussed in Chapter 9, although it is acknowledged 

that there are many problems with drawing parallels between separate activities by different cultural 

groups across the globe. 

Narrow comparisons between Aboriginal and international agricultural systems of land management 

have been problematic and obscure the agency and complexities involved in plant management. 

Further investigation of the influence of humans on changes to plant genetics (i.e. domestication) is 

certainly warranted, but the politics involved in definitions of appropriate terminology should not 

obscure investigation into the actual actions being performed.  

A range of stone structure forms can result from plant collection and management. These forms include 

stacked and cleared constructions that can range from individual circles, mounds, pits or walls to large 

areas containing numerous forms.  

Fish traps/Aquaculture  

Fish traps and weirs are perhaps the most commonly identified and documented form of food 

procurement in Australia. These structures have been described mainly in coastal regions (Gara 1984; 

Rowland and Ulm 2011; Welz 2002), although riverine fish traps are also recorded (Clarke 1991; Hope 

and Vines 1994; Rowland and Ulm 2011). Traps are recorded as having been built from stone, wood, or 

a combination of both, and sometimes with nets (Dortch 1997:16). Fish traps tend to be multi-stone 
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walls of moderate height in various forms. Rowland and Ulm (2011:3) describe five forms throughout 

QLD: U-shaped, V-shaped, O-shaped, straight and rectangular. These forms are similar to classifications 

by other authors although some also include ‘maze traps’ (Godwin 1988:52; Welz 2002:53). Some 

islands, particularly in far north QLD and the Gulf of Carpentaria, are essentially surrounded by networks 

of curvilinear traps (Kreij 2016:119; Memmott et al. 2008:82; Rowland and Ulm 2011). 

Inland aquaculture systems have also been documented at Budj Bim in VIC (Builth 2014; Lourandos 

1980; McNiven et al. 2012) and at Brewarrina, NSW (Hope and Vines 1994). Research at Budj Bim has 

included detailed analysis including excavations, mapping and GIS modelling of the stone lined drainage 

channels. This work showed that these structures were an example of a highly sophisticated system 

designed particularly for eel trapping (Brown et al. 2017; Builth 2009; 2014; Clarke 1991; DoE 2004; 

McNiven et al. 2012).  

The shape of aquatic subsistence structures is generally documented as linear (but in association with 

natural features) or enclosed. Construction is usually walled or stacked, although as some structures 

used a combination of materials, scattered rocks (i.e. for the securing of more solid fibre nets) might 

only be seen. Aquatic subsistence structures will only be found in landscapes which are currently (or 

formerly) submerged, intertidal or riverine.  

Encouraging game   

The construction of walls (linear or curvilinear multi-stone structures) in rockshelters have been 

suggested to increase the attractiveness of the area for small game by blocking off small areas of the 

shelter (Bindon and Lofgren 1982:123). These types of features are found throughout the Central 

Pilbara WA (Wallis and Matthews 2016).  

Supported slabs or cap stones that form a cavity in bedrock have been called ‘lizard traps’ (Benson-

Lidholm 1983:41; Lullfitz et al. 2017:212; Randolph 2011). This name is slightly misleading; there is no 

conclusive evidence these structures have been used in this way, but it is plausible that they could 

create favourable habitats for lizards and other small game.  

Turner (1982:74) describes a ‘lizard trap’ found on Murujuga as a: “large rectangular-shaped slab is set 

in the ground upon which two stones have been placed upright to make two walls. A fourth stone forms 

a ‘roof’ to the structure which stands over fifty centimetres high”. This structure is significantly larger 

than lizard traps identified in the southwest of WA, but the general form is the same (Randolph 2011). 

Benson-Lidholm (1983:41) has suggested that the ‘lizard traps’ found in the southwest of WA are 

“ritualistic” as they are frequently found as components to larger sites. However, this assertion is not 

backed up with any supporting evidence. 

Without further evidence to the contrary, structures that increase the quantity of dark or small 

sheltered places amongst rocks are most likely to have functioned to encourage small game. 
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Hunting hides 

Hunting hides made of timber, brush have been observed across Australia (Smith 1982:19). Although 

less common than wood, stacked stone has also been used in this way. Near water holes in the Western 

Desert, Gould (1977:45) observed Aboriginal men creating hunting hides from stacks of stone. These 

stacks were described as semi-circular structures with walls around 80 cm high located 120-500 m from 

water. Hunters would sit in these shelters to wait for large game such as kangaroo and emus. Other 

examples of similar stacked stone structures have been found in the Olary region in South Australia 

(SA), where most of the structures were placed “against a rockface or large boulder” (Smith 1982:19-

20). 

Wright (1983:100) hypothesised that pits or depressions in the rocky slopes around the Harding Dam 

would “conceal a hunter waiting for game to approach water” (Wright 1983:96). The location of these 

features adjacent to water, their capacity to form screens, and their frequent clustering is consistent 

with this proposition. 

In the Victoria River region Northern Territory (NT), Aboriginal informants describe the use of circular 

stone walls as hides to capture birds for food (Mulvaney 1992:111). These structures were covered in 

grass or spinifex to hide the hunter. Raw meat was used to attract birds of prey who were grabbed by 

the hunter as they approached. Similar techniques were described in Tasmania and in QLD in the Gulf 

of Carpentaria (Memmott 2007:203).  

One further form of hunting hide also comes from a single example from the Western Desert. Here a 

cap or slab placed across a natural cavity is proposed to have been a hide to provide shade for a hunter 

lying in wait for game. This structure is associated with a standing stone arrangement and it was 

hypothesised that the stone arrangement functioned to drive game past the shelter (Gould and Gould 

1968:8).  

This suggests that in general structures that functioned as hunting hides provided sufficient cover to 

hide at least one person and were often located in good vantage positions, either close to water or with 

a view of the surrounding landscape.  

Dingo puppy yard  

Dogs were used in various ways: as protection, for companions or warmth and as hunting aids, used 

particularly by women when catching small game (Balme and O'Connor 2016:776). In the Western 

Desert, Gould (1968:112) describes observing a shallow pit within a shade-shelter as a place for small 

dingo pups and their mother to sleep. The construction of walled stone circles to hold dingo pups has 

also been noted in the Kimberley by Davidson (1954:518). These walled structures stop untrained 

puppies running off. By the time the dogs are big enough to get over the walls they are tame and do 

not run away.  
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While these small circles and depressions would be difficult to identify archaeologically as relating to 

keeping dingos, they remain an example of the range of technological functions of structures. 

Food storage 

Food storage is documented within Australia, though generally at a relatively small scale, i.e. quantities 

less than 50 kg (Gould 1977:28; Keen 2021:11). The association between stone structures, landscape 

modification and food storage is limited, but a few examples have been identified. In the Western 

Desert, pits are documented as being used to store dried fruit husks (ngaru or Solanum eremophilum) 

(Gould 1968:112). Walled shelters in the Pilbara, WA, also might have functioned as storage places for 

sun dried meat or seeds (Wallis and Matthews 2016:4). Structures that functioned to store food are 

most likely to be protected depressions or sheltered areas within rocky overhangs. 

Cooking  

Clusters of stones may also be evidence of Aboriginal hearths. In northwest WA, Grey described 

encountering “a circle of large flat stones [with] a fire-place occupying the centre” (Grey 1841:71). 

Stones were also often used as heat retainers for cooking. Mounds with evidence of heat-retaining 

stones and are commonly found throughout southwestern NSW and Victoria (Gerritsen 2000:1; 

Williams 1985). In WA, Benson-Lidholm describes a small pit on the Glenelg River containing charcoal 

and turtle eggshell as a “stone oven” (Benson-Lidholm 1983:34). On Barrow Island off the northwest 

coast of WA, excavations at Boodie Cave identified a cluster of water worn pebbles associated with 

faunal remains. These remains are interpreted as evidence of early Holocene turtle-cooking events, 

although further analysis of this site is required to confirm this interpretation (Ditchfield 2019 pers. 

comm.). Stone structures used for cooking are therefore most likely to be either small circles of placed 

stones or clustered stones associated with charcoal and food remains.  

Water 

Water is a vital resource. Gnammas (natural or modified hollows in bedrock) occur all across the country 

in hard rock such as granite. They can collect water from both rain and tiny fissures deep in the rock 

providing a valuable resource to people living in arid areas. Gnammas can vary greatly in size and have 

been documented up to 70 cm deep and 270 cm wide (Bayly 1999b:30). These formations are also 

known as solution pans in England, oricangas in northern South America, Opferkessel in Germany and 

curvettes in France (Porembski and Barthlott 2000:16). These features can also be made or deliberately 

expanded by a range of techniques including fire and percussion (Bayly 1999a:18; Lullfitz et al. 

2017:212). The use of protective coverings (caps) to extend the life of the resource has been widely 

documented (e.g. Benson-Lidholm 1983:63; Bindon 1997: 174; Gould and Gould 1968).  

Cap stones provide example of physical protection, however other forms of ceremonial or spiritual 

protection also exist. The ceremonial and mythological nature of these sites is evidenced by the 
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association of water resources with both complex stone arrangements (Gould and Gould 1968:2) as 

well as standing stones (Elkin 1933:466). The fact that water sources are curated by mythological 

narratives across the arid zone (Tonkinson 1978), speaks to the fundamental importance of water and 

the ways that people are likely to have curated knowledge about water sources.  

In addition to the aquaculture systems already documented, there is evidence that stone structures 

have also been used to dam water for irrigation purpose. It has been documented that the Wanji people 

from the Gulf of Carpentaria “chocked up the normal channels with stones, earth and other debris” in 

order to ensure flooding of specific areas and to encourage grain growth (Tindale 1974:102).  

Different structures can be associated with water resources. One way of identifying the modification or 

conservation of water is by identifying a source and then considering the function of any associated 

structures.   

Social/Signalling Functions 

Previous analyses of stone structures have not developed a theoretical lens on how visibility and 

repetition of particular structures may have played a signalling role. Further consideration of how stone 

structures are used for signalling behaviour, communication and social cohesion will be discussed in 

greater detail in Chapter 4. 

Here, I focus on previous interpretations where Australian stone structures have documented signalling 

functions. This is a complex and nuanced category with many integrated and overlapping elements. I 

have subdivided these into three categories: (1) memorialisation, (2) communication and territorial 

behaviour and (3) religious, mythological or ceremonial behaviours.  

Memorialisation and Commemoration 

The memorialisation and commemoration of personal, familial and social group events are common 

human behaviours and a number of stone structures have been documented as functioning in this way.  

Death/Burial 

There is a practical requirement for humans to bury their dead, however the marking of burials and 

particular burial rites indicates the relationships between people, living and dead, and the beliefs about 

what happens to that person after they die. Across Australia a range of burial practices have been 

identified from recent and deep time contexts. Human skeletal material has been found in a wide range 

of landscapes; in shell middens, sand dunes, lunettes, on prominent landscape features, and within 

otherwise unoccupied rockshelters. Cemeteries (multiple bodies, co-located) are documented in areas 

whether there are higher population densities (Pardoe 1988). Evidence suggests that in the central 

Pilbara, walled rockshelters may have been used as primary burial locations before later being moved 

to secondary burial sites (or vice versa). Skeletal remains have also been found wrapped in paperbark 
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in walled rockshelters (Wallis and Matthews 2016:6), and in the central QLD Highlands, an area has 

been named ‘The Tombs’ because of the large quantity of bark coffin burials interred there (L'Oste-

Brown et al. 2002:44; Morwood 1982).  

Burial markers are used to indicate the location of human remains as well as where a body was kept 

before burial, an example being a circle of stones where the body was placed the first night after death 

(Elkin 1933:48). Burial markers include stones or more frequently cairns that mark graves (McCarthy 

1940:185). In the Kimberley (WA), Grey describes piles of small stones “heaped together to form a large 

mound” as potential graves and also describes coming upon a “grave with a hut built over it” (Grey 

1841:322). In some instances stones are used to support wooden pillars which form the base of a raised 

structure where the remains are left before secondary burial (Benson-Lidholm 1983:27; Davidson 

1954:518; Elkin 1933:469; Love 1938:139).  

Smooth cylindrical standing stones called Kundawira were described by Matthew Flinders and drawn 

by William Westall in the Gulf of Carpentaria, NT. These painted memorial stones, generally <60 cm in 

height, are associated with the death rites of the Yanyuwa people. They do not mark graves, but they 

can mark the place where a coffin was once located (Bradley and Kearney 2011:30). Although these 

rites are no longer practiced, people still have knowledge of the stones and know some of the people 

they represent. The stones are still considered to be the physical presence in this world of a specific 

deceased person. The continued presence of these stones provides a recursive link between the living 

and the deceased (Bradley and Kearney 2011:26). 

Another example of the use of stone structures in mortuary practices are inquest stones. These are 

standing stones set up near a body and linked to individuals in the group. If blood is identified on one 

of the stones that person is deemed to be the killer (Elkin 1933:447). These inquest stones are also 

described as being in a line (Love 1938:141) and as a circle of stones where the body was placed the 

first night.  

These examples show that stone structures with links to death and burial have many forms, most 

commonly of a stacked or walled construction although placed upright stones are also noted. The 

physical marking of the location of the body, important in some cultures does not necessarily hold in 

Australia. The absence of skeletal remains does not mean that these sites do not represent 

memorialisation or embodiment of the dead. In fact, the continued presence of the dead through stone 

structures is an important form of memorialisation that may not be recognised by people who do not 

have prior knowledge of these functions. 

Personal Memorialisation 

Standing stones were erected by individuals at locations where a particular incident occurred. This 

includes hunting achievements (such as the killing of a big kangaroo), or locations where an individual 
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had a lucky escape, such as avoiding a snakebite or harm from a fall from a horse or the place where a 

child’s spirit emerged from the earth or marking when an individual passed by (Love 1938:138-141; 

McCarthy 1940:188). Personal memorialisation is also described by Backhouse (1843:104) who 

observed “a woman arranging several stones that were flat, oval, and about two inches wide, and 

marked in various directions with black and red lines. These we learned represented absent friends, 

and one larger than the rest, a corpulent woman on Flinders Island, known by the name of Mother 

Brown".  

These examples all show humans marking the landscape to memorialise and integrate events in their 

own life with their surrounds. These kind of structures would only function as ‘communication’ to 

others if they had been told of their significance. This type of structure is not highly visible but can still 

be used to communicate locational-based information between closely related individuals. 

Communication and Territorial Behaviour 

As conspicuous features in a landscape, stone structures can be used to signal information at a distance 

(Wobst 1977). In the Pilbara and Western Deserts rock art plays a role in the “formation of social 

networks” (McDonald and Veth 2013:66), and there is no reason that stone arrangements and rock art 

might not have functioned similarly. Territorial behaviour has been included in this category because 

some forms of this behaviour include the communication of territorial boundaries or of defensive 

capabilities or fighting prowess. It is acknowledged that some forms of territorial behaviour, including 

defensive behaviour may equally represent a lack of communication or even a practical defensive 

technique. Four examples where stone structures have been used for communication or as a form of 

territorial behaviour include: defence, transmitting warnings, and more generally marking space.   

Defence and Conflict 

This category is not well explored or understood in Australian archaeology, despite evidence of 

defensive weaponry, skeletal remains with evidence of a violent death and rock art depictions of 

combat (Akerman 1992; Allen 2014:100; McDonald et al. 2015). There is no evidence in Australia of 

defensive structures such as the monumental Pã structures constructed in New Zealand (e.g. McIvor 

2015:272). It is possible however that structures were used for defence in a more subtle way - an 

example being the boundary markers described below (i.e. marking space). In the Kimberley region, 

O’Connor reports that her informant Kahki Stumpagee “believed that walling was necessary to hide the 

fires of the High Cliffy islanders from marauding parties” (O'Connor 1999:115). When Aboriginal people 

were asked about the function of stone pits at Harding Dam one of their two suggestions was that “they 

were places where the old people hid when they ran away from the sealers who came looking for 

labourers” (Wright 1983:96). This idea was not refuted, although the preferred interpretation for these 

structures was hunting hides (Wright 1983:100). Structures that indicate defence or conflict are most 

likely cleared pits and stacked protective walls located in defensible positions. 
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Warnings/Notifications 

In the Western Desert, Gould (1968:115) reports a series of “upright rock slabs” positioned as warning 

stones to uninitiated people. These stones were “in rows radiating outward from a mulga tree” (Gould 

1968:115) where secret/sacred objects were being stored. Uninitiated people within the immediate 

group knew that the presence of these standing stones meant they should stay away from the cache in 

the tree (Gould 1968:115). Similarly, structures could also be used to notify about the presence of 

resources, such as hidden waterholes or springs. 

Stone structures such as cairns or walls were also used to hide or cache objects. In the western 

MacDonnell Ranges (NT) a semi-circular stone wall shields a natural depression containing sacred 

objects created by Honey Ant Beings (Memmott 2007:203). In the central Pilbara (WA) numerous 

walled rockshelters have been identified. It has been suggested that cores, seeds, dried meat and 

“ceremonial paraphernalia” could have been stored behind these walls (Wallis and Matthews 2016:6).   

Warning/notifications can be in the form of a symbolic icon (an alert) or protective barrier (do not pass). 

Signalling theory suggests that that the more obvious and visible a structure with such a function the 

higher the importance or the greater the distance (in terms of social relationships) the information will 

need to be transmitted. This shows that the exact message is not required in order to ascertain 

additional information about its function. 

Marking Space 

Structures have been documented as marking or delineating space, including boundary markers, cairns, 

and various arrangements of standing stones (Hook and DiLello 2010:293; Lane and Fullagar 1980:146). 

The quantity and shape of an arrangement (also referred to as a ‘motif’) is important. Concentrations 

of standing stones in the Hamersley Plateau (WA) are argued to have functioned as part of a graphic 

system which shows a “greater emphasis on linear and curvilinear motifs”, as compared with the rest 

of the Pilbara, which has more “circular and closed polyline motifs” (Hook and DiLello 2010:293). In this 

case, stones are arranged in ‘motifs’ that are considered to be part of a signalling system used to mark 

territory. Areas with an increased quantity and variety of motifs were interpreted as being areas where 

people from multiple groups aggregated.  

On the four islands of the Lizard Island Group in north eastern QLD, a comparative study of structures 

on the islands and those on other Pacific islands suggested influences from at least three different social 

groups (Fitzpatrick et al. 2018:129). Common attributes between structures indicated that there was a 

degree of interaction between other islands of the Cape York Peninsula and Torres Strait Islands, and 

more surprisingly from the southwest Pacific (Fitzpatrick et al. 2018:141). These similarities 

demonstrated that information was shared between local people and these regions, although “to what 

extent and on what terms” it is unclear (Fitzpatrick et al. 2018:141).   
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On High Cliffy Island, WA, the large number of domestic structures is also suggested as being related to 

a “perceived necessity to demarcate social space in an area where space was at a premium” (O'Connor 

1999:115). A similar interpretation was made for the domestic stone structures and standing stones 

found across Rosemary Island (McDonald and Berry 2016).  

Various forms and constructions are related to the demarcation of space. More important than the 

actual form or type is the distribution within areas. A significant quantity of structures within a specific 

area, and an increase in the variation suggests a shared space or aggregation location where structures 

could be viewed by multiple, more distantly related groups.  

Mythological/Ceremonial  

Ceremonial and mythological sites can be difficult to distinguish archaeologically, even though they 

represent distinct (though frequently overlapping) behaviours. Ceremonies can be small individual 

rituals and part of everyday life or they might be related to milestones such as initiation, or another 

important religious event. Many stone arrangements have been recorded as being ceremonial places. 

A complicating factor for research into this type of stone structure is the culturally-sensitive and 

confidential nature of some of these sites. Where ethnographies have been collected, they are often 

(understandably) inaccessible (e.g. Cane 1984:183). This does limit interpretation but does not stop 

observations of some general trends in form and construction. Three behaviours are considered: 

familial-level ceremonial behaviour (i.e. increase or Thalu sites), group or ceremonial behaviour, and 

mythologies that can reflect overall group ontology. 

Increase or Thalu sites 

Thalu or increase sites are one of the most often described Pilbara ceremonial sites, perhaps because 

they are so prevalent or because they are one of the least guarded and most open forms of ceremony. 

Thalu sites vary widely in terms of the increase rituals being performed and in the form of the structures 

(Daniel 1990). These sites are important ceremonial places that are believed to help maintain 

availability of certain species; maintain or control the environment; increase the likelihood that a 

certain resource will be procured; or regulate processes that can do harm, such as diseases, pests or 

weapons (JMcD CHM 2005: 16). Withnell (1965) reported that these sites were looked after, activated, 

and inherited by family members. Thalu need to be activated by individuals who know how they work, 

and some can be dangerous if used incorrectly (Daniel 1990:12). Stone structures associated with Thalu 

rituals are generally either standing stones or cairns (Benson-Lidholm 1983:22; Daniel 1990; Elkin 1933; 

McNiven 2004; Vinnicombe 1987:41). Thalu rituals are not only related to stone features: natural 

features and the repainting of art are also referenced as increase sites (Elkin 1933:463). Specific 

examples of these types of sites and the associated stone structure are listed below ( 

Table 3.2).  
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Table 3.2. Some Thalu sites and stone structure forms (see footnotes for individual references). 

Thalu Type Structure Description Specific Thalu Region 

Maintenance 
of species 

Several standing stones in circle around 
water hole 

Ground nut and lilies1 Kimberley 

Enclosure with circular ends and two 
parallel lines 3 x 9m. A second 

arrangement of concentric circles.  

At another site six small cairns spaced at 
30cm intervals.  

Nuwola (primarily barramundi, 
but is also other kinds of food 

such as baobab tree fruit, a yam, 
the water-lily and can also be 
“thought of in some way as a 

man”)2 

Kimberley 

Small stones 15-25cm thick making up a 
number of U- and J shapes. Some 

circular features in association.  
Yams3 Kimberley 

Natural Feature. Large granite rock next 
to a pool. 

Black beetle4 Pilbara 

Natural outcropping rock (quartzite) 
thought to be beached dugong 

transformed into stone. 
Dugong Dreaming5 

Gulf of 
Carpentaria 

Seven cairns and two standing stones. 
Six small mounds are eggs. The seventh 

mound has a standing stone (female) 
and nearby is another smaller standing 

stone (male). 

Barramundi6 Pilbara 

Cairn of light brown stones 1m high by 
3m across. 

Wild gum7 Pilbara 

Low, circular multi-stone feature.  
Turkey nest: ensuring bush 

turkeys (bustards) will breed8  
Pilbara 

Cairn Fish9 Pilbara 

Natural stone 1m high with engraving of 
a woman about to have a baby on one 

side and husband on the other. 
Baby10 Pilbara 

Circle of stones 
This is considered the wungguru 

“reproductive centre” for the 
white-fish 11 

Kimberley 

Two upright standing stones 
The wungguru of an edible palm 

(kunggurum) 12 
Kimberley 

                                                           

1 (Elkin 1933:466)  
2 (Elkin 1933:467) 
3 (Elkin 1933:467) 
4 (Daniel 1990:14) 
5 (McNiven 2004:337) 
6 (Daniel 1990:26) 

7 (Daniel 1990:22) 
8 (Daniel 1990:28) 
9(Benson-Lidholm 1983:19) 
10 (Daniel 1990:24) 
11 (Love 1938:140) 
12 (Love 1938:140) 
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Thalu Type Structure Description Specific Thalu Region 

Controlling 
environment 

Cairns. Two piles of black stones 
Rain making. One pile is for 

summer and one for winter rain13 
Pilbara 

Cairn Rainmaking / winter rainmaking14 Pilbara 

Small cairn of white stones Thunderstorm/ rain15 Pilbara 

Cairn Winter sun16 Pilbara 

Cairn Willy-willy (wind)17 Pilbara 

Other magic  

Natural granite stone in middle of river 
The place where march fly will 

breed. Can be used against 
enemies 18 

Pilbara 

A series of cairns in which a hunter must 
place his spear in as he passes. 

Prevents sneezing.19 Kimberley 

Ceremonial grounds 

Ceremonial activities include totemic ceremonies, initiations and gatherings between groups. There is 

ethnographic evidence of complex features containing multiple components such as placed, stacked, 

and clustered circular and arc structures, mounds (and cairns), linear walls, and pathways (Benson-

Lidholm 1983; McCarthy 1940; McIntyre-Tamwoy et al. 2015; Mulvaney In press.; Palmer 1982; 

Radcliffe-Brown 1926; Ross 2008). While some sites (or parts of sites) are the subject of secret rituals 

and restricted information (Benson-Lidholm 1983; Palmer 1982), it is known that ceremonies may 

include the entire community and neighbouring groups and can go for days, and for some ceremonial 

events (e.g. initiation) different members of the community are involved in different ways and at 

different times (see Gould 1969; Palmer 1982). Not all ceremonial activities were sacred or restricted, 

and many are everyday rituals. The Kurmi site mentioned previously is a good example of a ceremonial 

ground which is not restricted or secret-sacred. Cane (1984:183) describes scattered standing stones 

found between Guralaba and Yunggubalibanda (Western Desert) as relating to an open “bush potato” 

ceremony.  

In the central Pilbara (WA), Law and Slack (2020) suggest that groups of standing stones can be 

recognised as ceremonial grounds due to an association with of stone artefact assemblages. Rhoads 

and Bird (in prep) argue that large artefact assemblages and the high proportion of wood-working 

debitage and backed artefacts suggest ceremonial paraphernalia were being manufactured at the 

Phillip Point stone arrangement in Murujuga. 

                                                           

13 (Daniel 1990:10) 
14 (Benson-Lidholm 1983:19) 
15 (Daniel 1990:30) 
16 (Daniel 1990:12) 

17 (Benson-Lidholm 1983:19) 
18 (Daniel 1990:32) 
19 (Love 1938:140) 
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These examples suggest that ceremonial grounds are associated with complex arrangements of both 

clustered and standing stones. Ceremonial activity could go on for a number of days and would result 

in an aggregation of people and associated domestic debris (Bowdler 1981; Morwood 1982). Although, 

depending on the ceremony, this debris may be spatially separated from the central focus of the 

ceremony. Ceremonial grounds are therefore likely to contain large arrangements with multiple 

components, either directly associated with or nearby to temporary occupation sites.   

Embodiment of Myths and Storytelling 

Myths are stories that are integral to a social or cultural group and an important component of religion. 

A recurrent theme is that certain stone arrangements are the manifestation of dreamtime stories and 

ancestral beings “frozen in stone” (Gould 1968:16; Lawrie 1970; McNiven 2004:337). Many of these 

arrangements are prominent standing stones, but the concept extends to other structures, site 

complexes, and natural features. In the Western Desert, these structures were described by as being 

“created by Dreamtime beings” (Gould 1969:144) or “part of the Dreamtime” (Gould 1968:114). Gould 

also states that stone alignments and rock piles are “consistently interpreted as the bodies or 

paraphernalia of totemic beings changed by themselves into lithic form” (Gould 1969:144). 

In the Great Sandy Desert, Palmer (1977:36) describes three arrangements, 

“of linear design with small curved ‘arms’ and loops. The stones are often no 

bigger than an emu egg. The informant attributed the placed stones to the 

mythological Minyiburu [ancient dreamtime beings] who travelled through the 

area in the dreamtime” 

Depictions of Minyiburu are also found in rock art and the mythologies are known to extend across and 

link multiple cultural groups from the Western Desert out to the coast (Harper 2017:51). The use of 

stone structures and rock art to depict these beings, illustrates the potential for interchange of these 

two signalling media. 

Figurative arrangements are rare, however other examples include serpent and a goanna identified in 

the Kimberly WA (Sofoulis 1973) and extensive representations of Macassan material culture including  

boats (prau) and other forms of trepanging activity in eastern Arnhem Land (Macknight and Gray 

1970:5). The Arnhem Land arrangements were interpreted by two men; Mun-gurrawuy a leader of the 

Gumatj people currently living in the area, and Mawalan a Rirratjingu man who was related to the father 

and son (Yumbul and Dhatalamirri) who were said to have created the arrangements in the early 19th 

century (Macknight and Gray 1970:25). Mun-gurrawuy and Mawalan were able to build a detailed 

picture of a complete trepanging site based on knowledge of the site and the shapes represented. This 

interpretation demonstrates the importance of emic knowledge in understanding and interpreting 

stories and symbols being transmitted through arranged stone.  
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Love (1938:141) describes a series of upright and fallen standing stones in the Kimberley region of WA 

as representing a wrestling match that took place in the Dreamtime between kangaroo ancestors. The 

fallen stones represented the kangaroos which were thrown to the ground during the fight. This shows 

fallen standing stones being an intentional part of the arrangement, something which could be 

confused with change or degradation over time.  

Mythological sites can also be natural features or incorporate them, making archaeological 

identification difficult or impossible. The integration of natural and cultural elements into mythologies 

is an important part of Aboriginal ontology – natural and cultural remains are not necessarily clearly 

distinguished as they are in western paradigms, and both can be considered to have been created by 

ancestral beings, not by humans (Graham 2008:183). Palmer describes a stone arrangement in the 

central Pilbara WA that “belonged to Malbu [a seductive spirit of the dead] and was the place where 

he ‘came out’” (Palmer 1977:34). Rock art is known to be viewed in some places as having been created 

by a mythological being (McDonald and Veth 2013:68; Tonkinson 1978).  

Stone structures representing different mythologies will tend to be associated with arrangements of 

placed, standing stones and clustered stones as well as prominent natural features. Law and Slack 

(2020) suggested that an absence of associated cultural material such as artefact scatters could provide 

evidence of mythological rather than ceremonial activity; however, I think this argument is a difficult to 

sustain. There is a high degree of overlap between mythological and ceremonial sites and mythological 

stories are transmitted through verbal and physical retelling, an activity that can take place at large 

ceremonial gatherings. 

Patterns  

These ethnographic examples cannot be taken as the sole or literal interpretations of past uses of these 

structures. I have provided these examples to better understand the potential functions as well as types 

of land use and some of the world-views that influenced these constructions in the recent past. As 

Sackett espouses: “any given type of artifact is itself inherently dualistic and that, according to how it is 

viewed, it can present either a functional or stylistic aspect” (Sackett 1977:371). Ideally then, any kind 

of typology or classification system should be flexible and “able to cater for 'typical' and 'atypical' 

examples according to a stated set of principles” (Stead 1987:33). 

While form and function are not always directly related, there does seem to be some broad similarities 

inherent in the construction of stone features. Table 3.3 summarises the examples given above to 

demonstrate the broad relationship between structure function and form (construction and shape) and 

landscape context.  
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Table 3.3. Thematic Summary of Stone Structure Function 

General Class Category Function 
Form or Construction 

 (as described above) 
Trends 

Somatic/Technological 

Shelter 

House structure 
Cleared central area surrounded with stacked 

circular structure. Construction: Cleared and stacked 

Shape: Circular 

Landforms: Sheltered or with good vantage 
Wind break 

Cleared area behind circular or short linear 
structure with stacked stones. 

Shelter from storm Depression/pit. 

Resource acquisition Quarrying 
Scattered depressions, cleared areas and resulting 

stacks 

Construction: Cleared with some residual 
stacking  

Shape: Circular 

Landforms: Associated with raw material 
source 

Subsistence 

Plant management 
Linear stacked structure and complex 

arrangements. Interconnected with ceremonial and 
increase sites 

Construction: Stacked  

Shape: Linear/Curvilinear 

Landforms: Dependent on subsistence 
resource 

Aquiculture 
Stacked linear/curvilinear structure. Associated 

with current or ancient coastline or wetland. 

Encourage game 
Stacked stones/wall, slab on block: creating tiny 

crevices/shelters within rocks 

Hunting hide Stacked stones/ wall and cleared depression/pit 

Dingos Cleared depression and circular stacked structure Construction: Cleared 

Shape: Circular 

Landforms: Sheltered  
Food storage 

Cleared area or depression and circular stacked 
structure 

Cooking Heap of stones (heat retainers) 

Construction: Clustered 

Shape: Pile 

Landforms: Near habitation sites 

Water 
Modification of natural feature. Single placed or 

group of stacked stones 

Construction: Placed or Stacked 

Shape: Pile 

Landforms: Water Source 
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General Class Category Function 
Form or Construction 

 (as described above) 
Trends 

Social/Symbolic 

Memorialisation/ 
Commemoration 

Death/Burial 
Piles, circles of stones and clusters indicating 

platform foundation. Placed/standing stones. Has 
practical and symbolic functions. 

Construction: Predominantly stacked, 
occasionally placed 

Shape: Elongated heap, circles of stones. 

Landforms: Away from habitation locations 

Personal 
memorialisation 

Placed/standing stones 

Construction: Placed (standing)  

Shape: Isolated 

Landforms: Any. Visibility not important 

Communication/ Territorial 
Behaviour 

Defence and conflict 
Cleared circular area or depression allows for a 
person to be concealed. Overlaps with shelter. 

Construction: Cleared and Stacked 

Shape: Circular 

Landforms: Sheltered or with good vantage 

Warnings/ Notifications Placed/standing stones Construction: Placed/standing stones, stacked 
and clustered 

Shape: Various. Quantity (energy 
expenditure) and repetition increases with 
distance (relationship) from signallers. 

Landforms: Any. Visibility not important 

Marking space 
Groups of arranged placed/standing stones, 

figurative arrangements, groups of clustered and 
low piled stones, cairns of various height and size. 

Mythological/ Ceremonial 

Increase Standing stones, cairns and natural features Construction: Standing stones, stacked and 
clustered  

Shape: Various. Quantity (energy 
expenditure) and repetition increases with 
group size and distance (relationships) 
between signallers. 

Landforms: Visibility accessibility important. 
Division of space and associated cultural 
material also relevant. 

Ceremonial ground 
Arranged complexes comprising standing stones, 

placed stones, stacked piles and clusters in various 
shapes 

Transmission of Myths/ 
Storytelling 

Arranged complexes comprising standing stones, 
placed stones, stacked piles and clusters in various 

shapes including figurative designs 
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This summary suggests that structures with technological functions tend to be constructed out of 

multiple stones that have been stacked or cleared and stacked. Structures related to social and 

signalling functions are more likely to be isolated or arranged into specific patterns of placed/standing 

stones, clustered stones. While very general, these initial trends create a baseline for a better 

understanding of the ways that people have used stone across Australia. 

Summary 

While it is important to be mindful of the potential for errors in decoding the function of structures 

used in the past, this does not mean that all past behaviour is unknowable, or that interpretation is 

impossible. The first step to a better understanding of correlation between structure form (construction 

and shape), environmental context and human behaviour is to summarise observed associations and 

suggest pathways to identifying potential correlations. 

In this chapter similarities in form and function of stone structures have been identified as a starting 

point for this and future analyses. While there is great complexity, general trends indicate that in the 

Australian context, structures with technological functions tend to be structures built of multiple 

stacked stones, whereas structures related to encoding and transmitting information are often isolated 

structures (standing stones or cairns) or structures organised in geometric or figurative patterns. 

Understanding function is a complex endeavour which benefits from ethnographic and situational 

(environmental) information. Construction type will be summarised in Chapter 7 and then the 

identifiable elements will be drawn into a Murujuga stone structures typology in Chapter 8.  

Before tackling these analyses, a theoretical framework is needed to ensure more rigorous 

interpretation of potential structure functions. The following chapter provides a consideration of 

appropriate theoretical approaches to stone structures analysis.  
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Chapter 4  

Theorising Stone Structures  

How Human Behavioural Ecology can provide a framework for analysis  

This chapter explores the theoretical approaches taken in previous stone structure research and 

proposes a new integrated technique. The overarching theoretical framework is Human Behavioural 

Ecology (HBE), but important concepts from Niche Construction Theory (NCT) and Information 

Exchange Theory (IET) are also adopted. Further developing on ideas introduced in the Chapter 3, I 

present two models which outline my approach for considering how stone structures, a form of 

landscape modification, embody somatic and social behaviours that can be interpreted 

archaeologically.  

Selection of an Approach 

As discussed in Chapter 2, Australian studies often do not incorporate theoretical frameworks into 

analysis, as such, this chapter has expanded in scope to consider a range of relevant international 

examples. Around the world stone structures have inspired some of the earliest archaeological 

investigations. As a result, theoretical approaches to stone structures developed in parallel with general 

archaeological theory. This development can be broadly traced from early renaissance humanist 

thinking to more recently developed post-processual approaches.  

Historian and antiquarian Flavio Biondo (1392-1463) was one of the first to use archaeological 

approaches to investigate Roman remains (Mazzocco 2017b:1). Biondo wrote influential works on the 

history of Rome, based in part, on excavation and documentation of stone ruins (Castner 2017:180; 

Mazzocco 2017a:91; 2017b:15). Another antiquarian, John Aubrey (1626-1697), took precise 

measurements, created detailed plans and undertook some of his first excavations around megalithic 

structures, including Avebury and Stonehenge (Aubrey 1980). Aubrey argued that “accumulation of 

information was the key to induction” (Hunter 1975:180), combining a typological examination of the 

monuments with excavation and local oral history, and creating a foundation for his lyrical, nationalistic 

interpretations (Hunter 1975:176; Williams 2016:42).  

A Normative or Culture History approach developed from these antiquarian origins and was the 

dominant paradigm up to the 1960s. Normative approaches considered the form or style of 

archaeological material as representative of cultural groups. Glyn Daniel used this technique to argue 

that megalithic tombs were evidence of a single colonising cultural group moving from east to west 

across Europe (Daniel 1958:128; Renfrew 1983:162). Daniel argued that megalith builders colonised 
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Europe with the western tombs being “translations into megalithic architecture of the east 

Mediterranean non-megalithic chamber tombs” (Daniel 1958:123). The subsequent introduction of 

radiocarbon dating proved that the western monuments were in fact much older than the 

Mediterranean chamber tombs and led to new explanations of local origins (Renfrew 1983:154).  

Renfrew developed a processual interpretation that treated stone structures “as a functional element 

of a cultural system” rather than representing a dominant cultural group (Johnson 2010:34). As the 

effort and energy required to create the European megaliths was well beyond what was needed for 

their function as burial chambers, Renfrew (1983) argued that the structures had an additional function 

as “aggressive” territorial markers. These markers were increasingly dense in coastal regions that were 

reaching peak population levels, in part because the coast provided a barrier to further migration. 

Renfrew (1983:162) concluded that the megalithic monuments would have provided “an adaptive 

advantage over less assertive and less cohesive neighbouring groups”.  

Proponents of processual archaeology emphasise the use of science and quantifiable data to explore 

archaeological remains created by local groups, without the broader cultural explanations (Johnson 

2010:20). Lewis Binford, an early and prominent processualist, argued for an “ethnoarchaeological 

study of living systems” in order to develop ideas about the patterned variability of hunter gatherers 

(Binford 1980:5; Binford 2001). Binford’s approach, termed middle range theory (MRT), used 

ethnographic observations to develop and test predictions about how ‘dynamic’ behaviour in the past 

can be inferred from ‘static’ material of the present (Johnson 2010:51).  

Binford argued that archaeology requires a strong scientific and ethnographic basis and he used 

ethnographic and environmental data and observations of the residential mobility patterns of hunter-

gatherers to provide a model for interpreting the archaeological remains of foraging systems. Groups 

were classed, as illustrated in     Figure 4.1, as having forager or logistical social systems, which could 

be “employed in varying mixes in different settings“ (Binford 1980:19). Forager systems (based on the 

Gwi San of Africa) were distinguished by daily foraging trips into resource patches within a certain 

distance of a base camp. Groups move their base camps (people to resources) to acquire the resources 

they need (    Figure 4.1A). Logistical or collector systems (based on the Nunamiut of Alaska) were less 

mobile with task specific groups collecting resources and returning them to a base camp (resources to 

people). Base camps are moved less frequently if at all (    Figure 4.1B). While stone structures are not 

discussed, the models provide an important foundation for understanding landscape use and 

modification. 
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    Figure 4.1 Middle Range Theory A) Foraging System (Binford 1980:5 Figure 1).      B) Logistical or Collector System (Binford 1980:11 Figure 3).   

A B 
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MRT provides a toolkit for understanding different foraging systems and patterns in archaeological 

remains. This focus on dividing cultures up into different categories suited a western ontology and while 

there was acknowledgement that the systems were not binary, there was some insinuation that they 

were inversely related. Ethnographies, while valued, were limited to modern assemblages, restricting 

consideration of how culture might change through time. While very useful for some interpretations, 

MRT does not allow for a nuanced understanding of the behavioural strategies that create the remains.  

The pattern of human forager activity in the landscape (    Figure 4.1A) also has parallels with central 

place foraging theory (a HBE model) which will be discussed in more detail below. Interestingly, while 

Binford’s ideas were aligned with HBE and HBE was certainly embraced by a generation of his students 

(e.g. Robert Kelly), he personally rejected the framework (Kelly 2015:69).  

In the 1980s, landscapes became an “object of investigation in [their] own right” (David and Thomas 

2010:27), with the introduction of landscape archaeology. Before this, ‘landscape’ was mostly just used 

as measure of scale and was a unit of analysis above a ‘site’ (David and Thomas 2010:27). The term 

landscape developed over time: being initially a synonym for environment or ecology (with some 

exceptions). Later the definition shifted to a focus on place and the relationships between people and 

their environment with studies of style or information exchange one of four major influences that 

helped change landscapes from predominantly environmental to social constructions (the others being: 

sourcing studies, cultural heritage management, and indigenous critiques) (David and Thomas 2010:32). 

Landscape archaeology generally considers the concept of place, contra space, which is the focus in 

spatial archaeology. Place combines understanding of the physical environment with the embedded 

cultural and personal knowledge that comes from familiarity with a particular location (David and 

Thomas 2010:38). The distinction between space and place is an important concept (Lock and Pouncett 

2017:130) which later becomes integrated within other paradigms. Landscape archaeology is a broad 

framework that encompasses any study that explores archaeological material at a landscape scale. 

While this dissertation fits within this paradigm, I believe the approach is generally too broad to help 

answer detailed questions about these structures.  

Archaeo-astronomy is a branch of landscape archaeology that has also been used, with varying levels of 

success, to describe associations between stone structures and astronomical phenomena (e.g. Burl 

1979:64; Hamacher et al. 2012:52; Higginbottom et al. 2002:59; Thom 1971). Some of this research has 

fed into pseudoscientific imaginings with these sites as places where bearded druids performed rituals 

over bubbling cauldrons (Burl 1979:64). Nevertheless, astronomical archaeology and the association of 

stone structures with astronomical observations or phenomena should not be discounted as pseudo-

science. Some stone structures can be shown to have impressive astronomical alignments. Newgrange, 

in Ireland, has a unique illumination of the dark interior passage on the winter solstice, showing that 

the builders of this passage tomb incorporated knowledge of the solstice into the engineering and 
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design (O'Kelly and O'Kelly 1982). Across the Americas, circular stone structures with wheel spokes are 

said to be oriented to mark astronomical events (Patterson 2008:79). Studies of such phenomena 

indicate connections between megalithic sites across landscapes and with solar and lunar cycles, 

through the use of visual reconstructions, statistical analyses and complex landscape models 

(Higginbottom 2020:70; Higginbottom et al. 2002:59).  

There is increasing evidence that Aboriginal people had a deep knowledge of astronomical phenomena 

that was integrated in their mythologies. The paths of celestial objects such as the sun, moon and 

planets were used to track time and played a role in the timing of social events, navigation, calendars, 

and subsistence activities (Hamacher et al. 2012:117; Hamacher and Banks 2019:2). However, the use 

of geometry and astronomy are rarer in Australian stone structure research, with only two known 

examples of stone arrangements being linked to astronomical observations. Preliminary research in 

New South Wales suggests linear stone arrangements were consistently oriented along cardinal 

azimuths with a preference for north/south rather than east/west (Hamacher et al. 2012:52). Further 

research in Victoria by the same authors at Wurdi Yoang (Mt Rothwell) interpreted a stone arrangement 

as having “astronomically-significant positions” with relation to the equinoxes and solstices (Norris et 

al. 2013:63). Hamacher and Norris stop short of calling these sites ‘observatories’ and present 

arguments for and against these structures being purposefully engineered to align with astronomical 

events, without making a final judgement of their function.  

Phenomenology is a branch of landscape archaeology that draws upon human interaction with 

landscapes and stone structures. Phenomenology is a way of understanding the past through observing 

processes, things or events (phenomena) using human senses to infer “lived experience” (Johnson 

2010: 118). It was first adapted for archaeology from philosophy, geography and anthropology by Tilley 

(1994:1). Phenomenologists argue that traditional mapping provides a scientific view of these sites 

which removes everyday human experience (Johnson 2010: 118) and that an experiential 

understanding of a place is a better way of understanding how and why people constructed these 

structures in the past.  Phenomenology has been one of the most influential theoretical approaches 

used for stone structures research globally (e.g. Thomas 2006; Tilley 1994) and in Australia (e.g. 

Fitzpatrick 2015; Fitzpatrick et al. 2018).  

Experiencing archaeological material in context is important and the true nature and extent of a site is 

often difficult to understand without having visited it. However, beyond this level of experience there 

are problems with the way in which phenomenological approaches have been implemented. There is a 

huge variety of lived experiences between (and within) individuals in the past and archaeologists in the 

present (Barrett and Ko 2009:280). Differences in gender, culture and ability all influence how people 

in the past – and present – conceptualise place (Renfrew and Bahn 2005:203) and it is very difficult for 

a singular archaeologist deploying a particular approach to the past to capture all of these perspectives. 

Phenomenological approaches have also drawn criticism for being unreproducible and for assuming 
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modern experiences of stone structures can be equated to experiences in the past (Fleming 1999). 

Reproducibility is very important to my approach, and is discussed in more detail in Chapter 5 and 

Chapter 6. While phenomenological approaches are useful for thinking about individual sites and their 

position as place-makers in the landscape, I believe that HBE provides a more robust approach, albeit 

less detailed, to explore stone structures as part of a repertoire of landscape interactions and 

modifications signifying a range of human behaviours. 

Human Behavioural Ecology (HBE) 

HBE is a framework for understanding the relationships between the environment, the individual and 

the society they inhabit (Bird and O'Connel 2012:53; Cronk 2016; Kelly 2013:38). It draws heavily on 

ethnographic examples and on biological and ecological observations of animal behaviour in developing 

and testing models of human behaviour. It grew out of human sociobiology in the late 1970s, which was 

cast as being an unscientific “superficial evolutionary story-telling, ignorant of relevant social science 

literatures and unsupported by empirical findings” (Laland and Brown 2006:23). In contrast HBE favours 

a scientific approach to model-building and considers human beings “as if they were any other species 

of animal” (Laland and Brown 2006:23). As a branch of behavioural ecology it allows for theories and 

models used in biological sciences to be tested on human populations to explain behaviour. There is 

explicit acknowledgement of evolution by natural selection (or evolutionary theory) as well as the 

complexities of learned social behaviour within HBE models, which have provided an effective tool for 

predicting human behaviour (Bird and O'Connel 2012; Davies et al. 2012:5; Laland and Brown 2006:26). 

Evolutionary theory is accepted as the explanation for the diversity of flora and fauna across the globe; 

it holds that physical differences (and the genes that encode these differences) that increase the 

chances that an organism will survive become more common over time and lead to evolutionary 

change. Evolutionary changes are found at the level of the gene and manifest in changes to the 

phenotype which in turn manifests as change to the individual, over long timescales and multiple 

generations (Dawkins 2016; Kylafis and Loreau 2011:82; Nettle et al. 2013:1031; Riede 2012:88).  

HBE tends to focus on the behaviours that influence these larger genetic changes. An organism’s actions 

are influenced by ecological conditions and the advantages gained in adapting or changing their 

behaviour. As behavioural patterns are fitness-related, the focus is instead on understanding social and 

ecological contexts that influence the decisions that organisms make as part of everyday life (Bliege Bird 

and Bird 2017:4).  

Behaviour which directly modifies the environment has also been referred to as ecosystem engineering 

and is explored in detail within niche construction theory (NCT). NCT is a separate but related paradigm 

(associated with evolutionary developmental theory) because of the additional complexities introduced 

to the evolutionary process (Stiner and Kuhn 2016:177). Also referred to as extended evolutionary 
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theory, NCT diverges from standard evolutionary theory, advocating that the active (implicit) agency of 

organisms in the evolutionary process produces fundamentally different patterns from the standard 

gene centric view of evolution (Khatibi and Sheikholeslami 2016; Laland et al. 2016; Laland and O’Brien 

2011; Odling-Smee et al. 2003:28; Scott-Phillips et al. 2013; Vandermeer 1972). Figure 4.2 provides an 

illustration of how standard evolutionary theory functions (Figure 4.2A) in comparison to basic (Figure 

4.2B) and more complex conceptualisations of NCT (Figure 4.2C).  

 

Figure 4.2 A) Standard Evolutionary Theory (Odling-Smee et al. 2003) B) Extended Evolutionary Theory 
(NCT). C) NCT including cultural influences (Riede 2012:89) 

It is widely accepted by proponents of both standard and extended evolutionary theory that humans 

(and other organisms) do modify their environments and are active participants in landscape 

modification and ecosystem engineering. It is also widely accepted that ecosystem engineering can 

subsequently affect the gene pool: a common example of this being the co-evolution of lactose 

tolerance in human groups that farmed animals for milk (see Odling-Smee et al. 2003:27; Scott-Phillips 

et al. 2013:123). The main area of dispute is the degree to which these activities are ecologically or 

evolutionarily consequential, and advocates of standard evolutionary theory are still in the majority 

(Scott-Phillips et al. 2013:124).  

While I think it is likely that ecosystem engineering did have a subsequent influence on human 

development it is not necessary to debate the accuracy or likelihood of either position (for a good 
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evaluation of the debate see Scott-Phillips et al. 2013). Most HBE models are designed to understand 

behaviour at the level of the individual or social group, and while they were developed with standard 

evolutionary theory they can also be used in conjunction with extended evolutionary theory. NCT 

concepts have been integrated by some proponents of HBE as a way of moving beyond the traditional 

examination of short time spans into larger time scale patterning (see discussions of ecological context, 

below). This is important because while NCT has succeeded in drawing attention to the influences, it 

has not provided clear frameworks for explaining these mechanisms in the same way that HBE has (Bird 

and O’Connell 2006; Bliege Bird 2015:243; Smith 2013:114; Stiner and Kuhn 2016:182).  

HBE has been used to understand a range of subsistence behaviours in Australia: gendered labour 

division, shellfish selection, burning practices and signalling behaviour (Bird et al. 2004; Bird and 

O'Connel 2012; Bird and O’Connell 2006; Bliege Bird 2015; Bliege Bird and Bird 2017). In behavioural 

ecology HBE has already been used to help understand transitions from hunter-gatherer to agricultural 

modes of subsistence (see Douglas and Bruce 2006); and while this work incorporates forms of 

landscape modification, HBE has not been directly used to explain stone structure creation and use. On 

a continental scale, Veth (1989; 1993:106) draws on biogeographical understanding of species 

evolution to develop a model of early human occupation of arid Australia. This continental model 

provides consideration of areas which would have acted as barriers or refuges during periods of aridity 

such as the LGM. More than 30 years later this model still provides a compelling interpretation of 

changing settlement patterns across the arid zone through time. 

 

Figure 4.3 Biogeographic model showing refuges, corridors and barriers (Veth 1989:84 Figure 1) 
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NCT theory has also been used to understand broad landscape modification, particularly agricultural 

and horticultural innovation, subsistence, resource acquisition and storage (Nettle et al. 2013:1036; 

Rowley-Conwy and Layton 2011; Zeanah 2017:3). This has included the use of NCT for understanding 

stone structures (specifically stone fish traps) in the Gulf of Carpentaria in Qld. This work undertaken by 

Anna Kreij used NCT as a basic explanatory framework for the creation of these structures within the 

last 3500 years (Kreij 2016:119; Kreij et al. 2018:148). Kreij identifies fish traps as a form of 

anthropogenic habitat manipulation and a forerunner to more sedentary behaviour. This work provides 

an important starting point for further analysis of this site type, and there  are a number of similarities 

with Kreij’s approach and the position advocated here, although, as I argue below, I believe that HBE 

frameworks do allow for greater explanatory power than NCT alone (see also Bliege Bird 2015; Stiner 

and Kuhn 2016).  

Models of Behaviour 

Traditionally, HBE models examine the function of an activity over short timeframes as an analysis of 

costs and benefits (Hames 1992:206; Smith and Winterhalder 1992:34). While studies at the level of 

individual behaviour are still dominant, integrated multi-scalar approaches are starting to be employed, 

particularly in archaeological research (Bliege Bird 2015; Nagaoka 2002; Stiner and Kuhn 2016:178). The 

strength (although also a criticism) of HBE is in its simplicity and the ability for models to provide a 

“broad conceptual toolkit” to be applied to inferences made about material remnants of human 

behaviour (Codding and Bird 2015:9; Winterhalder and Smith 1992). These frameworks should not be 

taken literally as direct representations of reality, but as predictive devices designed to help 

conceptualise the cost/benefits of stone structures and ultimately answer questions/provide 

interpretations about past human behaviour (Bird and O'Connel 2012:42). While most models are used 

qualitatively (as they will be in this dissertation), quantitative tests can be used to test specific 

inferences, another strength of the approach (Kaplan and Hill 1992:173).  

The following models consider the broad ecological context of stone structure construction as well as 

the individual and societal behaviour each structure manifests. Previous HBE and IET models are used 

to create a representation of individual somatic (relating to the body), and social or symbolic behaviour. 

The first conceptual model, human-environmental feedbacks (Figure 4.4) provides the overall structure. 

It is used to consider the ecological context of all forms of landscape modification and the positive 

feedbacks which influence further behavioural actions. Time allocation or a consideration of the 

costs/benefits of particular actions is also a foundational concept which has been used to consider; diet 

breadth, marginal value, central place, technological investment and costly signalling. Information 

exchange theory reflects how people modify signals depending on the target audience. Finally I 

introduce two models that will be used to consider how stone structures manifest somatic/signalling 

behaviour. 
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Ecological Context  

The overarching framework used here (see Figure 4.4) has been developed by Rebecca Bliege Bird 

(2015) to consider human-environmental feedback mechanisms. It considers the results of 

anthropogenic landscape disturbances and predicts how their construction will impact on the 

environment, resource availability and social relationships. Bliege Bird develops the model through two 

examples: hunting and landscape modification, including built gardens (in the Amazon basin), and 

mosaic fire use in the Australian Western Desert.  

 

Figure 4.4 Conceptual Model for positive human-environment feedbacks (Reproduced from Bliege Bird 
2015:252 Figure 1) 

This Human-environment feedback model suggest that activities that have immediate value on the local 

scale can, in turn, influence broader temporal and landscape scale change, which “when applied over 

certain temporal and spatial dimensions can have positive effects on the stability and diversity of 

species” (Bliege Bird 2015:248). While Bleige Bird’s model is based on Martu mosaic burning, it provides 

a good starting point for examining overarching implications of Murujuga stone structure construction: 

another form of anthropogenic disturbance to the landscape.  

Stone structures are a direct result of individual local scale choices. The chain of claimed impacts, 

including decreased mobility and increased predictability of resources, could be iteratively affected by 
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continued construction (Bliege Bird 2015:251). Modifications are forms of ecosystem engineering, 

which in line with NCT, influence the environment and subsequent behavioural responses (Odling-Smee 

et al. 2003; Scott-Phillips et al. 2013; Zeanah 2017). It could be argued for instance, that structures 

previously described as ‘walls’ or ‘terraces’ (Chapter 2) could create increased plant resources and an 

increased predictability and patchiness: a discussion that will be returned to in Chapter 9 and Chapter 

10.  

Time Allocation 

The human transport of stones into structures requires time and energy. Many HBE models focus on 

understanding behaviour in terms of optimality: weighing up the opportunities as compared to the costs 

of particular behaviours. Time allocation models consider the cost/benefits, which involves weighing up 

the energy (or time expended) undertaking a task (cost) in relation to the energy or other benefits 

gained from that task (Figure 4.5A). Tasks requiring more energy should provide a higher return rate to 

make them worth undertaking. At a certain point, the amount of energy expended exceeds the benefits 

and an individual will cease to undertake the task in favour of alternate, more beneficial, activity (Figure 

4.5B). The basis of these models is that from an evolutionary perspective, organisms that can collect 

resources more efficiently will be more successful and therefore more prevalent (Kaplan and Hill 

1992:168).  

 

Figure 4.5 Time Allocation Models. A) General opportunity/cost calculation (Reproduced from Hames 
1992:205). B) Multiple opportunity/cost calculations showing the point where the time spent on an 

activity is no longer worth the return. Solid lines are diminishing rates of return and dotted lines the costs 
involved in undertaking a task.(Reproduced from Hames 1992:210).  

The time allocated and the variety of tasks can differ depending on the individual or the broader social 

group requirements. While these models are gross simplifications, time allocation models do allow for 

consideration of tangible benefits of creation stone structures over other activities. The different types 

of behaviour which might be represented were divided by Hames (1992:204) into somatic (relating to 

the body) and reproductive behaviours - the added complexities of social behaviours are not 

considered. For stone structures, a more relevant categorisation is a division between somatic and 
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social behaviour (i.e. including signalling and communication). Individual models which can help 

illustrate somatic and signalling behaviour are now considered. 

Somatic Behaviour  

Many elements of somatic behaviour can be captured by HBE foraging models, which suggest (in line 

with evolutionary principles) that a behaviour that does not benefit an organism will be unlikely to 

survive long term. A series of HBE models are outlined and are used to inform a model for somatic stone 

structure construction (Figure 4.7).  

Behaviour relating to the body includes activities and technology needed for survival, such as seeking 

shelter, food and water (subsistence). Other acquisitions (e.g. raw material for tools) can also be directly 

considered to be somatic or technological behaviours. I use Kelly’s (2013:115) definition of technology 

as the knowledge (‘soft’) and material (‘hard’) needed to survive. Patterns of stone structures 

construction, which represent somatic behaviour, should ultimately provide elements that increase the 

chance survival of an individual (or group).  

Foraging theory (also referred to as optimal foraging theory) is used to describe HBE models that explain 

decisions about the selection of particular food resources (prey); as well as the locations (patches) 

where this prey is searched for and acquired (Kaplan and Hill 1992:168; Nagaoka 2002:421; Smith 

2013:114; Zeanah 2017). Foraging theory is used to predict what prey will be preferred based on the 

return rate (value), usually quantified in kilocalories. An important constraining factor unique to the 

application of these models to stone structures, is that the stone structures are fixed in space. Like rock 

art, the presence of stone structures in the landscape means that the individuals who constructed them 

gleaned sufficient benefits from activities in that location, to warrant the time and energy spent in 

construction.  

Prey choice /diet breadth modelling usually considers the selection of one subsistence resource (i.e. flora 

or fauna) over another (Figure 4.6A) based on search and handling costs. Choices will be made about 

resources depending on their calorific return in comparison to other resources. The breadth (variety) 

of resources will grow until the searching /handling time is greater than the return rate (i.e. diminishing 

returns). This model suggests that resources which provide higher overall returns will be more 

frequently pursued over those which provide lower returns (Bettinger 2009:2; Kaplan and Hill 1992:172; 

Nagaoka 2002:422). The overall abundance of high return resources will therefore impact on the 

techniques employed: targeted approaches being employed where high return resources are abundant, 

and generalised approaches being deployed where they are not (Nagaoka 2002:422).  

Marginal value theorem (MVT) is used to predict how frequently people will need to move from one 

patch to the next (Figure 4.5B and Figure 4.5C). Patch choice is directly related to the resource or prey 

that is expected to grow or inhabit a particular patch. As people exploit a patch it will become depleted 

and will require more energy to acquire the same resources. When it costs more energy to search for 
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resources within an area, than the benefits acquired, people will move to a new patch (Kaplan and Hill 

1992:181; Kelly 2013:98). A variable not directly considered in this is the iterative ecological impacts 

that can also have positive impacts on prey availability: this is considered in approaches that integrate 

NCT concepts into the HBE model (Bird et al. 2005; Bliege Bird 2015; Odling-Smee et al. 2003; Zeanah 

2017). 

 

Figure 4.6 A) Diet Breadth Model (Reproduced from Bettinger 2009:2).  B) Marginal-value theorem 
(Reproduced from Kaplan and Hill 1992:181). C) When to move patch (Reproduced from Kelly 2013:98). 
D) Technological investment model showing a spear as compared to a gill net and (Image reproduced 

with some slight alterations from Kelly 2013:129) 

People will search for resources within proximity of a base/habitation camp or central place (see the 

discussions of foragers and Binford 1980, above). In HBE this is covered by central place theory: people 

will move on from a base camp when the energy gained from available patches is lower than the cost 

to move camp. More frequent moves or moves over greater distances suggests higher group mobility. 

For more mobile groups with less permanent base camps (and shelters) the cost of moving is 

significantly lower than other groups with more permanent camp infrastructure. The effective foraging 

radius of a group depends on the ease with which a group can move base camps and the amount of 

energy which can be gained from available resources. The larger the radius the less choice a forager will 

have, also resulting in reduced diet breadth. A smaller foraging radius could suggest a richer patch 

and/or a more mobile group. Identification of more permanent habitation structures (which costs more 
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to construct) could be an indication of lower overall group mobility. Larger, more robust structures 

linked to subsistence could also be indicative of higher energy/time investment and decreased overall 

mobility.  

The technological investment model (Figure 4.6D), was developed from the MVT and suggests that 

humans will change or develop technology in order to reduce the costs involved in acquiring sustenance 

(Bettinger et al. 2006:542; Hames 1992:220; Kelly 2013:128). Technologies used to increase the 

quantity of resources acquired such as nets or drives are considered mass capture technologies which 

will significantly improve the return per capture beyond what would be normally expected (Nagaoka 

2002:424). For stone structures representative of these behaviours, conditions such as lower or higher 

‘manufacturing time’, in comparison to other technologies, are important variables to consider for why 

they may have been adopted. An attempt to quantify the costs/benefits of differential technologies 

(stone structure vs other) need to be considered in these instances.  

Here I propose a new model that considers the behavioural and environmental feedback of structures 

representing somatic functions (see Figure 4.7). This model predicts that increased construction of 

stone structures will have a positive iterative effect, resulting in continued (or increased) stone structure 

creation.  

 

Figure 4.7 Integrated model demonstrating somatic functions and the behavioural feedback  

Three main somatic functions are considered: shelter, subsistence and raw material acquisition. Details 

of how these functions have been identified in stone structures has already been discussed in Chapter 
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3. The main outcomes of somatic functions are subsistence related. The presence of a subsistence 

structure indicates that the specific resource desired provided energy (or another benefit, like 

predictability) of greater value to that which was expended in construction: e.g. reducing potential 

search/handling times. The outcome of increasing patch yield results in an overall reduced travel cost, 

which then makes other activities such as more permeant shelters less costly.  

Understanding where specific patches were located, as well as how people would have negotiated 

different resources, is worth considering - but is often problematic to identify to high resolution in 

archaeological data without high resolution paleo-environmental reconstruction (Nagaoka 2002:422). 

As a locationally-fixed representation of subsistence behaviours, stone structures allow for inferences 

about patch locations and the resources (food and materials) being acquired. Similarly increased 

variability in subsistence structures could also suggest an increased resource variability or diet breadth. 

The somatic model predicts that further effects of increased patch yield includes higher sustainable 

population, increased division of labour and social intensification resulting in a requirement for 

increased communication and signalling behaviour. The model pathways should not be treated as 

permanent (or unidirectional) iterations. If the time required to create a structure is greater than the 

predicted benefits, or the benefits stop to be realised, then constructions will cease. 

Social Behaviour  

Humans are social animals and communication is one of the hallmarks of human ability to respond 

flexibly, devise phenotypic adaptations and communicate those adaptations through signalling systems 

is a powerful evolutionary advantage (Bird and O'Connel 2012:42). Communication involves 

transmission of a direct message but it can also include less clearly defined signals. Communication or 

signalling has a range of complex and multifaceted forms, including; language, body adornments, 

symbols, art, altruistic behaviour and religious or ritual practices. Signalling behaviour is modelled by 

using IET in conjunction with signalling theory from HBE (Figure 4.9 and Figure 4.7).  

Signalling theory is used to explain the transmission of information between individuals and social 

groups. Signalling theory establishes the importance of signalling to human relationships and defines 

the variability of different signalling approaches. Most commonly costly signalling theory is used: ‘costly’ 

because the focus was on answering questions on signalling activities which superficially seemed to not 

to increase an organism’s chances of survival and therefore fit with evolutionary patterns (e.g. see Cronk 

2016). In actuality, behavioural ecology and HBE have considered animal signalling in a much broader 

context.  

In costly signalling theory two main types of signals are identified; those that are cooperative and those 

which provides information (which may or may not be mutually beneficial) between potentially 

conflicting individuals and species (e.g. hunter and prey). Cooperative signals are described as 
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information transmitted between closely aligned individuals with the same goal. Between humans, low 

energy information exchange would likely be mostly verbal (or possibly hand signals). This integrates 

well with time allocation models, described above, which suggest that higher energy expenditure by an 

individual will generate greater benefits if a message is successfully received (as the signaller intended). 

The more energy used in signal communication, the greater amount of persuasion needed in order for 

the message to be received (Cronk 2016:605; Krebbs and Dawkins 1984:391). Signalling systems linked 

to human signalling behaviour can ensure mutual understanding and trust fundamental for ensuring 

social stability and achieving mutually beneficial outcomes (Bliege Bird and Bird 2017:5). 

Information Exchange Theory has been employed to understand how humans communicate and 

negotiate identity at various scales using forms of encoded meaning such as style differences. Wobst 

(1977) was an influential advocate of information exchange theory who explored the mechanics of 

material culture and clothing as a form of extended phenotype signalling behaviour, used to transmit 

information. Depending upon context and the knowledge of individuals involved in this exchange, 

various levels of information may be transmitted (Figure 4.8A). This foundation was developed further 

with rock art (McDonald 2000; 2008; McDonald and Veth 2013) and stone arrangements (Hook and 

DiLello 2010; McDonald and Veth 2013; Randolph 2011). Bird et al. (2019:101) also employ a similar 

technique to consider different Martu social group ‘levels’ (Figure 4.8B). This has been deployed here 

as an example of the potential different target groups which may have been present in Murujuga. One 

identified constraint is that arid zone peoples often do not stay in the same social configuration – many 

groups are interconnected at various levels and fluctuate greatly in size as people move (see original 

discussion by Bird et al (2019:101). Wobst’s (1977:323) model, which was built with personal 

adornment (such as clothes) in mind, argues that the utility of a symbolic messages decreases in close 

relationships because of the redundancy of the information.   

This distinction has been argued by McDonald as a key driver to understanding the level of group 

cohesion being signalled in rock art sites – with decorated domestic sites signalling more information 

about local group identity, while larger scale group cohesion is signalled on sites where larger social 

groups congregate (e.g. on engraving sites in the Sydney region McDonald 2008). In the arid zone the 

complexity of rock art signalling switches between local and large group social signally depending on 

mobility (McDonald 2017). The rock art in a single location can be seen to switch in these different 

signalling modes, based on other occupation indicators (McDonald et al. 2018). I would argue that stone 

structures can also be viewed in similar ways.  
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Figure 4.8 A) Schematic showing how different kinds of signalling behaviour can be used to transmit 
targeted information (and seen by non-target groups) in historic Czechoslovakia  (Wobst 1977:325).  

B) An example of different levels of group connection with the Martu in WA. Hearth groups and foraging 
groups are at the centre, followed by residential groups, estate groups, dialect – named units and finally 

language groups (reproduced fromBird et al. 2019:101). 

A model that considers the behavioural and environmental feedback of structures that represent 

signalling functions is presented in Figure 4.9. Two key variables are considered: the message target 

and the message value. It is predicted that the amount of energy or visibility of a structure is directly 

related to the message target (and their relationship to the emitter) and the value of that message to 

both the transmitter and receiver. The visibility of a stone structure used for social or signalling purposes 

might be used to determine message target at which extended phenotype signalling was aimed (either 

explicitly or unintentionally). More visible structures in this category are likely to be targeting beyond 

the individual or immediate hearth/foraging group. Conversely, less visible structures are more likely to 

be targeting these more closely related individuals at the hearth/foraging group level. Complex 

arrangements of stone are more likely to have had complex ceremonial associations requiring levels of 

encoded meaning accessible to those encountering the structure.  

Four key outcomes of stone structure signal transmission are noted; lifesaving exchange, group 

solidification, complex social networks and territoriality. Lifesaving exchanges are reasonably 

straightforward: stone structures can be used to transmit information, such as the presence of a 

resource that will benefit the receiver. As signalling medium that is in a fixed location information can 

be transmitted in the absence of the original signaller (Bliege Bird and Bird 2017:6).  
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Figure 4.9 Integrated model demonstrating signalling functions and the behavioural feedback 

Group solidification and complex social networks result from repeated signalling behaviours. Stone 

structures as part of elaborate social or ritual events, such as mythological or ceremonial structures are 

a good example of this. Mythological behaviours can involve encoded information about landscape, 

resources, and the moral and ontogenetic perspective of a society. Similarly, ceremonial and ritual 

behaviours can promote cosmological beliefs and have been shown to be ‘hard-to fake’ signs of 

commitment to a group ideology (Cronk 2016:605). Ritualistic behaviours are “(1) physical actions, (2) 

generally social and publicly performed, (3) formal, and (4) often repetitive and cyclical” (Sosis 2003:98). 

Ritual activities are shown to provide benefit through promoting cooperation and demonstrate an 

individual’s commitment to the group. This behaviour increases overall group bonding and trust, a by-

product of which has been shown to be an average increase to overall longevity (Cronk 2016:60; Sosis 

and Alcorta 2003:267). Understanding how ritual might manifest in the archaeological record is 

explored by Ross and Davidson (2006:312) who build on work by Rappaport (1999) to attempt to 

identify ritual in rock art. A key conclusion of Rappaport’s work is that repetition is the strongest pattern 

that can be identified in the archaeological record.  

A response to increasing energy investment (both somatic and symbolic) in an area of land, which 

results in the increased value of the land. Signalling ownership or stewardship demonstrates a 

willingness to defend that area which increases as mobility reduces (Davies and Houston 1984). The 

symbolic model predicts that as mobility decreases signalling behaviour will increase. As with the 
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somatic model, the pathways are not permanent iterations: symbolic activity will decrease as the energy 

input no longer becomes worthwhile.  

Theorising Stone Structures  

The models presented distinguish between somatic and signalling behaviours and explore the potential 

drivers for increased construction activity of these structures through time. While it is important to 

remember the potential for errors in decoding the function and signals of past groups (Wobst 

1977:326), this does not mean that all past behaviour is unknowable, or that interpretation is 

impossible. I have presented the model from the general position of increasing energy investment (e.g. 

increased visibility, increased resource predictability etc.). This does not mean that the presence of 

stone structures will always follow the iterative path as presented, simply that structures which can be 

shown as examples of an ‘increase’ are likely to create the consequent behavioural effects. In summary, 

I propose the following: 

1. Increased energy investment in structures that provide shelter will reflect a decrease in 

residential /territorial mobility; 

2. Increased energy investment in subsistence structures will reflect increased resource 

predictability within the surrounding patch. 

3. More variability in terms of subsistence structure type is likely to represent functional variations 

which will: 

a. increase diet breath, and/or 

b. increase patch yield. 

4. Higher quantities of structures related to subsistence activities is likely to increase the quantity 

of symbolic structures, due to higher patch yield and increased capacity for activities which are 

not fundamental to basic survival. 

5. Low-cost structures (i.e. those that are simple to construct) are likely to represent transmission 

of: 

a. Simple, casual or minimal signalling information; and/or 

b. information relevant to an individual (memorialisation) or their immediate household 

(hearth or foraging group). 

6. More complex repeated structures suggests ritual behaviour. 

7. Higher energy expenditure in stone structure construction (shown in size and complexity) will 

usually suggest the social message being transmitted:  

a. is more persuasive, and/or 

b. is of higher value to the transmitter and/ or the receiver (altruism). 
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Summary 

This chapter shows how HBE, integrated with NCT and IET, will be deployed as the theoretical construct 

to understand and contextualise the Murujuga stone structures. I have discussed how stone structures 

represent activities and behaviours that are related to the place where they are identified, an important 

limiting constraint yet also a powerful interpretive element.  

Two behavioural models representing somatic and signalling behaviour are presented to demonstrate 

how constructions might have had an iterative effect affecting the behaviours of the group. These 

models will be used to assist in understanding how stone structures can be interpreted on an individual 

level and a larger socio-ecological scale. They allow for an understanding of the construction, continued 

use, or ultimate abandonment of these structures. The next chapter presents the methods and the 

methodological approach that will be used in later analysis. 
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Chapter 5  

Methodology and Methods 

Methodological approach and methods used 

This chapter details the methodological approach used, numerous data sources, field recording 

processes and the range of methods used in data analysis. Steps taken to perform quantitative landform 

analysis and digital landscape reconstruction are presented in detail. As questions about the origins 

(natural or cultural) of stone structures is of fundamental importance, the approach used is particularly 

tailored to gain a better understanding of (and differentiate between) the range of natural and 

anthropogenic processes at work across Murujuga.  

Methodological Approach 

The methodological approach described in this chapter is complimentary to the theoretical approach 

outlined in Chapter 3. Here, I draw on frameworks from spatial archaeology and geoarchaeology 

(Holdaway 2014; Hughes and Sullivan 1982), to provide innovative reproducible and objective 

techniques to address these ingrained problems.  

Spatial Archaeology 

The importance of the spatial component in archaeology is well understood, site plans are standard 

practice and are documented from as early as the 18th century (Wheatley and Gillings 2002:2). The 

inclusion of a spatial component and the mapping of sites has increasingly become standard practice 

accelerated with easy to access and use geospatial hardware and software (Wheatley and Gillings 

2002:3) and the availability of Global Navigation Satellite Systems (GNSS), including the well-known 

American Global Positioning Systems (GPS). While mapping observed archaeological data is important, 

spatial archaeology also further interrogates the causal relationships between mapped points (Parker 

and Asencio 2009: 206). Spatial archaeology focuses on creating a quantifiable and repeatable 

analytical frameworks within which material and sites are examined. Spatial archaeology considers “the 

spatial consequences of [human] activity patterns within and between features and structures and their 

articulation within sites, site systems and their environments” (Clarke 1977:9).  

Spatial relationships vary depending upon the scale at which they are observed (Clarke 1978; Sullivan 

and Bowdler 1984). Scale is continuous: limited only by the area of collection or the quantity of data 

collected. Clarke (1977:11-15) argued that archaeological analysis generally occurred at three main 

levels: micro-scale analysis i.e. examination of sediments and stratigraphy of a ‘feature’ within a part of 

a ‘site’; semi-micro level between features but still within a site; and macro level, between ‘sites’. These 
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levels allow for broad comparison between different analyses at the same scale, but still need to be 

carefully defined because the scale of a ‘feature’ and ‘site’ are variable and can be defined differently 

depending upon the archaeology being observed and analysed. Different scales of analysis are also 

important within geoarchaeology and geomorphology and are discussed in more detail below.  

Spatial Data Processing  

Spatial Archaeology increasingly relies on a range of technical tools including Geographic Information 

Systems (GIS), which are used in the “acquisition, storage or manipulation of [2D and 3D] spatial 

information” (Wheatley and Gillings 2002:1). GIS allows for spatial data to be easily viewed, 

manipulated and compared across the multiple scales and from different perspectives (Bintliff and 

Pearce 2011:5). GIS became widely available towards the end of the 1980s and was quickly adopted by 

archaeologists. By the 1990s GIS had become a standard tool used primarily for basic mapping and 

presentation, with complex statistical analysis, visualisations and predictive modelling also possible 

(Lock and Pouncett 2017:129; Richards-Rissetto 2017:1). GIS is often used in conjunction with other 

technologies. This includes aerial photography and remote sensing for data capture as well as 3D 

modelling of sites and landforms for data analytics: all important components of this dissertation. GIS 

software is an important tool used to map and analyse site (or material) placement and distribution 

throughout an area of interest. Integration of GIS with remote sensing techniques allows for direct 

measurements of stone structures as well as broader landscape visualisation for interpretation 

purposes.  

Critics of GIS and spatial archaeology argue that it is too environmentally deterministic and gives false 

certainty (Richards-Rissetto 2017:2). I would counter that knowledge of where archaeological material 

was found is completely independent of how that material is interpreted. Spatial archaeology advocates 

the consideration of the measurable dimension of archaeological material but all who apply it would 

be aware of the fact that the record is partial and that material can move through time. The way that 

spatial tools are applied and data is presented is dependent on individual researchers. These are 

complimentary tools that increase objectivity and reproducibility but should be used in addition to, not 

instead of, standard archaeological fieldwork (McDonald et al. 2020). 

Data Collection Using Remote Sensing 

Remote sensing is a broad term used to describe the acquisition, processing and interpretation of 

electromagnetic energy including; light, heat and radio waves. The cheapest and most regularly used 

form of remote sensing is photography (Sabins 1997:1), which is collected using a range of devices 

including unmanned aerial vehicles (UAV), aeroplanes and satellites. This data can be processed with a 

wide range of software products (including GIS) and results can be imported into a GIS for viewing and 

analysis alongside archaeological data collected through in field observations. This process allows for 

digital reconstructions of a quality and scale far beyond what could be achieved from traditional 
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archaeological survey (see Kempe and Al-Malabeh 2013:134). This approach also helps collect and 

interrogate data in inaccessible or dangerous areas (see Kreij 2016:31). Remote sensing data provides 

an objective approach which can be used to gain a better understanding of the actual landscape beyond 

subjective observations by individuals in the field (see Law et al. 2017:3).  

Satellite imagery is also becoming increasingly common and in some cases freely accessible1. Once 

processed (see photogrammetry details, below), satellite imagery allows for analysis of large scale 

features across landscapes and can be integrated into GIS platforms. This allows for contextual 

information and is good for understanding large scale sites as well as broad landscape conditions across 

a number of sites (O’Connell et al. 2015; Reid 2016; Skidmore 2002).  

3D observations using Photogrammetry 

Photogrammetry is a form of passive remote sensing, meaning that the scene must illuminated by an 

external source (e.g. the sun). Photogrammetry uses multiple, overlapping photographs to recreate the 

geometry of the area or object being captured (Aber 2019; Davis et al. 2017:3; Ebert 1984:320). Photos 

processed using Photogrammetry can be captured on the ground from a hand held camera (terrestrial) 

or from the air (aerial) and can provide a number of useful outputs including; orthorectified imagery, 

digital elevation model (DEM) and a triangulated surface (Aber 2019; Sabins 1997). The method of data 

acquisition and the way the data was captured impacts on the accuracy and applicability of the outputs.  

The processing of the 2D images into 3D geometry is based on the principle of stereo photogrammetry, 

which can only be applied to overlapping photographs, i.e. images taken from different locations 

covering the same object. With a known base (the distance of the perspective centres to their image 

planes) and the angle differences (parallaxes) between the left and right images the location of the 

object relative to the cameras can be calculated (Figure 5.1A). This allows for natural camera distortions 

to be removed and 3D information to be derived from points found in overlapping images.  

The bundle adjustment process uses the same photogrammetric principals but calculates these values 

over numerous images. Calculations performed simultaneously over a ‘block’ of overlapping images 

allows for digital reconstruction of that area in a relative ‘model space’ (Figure 5.1B). The camera 

locations in model or object space are needed, otherwise the equations cannot be solved (non-linear).  

Model space is an arbitrary space which can be transformed to an ‘object space’ using known 

coordinates or Ground Control Points (GCP). Traditional photogrammetry uses manually selected and 

well defined tie points, supplemented with GCP and known interior (orientation) parameters of the 

camera to calculate the relative location of each camera in the relative model space followed by the 

absolute dimensions of the camera and object space (Aber 2019:29).  

                                                           

1 https://www.google.com/earth/, https://www.sentinel-hub.com/ and https://earthexplorer.usgs.gov/  

https://www.google.com/earth/
https://www.sentinel-hub.com/
https://earthexplorer.usgs.gov/
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Figure 5.1 Photogrammetric principals. A) Stereoscopic viewing and model space (modified from Aber 
2019:24 Fig3-6). B) Bundle block adjustment transforming model to object space (from Aber 2019:29 Fig 

3-12) 

If the interior (orientation) parameters of the camera are unknown the bundle adjustment also allows 

parameters to be calculated. A successful bundle adjustment results in known locations of the cameras. 

Once this has been calculated, the coordinates of any points visible in the image and the object space 

can be determined a process known as ‘spatial resection’ (Easa 2010). 

More recent developments in Structure-from-Motion SfM technology and multi-view stereo matching 

(MVS) automate this process using techniques from computer vision science (Aber 2019:30; Davis et 

al. 2017:2). These techniques require a less structured approach, replace the requirement to manually 

select tie points, and allow for the required approximate values for the bundle adjustment to be 

determined. In SfM-MVS, sets of pixels or ‘key points’ (automatically extracted tie-points) form a sparse 

point cloud (the model space) that has an “arbitrarily scaled coordinate system, and estimated camera 

calibration parameters as well as positions” (Aber 2019:29). The relative coordinate system created 

during this process can also be transformed into absolute measurements (the object space) using GCP 

or the camera GPS/GNSS (Aber 2019:30). MVS and other dense matching algorithms, which differ 

depending on the software used, are then used to create a dense cloud of points replacing the manual 

resection of some image points to all points visible in all images. This dense cloud can be interpolated 

into a triangulated mesh surface or for landscape models a raster surface (DEM) which can be used to 

reproject the original photographs (perspective projection) to an mosaic of orthorectified images of the 

full area.  

3D observations using Light detection and ranging (LiDAR)  

Light detection and ranging (LiDAR) is another tool frequently used in spatial archaeology for mapping 

features on the earth’s surface in 3D. LiDAR is an active form of remote sensing (independent from 

external factors such as the sun) that uses beams of light (laser pulses) created and emitted from the 

LiDAR sensor.  
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The sensor which is often fixed to an aircraft, detects the laser pulses as they reflect off the surface 

being imaged. The returned information is used to calculate the distance from the sensor to the object 

that reflected the laser pulse (Carter et al. 2012). The position of the aircraft is known due to on board 

installed GPS/GNSS and IMU (Inertial Measurement Unit). The location information is used in 

combination with calculated return ranges to determine highly accurate global (object space) positions 

of all objects which reflected laser light back to the sensor (Hacker pers. comm. 2020).  

The laser head on board of the plane usually rotates, so all objects within the swatch can be captured 

in 3D (Figure 5.2A). Each pulse can return multiple signals (echos) depending on the objects it interacts 

with on the travel path (Figure 5.2B). All echoes created by the different surfaces reflecting the laser 

(e.g. different levels of canopy) are collected and the resulting point cloud can include information 

about the ground surface as well as vegetation present.  

 

Figure 5.2 LiDAR systems. A) Basic LiDAR collection (modified from Carter et al. 2012:7). B) Example of 
LiDAR return (modified from Daly et al. 2011:20) 

Similar to photogrammetric image processing, the resulting high resolution point clouds can provide 

researchers with a clear view of the form or spatial patterning of features, highlighting elements which 

are not easily visible from ground level. The ability to filter off vegetation in LiDAR data means this 

technology also has special applications for monumental archaeology located beneath densely 

vegetated areas where the vegetation canopy can be penetrated and filtered off as noise (see Chase et 

al. 2011:387). Unfortunately, this has not been possible with the spinifex vegetation found on Murujuga 

as it is too dense for LiDAR to penetrate (McDonald et al. 2020). As will be detailed below, remote 

sensing data, is important in this dissertation: it allows for an understanding of a range of landform 

attributes through the calculation of vertical dimensions such as elevation, slope and curvature.  

Geoarchaeology 

Geoarchaeology is an integral sub-field of archaeology that draws heavily on the earth sciences, 

including geology, geomorphology and geography. It provides researchers with an opportunity to 

consider the interaction of both natural and cultural processes over both spatial and temporal scales 

and applies geoscientific techniques to archaeological problems (Gladfelter 1981:345; Holdaway 
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2014:26; Hughes and Sullivan 1982:100). Geoarchaeology emerged as a sub-field in the 1960s and is 

broadly associated with other processualist approaches that draw on the scientific method (Holdaway 

2014:27; Hughes and Sullivan 1982; Johnson 2010:35). Geoarchaeology is most frequently associated 

with analysis of sediments and stratigraphy within a site (i.e. Clarke’s 1977:11 micro scale resolution); 

however, examination of features within a site (semi-micro) and of sites across landscapes (macro) are 

also important (Clarke 1977:11-15; Hughes and Sullivan 1982:100).  

Semi-micro and macro scale landform analysis are important for understanding the landscapes that 

surround stone structures. Landforms are relatively stable units, upon (and around) which other 

landscape elements, including vegetation can change more rapidly. A landform therefore provides a 

good foundation for analysis of potential patterns and processes across a landscape. This in turn might 

help to explore patterns or trends in stone structure distribution.  

There are no universal definitions of landform types, which are dependent on a number of subjective 

variables (Brabyn 2009:300; Hammond 1964:13). Initially geographers used a combination of contours 

and hypsometric tinting to display landform differences. This was somewhat successful at a semi-micro 

scale, but at a macro and national scale data became too generalised to be meaningful (Hammond 

1954:34). In the 1950s Hammond (1954; 1964) developed a number of criteria to consistently and 

meaningfully differentiate between landforms in the US. Hammond (1964:15) identified four important 

criteria to be used in defining a landform, these being: “index of slope inclination, one of vertical 

dimension, one of general profile character, and some aspects of surface material”. These criteria were 

then used to classify a series of terrain types: nearly flat plains; rolling and irregular plains; plains with 

widely-spaced hills or mountains; partially dissected tablelands; hills; low mountains; high mountains; 

ice caps; and poorly drained land (Hammond 1954:37; 1964:14).  

Hammond’s work was ground breaking and the four criteria used in defining landform have been 

adopted for use in a number subsequent landform classification systems (e.g.Brabyn 2009; Drescher 

and deFrey 2009; Evans 2011; Iwahashi and Pike 2007; Miller and Schaetzl 2015; Moss 2008). Since the 

advent of GIS there have been a number of attempts to further automate this process (e.g. Drescher 

and deFrey 2009; Evans 2011; Iwahashi and Pike 2007; Miller and Schaetzl 2015; Moss 2008). Although 

approaches vary in terms the algorithms and the specific terrain types used, they consistently use three 

of Hammond’s four criteria for classification: elevation, slope and profile. Each of these criteria can be 

recreated digitally from a DEM (see below) and can be automatically combined to create a raster layer 

identifying the various landforms.  

Many of the landform types listed above are not relevant in an Australian context, however the 

principals outlined by Hammond and developed by subsequent researchers can still be used by 

identifying relevant landforms and modifying the criteria to fit. Speight (2009) provides a 

comprehensive and complex classificatory system for Australian landforms (see Table 5.1).  
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Table 5.1 Different types of landscape analysis 

Analysis Unit 
(Speight 2009) 

Speight Classification 
(2009) 

Analogue in Clarke 
Classification 

(1977:11-15) 

300m radius – 600m blocks Landform Pattern Macro 

20m radius – 40m blocks Landform Elements Semi-Micro 

10m radius - 20m blocks Landform Attributes Semi-Micro 

<10m n/a Micro 

Speight’s classification system is designed specifically to be the Australian standard for landform 

identification across four main scales or analysis units. Within these units, Speight identifies forty 

different landform patterns including mountains, tidal flat, flood plain, dunefield and hills. These 

landform patterns are defined by relief, modal slope, stream occurrence, geomorphological activity, 

agent and status, and the landform elements present (Speight 2009:44). Eighty different landform 

elements are also defined (e.g. ridge, crest, simple slope, upper slope and flat), using five attributes: 

slope, morphological type, dimensions, mode of geomorphological activity and geomorphological agent 

(Speight 2009:16). It is beyond the scope of this dissertation to examine these types in detail, but it is 

important to know that Speights ‘analysis units’ also incorporate elevation, slope and landform 

morphology.  

While some aspects of automatic landform classification will be adopted in this dissertation, the end 

goal is not to classify the landscapes, so there is no need to create or adapt an algorithm to combine 

these landform ‘criteria’. Instead, the analysis of patterns within each component (elevation, slope and 

profile) will be used to help understand the landform processes at work around recorded stone 

structures. 

Methods

The process of contextualising stone structures involved five key steps:  

1. Data audit and review (legacy data) 

2. Field data collection (recent data) 

3. Typology  

4. Post processing 

5. Analysis 

Data Audit and Review (Legacy Data) 

An initial literature review identified that a significant amount of information of variable quality, had 

already been collected on Murujuga stone structures (see Chapter 2). In the context of this thesis, the 

first step was to undertake an audit of the existing data in order to create a single ‘legacy dataset’. The 

different data sources and the associated limitations for each are discussed below.  
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The most comprehensive dataset was provided by Jo McDonald (2006). This data was compiled during 

the scientific assessment processes for the National and World Heritage listing (NHL/WHL). This dataset 

was mostly focused on rock art sites however location information (easting/northing coordinates) and 

some basic descriptions of the sites was also available. While a good resource, this dataset lacked 

information such as site plans, photographs and detailed descriptions that would be found with the 

original datasets and which would allow for some integration with more recent datasets.  

Next, the NHL/WHL dataset was compared and combined with spatial data downloaded as a shapefile 

from the Department of Planning Lands and Heritage (DPLH) website2. This dataset contained basic 

information with site types, a site name and a DPLH identification number (ID #). In order to extract the 

sites with stone structures (referred to by DPLH as Man-Made Structure and Fish Trap) the following 

code was used:  

Site files could then be requested from the Department using the DPLH ID# and any relevant details 

that might allow for information pertaining to type were recorded against each site. During the course 

of this analysis the following issues were identified, making use of the DPLH data problematic: 

1. Poor descriptions - the descriptions used for stone structures are vague and unclear and in 

some instances non-existent. The ad hoc techniques employed to describe stone structures are 

not sufficient to determine what type of structures were identified in the field.  

2. Poor digitisation- the site cards themselves contain errors, duplicate pages, missing information 

and the quality of photographs are poor and grainy. A full audit of this material by the 

Department would improve this problem. 

3. Locational errors - the quality of locational information is varied. Early sites were not recorded 

using GPS/GNSS equipment; some sites are in the wrong location due to errors in equipment 

or recording in the field, others due to the digitisation process in the department. Many of 

these issues could be rectified by an audit and a re-digitisation of some of the old photographs.  

4. Missing places and information- the number of surveys and sites listed with DPLH is likely to be 

significantly less than the actual number as there is evidence that known places are missing 

from the list. 

o The National Estates Grant Project (see below) where a significant number of the sites 

(c.550) are not yet on the database, despite being lodged with (then) DIA in 2006 (Jo 

McDonald pers. comm. 2020).  

                                                           

2 https://www.dplh.wa.gov.au/information-and-services/aboriginal-heritage/aboriginal-heritage-search/spatial-
information-downloads  

"Site_Type" LIKE '%Structure%' OR "Site_Type" LIKE '%Trap% 

https://www.dplh.wa.gov.au/information-and-services/aboriginal-heritage/aboriginal-heritage-search/spatial-information-downloads
https://www.dplh.wa.gov.au/information-and-services/aboriginal-heritage/aboriginal-heritage-search/spatial-information-downloads
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o Details extracted from site cards by Benson-Lidholm.(1983) are now no longer available 

in the current versions of these records; no explanation was found for why this 

information no longer exists 

5. Buffered locations - places in the database can be hugely buffered and the locational 

information is difficult/impossible to use (e.g Murujuga DPLH ID#23323).  

6. Other Heritage Places (OHP) - there are two categories within the database ‘sites’ and ‘OHP’. 

Sites are protected but OHPs are not. OHPs include: places which have been assessed and are 

not considered to be significant enough to warrant registration; places with insufficient 

information to make an assessment; and places which have not yet been assessed. These are 

varied criteria and it is problematic for significance assessments that they are grouped 

together. In addition to this, problematically deregistered places like Murujuga DPLH 

ID#233233 are also still categorised as OHP’s. 

7. Un-submitted places - many developers do not submit survey data to DPLH unless they are 

intending to disturb an area and require Section 18 approval to do so.  

8. Backlog – There is also a significant backlog of sites requiring assessment by the Aboriginal 

Cultural Material Committee (ACMC). In the 2016-2017 annual report the backlog of sites 

requiring assessment was 15,820 (Hanrahan 2017:20) The following 2017-2018 report 

indicated that 360 places were assessed during that financial year though the backlog was not 

quoted (McGowan 2018:8)

As a result of these problems data from the Woodside Liquid Natural Gas (LNG) or Dampier 

Archaeological Project (DAP) was also interrogated. Details from the initial draft report (Rhoads et al. 

1984:Appendix 3) and Vinnicombe’s (1987a) published report were also used to extract additional 

information not available in site descriptions. The original A0 maps from this project were provided by 

Jim Rhoads. These maps were scanned at Landgate to create high resolution PDFs4. These were 

converted to raster files, georeferenced and digitised to get more detailed site boundaries. Almost all 

of the sites recorded as part of this project were already in the DPLH database, however site boundaries, 

descriptions and images from the orginal dataset were found to be more accurate and of better qualtity 

than the site file information provided by DPLH.  

Most of the sites recorded as part of the National Estate Grants Programme (NEGP) project were not 

found on the DPLH database. The original site card data (submitted to DPLH) for some of these sites is 

                                                           

3 The largest site, Burrup Peninsula, Murujuga DPLH ID#23323 covers most the Burrup Peninsula but not the rest 
of the archipelago is closed and no information can be accessed on it despite the fact that it is an ‘other heritage 
place’ and not technically protected by the Act. This site was one of 35 large sites previously deregistered when 
the definition of a sacred site was reviewed by the department ahead of proposed changes to the AHA (Dortch 
and Sapienza 2016). This deregistration process was challenged by the Robinson v Fielding case (2015-2016), and 
despite the success of this challenge this site is still yet to be reinstated on the permanent register.  
4 I am also grateful to Peter Ormond and Justine Taylor at Landgate for facilitating and undertaking the actual 
scanning. 
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available on the CRAR+M database5 and site descriptions in that paperwork yielded important 

information about the structures recorded as part of this project. An A3 die-line map was provided by 

Peter Veth and was also scanned and the site boundaries digitised.  

Individual records in the legacy dataset refer to archaeological sites which contain stone structures. An 

archaeological ‘site’ does not have a universal definition. Previous projects on Murujuga defined a site 

as a cluster of all archaeological material with boundaries defined by gaps of 25m or more between 

material (JMcD CHM 2006; JMcD CHM 2009; Rhoads et al. 1984; Veth and Bradshaw 1992; Vinnicombe 

1987a; 1987b; 1997a; Vinnicombe 1997b). Where possible ‘site’ information was later interrogated to 

find information on individual structures within the broader site (Chapter 7). This process helped to get 

an understanding of the quantity and quality of the data as well as the range of stones structures 

already recorded across Murujuga.  

Data Collection (Recent Data) 

Two types of data are addressed in this section: data that I have personally collected as part of this 

research and recently (details below) collected data made available for me to use. I have termed the 

resulting dataset as ‘recent data’ to distinguish it from the previously discussed legacy data. Each record 

in this dataset references individual structures only. The recent and legacy datasets are combined for 

the main analysis of structure types across Murujuga (see Appendix 2) 

Data Collection Methods 

To minimise confusion I have differentiated between spatial vector data (point, line and polygon) 

information and image based data collection. 

Spatial Data Collection 

Spatial data was collected using a number of devices; Handheld Garmins, a Trimble Nomad and a 

Trimble TSC3 (Table 5.2). Handheld Garmins are flexible and efficient but do not allow for data beyond 

locational information and a point name, meaning separate recording forms were needed. The Trimble 

TSC3 similarly only recorded basic information but to significantly higher accuracy. Attribute data for 

individual structures was collected using recording forms (see Figure 5.3). Two types of forms were 

built: those for use on a Nomad (running ArcPad6, referred to as Nomad Recording Forms), and those 

for use on an iPad (running FileMaker7, referred to as CRAR+M Feature Recording Forms). 

Two variations of the Nomad Recording Forms were built. One set was used to record point features 

(single/isolated structures) and the other line features (structures containing multiple stones or multi-

                                                           

5 https://crarm.com.au/ 
6 https://resources.arcgis.com/en/communities/arcpad/  
7 https://www.claris.com/filemaker/  

https://crarm.com.au/
https://resources.arcgis.com/en/communities/arcpad/
https://www.claris.com/filemaker/
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stone). For accuracy the point feature form records a location that is the average of five collected 

GPS/GNSS points before taking a point. The multi-stone form allows the recorder to create a line from 

a series of points recorded along the structure of interest. This allowed the general form of the structure 

(i.e. linear/circular) to be captured. The Nomad had the benefit of being able to record spatial data and 

attribute information in the same form. Details of the Nomad recording forms are provided in Appendix 

1A and Appendix 1B.  

 

Figure 5.3 A) Single stone (point) recording form. B) Multi-stone (line) recording form. C) The stone 
structures types as listed in the CRAR+M recording forms 

The CRAR+M Feature Recording Forms were built by Sarah de Koning (see Appendix 1C and de Koning 

2019) for use in conjunction with a Garmin or the TSC3. The CRAR+M Feature Recording Forms were 

built to align with the Nomad Recording Forms. The data collected by the forms could be exported into 

an excel spreadsheet and latter associated with the recorded point data. The CRAR+M Feature 

Recording Forms did not collect spatial data and this information had to be added at a later point.  

A range of hardware and software tools were used and are detailed in Table 5.2. Only tools used during 

fieldwork that I was present for are listed in this table. 

Table 5.2 Summary of hardware and software used for data collection 

Product Role Details Project 

Trimble Nomad Hardware 
Device used to collect locational information and 
stone structure attribute data, accuracy is 3-5m. 

MLP, BFS, DHSC 
and MSF 

ArcPad 7 GIS Software 
Software installed on the Nomad to allow for data 
to be collected.  

MLP, BFS and 
DHSC 

Trimble TSC3 Hardware 
Device used to collect locational information. 
Provides increased (sub cm) accuracy.  

MLP and BFS 

Handheld 
Garmin 

(various) 
Hardware 

Devices used to collect locational information, 
accuracy of 5-10m. 

MLP, BFS and 
DHSC 
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Product Role Details Project 

iPad Hardware 
Used in conjunction with a Garmin and 
occasionally the TSC3 to stone structure attribute 
data.  

MLP, BFS and 
DHSC 

Filemaker Pro Software 
Software installed on the iPad to allow for data to 
be collected. 

MLP, BFS and 
DHSC 

Nikon COOLPIX 
AW100 

Camera Site photographs and photogrammetry (16MP) 
MLP, BFS and 

DHSC 

Sony ILCE-6000 Camera Site photographs and photogrammetry (24.3 MP)  

Cannon DSLR 
(various) 

Camera 
Various DSLR cameras, including 5D (12.7MP) and 
6D (20MP), were used to photograph stone 
structures as part of the recording process. 

MLP and BFS  

Mavic Pro 
Drone  

Hardware  

DJI FC220 camera with 12.35 MP. Horizontal 
accuracy of ±0.3 m (with Vision Positioning) and 
±1.5 m (with GNSS/GPS8). Vertical accuracy ±0.1 m 
(with Vision Positioning) and ±0.5 m (with 
GNSS/GPS). 

MLP, BFS and 
DHSC 

DJI Phantom 4 
Pro 

Hardware ( 

DJI FC6310S 20MP. Horizontal accuracy of ±0.3 m 
(with Vision Positioning) and ±1.5 m (with 
GNSS/GPS). Vertical accuracy ±0.1 m (with Vision 
Positioning) and ±0.5 m (with GNSS). 

DHSC 

Mavic 2 Pro Hardware 

Hasselblad L1D-20c. Horizontal accuracy of ±0.3 m 
(with Vision Positioning) and ±1.5 m (with 
GNSS/GPS). Vertical accuracy ±0.1 m (with Vision 
Positioning) and ±0.5 m (with GNSS/GPS). 

DHSC 

Drone Deploy 
Photogrammetry 

Software 
Used for creating landscape transects and 
capturing aerial images.  

MLP, BFS and 
DHSC 

PIX 4D 
Photogrammetry 

Software 
Used for creating landscape transects and 
capturing aerial images. 

DHSC 

Image based Data Collection 

Both terrestrial and aerial imagery was collected for the purposes of photogrammetric reconstruction. 

The majority of images were collected using a Nikon COOLPIX AW100 for terrestrial images and a DJI 

Mavic Pro (DJI FC220) or a DJI Phantom 4 Pro (DJI FC6310S) for aerial images. Terrestrial imagery was 

generally focussed on reconstructing a specific object (object focussed Figure 5.4A), whereas imagery 

from unmanned aerial vehicle (UAV) was intended for landscape reconstruction (landscape focussed 

Figure 5.4B). 

                                                           

8 Australia has access to and uses a range of Global Navigation Satellite Systems (GNSS) which includes America’s 
Global Position System (GPS) along with a number of others. 
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Figure 5.4 Examples of photogrammetry data collection for A) Object focussed B) UAV Landscape 
focussed 

Object focussed photogrammetry was collected by walking in roughly concentric circles around the 

stone feature. An overlap of 70% was attempted, however due to the nature of the terrain (unstable 

rocky slopes) this was not always possible.  

UAV landscape photogrammetry was created by flying systematic overlapping transects using Drone 

Deploy or Pix4D apps. These apps allowed for a flight path to be set so that the data was collected in a 

systematic manner. Transects were generally set between 20-50m above ground with 70-75% frontlap 

and 70% sidelap of to produce a ground sample distance of around 1cm. Surveyed GCPs were not used 

in any of the photogrammetry data in this dissertation and the build in positioning of the drone was 

utilised to geo-reference the resulting photogrammetric products. The use of the drone GPS/GNSS 

instead of GCP is sufficient for the scope of this study (Fraser 2020) and was primarily due to time 

constraints and the geographic distribution of the relatively large number of locations that were 

included in the study which precluded this information being collected.  

Additional imagery was also collected and generously provided by other researchers. This imagery does 

not follow the same data collection methods as described above. 

 In 2014 images of Rosemary 8 on Rosemary Island were collected using a custom octocopter 

with a Canon EoS‐M DSLR camera9. This data was collected in rough transects but the height 

and overlap information is not known. 

 In 2016 and 2017 terrestrial and aerial imagery was collected on Rosemary and Enderby Islands 

using a Canon EOS 5D Mark III and an Inspire II Pro using a (DJI FC350)10. The method for this 

data collection (for both terrestrial and aerial imagery) was similar to the object focussed 

method described above. 

                                                           

9 Captured by Nik Callow 
10 Captured by Paul Bourke as part of the MLP. 
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 In 2018 and 2019 aerial imagery was collected on Enderby Island using a DJI Phantom 4 Pro (DJI 

FC6310S)11. This data was collected without using a set flight path and height/overlap 

information is unknown. 

 In 2019 aerial imagery on Dolphin Island was collected using a Mavic 2 Pro (Hasselblad L1D-

20c)12. This data was collected without using a set flight path and height/overlap information is 

not known. 

 In 2019 terrestrial imagery was collected using a Nikon COOLPIX AW100 and a SONY ILCE-

600013. This data was collected using the object focussed method described above. 

Projects 

Murujuga Linkage Project (MLP) - LP14010039314 

The MLP commenced in 2014 and included three years of fieldwork (2015-2018). The project focussed 

on understanding the context within which the rock art was produced. It involved a massive rock art-

recording program as well as the documentation and excavation of a number of other site types.  

The MLP project did not record archaeological ‘sites’, but instead focussed on recording archaeological 

material with site boundaries being subsequently defined from these locations. For each stone 

structure spatial data, attribute data, photographs, and in some instances sketches were collected. 

Where information (e.g. the photographer) is available this is directly referenced otherwise the project 

on which the data was collected is referenced. Details of data collection is summarised in Table 5.3. 

Table 5.3 MLP data collection 

Year Details 

2016 
Location (point) data was recorded. Information provided was to a basic level with attributes 
mainly focusing on general type/form as had previously been recorded (i.e. standing stone, 
wall or pit). Photographs and sketches of sites were collected while recording. 

2017 

Location (point) data was recorded. Attribute information was collected using CRAR+M 
Recording Forms. Either detailed attributes or basic data (point and structure ‘type’) was 
recorded, depending on time constraints. Photographs and sketches were collected while 
recording. Terrestrial and aerial imagery for photogrammetry during this fieldwork by Paul 
Bourke. 

2018  

Location data was recorded as point or line locations using CRAR+M Recording forms and 
Nomad Recording Forms. Depending on time available either detailed attributes or basic data 
(point and structure ‘type’) was recorded. Photographs of sites were collected while recording. 
I also collected aerial imagery during this fieldwork (details below). 

                                                           

11 Captured by Jonathan Benjamin as part of the DHSC project. 
12 Captured by Jerem Leach as part of the DHSC project. 
13 Captured by Patrick Morrison  
14 The project investigators and research staff were; Jo McDonald (Lead Chief Investigator), Peter Veth (Chief 
Investigator), Al Patterson (Chief Investigator), Jamie Hampson (Chief Investigator), Katie Galaskin (Chief 
Investigator), Joe Dortch (Project Manager), Sarah de Koning (Database Manager), Ken Mulvaney (Partner 
Investigator) and Thomas Whitley (Partner Investigator) (CRAR+M 2020). 
https://www.crarm.uwa.edu.au/murujuga-dreaming 

https://www.crarm.uwa.edu.au/murujuga-dreaming
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Burrup Field Schools (BFS) 15 

Since 2008 the University of Western Australia (UWA) and Rio Tinto have run annual rock art field 

schools16. Field schools were primarily designed to teach students how to record rock art. Some 

information on stone structures was also collected during six field schools; 2010, 2011, 2016, 2017, 

2018 and 2019. A summary of the data collection techniques are provided in Table 5.4.  

Table 5.4 BFS data  

Year Details 

2010, 2011 
and 2016 

Location (point) data was recorded and information provided was to a basic level. Recorded 
attributes mainly focusing on general type/form as had previously been recorded (i.e. standing 
stone, wall or pit). 

2017, 2018 
and 2019 

Location data was recorded as point or line locations using the Nomad Recording Forms. 
Photographs and sketches of sites were collected while recording. Aerial imagery of the field 
school locations was collected during this fieldwork (details below) 

Deep History of Sea Country (DHSC) - DP17010081217 

This project was aimed at identifying archaeological material that had been submerged during sea level 

rise. A number of stone structures are located in the intertidal zone and participation in this project 

allowed for data to be collected pertaining to these sites. During the course of this field work it was 

possible to collect some additional data on a number of coastal sites. Due to tides and the nature of 

boat survey this data was often collected under tight timeframes, where time allowed, data was 

collected using Nomad Recording Forms (Appendix 1).  

In addition to this DHSC generously provided access to aerial photography data and terrestrial LiDAR data 

both flown by members of the DHSC team. The LiDAR data was acquired by Jorg Hacker using an ARA 

motorgliders flown around 600m AGL with two LiDAR sensors, a Riegl Q680i-S (topographic) and Riegl 

VQ-820-G (bathymetric), and a RGB-camera (Canon EOS 5 Mk4). The sensors enabled to create datasets 

with a point density/spacing of between 10 and 20 points/m2 (Benjamin et al. 2020; McDonald et al. 

2020). 

The LiDAR accuracy was produced by:  

“a combination of GPS and IMU (Inetrial Measurement Unit) which uses integrated 

accelerations and is totally independent from any external signals. In post-

processing, the GPS (at about 2Hz) and the IMU (about 200Hz) [were] merged in a 

sophisticated Kalman-filtering process to derive 200Hz stable position, altitude and 

attitude (pitch, roll and yaw angle)…The resulting point clouds were then processed 

                                                           

15 https://www.crarm.uwa.edu.au/burrup-field-school 
16 Fieldschools run by Ken Mulvaney and/or Jo McDonald 
17 The project investigators were; Jonathan Benjamin (Lead Chief Investigator), Jo McDonald (Chief Investigator), 
Michael O’Leary (Chief Investigator), Jorg Hacker (Chief Investigator), Mads Holst (Chief Investigator), Geoff Bailey 
(Chief Investigator) (DHSC2020).https://deephistoryofseacountry.com/ 

https://www.crarm.uwa.edu.au/burrup-field-school
https://deephistoryofseacountry.com/
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using various workflows to yield the highest possible details on the ground. The 

workflows included utilities (LAStools18) with specifically optimised parameter sets 

and also Bayes-statistics based strip aligning algorithms enabling the seamless 

combination of overlapping point clouds. To enable the detection of the smallest 

recognisable features, smoothing was kept to a minimum” (Hacker pers. comm. 

2020). 

Point cloud and DEM data both were provided for use in this dissertation. In addition to this 

orthomosaics were created using areal imagery collected during the flights were also provided by the 

DHSC team. These were processed using Agisoft Metashape (photogrammetry), although the “location 

accuracy of some of the mosaics was improved by using GCPs as derived from the [LiDAR] datasets” 

(Hacker pers. comm. 2020). 

Table 5.5 DHSC data collection 

Year Details 

2017 LiDAR data of large tracts of land was collected by Jorg Hacker and subsequently provided. 

2018 LiDAR data of large tracts of land was collected by Jorg Hacker and subsequently provided. Aerial 
Imagery collected by Jonathan Benjamin was captured during this fieldwork. 

2019 
Location data was recorded as point or line locations using the Nomad Recording Forms. I also 
collected aerial imagery of a number of coastal locations during this fieldwork (details below). 
Aerial imagery collected by Jerem Leach was also provided. 

Field Trips 

The data collected as part of this research was captured during seven field trips from 2017 – 2019. Five 

of these trips were linked to the MLP, BFS and DHSC project (Table 5.6). This dissertation falls under 

the research agreement negotiated by UWA and Murujuga Aboriginal Corporation (MAC) for the MLP 

and access to the data collected over the course of the project was agreed prior to my commencement. 

Further data for this research was collected during fieldwork with the BFS and DHSC project (these 

projects also have research agreements and permissions in place with the Murujuga Aboriginal 

Corporation). Data which was collected strictly for this dissertation and has not been used or referred 

to in any of the aforementioned projects has been coded separately and is referred to as Murujuga 

Stone Features (MSF) Project. 

                                                           

18A software suite for processing LiDAR data https://lastools.github.io/  

https://lastools.github.io/
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Table 5.6 Fieldwork undertaken as part of this dissertation 

Field 
Trip 

Dates 
Project 

Code 
Details 

FT1 
16/05/2017 

- 
21/05/2017 

MSF 

This trip was focussed around a specifically previously recorded site 
that was considered to be definitively cultural. This site, Kangaroo 
Tanks (DPLH ID#9307) was originally recorded and excavated in the 
1980s. As described in Chapter 2, the results from this excavation 
were limited beyond the identification of “ipomoea tubers” from 
within the soil (Vinnicombe 1987a:42). This trip was planned to 
coincide with the commencement fieldwork for a botany Honours 
Thesis (Buck 2017). 

FT2 
9/07/2017 - 
22/07/2017 

BFS 

This trip coincided with the 2017 BFS run by UWA and RIOTINO. 
Although not part of the fieldschool this trip aimed to record 
features which might be in association with the rock art which was 
being recorded as part of this fieldschool. As such, the focus was 
predominantly on previously recorded site Withnell Bay 05 (Burrup 
Peninsula I2 & I5 and DPLH ID#11720). A second area was also 
recorded during this trip. This area was selected as rock art from the 
2016 fieldschool had been recorded in this area and a significant 
number of stacks of stone had been noted. These stacks had not 
been previously recorded, however the site Emu Face Valley (DPLH 
ID#9397) was located approximately 200m to the southwest. 

FT3 
27/04/2018 

- 
14/05/2018 

MLP 

This was a MLP trip and was focussed around Rosemary Island. This 
island was known to have been one of the first to undergo 
Islandisation and therefore would be likely to have the oldest art. 
Five areas were examined across the island covering an extensive 
range of structure types. 

MSF 
Additional data collected around the main island (Burrup 
Peninsula). A number of locations around Aneityum Vistas DPLH 
ID#9867 were revisited. 

FT4 
1/07/2018 - 
14/07/2018 

BFS 

This trip coincided with the 2018 fieldschool. It focussed on the 
detailed recording of the Flying Foam Massacre Memorial site. MAC 
rangers and CEO were particularly keen to get this area recorded as 
they were worried about the area being impacted by vandalism. 
They also wanted a good 3D model of this area. Drone flights at 
Withnell Bay 05 (Burrup Peninsula I2 & I5) and at Emu Face were 
also undertaken during this trip. 

FT5 

20/05/2019 
- 

30/05/2019 
DHSC 

This trip coincided with a trip undertaken by DHSC to look for 
underwater archaeology on the islands. This allowed for access to a 
number of sites previously recorded as ‘fish traps’ in intertidal areas 
such as in Sea Ripple Passage, Tozier Island and Enderby Island. 
Previously observed features at Cape Bruguieres were also a focus 
of this trip and relevant to the DHSC project.  

1/06/2019 - 
7/06/2019 

MSF 
Additional data collected around the main island (Burrup 
Peninsula). A number of locations identified during the initial data 
audit were revisited. 

FT6 
24/07/2019 

- 
01/08/2019 

BFS 
This trip was primarily for recording rock art at deep Gorge, 
however a number of potential stone arrangements were also 
identified.  

FT7 
08/11/2019 

- 
15/11/2019 

MSF  
This final trip was undertaken to reassess a number of sites to better 
ascertain the likelihood of their being natural or cultural. 
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Post Processing and Analysis 

Post processing involves cleaning and compiling data in such a way that analysis is possible. A significant 

amount of post-processing and analysis of collected data was required, Table 5.7 provides a detailed 

breakdown of the products used in post processing and their specifications.  

Table 5.7 Programs used for dissertation 

Product Role Task 

ESRI ArcGIS  GIS  Primary software used for viewing and manipulating data 

ESRI ArcGIS Pro GIS  Software used for viewing and manipulating 3D data 

Drone Deploy Photogrammetry  Used for capturing aerial photography  

Agisoft 
Metashape 

Photogrammetry Used for the creation of photogrammetry models 

Cloud Compare Point Cloud  Used for the manipulation and comparison of point cloud data 

R and R Studio Attribute Data Used for comparing collected data 

Analysis used a multi-scalar approach. Five broad scales of analysis were considered. These were 

defined in line with other spatial and geoarchaeologcal approaches (see discussion above and Clarke 

1977:11-15; Hughes and Sullivan 1982:100; Speight 2009:16). The five scales considered were: 

1. National/State level patterns were generally beyond the scope of this dissertation, however a 

consideration of stone structures as a specialised site type was addressed in Chapter 2 and will 

feed into considerations of stone structure typology.  

2. Regional analysis involved examination of material or attributes across the Dampier Archipelago 

(60km x 50km). This involved broad scale landscape reconstruction and required coarse 

resolution data to explore general patterns and trends.  

3. Inter-site analysis involved of material or attributes between sites across parts of the 

archipelago e.g. Island (~10km x 10km). This involved more detailed landscape reconstruction 

and coarse to medium resolution data to explore general patterns or trends. Most of the 

techniques involved overlap with those used for regional analysis. 

4. Intra-site analysis involved the examination of material or attributes around and within stone 

structures (roughly an area of ~200x200m). This involved highly detailed reconstruction of parts 

or all of a site as well as the immediate landscape.  

5. Micro scale analysis involved examination of material or attributes within parts of a stone 

structure, such as individual rocks. 

Additionally, two different systems of measurement were used, local and global.   

1. Local measurements refer to measurements within a dataset relative to other points in the 

dataset (x,y,z). Measurements are metric but cannot necessarily be relocated in relation to 

other sites. 
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2. Global measurements refer to points on the globe, e.g. Latitude/Longitude or 

Easting/Northing and Elevation.  

Stone Structure Data  

Point data with attribute information was collected in the field and imported into the ‘recent’ dataset 

(stored in an ArcGIS geodatabase). Line data was converted into structure boundaries and a centroid 

point, also imported into the ‘recent’ dataset. Legacy and recent datasets were merged to create a 

single dataset containing all known stone structures on Murujuga details of this process and a summary 

of this data is presented in Chapter 7. 

While compiling the legacy data and completing the background research for this dissertation it was 

evident that previous ‘types’ had been identified but were not clearly defined (see Chapter 2). A new 

typology was devised by exploring the range of attributes which contribute to differentiating between 

natural and cultural stone features. Details of the attributes and criteria used in the new typology is 

presented in Chapter 8 and Chapter 9. 

Structure boundaries were refined by buffering line data by 0.5m and where applicable modifying edges 

to align with orthorectified imagery. These boundaries were used in the visualisations presented in 

Chapter 9. This approach created boundaries which were accurate on a local scale, but may have been 

between 1-5m off in terms of global accuracy. The accuracy of this approach and of the orthomosaics 

will be discussed further below.  

Clustering Algorithm 

Standing stone clusters (see discussion in Chapter 8 and Chapter 9) were defined using a ‘percolation 

method’ similar to that described by Maddison and Schmidt (2020:270). The process of defining stone 

clusters was achieved in eight steps: six automated and two manual. Each step is described below, 

ArcGIS tools and relevant parameters are emphasised with italics. Figure 5.5 provides further detail 

using pseudocode and Figure 5.6 illustrates the steps in Model Builder. A selection of columns from the 

merged recent and legacy datasets is provided in Appendix 2.  

1. Using the expression, T_Type = 'Standing', select the standing stones from the stone structures 

dataset.  

2. Buffer the standing stone points by 30m, the linear unit is set at 30 and the units as meter. The 

side type and end type are kept at the default (full and round) which means that the buffer 

creates a circular shape. The dissolve type is set to all which ensures that the buffers created 

for each point are merged together when they overlap. As the buffer is defined by a linear 

measurement, the field category is left blank. Calculations are planar i.e. they are projected flat 

plane using a 2D Cartesian coordinate system.  
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3. An attribute table with a row for each buffered area is created. This is achieved using the 

multipart to single part tool. No input parameters are required.  

4. A spatial join is performed. Two inputs are needed, the buffered shapefile (target feature) and 

the standing stone points (join feature). The join operation is a one to one, all join results are 

kept (keep all). The field map of join features that allows columns from the attribute table to be 

moved or removed is kept as the default. The match option is set to completely contains so that 

every stone structure point within a buffered area is counted and added to a new field called 

join_count. The search radius and distance field name are not required as part of this action. 

5. A new field (column in the attribute table) is added so that information can be calculated in the 

following step. The new field name is called Distribution, which is set as a text field. The 

precision, scale, length, alias and domain parameters are not needed and are left as default (i.e. 

blank). The field is set to nullable to allow null values, and is not set to required. 

6. Calculate the values in the Distribution field. Buffered areas or ‘clusters’ are defined based on 

the values set in the code block using the syntax from Figure 5.5. The expression is set to reclass 

(!Join_Count!) to activate the code block. The default language python 9.3 is kept. 

The resulting dataset was examined against field observations and for the most part the clustering 

algorithm had successfully identified clusters of standing stones. In one instance however, the algorithm 

did not successfully identify associated standing stones as a cluster. In this instance the landform unit 

(a ridgeline) was considered to override the algorithm as a result, two additional steps were performed 

manually.  

7. Repeat the buffering process for the ridgeline (second step) with the linear unit set to 100m. 

All other parameters are the same.  

8. The single 100 m buffered area is manually copied into the dataset. The previously created 

clusters that fall within the area of the high/sparse buffer are removed.  

The 100m buffer encompassed all structures on the ridgeline and this site was the only area that 

contained >50 stones within a 100m buffered area. This area was defined as having a high quantity of 

stone at a sparse distribution. Steps seven and eight could have also been automated, however as there 

was only one area that fell within the criteria it was unnecessary in this instance.  

The algorithm (steps 1-8) was set up using ArcGIS model builder (Figure 5.5 and Figure 5.6) and clusters 

were defined as isolated (1 stone), low (2-4 stones), moderate (5-20 stones), high (>20 stones) or high 

and sparse (>50 stones). This process resulted in a new polygon dataset containing the cluster 

boundaries (StandingClusters).  
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Figure 5.5 Creating standing stone clusters in ArcGIS 

Input: StoneStructures 

Output: StandingClusters 

1. Select 

Tool Location: Analysis Tools > Extract> Select 

Task: extract stone structures from dataset 

Variables: expression  

Python: arcpy.Select_analysis(StoneStructures, StandingStones, "T_Type = 

'Standing'") 

2. Buffer  

Tool Location: Analysis Tools > Proximity> Buffer 

Task: buffer points by 30m 

Variables: linear unit, units, side type, end type, dissolve type, 

field, method. 

Python: arcpy.Buffer_analysis(standingStones, BufferedStanding, " 30 

Meters", " FULL", "ROUND", "ALL", "", "PLANAR") 

3. Create attribute table (Multipart to Single Part) 

Tool Location: Data Management Tools > Features> Multipart to Single 

Part 

Task: Create individual rows in attribute table for each buffered 

location 

Variables: n/a 

Python: arcpy.Buffer_analysis(BufferedStanding, MultiPartBuffer) 

4. Spatial Join 

Tool Location: Data Management Tools > Features> Multipart to Single 

Part 

Task: Create a join between the buffered points and standing stones 

Variables: join operation, keep all target features, join features, 

match option, search radius, distance field name 

Python: arcpy.SpatialJoin_analysis(MultiPart_Buffer, Standing_Stones, 

Clusters_Joined, "JOIN_ONE_TO_ONE", "KEEP_ALL", "FIELD MAP 

DEFAULT”, "COMPLETELY_CONTAINS", "", "") 

5. Add Field 

Tool Location: Data Management Tools > Fields> Add Field 

Task: Create a new column for standing stone variation field 

Variables: fieldname, field type, precision, scale, length, alias, 

nullable, required, domain 

Python: arcpy.AddField_management(Clusters_Joined, "Distribution", 

"TEXT", "", "", "", "", "NULLABLE", "NON_REQUIRED", "") 

6. Calculate Field 

Tool Location: Data Management Tools > Fields> Calculate Field 

Task: Create individual rows in attribute table for each buffered 

location 

Variables: field name, expression, type, code block 

Python: arcpy.CalculateField_management(Clusters_Joined, "Distribution", 

"reclass(!Join_Count!)", "PYTHON_9.3",  

"def reclass(Join_Count): 

if (Join_Count >= 0 and Join_Count <= 1): 

return \"Isolated\" 

elif (Join_Count > 1 and Join_Count <= 4): 

return \"Low\" 

elif (Join_Count> 5 and Join_Count <= 20): 

return \"Moderate\" 

elif (Join_Count > 20): 

return \"High\"" 

7. Buffer 100 m 

Task: Buffer points by 100 m for use in manual selection. Run buffer 

tool as listed in task 2 (but with different linear unit variable) 

8. Select High Sparse Clusters 

Task: Manually select high/sparse buffer and copy into shapefile. 
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Figure 5.6 Automated steps to identify clustered standing stones. Built using ArcGIS Model Builder. 

Landform Reconstruction 

With stone structure locations identified (legacy and recent), I embarked on multi-scalar interrogation 

of these locations using landform reconstruction. Landform analysis required at least a DEM and usually 

also an orthomosaic. Different products and a combination of approaches were used to get these base 

ingredients. The most striking difference between different products is in the resolution: larger areas 

tend to be at lower resolution with smaller areas at higher resolution. Resolution refers to the effective 

pixel size of an image. Higher resolution means smaller pixel size and generally a better quality image. 

This should not be confused with precision, which refers to how accurate a point is in space. The 

datasets used for landscape reconstruction are shown in Table 5.8 and allowed for reconstruction at 

three scales: regional, inter-site and intra site. 

Table 5.8 Main datasets used in landscape reconstruction 

Dataset Resolution19 Purpose 

Geosciences DEM  30m 
Pre-processed: landscape can be examined on a the scale 

of the whole archipelago (Gallant et al. 2011) 

Web Map Service (WMS)  ~30 - 5.8cm 

Pre-processed: high resolution imagery at the scale of the 
archipelago. Imagery differs in quality depending on the 

area of interest (ESRI 2020; Landgate 2020; Nearmap 
2018) 

Historical Imagery  1m  
Large areas of high resolution pre-development imagery 
can allow for a local landscape context to be examined 

(Landgate 2020). 

DHSC LiDAR and Imagery  
5 - 15 cm ortho 

50cm-1m DEM 

Pre-processed: large areas of high resolution data can 
allow for a local landscape context to be examined 

(Hacker 2017). 

UAV Imagery <2cm 
Requires processing: stone structures can be digitally 
reconstructed and to be examined for micro intra site 

morphology. 

                                                           

19 Also pixel size 
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Two of the DEM datasets were pre-processed (Gallant et al. 2011; Hacker 2017). The Geoscience 

Australia DEM20 was created by satellite data from the Shuttle Radar Topography Mission (SRTM) and 

has 30m resolution. The dataset is publically available21 and has been automatically smoothed with 

vegetation removed using an automated process (Gallant et al. 2011). The LiDAR has had some filtering 

applied (see above) but no algorithm has yet been developed to digitally remove dense spinifex from a 

land surface (McDonald et al. 2020).  

Pre-processed orthormosaics were also sourced via WMS from ESRI (~30cm), Landgate (~20cm), and 

Nearmap (5.8-7.5cm for the Burrup only) (ESRI 2020; Landgate 2020; Nearmap 2018)22. The remaining 

data: historical and UAV imagery, required processing in Agisoft Metashape (v 1.5.4), a SfM-MVS 

photogrammetry software, to get a DEM and orthomosaic.  

DEM data originating from Geoscience Australia, DHSC LiDAR and various UAV sources was used to 

create slope and curvature models which were used for subsequent regional and inter-site analysis. The 

general workflow together with the settings used are illustrated in Figure 5.7.  

 

Figure 5.7 Landscape reconstruction general workflow using Agisoft Metashape  
(light grey boxes with settings indicated on far right) and ESRI’s ArcGIS (dark grey).  

Image Processing 

Images were first aligned using high accuracy setting to create a sparse point cloud. The high accuracy 

setting performs the tie point matches on the image downscaled by factor of 2. This point cloud was 

filtered to remove tie points that were unlikely to be accurate. Such mismatched tie points are 

                                                           

20 DEM-S was used 
21 Under a Creative Commons licence 
22 UWA has ESRI and Nearmap Subscriptions Landgate Imagery was provided under licence.  
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particularly common if the image has very low contrast or is too bright. For consistency, points with a 

reconstruction uncertainty and projection accuracy of ten or above were removed. This this process 

ensured that only appropriate tie points are used for the bundle adjustment and consequently for the 

model creation. Following this, a dense point cloud was created using the high-quality setting with 

aggressive filtering. High quality relates again to the level of which the image was down sampled. The 

following filtering aims to remove outliers in the dense point could. Aggressive filtering has been found 

to provide the best balance between contain meaningful small details and removing gross outliers 

(reports attached in Appendix 6). Where LiDAR was available the dense cloud was aligned to this dataset 

and then a DEM was created. None of the data collected by UAV was filtered to exclude vegetation or 

other surface features.  

Digital Elevation Model (DEM) 

The key ingredient for landform reconstruction and regional or inter -site analysis is a DEM; an “ordered 

array of numbers [pixels] that represents the spatial distribution of elevations above some arbitrary 

datum in the landscape” (Moore et al. 1991:4). Models (used here in raster format) that have limited 

filtering and include vegetation and other objects (e.g. roads or buildings) are usually referred to as 

digital surface model (DSM). Models that have filtered out the vegetation are generally referred to as a 

digital terrain model (DTM) but the term DEM is also sometimes used. All elevation datasets, regardless 

of the level of filtering applied, will be referred to as a DEM in this dissertation. Elevation (height) and 

relief (range of heights) can be extracted directly from a DEM using ArcGIS without further processing. 

Height values used in this dissertation were categorised according to Table 5.9. 

Table 5.9 Relief (after Speight 2009:47) 

Relief Values 

Very Low 0 - 9 m 

Low 9 - 30 m 

Moderate 30 - 90 m 

High 90 - 300 m 

This information can also be extracted directly to stone structure data using the Extract Values to Points 

tool (Figure 5.8). Tool parameters are set to default which means point values are not interpolated 

(none) and only the raster cell values (value_only), as opposed to all raster information, are added to 

the attribute table of the stone structures dataset. 
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Figure 5.8 Extracting data to points in ArcGIS. 

Slope 

The angle or steepness of a slope is one of the most important landform attributes (Miller and Schaetzl 

2015:139). It will have a direct effect on the types of processes, as well as the speed at which those 

processes can occur. This will be particularly important to help understand what kinds of natural process 

could create an artificial stone feature. Slope can be calculated from a DEM and is based on the changes 

in height between the pixels of a DEM. The resolution of the DEM used will therefore have a significant 

impact on the resulting slope analysis.  

Slope models were created using the Slope tool in ArcGIS Spatial Analysist Toolbox which is based on 

the algorithm developed by Burrough and McDonell, (1998). Most parameters (in italics) were set to 

default: the Z-value or the number of ground x,y units in one surface z unit was kept at 1; calculations 

performed were planar i.e. they were projected flat plane using a 2D Cartesian coordinate system. The 

output slope raster was defined using degrees as unit on a meter scale. 

 

Figure 5.9 Processing slope in ArcGIS.  

When slope values are considered in this dissertation they will be aligned to the Australian standard as 

defined by Speight (2009:19). Definitions are presented in Table 5.10 and changes to the standard are 

documented.  

Tool Location: Spatial Analysis Tools > Extraction> Extract Values to 

Points 

Input: StoneStructures, DEM 

Output: extracted_points 

Variables: interpolate values at point locations, append to the output 

point featurs 

Python: arcpy.gp.ExtractValuesToPoints_sa (StoneStructures, DEM 

extracted_points, "NONE", "VALUE_ONLY") 

Model:  

` 

Tool Location: Spatial Analysis Tools > Surface> Slope 

Input: dem 

Output: slope_deg 

Variables: output measurement, z factor, method and unit 

Python: arcpy.gp.Slope_sa(dem, slope_deg, "DEGREE", "1", "PLANAR", 

"METER") 

Model:  

` 
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Table 5.10 Slope classes (modified from Table 2 - Speight 2009:19) 

Slope Class 
Standard 

Highest Angle 

Highest Angle 

- this project 
Reason for difference 

Level 0º35’ 1º Arbitrary change to round highest angle 
of class up. Negligible difference to 

Australian standard. 
Very Gentle 1º45’ 2º 

Gentle 5º45’ 5º 

Moderate 18º 10º These are the most important gradients 
and so are expanded to help isolate 

angles at which change is likely to occur. 
Moderately Steep  18º 

Steep 30º 30º 

Very steep 45º 45 
Slopes > 30º are where significant 

movement occurs 

Precipitous 72º 
>45º 

Slopes above 45º are all considered to 
very steep and likely to have increased 

movement. Cliff Above 72º 

When the original DEM had a resolution of <1 m, the resolution was lowered using the Resample tool 

in ArcGIS. Higher resolution models were too ‘noisy’ (from spinifex and trees) and did not provide a 

good idea of the more general slope of the landscape (e.g. Figure 5.20). DEM models (particularly those 

created from UAV data) with a resolution of 1-5m produced the best results. The tool parameters 

included the cell size (5m in Figure 5.10), and the resampling method, which was Nearest Neighbour. 

 

Figure 5.10 Raster resampling   

Profile/Curvature Models  

Landform profile allows for a better understanding of the geomorphological processes at work in a 

particular area (e.g. see Figure 5.11A). Curvature calculations compare the surrounding pixels of a DEM 

to work out if that area is concave or convex. Curvature models quantify numerically changes in the 

profile or plan of a landscape. This information helps to define the likelihood of material to be deposited 

or to be eroded, and where water is likely to be funnelled. Curvature is calculated by computing the 

second derivative of a surface, essentially the slope of the slope (ESRI 2019). Curvature can be calculated 

based on the profile or plan of a landscape: standard curvature, used in this dissertation, combines 

profile and plan calculations (see Figure 5.11B).  

Tool Location: Data Management Tools > Raster> Raster Processing> 

Resample 

Input: Raster 

Output: ResampledRaster 

Variables: cell size x, cell size y, resample method 

Python: arcpy.Resample_management(Raster, ResampledRaster, "5", "5", 

"NEAREST") 

Model:  

` 
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Figure 5.11 A) Landscape elements (Speight 2009:28). B) Standard curvature calculation (ESRI 2019) 

Curvature calculations are relative and will change depending upon the rage of the DEM. This can be 

problematic as it means that the scale of analysis will influence how the calculations ‘perceive’ the 

curvature of the landscape. Curvature models were created using the curvature tool in ArcGIS Spatial 

Analysist Toolbox (Figure 5.12). In the profile output, a negative value indicates the surface is upwardly 

convex at that cell. A positive profile indicates the surface is upwardly concave at that cell. A value of 

zero indicates the surface is flat. Units of the curvature output raster, as well as the units for the optional 

output profile curve raster and output plan curve raster, are one over 100 z units, or 1/100 (z units), 

The z-value was again left at the default value of 1. 

 

Figure 5.12 Processing curvature in ArcGIS. Standard curvature is preferred. 

As with slope models, the curvature model calculations from the DEMs with <1cm pixels contained too 

much noise from the micro-topography. Instead DEM’s were converted to 1m-5m pixel resolution and 

the curvature calculation performed. This allowed for the dips and crests around the structures to show 

up clearly. As with the slope calculations, the original (DEM) raster was resampled using the Resample 

tool in ArcGIS (see Figure 5.10). 

Tool Location: Spatial Analysis Tools > Surface> Curvature 

Input: dem 

Output: curv_std, profile, plan 

Variables: z factor 

Python: arcpy.gp.Curvature_sa(dem, curv_std, "1", Z, Z2) 

Model:  

 

A B 
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Table 5.11 provides an example of the range of values expected using standard curvature calculation 

and the Geosciences DEM (Gallant et al. 2011) as the input dataset. Additionally when used as part of 

large landform calculations a resampled 90m DEM was used to ensure the output displayed properly. 

These values were only used during the landform calculations presented in Chapter 6.  

Table 5.11 Curvature for Geosciences DEM – division using five Jenks Breaks 

Curvature Type Values 

Concave -1.511586 - -0.247324 

Slightly Concave -0.247324 - -0.078755 

Level -0.078755 - 0.02961 

Slightly convex 0.02961 - 0.162057 

Convex 0.162057 - 1.570807 

Landform Analysis 

Landform analysis is undertaken by individually interrogating or combining the DEM, slope and 

curvature rasters. This was specifically used for analysis at the scale of the entire archipelago. 

Information about landform could be extracted to individual structure points using Extract Values to 

Points tool (Figure 5.8). This information which was held within the attribute table could then be used 

to understand which landforms individual structures were found within. In Chapter 9 the extracted raw 

values were used, however in Chapter 6 a combined landform surface was created.  

The combined landform surface was created in four steps resulting in a raster dataset 

(LandPattern_ALL_values – in Figure 5.13): 

1. Reclassify the inputs based on the values listed above for DEM (Table 5.9), slope model (Table 

5.10) and the 90m curvature model (Table 5.11). Each value is given a numerical value to 

represent each of the categories listed below (Table 5.12).  

Table 5.12 Arbitrary values assigned to height, slope and curvature models 

Height  Slope  Curvature 

Category Value  Category Value  Category Value 

Level 0  Level 1  Concave 300 

Low 9  Very Gentle 2  Level 0 

Moderate 30  Gentle 5  Convex 600 

High 200  Moderate 10    

   Moderately Steep 18    

   Steep 30    

   Very Steep 45    

2. Resample the 90m curvature model back down to 30m (same process illustrated in Figure 5.10 

also using Nearest Neighbour as the resampling technique) so it is compatible with the other 

rasters.   



129 
 

 

3. Combine all three rasters using the Raster Calculator using the algebra expression illustrated in 

Figure 5.13. This creates a raster where each pixel value is the sum of each of the input rasters. 

4. Reassign the height slope, and curvature categories based on the cell values of the 

LandPattern_ALL raster. This is achieved using the Join Field tool using a table as the input field 

parameter.  Each category is a combination of the values listed in Table 5.12.  

 

Figure 5.13 Calculating landform analysis in ArcGIS  

Input: dem, slope_deg, curv_std, values 

Final Output: LandPattern_ALL_values 

1. Reclassify  

Tool Location: Spatial Analysis Tools > Reclass> Reclassify 

Task: Simplify data based on set attributes to ensure it is easier to 

combine the data later 

Variables: reclass field, reclassification, no data value 

Python:arcpy.gp.Reclassify_sa(slope, "VALUE", "0.000546 1 1;1 2 2;2 5 

5;5 10 10;10 18 18;18 30 30;30 45 45", slope_reclass, "NODATA") 

arcpy.gp.Reclassify_sa(dem, "VALUE", "0.189393 9 9;9 30 30;30 90 

90;90 300 200", relief_reclass, "NODATA") 

arcpy.Reclassify_3d(curv, "VALUE", "-1.325766 -0.041553 300;-

0.041553 0.031719 0;0.031719 1.267185 600", reclass_curv, 

"NODATA") 

2. Resample 

Tool Location: Data Management Tools > Raster> Raster Processing> 

Resample 

Task: Make curvature data the same resolution as other data 

Variables: cell size, resampling technique 

Python: arcpy.Resample_management(curv_std_reclass, 

curv_std_reclass_resample, slope_deg, "NEAREST") 

3. Combine (Raster Calculator) 

Tool Location: Spatial Analysis Tools > Map Algebra> Raster Calculator 

Task: Combine rasters together 

Variables: map algebra expression 

Python:arcpy.gp.RasterCalculator_sa("\"%slope_reclass%\" + 

\"%Relief_reclass%\" +\"%Reclass_curSTD_Resample%\"", 

LandPattern_ALL) 

4. Add attribute values (Join Field) 

Tool Location: Spatial Analysis Tools > Reclass> Reclassify 

Task: Create an attribute table based on previously allocated values 

Variables: input join field, join table, output join field 

Python: arcpy.JoinField_management(LandPattern_ALL, "Value", Values, 

"Value", "") 

Model: 
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Orthomosaic 

Orthomosaics are the photographic equivalent to planimetric maps, and accurate measurements can 

be taken directly from the resulting image. They are created by using a DEM to calculate and remove 

displacement variations based on height and projection in the images (Ebert 1984:326). Orthoimagery 

allows added realism to better interpret landscape and landform reconstructions. UAV orthomosaics 

were built using Agisoft Metashape to create high resolution <1cm ortho imagery. These images proved 

to be highly accurate locally when compared to other datasets (see below), with a shift of only a few 

meters usually required on the x/y plane. As curvature, slope and landform are all calculated locally, a 

small global shift does not impact any further analysis. 

Intra Site Analysis 

Intra-site analysis includes landscape reconstruction within the immediate area and reconstruction of 

individual stone structures. This process generally involved the same approach documented Figure 5.7, 

however, an object centred approach to image processing was also utilised.  

The main output of object centred images was a textured mesh (see Figure 5.14). During alignment 

medium accuracy was generally used. Tests showed this to be the best setting with higher accuracy 

causing less images to be aligned due to the high resolution of the images and high degree of similarity 

between the images captured. Medium quality depth maps with mild filtering were used and a 3D 

triangulated surface (mesh) was created using an arbitrary surface.  

 

Figure 5.14 Stone structure reconstruction general workflow in Agisoft Metashape 

This approach was mainly used for creating visualisations of these sites in ArcGIS pro, however scale 

bars placed during image collection allowed for structures to be scaled locally (with cm accuracy) and 

this meant that measurements could also be taken from these reconstructions.  

Micro Analysis  

With the exception of rocksize and petrochemical roundedness (see below) micro analysis was limited 

to in field observation and was documented within the structure recording forms and by photographs.  
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Energy dispersive spectrometry 

Analysis of rocks with observable differences in rock patination was undertaken on two rock samples 

using energy dispersive spectrometry of thin sections. Thin sections were made by Frank Nemeth from 

the School of Earth Sciences at UWA and were analysed using a Scanning Electron Microscope (SEM 

TESCAN VEGA3) located at the Centre for Microscopy, Characterisation and Analysis (CMCA) at UWA. 

Directions in how to use the microscope and analysis was provided by Kane Ditchfield (see also 

Ditchfield 2017:421; Frahm 2014).  

Rock Size and Roundedness 

In some cases very high resolution (<2cm) orthomosaics were created. This allowed for analysis and 

comparison of rock size and roundedness within and between structures. Rock size was considered in 

terms of length and area. The rock length was calculated based on the longest visible dimension in the 

orthoimage. This was achieved by manually creating circles around the individual rocks, the diameter 

of which could be calculated automatically within the attribute table (Figure 5.15A). For rock area and 

roundedness, the visible surface area was digitally traced and the resulting outlines allowed for area 

measurements to be calculated automatically (Figure 5.15B).  

 

Figure 5.15 Rock measurements A) Technique for calculating length B) Technique for calculating area 
and roundedness 

No smoothing of polygons was undertaken during the digitsation process so that the roundedness could 

be calculated consistently. Roundedness (where 0 is not circular and 1 is a perfect circle) was calculated 

using the formula23: 

                                                           

23 Formula was sourced from Matlab documentation (see MathWorks 1993-2015). 

𝑟𝑜𝑢𝑛𝑑𝑒𝑑𝑛𝑒𝑠𝑠 =
4𝜋𝐴𝑟𝑒𝑎

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2
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While the digitisation process could be automated, it was found that automatic methods struggled with 

the different illumination conditions and colours in the orthoimagery. Therefore, in order to make the 

analysis more rigorous, a more labour intense but reliable manual approach was used.  

Graphs 

Graphs (i.e. histograms density plots etc) are used throughout this dissertation. Graphs for regional and 

inter-site analysis take the data extracted from height, slope and curvature models and import this 

directly from the shapefile into R Studio where analysis is performed. Shapefiles were imported using 

ArcGIS Bridge (e.g. see and Figure 5.17)24. This technique allowed for reproducible figures to be updated 

quickly where necessary.  

 

Figure 5.16 Importing shapefile into R Studio 

 

Figure 5.17 A graph in R Studio 

The code for graphs for Chapter 6 is found in Appendix 3, for Chapter 7 in Appendix 4 and for Chapter 9 

in Appendix 5. Access to data used is also available on request, with permission from MAC. 

Errors and Accuracy  

Most intra-site analysis around stone features was undertaken using UAV data and it is important to 

understand the strength and limitations of this data. As already discussed above, for a number of 

                                                           

24 https://github.com/R-ArcGIS/r-bridge-install  

Input: shapefile 

Variables: attribute table field 

R: Points <- arc.open("D:/path/shapefile") 

SEL. Points <- arc.select(Points, fields=c('ATTRB1','ATTRIB2')) 

 

https://github.com/R-ArcGIS/r-bridge-install
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reasons GCPs were not used for UAV data collected during and prior to this project. Historical imagery 

collected by aerial survey during the 1970s (Landgate 2020) was also processed in the same way as the 

UAV data, although in this case the area was large enough that georefrencing using GCP control points 

selected from current georeferenced images was possible.  

All camera lenses have a degree of distortion and the distortions change between cameras and each 

use. This means that camera calibration is very important to minimise variations and errors in the 

results. A camera calibration is required to quantify and then account for these distortions in the images 

and consequently in the 3D model. Agisoft Metashape calculates the internal camera parameters as 

part of the camera location optimisation step and automatically calculates the error resulting from 

camera distortions. Figure 5.17 shows the camera residuals accounting these distortion parameters 

which are identified during the process of automatic camera calibration as part of the workflow 

described above.  

 

Figure 5.18 Camera Image Residuals A) COOLPIX AW100 (5mm) B) Sony ILCE-6000 .  
C) FC220 (4.7mm) DJI Mavic Pro. D) FC6310S (8.8mm) DJI Phantom 4 Pro 

All figures show significant radial distortions (symmetric away from the image centre) and decentring 

distortions (asymmetric distortions). The distortions are not more than a few pixels which is to be 

expected. As the distortions have been quantified and corrected they should have no impact to the 
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photogrammetric derived products. Camera calibration for individual areas is presented in Appendix 6. 

Distortions in processed UAV data such as ‘doming’ are well documented, with the primary solution 

being the use of GCPs during the survey (Fraser 2020; James and Robson 2012; James and Robson 2014; 

Woodget and Austrums 2017). The primary issues are related to inherent errors resulting from the 

camera distortions (James and Robson 2014) and other internal camera parameters such as the camera 

constant. The doming effect is introduced from the used mathematical bundle adjustment in 

combination with problems in the geometry introduced during the flights (Fraser 2020).  

In order to asses the geometric accuracy and confirm that the distortions do not impact analysis, direct 

comparison was undertaken between the DEM and orthoimagery collected by UAV and other means 

(Davis et al. 2017:2). Comparisons undertaken between orthoimagery collected by UAV and that taken 

by the DHSC LiDAR, as well as the Landgate and Nearmap WMS basemaps (Landgate 2020; Nearmap 

2018), confirmed an overall shift (X/Y) between the precise model space and the global object space. 

This was due the relatively low accuracy GPS/GNSS in the UAV used in the calculations instead of GCP. 

A similar pattern was identified in the DEM data. Despite this, point locations in the local model are 

comparble in scale and no further issues were visible. If needed, this shift is straightforward to rectify 

and does not impact on any of the landform analysis described above. 

Distortion to Z (height) values are more problematic and include shift as well as doming errors. Firstly 

while the other data sources calculate hight above ground within a local area or as hight above the 

Australian Height Datum (AHD), the UAV uses elipsoidal heights. This meant that the height values were 

displaying as negative values (below the ellipsoid) instead of the height above the ground or AHD. As 

the shift is the same for all points within a survey site a simple shift to account for the different height 

datums (ellipsoidal and AHD) is sufficient. This issue was circumvented by adding the height of the flight, 

using a script created by Pasumansky (2017) to all point clouds/meshes before they were aligned.  

In some areas ‘doming’ distortion was quite pronounced, with a distortion of up to 1m noted in one 

instance. This problem appeared to be worse in larger areas and in areas where overlapping or oblique 

images were not collected (James and Robson 2014). LiDAR was accessible for some areas surveyed by 

UAV and a comparison of these two datasets allows for possible errors to be investigated. A direct 

comparison between the LiDAR and UAV derived DEMs shows a rotation (tilt) of the UAV DEM on the Z 

axis (Figure 5.19). 

Figure 5.19A is a direct comparison between the two datasets, and in Figure 5.19B the UAV data has 

been aligned to the LiDAR derived DEM. In Figure 5.19A the area across the middle (pink) is almost 

identical between the UAV and LiDAR DEM, but on the edges there is a difference of 3.67m (above the 

LiDAR data) to the east and -4.16 (below LiDAR data) to the west. This distortion was reduced by 

importing both the UAV and LiDAR point cloud into CloudCompare and aligning the UAV DEM to the 

LiDAR DEM. The resulting dataset when compared (Figure 5.19B) shows a difference of 2 - 62cm 

between the two datasets.  
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Figure 5.19 A) Showing pitch/roll issues in directly exported data B) Showing data when shifted/rectified 
using CloudCompare to match the LiDAR data. Note that the scale of difference is significantly less in the 

rectified imagery 

Although significant, these errors primarily affect the data on global scale (global shift in x, y, and z) and 

the local changes such as examination of the landform around the stone features (i.e. slope/curvature), 

are not altered in a significant manner. This is because slope and curvature are calculated within the 

local model, with differences being measured between individual pixels.  

Figure 5.20 is an illustration of this process: where slope is calculated between 1m pixels. Figure 5.20A 

shows a slope calculated directly from the UAV DEM, whereas Figure 5.20B is calculated from the DEM 

which has been rectified/aligned to the LiDAR DEM.   

 

Figure 5.20 A) Slope class analysis of data exported directly from Agisoft Metashape B) Slope data from 
point cloud which was been aligned to LiDAR data. 

This shows that UAV data collected without GCPs is acceptable for the landscape analysis undertaken 

in this dissertation. There are distortion errors but these are mostly in in height (the z dimension) and 
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they will not cause problems to the analysis presented here. It is also worth noting that errors in the 

X/Y axis tend to be in the mm-cm range: significantly better than using a measuring tape.  

Summary 

Although this dissertation was undertaken as part of the MLP, I have also used a range of data from 

legacy and other recent projects to better understand the range and distribution of stone structures 

across Murujuga. While I have collected a significant amount of my own data I also rely heavily on data 

collected more recently by others as part of the BFS, MLP and DHSC projects.  

Spatial archaeology and geoarchaeology provide the foundation for the methodological approach used 

in this dissertation. A large amount of work went into the creation of landform models ahead of analysis 

at regional, inter-site and intra site levels. This analysis was designed to explore where structures were 

located on large landscape scale as well as around and within individual structures. Although the lack 

of GCPs means there are some inherent shifts in the data on a global scale, most of these are not 

sufficient to cause issues to the analysis undertaken as part of this project as it is performed on the local 

model space. The landform modelling described in this chapter provides a vital tools for better 

understanding the natural/cultural divisions and the likelihood that a stone structures is an 

anthropogenic construction. This crucial problem (already mentioned in Chapter 2) will be addressed in 

the following chapter.  
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Chapter 6  

Natural or Cultural? 

Criteria to differentiate between natural features and stone structures.  

Before considering the stone structures across Murujuga it is necessary to grapple with the contentious 

proposition that that these are not cultural constructions. This chapter presents the main arguments 

which have been made for and against Murujuga stone features being anthropogenic, followed by my 

analysis of the dispute. While I discuss natural formation processes and stone structures broadly in this 

chapter, it is important to consider stone structures individually as they are being recorded. A shift in 

focus from structure form to methods of construction helps to simplify the discussion and identifies 

criteria to ascertain whether a structure is a cultural or natural feature. The regional and local landform 

patterns and the natural processes that can form patterns in stone can provide general criteria that can 

help inform these decisions. The background provided in this chapter provides information necessary 

to give confidence in the identification of cultural constructions. While I have approached this problem 

from an objective position, as much as is possible, I ultimately argue that that there are many culturally 

constructed stone structures across Murujuga. 

The Dispute 

There is ongoing debate about what constitutes a cultural stone arrangement across Murujuga. The 

debate started more than 40 years ago, and has been complicated by the naturally rocky nature of the 

landscape and the quantity and variety of identified structure types.  

The Pros – arguments for Anthropogenic Structures 

The geomorphologist, John Chappell, was one of the first, in the early 1980s, to document an attempt 

to determine whether the Murujuga structures were natural or cultural. After a site visit with 

archaeologists Nick Green and Jim Rhoads1, Chappell provided a six-page report outlining why these 

features were probably cultural. This report focusses on three main feature types: standing stones, 

walls and cockpits (see Table 6.1).  

                                                           

1 I am grateful to Jim Rhoads who provided me access to this short report and notes from the original excavation. 
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Table 6.1 Summary of assessment by Chappell (1982) of stone structures. 

Type Description Previous Assessment 

Standing stones 

Upright stones wedged into 
surrounding boulders. Stones 
are elongated, generally 100 cm 
long with 65-75% of their length 
protruding. 

Anthropogenic. 

No natural mechanism can raise elongated boulders into 
vertical position in these outcrops. 

Stone walls 

Low walls containing stones up 
to 45cm in diameter (average 
15-35cm). Walls tend to be 
located mid slope and are 
roughly parallel with the 
contours, which gives the slope a 
terraced appearance. 

Most likely explanation is anthropogenic. 

Mass movement is unlikely to be the origin of these 
features because the hillslope tends to be is gently 
sloping above the walls and is substantially steeper 
below. In addition, the location of the walls on the mid-
slope also makes mass movement unlikely. 

Although vegetation might have moved some stones it is 
unlikely to have created the linear shape of the walls or 
the size selection of the stones. 

Cockpits 

“Cockpit-like” depressions 
within shallow gullies or on 
drainage lines. These structures 
have a diameter of between 8-
10m and contain soil and 
carbonate at base, which forms a 
hard pavement, which can 
support scrubby trees and 
shrubs. Rocks on the lower slope 
are lighter in colour (due to loss 
of weathering rind) and are 
smaller than those of 
surrounding slopes. 

While there is no direct evidence these are 
anthropogenic none of the natural ‘explanations’ are 
conclusive either. 

It is possible that the trees growing within these 
structures moved some of the rocks, however it seems 
unlikely that they were able to produce a raised rim up 
to 50cm above the central area of the pit.  There is no 
evidence of root-heaving in any of the features visited. 

Rocks in raised rims have scattered/differentially 
weathered surfaces indicated they have not existed for 
long enough for varnish to occur in situ. 

Some cockpits exist on ridge-crests and areas below the 
cockpits do not show evidence of mass movement. 

An experimental pit was easily created in 1hr. 

This preliminary report is unpublished and not widely available. It also has no associated diagrams or 

photographs, making it impossible to revisit the sites or get a clear picture of the range of structures 

and site formation processes at work.  

The Cons - arguments for Natural Features  

In 2003, a consultancy company (Australian Cultural Heritage Management, or ‘ACHM’) wrote an 

unpublished report on the Murujuga stone features (ACHM 2003b). This report, followed by a 

presentation at a national conference (Draper 2007)2, asserted that most standing stones are cultural; 

most walled features are natural; and that all stone pits are natural. Chappell’s initial assessment of 

many of these features is largely dismissed on the basis that he “had not been in the field for long 

enough” to make a proper assessment of these features (ACHM 2003b: 20).  

                                                           

2 I am grateful to Neale Draper who provided me access to the ACHM report and presentation for reference in 
this thesis. 
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The report and presentation, conceived and implemented during a clearance program for the Pluto B 

LNG development, examine natural processes that the authors argue create features commonly 

misidentified as cultural.  

Table 6.2 Summary of assessment by ACHM (2003b) of stone features 

Type Description Assessment 

Standing 
stones 

Follows description of standing 
stones provided by Chappell 
(1982) and Gara (1984). 

Not all standing stones are cultural.   

In order for something to be classed as a standing 
stone must be either:   
1. different from surrounding rock (manuport) not 

in situ 
2. wedged into a crack 
3. chocked with smaller stones 
4. identified as culturally significant features by 

Traditional Owners  

Stone 
terraces/ 
Pseudo-
terraces 

Follows description of walls by 
Chappell, though describes them 
occurring on sloping ground 
adjacent to steep rocky outcrops. 

 

Natural, pseudo-terraces. 

Terraces are the boulder version of soil creep, a natural 
feature of mass wasting of the boulder-strewn slopes. 
Rounded boulders originate from the heavily jointed 
rock outcrops at the top of the slopes. 

It is argued that there are simply too many of these 
structures for them to be anthropogenic.  

Stone circles 

A clear space of 1-3m in diameter 
within a low linear boulder 
concentration 2-5m in width. Also 
occur as part of psudo-terraces 
(ACHM 2003b:24). 

Most, if not all, circles have natural origins.  

A result of boulders having moved downslope around a 
central rise. 

Also, a result of tree growth having created the gap. 

Stone pits 

Distinguishes stone pits (ACHM 
2003b:15) as being different from 
the cockpits described by 
Chappell. Instead report refers to 
a definition given by Wright as 
natural “circular, bowl or saucer 
shaped depressions” which have 
been modified by placing small 
boulders around (all or part) of 
the rim (Wright 1983:63) 

Natural.  

Considered to have been created by surface rupture. 

Figure 6.1 depicts the kinds of natural features which ACHM considers are often misinterpreted as 

cultural (ACHM 2003b:40 Figure 44). Stone terraces are as interpreted as minor outcrops, created by 

landslips (mass movement); stone circles are created by tree growth; and stone pits are created by 

‘surface rupture’3. While this schematic is useful, it is over-simplifies the landforms and processes at 

work across the different geologies of Murujuga. It also includes several inaccuracies which will be 

discussed in detail in this chapter. 

                                                           

3 This term usually refers to elongated cracks in the earth, generally the result of tectonic action.  
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Figure 6.1  Schematic of natural causes (from ACHM 2003b:40 Figure 44) 

This report is now described as “mainly used for internal training” (Draper 2019, pers. comm), with its 

target audience being recent graduates or consultants who have not previously been to the Dampier 

Archipelago, and its justification being to ensure that natural features are not recorded as cultural ones. 

The report acknowledges the “need for further joint archaeological/geo-morphological research on this 

issue” (ACHM 2003a:40) and this chapter will address this research gap.  

Further examination of this issue is long overdue, and it is unclear what proportion of subsequent 

consultancy projects across Murujuga have adopted the conclusion that most stone structures are 

natural. The ACHM report, as the most recent work in this area to date, probably resulted in under-

reporting of these site types in consultancy projects post-2003. At least 8% of the 254 Murujuga 

consultancy reports on the AHIS database are by ACHM or Australian Interaction Consultants (AIC) who 

also frequently reference the ACHM report, although the actual figure could be much higher.  

A New Approach  

To determine if a structure is natural or cultural a different tactic from past practice is needed. Here I 

propose a dual approach which provides: firstly, a better understanding of the landscape and the 

processes that might move stone; and secondly, a consideration of stone structures in terms of 

construction rather than form or assumed function. Construction will also form an important part of 

the Murujuga Typology which will be outlined in Chapter 8.  

My initial approach was to consider stone structure form and previously defined types; however, as 

research progressed it became clear that defining structures by form did not help understand how 

these structures were created, by natural or anthropogenic means. In addition to this a number of 

problems were identified with the previously defined types (see Chapter 2) and I found that a 

consideration of construction method was a useful criteria, which had previously been overlooked.  
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I have identified five different construction types:  

1. Placed – stones have been positioned with some degree of precision on a level outcrop or in a 

rock crack. This category includes standing stones described in Chapter 2 and in Table 6.1, above 

(Figure 6.2A).  

2. Clustered – stones have been grouped together, either placed at intervals, touching or in low 

piles not more than two stones high (Figure 6.2B). Structures using a clustered construction 

technique are described in Chapter 8 and Chapter 9. 

3. Stacked – stones have been stacked (and potentially thrown) together two or more stones. 

Walls, terraces, circles and lines as described in Chapter 2 would fall into this category (Figure 

6.2C). 

4. Cleared – structures have been created by the removal of stones. Stones are often removed 

from a central area and replaced (stacked) on the outside of the structure. Stone pits and circular 

structures described in Chapter 2 fall into this category (Figure 6.2D).  

5. Dressed – structures have been created using European masonry techniques including dry 

stone walling and the modification or ‘dressing’ of stones into a squared shape. Structures with 

this construction have not been considered natural features, but are frequently associated with 

whaling and pearling activities, and will not be discussed in this chapter. These and other historical 

structures will be described in further detail in Chapter 8 and Chapter 9 (Figure 6.2E). 

 

Figure 6.2 Construction techniques. Brown = parent rock, grey shaded = part of stone structure.  
A) Placed. B) Clustered. C) Stacked. D) Cleared. E) Dressed 
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This chapter considers how placed, clustered, stacked and cleared constructions compare to a range of 

potential natural features, which might be found across Murujuga. As detailed in the Methods section 

(Chapter 5), digital landscape reconstruction is used to reveal details of landform and allow for 

processes to be inferred. This technique can be used to objectively quantify potentially subjective 

ground-level observations. The Murujuga landscape is considered at three main scales; regional, intra-

site and micro (see Chapter 5). At each scale general processes are discussed as well as a number of 

factors which might be considered to create ‘pseudo’ stone structures. Although the following sections 

are broadly grouped between regional, intra-site and micro-scale observations, many of the criteria 

discussed can be observed over multiple scales. Throughout the analysis, the relevance of the criteria 

to specific construction methods is considered as well as the criteria for distinguishing between natural 

features and anthropogenic stone structures.  

These examples should be considered illustrative, not definitive. Not all the criteria discussed will be 

relevant for every site. Structures should be considered case by case, from observations made at each 

site. Relevant criteria and specific sites found across Murujuga is provided in subsequent chapters (see 

Chapter 8 and Chapter 9).  

Regional Criteria 

The regional context is important for understanding the range of natural formations that might be 

present across Murujuga. This section focusses specifically on landform attributes, geomorphology, 

geology and sediments to better understand landform processes which work from a regional down to 

a micro scale.  

Geology  

As discussed in Chapter 1, Murujuga is comprised primarily of rocky rolling low hills, either exposed 

covered or beneath a thin layer of sediment and spinifex (Donaldson 2011:36; Hickman and Strong 

2003:19; Pillans and Fifield 2013). The rocks across Murujuga are basaltic extrusive (volcanic) and 

granitic intrusive (plutonic) (Donaldson 2011:36 and Fairweather, 2019 #856:16). Granitic and basaltic 

rocks are extremely hard and tend to weather slowly in arid environments (Migoń 2006:1). This slow 

weathering rate has been tested using cosmogenic nuclide measurements and it has been argued that 

the rocks on Murujuga are likely to have some of the lowest erosion rates in the world at “0.15e0.48 

mm/1000 years on horizontal rock surfaces and 0.34e2.30 mm/1000 years on vertical rock faces” 

(Pillans and Fifield 2013:98). 
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Figure 6.3 Geological map of Murujuga by Donaldson (2011:36) modified with terminology from 
(Fairweather 2019:16). 

 

Figure 6.4 Typical vista in an interior valley Murujuga.  
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The “block strewn residuals” (Figure 6.4; Donaldson 2011:36) that are common throughout the 

archipelago are nubbins - solid masses of rock, and also a type of inselberg (Migoń 2006:85; Twidale 

and Vidal-Romani 2005) that has formed from erosion as well as the fracture planes and chemical 

properties of the parent rock (Figure 6.6A; Donaldson 2011:38-50; Hickman 2001:7; JMcD CHM 2005: 

6; Mulvaney 2015:19; Twidale 1982:164; Vinnicombe 1987a).  

 

Figure 6.5  Landforms created from weathered bedrock.  A) Typical granite rock landforms (modified 
from Withers 2000).  B) Typical evolution of granitic nubbin showing evolution from underground to 

exposed nubbin (modified from Twidale 1982 229 :117).   

Nubbins are formed by local weathering, both at the surface and subsurface (Figure 6.5B; Twidale 

1982:164; Withers 2000:103) and they are frequently (though not exclusively) associated with granitic 

geology. The identification of nubbin formations across Murujuga is important: they are further 

evidence that the hill slopes have formed in situ, are stable and are not affected by significant 

movement.  

Figure 6.6 shows an exposed cutting into rhyodacite along the Burrup Road near the intersection with 

the Dampier Highway. This image shows the nubbin formation underground: solid bedrock at the base 

grading into rounded weathered stones at the surface. Currently exposed rocky outcrops likely formed 

in this manner.  

The erosional environment across Murujuga is not conducive to significant sediment deposits 

(Donaldson 2011:36; Hickman and Strong 2003:19; Pillans and Fifield 2013). Figure 6.6 also 

demonstrates how little sediment exists in this landscape. While this profile is a low, spinifex covered 

hill, some sediment does settle in lower flat areas. The lack of sediment on hillslopes is important when 

considering the possibility of mass movement, as discussed in more detail below in the analysis of intra-

site criteria. 

 



145 
 

 

 

Figure 6.6 Road Cutting on the Burrup Road approximately 400m northeast of the Dampier Highway 
Intersection in an area classed as Granophyre (Donaldson 2011:36) or Rhydodacite (Fairweather 

2019:16). 

The pattern of fracture planes within the underlying bedrock is an important consideration for 

distinguishing between natural features and anthropogenic constructions. Chappell excavated placed 

(standing) stones at Happy Valley and demonstrated that while stones had been placed upright in the 

rocks, “vertical orientation [was] rare within the body of the surrounding armour” (Chappell 1982:3). It 

is not possible to or in most instances, necessary, to excavate around placed stones. Observations of 

the orientation of fracture planes in the exposed bedrock around placed stones is an additional 

attribute that can be used to differentiate between stones that are left in place after in situ weathering 

and those which have been moved by humans and placed upright. The application of this criteria means 

the misidentification of vertically aligned elongated stones as “surviving remnants of collapsing, 

columnar-jointed blocks on the summits of rocky outcrops”, as argued by ACHM (ACHM 2003b:38), 

would be highly unlikely. Further application of micro-criteria such as direct interaction (e.g. Figure 6.7B 

and discussion below) can also be used to confirm that a stone has been placed as a result of cultural 

rather than natural processes. 
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Figure 6.7 Weathering of Murujuga Geologies A) Devils Marbles 2012. B) RIA03-2018-EF026 - photo BFS, 
2018 C) RIA01-2016-BF004 - photo MLP, 2016. D) BFS-2018-EF073 - photo MLP, 2018. 

In certain geologies, weathering and erosional processes create natural rock formations which appear 

to be placed or balanced. The Devils Marbles (Figure 6.7A), ~100 km south of Tennant Creek in the 

Northern Territory, are a famous example of this process: large, rounded rocks have weathered such 

that they appear to be balanced on top of exposed bedrock. This process is relevant for considering 

stone structures which have been assembled using placed construction techniques.  

Comparison between placed stones and the exposed bedrock is one way to determine if stones are 

likely to be anthropogenic. Culturally placed stones may also be shaped/weathered in such a way that 

they could not have eroded in situ into that form (Figure 6.7C). If the placed rock appears to be of a 

similar raw material to the underlying bedrock, it is important to confirm that it is not simply connected 

to the bedrock platform.   
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ACHM (2003b:40) argued that ‘minor outcrops’ form pseudo-terraces which have been misidentified 

as cultural constructions. Murujuga is certainly a rocky environment with exposed nubbin formations 

in various sizes and shapes. These nubbins still follow a similar pattern to the outcrops described above. 

They are generally rounded with the underlying bedrock visible. Natural outcrops range in size but in 

general are significantly bigger than any stacked constructions. Stacked constructions generally have a 

less domed shape and there may be evidence of both removal and replacement of stones (addressed 

as part of intra-site criteria, below).  

Three sites show examples of stone structures that have been shown not to be outcropping bedrock. 

The descriptions and details of these excavations are limited, however the notes/photographs that are 

available do suggest sediment build up beneath these structures – making them less likely to be ‘minor 

outcrops’.  

Chappell’s report mentions an excavation that identified a difference between the stacked part of the 

construction and the natural rocky deposit below the structure.  

“A pit excavated in one of the walls showed empty interstices down to 40cm 

depth, below which the interstices are filled with gritty clay. Rocks above this 

soil or fill are relatively uniform around the common size (15 to 25cm), but 

those within the soil are smaller and include 40 to 50% subangular pebbles. 

Boulders similar to those in the upper 40cm are sparse in the lower zone.”  

(Chappell 1982:3-4). 

If this site was a natural outcrop, an increase in rocky sediment grading into bedrock would be expected, 

rather than a decrease in rock size. Unfortunately no site number or name was provided with this 

description so this site could not be revisited during the current project. 

Field notebooks and photographs  from 1980 at the excavation at Kangaroo Tanks DPLH ID#9307 

indicate that stones in the terrace were not part of a natural outcrop as they were removed “down to 

soil” (Rhoads nd). The presence of this ‘soil’ at the base of the structure is clearly illustrated in Figure 

6.8. This site provides a good example of an anthropogenic construction and a number of other lines of 

evidence, provided below, support this assertion. 
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Figure 6.8 c.1980 Norma Richardson excavating at Kangaroo Tanks DPLH ID#9307  

Finally, at Burrup Service Corridor 08 (DPLH ID#17294), ahead of its destruction, the consultant Gary 

Quartermaine describes dismantling a 1 m section of a stacked structure. The structure was described 

as a circular wall “[p]laced on soil surface” (Quartermaine 2003). It appears from the report that this 

‘excavation’ was undertaken quickly, for the purposes of curiosity, rather than being a detailed and 

carefully documented process.  

An added complexity is that some stacked structures incorporate natural outcrops into their 

construction, possibly to minimise the work needed to complete large constructions. This practice 

would increase the difficulty of distinguishing cultural from natural constructions. In these cases, micro-

scale criteria can help identify areas where natural stone accumulations might have been culturally 

modified (see below).  
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Regional landform 

Regional landform is important for understanding the likelihood of a range of environmental processes. 

Previous classifications produced during the DAP project (see Figure 6.9) defined eight zones, primarily 

around relative distance from the coast. These geomorphic zones have only been defined for Dampier 

Island (the Burrup) and it is not clear how these zones were defined, although it is likely they were 

digitised from aerial photographs, so it is not possible to accurately or consistently reproduce them. 

 

Figure 6.9 Geomorphic Zones (reproduced from Vinnicombe 1987b:58 Figure3) 

These zones are useful but are too broad for the current purposes: they cannot help to identify areas 

where stones might settle if they were moving on account of natural processes. Digital reconstruction 

of landform helps identify key variables that allow clearer understanding of the landscape at a regional 

scale. Landform classification is complex but can be simplified into three main components: relief 

(elevation range), slope and curvature. Relief and slope are used to classify landform categories such 

as mountains, hills and plains (Speight 2009:45) and to determine the range of different mass 

movements (see section on intra-site criteria) which might be expected in a landform. Here, landscape 

reconstruction is undertaken using the 30 m Geosciences DEM (Gallant et al. 2011). This DEM provides 

a good impression of the general landform, but the derived slope and curvature figures are smoother 

than they would be perceived on the ground (see Methods in Chapter 5 for more detail).  
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Figure 6.10 General landform A) Height /DEM, B) Slope from DEM, C) Curvature from DEM, D) Simplified landform. 
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This landform reconstruction covers Murujuga from sea level to 163.5 m altitude (see Figure 6.10A). 

While relief is classed as high (90-300 m; Table 6.3) most land (73.7%) is actually at moderate or low 

altitude (30-90 m). This is also demonstrated by the difference between the median (81.7 m AMSL) and 

mean is (41.3m AMSL) heights.  

Table 6.3 Breakdown of different elevation values (units defined by Speight 2009:47)4 

Category Value Area km2 Percent 

Very Low 0 - 9 m 71.3428 23.4% 

Low 9 - 30 m 122.1795 40.0% 

Moderate 30 - 90 m 102.9473 33.7% 

High 90 - 300 m 8.845652 2.9% 

The majority of land is moderately or gently sloping (see Figure 6.10B and Table 6.4) with 91% of ground 

being inclined at an angle of less than 10°. As shown in Figure 6.11 even landform of moderate elevation 

is of gentle or moderate incline (i.e. <10°). Thus, hill slopes are generally gentle to moderate. The 

significance of this slope angle will also be discussed further below. 

Table 6.4 Breakdown of different slope classes (Speight 2009:47) 

Value Angle Area km2 Percent 

Level 0 - 1° 45.26 14.0% 

Very Gentle 1 - 2° 52.92 16.3% 

Gentle 2 - 5° 117.94 36.4% 

Moderate 5 - 10° 79.38 24.5% 

Moderately Steep 10 - 18° 23.71 7.3% 

Steep 18 - 30° 4.25 1.3% 

Very Steep and Extreme >30° 0.67 0.2% 

Steepness of a slope and slope curvature are also important for understanding the likelihood for rock 

and sediment to move. Extreme slopes of >45° are referred to as a ‘fall face’ where rockfalls, topples 

and slides are more likely to occur (Table 6.4 and Figure 6.10, see also further examination of this 

below). Slopes of >45° only found in very small quantities (~0.0003%) and are incorporated in with very 

steep ground in this instance. 

Curvature values for the archipelago range from -0.94 to 0.87 (Figure 6.10C) with a mean value -0.001, 

where lower values indicate a more concave landform and higher values a more convex landform. 

These variables when combined provide 80 different landform categories across the archipelago the 

(see simplified version in Figure 6.10D). This enables a significantly more fine-grained understanding of 

                                                           

4 NOTE: For the purposes of the calculations the only the land of the archipelago is used. The peninsula created 
by the road and salt flats is ignored.   
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the general landform processes that might be expected in any one 30 x 30 m area across Murujuga: 

significantly more nuanced than any other available landform classifications.  

 

Figure 6.11 Summary of Murujuga general landform categories by percent of total land area5.  

This landscape patterning gives a preliminary understanding of the areas within which material might 

settle because of mass movement, particularly on concave slopes where there is a decrease in incline. 

This information will feed into intra-site mass movement discussed below.  

Intra-Site Criteria 

This section outlines natural processes in and around stone structures and details processes that could 

move rocks and sediment without human intervention. These processes include mass movement, 

gilgai, pressure and movement by vegetation. The different kinds of features that might be created by 

these processes are compared to examples of clustered, stacked and cleared structures. Intra-site 

analysis considers areas within an area of approximately 200 m x 200 m (4 ha; see Methods, Chapter 

5).  

  

                                                           

5 Note: upper boundary values are provided for slope (x axis). Code for all graphs in this chapter provided in 
Appendix 3. 



153 
 

 

Mass Movement 

Mass movement refers to the movement of material (sediment and rocks) downslope (Highland and 

Bobrowsky 2008:4). It occurs primarily due to gravity, but is also influenced by the kind of landform, 

the sediment or rock type, the climate and the environmental processes involved in rock weathering 

(Parsons 1988:80). Mass movement is further affected by a number of variables including slope angle 

and slope shape (curvature). Movement can be sudden (the steeper the slope the more sudden the 

movement) or incremental.  

 

Figure 6.12 Common slope attributes (reproduced fromClowes and Comfort 1987:74) 

Figure 6.12 provides a simple summary of different slope classes and associated landform processes. 

Originally developed by Dalrymple et. al. (1968) this figure provides a flexible method for understanding 

possible hillslope components and the processes which might affect sediment and rock movement. The 

most important being the convex creep slope, the base of the fall face, the colluvial foot slope or alluvial 

toe slope. As Parsons (1988:29) points out, these hillslope attributes should not be taken as ordered or 

representing the only processes at work in various parts of a hillslope. Further investigation and 

observation of mass movement processes is needed.  

The main categories of mass movement are defined as falls, topples, slides, spreads and flows: though, 

multiple types of mass movement can be present on any slope (Garduño-Monroy et al. 2020; Highland 

2004). Mass movement can be divided according to the type of material (rock or sediment) and the 

type of slope. Each of these categories is addressed in detail below (Table 6.5). 
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Table 6.5 Types of mass movement (Highland 2004: Figure 3 [images]; Leiba et al. 2011:3; Varnes 1958). 

Type of Movement Bedrock Coarse Sediment Fine Sediment 

 
Falls 

on slopes > 45° 

Rock Fall Debris Fall Earth Fall 

 
Topples 

on slopes > 45° 

Rock Topple Debris Topple Earth Topple 

Slides 
on slopes of 20 - 40° 

Block Slide 

 
Rotational Landslide or slump 

 
Translational Landslide 

Flows 

   
Rock Flow 

 
Debris Flow 

Earth Flow Debris Avalanche 

Rock Creep 

 
Sediment Creep 

on all slopes 

Spreads 
on slopes of <5° 

Rock Spread Debris Spread Earth Spread 
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Falls  

Falls are the result of the “detachment of soil or rock or both from a steep slope” (Highland 2004:6). 

Rockfalls are one of the most common types of mass movement (NRC CLI 1958:23).  These involve piles 

or slopes of stones forming at the base of the fall slope, generally on precipitous slopes (i.e. >45°). These 

are often referred to as “scree slopes”. Scree will stop at an ‘angle of rest’, the steepest angle at which 

the particles can stack without falling (Figure 6.13A). This angle is generally between 34°-40° (average 

36°-38°). The larger and more rounded the particles, the steeper the angle, although it is rarely over 

45° (Weyman and Weyman 1977:27). The velocity at material will travel is dependent on the slope 

incline: this also influences the degree to which fallen rocks are broken by the impact (Highland 2004:6). 

Falls are often triggered by the undercutting of a slope, which can be caused by natural processes such 

as weathering and vibration from earthquakes (Highland 2004:6). Piles produced by rockfall are 

therefore likely to display some size sorting as larger particles tend to roll to the bottom of the slope, 

while smaller particles stop near the top of the slope (Figure 6.13B).  

 

Figure 6.13 Falls:  A) Coefficient of friction (Clowes and Comfort 1987:53) B) Angle of rest (modified from 
Weyman and Weyman 1977:28) 
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In Murujuga, debris and earth falls are possible, but unlikely due to the limited sediment load. Rock fall 

is likely to occur beneath precipitous slopes (> 45°). It is likely to be the result of the weathering of 

natural fractures in the rocks causing blocks to be detached and, over time, to potentially form piles. 

Caution should be applied when interpreting a cultural element in stacked structures at the base of 

precipitous slopes, especially those exhibiting some degree of size sorting. Precipitous slopes are almost 

absent in the slope data derived from the 30m DEM data, however shorter precipitous slopes have 

been observed and are visible in higher resolution DEM data (e.g. LiDAR/ UAV). 

Topples 

Topples are the detachment of soil and/or rock “around a point or axis below the centre of gravity of 

the displaced mass” (Highland 2004:8) “under the actions of gravity and forces exerted by adjacent 

units or by fluids in cracks”. Topples tend to produce a poorly sorted rubble pile with a higher number 

of angular unweathered surfaces due to breakage on impact. Topples are sudden and are triggered by 

a failure within a rock mass, often exacerbated by vibration from earthquakes, blasting or from material 

detaching further up slope (Highland 2004:8). Similar to rock falls, in Murujuga, rock topples have the 

potential to be found in precipitous ground, while earth and debris fall are unlikely to occur. Extreme 

caution should also be applied to the identification of any stacked structures, without size sorting, at 

the base of precipitous slopes.  

Slides 

Slides occur on steep and very steep terrain with slopes of 20 - 40°. They range in speed from 30 cm 

every 5 years to 150 cm per month (Highland 2004). Rotational slides, where the rupture rotates around 

an axis parallel to the ground surface, tend to occur in coarse and fine sediment (Highland 2004:8). 

Translational slides occur in all sediment types and the moving mass is roughly planar to the slope. 

Translational block slides are the most likely form of slide to be found in Murujuga, again, due to the 

general lack of sediment. Block slides are likely to cause low and extensive rubble at the base of steep 

and very steep terrain. 

Flows  

Flows can be subdivided into five categories, four of which are rapid (debris flow, debris avalanche 

(extremely rapid), earthflow and mudflow) and one which is extremely slow (creep). Rapid flows require 

a soft matrix in the form of saturated sediment or slurry and therefore require significant quantities of 

water and sediment combined with steep terrain (Highland 2004:4; Highland and Bobrowsky 2008). 

Therefore, flows which are related to coarse or fine sediment (debris flow, debris avalanche, and earth 

flow) are unlikely to be found on Murujuga. Rock flow is also unlikely because it requires a significant 

amount of velocity. This would require very high and extensive precipitous slopes (Hammond 1954:36). 

Rock flow also does not have any potential to resemble placed, clustered, stacked stone structures. 

Gravity ensures that some degree of creep (slow flows) exists on all slopes (Clowes and Comfort 1987; 
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Weyman and Weyman 1977). The rate and type of creep depends on the inclination of the slope and 

the as well as the type and quantity of sediment as well as geomorphological processes including 

climate (humidity, rainfall, wind), biological agents (flora and fauna) and geology (Clowes and Comfort 

1987; Weyman and Weyman 1977).  

Sediment creep occurs to some degree on all slopes and contributes to a range of landscape 

deformations (Clowes and Comfort 1987:63; Goudie 2013 Weyman, 1977 #470). Different rates of 

creep across a slope can influence the form: an even rate of creep would result in a straight slope, 

higher rates in the midslope will create concave landforms whereas higher rates upper slope create a 

convex landforms (e.g. convex creep slope illustrated in Figure 6.12). Creep is often identified by 

soil/sediment building up behind objects such as the tree (see Figure 6.14A). 

On slopes of >30° creep, slide and animal trampling can create features called terracettes (Clowes and 

Comfort 1987:63; Goudie 2013; Weyman and Weyman 1977). Although the processes at work on 

terracettes are not fully understood they tend to form in ground which is steeper than 30° and in areas 

with minimal vegetation. They are also generally associated with a sediment matrix, not boulder fields, 

probably because they are at least partially caused by slippage (Figure 6.14B). 

 

Figure 6.14  Important Natural Processes.  A) Soil Creep (Weyman and Weyman 1977:30 Figure 28 B) 
Formation of terracettes {Clowes, 1987 #460 :60) Note: slip plane is the same as a rotational slide 

described above. 

The slow creep of rocks is also regulated by similar processes, however the degree to which rocks can 

move without sediment is limited. As discussed previously, on Murujuga sediment is either absent or 

extremely thin and the friction (and therefore the angle at which a rock will move) is much greater 

(Figure 6.13A). A thin layer of sediment will allow some movement of stones but this will not create a 

terraced effect, similar to Figure 6.14B. Creep is likely to cause clustering of stones in lower or concave 

ground; described by Chappell as “lobate piles of boulders and wide slopefoot accumulations” 

(Chappell 1982:2).  



158 
 

 

Spread  

Spreads tend to occur on gentle slopes and are the result of failure in the rock (block spread) or of a 

weaker underlying unit (debris or earth spread). Either failure results in lateral movement of the 

overlying material, often as if the lower unit is liquefied (Highland 2004:2). Spreads are generally 

triggered by significant moisture and rapid ground motion such as an earthquake (Highland 2004:14). 

Spreads are unlikely to be found in Murujuga because much of the landform is exposed bedrock; there 

is limited sediment; there are very few slopes >45° and those that do exist are not long enough for 

sufficient velocity to build to create rock spread in the more level areas.  

Gilgai 

Another kind of incremental natural stone movement common to arid environments is found in stony 

gilgai where the shrink and swell of clay soils create stone formations which are described as ‘stone 

rings’, ‘lattice’ or ‘stepped patterns’ (Mabbutt 1988:362; Parsons 1988:59). Vinnicombe (1987a:34) 

indicated as part of the DAP project that “successive wetting and drying of underlying clay deposits” 

(Vinnicombe 1987a:34) was considered initially but was subsequently discounted as a result of 

Chappell’s visit to Murujuga (1982). Neither Vinnicombe nor Chappell go into details about why this 

process was discounted so it is briefly addressed here.  

Lattice or stepped patterns that form as a result of shrinking and swelling of clay soils have relatively 

stone free ‘steps’, with coarse fragments and rocks found on the rise (front of the ‘step’). These 

formations are found within gently sloping ground (<6°). Gilgai ground is prone to flooding and 

ephemeral lakes can also form in circular depressions (Mabbutt 1988:362; Parsons 1988:59). These 

formations require significant depth of clayey soil (generally up to 1 m), something not found in 

Murujuga. The limited sediment across the archipelago tends to be a finer silty sand or sandy clay rather 

than clay. During the excavation of a stacked structure at Kangaroo Tanks (DPLH ID#9307), the sediment 

was described as “a composite soil made up of clays which must have come from local rock weathering, 

fine quartz sand which appears to have been transported by aeolian processes” (Rhoads nd). Pictures 

of this excavation also show the sediment even at the base of a slope appears to be only 10 – 20 cm 

deep (See Figure 6.8 above). The landform around this structure is steeper than 5° also making it 

impossible it to be the result of gilgai.  

Lateral movement 

Pressure can move sediment and rocks and it is possible for stones to be piled by the application of 

lateral pressure in two directions. The resulting formation is referred to as a pressure ridge. The most 

common way that this occurs is from volcanic or tectonic action. There are no tectonic plate boundaries 

in Australia and the only active volcanoes are located in Australian Antarctic Territory (4000km to the 

south west of Perth). Evidence of prehistoric volcanic action is predominantly found on the east coast, 

(Figure 6.15A) with only one location identified in WA, near Lake Argyle and only one volcano is known 
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to have erupted in Australia within the last 10 000 years (Geoscience 2020; Hargitai et al. 2015; 

Sigurdsson et al. 2015). Therefore pressure ridges as forming as a result of (as yet unidentified) volcanic 

activity is very unlikely and it would have to be of significant antiquity. 

 

Figure 6.15  A) Volcanic eruptions within the last 10 000 years (Image reproduced from Sigurdsson et al. 
2015: inside cover) B) Ridge created by wave action in the wrack zone at Goodwin Island – photo: Jo 

McDonald, 2018. 

Water can move objects laterally or, as discussed above, can decrease friction on a surface and increase 

the likelihood for rocks and sediment to move. Waves can move and heap debris and rocks laterally, 

sometimes up a slight incline. The resulting piles are found in the wrack zone and are particularly 

created during violent storms. Figure 6.15B presents the result of this process: a pile of stones coral 

and other beach debris in the wrack zone on an exposed beach at Goodwin Island. The changing 

shoreline over time means that this zone will move through time, although most coastlines from 120 

000 years ago up are now underwater (see Chapter 1). Any features which were created within the 

wrack zone during the high stand would have to be within 1-2 m of the current wrack zone and would 

have to have survived from between 6.5k - 4k years ago. All of the examples of stacked structures cited 

in this chapter are >10 m above the current coastline and therefore could not be created by wave 

action. 

Modern Disturbance 

Modern construction can leave remains that might be misidentified as a stone structure. Large earth 

working machines like graders or bulldozers push material (sediment and some rock) out of the way 

leaving linear piles of rocks and sediment. A good example of this phenomenon is shown in Figure 6.16. 

Here a grader has pushed rocks and sediment into a linear heap which forms the edges of the road 

(windrow). As the sediment erodes this windrow will become increasingly rocky and difficult to 

distinguish as a road.  



160 
 

 

 

Figure 6.16  Remains of an old dirt road on Murujuga A) Ortho Image B) Elevation Surface 

Modern disturbance can be identified by having some knowledge of previous developments as well as 

examination of the surrounding landscape. These features tend to have more straight lines and include 

clearly levelled off areas as well as relatively freshly fractured surfaces.  

Local Landforms  

Previous discussions regarding the nature of stone structures in Murujuga have relied on in-field 

assessment that a structure was created by humans: sometimes accompanied by an incomplete photo 

record and varying degrees of written documentation as to logic. These assessments only become 

problematic when a subsequent reassessment argues that the recorded structure is in fact natural. 

Without revisiting the site again, the dispute is difficult to resolve from descriptions and photographs. 

Digital reconstructions of stone structures at an intra-site level allows for more detailed observation of 

the structure and the dimensions of the surrounding landscape. This digital reconstruction can be used 

to further explore the likelihood that any particular structure is the result of mass movement. 

The previously discussed (and excavated) site at Kangaroo Tanks (DPLH ID#9307) illustrates this point. 

The main part of this site is a large retaining wall illustrated in the foreground of Figure 6.17. The 

landscape surrounding the structure has been reconstructed from UAV data which has been aligned to 

LiDAR data of the area (see Chapter 5). Digital reconstruction of the landscape context of this site 

provides supporting evidence that this structure most likely to have been constructed by humans. 
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Figure 6.17  Aerial view of Kangaroo Tanks looking northeast showing approximate location of section in 
Figure 6.18 (dashed line) and the location of the 1980’s excavation (white arrow) in Figure 6.8, above. 

Figure 6.18 demonstrates this process. It takes the information already generated by the regional 

landform analysis and incorporates an intra-site scale analysis. Figure 6.18A shows the general landform 

and location with area of interest marked (see maps B-C). This shows that the general area is at low 

elevation and on the side of a slope above which there is a gentle crest.  

Figure 6.18B shows the general inclination of the slope calculated from a 1 m DEM collected from UAV 

data. This figure shows most land is either moderate (5-10°) or moderately steep (<10-18°). As 

illustrated in Table 6.5, this means that falls, topples or slides are unlikely to occur in this area, as these 

processes tend to occur on steeper ground. Spreads are also unlikely as these require less steeply 

sloping ground with more sediment. This means that the focus here needs to be on slow creep: the 

main process of mass movement at work in slopes between 5-18° with minimal sediment. The area of 

level/gentle ground directly above the structure (Figure 6.10B) demonstrates that this process cannot 

be at work here.  

This ground (Figure 6.18C) is slightly concave, forming a gutter upslope from the structure. A section 

showing the general profile ( 

Figure 6.19) also shows this trend. If this structure was created from creep I would not expect a feature 

raised above the slope without some lateral/upwards pressure, which in this case does not exist.  

Figure 6.18D provides a simplification of this landform model: there are too many variables to show 

this in detail. It clearly shows the variety of landforms present at this scale. It shows the stone structure 

displaying as a steep-very steep convex landform: above and below which there is concave ground 

where we would expect debris to collect.  
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Figure 6.18 Intra-Site Landform at Kangaroo Tanks.  
A) General Landform from 3om DEM. B) Slope from 1m DEM C) Curvature from 1m DEM D) Local Landform from 1m DEM 
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 Were this a natural feature created by mass movement, I would expect the structure itself to have less 

extreme relief (i.e. be less stacked) and located on the lower concave ground. Instead there is a straight 

(very slightly concave) area or gutter directly above the structure. The structure is comprised of rock, 

whereas the gutter is filled with sediment and some stones. In addition, were there sufficient sediment 

on this slope (which there is not) for there to have been a debris flow, the accumulated debris would 

have been at the base of the slope, as opposed to its current mid slope position (see Table 6.5). 

 

Figure 6.19  Showing section across main retaining wall at Kangaroo Tanks. 

The slope above the gutter and structure is covered with spinifex and scattered boulders (i.e. a ‘boulder 

field’ see Figure 6.20). The even distribution of boulders across this boulder field is a good example of 

how slow creep manifests in landscapes with minimal sediment. The rate at which the boulders creep 

down the slope is similar to the rate at which new boulders erode from the surrounding exposed and 

subsurface nubbins. The size and shape of stones in a boulder field, a natural outcrop and a stacked 

structure is one of the ‘micro criteria’ discussed below. 

This reconstruction shows that it is unlikely that the creep of stones and sediment, or any other process 

of natural movement, has formed this stacked structure. The most likely reason for this formation is 

through the removal of stones from the gutter and surrounding landform and their placement into the 

stacked structure.  
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Figure 6.20  Natural boulder field upslope of the feature at Kangaroo Tanks  

Trees and Shrubs  

It has been argued that ‘circular’ structures found across Murujuga are created by trees or shrubs 

(ACHM 2003b:40; Mulvaney 1992:117). There are a range of different circular structures that exist 

throughout Murujuga: some comprise clustered stones, some are constructed primarily through 

stacking, others through clearing and stacking and others where only clearing is evident. These 

structures are found within a range of landforms including on top of bedrock. The variety of different 

circular structures is discussed in detail in Chapter 8. Here I examine formations which might be created 

by trees and tree roots and compare these to stacked and cleared constructions most likely to have 

been ascribed to tree roots.  

Large roots extend radially from the trunk in search of water and stability. In urban contexts trees and 

vigorous shrubs commonly move concrete blocks or individual bricks: roughly analogous to bedrock or 

individual stones in Murujuga (Figure 6.21). The trunks and roots move bricks and concrete laterally 

and as roots grow larger this causes uplift which can impact any rocks above the root. This process has 

been demonstrated by consultants in the Central Pilbara to result in stones to be raised vertically 

upright (Scarp 2018). Bricks and concrete can also be moved in such a way that they appear to be 

stacked or clustered (see Figure 6.21). These features have the potential to remain long after these 

trees have died and decomposed. In the future, an area lacking stones would represent the location 

where the trunk was, with clustered stones around it. 
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Figure 6.21 The ability of tree roots to move heavy objects.  A) Tree roots moving bricks.  B) Tree roots 
moving bricks – photo Cláir MacDermott, 2020.  C) Tree roots moving concrete - photo Tristan Bergin, 

2020. 

The Pilbara Kurrajong (Brachychiton acuminatus) is currently one of the largest trees found across the 

rocky hillslopes (Figure 6.22). Other trees such as Smooth-barked Coolibah (Eucalyptus victrix), Hairy 

Clerodendrum (Clerodendrum tomentosum) and Bloodwood (Corymbia hamersleyana) are also large 

trees, but these tend to be found in areas where circular structures are not found, such as on less rocky 

plains or on sandy drainage channels. The roots of the Pilbara Kurrajong tend to grow straight down 

and do not need to move or push stones to get a footing in the rocky hillsides. The maximum diameter 

of a Pilbara Kurrajong trunk observed during fieldwork was less than 1 m. This means that if these plants 

were creating features which might be recorded as modified depressions, that we would expect these 

to be a dimension of less than one metre.  
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Figure 6.22 Pilbara Kurrajong A) In context, and B) Detail of its base - photos 2019. 

Trees or shrubs can also be uprooted, especially in cyclonic areas. When this happens, the roots can 

pull out a large amount of sediment creating a circular depression and a pile or windthrow where the 

sediment which was caught in the roots settles as the tree decomposes. The process and variants (b-i) 

of windthrow are shown in Figure 6.23 (Langohr 1993). 

 

Figure 6.23 Different types of windthrow (Reproduced fromLangohr 1993:42 Fig1) 

Below is a series of examples of circular structures (Figure 6.24). For these structures to have been 

created by a tree trunk, the trunk would have had to be significantly larger than any endemic tree 

species in the region today. While there is evidence of long-term changing climatic conditions, nothing 

which would suggest trees with a trunk of greater than 1 m (i.e. only sclerophyll forest and rain forest 

has trees of this size). The rocky environment with skeletal soils is not conducive to giant trees, which 

would require a greater depth of sediment. If anything like this existed the surface and any subsequent 

‘features’ would have long since eroded away. Furthermore, none of the examples in Figure 6.24 show 

any of the patterns consistent with windthrow as illustrated in Figure 6.23.  
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Figure 6.24 ‘Circular’ constructions A) Ngajarli Gorge – photos 2019. B) Ngajarli Gorge - photos 2019. C) 
Perdaman - photo from UAV 2019. D) Enderby Island - photo Joe Dortch 2017. 

All of the structures in Figure 6.24 are found either within a rocky outcrop with no, or very small 

amounts of sediment. The form of these structures is consistent with clearing out stones from the 

centre, some of which are then stacked (or possibly thrown) around the edge of this area. All of these 

examples have a cleared area which is larger than 1 m in diameter. Certainly the shrubs growing inside 

Figure 6.24A and Figure 6.24B would not be able to push stones laterally over 1 m and then somehow 

stack stones ~25 cm in height. The stones that comprise the stacked portion of these structures also 

contain broken carbonate which has clearly been removed from the cleared central area. This 

phenomenon will be discussed in detail below.  

Micro Criteria 

The final section of this chapter examines natural processes at work at a micro level in and around stone 

structures. It provides further kinds of evidence which can be used to demonstrate that individual rocks 

were placed, stacked, or cleared by humans. The evidence presented can be used in isolation or in 

combination with the regional and intra-site criteria already outlined.  
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