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EXECUTIVE SUMMARY 
Pilbara Ports Authority (PPA) proposes to develop and operate a land-backed wharf extension to the 
Dampier Cargo Wharf (DCW) at the Port of Dampier. The Project Area is adjacent to Registered Site 
DPLH 10303, an artefact scatter on a relict cobble terrace. PPA engaged Cosmos Archaeology to 
undertake an investigation to identify the presence, nature and significance of any underwater 
cultural heritage values that may exist within the Project Footprint. Key issues are: 

 Can artefacts be identified in association with now-submerged cobble deposits and in the 
current intertidal zone? 

 Is there sufficient archaeological integrity of older cobble beaches and terraces that cultural 
material could be preserved? 

Archae-aus was engaged by Cosmos Archaeology to: 

 record the assemblage from the Registered Site DPLH 10303, associated with the cobble beach 
adjacent to the Project Area;  

 conduct a pedestrian survey of the beach and intertidal zone;  
 record fractured cobbles from excavation trenches in the intertidal and subtidal zones; and 
 prepare a specialist lithics report on the stone samples recorded. 

The Archae-aus team recorded a sample of artefacts from DPLH 10303 over 1.5 days. They then 
assisted with sorting and photographing material recovered from the excavation of the intertidal 
and subtidal trenches and selected samples of fractured cobbles from IT01 and ST01 for more 
detailed recording.  

Analysis involved characterisation of the cultural sample from DPLH 10303 to provide a basis for 
comparison with fractured cobbles from the intertidal and subtidal zone.  

The analysis showed that the samples of fractured cobbles from the intertidal (IT01) and subtidal 
(ST01) excavations differ significantly from the cultural assemblage recorded from DPLH 10303. 
These differences are broadly consistent with the effects of natural flaking associated with high 
energy coastal processes. Therefore, it is concluded that only the sample from DPLH 10303 is fully 
cultural in origin. Nevertheless, there is some overlap between the samples, and it is not possible to 
completely rule out the presence of artefacts in the subtidal and intertidal samples.  

The conclusions are: 

 Heavily patinated and worn artefacts as well as relatively fresh and unpatinated artefacts at 
DPLH 10303 suggest that the use of the upper terrace as a quarry for cobbles has continued for 
many generations and probably precedes sea-level rise.  

 The presence of flaked unpatinated cobbles within the registered site boundary of DPLH 10303 
suggests that the whole beach was a source of raw material, with fresh cobbles from the beach 
taken to the highest terrace for flaking.  

 The terrace on which DPLH 10303 is located is part of a sequence of cobble terraces some of 
which were submerged by rising sea levels at the end of the last ice age. It is likely that most of 
the artefacts seen today at DPLH 10303 represent the most recent phase of use of the whole 
landform, which forms part of a continuous cultural landscape, extending offshore.  
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 The presence of flakes and nuclei with well-preserved flake margins and flake scars in both the 
intertidal and especially the subtidal samples suggests that artefacts could be protected from 
abrasion and rolling in some circumstances in the intertidal and subtidal zones. Therefore, it is 
possible that evidence of past use of older cobble beaches as a source of raw material could 
survive. Such evidence might include a range of flaked artefacts associated with cobble testing, 
decortication, and production of flakes and tools for use elsewhere.  

 The low average density of cultural material on the surface of DPLH 10303 means that there is a 
low probability of finding one or more definite artefacts within the limited sampling window 
afforded by the intertidal and subtidal excavations.  
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SECTION ONE  INTRODUCTION 

Scope of Works 
Pilbara Ports Authority (PPA) proposes to develop and operate a land-backed wharf extension to the 
Dampier Cargo Wharf (DCW) at the Port of Dampier. The proposed works relevant to this 
investigation involve the capital dredging of a new berth pocket and manoeuvring area. The 
dredging will remove up to 380,000 m3 to a maximum design depth in places of up to -13.2 m CD. 

The Project Area is adjacent to Registered Site DPLH 10303, an artefact scatter on a relict cobble 
terrace with a distinctive assemblage indicating the use of the cobble terrace as a quarry.  

PPA commissioned a desktop study by Cosmos Archaeology, which showed that there was potential 
for underwater cultural heritage within the development envelope, in the form of possible stone 
artefacts in the cobble layer identified within the project footprint (Coroneos et al. 2022a, 2022b). 
Therefore, older cobble beaches could have been used in the same way as DPLH 10303 before being 
submerged by rising sea levels. PPA has engaged Cosmos Archaeology to undertake an investigation 
to identify the presence, nature and significance of any underwater cultural heritage values that may 
exist within the Project Footprint. Key questions are: 

 Can artefacts be identified in association with now-submerged cobble deposits and in the 
current intertidal zone? 

 Is there sufficient archaeological integrity of older cobble beaches and terraces that cultural 
material could be preserved? 

Archae-aus has been engaged by Cosmos Archaeology to: 

 record the assemblage from the Registered Site DPLH 10303, associated with the cobble beach 
adjacent to the Project Area;  

 conduct a pedestrian survey of the beach and intertidal zone;  
 record fractured cobbles from excavation trenches in the intertidal and subtidal zones 
 prepare a specialist lithics report on the stone samples recorded. 

The aims of the analysis are to: 

 Characterise the cultural material from DPLH 10303 to provide a baseline for comparison with 
fractured cobbles  

 Develop an understanding of fracturing and weathering processes acting on cobbles on the 
beach, intertidal and subtidal zones.  

 Identify any artefacts recovered from the intertidal and subtidal excavations.  
 Assess the potential for preservation of cultural material in the intertidal and subtidal zones. 
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Project Area 
Figure 1 shows the location of the Project Area within Murujuga, with the location of places 
mentioned in the text. shows DPLH 10303 and other nearby registered sites adjacent to the Project 
Area. Table 3 lists the Registered Sites and Other Heritage Places adjacent to the Project Area. AHIS 
lists other sites in the vicinity all of which have restricted boundaries; however, none seem to be 
close to the Project Area. 

Table 3. Registered Sites and Other Heritage Places in the vicinity of the Project Area 

ID Name Status Type Legacy ID 

9061 COBBLE BEACH 1 Registered Site Artefacts / Scatter, Engraving P03350 

9062 COBBLE BEACH 2 Registered Site Artefacts / Scatter, Engraving P03351 

9063 COBBLE BEACH 3 Registered Site Artefacts / Scatter, Engraving, Quarry P03352 

9815 DRD AREA A-09 Registered Site Engraving P02359 

10303 KING BAY NORTH Registered Site Artefacts / Scatter, Quarry P01889 

18706 Phillip Point engraving 2 Registered Site Engraving 
 

19793 DNP-01 ENGRAVING Registered Site Engraving 
 

19794 DNP-04 GRINDING 
PATCHES 

Registered Site Grinding Patches / Grooves 
 

19833 OMP-03 Engravings Registered Site Engraving 
 

19834 BSC-14 Engraving Registered Site Engraving 
 

18683 Phillip Point Midden Stored Data / Not a Site Midden / Scatter 
 

20190 Ngarluma Thalu Site Lodged Ceremonial, Other: Thalu Site 
 

20191 Western Stevedores 
Grindstone 

Lodged Artefacts / Scatter 
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Figure 2. Project Area, showing SPLH 10303 and other registered sites 
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ABORIGINAL HERITAGE LEGISLATION 

Royal Assent on 22nd December 2021, effectively giving Western Australia new Aboriginal heritage 
legislation, the Aboriginal Cultural Heritage Act 2021 (ACH Act). The ACH Act will replace the Aboriginal 
Heritage Act 1972 (the AHA), but before the ACH Act comes into operation there will be a transitional 
period of at least 12 months during which the regulations, statutory guidelines and operational 
policies will be developed to ensure the ACH Act will have its intended effects. The transitional period 
will allow for the new Aboriginal cultural heritage management system to be fully established and to 
enable parties to prepare for the new system.  

During the transitional period the AHA will remain in force to allow proponents to continue to seek 
section 18 consent for any activity that will impact Aboriginal sites. Any section 18 consents applied 
for and granted during this period will be limited to 5 years and will be subject to additional protection 
mechanisms, including the requirement to report new information about the existence or the 
characteristics of Aboriginal cultural heritage. 

While the full interpretation of the new ACH Act will be subject to the development of further 
guidelines from the Department of Planning, Lands and Heritage, the Act itself provides guidance on 
some of the changes that proponents will need to consider in relation to Aboriginal Heritage moving 
forward.  

Notably, the definition of 
AHA, and includes social, spiritual, historical, scientific and aesthetic values: 

  

(a)  means the tangible and intangible elements that are important to the Aboriginal people 
of the State, and are recognised through social, spiritual, historical, scientific or aesthetic 
values, as part of Aboriginal tradition; and  

(b)  includes the following   

(i)  an area (an Aboriginal place) in which tangible elements of Aboriginal cultural 
heritage are present;  

(ii)  an object (an Aboriginal object) that is a tangible element of Aboriginal cultural 
heritage;  

(iii)  a group of areas (a cultural landscape) interconnected through tangible or 

Heritage Act 2021) 

It is important to note that this description of Aboriginal Cultural Heritage embeds the idea of 
Act as: 

Aboriginal tradition   

(a)  means the living, historical and traditional observances, practices, customs, 
beliefs, values, knowledge and skills of the Aboriginal people of the State generally, 
or of a particular group or community of Aboriginal people of the State; and  



 
Dampier Cargo Wharf Extension Project  specialist lithics report  

February 2023 

14

(b)  includes any such observances, practices, customs, beliefs, values, knowledge 
and skills relating to particular persons, areas, objects or relationships; (Section 11, 
ACH Act). 

Principles relating to management of activities that may harm 
Aboriginal cultural heritage
Development Activities that would impact on Aboriginal Cultural Heritage: 

 of activities that may harm Aboriginal cultural 
heritage are as follows   

(a)  it should be recognised that   

(i)  places, objects and landscapes have a range of different values for different 
individuals, groups or communities, and those values may change for an individual, 
group or community over time; and  

(ii)  those values include social, spiritual, historical, scientific, economic and aesthetic 
values;  

(b)  the range of different values for places, objects and landscapes held by different 
individuals, groups or communities, at particular times and over time, should be recognised 
and respected;  

(c)  places and objects exist within landscapes and should be considered in that context;  

(d)  as far as practicable, in order to utilise land for the optimum benefit of the people of 
Western Australia, the values held by Aboriginal people in relation to Aboriginal cultural 
heritage should be prioritised when managing activities that may harm Aboriginal cultural 

 10, Aboriginal Cultural Heritage Act 2021) 

Nevertheless, at the time of writing, the AHA is still the main legislative framework for Aboriginal 
heritage in the State. Important and significant Aboriginal sites and objects are protected under it. The 
AHA protects sites and objects that are significant to living Aboriginal people as well as Aboriginal sites 
of historical, anthropological, archaeological and ethnographic significance. The AHA is currently 
administered by the Department of Planning, Lands and Heritage (DPLH).  

The primary sections of the AHA that need to be considered are section 5 which defines the term 
1 and section 39 (2) which details what the Aboriginal Cultural Materials Committee 

(ACMC) should have in regard to considering the importance of objects and places. Section 17 of the 
AHA states that it is an offence to: alter an Aboriginal site in any way, including collecting artefacts; 
conceal a site or artefact; or excavate, destroy or damage in any way an Aboriginal site or artefact; 
without the authorisation of the Registrar of Aboriginal Sites under section 16 or the Minister of 
Aboriginal Affairs under section 18 of the AHA.  

Aboriginal heritage sites are also protected under the Commonwealth Aboriginal and Torres Strait 
Islander Heritage Protection Act 1984 (the HPA). The HPA complements state / territory legislation 

ineffective. Under the HPA the responsible Minister can make temporary or long-term declarations to 
protect areas and objects of significance under threat of injury or desecration. The HPA also 

 
1 http://www.daa.wa.gov.au/en/Heritage-and-Culture/Aboriginal-heritage/Aboriginal-Site-and-other-Heritage-Places/  
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encourages heritage protection through mediated negotiation and agreement between land users, 
developers and Aboriginal people.  

Aboriginal human remains are protected under the AHA and the HPA. In addition, the discovery of 
human remains requires that the following people are informed: the State Coroner or local Police 
under section 17 of the Coroners Act 1996; the State Registrar of Aboriginal Sites under section 15 of 
the AHA and the Federal Minister for Aboriginal Affairs under Section 20 of the HPA.  

In terms of broader recognition of Aboriginal rights, the Commonwealth Native Title Act 1993 (the 
NTA) recognises the traditional rights and interests to land and waters of Aboriginal and Torres Strait 
Islander people. Under the NTA, native title claimants can make an application to the Federal Court to 
have their native title recognised by Australian law. The NTA was extensively amended in 1998, with 
further amendments occurring in 2007, and again in 2009. Under the future act provisions of the 
Native Title Act 1993, native title holders and registered native title claimants are entitled to certain 
procedural rights, including a right to be notified of the proposed future act, or a right to object to the 
act, the opportunity to comment, the right to be consulted, the right to negotiate or the same rights 
as an ordinary title holder (freeholder).  

DPLH Register Status 

The Aboriginal Heritage Inquiry System (AHIS), managed by the DPLH, is the tool through which the 
public can access information about Aboriginal heritage places and their legal status. There are two 
broad categories in which the AHIS categorises heritage places:  

Aboriginal Sites (Registered Sites); and  
Other Heritage Places.  

A registered Aboriginal Site is a place that fulfils the following definitions for protection under section 
5 of the AHA: 

a) any place of importance and significance where persons of Aboriginal descent have, or 
appear to have, left any object, natural or artificial, used for, or made or adapted for use 
for, any purpose connected with the traditional cultural life of the Aboriginal people, past 
or present.  

b) Any sacred, ritual or ceremonial site which is of importance and special significance to 
persons of Aboriginal descent.  

c) Any place which, in the opinion of the Committee (i.e. the ACMC), is or was associated 
with Aboriginal people and which is of historical, anthropological, archaeological or 
ethnographic interest and should be preserved because of its importance and 
significance to the cultural heritage of the State.  

d) Any place where objects to which the AHA applies are traditionally stored, or to which, 
under the provisions of the AHA, such objects have been taken or removed.  

heritage place under the AHA. The Other Heritage Place category has two status sub-categories:  

Lodged - indicates a potential Aboriginal Site that has been reported but not yet assessed by the 
ACMC. These places are therefore immediately protected under the AHA; and 

Stored Data / Not a Site - a place that has been assessed by the ACMC who have decided that the 
place does not fulfil the above definitions for an Aboriginal Site, protected under the AHA. 

contact needs to be made with the Department of Planning, Lands and Heritage regarding these 
places, to access further information / advice. 



 
Dampier Cargo Wharf Extension Project  specialist lithics report  

February 2023 

16

Archae-aus recommends full and transparent consultation with Traditional Owners about all of their 
heritage places. 
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SECTION TWO  BACKGROUND 
DPLH 10303 - PREVIOUS RECORDING  

King Bay North, DPLH 10303 (also known as Bouncing Pebble Beach and P1889) is located on a relict 
cobble beach which served as a quarry. It was originally recorded by John Clarke in 1979. It is not 
known to what extent the site was systematically recorded by the Dampier Archaeological Project 
teams in the late 1970s/ early 1980s. The site is briefly described in those reports (Department of 
Aboriginal Sites 1984, Vinnicombe 1987), but there are no detailed records in the current site file 
and none have been located at the WA Museum Boola Bardip. The site is described as follows: 

At the southern end of the Boongaree coastal strip there is an embayment known 
as Bouncing Pebble Beach which is composed of three distinct pebble terraces, 
each differentially weathered. The lighter-coloured terrace is nearer to the sea 
whilst the darkest is furthest from the sea. The height of the darker-coloured 
terrace is 15 m above sea level, and some of the boulders incorporated in this 
terrace show signs of desert varnish. Although there was some speculation that 
these terraces might reflect fluctuations in sea level, they are now considered to 
be the results of storm action. The pebbles which form these terraces have a 
peculiar bouncing quality and have been used by the Aborigines as a source 
material for stone artefacts. Cores, hammerstones and unifacially or bifacially 
flaked pebble tools lie scattered on Bouncing Pebble Beach (P1889), as well as in 
isolated positions throughout the adjacent plains, scree slopes and further inland 
(P3352, P3057). (Department of Aboriginal Sites 1984, p. 22) 

The original DAS team did not record any petroglyphs, but there are several petroglyph sites nearby 
and an ar
for development.  

Further investigations took place as part of the East-West infrastructure corridor development in 
2002 (ACHM 2002a, 2002b, Green and Marwick 2002). DPLH 10303 was re-recorded at this time and 
additional sites were also recorded in the vicinity. Green and Marwick (2002, pp. 111 112)  
described DPLH 10303 as a low-density stone artefact scatter 94 m by 64 m located above the high 
tide mark on a pebble beach between two rocky headlands. The site covered an area of 
approximately 5000 m2. A sample of 250 artefacts from a series of 32 5x5 m sample squares and 
one 10x10 m sample square was recorded, as well as 24 basal grinding stones. The detailed records 
were included on a CD which is missing from the report. Photographs and statements in the report 
(pp. 109 ff.) suggest that the assemblage is dominated by cores and core tools made on granophyre 
cobbles. The summary of the assemblage within the text contains errors and is not consistent with 
the stone artefact classification described elsewhere in the report (p.19 ff). Table 4 provides a 
summary (corrected as best as possible). The criteria for identifying the residual categories of debris 
and flake fragments (more than a third of the assemblage) as artefactual are not clear. Note that the 

s the desired end-product. However, the flaked 
cobble is also a source of flakes (and thus a core). The assemblage is thus unusual in the high 
proportion of cores and core tools. It is likely that large flakes were removed for use elsewhere. 
Tested cobbles may also have been removed for further reduction at nearby sites.  
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Most of the 293 artefacts recorded were fine-grained black granophyre (97%). The beach cobbles 
are mainly granophyre although it is not clear whether they too are mainly fine-grained black 
granophyre or whether there has been selection.  

The site was described in broadly similar terms by Draper (ACHM 2002a, 2002b). No detailed 
recording was undertaken but the report mentions a range of cobble choppers (unifacial and 
bifacial) horsehoof cores, picks, flakes and blades, and retouched tools. The report also highlights 
smooth cobble-shaped pieces of white coral and indicates that these are culturally significant (ACHM 
2002a, p. 25).  

An unusual feature of the site is the large number of grindstones recorded by Green and Marwick 
2002). They suggest this concentration of grindstones at a quarry reflects the availability of suitable 
large boulders. Traditional Owner Kenny Jerrold said that they were for processing the seeds of the 
kurrajong trees growing nearby and dried yam tubers, which provided important food resources. 
Green and Marwick (2002, pp.114) suggest that stratified deposits may exist at the south-east edge 
of the site. 

Density of artefacts varied considerably over the site. Green and Marwick estimated artefact density, 
based on systematic recording over 18% sample of the site area, as 0.28/m2 (range 1.88-0.04/m2). 

(ACHM 2002b, p. 2), which ranged from 1-10/m2.  

Table 4. Recorded sample of artefacts (Green and Marwick 2002)  

Type N % 

Debris 43 17.2 

Pebble Chopper  Unifacial 56 22.4 

Pebble Chopper  Bifacial 42 16.8 

Core  Single Platform 3 1.2 

Core  Multi-platform 1 0.4 

Complete flake 54 21.6 

Longitudinally split flake 9 3.6 

Transversely broken flake  1 0.4 

Flake fragment 41 16.4 

 

All reports (ACHM 2002b, 2002a, Green and Marwick 2002) highlight the significance of the site at a 
local and national level in terms of the distinctive and unusual concentration of worked cobbles and 
pebbles. They draw comparisons with so-called Kartan  assemblages from Kangaroo Island and 
mainland South Australia, Malimup in the south-west of WA and the Hoabinhian technocomplex of 
SE Asia. It should be noted that there is no cultural connection between these technocomplexes. 
Rather, the technological similarities between them can be directly attributed to the common use of 
pebbles and cobbles as a source of raw material.  

The original recording team did not record any petroglyphs at the site (Department of Aboriginal 
Sites 1984). Two petroglyphs were recorded in 2002 (Green and Marwick 2002); these may have 
been introduced by relocation from nearby sites disturbed by construction activity. 
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NATURAL FLAKING PROCESSES AND THE PROBLEM OF DISTINGUISHING 
ARTEFACTS FROM GEOFACTS 

Distinguishing the products of human flaking (artefacts) from natural objects (geofacts) is a long-
standing problem in archaeology, which goes back to the first debates about the evidence for 
ancient human artefacts in the 19th century, particularly so-called eoliths from Tertiary age deposits 
(Johnson 1978). The resulting research, involving both experimentation and observation, laid the 
foundations of understanding the manufacture of stone artefacts (Cotterell and Kamminga 1987). 
Much of the initial Eolith debate related to the recognition of humanly flaked flints in river gravels, 
glacial or beach deposits in northern Europe (Boule, 1905; Warren, 1914; Johnson, 1978; Peacock, 
1991). The eolith problem was further compounded by observer bias in the selection of naturally 
fractured stones towards those that most resembled artefacts (Ellen and Muthana 2013). Improving 
knowledge about fracture processes was important to the resolution of the debate, although 
understanding of the natural and cultural context was crucial. In essence, the issue turned on the 
fact that the key features of conchoidal fracture that are characteristic of isotropic stone are the 
same whether produced by human flaking or natural processes. In essence, human flaking of stone 
to produce tools harnesses knowledge of the same mechanical processes and properties of lithic 
materials that also give rise to natural flaking. This means that there is an overlap between the 
products of natural and human flaking the parameters of which are still not well understood (Eren et 
al. 2023).  

The debate continues to surface regularly, particularly in relation to demonstrating the presence of 
humans in certain controversial contexts. For example, the contested presence of pre-Clovis 
occupation in the Americas continues to give rise to disputes about the status of particular sites 
based on whether the claimed artefacts are the result of human flaking or natural processes (e.g. 
Patterson, 1983; Patterson et al., 1987; Chlachula and le Blanc, 1996; Gillespie, Tupakka and Cluney, 
2004). Claims for pre-Pleistocene human presence in Asia have also been controversial (Dennell et 
al. 1988, Hemingway et al. 1989).  

A range of natural processes can give rise to mechanical flaking of stone by percussion or pressure 
that can be comparable to human flaking, including movements of soil and water, rock falls. In 
addition, thermal fracture can be mistaken for the effects of human flaking (Warren 1914, Pei 1936). 
Fractures can also be created by recent human activity, such as ploughing or other mechanical earth 
moving equipment (Barnes 1939). Trampling by humans or animals can also create fractures (Boot 
1987, Theunissen et al. 1998). 

Various studies have identified a range of diagnostic features as likely to indicate cultural flaking. 
However, none are definitive or diagnostic in isolation. Some of these features relate to regularity 
and patterning of flake removal. Others relate to supposed differences in key diagnostic features of 
percussion fracture relating to human and natural flaking. It is commonly stated, for example, that 
bulbs of percussion are consistently better developed and more prominent in human flaking. Most 
of these criteria are difficult to define objectively. None are definitive or diagnostic by themselves 

(Watson 1968 p. 30). The more successful attempts at distinguishing between natural and cultural 
flaking consider a population of material, consider multiple attributes and compare with a known 
natural or cultural control sample (Peacock 1991, Gillespie et al. 2004). It is rarely (if ever) possible to 
be definitive about individual artefacts. 
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Most studies relate to problems of identifying flint or chert artefacts in the northern hemisphere, 
particularly in glacial deposits2. The question here is the identification of possible artefacts in the 
inter-tidal and sub-tidal zones adjacent to King Bay North (DPLH 10303). This site comprises an 
unusual artefact scatter with large numbers of flaked cobbles and pebbles on the highest of three 
terraces. Past cobble deposits identified in offshore cores (Coroneos et al. 2022a, 2022b) are 
postulated to represent cobble beaches relating to episodes of lower sea level. If artefacts occur in 
association with the current beach and intertidal zone and with cobble deposits relating to older 
now-submerged shorelines, then the manifestation of the site as currently recorded could be 
interpreted as the most recent episode of exploitation of the cobble beach, with use of earlier 
beaches extending back before sea-level rise.  

The investigation of areas with potential for survival and discovery of submerged archaeological sites 
has been highlighted in recent years (Dortch 2002, Ward et al. 2013, Veth et al. 2020). Several sites 
have now been recognised at Murujuga with artefacts in the inter-tidal zone (Dortch et al. 2021, 
Leach et al. 2021) and other areas are under investigation. These, however, are all low-energy 
environments and, while there has been debate about the provenance of the artefacts and whether 
they are in situ, the artefacts themselves have not been seriously questioned. By contrast, the beach 
at DPLH 10303 is a high-energy environment with the possibility that cobbles and pebbles could be 
naturally fractured by wave action, particularly during cyclonic storms. It is therefore important to 
be able to determine with reasonable confidence whether flakes and flaked cobbles found within 
the intertidal and sub-tidal zones adjacent to DPLH 10303 are the products of human activity or 
wave action and storm surges on older cobble beaches.  

There is little detailed information about the specific effects of wave action on cobble beaches, in 
terms of creating flaked material resembling artefacts by percussion. The production of flakes and 
secondary flaking of flake margins by wave action on beaches or in fast-flowing water, imitating the 
products of human flaking, was described more than a century ago (Boule, 1905; Warren, 1905; Pei, 
1936). Flakes could be produced by a large cobble striking against a cobble wedged in place and 
secondary flaking could be produced by abrasion of the resulting edges through the action of 
cobbles and pebbles striking against one another in fast-moving water. It should be noted that 
cobbles and pebbles are quite resistant to mechanical fracture, even in more brittle materials such 
as obsidian and chert. However, once a fresh scar has been created, it can serve as a platform for 
further flake removals (Luedtke 1986). Similarly, natural weathering processes and previous 
percussion points may weaken the integrity of rocks and make them more susceptible to percussion 
fracture within the intertidal zone.  

The mechanical production of large flakes by water action does require quite specific conditions for 
percussion to occur. Considerable force is required to remove flakes from rounded cobbles, and this 
is particularly true for granophyre. This force is dissipated under water (Clark 1958) and thus a 
cobble beach submerged by rising sea level will not be subject to the force required to remove large 
flakes. Damage to angular edges by tumbling and abrasion by finer particles is more likely; these 
processes produce flaked edges that could resemble retouch.  

A range of attributes have been suggested for distinguishing natural from cultural flaking (Patterson 
1983, Luedtke 1986, Peacock 1991, Gillespie et al. 2004, Lubinski et al. 2014). These include: 

 
2 Eoliths - Museum of Stone Tools (stonetoolsmuseum.com) 



 
Dampier Cargo Wharf Extension Project  specialist lithics report  

February 2023 

21

 Flake and core attributes, such as the presence of characteristic features associated with 
conchoidal fracture (e.g. bulb, éraillure scar, defined platform, and dorsal and ventral surfaces), 
dorsal scar count, orientation of scars, presence or absence of cortex. 

 Post-flaking alteration (e.g. differential weathering or patination, striations) 

As noted above, none of the criteria suggested by various studies are definitive by themselves and 
are applicable to populations rather than individual artefacts. Moreover, the geological and cultural 
context must be considered carefully  and indeed it is arguable that context is the key to 
assessment.  

Much of the focus of previous studies has been on flakes and fine-grained silicious materials. Studies 
which focus on volcanic materials and on flaked cobbles are relatively rare (Gillespie et al. 2004, 
Manninen 2007, Garvey and Mena 2016). This is relevant here as the preponderance of flaked 
cobbles makes DPLH 10303 a distinctive site, while tough volcanic rocks are characteristic of 
Murujuga assemblages.  

Gillespie et al (2004), in an assessment of claims for culturally flaked cobbles in Late Pleistocene 
glacial till deposits at two sites in Alberta, Canada, provide a useful methodology for distinguishing 
between naturally and culturally flaked cobbles. They used samples of culturally flaked cobbles and 
geofacts derived from glacial till deposits to assess a range of attributes suggested to distinguish 
humanly flaked cobbles and other artefacts from naturally flaked cobbles. Of the 18 attributes 
selected, 16 successfully distinguished between the artefact and geofact samples based on a chi-
square analysis (Table 5). A scoring system was then devised and applied to the natural, cultural and 
test samples. Although there was some overlap between the natural and cultural samples, the 
aggregate scores clearly distinguished between them. The test sample showed more affinity to 
geofacts than to the known artefacts. Gillespie et al (2004) stress that the method compares an 

 

Most of the attributes focus on features commonly thought to be characteristic of human flaking, 
i.e. focusing on regularity and patterning in technological features. Five attributes relate to post-
depositional alteration and are indicative of context and particularly of impact force resulting from 
high-energy fluvial and colluvial environments. Differential weathering, where scars have very 
different patination, indicates a substantial time gap between flake removals and thus non-cultural 
flaking. Two attributes (unidirectional flaking and overlapping retouch forming a patterned edge) did 
not successfully distinguish between the artefact and geofact samples and were not used in the final 
analysis.  

Although the study did succeed in distinguishing between the geofact and artefact samples, it should 
be noted that some of the attributes are closely related and thus weight the scoring system. For 
example, the presence of a marked inverse bulb is likely to be associated with well-defined flake scar 
borders (arises) as both are indicative of deep scars postulated to be more likely to be the result of 
human flaking. Number of flake removals is also likely to be related to whether reduction is unifacial 
or bifacial, as well as the presence of low angle, alternate bifacial flaking.  

The investigators acknowledge that some of the attributes involve subjective judgement  
flaking is an obvious example. However, some of the other attributes are also quite difficult to define 

-defined borders 
 be susceptible to variation with raw 

material. Features considered characteristic of conchoidal fracture are well-studied and defined on 
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fine-grained materials such as chert, flint or obsidian, but are commonly much less developed on 
coarse-grained materials such as quartzite or dolerite.  

Some studies appeal to authority by invoking the expertise of the lithic specialist, but there can be 
considerable disagreement between observers. Garvey and Mena (2016) investigated a disputed 
assemblage of coarse volcanic rock (CVR) from a rockshelter in Patagonia (Prentiss et al. 2016). They 
considered several attributes, but also included a blind poll of lithic specialists in their study. They 
concluded that the overall results showed little support for a cultural origin for the CVR specimens. 
However, the results also show substantial disagreement among the experts consulted in the 
number and characteristics of the various attributes observed on individual items. 

Table 5. Attributes used in distinguishing natural and cultural flaking on cobbles (Gillespie et al 2004) 

Technological attributes 

Platform preparation Presence of a remnant platform lacking cortex and showing micro-flaking   

Uniface/biface Bifacial reduction considered more characteristic of human manufacture 

Inverse bulb A marked inverse bulb on the core considered more likely in cultural flaking because of 
the amount of force required to produce a flake 

Percentage of cortex Absence of cortex characteristic of cultural flaking 

Scar alignment Parallel flake scars indicative of cultural flaking  only primary flake scars considered 

Secondary retouch D

ground edges were not considered secondary retouch  

Uniform size of edge flake 
scars 

 

Arrises Well-defined borders of flake scars characteristic of human flaking. This assumes that 
natural flake removals result in shallow scars, as compared to the deep scars of human 
flaking.  

Low angle, alternate biface 
flaking  

 

Logical flaking A subjective assessment incorporating other attributes 

Number of flake removals Greater in human flaking. This was borne out in the chi-square analysis (mean number 
of flake removals for natural cobbles 2.7 and for cultural cobbles 12.5) 

Post-depositional alteration 

Striations on tools This postulates that geofacts will be subject to more post-depositional alteration 

Striations on flake scars This must be post-reduction.  

Pecking on tools Small impact scars on cobble surface, which must be post-reduction.  

Pecking on flake scars Small impact scars on flake scars, which must be post-reduction.  

Differential weathering Significant period between flake removals is considered characteristic of natural flaking 

 

Recent studies of submerged artefacts at Cape Bruguieres and Gidley Island, in the north of 
Murujuga, have demonstrated that artefacts do occur in the intertidal zone. In these cases, the 
artefacts relate to previous land surfaces inundated by sea-level rise. However, they also occur in 
low-energy contexts where the artefacts have not been subjected to natural flaking processes 
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characteristic of high energy coastal features (Veth et al. 2020, Dortch et al. 2021, Leach et al. 2021, 
Ward et al. 2022, Benjamin et al. 2022). 

At King Bay North (DPLH 10303) the question is whether any fractured cobbles and pebbles in the 
intertidal and subtidal zone adjacent to the site are the results of natural or cultural flaking. 
Geotechnical coring has shown that cobble deposits do occur in the bay and indicate older cobble 
beach formations submerged by rising sea levels at the end of the last ice age (Coroneos et al. 
2022a, 2022b). If there are artefacts in the inter-tidal zone or associated with offshore cobble 
deposits, then the current manifestation of the site can be regarded as simply the most recent 
configuration of episodes of exploitation of the broader landform. 

The key issues for distinguishing stone artefacts from naturally flaked stone in this study can be 
summarised as follows:  

 Cobble beaches are high energy environments and cyclonic storms could contribute to flaking of 
artefacts.  

 There are numerous natural processes that can produce products that strongly resemble human 
flaking. In this case, the relevant processes are removal of flakes by percussion as a result of 
rocks striking against one another, particularly during storm events, and the removal of flakes by 
pressure due to rocks moving against one another.  

 Stone artefacts may also be subject to these processes. This causes wear and abrasion and can 
obscure key features for identification.  

 The raw material is granophyre  a tough relatively coarse-grained volcanic rock. This means that 
it is relatively difficult to flake compared to fine-grained isotropic materials such as chert. The 
characteristic features of percussion flaking can also be less developed. However, this also 
means that it should be relatively resistant to natural flaking.  

 At DPLH 10303 there is an undoubted cultural assemblage situated on the top terrace. This 
terrace is a remnant beach but is not thought to have been subject to wave action since initial 
human settlement of Australia. By contrast, identifying artefacts on the beach and in the inter-
tidal and sub-tidal excavation trenches is problematic because of the possibility that natural 
processes could cause fractures and that these could be confused with cultural stone-working.  

 The cultural assemblage from DPLH 10303 provides a baseline against which samples of 
fractured cobbles and pebbles from the inter-tidal and sub-tidal excavations can be compared.  

The analysis therefore involved two stages: 

1. Description of DPLH 10303 and characterisation of the cultural assemblage 
2. Comparative attribute analysis of samples from DPLH 10303 (Site) and samples of fractured 

lithic material from the intertidal trench (IT01) and the subtidal trench (ST01) 

The primary objectives were to determine how the material from the IT01 and ST01 compared with 
the known cultural assemblage and assess the probability that the samples from IT01 and ST01 
included cultural material.  
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Figure 3. DPLH 10303 site plan, showing registered boundary, transects, recorded features and isolated fractured 
cobbles. 
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SECTION THREE  METHODS 
Cultural material was recorded within two transects within the recorded boundary of DPLH 10303 
(Figure 3). The first (T10) was a two-metre wide transect laid out roughly parallel to the shoreline 
and extending for 44 m. This transect included the full range of artefact density on the upper 
terrace. A second 5 x 1 m transect (S1) sampled the densest portion of the artefact scatter in the 
south-west part of the site. All flaked stone artefacts within the sampled areas were recorded in 
detail.  

It was originally planned that similar transects would be recorded in detail on the beach and in the 
inter-tidal zone. However, field inspection showed that the intertidal zone and the beach terraces 
were dominated by rounded pebbles and cobbles and the quantity of fractured material was very 
sparse. As time was limited, transects in the intertidal zone were systematically walked and any 

 

All the material recovered from the intertidal excavation and the two subtidal trenches was 
inspected and a sample of fractured cobbles and pebbles was recorded in more detail. This included 
larger cobbles placed by the divers in the rock cage or the material retained in the sieve. The 
material recovered included unbroken rounded pebbles and cobbles, rounded pebbles and cobbles 
with one heavily weathered flake scar, split pebbles and cobbles some of which had weathered 
edge-battering, pebbles and cobbles with more than one negative flake scar, angular fragments, 
thermal blocks with facets clearly resulting from thermal fracture, thermal fragments probably 
exfoliated from a thermal block, and some ambiguous pieces with flake-like characteristics. These 
categories were not clearly discrete; there was considerable overlap, largely as a result of differential 
weathering. The overwhelmingly majority of material recovered, particularly from the inter-tidal 
trench, comprised unbroken rounded pebbles and cobbles or rounded pebbles and cobbles with one 
or two very heavily weathered old negative flake scars.  

As far as practical, fractured cobbles, pebbles and angular pieces were recovered for more detailed 
recording from IT01 and ST01. Although some specimens were collected for reference purposes, 
ST02 was not systematically sampled. The more comprehensive sample from ST01 was considered to 
represent adequately the range of variation from the subtidal excavation. The reference sample 
from ST02 was not included in the analysis. The analysed samples IT01 and ST01 have limitations 
because of the very weathered nature of much of the material. Generally, selection focused on 
angular pieces, some of which had facets that were consistent with exfoliation due to thermal 
fracture, and mechanically fractured cobbles and pebbles that were less weathered and had at least 
one discrete fracture surface or flake scar. Every effort was made not to select specimens that 

 

Grab samples were taken of cobbles and pebbles from the sieve. These were retained for reference 
and have not been recorded in detail.  

All material recorded from the site assemblage and the inter-tidal and sub-tidal samples was divided 
into the categories nuclei and flakes, following Cotterell and Kamminga (1987, p. 676). A nucleus is 

Nuclei from the cultural assemblage were further categorised as follows: 

 Unifacial cobble  cobble with unifacially flaked edge 
 Bifacial cobble  cobble with bifacially flaked edge 
 Single platform core  core with flaking from one platform 
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 Multiplatform core  core with flaking from two or more platforms 
 

Nuclei from the inter-tidal and sub-tidal samples were classified as follows, with the corresponding 
cultural categories indicated: 

 Flaked nucleus  pebble or cobble with at least one negative flake scar that is relatively 
unweathered  includes unifacial and bifacial cobbles and single platform cores.  

 Edge-battered nucleus  pebble or cobble with battering around the edge in the form of a series 
of small negative flake scars. 

 Split nucleus  pebble or cobble which has been split; it may show additional battering or flaking 
but is primarily characterised by an impact point which has split the nucleus roughly at right 
angles.  

 Angular nucleus  block with angular edges and flat facets that show no clear impact points  
most resembles multiplatform cores. 

 Thermal nucleus  block with facets resulting from thermal fracture. 

The flakes from the site were classified as complete flakes or flake fragments. These all showed 
characteristic features of conchoidal fracture. Flake fragments were recorded if they showed 
evidence of an impact point, platform, termination, or any feature indicating an interior flake 
surface.  

Flakes from the inter-tidal and sub-tidal excavations were classified using the following categories: 

 Angular fragment  broken piece with angular edges which resembles a flake  equivalent to 
flakes 

 Thermal fragment  flake-like fragment which resembles an exfoliated piece from a thermal 
block 

 Other  ambiguous flake-like pieces  equivalent to flake fragments.  

Two additional categories of artefact were recorded at DPLH 10303  large, retouched flake and 
retouched/utilised. There was only one retouched/ utilised piece recorded  a worked notch. The 
large, retouched flakes were large cortical flakes with secondary flaking around part of the margin. 
These were all weathered and patinated and it is possible these are large natural thermal flakes with 
edge damage produced by trampling. These were not included in the comparative analysis because 
of their ambiguous status.  

Thermal flakes and nuclei were not recorded on the site as in that context they were generally non-
cultural, although the uncertain status of some of the large secondarily flaked pieces should be 
noted. This indicates some of the practical difficulties of deciding whether particular specimens of 
flaked stone are considered cultural.   

The following attributes were recorded: 

 Material: fine-grained granophyre, coarse-grained granophyre, porphyritic granophyre, other.  
 Dimensions (mm): Length, width, thickness  
 Percentage of cortex (on core surface or dorsal surface of flake): 0, <50%, >50%, 100%  
 Platform type (flakes only): cortical, plain, facetted, focal, crushed, missing, other 
 Platform width, thickness (mm) (flakes only) 
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 Termination (flakes only): feather, hinge, step, axial, overshot, missing, other 
 Length of longest flake scar (nuclei only) 
 Number of flake scars >10mm (nuclei only)  
 Length of worked edge (nuclei only)  
 Weathering: none, low, moderate, high 
 Differential patination: present, absent. 

These attributes were chosen because it was considered they could be recorded in the field with 
acceptable consistency. Several of them are comparable to attributes applied to the cobbles 
investigated by Gillespie et al (2004) and which successfully distinguished between artefacts and 
geofacts. Flaked cobbles are also a primary focus of this project as these are a key element of the 
sample from DPLH 10303.  

The attributes that specifically relate to criteria that have been commonly suggested as important in 
distinguishing between natural and cultural flaking are: 

 Percentage of cortex  geofacts are likely to retain more cortex. 
 Length of longest flake scar  artefacts are likely to have larger flake scars. 
 Number of flake scars >10mm  artefacts are likely to have more large flake scars. 
 Length of worked edge  artefacts are likely to have longer continuously worked edges.  
 Differential patination  this is a commonly cited criterion as it indicates removal of flakes at 

very different times; it is considered that multiple flake removals are more likely to occur on 
artefacts at the same time (Oakley 1975).  

No attempt was made to directly follow Gillespie et al (2004) in attempting to judge attributes like 
flaking regularity, s
apply consistently in the field; the number and size of flake scars, and length of worked edge provide 
similar information about what is essentially extent and degree of flaking. The attributes in the 
Alberta study that related to post-depositional alteration were also omitted as they are specific to 
the local geological context. Instead, amount of weathering was recorded.  

It should be noted that flake attributes (platform type, platform size, termination) often could not be 
recorded with confidence on flakes from the inter-tidal and sub-tidal sample. Some flakes were too 
weathered. In other cases, the coarse-grained raw material meant that flake attributes were poorly 
developed.  

All specimens were photographed for record purposes.  
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SECTION FOUR  RESULTS  
DPLH 10303 

The primary aim of the current survey was to record a sample of artefacts from within the registered 
site boundary to characterise the cultural assemblage associated with the upper terrace. This sample 
would then serve as a baseline for comparison with fractured stone collected from excavations 
within the intertidal zone and from offshore cobble deposits. 

This survey should not be regarded as a comprehensive review or re-recording of DPLH 10303.  

ASSEMBLAGE DESCRIPTION 

Ninety artefacts were recorded in detail at 10303. Most of the artefacts are granophyre (Table 6). 
The local granophyre is a tough volcanic rock which ranges from very fine to coarse-grained and can 
also have porphyritic inclusions. The recorded assemblage is mostly porphyritic granophyre (60%) 
with 26% coarse-grained and 12% fine-grained. Two artefacts are granite. This differs from the 
assemblage as recorded by Green and Marwick, who state that 97% of the artefacts were fine-
grained black granophyre (Green and Marwick 2002, p. 112). This discrepancy may be partly 
explained by the fact that much of the porphyritic granophyre is relatively fine-grained apart from 
the porphyritic inclusions.  

Flakes and flake fragments comprise 40% of the assemblage, while single and multiplatform cores 
comprise 19%. Unifacially and bifacially flaked cobbles are a prominent feature of the assemblage 
(37%) (Figure 4 to Figure 7). One retouched/utilised flake was recorded; this was a large cortical 
flake with a worked notch (Figure 8).  

Table 6. DPLH 10303 - assemblage composition 

Type Fine-grained 
granophyre 

Porphyritic 
granophyre 

Coarse-
grained 
granophyre 

Granite Total 

Flake 2 18 9 0 29 

Flake fragment 0 5 2 0 7 

Single platform 
core 

0 6 3 1 10 

Multiplatform core 1 6 0 0 7 

Unifacial cobble 3 15 34 0 22 

Bifacial cobble 4 3 4 0 11 

Large, retouched 
flake 

1 1 0 1 3 

Retouched/utilised 0 0 1 0 1 

Total 11 54 23 2 90 
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Figure 4. Unifacially flaked cobble (T10/18) 

 
Figure 5. Bifacially flaked cobble (T10/24) 

 
Figure 6. Single platform core (S1/78) 

 
Figure 7. Multiplatform core (T10/38) 

 

 

Figure 8. Large cortical flake with worked notch (T10/05) 

 

Artefact density averaged 0.98/m2 across the site, ranging from 0.25 to 4.2/m2 (Figure 9). This is 
-west portion 

of the site. 
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Figure 9. Artefact density along transect T10 (NE-SW)

WEATHERING AND PATINATION

Much of the cultural material (92%) appears relatively fresh and unweathered. However, there are 
some quite heavily weathered artefacts, and several weathered and flaked cobbles were noted, 
where it was unclear whether these were naturally flaked cobbles or the flaking was the result of 
past human activity. Since the primary aim of recording the assemblage at DPLH 10303 was to 
characterise a known cultural assemblage for comparison with material recovered from the 
intertidal and subtidal excavations, these were not recorded in detail due to time constraints. 
However, there is evidence of differential patination and weathering on individual artefacts, 
indicating that flaking occurred at different times with a considerable interval between flaking 
events (Figure 10). 

Figure 10. Bifacially flaked cobble with differentially patinated flake scars (S1/82)
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Also recorded on the site were three large cortical flakes with unifacial flaking around part of the 
margin (Figure 11). These do not fall clearly into any documented tool category and there was 
uncertainty as to whether these were the product of deliberate human flaking or edge-damage from 
trampling by people or animals. Some of the large flakes have evidence of a PFA (point of force 
application) indicating they were struck from a large cobble or boulder, but others may be thermal 
flakes as the PFA is either absent or has been removed by edge flaking. All these artefacts are very 
weathered. It is likely that these differences in weathering indicate that DPLH 10303 has been used 
over a long period of time. 

Most of the cultural material is derived from the upper terrace and the flaked cobbles show the 
same reddish colouration on their cortical surfaces. However, there are also a few flaked cobbles 
which are lighter in colour. These must have been brought up from the terraces or beach below 
(Figure 12).  

 

Figure 11. Large weathered flake with flaking around margins. Top: T10/02. Bottom: T10/07, dorsal (left) and ventral 
(right) surfaces 
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Figure 12. Unpatinated flaked cobble, probably brought up from the beach and flaked on site 

 

OTHER CULTURAL FEATURES 

Green and Marwick (2002) recorded 34 grindstones. No evidence of these was found in this survey 
and only one possible millstone was recorded (Figure 13)
in fact water-worn boulders, which are found across the terraces and the beach. They also recorded 
two petroglyphs. These were re-identified and a third petroglyph was also noted (Figure 14 to Figure 
16).  
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Figure 13. Possible millstone 

 
Figure 14. Petroglyph panel 1 

 
Figure 15. Petroglyph panel 2 

 
Figure 16. Petroglyph panel 3 

 

DISCUSSION 

There have been very few systematic studies of stone artefact scatters on Murujuga, where the rich 
rock art has attracted most research interest. As noted by previous surveys, the DPLH 10303 artefact 
scatter is unusual in the proportion of unifacially and bifacially flaked cobbles and the relative 
scarcity of flakes. This reflects the fact that the cobble terrace at DPLH 10303 has been used as a 
quarry. Cobbles have been tested here; they may have been further flaked and the most usable 
flakes removed for use elsewhere or suitable cobbles themselves may have been taken away as 
cores.  

Less than a kilometre away to the south, cobbles were brought up to the now-destroyed Phillip Point 
Stone Arrangement (DPLH 9878) for flaking (JW Rhoads and C Bird, pers comm). Core tools also 
occur in the lower levels of the Skew Valley Midden; these resemble some of the flaked cobbles at 
DPLH 10303 and the drawings suggest they retain cortex, but it is not clear if these are made on 
waterworn cobbles (Lorblanchet and Jones 2018). 
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BEACH AND INTERTIDAL ZONE PEDESTRIAN SURVEY  ISOLATED SURFACE 
FLAKED STONE 

Fractured cobbles and pebbles were rare on the lower terraces and intertidal zone (Figure 17, Figure 
18). Those that were present were in varying stages of abrasion. Most were heavily worn and had 
only one or two flake scars. A few showed edge damage (Figure 21, IT1, IT7), probably from rolling in 
the surf.  

A commonly used criterion for distinguishing geofacts from artefacts is differential patination or 
weathering. Figure 19 shows a very weathered cobble with three very weathered remnant flake 
scars and a fourth very fresh and obviously recent flake scar.  

 

 

Figure 17. General view of the intertidal zone, showing well-rounded cobbles and the location of the intertidal trench 
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Figure 18. Overview of rounded cobbles on the second beach terrace 

 

 

Figure 19. Flaked cobble from beach (B/119), showing (left) recent flake scar super-imposed on old flake scar and (right) 
older flake scars at right angles to the more recent flake scar. 

Eleven pieces of fractured stone were individually recorded during the pedestrian survey (Figure 21). 
None of these were considered likely to be cultural as they were all within the influence of wave 
action. Several large flakes with classic features of percussion fracture were noted in various states 
of wear and abrasion (e.g. IT1, IT2). One large fresh flake was noted  most probably the result of a 
recent cyclone (C2) (Figure 20). At least one cobble with a single large flake removed was observed 
(IT6).  



 
Dampier Cargo Wharf Extension Project  specialist lithics report  

February 2023 

36

Table 7. Flaked stone recorded on beach and in intertidal zone. 

# mE mN Notes 

IT1 473786 7720138 Flat angular granophyre pebble. Looks flake-like with worn edge wear. Likely not 
artefactual. 

IT2 473786 7720139 Large course granophyre, flake-like. Biota present. Likely not artefactual.  

IT3 473798 7720143 Flat granophyre pebble, possible point of percussion at one end, close to low tide mark in 
intertidal zone, not likely artefactual. 

IT4 473806 7720148 Angular piece of granophyre, 2 possible flake scars, close to low tide mark in intertidal zone, 
not likely artefactual. 

IT5 473825 7720158 Split granophyre cobble with angular edges, not likely artefactual. 

IT6 473825 7720134 Large round granophyre cobble with a flake scar, 100mm x 140mm (flake scar) 

IT7 473819 7720142 Large split granophyre cobble with 'worked' edge, not likely artefactual. 

IT8 473821 7720127 Small flake-like granophyre pebble. Likely not artefactual. 

IT9 473821 7720127 Small flake-like granophyre pebble. Likely not artefactual. 

IT10 473798 7720140 Large, elongate fine-grained granophyre pebble, 2 flake scars (superimposed), possibly 
artefactual, found buried inside the excavation square and replaced (later recovered during 
underwater excavation and salvaged).  

C1 473805 7720119 Broken granophyre cobble 

C2 473810 7720121 Small granophyre split cobble 

 

 

Figure 20. Large flake with fresh unweathered margins, probably produced in a recent cyclone 
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Figure 21. Beach and intertidal zone - individually recorded flaked stone specimens. 
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COMPARATIVE ANALYSIS 

The cultural sample from the site, DPLH 10303, provides a baseline comparison with the excavated 
samples from the intertidal (IT01) and subtidal (ST01) excavation trenches. This analysis first 
compares individual attributes recorded for both IT01 and ST01 samples with the known cultural 
sample from the site. A multivariate analysis for the nuclei summarises the individual results.  

The discussion of each attribute focuses mainly on the nuclei. These are the most directly 
comparable elements of each assemblage and there are more individual attributes for comparison.  

RAW MATERIAL 

Most (98%) specimens in all three samples were local granophyre and included coarse-grained (CG), 
fine-grained (FG) and porphyritic (PG) types. Four granite specimens were recorded and one 
fragment of unknown very decayed material from ST01.  

ST01 is mainly coarse-grained granophyre, while porphyritic granophyre is dominant in the cultural 
assemblage from 10303 (Table 8, Figure 22). There is no significant difference between site 10303 
and IT01 samples (chi-square 3.361, df 3, p=0.3391), but ST01 does differ significantly from IT01 (chi-
square=17.596, df=3, p<0.01) and 10303 (chi-square= 34.84, df=3, p<0.01). 

Table 8. Raw material distribution by sample. (Chi-square 38.49, df=6, p <0.001) 
  

Site IT01 ST01 Total 

Coarse-grained granophyre N 23 18 43 84 
 

% 26 35 73 
 

Fine-grained granophyre N 11 9 6 26 
 

% 12 17 10 
 

Porphyritic granophyre N 54 23 10 87 
 

% 60 44 17 
 

Granite N 2 2 0 4 
 

% 2 4 0 
 

Total 
 

90 52 59 201 
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Figure 22. Raw materials by sample 

ASSEMBLAGE COMPOSITION 

Table 9 summarises the different categories of flaked stone for all three samples. These are not 
directly comparable between the site and IT01 and ST01 samples because the cultural assemblage 
has been described above using conventional archaeological classifications. In the methods section, 
neutral categories were proposed to characterise the intertidal and subtidal samples. In Table 9, the 
sample from the site has been recoded into neutral categories. Unifacial and bifacial cobbles and 
single platform cores are recoded as flaked nuclei, while multiplatform cores most resemble the 
category angular nucleus. Flakes and flake fragments have been similarly recoded as angular 
fragments and other.   

In all three samples more than half are nuclei. For the site this is an atypical sample. In most cultural 
assemblages, flakes are very common, and nuclei (cores) and tools are rare. The unusual 
characteristics of the cultural sample in this case can be explained by the fact that the cobble terrace 
has been used as a quarry and that the raw material is in the form of cobbles rather than bedrock 
outcrops. Flakes could have been removed for use elsewhere. It is also possible that flakes could slip 
between the gaps in the cobbles and are thus less visible on the surface. 

The ratio of flakes to nuclei is similar for all three assemblages, with more nuclei than flakes in all 
three samples. The intertidal sample has fewer flakes than the other two (Table 9).  

All three samples differ in the types of nuclei present.  Split nuclei, edge-battered nuclei and thermal 
nuclei are absent from the site. The site sample consists of flaked cobbles in varies stages of 
reduction with some angular nuclei (multiplatform cores). Thermal nuclei were clearly recognisable 
on the site as non-cultural and were thus not recorded. They were however, recorded in the 
underwater samples as part of the sample of fractured rocks. Thermal and angular nuclei are 
completely absent from IT01. This suggests that the sample from ST01 has been subject to less 
rolling and abrasion than IT01.   

IT01 also has a higher proportion of split nuclei. These are pebbles or cobbles that have been split by 
wedging in a natural bipolar fracture rather than a conventional percussion or bending fracture 
(Cotterell and Kamminga 1987). This technique is used by humans, and involves applying force from 
immediately above the nucleus, which is held on an anvil. It is particularly used for working small 
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pebbles or pieces of raw material, or for splitting larger cobbles or blocks to create a suitable striking 
platform. It is uncommon in areas like Murujuga where suitable stone for flaking is abundant and 
widely available. It does not occur in the cultural assemblage from the site. Many of the split cobbles 
from IT01 and ST01 have not been flaked further, except sometimes for some edge battering, and 
the flaked surface is characteristically at right angles to the rest of the cobble. Such fractures could 
occur naturally if a suitably wedged cobble is struck a perpendicular blow by a sufficiently heavy 
cobble.  

The presence of clearly thermal flakes in ST01 is consistent with the thermal nuclei in that sample. 
There are no thermal flakes in IT01. Again, thermal flakes were not recorded on the site, as in that 
context they were clearly not cultural (see discussion in section on methods). Flakes from the site 
were only recorded if they had clearly developed features of percussion fractures. Weathering and 
abrasion, particularly in coarse-grained materials, made recognition of these features much more 
difficult in the underwater samples.   

 

Table 9. Assemblage composition 

 
SIZE 

There are some size differences between the samples for both flakes and nuclei (Error! Reference 
source not found.). Generally, the intertidal fractured material was smaller than both that from the 
Site and ST01. This may reflect greater weathering on the intertidal sample. The nuclei from the site 
had a narrower size range than the other two samples. The nuclei from the intertidal and subtidal 
samples both included fractured coarse pebbles (size range 32-64 mm), while the cores from the site 

  Site  IT01  ST01  Total 

 N % N % N %  

Nuclei 

Flaked nucleus 43 86 9 28 8 24 60 

Split nucleus 0 0 21 66 9 27 30 

Edge-battered nucleus 0 0 2 6 1 3 3 

Angular nucleus 7 14 0 0 8 24 15 

Thermal nucleus 0 0 0 0 7 21 7 

Nuclei total 50  32  33  115 

Flakes 

Uncertain 3 8 0 0 0 0 3 

Retouched/utilised 1 3 0 0 0 0 1 

Angular fragment 29 73 20 100 13 48 62 

Thermal fragment 0 0 0 0 10 37 10 

Other 7 18 0 0 4 15 11 

Flakes total 40  20  27  87 

Total 90  52  60  202 

Ratio - Flake:nuclei 0.8  0.6  0.8   
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were almost exclusively cobbles (size range 64-256 mm) (Table 10). These differences are statistically 
significant and suggest that the cultural sample involves selection for suitably sized cobbles.  

 

Figure 23. Length and width for nuclei and flakes for all samples. 

 

 



 
Dampier Cargo Wharf Extension Project  specialist lithics report  

February 2023 

42

 

Table 10. Size classes for nuclei 

Sample Mean length (mm) SD Range 

Site 107 37 58-208 

IT01 46 15 28-99 

ST01 81 52 30-210 

 

WEATHERING 

Weathering was recorded on a scale of 0 to 3, with 3 the most heavily weathered category. This was 
difficult to apply consistently. However, Table 11 and Figure 24 show that the cultural material from 
the site is mostly relatively fresh and unweathered, while the intertidal and subtidal material is 
mostly heavily rolled and abraded, particularly IT01 (chi-square=201.34, df=6, p<0.001). ST01 has 
some relatively unweathered angular blocks, and thermally fractured blocks and some thermal 
flakes so is a bit more diverse. The nuclei and flakes alone each show a similar pattern. 

Table 11. Weathering state - all flaked material. 

  0 1 2 3 Total 

All 

Site 83 3 3 1 90 

IT01 0 4 24 24 52 

ST01 8 30 15 7 60 

Total 91 37 42 32 202 

NUCLEI only 

Site 47 1 1 1 50 

IT01 0 3 14 15 32 

ST01 7 12 7 7 33 

Total 54 16 22 23 115 

FLAKES only 

Site 35 1 0 0 36 

IT01 0 1 10 9 20 

ST01 1 18 8 0 27 

Total 36 20 18 9 83 
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Figure 24. Weathering state  all flaked material 

Although most of the cultural assemblage recorded from 10303 was relatively fresh and 
unweathered in appearance, as noted above (p. 30), there were also some ambiguous pieces, which 
were relatively heavily weathered (Figure 11).  

DIFFERENTIAL PATINATION  

The presence of scars removed at different times as evidenced by differential patination is a feature 
commonly considered to indicate non-cultural flaking (Barnes 1939b, Oakley 1975, Gillespie et al. 
2004). These were quite rare in all three samples, but most occurred in the cultural sample from the 
site, where 8% of artefacts showed evidence of differential patination (Figure 10). This can be 
accounted for using 10303 as a quarry, where suitable cobbles might be flaked on different 
occasions. There are other sites on Murujuga where discarded cores or flakes evidently formed a 
convenient resource and two or more episodes of flaking separated by some considerable time can 
be seen on the same artefact (CB, personal observation). Some of the minimally flaked cobbles at 
10303 can be interpreted as testing to determine the quality of the material. It is conceivable that 
using a cobble that has already been tested might be more attractive to a later visitor than testing 
new cobbles. Therefore, it seems that this attribute is not useful for distinguishing cultural from 
natural flaking in this context. 

PERCENTAGE OF CORTEX 

Gillespie et al (2004) identify percentage of cortex as a possible distinguishing feature between 
geofacts and artefacts. Their approach was conservative, only assigning a positive score if no cortex 
was present. In this case cortex was common and its use as a distinguishing feature for distinguishing 
between natural and cultural flaking was limited.  

10303 is a quarry and the percentage of cortex on all artefacts is relatively high. Usable flakes and 
suitable cores could have been taken elsewhere. Flakes are commonly cortical and result from the 
early stages of reduction. Testing of cobbles was probably important at the site and this means that 
rejected cobbles retaining a substantial amount of cortex and cortical test flakes are common. There 
is a substantial component of the sample from ST01 that is non-cortical as there are thermal and 
angular blocks, particularly from the deeper levels, that are presumably derived from weathered 
bedrock rather than subtidal ancient cobble beach deposits.  
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Table 12. Percentage of cortex 

 

 

Figure 25. Percentage of cortex 

  No cortex <50% >50% 100% Total 

Site 6 31 52 1 90 

IT01 6 2 36 8 52 

ST01 29 4 25 2 60 

Total 41 37 113 11 202 

NUCLEI only 

Site 0 14 34 0 48 

IT01 0 0 26 6 32 

ST01 17 2 12 2 33 

Total  17 16 72 8 113 

FLAKES only 

Site 6 17 18 1 42 

IT01 6 2 10 2 20 

ST01 12 2 13 0 27 

Total 24 21 41 3 89 
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NUMBER OF FLAKE SCARS >10MM 

Gillespie et al (2004) hypothesised that more flake removals would characterise human flaking and 
suggested five flake removals as the cut-off for differentiation. They found that 2.7 was the mean 
number of flake removals on natural cobbles as compared to 12.7 on artefactual cobbles. The size 
limit was chosen here because the aim of human flaking is usually to produce large flakes for use or 
retouch. Even a discarded or exhausted core is likely to have evidence of one or more larger flakes. 
By contrast many non-cultural fractured nuclei have only numerous small flakes resulting from 
random impacts or edge-battering. Considerable force is required to remove sizable flakes from 
granophyre cobbles in a systematic fashion. This also means that incidental edge damage on 
artefacts in the cultural sample from trampling by people or animals or possibly from use can be 
excluded. 

Relatively few nuclei from IT01 and ST01 have flake scars more than 10 mm long; a high proportion 
have no large scars. By contrast the cores from 10303 all have at least one scar >10 mm long and up 
to four is common (Table 13, Figure 26). The relatively low means compared to the Alberta study 
reflects the conservative size limit chosen here (Gillespie et al. 2004).  

 

 

Table 13. Number of flake scars >10 mm 
 

0 1 2 3 4 5 6 7 8 Total Mean 

Site 0 6 16 12 10 1 0 2 1 48 2.9 

IT01 13 9 7 3 0 0 0 0 0 32 1.0 

ST01 27 4 2 0 0 0 0 0 0 33 0.2 

Total 40 19 25 15 10 1 0 2 1 113  

 

 

Figure 26. Nuclei only - number of flake scars >10 mm 
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LENGTH OF FLAKED EDGE 

The length of the flaked edge was recorded on the assumption that longer continuous edges would 
be expected to occur because of human flaking than from natural processes. There was some 
difficulty in recording this as it was difficult to define what consti
the samples from IT01 and ST01, or where a single relatively large flake scar intersected the margin 
of a cobble. Measurements were thus cautious, with generous margins. The results showed that 
nuclei from the cultural sample from 10303 had significantly longer continuous flaked edges than 
those from the marine samples.  

Table 14. Length of flaked edge (mm) 

Sample N Mean (mm) SD Range 

Site  42 65.7 27.9 11-130 

IT01  19 30.0 10.1 15-50 

ST01  5 39.0 25.9 15-80 

  

LENGTH OF LONGEST FLAKE SCAR 

Like the count of flake scars >10 mm, this was recorded on the assumption that the aim of cultural 
flaking on cores is normally to produce usable large flakes, while natural flaking can be expected to 
be unsystematic. One unifacially flaked cobble was omitted from the sample from 10303 as the 
measurement was clearly incorrectly recorded. A flaked nucleus from ST01 was also omitted as it 
was a single anomalously large flake scar.  

Table 15. Length of longest flake scar (mm) 

Sample N Mean (mm) SD Range 

Site  47 34.1 15.4 10-65 

IT01  19 22.3 8.0 12-43 

ST01  5 28.6 27.6 12-77 

 

DISCUSSION 
The cultural assemblage from DPLH 10303 can be distinguished from both ST01 and IT01 based on 
the following attributes: 

 Number of flake scars>10 mm 
 Length of flaked edge 
 Length of longest flake scar. 

This is consistent with the Alberta study, which found degree and regularity of flaking was important 
in distinguishing geofacts from artefacts (Gillespie et al. 2004).  

The cultural sample is also distinguished by its relative freshness and lack of weathering, although 
there are some older more weathered and patinated artefacts. It shows some evidence of size 
selection in the choice of cobbles to flake and selection by raw material in a preference for fine-
grained or porphyritic granophyre.  
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A multivariate analysis on the nuclei was carried out using discriminant analysis (Hammer et al. 
2001, Hammer 2021, pp. 113 114). This distinguished the three samples, albeit with some overlap. 
IT01 can be interpreted as a subset of ST01; this largely reflects the differences in weathering 
between the two samples. Both are distinct from the sample from the site.  
 
 

 

Figure 27. Discriminant analysis of nuclei 

As discussed above (Section Two), the problem is best considered at the assemblage level, and it is 
rarely possible to be definitive about individual artefacts. As an assemblage, then, it can be 
concluded that the subtidal and intertidal samples comprise fractured cobbles that are the result of 
natural flaking processes operating in the storm beach environment, rather than cultural flaking. Any 
natural flaking within the subtidal sample must have occurred during the period when the cobble 
matrix formed part of a beach. Once completely submerged, further flaking by percussion is no 
longer possible as the necessary force is dissipated by the water. However, rolling and abrasion by 
finer particles can still occur.  
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There is, however, an overlap between the samples. Certainly, there were specimens in both the 
intertidal and subtidal samples that would probably have been recorded as artefacts had they been 
found in an undoubted cultural context. Similarly, there were artefacts recorded on the site that 
were very similar to specimens from ST01 and IT01 and might not have been considered artefacts 
had they been found on the present beach. This particularly applied to cobbles that, while clearly 
flaked, had relatively few flake scars and probably resulted from cobble testing. As previously 
discussed (p. 30ff), there were some ambiguous abraded and patinated artefacts on the site. There 
are also patinated cobbles on the third terrace, with remnants of old flake scars interpreted as 
natural flaking from when that terrace was last an active storm beach, prior to human occupation. 
Unfortunately, the short field time available for recording on the site meant there was limited 
opportunity to address the full range of flaking processes likely to have affected all three 
assemblages.  

It remains possible that some of the specimens recorded in the subtidal and intertidal samples are 
artefacts. The best example is a fine-grained flaked cobble recovered from the intertidal excavation 
below the surface layer of cobbles (Figure 28). This object has two relatively unweathered and 
superimposed flake scars. The platform from which they were struck has been formed by two older, 
weathered flake scars, which have created a suitable angle for further flaking. In the discriminant 
analysis, this nucleus falls comfortably within the overlap between the samples and within the 
cultural sample. Flaked cobbles similar in appearance can be identified on the site, where they are 
considered artefacts; however, a very weathered cobble with a similar sequence of flaking events 
was found on the beach, where it was considered most probably natural.  

 

Figure 28. Fine-grained flaked cobble (IT01/111) from the intertidal trench, showing two successive flake scars 

It is of course possible that a complex mix of natural and cultural flaking has operated on the beach 
terraces over many thousands of years. Such a mix is difficult to tease apart with complete 
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confidence. So, artefacts on the beach and in the intertidal zone could have been initially flaked by 
people perhaps cobble testing and then subject to further flaking by natural processes. 
Alternatively, cobbles from the beach with one or two flakes removed by storm action could have 
been collected and further flaked by people. Similarly, large flakes can be produced by storm action,
as shown by the recent fresh flake collected from the beach discussed above (Figure 20). These large 
flakes could then be collected and further modified by people. This perhaps accounts for some of the 
large, modified flakes in varying states of weathering and patination. Distinguishing with confidence 
between natural and cultural flaking under these circumstances is extremely difficult. Figure 29
shows a range of examples of large flakes recorded from the beach terraces and intertidal zone to 
illustrate the difficulty. 

Figure 29. Large flakes from beach terraces and intertidal zone. Top: ventral (left) and dorsal (right) views of cortical 
flake with edge damage. Bottom left: large cortical flake with extensive edge damage and weathering. Bottom right: 
large flake from intertidal zone with weathered margins. 

In conclusion, the samples of fractured stone from the subtidal and intertidal trenches are best 
interpreted as the products of natural flaking processes, including percussion fracture through wave 
action. The subtidal sample also has evidence of natural fracture through thermal processes and 
natural exfoliation; this presumably relates to weathering processes operating before sea level rise. 
No definite examples of artefacts were observed.
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The samples from the ST01 showed much less evidence of rolling and abrasion from wave action. 
This presumably reflects the relatively short period of about a thousand years when this part of the 
seabed was subject to wave action. This implies that cultural material could be preserved and 
identifiable within the cobble matrix if these older terraces were used in the same way as 10303. 
Even in the intertidal trench, some relatively fresh and unweathered specimens were preserved 
beneath the top layer of cobbles. The relatively low artefact density on much of the third terrace 
means that finding artefacts within the small sampling window of the trenches is low probability. 
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SECTION FIVE  CONCLUSIONS  
 The analysis shows that the samples of fractured cobbles from the intertidal (IT01) and subtidal 

(ST01) excavations differ significantly from the cultural assemblage recorded from DPLH 10303. 
These differences are broadly consistent with the effects of natural flaking associated with high 
energy coastal processes. Therefore, it is concluded that only the sample from DPLH 10303 is 
fully cultural in origin. 

 Nevertheless, there is some overlap between the samples, and it is not possible to completely 
rule out the presence of artefacts in the subtidal and intertidal samples.  

 Heavily patinated and worn artefacts as well as relatively fresh and unpatinated artefacts at 
DPLH 10303 suggest that the use of the terrace as a quarry for cobbles has continued for many 
generations and probably precedes sea-level rise.  

 The presence of flaked unpatinated cobbles within the registered site boundary of DPLH 10303 
suggests that the whole beach was a source of raw material, with fresh cobbles from the beach 
taken to the highest terrace for flaking.  

 The terrace on which DPLH 10303 is located is part of a sequence of cobble terraces some of 
which were submerged by rising sea levels at the end of the last ice age. It is likely that most of 
the artefacts seen today at DPLH 10303 represent the most recent phase of use of the whole 
landform, which forms part of a continuous cultural landscape, extending offshore.  

 The presence of flakes and nuclei with well-preserved flake margins and flake scars in both the 
intertidal and especially the subtidal samples suggests that artefacts could be protected from 
abrasion and rolling in some circumstances in the intertidal and subtidal zones. Therefore, it is 
possible that evidence of past use of older cobble beaches as a source of raw material could 
survive. Such evidence might include a range of flaked artefacts associated with cobble testing, 
decortication, and production of flakes and tools for use elsewhere.  

 The low average density of cultural material on the surface of DPLH 10303 means that there is a 
low probability of finding one or more definite artefacts within the limited sampling window 
afforded by the intertidal and subtidal excavations.  
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APPENDIX ONE  CATALOGUE  
Abbreviations 
Context 

C Context 

SB Silt box 

RC Rock cage 

Raw material 

CG Coarse-grained granophyre 

FG Fine-grained granophyre 

PG Porphyritic granophyre 

GR Granite 

O Other 

Percentage of cortex 

0 0% 

1 <50% 

2 >50% 

3 100% 
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ph
yr

e 
- 

sa
m

e 
as

 c
on

jo
in

 

Si
te

 
T1

0 
53

 
M

ul
tip

la
tf

or
m

 c
or

e 
PG

 
86

 
78

 
30

 
2 

  
  

  
  

3 
56

 
54

 
0 

0 
so

m
e 

se
co

nd
ar

y 
co

rt
ex

 
Si

te
 

T1
0 

54
 

Si
ng

le
 p

la
tf

or
m

 c
or

e 
PG

 
75

 
65

 
32

 
2 

  
  

  
  

2 
42

 
52

 
0 

0 
  

Si
te

 
T1

0 
55

 
Fl

ak
e 

PG
 

36
 

34
 

9 
2 

Co
rt

ic
al

 
13

 
7 

Fe
at

he
r 

  
  

  
0 

0 
  

Si
te

 
T1

0 
56

 
Fl

ak
e 

CG
 

47
 

40
 

12
 

3 
Pl

ai
n 

31
 

14
 

Fe
at

he
r 

  
  

  
0 

0 
  

Si
te

 
T1

0 
57

 
Fl

ak
e 

PG
 

31
 

47
 

17
 

0 
Pl

ai
n 

50
 

27
 

Ax
ia

l 
  

  
  

0 
0 

  

Si
te

 
T1

0 
58

 
Fl

ak
e 

CG
 

42
 

26
 

6 
1 

Co
rt

ic
al

 
20

 
6 

H
in

ge
 

  
  

  
0 

0 
  

Si
te

 
T1

0 
59

 
Fl

ak
e 

PG
 

48
 

67
 

16
 

1 
Co

rt
ic

al
 

55
 

20
 

Ax
ia

l 
  

  
  

0 
0 

ve
ry

 c
oa

rs
e 

gr
ai

ne
d 

Si
te

 
T1

0 
60

 
Fl

ak
e 

fr
ag

m
en

t 
CG

 
38

 
35

 
12

 
2 

Fa
ce

tt
ed

 
28

 
10

 
  

  
  

  
0 

0 
  



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 

59

SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM 
THICKNESS (mm) 

TERMINATION 

N FLAKE 
SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED 
EDGE (mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

Si
te

 
T1

0 
61

 
Fl

ak
e 

fr
ag

m
en

t 
CG

 
35

 
42

 
15

 
1 

Co
rt

ic
al

 
45

 
18

 
  

  
  

  
0 

0 
  

Si
te

 
T1

0 
62

 
Fl

ak
e 

fr
ag

m
en

t 
PG

 
58

 
35

 
17

 
0 

  
  

  
  

  
  

  
0 

0 
  

Si
te

 
T1

0 
63

 
Bi

fa
ci

al
 c

ob
bl

e 
FG

 
11

1 
60

 
69

 
2 

  
  

  
  

8 
44

 
81

 
0 

0 
  

Si
te

 
T1

0 
64

 
Fl

ak
e 

FG
 

54
 

62
 

10
 

1 
Co

rt
ic

al
 

52
 

22
 

Ax
ia

l 
  

  
  

0 
0 

  

Si
te

 
T1

0 
65

 
Fl

ak
e 

PG
 

70
 

41
 

16
 

1 
Co

rt
ic

al
 

24
 

14
 

O
ve

rs
ho

t 
  

  
  

0 
0 

Re
tr

of
le

x 
hi

ng
e 

Si
te

 
T1

0 
66

 
Fl

ak
e 

PG
 

45
 

49
 

9 
1 

Co
rt

ic
al

 
20

 
7 

Ax
ia

l 
  

  
  

0 
0 

  

Si
te

 
T1

0 
67

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

12
4 

10
3 

47
 

2 
  

  
  

  
4 

37
 

78
 

0 
0 

  

Si
te

 
T1

0 
68

 
Fl

ak
e 

PG
 

64
 

66
 

29
 

1 
Co

rt
ic

al
 

19
 

8 
O

ve
rs

ho
t 

  
  

  
0 

0 
  

Si
te

 
T1

0 
69

 
Fl

ak
e 

PG
 

59
 

45
 

13
 

2 
Pl

ai
n 

24
 

13
 

Fe
at

he
r 

  
  

  
0 

0 
  

Si
te

 
T1

0 
70

 
Fl

ak
e 

fr
ag

m
en

t 
PG

 
48

 
43

 
10

 
2 

Pl
ai

n 
21

 
10

 
Fe

at
he

r 
  

  
  

0 
0 

  

Si
te

 
S1

 
71

 
U

ni
fa

ci
al

 c
ob

bl
e 

CG
 

80
 

36
 

35
 

2 
  

  
  

  
3 

32
 

43
 

0 
0 

  

Si
te

 
S1

 
72

 
Fl

ak
e 

PG
 

60
 

53
 

23
 

2 
Pl

ai
n 

30
 

11
 

Ax
ia

l 
  

  
  

0 
0 

  

Si
te

 
S1

 
73

 
Fl

ak
e 

CG
 

36
 

44
 

19
 

1 
Co

rt
ic

al
 

40
 

15
 

Ax
ia

l 
  

  
  

0 
0 

  

Si
te

 
S1

 
74

 
Si

ng
le

 p
la

tf
or

m
 c

or
e 

CG
 

60
 

55
 

33
 

2 
  

  
  

  
1 

22
 

  
0 

0 
  

Si
te

 
S1

 
75

 
M

ul
tip

la
tf

or
m

 c
or

e 
PG

 
20

8 
15

1 
65

 
1 

  
  

  
  

4 
38

 
12

6 
0 

1 

Fl
ak

ed
 o

n 
la

rg
e 

he
at

-
fr

ac
tu

re
d 

bo
ul

de
r. 

Pa
tin

at
io

n 
pr

es
en

t -
 

2 
ph

as
es

 
Si

te
 

S1
 

76
 

M
ul

tip
la

tf
or

m
 c

or
e 

FG
 

11
4 

81
 

27
 

1 
  

  
  

  
2 

16
 

37
 

0 
0 

  

Si
te

 
S1

 
77

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

61
 

49
 

32
 

2 
  

  
  

  
3 

21
 

42
 

0 
0 

  

Si
te

 
S1

 
78

 
Si

ng
le

 p
la

tf
or

m
 c

or
e 

PG
 

10
4 

74
 

48
 

1 
  

  
  

  
3 

56
 

70
 

0 
0 

Bl
ac

k 

Si
te

 
S1

 
79

 
Bi

fa
ci

al
 c

ob
bl

e 
PG

 
86

 
64

 
46

 
2 

  
  

  
  

2 
18

 
35

 
0 

1 
2 

ol
d 

pa
tin

at
ed

 fl
ak

e 
sc

ar
s 

?c
ul

tu
ra

l 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM 
THICKNESS (mm) 

TERMINATION 

N FLAKE 
SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED 
EDGE (mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

Si
te

 
S1

 
80

 
M

ul
tip

la
tf

or
m

 c
or

e 
PG

 
78

 
38

 
24

 
1 

  
  

  
  

4 
11

 
  

0 
1 

1 
pa

tin
at

ed
 fl

ak
e 

sc
ar

 
?c

ul
tu

ra
l 

Si
te

 
S1

 
81

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

17
5 

13
7 

44
 

1 
  

  
  

  
4 

10
 

12
4 

0 
0 

Ev
en

ly
 p

at
in

at
io

n.
 

La
rg

e 
co

bb
le

 fl
ak

e 
w

ith
 w

or
ke

d 

Si
te

 
S1

 
82

 
Bi

fa
ci

al
 c

ob
bl

e 
FG

 
65

 
65

 
25

 
2 

  
  

  
  

1 
15

 
50

 
0 

1 
po

ss
ib

le
 1

x 
pa

tin
at

ed
 

fla
ke

 s
ca

r 
Si

te
 

S1
 

83
 

Fl
ak

e 
PG

 
50

 
47

 
13

 
0 

Pl
ai

n 
48

 
13

 
Fe

at
he

r 
  

  
  

0 
0 

  

Si
te

 
S1

 
84

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

60
 

55
 

24
 

2 
  

  
  

  
2 

13
 

32
 

0 
1 

1x
fla

ke
 s

ca
r 

pa
tin

at
io

n 
on

 
an

ot
he

r e
dg

e 
Si

te
 

S1
 

85
 

M
ul

tip
la

tf
or

m
 c

or
e 

PG
 

82
 

68
 

98
 

1 
  

  
  

  
2 

30
 

  
0 

0 
  

Si
te

 
S1

 
86

 
Bi

fa
ci

al
 c

ob
bl

e 
CG

 
94

 
70

 
36

 
2 

  
  

  
  

3 
65

 
80

 
0 

0 
  

Si
te

 
S1

 
87

 
U

ni
fa

ci
al

 c
ob

bl
e 

FG
 

78
 

49
 

32
 

2 
  

  
  

  
1 

19
 

24
 

0 
0 

  

Si
te

 
S1

 
88

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

10
9 

79
 

38
 

2 
  

  
  

  
2 

30
 

53
 

0 
1 

So
m

e 
pa

tin
at

io
n 

1 
x 

cu
ltu

ra
l s

ca
r?

 

Si
te

 
S1

 
89

 
Si

ng
le

 p
la

tf
or

m
 c

or
e 

PG
 

84
 

63
 

22
 

2 
  

  
  

  
2 

15
 

50
 

0 
1 

Po
ss

ib
ly

 tw
o 

ph
as

es
 

of
 re

du
ct

io
n 

Si
te

 
S1

 
90

 
U

ni
fa

ci
al

 c
ob

bl
e 

CG
 

76
 

65
 

34
 

2 
  

  
  

  
3 

8 
63

 
0 

0 
  

Si
te

 
S1

 
91

 
U

ni
fa

ci
al

 c
ob

bl
e 

PG
 

16
0 

95
 

62
 

2 
  

  
  

  
3 

52
 

60
 

0 
0 

  

Si
te

 
S1

 
92

 
Si

ng
le

 p
la

tf
or

m
 c

or
e 

PG
 

98
 

58
 

30
 

2 
 

 
 

 
1 

25
 

 
0 

0 
H

am
m

er
? 

  
 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 

61

 

Ta
bl

e 
17

. C
at

al
og

ue
 o

f f
ra

ct
ur

ed
 c

ob
bl

e 
sa

m
pl

es
 fr

om
 in

te
rt

id
al

 a
nd

 s
ub

tid
al

 tr
en

ch
es

, a
nd

 th
e 

be
ac

h 

SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

IT
01

 
2 

1 
Fl

ak
ed

 
nu

cl
eu

s 
PG

 
53

 
35

 
22

 
2 

  
  

  
  

1 
12

 
30

 
2 

0 
  

IT
01

 
2 

2 
Sp

lit
 

nu
cl

eu
s 

CG
 

46
 

43
 

43
 

2 
  

  
  

  
0 

  
  

2 
0 

Sp
lit

 p
eb

bl
e 

 

IT
01

 
2 

3 
Fl

ak
ed

 
nu

cl
eu

s 
FG

 
42

 
35

 
19

 
2 

  
  

  
  

2 
17

 
15

 
2 

0 
Sp

lit
 p

eb
bl

e 
w

ith
 la

rg
er

 
re

m
ov

al
s 

an
d 

ba
tt

er
in

g 
ro

un
d 

sp
lit

 e
dg

e 

IT
01

 
2 

4 
Ed

ge
-

ba
tt

er
ed

 
nu

cl
eu

s 
CG

 
99

 
80

 
37

 
2 

  
  

  
  

3 
25

 
35

 
3 

0 
Co

bb
le

 w
ith

 b
at

te
rin

g 
on

 
on

e 
ed

ge
 

IT
01

 
2 

5 
Fl

ak
ed

 
nu

cl
eu

s 
PG

 
60

 
40

 
30

 
2 

  
  

  
  

1 
36

 
20

 
2 

0 
An

gu
la

r p
eb

bl
e 

w
ith

 s
in

gl
e 

fla
ke

 s
ca

r 

IT
01

 
2 

6 
Fl

ak
ed

 
nu

cl
eu

s 
PG

 
57

 
46

 
35

 
2 

  
  

  
  

1 
25

 
20

 
2 

0 
Si

ng
le

 fl
ak

e 
re

m
ov

al
 - 

st
ep

 
ou

t 

IT
01

 
2 

7 
Sp

lit
 

nu
cl

eu
s 

PG
 

47
 

30
 

20
 

2 
  

  
  

  
0 

  
50

 
1 

0 
Sp

lit
 fl

at
 p

eb
bl

e 
w

ith
 tw

o 
sm

al
l f

la
ke

 re
m

ov
al

s 
on

 
on

e 
ed

ge
 

IT
01

 
2 

8 
Sp

lit
 

nu
cl

eu
s 

PG
 

48
 

43
 

28
 

2 
  

  
  

  
3 

19
 

40
 

3 
1 

Sp
lit

 p
eb

bl
e 

w
ith

 b
at

te
re

d 
ed

ge
s,

 tw
o 

fla
ke

 re
m

ov
al

s 
w

ith
 d

iff
er

en
t w

ea
th

er
in

g,
 

sp
lit

 p
oi

nt
 o

f i
m

pa
ct

 is
 

qu
ite

 o
bt

us
e 

an
gl

e 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

IT
01

 
2 

9 
Fl

ak
ed

 
nu

cl
eu

s 
PG

 
45

 
34

 
28

 
3 

  
  

  
  

1 
16

 
20

 
3 

0 
To

ta
lly

 w
or

n 
pe

bb
le

 w
ith

 
tw

o 
ve

ry
 w

or
n 

pa
st

 fl
ak

e 
re

m
ov

al
s 

IT
01

 
2 

10
 

Sp
lit

 
nu

cl
eu

s 
FG

 
31

 
22

 
22

 
3 

  
  

  
  

0 
  

  
3 

0 
Sp

lit
 p

eb
bl

e 
w

ith
 b

at
te

re
d 

ed
ge

s 
an

d 
bi

po
la

r t
yp

e 
fla

ke
 re

m
ov

al
s 

IT
01

 
2 

11
 

Sp
lit

 
nu

cl
eu

s 
CG

 
40

 
24

 
20

 
2 

  
  

  
  

2 
16

 
  

3 
0 

Bi
po

la
r s

pl
it 

pe
bb

le
 

IT
01

 
2 

12
 

Fl
ak

ed
 

nu
cl

eu
s 

CG
 

34
 

33
 

23
 

3 
  

  
  

  
2 

17
 

20
 

3 
0 

Tw
o 

re
m

ov
al

s 
co

m
pl

et
el

y 
w

ea
th

er
ed

 

IT
01

 
2 

13
 

Ed
ge

-
ba

tt
er

ed
 

nu
cl

eu
s 

CG
 

36
 

30
 

16
 

3 
  

  
  

  
0 

  
25

 
3 

0 
N

um
er

ou
s s

m
al

l r
em

ov
al

s 

IT
01

 
2 

14
 

Sp
lit

 
nu

cl
eu

s 
PG

 
49

 
26

 
21

 
2 

  
  

  
  

1 
19

 
35

 
3 

0 
Sp

lit
 p

eb
bl

e 
nu

m
re

ou
s 

sm
al

l r
em

ov
al

s 

IT
01

 
2 

15
 

Sp
lit

 
nu

cl
eu

s 
PG

 
37

 
35

 
18

 
3 

  
  

  
  

1 
34

 
25

 
3 

0 

Ve
ry

 w
ea

th
er

ed
 w

ith
 tw

o 
la

rg
e 

fla
ke

 re
m

ov
al

s 
an

d 
ba

tt
er

in
g 

- r
es

em
bl

es
 

bi
po

la
r c

or
e 

IT
01

 
2 

16
 

Sp
lit

 
nu

cl
eu

s 
CG

 
40

 
25

 
17

 
2 

  
  

  
  

0 
  

30
 

2 
0 

Sp
lit

 w
ith

 b
at

te
rin

g 
on

 
ed

ge
s 

IT
01

 
2 

17
 

Sp
lit

 
nu

cl
eu

s 
CG

 
28

 
21

 
28

 
2 

  
  

  
  

1 
19

 
  

2 
0 

Sp
lit

 p
eb

bl
e 

- r
es

em
bl

es
 

bi
po

la
r 

IT
01

 
2 

18
 

Sp
lit

 
nu

cl
eu

s 
FG

 
33

 
18

 
15

 
2 

  
  

  
  

0 
  

  
2 

0 
  

IT
01

 
2 

19
 

Fl
ak

ed
 

nu
cl

eu
s 

FG
 

40
 

20
 

15
 

3 
  

  
  

  
0 

  
  

3 
0 

An
gu

la
r p

eb
bl

e 
w

ith
 

ba
tt

er
in

g 
on

 e
dg

es
. V

er
y 

w
ea

th
er

ed
 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

IT
01

 
2 

20
 

Sp
lit

 
nu

cl
eu

s 
PG

 
35

 
22

 
14

 
2 

  
  

  
  

0 
  

  
2 

0 
Sp

lit
 p

eb
bl

e 
- r

es
em

bl
es

 
bi

po
la

r 

IT
01

 
2 

21
 

Sp
lit

 
nu

cl
eu

s 
PG

 
30

 
26

 
14

 
2 

  
  

  
  

3 
16

 
30

 
2 

0 
Sp

lit
 p

eb
bl

e 
- r

es
em

bl
es

 
bi

po
la

r 

IT
01

 
2 

22
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
25

 
22

 
10

 
1 

  
  

  
  

  
  

  
2 

0 
Re

se
m

bl
es

 s
pl

it 
bi

po
la

r 
co

rt
ic

al
 fl

ak
e 

IT
01

 
2 

23
 

Sp
lit

 
nu

cl
eu

s 
CG

 
30

 
25

 
14

 
2 

  
  

  
  

2 
19

 
  

1 
0 

Sp
lit

 p
eb

bl
e 

- r
es

em
bl

es
 

bi
po

la
r 

IT
01

 
2 

24
 

An
gu

la
r 

fr
ag

m
en

t 
FG

 
40

 
22

 
11

 
1 

  
  

  
  

  
  

  
3 

0 
Ve

ry
 w

ea
th

er
ed

 a
ng

ul
ar

 
fr

ag
m

en
t -

 re
se

m
bl

es
 

lo
ng

itu
di

na
l s

pl
it 

fla
ke

 

IT
01

 
2 

25
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
34

 
29

 
9 

3 
  

  
  

  
  

  
  

2 
0 

D
is

ta
l f

la
ke

 - 
so

m
e 

ba
tt

er
in

g 

IT
01

 
2 

26
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
28

 
26

 
8 

3 
  

  
  

  
  

  
  

2 
0 

Fl
ak

e-
lik

e 
w

ith
 s

om
e 

ba
tt

er
in

g 
al

on
g 

m
ar

gi
n 

- 
no

 c
le

ar
 fl

ak
e 

ID
 fe

at
ur

es
 

IT
01

 
2 

27
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
42

 
22

 
16

 
2 

  
  

  
  

  
  

  
3 

0 
Fr

ag
m

en
t f

ro
m

 p
eb

bl
e 

no
 

fe
at

ur
es

 v
is

ib
le

 

IT
01

 
2 

28
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
37

 
27

 
11

 
0 

  
  

  
  

  
  

  
2 

0 
Ba

tt
er

ed
 m

ar
gi

n.
 L

ar
ge

 
fla

ke
 s

ca
r o

n 
"d

or
sa

l"
 

su
rf

ac
e 

IT
01

 
2 

29
 

An
gu

la
r 

fr
ag

m
en

t 
PG

 
51

 
51

 
17

 
2 

  
  

  
  

  
  

  
3 

0 
Ba

tt
er

ed
 m

ar
gi

ns
. 

IT
01

 
2 

30
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
34

 
29

 
9 

2 
  

  
  

  
  

  
  

3 
0 

Ba
tt

er
ed

 m
ar

gi
ns

. 

IT
01

 
2 

31
 

Sp
lit

 
nu

cl
eu

s 
CG

 
43

 
33

 
18

 
2 

  
  

  
  

1 
18

 
30

 
3 

0 
  



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

IT
01

 
2 

32
 

An
gu

la
r 

fr
ag

m
en

t 
PG

 
42

 
30

 
11

 
2 

  
  

  
  

  
  

  
3 

0 
  

IT
01

 
2 

33
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
40

 
12

 
8 

0 
  

  
  

  
  

  
  

3 
0 

Tr
ia

ng
ul

ar
 'o

ra
ng

e 
se

gm
en

t' 
fla

ke
 -b

at
te

re
d 

m
ar

gi
ns

 

ST
01

 
1 

34
 

Th
er

m
al

 
nu

cl
eu

s 
CG

 
20

0 
13

0 
12

0 
0 

  
  

  
  

  
  

  
0 

0 
La

rg
e 

th
er

m
al

 fr
ag

m
en

t  

IT
01

 
2 

35
 

Fl
ak

ed
 

nu
cl

eu
s 

PG
 

63
 

59
 

34
 

2 
  

  
  

  
1 

25
 

40
 

3 
0 

O
ne

 fl
ak

e 
of

f e
nd

 o
f 

co
bb

le
 

IT
01

 
2 

36
 

Sp
lit

 
nu

cl
eu

s 
FG

 
36

 
28

 
27

 
2 

  
  

  
  

0 
  

20
 

3 
0 

Sp
lit

 p
eb

bl
e 

w
ith

 fl
ak

e 
re

m
ov

ed
 

IT
01

 
2 

37
 

Sp
lit

 
nu

cl
eu

s 
PG

 
41

 
29

 
24

 
2 

  
  

  
  

2 
20

 
50

 
2 

0 
Sp

lit
 p

eb
bl

e 
w

ith
 fl

ak
e 

re
m

ov
ed

 

IT
01

 
2 

38
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
50

 
40

 
25

 
0 

  
  

  
  

0 
  

  
2 

0 
AF

 b
lo

ck
 w

ith
 e

dg
e 

da
m

ag
e 

ST
01

 
1 

39
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

90
 

75
 

55
 

0 
  

  
  

  
  

  
  

2 
0 

  

ST
01

 
1 

40
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

85
 

65
 

40
 

0 
  

  
  

  
  

  
  

0 
0 

  

ST
01

 
1 

41
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

21
0 

60
 

12
 

0 
  

  
  

  
  

  
  

0 
0 

  

ST
01

 
1 

42
 

Fl
ak

ed
 

nu
cl

eu
s 

CG
 

16
0 

12
0 

65
 

0 
  

  
  

  
1 

85
 

80
 

2 
0 

Re
co

rd
ed

 a
s 

#4
1 

in
 p

ho
to

 
lo

g 

ST
01

 
1 

43
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

12
5 

10
0 

75
 

0 
  

  
  

  
  

  
  

0 
0 

  

ST
01

 
1 

44
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

16
0 

11
5 

40
 

0 
  

  
  

  
  

  
  

0 
0 

O
ne

 o
bv

io
us

ly
 re

ce
nt

 fl
ak

e 
re

m
ov

ed
 - 

at
 le

as
t o

ne
 

ol
de

r 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

ST
01

 
1 

45
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

55
 

50
 

35
 

0 
  

  
  

  
  

  
  

0 
0 

  

ST
01

 
1 

46
 

Ed
ge

-
ba

tt
er

ed
 

nu
cl

eu
s 

CG
 

20
5 

12
0 

50
 

0 
  

  
  

  
  

  
  

3 
0 

  

ST
01

 
1 

47
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

12
5 

88
 

86
 

0 
  

  
  

  
1 

77
 

  
2 

0 
Bi

po
la

r f
la

ke
 re

m
ov

al
' -

 
in

ci
pi

en
t t

he
rm

al
 fr

ac
tu

re
 

vi
si

bl
e 

ST
01

 
1 

48
 

Th
er

m
al

 
nu

cl
eu

s 
CG

 
62

 
53

 
47

 
0 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

49
 

Th
er

m
al

 
nu

cl
eu

s 
CG

 
63

 
54

 
36

 
0 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

50
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
69

 
32

 
35

 
2 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

51
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
65

 
45

 
42

 
0 

  
  

  
  

  
  

  
1 

0 
Ed

ge
 d

am
ag

e 
on

 a
ng

ul
ar

 
fr

ag
m

en
t 

ST
01

 
1 

52
 

Sp
lit

 
nu

cl
eu

s 
CG

 
56

 
40

 
22

 
2 

  
  

  
  

  
  

  
2 

0 
Po

ss
ib

le
 b

ip
ol

ar
 

ST
01

 
1 

53
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
81

 
70

 
18

 
0 

  
  

  
  

  
  

11
0 

2 
0 

Ta
bu

la
r f

la
ke

? 
W

ith
 e

dg
e 

da
m

ag
e 

ST
01

 
1 

54
 

Sp
lit

 
nu

cl
eu

s 
CG

 
87

 
68

 
44

 
2 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

55
 

Sp
lit

 
nu

cl
eu

s 
PG

 
42

 
30

 
29

 
2 

  
  

  
  

  
  

  
1 

0 
Sp

lit
 p

eb
bl

e 

ST
01

 
1 

56
 

Sp
lit

 
nu

cl
eu

s 
PG

 
50

 
39

 
30

 
2 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

57
 

Sp
lit

 
nu

cl
eu

s 
FG

 
76

 
46

 
44

 
2 

  
  

  
  

2 
14

 
  

3 
0 

Ve
ry

 w
ea

th
er

ed
 s

pl
it 

pe
bb

le
 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

ST
01

 
1 

58
 

Fl
ak

ed
 

nu
cl

eu
s 

FG
 

44
 

40
 

21
 

3 
  

  
  

  
  

  
  

3 
0 

  

ST
01

 
1 

59
 

Fl
ak

ed
 

nu
cl

eu
s 

FG
 

30
 

24
 

22
 

3 
  

  
  

  
  

  
15

 
3 

0 
  

ST
01

 
1 

60
 

Sp
lit

 
nu

cl
eu

s 
CG

 
73

 
63

 
22

 
2 

  
  

  
  

  
  

45
 

3 
0 

Fl
at

 fl
ak

e 
fr

om
 c

ob
bl

e 
w

ith
 

ba
tt

er
ed

 e
dg

e 
- p

os
si

bl
e 

bi
po

la
r f

la
ke

 

ST
01

 
1 

61
 

An
gu

la
r 

nu
cl

eu
s 

CG
 

60
 

34
 

28
 

0 
  

  
  

  
  

  
  

1 
0 

  

ST
01

 
1 

62
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
50

 
36

 
22

 
0 

  
  

  
  

  
  

  
1 

0 
Re

se
m

bl
es

 p
ro

xi
m

al
 fl

ak
e 

ST
01

 
1 

63
 

Sp
lit

 
nu

cl
eu

s 
CG

 
11

0 
51

 
42

 
1 

  
  

  
  

  
  

  
2 

0 
Sp

lit
 c

ob
bl

e 
w

ith
 th

er
m

al
 

fr
ac

tu
re

s 

ST
01

 
1 

64
 

Fl
ak

ed
 

nu
cl

eu
s 

PG
 

51
 

36
 

28
 

2 
  

  
  

  
1 

12
 

  
1 

0 
Th

er
m

al
 fl

ak
e 

w
ith

 s
ho

rt
 

ro
w

 o
f e

dg
e 

fr
ac

tu
re

s 

ST
01

 
1 

65
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
58

 
40

 
34

 
1 

  
  

  
  

  
  

  
1 

0 
Ed

ge
 d

am
ag

es
 

ST
01

 
1 

66
 

Sp
lit

 
nu

cl
eu

s 
CG

 
38

 
30

 
22

 
2 

  
  

  
  

  
  

  
2 

0 
  

ST
01

 
1 

67
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
55

 
30

 
18

 
2 

  
  

  
  

  
  

  
0 

0 
  

ST
01

 
1 

68
 

Th
er

m
al

 
nu

cl
eu

s 
CG

 
40

 
30

 
27

 
0 

  
  

  
  

  
  

  
2 

0 
  

ST
01

 
1 

69
 

Fl
ak

ed
 

nu
cl

eu
s 

CG
 

37
 

24
 

22
 

0 
  

  
  

  
  

  
20

 
3 

0 
  

ST
01

 
1 

70
 

Th
er

m
al

 
fr

ag
m

en
t 

CG
 

57
 

31
 

11
 

2 
  

  
  

  
  

  
  

2 
0 

Th
er

m
al

 fl
ak

e 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 

67

SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

ST
01

 
1 

71
 

Th
er

m
al

 
fr

ag
m

en
t 

CG
 

43
 

20
 

9 
2 

  
  

  
  

  
  

  
1 

0 
Th

er
m

al
 fl

ak
e 

ST
01

 
1 

72
 

Th
er

m
al

 
fr

ag
m

en
t 

CG
 

42
 

41
 

15
 

2 
  

  
  

  
  

  
  

1 
0 

Th
er

m
al

 fl
ak

e 

ST
01

 
1 

73
 

Th
er

m
al

 
fr

ag
m

en
t 

CG
 

48
 

42
 

11
 

2 
  

  
  

  
  

  
  

1 
0 

Th
er

m
al

 fl
ak

e 

ST
01

 
1 

74
 

Th
er

m
al

 
fr

ag
m

en
t 

CG
 

67
 

44
 

6 
2 

  
  

  
  

  
  

  
1 

0 
Th

er
m

al
 fl

ak
e 

ST
01

 
1 

75
 

Th
er

m
al

 
nu

cl
eu

s 
CG

 
45

 
33

 
16

 
2 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

76
 

O
th

er
 

CG
 

44
 

30
 

10
 

2 
  

  
  

  
  

  
  

2 
0 

  

ST
01

 
1 

77
 

Sp
lit

 
nu

cl
eu

s 
CG

 
41

 
26

 
23

 
1 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
1 

78
 

O
th

er
 

CG
 

47
 

29
 

11
 

0 
  

  
  

  
  

  
  

2 
0 

  

ST
01

 
1 

79
 

An
gu

la
r 

fr
ag

m
en

t 
FG

 
31

 
25

 
20

 
0 

  
  

  
  

  
  

  
2 

0 
  

ST
01

 
1 

80
 

O
th

er
 

CG
 

49
 

46
 

11
 

2 
  

  
  

  
  

  
  

2 
0 

  

ST
01

 
1 

81
 

Fl
ak

ed
 

nu
cl

eu
s 

FG
 

39
 

18
 

14
 

2 
  

  
  

  
  

  
  

3 
0 

  

ST
01

 
1 

82
 

An
gu

la
r 

fr
ag

m
en

t 
CG

 
55

 
25

 
12

 
0 

  
  

  
  

  
  

  
1 

0 
  

ST
01

 
C1

RC 2 
83

 
Th

er
m

al
 

fr
ag

m
en

t 
CG

 
16

5 
11

0 
50

 
0 

  
  

  
  

  
  

  
1 

0 
La

rg
e 

th
er

m
al

 fl
ak

e 

ST
01

 
C1

RC 2 
84

 
An

gu
la

r 
fr

ag
m

en
t 

CG
 

16
0 

11
0 

80
 

0 
  

  
  

  
5 

24
 

  
1 

0 
La

rg
e 

an
gu

la
r f

ra
gm

en
t 

w
ith

 p
os

si
bl

e 
fla

ke
d 

ed
ge

 

ST
01

 
C1

RC 2 
85

 
Th

er
m

al
 

fr
ag

m
en

t 
CG

 
15

5 
92

 
40

 
2 

  
  

  
  

  
  

  
1 

0 
La

rg
e 

th
er

m
al

 fl
ak

e 



 

 
D

am
pi

er
 C

ar
go

 W
ha

rf
 E

xt
en

si
on

 P
ro

je
ct

 
 s

pe
ci

al
is

t l
ith

ic
s 

re
po

rt
  

Fe
br

ua
ry

 2
02

3 
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 

WIDTH (mm) 

THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
(mm) 

PLATFORM THICKNESS 
(mm) 

TERMINATION 

N FLAKE SCARS>1OMM 

LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 

DIFFERENTIAL 
PATINATION 

CO
M

M
EN

TS
 

ST
01

 
C1

SB 2 
86

 
Th

er
m

al
 

fr
ag

m
en

t 
PG

 
94

 
38

 
30

 
2 

  
  

  
  

  
  

  
1 

0 
La

rg
e 

th
er

m
al

 fl
ak

e 
ed

ge
 

da
m

ag
e 

ST
01

 
C1

SB 2 
87

 
An

gu
la

r 
fr

ag
m

en
t 

CG
 

50
 

28
 

9 
0 

  
  

  
  

  
  

  
1 

0 
Re

se
m

bl
es

 s
pl

it 
fla

ke
 

ST
01

 
C1

SB 2 
88

 
O

th
er

 
PG

 
55

 
30

 
10

 
1 

Pl
ai

n 
10

 
6 

Fe
at

he
r 

  
  

  
1 

0 
Re

se
m

bl
es

 fl
ak

e 
Ac

c.
 1

1 

ST
01

 
  

89
 

Th
er

m
al

 
nu

cl
eu

s 
PG

 
63

 
55

 
37

 
0 

  
  

  
  

  
  

  
1 

0 
Th

er
m

al
 b

lo
ck

 - 
fr

ag
m

en
t 

ha
s 

er
od

ed
 o

ff 
w

ith
 n

ew
 

ex
po

su
re

 to
 a

ir 

ST
01

 
C1

RC 3 
90

 
Th

er
m

al
 

fr
ag

m
en

t 
PG

 
11

4 
10

2 
34

 
2 

  
  

  
  

  
  

  
1 

0 
La

rg
e 

th
er

m
al

 fl
ak

e 
w

ith
 

ed
ge

 d
am

ag
e 

ST
01

 
C1

SB 2 
91

 
An

gu
la

r 
fr

ag
m

en
t 

PG
 

60
 

24
 

9 
0 

Pl
ai

n 
14

 
9 

Ax
ia

l 
  

  
  

2 
0 

  

ST
01

 
C1

SB 2 
92

 
An

gu
la

r 
fr

ag
m

en
t 

CG
 

37
 

37
 

29
 

0 
  

  
  

  
2 

25
 

  
1 

0 
cf

 C
or

e 
fr

ag
m

en
t -

 c
or

ne
r 

of
 la

rg
er

 fl
ak

ed
 c

or
e 

ST
01

 
C1

SB 2 
93

 
Fl

ak
ed

 
nu

cl
eu

s 
PG

 
67

 
37

 
35

 
2 

  
  

  
  

1 
26

 
35

 
1 

0 
Fl

ak
ed

 c
ob

bl
e 

w
ith

 o
ne

 
re

m
ov

al
 a

lo
ng

 fa
ce

 w
hi

ch
 

ha
s 

st
ep

pe
d 

ou
t  

ST
01

 
C1

SB 2 
94

 
Fl

ak
ed

 
nu

cl
eu

s 
FG

 
60

 
52

 
19

 
2 

  
  

  
  

2 
14

 
  

0 
0 

Fr
es

hl
y 

fla
ke

d 
pe

bb
le

 - 
pr

ob
ab

ly
 in

 d
re

dg
e 

or
 

si
ev

e 

ST
01

 
C1

SB 2 
95

 
Th

er
m

al
 

fr
ag

m
en

t 
CG

 
50

 
25

 
7 

2 
Pl

ai
n 

15
 

5 
St

ep
 

  
  

  
1 

0 
Po

ss
ib

le
 fl

ak
e 

w
ith

 
do

ub
tf

ul
 p

la
tf

or
m

 - 
th

er
m

al
 

ST
01

 
C1

SB 2 
96

 
Th

er
m

al
 

nu
cl

eu
s 

PG
 

40
 

32
 

24
 

0 
  

  
  

  
  

  
  

1 
1 

Bl
oc

k 
w

ith
 o

ne
 fa

irl
y 

fr
es

h 
fa

ce
 c

f #
92

 

IT
01

 
2 

97
 

Sp
lit
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SAMPLE 

CONTEXT 

ID 

TYPE 

MATERIAL 

LENGTH (mm) 
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THICKNESS (mm) 

%CORTEX 

PLATFORM TYPE  

PLATFORM WIDTH 
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PLATFORM THICKNESS 
(mm) 
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LENGTH LONGEST 
FLAKE SCAR (mm) 

LENGTH FLAKED EDGE 
(mm) 

WEATHERING 
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CONTEXT 
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CHRONOS 14Carbon Cycle Facility, SSEAU, Mark Wainwright Analytical Centre, UNSW

07 February 2023

(on behalf of Cosmos Coroneos)
The University of Western Australia
School of Earth Science
Perth, WA 6009

Dear Michael,

Please find below the results of the samples sent for radiocarbon analysis in Table 1. All samples 
have been assigned a unique UNSW Laboratory Code, which should be referenced for 
publications.

Table 1 indicates the chemical pre-treatment method used for samples and associated matrix 
matched backgrounds and standards. Additional details of the chemical pre-treatment and duration 
can be found in Turney et al., 2021, full reference below. Should you have any queries about the pre-
treatment and analysis methods please do not hesitate to get in touch.

Pretreatment Code LC:

Pretreatment Code LC is used for the preparation of carbonates (including shells), involves 
the removal of surface contamination by physical abrasion and prolonged sonication in distilled 
water. The sample surface is then etched with 0.1 M HCl, resulting in the removal of the outer 
10% (by weight) of the sample, before being rinsed with ethanol and oven-dried at 
70°C. Large samples are pulverized with a vibratory mill in a tungsten carbide grinding bowl 
with a single disc (typically ground to 95% minus 75-micron material in approximately three 
minutes depending upon their mass and physical characteristics). Pulverized pretreated 
samples are further etched with 0.1 M HCl on the automated Carbonate Handling System 
(CHS2), resulting in the dissolution of 10% (by weight) of the sample before the sealed sample 
containers are flushed with Helium.  The pretreated samples are converted to CO2 by reaction 
with 85% H3PO4 and flushed through a water trap (phosphorus pentoxide) into the Automated 
Graphitization Equipment (AGE3) system with helium gas. The CO2 is concentrated in a 
zeolite trap, which is heated to 420°C to release pure CO2 into the graphitization reactor tube. 
The sample is then reduced to graphite at 580°C with hydrogen on iron powder.

Table 1 documents the certified laboratory measurement with the corresponding UNSW laboratory 
code and reported as a conventional uncalibrated 14C age in 14C yr BP or a fractionation-corrected 
fraction modern (F14C).
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UNSW 
Laboratory 

Code 
Sample Label 

Pre 
treatment 

Code 

Age*       
(14C yr BP)  

Age Error ± 
(14C yr BP) 

F14C F14C ± 

UNSW-1910 DUX_12A LC 940 31 0.8895 0.0034 

UNSW-1911 DUX_12B LC 921 31 0.8916 0.0034 

UNSW-1912 DUX_13 LC 1,575 32 0.8219 0.0033 

UNSW-1913 DUX_20 LC   1.0633 0.0039 

UNSW-1914 DUX_22A LC 2,872 36 0.6994 0.0031 

UNSW-1915 DUX_22B LC 1,380 34 0.8422 0.0035 

UNSW-1916 DUX_23 LC   1.0119 0.0037 

UNSW-1917 DUX_24 LC   1.0435 0.0038 

UNSW-1918 DUX_25A LC   1.0858 0.0039 

UNSW-1919 DUX_25B LC   1.0676 0.0039 

UNSW-1920 DUX_26 LC   1.0899 0.0039 

UNSW-1921 DUX_28 LC   1.0922 0.0040 

UNSW-1922 DUX_29 LC 637 30 0.9238 0.0035 

UNSW-1923 DUX_30 LC   0.9376 0.0036 

UNSW-1924 DUX_31 LC 995 32 0.8835 0.0035 

UNSW-1925 DUX_32A LC 739 31 0.9121 0.0036 

UNSW-1926 DUX_32B LC 667 31 0.9203 0.0035 

UNSW-1927 DUX_33 LC   1.0290 0.0038 

  
Table 1: Radiocarbon Analysis. *Age (14C yr BP) is not reported where F14C is close to or >1. 

 
 
For publication of these data, the following conventions for the reporting of 14C determinations apply:  
 
- The laboratory measurement should be reported as a conventional 14C age in 14C yr BP or a 

fractionation-corrected fraction modern (F14C), with the corresponding UNSW laboratory code. 
 

- Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally 
determined Laboratory Error Multiplier. 

 
- The sample material dated, and the pretreatment methods applied, should be reported. Please 

reference our current facility paper (Turney et al., 2021, full reference below) as this describes in 
detail the analytical methods required for chemical pre-treatment and AMS analysis.  

 
- Where data are calibrated, the calibration curve used should be reported.  
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Please find further detail and first approximations about the results in the appendix below. Please 
contact us if you have queries about our interpretation of the calibration in the appendix. Thank you 
for choosing the Chronos 14Carbon-Cycle Facility to process your radiocarbon samples. 
 
 
With best wishes, 
 

Juee Vohra, Technical Officer         j.vohra@unsw.edu.au 
Dr William T Hiscock, Technical Officer   w.hiscock@unsw.edu.au 
Dr Christopher E Marjo, Director    c.marjo@unsw.edu.au 

 
 
 
 
 
 
Reference: 
 
Turney, C., Becerra-Valdivia, L., Sookdeo, A., Thomas, Z.A., Palmer, J., Haines, H.A., Cadd, H., 
Wacker, L., Baker, A., Andersen, M.S., Jacobsen, G., Meredith, K., Chinu, K., Bollhalder, S., & Marjo, 
C. (2021). Radiocarbon Protocols and First Intercomparison Results from the Chronos 14Carbon-
Cycle Facility, University of New South Wales, Sydney, Australia. Radiocarbon, 63, 1003-1023, doi: 
10.1017/RDC.2021.23. 
 
Notes: 
 
Please use the latest Southern Hemisphere Calibration Curve (SHCal20; Hogg et al. 2020) for the 
calibration of 14C age determinations from terrestrial Southern Hemisphere samples, the Southern 
Hemisphere Bomb (region 1,2) Curve (Bomb21 SH1_2; Hua et al. 2021) for the calibration of F14C 

0) for 
marine samples. For marine samples, please note that a local marine reservoir correction ( ) should 
always be applied (see calib.org/marine20 for more details).  
  
Hogg, A. G., Heaton, T. J., Hua, Q., Palmer, J. G., Turney, C. S., Southon, J., Bayliss, A., G, B. P., 
Boswijk, G., Ramsey, C. B., Pearson, C., Petchey, F., Reimer, P., Reimer, R., & Wacker, L. (2020). 
SHCal20 SOUTHERN HEMISPHERE CALIBRATION, 0 55,000 YEARS CAL BP. Radiocarbon, 
62(4), 759 778. https://doi.org/10.1017/RDC.2020.59 
  
Hua, Q., Turnbull, J.C., Santos, G.M., Rakowski, A.Z., Ancapichún, S., De Pol-Holz, R., Hammer, S., 
Lehman, S.J., Levin, I., Miller, J.B. and Palmer, J.G., 2021. Atmospheric radiocarbon for the period 
1950 2019. Radiocarbon, pp.1-23. 
 
Heaton, T.J., Köhler, P., Butzin, M., Bard, E., Reimer, R.W., Austin, W.E., Ramsey, C.B., Grootes, 
P.M., Hughen, K.A., Kromer, B. and Reimer, P.J., 2020. Marine20 the marine radiocarbon age 
calibration curve (0 55,000 cal BP). Radiocarbon, 62(4), pp.779-820 
 
Radiocarbon measurements are always reported in terms of years `before present' (BP). This figure 
is directly based on the proportion of radiocarbon found in the sample. It is calculated on the 
assumption that the atmospheric radiocarbon concentration has always been the same as it was in 
1950 and that the half-life of radiocarbon is 5568 years. For this purpose,  refers to 1950. 
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Appendix: 
 
 

UNSW 
Laboratory 

Code 
Sample Label 

Marine20 Calibration             
Age (14C yr BP)  

Marine Reservoir 
Corrected 

Age (14C yr BP) 

UNSW-1910 DUX_12A 326-461 414-549 

UNSW-1911 DUX_12B 311-445 399-533 

UNSW-1912 DUX_13 900-1045 988-1133 

UNSW-1913 DUX_20   

UNSW-1914 DUX_22A 2346-2533 2434-2621 

UNSW-1915 DUX_22B 685-828 773-916 

UNSW-1916 DUX_23   

UNSW-1917 DUX_24   

UNSW-1918 DUX_25A   

UNSW-1919 DUX_25B   

UNSW-1920 DUX_26   

UNSW-1921 DUX_28   

UNSW-1922 DUX_29 136-Modern 224-Modern 

UNSW-1923 DUX_30   

UNSW-1924 DUX_31 328-511 416-599 

UNSW-1925 DUX_32A 123-279 211-367 

UNSW-1926 DUX_32B 32-198 120-286 

UNSW-1927 DUX_33   

  
Table 2: Calibrated Radiocarbon Analysis.  Marine20 Calibration Age (14C yr BP) is the calibration of 
F14C measurements and provides a calibrated estimate which utilizes the Marine20 calibration curve 
(Heaton et al. 2020). Marine Reservoir Corrected Age (14C yr BP) is a correction of the Marine20 
Calibration Age and provides a calibrated estimate with a local marine reservoir correction ( ) which 
utilizes a weighted mean from the Marine Reservoir Correction database. Radiocarbon 
measurements are always reported (14C yr BP) and `before present' (BP) refers to 1950. 
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Map 
No. 

Lon. Lat. R  Err Reference Locality 

1691 113.8350 -28.6820 -86 30 Peter Squire, 2013 East Indian Ocean 

1578 122.1760 -17.9730 -89 30 O'Connor, S; 2010 Gantheaume Point 

1576 122.2830 -18.0860 -84 35 O'Connor, S; 2010 Roebuck Bay 
392 122.2300 -17.9700 -43 78 Bowman, G M,1985 Broome, WA 
393 122.2300 -17.9700 -137 78 Bowman, G M,1985 Broome, WA 
394 122.2300 -17.9700 -141 109 Bowman, G M,1985 Broome, WA 
396 122.2300 -17.9700 -145 119 Bowman, G M,1985 Broome, WA 
397 122.2300 -17.9700 -194 119 Bowman, G M,1985 Broome, WA 
398 122.2300 -17.9700 -40 78 Bowman, G M,1985 Broome, WA 
1575 122.2360 -17.9620 -84 30 O'Connor, S; 2010 Broome 

       

 -88 23 
 
 

 

 
Table 3:  A collection of 10 locations from the Marine Reservoir Correction database in proximity of 
the samples being reported and a weighted mean Marine Reservoir Correction ( ) intended for use 
with the radiocarbon calibration program OxCal (Bronk Ramsey, 1995) using the marine calibration 
dataset.  (Reimer PJ, Reimer RW, 2001. A marine reservoir correction database and on-line interface. 
Radiocarbon 43:461-3.) 
 
 

Radiocarbon ages of samples formed in the ocean, such as shells, fish, marine mammals etc., are 
generally several hundred years older than their terrestrial counterparts. This apparent age difference 
is due to the large carbon reservoir of the oceans. A correction is necessary to compare marine and 
terrestrial samples, but because of complexities in ocean circulation the actual correction varies with 
location. This regional difference from the average global marine reservoir correction is designated 

Stuiver and Braziunas, 1993). As 
given region and is calculated from the difference in 14C years of known age marine samples and the 
marine model age for that calendar age.  

 from the difference in the 14C age of known-age, pre-nuclear marine 
samples and the 2004 marine calibration dataset (Reimer et al., 2004), which is identical to the 2009 
marine calibration dataset during the Holocene. Samples from depths greater than 75 m were not 
included in the database, because the marine model ages in the marine calibration dataset are only 
valid for the surface mixed layer. In cases where the 14C measurements were originally reported as 

14 14C, or pMC values, we recalculated the conventional 14C age, correcting for isotopic 
fractionation if that had not been done previously. 

Local Marine Reservoir Correction ( ): Depending on the age of the marine carbonate, a 200- to 
500-year correction (i.e. global marine reservoir correction) is applied automatically for all marine 
carbonates. This automatic correction means the radiocarbon date gets more recent in time because 
it takes 200-500 years for present-day carbon dioxide in the atmosphere to be incorporated and 
distributed (equilibrated) through the ocean water column. A  correction is applied to the sample 
that has already been corrected with the global marine reservoir correction. Note: A negative  will 
make the date older (typically presuming freshwater dilution from the global marine average). 
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