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EXECUTIVE SUMMARY 

Background 

The NSW Roads and Maritime Services (RMS) is replacing Windsor Bridge, Windsor, NSW. The re-

development includes replacement of the existing Windsor Bridge, with a new structure and various 

modifications to the approaches and surrounds of the river crossing. The project has been assessed 

under Part 5.1 of the Environmental Planning and Assessment Act 1979 (State Significant 

Infrastructure), and was approved in late 2013 (SSI_4951). Construction began on the project in mid-

2018. RMS has engaged AAJV (a joint venture of Austral Archaeology and Extent Heritage (formerly 

AHMS)) to undertake archaeological investigation and provide heritage management services to RMS 

during the Windsor Bridge Replacement Project (WBRP). 

The Minister's Conditions of Approval (MCoA) for the WBRP require a range of geomorphological, 

Aboriginal heritage, historical and maritime archaeological investigations for the southern (condition B3) 

and northern (condition B4) banks of the Hawkesbury River and in the river itself (Table 1). These 

investigations were undertaken in 2016 (AAJV, 2017a, 2017b, Cosmos Archaeology, 2017). Following 

these investigations, a component of Condition B3 required the development of a detailed salvage 

strategy (AAJV, 2017c) to outline further archaeological works required to avoid, minimise and/or 

mitigate the cultural resource. This document was developed in August 2017 and recommended the 

need for additional Aboriginal archaeological (salvage) excavations of a series of deposits within the 

lower Thompson Square park (broadly identified as WBRP PAD (#45-5-3581)).  

This report has been developed to document these salvage excavations, and to fulfil the reporting 

requirements of MCoA Condition C5.  

Key Findings 

The original program included the careful manual excavation of 150m2 within the study area (lower 

Thompson Square park) in two large open areas. However, following initial removal of modern 

overburden and later 19th Century historical deposits, it became clear that large parts of the study area 

had been subjected to extensive modification – and resulted in the removal, reworking and/or loss of 

Aboriginal cultural material. These unexpected disturbances where, in part, due to the installation of an 

early colonial drainage system that was too deep (>4m below 2016 surface) to have been found during 

the test excavation; and that re-used sediment from the natural soil profile shortly after its construction, 

thereby minimising evidence of the activity and making it hard to determine in situ from re-worked 

deposits until large areas had been cleared. This feature ultimately cut a trench of 5-11m through the 

areas proposed salvage excavation. 

These initial findings resulted in the archaeological salvage excavation only those areas where in situ 

pre-colonial soil profiles were identified. These consisted of three disparate areas of the site situated 

on either side of the colonial drainage system (and identified as the eastern and western salvage areas), 

and a further area on the highest point of the study area at the junction of Bridge Street and Old Bridge 

Street (identified as the southern salvage area) (Figure 14); and totalling some 59m2. A fourth area, 

effectively a continuation of the western salvage area, and identified as the western expansion salvage 

area, encompassing areas adjacent Bridge Street, was subsequently undertaken; and ultimately 

achieving excavation of 95 m2 of the deposit. Within these four areas, a pre-colonial soil profile in various 

condition (Figure 15) was observed, with the western and western expansion salvage having a 

relatively undisturbed 1m deep soil profile, while the eastern and southern salvage areas exhibited 

significant truncation (some 50cm and 40cm deep, respectively). In addition, the excavations extended 

into, and investigated, the culturally sterile sand units underlying the study area.  

The excavations recovered some 3,267 stone artefacts from a mixture of fluvial, alluvial and aeolian 

deposits, dating from ~30ka to the early colonial (0.25ka) period. This assemblage could be divided into 

three main phases of visitation and occupation at ~27-19ka, 13-8.5ka, and 5-0ka, which align with major 



climatic changes in the past – including the LGM, Meltwater Pulse 1a (and associated coastal 

inundation), and El Niño Southern Oscillation, respectively. A range of OSL ages, and other 

paleoenvironmental data was also collected to provide information on both the climatic change, and 

Aboriginal activities within the study area during these times. Along with other nearby sites of great 

antiquity, they indicate that the river corridor likely formed an ecological refuge within which Aboriginal 

people visited, lived and/or exploited during these periods of climatic disruption. The artefactual 

assemblage was dominated by IMTC raw materials, suggest an exploitation of nearby river gravels, 

and was characterised by rudimentary flaking technology. Comparison with assemblages at Pitt Town 

show numerous similarities, including close correlation of mobility – and suggesting the sites are 

connected either through the same land use strategy and/or discrete populations in communication with 

each other. Of note, and for future investigation, was the general consistency in technological attributes 

of the assemblage, indicative of similar hunter-gatherer behaviour and use, throughout the LGM, LGIT 

and early Holocene, despite very differing climatic conditions over this time. Along with other sites along 

the river corridor, the region appeared to have formed less of a foci for Aboriginal populations compared 

with earlier phases, possibly reflecting a diffusion of people across the more marginal landscape, such 

as the Cumberland Plain in line with increasing populations at this time. Although this must be caveated 

by the unstratified recovery of a significant assemblage from the earlier colonial deposits.  

We also provide data here on a further 968 artefacts recovered as part of the European and maritime 

heritage investigations on site. Of note, was the careful recovery of 148 artefacts from the deposits 

adjacent the southern riverbank beneath the current water surface. While much of these cultural 

materials are likely eroded into the river from Thompson Square in the colonial period, both the methods 

used to recover this assemblage and its presence within a highly active river system provides a range 

of future opportunities for this type of investigation along other parts of the Hawkesbury-Nepean River.  

In addition to the archaeological excavations, some 300m3 of the colonial drainage system trench fill 

material was also recovered and sieved for cultural material (since the trench fill consisted of re-worked 

pre-colonial soil profiles likely from the study area). Some 14,777 stone artefacts were recovered from 

these deposits, dominated by silcrete raw materials, and likely reflecting activity primarily in the last 

5,000 years. On face value, these numbers suggest a seven-fold increase in artefacts compared with 

the earlier phases of site use, however, the larger volume of sediment recovered from the drainage 

system must be taken into account (i.e. ~5 times the volume of sediment than that of the salvage 

excavations). When comparing the two phases as artefacts/m2, it suggests more likely a two-fold 

increase in artefacts (35/m2 versus ~73/m2) – a finding which agrees with the broader models of 

increasing populations at this time.  

A significance assessment of the cultural deposits recovered (and those still present in other parts of 

the project area) show that they are of high (State) scientific significance, representing one of only a 

handful of examples of a Pleistocene ecological refuge used by Aboriginal people in the past, and 

having ongoing research potential. This classification is in part the result of the archaeological work that 

has undertaken detailed investigation and characterisation of the deposit – including developing one of 

the strongest chronological frameworks for an archaeological site in the Sydney Basin. Input from the 

Aboriginal community has yet to be formally obtained, but consistently archaeological sites along the 

Hawkesbury-Nepean River corridor are assigned high cultural values.   

Recommendations 

Based on the findings of this report, the following recommendations are made:  

• In consultation with the RAPs, the cultural assemblage recovered should be lodged at a 

suitable repository, such as the Australian Museum or Windsor Museum, for long term 

curation. Given the high significance of the assemblage and potential for a range of 

educational opportunities and future research outputs, re-burial of the assemblage is not 

recommended.  



• The findings of this report should be integrated into pertinent management documents 

required as part of the project.  

• The findings of this report should be integrated into the Interpretation Plan to ensure 

representation of the extensive past Aboriginal visitation and activity within the project area is 

appropriately expressed following the completion of the project.  

• Consultation with the Registered Aboriginal Parties should continue throughout the project.  

This will allow stakeholders to continue to have an involvement in the ongoing and future 

management and interpretation of the Aboriginal cultural heritage issues of the project. 

• The recommended mitigation measures are based on the analysis of the potential impacts as 

presented in the Detailed Salvage Strategy (AAJV, 2017c). In the event that development or 

construction activities are required beyond those identified impact corridor, development of 

appropriate Aboriginal heritage assessment, management and (where required) mitigation 

measures must be implemented prior to construction/development beginning/resuming.  

• This report only presents the archaeological works, analysis and findings of mitigation 

measures required within the impact corridor (as recommended in the Detailed Salvage 

Strategy (AAJV, 2017c)). The proponent needs to ensure that any remaining mitigation 

measures in the Detailed Salvage Strategy, notably landscape monitoring and activities in 

other parts of Thompson Square, are implemented when required.  

• Appropriate Aboriginal Site Recording Forms and Aboriginal Site Impact Recording Form/s 

must be prepared and submitted to the AHIMS Registrar to outline the findings of the 

archaeological excavations within the project area.  

• A copy of this assessment should be provided to the Registered Aboriginal Parties to review 

and provide comment on the findings, significance, and recommendations prior to the 

finalisation of the report. 

• A copy of this report should be provided to Hawkesbury City Council as the ongoing managers 

of the Thompson Square precinct, to inform their future management of Aboriginal cultural 

heritage and values in the area.   

• Once finalised, a copy of this report should be submitted to OEH AHIMS report library, and 

posted on the RMS project website.  
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1 INTRODUCTION 

1.1 Background and Context 

The NSW Roads and Maritime Services (RMS) is replacing Windsor Bridge, Windsor, NSW. The re-

development includes replacement of the existing Windsor Bridge, with a new structure and various 

modifications to the approaches and surrounds of the river crossing. The project has been assessed 

under Part 5.1 of the Environmental Planning and Assessment Act 1979 (State Significant 

Infrastructure), and was approved in late 2013 (SSI_4951). Construction began on the project in mid-

2018. RMS has engaged AAJV (a joint venture of Austral Archaeology and Extent Heritage (formerly 

AHMS)) to undertake archaeological investigation and provide heritage management services to RMS 

during the Windsor Bridge Replacement Project (WBRP). 

The Minister's Conditions of Approval (MCoA) for the WBRP require a range of geomorphological, 

Aboriginal heritage, historical and maritime archaeological investigations for the southern (condition B3) 

and northern (condition B4) banks of the Hawkesbury River and in the river itself (Table 1). These 

investigations were undertaken in 2016 (AAJV, 2017a, 2017b, Cosmos Archaeology, 2017). Following 

these investigations, a component of Condition B3 required the development of a detailed salvage 

strategy (AAJV, 2017c) to outline further archaeological works required to avoid, minimise and/or 

mitigate the cultural resource. This document was developed in August 2017 and recommended the 

need for additional Aboriginal archaeological (salvage) excavations of a series of deposits within the 

lower Thompson Square park (broadly identified as WBRP PAD (#45-5-3581)).  

In response to the Detailed Salvage Strategy’s recommendations, AAJV has been engaged by RMS to 

undertake further Aboriginal archaeological (salvage) excavation in advance of the bridge replacement. 

The archaeological investigations were undertaken in accordance with the Detailed Salvage Strategy 

for Aboriginal and Historical Archaeological Heritage (AAJV, 2017c) (hereafter ‘DSS’), the pertinent 

sections of which are reproduced in Section 4.  

This document presents the findings of the archaeological salvage program that was implemented to 

mitigate the impact of the development upon cultural material identified in the earlier investigative 

phases. The works included the careful recovery of all in situ (and considerable ex-situ) cultural material 

identified within the impact corridor, along with detailed analysis of these finds to provide information 

about the past use and occupation of the area. It further considers the geomorphological sand body 

units within the impact corridor, and within which the cultural material was often recovered. Finally, it 

provides recommendations about the future documentation and management of the cultural material 

recovered.  

The Aboriginal archaeological excavation findings outlined in this document is a companion document 

to the historical and maritime works also dictated in the DSS. Collectively, these works seek to provide 

an integrated and holistic approach to the identification, assessment and management of the cultural 

values within the WBRP project area.  
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Table 1. Minister’s Conditions of Approval for SSI_4951, and how this report addresses them. 

Condition Location in this Report 

B3. The results of the Archaeological Investigation Program are to be detailed 
in a Historic Archaeological Report and a Detailed Salvage Strategy 
comprising the non-Aboriginal and Aboriginal heritage findings. These are to 
be prepared in consultation with the OEH (Heritage Branch and Aboriginal 
heritage) and to the satisfaction of the Director-General, and shall include, but 
not necessarily be limited to: 

This report provides the 

findings of the work 

stemming from the Detailed 

Salvage Strategy for 

Aboriginal archaeological 

heritage.  

a) detailed recommendations for further archaeological work 
- 

b) consideration of measures to avoid or minimise disturbance to 
archaeology sites, where archaeology of historical and Aboriginal 
heritage archaeological significance are found to be present 

- 

c) where impacts cannot be avoided by construction of the SSI, 
recommend actions to salvage and interpret salvaged sites, conduct 
further research and archival recording of the historic heritage and 
Aboriginal heritage value of each site, and to enhance and preserve 
the archaeology of historical non-Aboriginal and Aboriginal heritage 
significance 

This report addresses the 

Aboriginal heritage 

requirements of this part of 

the condition 

d) consideration of providing visual evidence of heritage sites within the 
final landscape design of the SSI to preserve and acknowledge the 
heritage value of the Thompson Square Conservation Area and the 
site 

- 

e) management and mitigation measures to minimise impacts due to 
preconstruction and construction activities 

 

- 

C5. Within 12 months of completing the work required under conditions B3 
and B4, the Applicant shall, in consultation with the NSW Heritage Council, the 
OEH (Aboriginal heritage) and to the satisfaction of the Director-General, 
prepare and submit a further report containing:  
 

This report addresses the 

Aboriginal heritage 

components of this 

condition. 

a) an executive summary of the archaeological programme;  
Executive summary  

b) the findings of the excavations, including detailed artefact analysis for 
non-Aboriginal and Aboriginal heritage;  Sections 5 and 6 and 

Appendices 1-11 

c) the identification of a final repository for finds of non-Aboriginal 
heritage significance;  N/A 

d) artefact analysis and Aboriginal Site lmpact Recording Forms (ASIR), 
and the identification of final storage location for all Aboriginal objects 
recovered (testing and salvage), prepared in consultation with the 
Aboriginal stakeholders, the OEH (Aboriginal heritage) and to the 
satisfaction of the Director-General.  

 

Section 7 and Appendix 13. 

e) detailed information on the excavation including the aim, the context 
for the excavation, procedures, treatment of artefacts (cleaning, 
conserving, sorting, cataloguing, labelling, scale photographs and/or 
drawings, location of repository) and analysis of the information 
retrieved;  

 

Sections 4 – 6 and 

Appendices 1-11  
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Condition Location in this Report 

f) nominated repository for the items, which has agreed to take the 
items;  Section 7 

g) conclusions from the archaeological programme. This information 
must include a reassessment of the site's heritage significance 
comprising non-Aboriginal and Aboriginal heritage, statement(s) on 
how archaeological investigations at this site have contributed to the 
community's understanding of the Site and other NSW Comparative 
Site Types and recommendations for the future management of the 
site/s; 

Sections 6 and 7 (Aboriginal 

heritage only) 

h) details of how this information about the excavations have been 
publicly disseminated (for example, include copies of press releases, 
public brochures and information signs produced to explain the 
archaeological significance of the sites). 

Section 7  

 

1.2  Location 

The WBRP project area is located at Windsor, within the Hawkesbury Local Government Area (LGA), 

approximately 57 kilometres north-west of Sydney. The town is situated on the southern bank of the 

Hawkesbury River, close to the foothills of the Blue Mountains. 

The WBRP project area incorporates the existing and proposed replacement bridge sites and 

associated road works. It extends from the intersection of Freemans Reach Road and Wilberforce Road 

in the north to the intersection of Bridge Street and Macquarie Street in the south of the township (Figure 

1). 

For the purposes of the report, all works were undertaken in the lower Thompson Square park (hereafter 

‘study area’), which is encompassed by Bridge Street to the west, Old Bridge Street to the east, and the 

river to the north (Figure 2). Operationally, this area is referred to as ‘Area 1’ in some documentation.  

 

1.3 Authors 

Dr. Alan Williams FSA MAACAI, Aboriginal Heritage Team Leader wrote this report, with assistance 

from Laressa Barry, Senior Heritage Advisor, and Tom Sapienza, Heritage Advisor, and Rebekah 

Hawkins and Cameron Neal, Research Assistants. Specialist studies and/or analysis were provided by 

Dr. Phil Toms (University of Gloucestershire), Dr. Patrick Moss (University of Queensland), Dr. Patricia 

Gadd (ANTSO), and Dr. Trudy Doelman (University of Sydney).  

The report was reviewed for quality assurance by Dr. MacLaren North MICOMOS, Managing Director 

of Extent Heritage Pty Ltd and Justin McCarthy, Director of Austral Archaeology Pty Ltd.  
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Figure 1. Map of the WBRP project area. 
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Figure 2. The study area, also known as ‘Area 1’, in which the archaeological salvage excavation was undertaken. Minor works were also 

undertaken in Area 3, which is presented in some subsequent figures, and encompasses a portion of George Road to the southeast of this figure. 
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2 ABORIGINAL CONSULTATION 

Aboriginal consultation is being undertaken for the WBRP project in accordance with OEH’s (2010) 

Aboriginal Cultural Heritage Consultation Requirements for Proponents and RMS’ (2011) Procedures 

for Aboriginal Cultural Heritage Consultation and Investigation. The primary purpose of the consultation 

work is to identify and document the cultural values the WBRP area has to the Aboriginal community 

so that those values can be considered in development of future management and impact mitigation 

measures in the Strategic Conservation Management Plan (SCMP).  

In terms of these excavations, consultation has been ongoing since early 2016, including regular 

distribution of documentation and focus group meetings. Currently, consultation is being undertaken 

with the Aboriginal stakeholders and organisations involved in earlier stages of the project, and 

including:  

• Deerubbin LALC.  

• Darug Custodian Aboriginal Corporation.  

• Darug Aboriginal Cultural Heritage Assessments.  

• Darug Land Observations.  

• Darug Tribal Aboriginal Corporation.  

• Tocomwall Cultural Heritage Consultants (formerly Yarrawalk).  

• Darug Aboriginal Landcare Inc. 

• Gunjeewong Cultural Heritage Aboriginal Corporation.  

The DSS was presented to an RMS Aboriginal Focus Group on 15 June 2017. Written feedback was 

primarily related to a desire by the Registered Aboriginal Parties to participate in the salvage fieldwork.  

With specific reference to the archaeological salvage excavations, Aboriginal stakeholders participated 

in the field program. Specifically, up to seven representatives participated each day of the ~17 week 

field program, which ran between 22 November – 12 December 2017 and 8 January – 19 February 

2018, 17 September – 8 October 2018, and on 16 April and 15 May 2019. Activities included manual 

excavation and wet-sieving, along with a range of other archaeological activities through the program. 

Frequent and ongoing discussion was undertaken with the Aboriginal stakeholders throughout the field 

program in relation to any excavation changes, cultural material findings, and significance, as the work 

progressed.  

Aboriginal participation is proposed to continue through AFG meetings and workshops being 

undertaken by the AAJV to identify cultural values specific to the WBRP and local area. Any feedback 

will be documented in a consultation log that would be included in the SCMP, and discussed in the main 

report, with appropriate changes/recommendations made. In addition, further formal exhibition will be 

undertaken once the final SCMP has been developed. 

Additionally, beyond the scope of this report, Aboriginal stakeholders will be involved in the development 

of the interpretation plan for the site, along with broader inclusion of the wider Aboriginal community.  
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3 THE 2016 TEST EXCAVATIONS 

3.1 Key Findings 

• Overall, the test excavations revealed 10 discrete sedimentary (or geomorphological) 

layers across the northern and southern project areas. Throughout these layers some 

1,434 stone artefacts were recovered - 23 from the northern, and the remainder from the 

southern project area. The depth of the artefacts was variable, but often deep, ranging 

between 120-240cm below current surface in the northern project area, and 70-210cm 

below current surface in the southern project area. From these data, four distinct 

archaeological landscapes were developed to describe the past Aboriginal occupation and 

activity of the project area.  

• Of note was the presence of a source-bordering dune deposit in the lower parts of 

Thompson Square. This landscape was composed of two different layers of sand, formed 

by both river and wind processes over at least the last 82,000 years. The majority of the 

Aboriginal stone artefacts (n=995) within the southern project area were recovered from 

these layers. Compositionally, the artefacts could be divided into three different periods of 

visitation and/or occupation of the project area, at 27-17,000 years ago, 7-5,000 years ago 

and early post-European settlement (AD1794-1830s). The majority of the Aboriginal stone 

artefacts date to between 27-17,000 years ago, and provides some of the earliest evidence 

of populations in the Sydney basin, and importantly through a major climatic downturn – 

the Last Glacial Maximum1 - which saw the abandonment of extensive parts of mainland 

Australia as they became less habitable. A number of glass artefacts (n=3) were also found 

in the upper parts of the deposit and demonstrate post-contact interactions between 

Aboriginal people and early European settlers. Other historical material found in 

association, and past records of Windsor suggest that the artefacts likely date to between 

1794 and the 1830s. 

• Overall, the investigations found nine test pits of very high or high (regional/State) 

significance based on their research potential and deposit of ancient deposits, three of 

moderate significance, and 34 of low or very low significance. All those identified as of high 

or very high value were situated within the source-bordering dune archaeological 

landscape. The identification of these areas as of high or very high value was based on 

the significant age and integrity of the cultural deposit, and its ability to provide information 

on the behaviour, mobility and populations of Aboriginal people during the earliest 

occupation and visitation of the southeast Australia, and through the Last Glacial Maximum 

(24-18ka) - a significant climatic period of drying and cooling. These deposits also 

contained glass artefacts, and demonstrate post-contact interactions between Aboriginal 

people and early European settlers, and thereby meeting historical significance thresholds.  

• A review of the proposed development design indicated that impacts would occur to all 

four archaeological landscapes present within the project area. Of the four archaeological 

landscapes, all will be subject to impact, varying from 24 to 38% of the deposits within the 

project area. Of these, the most significant (source-bordering dune) will be subject to some 

1,417m2 (or ~22.5% of the identified deposit within the project area) when considering the 

direct impact corridor of the road, and adding a 4m buffer to address ancillary activities. A 

 

1 The Last Glacial Maximum is a well-documented global event dating to between 24-18,000 years ago. This was the height of 

the last glacial period, and saw extremely cold and arid conditions across much of Australia.  
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management strategy and recommendations to address these impacts included 

archaeological salvage of 149 m2 of the source-bordering dune (equivalent to ~10% of this 

deposit within the impact corridor) within the lower Thompson Square park (see Section 

4).  

 

3.2 Investigation of the Project Area 

In 2016, the investigative phase of the project (AAJV, 2017a) consisted of a systematic grid of machine 

dug test pits across the project area to identify and recover any evidence of past Aboriginal activity, and 

map the sedimentary layers within which they were found.  

Across the project area, excavations consisted of 46 test pits, totalling 102m2, and ranging in depths 

from <30cm to >4.9m below current land-surface (x̄ = 2.13m) (Figure 3). Test pits were dug by 

mechanical excavator in discrete 5, 10 or 20cm intervals (spits). The sediment from each interval was 

wet-sieved through a 3 or 5mm mesh to recover Aboriginal cultural materials (primarily stone artefacts). 

From a logistical perspective, these excavations consisted of 774 spits2, and investigated some 220 

tonnes of sediment.  

The excavations identified 10 discrete stratigraphic units across the project area (Figures 4-6), which 

included residual soil profiles, alluvial, fluvial and wind-blown deposits. These stratigraphic units remain 

pertinent to the salvage excavation findings and are reproduced with necessary corrections in Section 

5.3. Of note for the purpose of this section was the identification of alluvial and aeolian (wind-blown) 

sand units (stratigraphic units 3 and 4 in Figures 4-6; Plates 1 and 2) that likely dated to ~>82ka and 

≤27-5ka, respectively, and within which the majority of the cultural assemblage was recovered. Particle 

size analysis of a selection of the test pits corroborated these field observations, indicating that the 

lower parts of the sand body (stratigraphic units 4 and 8), contained a parent material dominated by 

fine to very coarse sand and indicative of a fluvial or alluvial method of deposition. While the upper part 

of the sand body shows increasing fine components of clay, silt and fine sand, and suggests deposition 

or reworking of the deposit more likely occurred through aeolian processes – a finding similar to the 

previous works at Pitt Town, which found windier conditions in the Last Glacial Maximum led to re-

working of the upper portion of the (primarily alluvial) deposit (Williams et al., 2012, 2014).  

A comprehensive suite of OSL ages (n=11) was undertaken for the investigation to develop a robust 

chronology. These indicated that the underlying coarse sand alluvium dated to the last Interglacial 

(Marine Isotope Stage (MIS) 5), and provided a useful benchmark for the formation history of several 

of the deposits. Three of the OSL ages (GL161115, GL16118, and GL16054) suggested that the main 

culturally bearing deposit formed throughout the last Glacial (MIS 2-4), and especially during the Last 

Glacial Maximum (LGM). The ages strongly suggest that visitation of the region was occurring primarily 

between ~30 - 17ka. Various OSL ages near the surface of the test pits generally returned ages from 

the mid-Holocene (5-10ka) and/or colonial era, and suggested a mixture of stratigraphic disconformities 

and/or truncation in the upper parts of the soil profile.  

Overall, 1,434 artefacts were recovered, of which 1,347 have cultural modification, with the remaining 

87 including manuports and/or heat shattered stone fragments.3 Of these, 23 artefacts were recovered 

 
2 Due to the upper soil profile generally being composed of historical and/or modern fill materials, these were usually removed by 

the historical archaeologist. This resulted in 440 spits being recovered and investigated for cultural materials as part of the 

Aboriginal archaeological program. 

3 These items are highly likely to be of cultural origin given their raw material composition, and proximity to other archaeological 

materials. However, since they exhibit no specific diagnostic features of modification, they are not included in artefact counts 
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from the northern project area, specifically from NA 1 (n=1), NA 5 (n=1), NA 6 (n=14), NA7 (n=3), and 

NA 8 (n=4), providing an average artefact density of 0.81/m2 or 0.0005/kg of sediment sieved. These 

artefacts were recovered primarily from a single stratigraphic unit (9 in Figure 7) between depths of 

120-240cm below surface (~8.8 – 7.6 m AHD). The remaining 1,324 artefacts were recovered from the 

southern project area, equating to 18.26/m2 or 0.0325/kg of sediment sieved. These were primarily 

recovered (n=995/75% equating to 56 lithics/m2 or 0.05 lihics/kg) from two stratigraphic units (3 and 4 

in Figures 7 and 8) that extended across the undeveloped park areas either side of Bridge Street. The 

cultural assemblage was dominated by indurated mudstone/tuff/chert (IMTC), fine grained siliceous 

(FGS), quartzite and volcanic raw materials (n=992/74.5%). The remaining assemblage was composed 

of various silcrete and quartz raw materials (n=347/26.6%) that were primarily recovered from a peak 

in artefacts in a portion of the deposit considered of mid to late Holocene age (in test pit SA 11). The 

cultural assemblage contained a diverse composition of artefacts and tools, and strongly suggests that 

the locale was used for extended and/or repeated occupation in the past. Artefacts produced were 

relatively rudimentary and consisted of large unmodified flakes and pebble-tools, likely used for a range 

of hunting and plant working activities. While artefacts with cortex were not prevalent (<40%), where 

present they suggest exploitation of large cobbles from the Hawkesbury River. The presence of a 

number of river cobbles upslope, however, suggests that some were being brought upslope perhaps to 

apply heating methods, use as hearth stones, and/or anvils as part of the hunter-gatherer’s repertoire. 

Relative mobility of these populations (determined through characteristics of the assemblage) 

suggested that they were highly mobile in the early onset of the LGM, before becoming increasing tied 

to the river corridor during its peak (22-18ka).  

In addition to the Pleistocene assemblage, of note was the recovery of three probable glass artefacts. 

Based on other historical material found in association with these objects, it can be determined that the 

glass artefact in dated between AD1794-1880 and AD1835-1859 (spit 22) – cumulatively providing a 

likely date around AD1820-1860. Since documented Aboriginal occupation and activity within the main 

township of Windsor (but not the broader region) largely ceased by ~AD1837 (Walker, 1890), it 

suggested that most of these artefacts date to the earliest settlement and formation of Windsor, between 

~AD 1794 and 1836. It is also highlighted that there are references to a number of corroborees being 

held in Thompson Square in the 1830s (Walker, 1890), and from which these artefacts may have been 

deposited. 

From the above data, four distinct archaeological landscapes were developed to describe the past 

Aboriginal occupation and activity of the project area (Figure 9):  

• Ridgeline – extending across George Street, southern edge of Thompson Square, Macquarie 

Street, and parts of Old Bridge Street. This landscape reveals a disparate shallow soil profile, 

often beneath historical overburden. Much of this landscape has been heavily affected by 

modern and historical activities, with only pockets of soil profile (and any associated stone 

artefacts) being present across the landscape. The deposit contained discrete concentrations 

of Aboriginal stone artefacts up to 50/m2, which compositionally appeared to represent a 

mixture of several different phases of use over the last 30,000 years.  

• Source-Bordering Dune – extending across upper and lower Thompson Square, with 

truncated and/or discrete patches of the deposit in The Terrace, Old Bridge Street, and 

George Street. This landscape was composed of two different layers of sand, formed by both 

river and wind processes over at least the last 82,000 years. The majority of the Aboriginal 

stone artefacts (n=995) with the southern project area were recovered from these layers. 

Compositionally, the artefacts could be divided into three different periods of visitation and/or 

occupation of the project area, at 27-17,000 years ago, 7-5,000 years ago and early post-

European settlement (AD1794-1830s). The majority of the Aboriginal stone artefacts dates to 

 
presented in this section. Since many of these reflect river cobbles from the river below the site, it is considered unlikely that they 

have reached the site through other natural processes. 
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between 27-17,000 years ago, and provides some of the earliest evidence of populations in 

the Sydney basin, and importantly thought a major climatic downturn – the Last Glacial 

Maximum - which saw the abandonment of extensive tracts of Australia. (Therefore finding 

areas where Aboriginal populations survived and lived through this period are relatively rare). 

A number of glass artefacts (n=3) were also found in the upper parts of the deposit and 

demonstrate post-contact interactions between Aboriginal people and early European 

settlers. Other historical material found in association, and past records of Windsor suggest 

that the artefacts likely date to between AD1794 and the 1830s.  

• River’s Edge Alluvium –encompassing the entire northern project area, and the lower areas 

of the southern project area, including The Terrace, the wharf area and surrounding carpark. 

This landscape consisted of thick dark brown sand and clay, and was likely formed through 

low-energy deposition and accretion by the Hawkesbury River, probably in the last 6,500 

years, if not much more recently. Aboriginal stone artefacts are found throughout the deposit 

in low numbers (<5/m2), with many of them potentially re-deposited, re-distributed and/or re-

worked either naturally or via human processes from other nearby archaeological landscapes.    

• River’s Edge – Reclaimed/Introduced Fill – disparate pockets of introduced and/or modified 

natural deposits used to in-fill and landscape areas primarily along the southern bank of the 

Hawkesbury River. Aboriginal stone artefacts are found throughout the deposit in low 

numbers (<5/m2), with many of them potentially re-worked either naturally or via human 

processes from other nearby archaeological landscapes.    

The source-bordering dune landscape was considered to be the most significant of these landscapes 

(Figure 10), and formed the focus of further consideration. Specifically, the Statement of Significance 

indicated that:  

Overall, the assessment found nine test pits of very high or high (State) significance, three of 

moderate significance, and 34 of low or very low significance. All those identified as of high 

or very high value were situated within the source-bordering dune archaeological landscape. 

The identification of these areas as of high or very high value was based on the significant 

age and integrity of the cultural deposit, and its ability to provide information on the behaviour, 

mobility and populations of Aboriginal people during the initial colonisation of the southeast 

Australia, and through the Last Glacial Maximum (27-18ka) - a significant climatic period of 

drying and cooling. These deposits also contained probable glass artefacts, and demonstrate 

post-contact interactions between Aboriginal people and early European settlers, and thereby 

meeting historical significance thresholds.  

An interpolation of the sand body unit was developed (Figure 11), and indicated that the project area 

encompassed some 6,272 m2 of the deposit. Of this, some 2,367m2 or around 38% of the deposit was 

likely to be impacted by the proposed construction activities. For this reason, a program of mitigation 

measures, notably salvage excavation, was recommended (see Section 4.2). While other parts of the 

archaeological landscaped were also likely to be affected, their significance was considered much less, 

and no further archaeological works were proposed.  
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Plate 1.  SA 28, looking north. Beneath a thick layer of overburden was coarse to medium 

sand fluvial deposit (evident here as the lowest metre of the test pit). This consisted of two 

different colours, a strong brown at the top, and a reddish yellow at the base.  

 

Plate 2.  SA 11, looking north. SA 11 contained one of the most extensive portions of the 

sand sheet deposit, encompassing most of the section shown here. The underlying fluvial sands 

(4 in Figures 3-5) are present in the bottom 10cm of the test pit. 
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Figure 3. The proposed and actual test pit locations for the southern project area.  
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Figure 4. Summary of the stratigraphy identified within test pits NA 1 -8. 
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Figure 5. Summary of the stratigraphy identified within test pits SA 1-20. The river is located to the north (left) of this figure, with the horizontal distance presented encompassing about 120m.  
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Figure 6. Summary of the stratigraphy identified within test pits SA 21-38. The river is located to the north (right) of this figure, with the horizontal distance presented encompassing about 100m.  
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Figure 7. Summary of the cultural assemblage in key test pits in the southern project area. The river is located to the north (left) of this figure.  
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Figure 8. Map showing test pit locations and artefact densities/m2 recovered from the archaeological test excavations.  
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Figure 9. Map summarising the archaeological landscapes (discussed in Section 6) across the project area. Note the source-bordering dune 

includes an underlying culturally sterile layer that makes it appearance here larger than Figure 11. 
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Figure 10: Archaeological significance of the cultural deposits across the project area.  
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Figure 11. Interpolated distribution and thickness of the source-bordering dune archaeological landscape, calculated on the basis of known 

deposit depths from excavated test pits. (Note SA 6 is considered to contain the sand deposit, but could not be excavated during the program, and 

hence its exclusion in this model).   
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4 METHODOLOGY 

4.1 Objectives and Aims  

The project aims and objectives were defined in the DSS and are reproduced here (AAJV 2017c). The 

DSS proposed to appropriately salvage excavate the cultural materials that would be impacted through 

the proposed development. The proposed mitigation of the project impacts to Aboriginal archaeological 

heritage is focussed on the recovery of information from the deep Pleistocene (>10ka) and early 

Holocene (5-10ka) sand body within the project area, due to its very early age, concentrations of cultural 

material, and the degree of project impact. To reach the depth of the sand body, areas above were also 

be investigated for historical heritage, which would include a focus on Contact period material. 

The aims of the Aboriginal salvage works were to: 

• To answer and/or resolve the research questions outlined in the Aboriginal excavation report 

(see Section 3.3 and 4.1.1), notably in relation to the formative and stratigraphic nature of the 

deposits, and what they can tell us about Aboriginal populations during the initial visitation and 

use of the Sydney Basin, and the post-contact interactions in the early 19th Century. 

• To use fine resolution excavation and environmental analyses to further characterise the 

archaeological deposits relating to the past Aboriginal occupation of the source-bordering dune 

archaeological landscape. This includes a greater understanding of resource exploitation; 

technological attributes (e.g. heat treatment); identification of any change through time in spatial 

and chronological phases of activity; and site formation processes. 

• To obtain the largest possible assemblage of Aboriginal objects, for detailed documentation 

and long-term curation, within the spatial limits of the impact corridor and the financial/time 

constraints of the project.  

• To allow greater cultural association between the site and the Aboriginal stakeholders (i.e. a 

form of ‘cultural salvage’) through involvement in the excavation, and options for the 

interpretation of the results, in consultation with the Aboriginal stakeholders. 

• To ensure that the development can proceed with a minimised risk of unknown or unexpected 

significant Aboriginal objects/features being harmed during construction.   

• To compile the existing knowledge of past Aboriginal activities along this portion of the 

Hawkesbury River corridor, which is proving of high importance to our understanding of 

Aboriginal history.  

• To inform future interpretation proposed for the project area.  

• To integrate with the recommendations of the Hawkesbury Sand Body Regional Study to 

provide a holistic and comprehensive understanding of the sand body archaeological 

landscape and cultural materials within it.  

This report represents the results of the excavations and their application to the research questions, as 

well as be used to inform final interpretation of the project area in the Interpretation Plan. In addition to 

the over-arching aims outlined above, the study has also been developed to integrate with the other 

studies required under Conditions B3 and B4, namely the historical and geomorphological (sand body) 

investigations within the study area.  
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4.1.1 RESEARCH QUESTIONS 

While the test excavation contributed to our understanding and resolution of the research questions 

proposed for the site (Section 3.3), several of them remain only partially answered. This was in large 

part due to the small sample size recovered from the test excavations, and the inaccessibility of many 

of the test pits due to their depth (which in many cases meant test pits were inaccessible to high-

resolution sample recovery). As such, the research questions for the salvage remain broadly similar to 

those developed, and approved, in the investigative phase, namely:  

• What is the spatial and stratigraphic extent of Aboriginal sites and/or material culture within the 

WBRP?  

• What is the age, integrity and significance of Aboriginal sites and/or material culture within the 

WBRP?  

• What are the environmental characteristics associated with the distribution of Aboriginal cultural 

heritage within the WBRP? Can the formative processes of the stratigraphic profile provide 

information on the nature and/or survivability of the archaeological resources? Are there other 

key factors in the distribution and extent of the material culture within the WBRP?  

• How do the cultural materials compare with other Pleistocene sites nearby? What can the 

material culture tell us about the populations and behaviour of Aboriginal hunter-gatherers 

during the last 30,000 years?  

• Is there any evidence for contact period archaeology between the local Aboriginal people and 

Europeans within the WBRP?  

• What are the cultural, social and public values associated with the Aboriginal archaeological 

resource in the southern project area?  

• How should the Aboriginal sites in the region be conserved and managed in future?  

• Using fine resolution excavation and environmental analyses to further characterise the 

archaeological deposits relating to the past Aboriginal occupation of the source-bordering dune 

archaeological landscape. This includes a greater understanding of resource exploitation; 

technological attributes (e.g. heat treatment); identification of any change through time in spatial 

and chronological phases of activity; and site formation processes. 

 

4.2 The Archaeological Program 

4.2.1 RATIONALE 

Following the test excavation program findings, it was considered that additional archaeological 

mitigations were warranted within the source-bordering dune archaeological landscape that may be 

impacted by the proposed development (Figure 12). The proposed development would impact a 

substantial proportion of this deposit, a cultural deposit of high and very high significance. This deposit 

is of prodigious archaeological and cultural importance, since it contains evidence of some of the 

earliest known visitation and occupation of Aboriginal populations to the Sydney Basin (and southeast 

Australia); demonstrates continuous occupation through the Last Glacial Maximum, and was likely a 

refuge for people during a time when Aboriginal populations crashed (Williams et al., 2013, 2015a); and 
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provides tangible evidence for interactions between Aboriginal people and early European settlers in 

the early 19th Century.  

Given the importance and significance of this deposit, the mechanical excavation of some 15.8m2 of 

the deposit (0.16%) was inadequate to provide a meaningful or statistically robust dataset to 

characterise the deposit, or for its long term curation (i.e. conservation ex situ). This small sample size 

must also be compared against the Windsor Museum site, the only other investigation in this deposit, 

which unfortunately did not undertake a detailed investigation, analysis or curation of that part of the 

cultural deposit (due to it being the first excavation in the sand deposit, and was not well-understood at 

the time of investigation). In addition, the cumulative impact of the bridge construction to the wider 

deposit is unknown, since its extent is poorly studied to date. Following the same elevations along the 

southern bank of the river suggests that other portions of the deposit may be present, such as in 

undeveloped parkland and back gardens along The Terrace; this is, however, a prediction based on 

our understanding of the geomorphology of the place, rather than observations based on wider 

sampling and testing. Given the generally developed nature of Windsor, the cultural deposits within 

Thompson Square are likely to represent some of the best preserved portions of the cultural 

assemblage in this general region. Within Thompson Square, the impact corridor includes some of the 

more intact and deeper portions of the source-bordering dune deposits, as well as the two test pits (SA 

8 and SA10) that contained post-contact cultural materials.  

It was considered that the level of test excavation has been adequate to characterise and assess the 

development footprint in relation to cultural materials, but was insufficient to appropriately document the 

findings of source-bordering dune archaeological landscape if it were to be partially impacted or 

destroyed. (This is especially the case in these archaeological excavations, since the depth of the 

deposits made many of the test pits unsafe to enter for detailed sampling and recording, as the timing 

of the testing program did not allow of the installation of shoring within test pits). Given the nature of the 

development, it was unlikely that burial in situ, or conservation of these deposits was feasible, and as 

such archaeological salvage – conservation ex situ – was the only viable alternative. Such works also 

provided an improved characterisation of the parts of the site remaining unaffected by the development.  

Due to the relatively coarse nature of the test excavations (the main aim of which was to identify the 

presence or absence of Aboriginal objects, as well as their broad spatial patterning and extent), salvage 

excavations were proposed so as to undertake a more detailed recovery and recording of cultural 

deposits within the impact corridor; obtain a much larger sample of the archaeological assemblage for 

analysis and long-term curation for future generations; and to undertake additional environmental and 

chronological analysis to further understand the site’s formation and use in the past. The information 

gathered from a program of mitigation salvage is proposed to enhance the sparse body of knowledge 

on past Aboriginal people’s activities and occupation of the area, contributing to the archaeological 

literature and providing an important source of information for the Aboriginal community to draw on. It 

would further resolve the research questions posed, many of which have only been partially answered 

through the test excavations. It would also result in greater interpretive and education outcomes for the 

local and regional community, and further empowerment of the local Aboriginal community. There is 

also a range of cultural reasons for undertaking the salvage, to ensure the Aboriginal communities have 

an awareness of, and association with, the deposits before their destruction.  

4.2.2 EXTENT OF SALVAGE 

Overall, it was proposed to undertake 149m2 of open area excavation of the source-bordering deposit 

within the impact corridor (Figure 12). This number represented ~10% of the potential impact, and 

provides an equitable balance between the volume of archaeological material that may be recovered, 

compared with the costs and time to undertake such works. From an archaeological perspective, 

assuming average artefact densities of ~50/m2 present across the deposit (as appeared to be the case), 

this would result in the recovery of ~7,500 artefacts. This value would form a substantial collection for 

analysis and long-term curation, and be comparable with the assemblages at both Windsor Museum 
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(~12,000) and Pitt Town (~10,000). Cumulatively, these three sites assemblages have the potential to 

represent one of the most substantial and significant artefact collections in the Sydney Basin, and 

across much of Australia for the LGM period.  

In accordance with the approaches outlined in the Aboriginal excavation report, open area excavations 

was proposed, since these are usually the most successful for achieving the research objectives above, 

most notably retrieving a large assemblage and gaining greater understanding of the use and 

occupation of the site; and is the simplest and most cost-effective approach to large-scale excavations 

(rather than multiple smaller excavations across a large area). Given excavations needed to exceed 

2m below surface, the health, safety and environmental (HSE) requirements (e.g. shoring) for larger 

excavations were also be more straightforward than excavation of multiple smaller areas.  

The mitigation works focussed around four test pits within the impact corridor, and which were shown 

high artefact densities and/or other features of archaeological significance. These included SA 8, SA 9, 

SA 10 and SA 29. The excavations also had to consider several logistical and HSE conditions in the 

vicinity of these test pits, specifically:  

• The presence of a large, deep sewer main running broadly east-west through Lower Thompson 

Square (between SA 8 and SA 9) restricting the size of excavation in order to avoid it. This was 

especially the case in the northern (lower) part of the park, where the deposit begins to taper 

off. Avoidance of the pipe was preferable since it has likely compromised the integrity of any 

archaeological deposit present.  

• The sand body deposit tapers off to the north (lower part) of the park in the vicinity of SA8. This 

restricted any excavations too far north of SA 8, without the potential to miss the deposit. When 

combining this issue with the sewer main to the south, it provides a finite north-south distance 

within which a salvage area could be situated.  

• There were several large trees in the vicinity of SA 29. These have likely affected the integrity 

of any underlying cultural deposit. The salvage areas are therefore proposed to maintain as 

much distance as possible from these features.  

• The upper soil profile of the site contained asbestos due to the presence of a 20th Century 

structure in this area, and based on previous findings. These deposits needed to be managed 

carefully and removed from site by appropriately qualified waste contractors. It was unfeasible 

and unsafe to have personnel undertake detailed investigation of these upper deposits (which 

have previously shown to contain minimal cultural deposits).  

• Due to the substantial depths needing to be reached as part of the excavations (~2-2.5m below 

surface), a suitable distance needed to be included around the edge of the salvage areas to 

allow benching or shoring to be installed. Typically, this was about a metre beyond the 

excavation area, and accounts for why the salvage areas would not abut the very edge of the 

impact corridor (Figure 12).  

Based on the findings of the archaeological program, and the practical constraints outlined above, we 

proposed to undertake two large open area excavations in the vicinity of the four test pits (Figure 12). 

The southern salvage area was proposed to be 10 x 10m in size (equating to 100m2), while the northern 

salvage was proposed to be 7 x7 m in size (equating to 49m2). The southern salvage was situated as 

close to SA 9 and SA 10 as feasible within the constraints, while the northern one was in close proximity 

to SA 8 and SA 29. It was considered that this approach was similar in extent and approach to other 

sites in the Cumberland Plain (that usually undertake open area excavations in 100m2 (10 x 10m) 

increments (e.g. ENSR AECOM, 2008; Jo McDonald Cultural Heritage Management, 2005; Staib, 2002, 

Williams et al., 2014), while spaced widely enough to provide an opportunity to explore intra-site 

activities across the archaeological landscape (within the confines of the impact corridor).  
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4.2.3  AMENDED PROGRAM 

The field program proposed in Section 4.2.2 required substantial modifications and/or amendments 

due to changing conditions within the study area during the excavations and construction. Specifically:  

• During the initial Aboriginal and historical excavations establishing the site outlined in Figure 

12, it became apparent that a significant part of the sand units in this location had been 

disturbed and/or reworked by deep colonial activities, notably the installation of a large brick 

drainage system. This system was situated ≥3.6 m below surface, and involved the original 

excavation of a 5-11 m wide trench through the sand units across the park (Figure 13). While, 

elements of this trench were identified in the investigative phase, they were not interpreted as 

such due to: i) their significant depth below other colonial activities, and the excavations not 

being able to extend to the structure itself; and ii) the original sand sediment was used to backfill 

the trench shortly after the construction, thereby minimising evidence of the activity. Ultimately, 

this meant that extensive parts of the proposed salvage areas were already subject to 

significant disturbance, and careful excavations of them would have been ineffective.  

• Other colonial and more recent activities were discovered during the overburden removal, and 

which had removed/reworked the sand units across much of the southern portions of the 

southern salvage area (Figure 13), and along the eastern edge of the entire lower Thompson 

Square park.  

• The early 20th Century sewer system that was considered to have been trenched in an east-

west alignment through the park, and which was avoided in the original salvage excavation 

plan (Figure 13) was shown to have been under-bored/tunnelled some 4-5m below the ground 

surface. As such, the sand units above the alignment were largely unaffected by this activity 

(where not affected by the colonial drainage system), and could be archaeologically recovered.  

• Despite previous test pits suggesting the upper culturally-bearing sand units in the southern 

part of the lower park (in the vicinity of test pits SA 10 and 28) were severely impacted by 

historical activities, overburden removal revealed a small area (some 6 x 6m) of the deposit, 

which could be archaeologically recovered.  

• Due to project re-designs to conserve parts of the colonial drainage system, the impact corridor 

was expanded to the edge of Bridge Street, and this resulted in the requirement of additional 

salvage excavations in September 2018 along the western edge of lower Thompson Park. 

• The identification of Aboriginal objects within the impact footprint on George Street as part of 

traffic light installation, resulted in additional excavations in this part of the southern project area 

in April and May 2019.  

This significant level of activity over the last 230 years across the lower Thompson Park resulted in 

much of the original proposed salvage locations being too disturbed for Aboriginal archaeological 

excavation to occur (Figure 13). Some of this disturbance was identified within the test excavation 

program but the presence of sand – now known to have been re-worked and/or re-deposited in the 

early colonial period – was evident in a number of the test pits (including SA 8, SA 28 and SA 29) across 

the park, and hence the field program proposed in Section 4.2.1 and 4.2.2. Ultimately, however, once 

the overburden and/or historical deposits had been removed, only four discrete areas of the sand units 

of interest were identified (Figure 14): i) a reasonably intact ~1m deep portion, some 6 x 8.5m in size, 

situated in the northwestern corner and southwestern edge of the original southern and northern 

salvage areas, respectively. Of this area, only some 4 x 5 m revealed no, or limited disturbance, by 

colonial activities; ii) this reasonably intact deposit continued intermittently west and southwest of (i) to 

abut Bridge Street, and encompassing SA 9. This area was some ~13.5 x 5.5m in size, and was 

excavated later only once re-designs to preserve the colonial drain system resulted in their potential 

impact; iii) a moderately truncated portion in the northeast corner of the original southern salvage area, 

retaining about 50cm of the culturally-bearing deposit, and some 4 x 4 m in size; and iv) a heavily 

truncated portion of the deposit, retaining ~30cm of the culturally-bearing units, at the very southern 

end of the lower Thompson Park, and spread intermittently over an area some 6 x 6 m in size. These 



 

Windsor Bridge Replacement Project | AAJV 26 

 

areas are identified throughout the report as the (i) western salvage (ii) western salvage expansion, (iii) 

eastern salvage, and (iv) southern salvage. Overall, these works revealed that the culturally-bearing 

sand units generally did not continue north of 6279625 N (MGA Area 56) (see Section 5 for further 

discussion).  

Therefore, archaeological excavations of (i) – (iv) formed the focus of the salvage excavation 

undertaken, and resulted in three amorphously shaped salvage areas spread across the impact corridor 

(Figure 14). Ultimately, these works recovered 100% of the in situ culturally bearing sand units found 

within the impact corridor. Further, the re-deposited and/or reworked sand units within the colonial 

drainage system were also bulk excavated (as part of the historical archaeological program) and sieved 

for cultural material. While out of context, this recovered a large cultural assemblage, which is discussed 

in this report.  

A later phase of work included the excavation of a five test pits (~1.2 x 1 m) within a small portion of the 

sand unit within George Street, east of Bridge Street (Figure 15). These works were undertaken using 

mechanical assistance due to the indurated nature of the sand unit, which had been compacted during 

the road installation.  

All changes to the methodology were permitted under the DSS at the discretion of the Excavation 

Director in consultation with RMS and the Aboriginal stakeholders on site. Where changes were 

considered significant, correspondence and/or on-site meetings were undertaken with the Office of 

Environment and Heritage (OEH) personnel for approval.  
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Figure 12. The proposed archaeological salvage program focussing on SA8-11 and SA 29 in the lower Thompson Square park. Note the impact 

corridor through the study area is also presented.  
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Figure 13. The general location of significant disturbance observed during the field program across the proposed salvage areas.  
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Figure 14. The areas that were ultimately excavated once the extent of colonial disturbance had been determined, and how it relates to the 

original proposed salvage areas.  
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Figure 15. A small number of test pits undertaken as part of traffic light installation within George Street. The deposits here were highly 

truncated in most areas, with test pits generally <20cm in depth.  
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4.3 Excavation Methods 

The field program methods are outlined in detail in DSS (AAJV 2017c). The methodology undertaken 

was consistent with the archaeological excavations at nearby Pitt Town (Williams et al., 2014), and 

broadly similar to those at the Windsor Museum site (Austral Archaeology, 2011); and in accordance 

with those previously adopted in earlier phases of the project. The use of the results in the post-

excavation analysis and reporting showed that these approaches provided meaningful information, 

which could allow for long term curation with the Australian Museum or other repository; data 

acceptable for international publication; and able to assist in wider education and interpretive 

outcomes. 

Excavations were undertaken concurrently with the historical archaeological works. All excavations 

were started at the early colonial land surface (i.e. once late 19th and 20th Century units had been 

removed), where present and observable. More commonly, the early colonial and sand units had been 

truncated by more recent activities, and works began whenever these were found. In the case of the 

eastern salvage, this was generally some 40cm below the probable colonial surface, while in the 

southern salvage area some 70cm has been lost. Typically, these start levels were about 1m below the 

2018 land surface. Where present, the early colonial surface, within which modified glass artefacts may 

have been present, was incorporated into the Aboriginal heritage program and recovered accordingly. 

Excavation were then undertaken to the base of the culturally bearing sand unit (stratigraphic unit 3), 

which to the west reached underlying Londonderry Clay – a Tertiary deposit considered to culturally 

sterile - and to the east, rested disconformably on coarse sand alluvium (stratigraphic unit 4). Several 

test pits were undertaken into the coarse sand alluvium, and showed it to be culturally sterile, with 

recently obtained OSL ages also suggesting much of the deposit pre-dates the colonisation of 

Aboriginal people to Australia (O’Connell et al., 2018; Tobler et al. 2017).  

All excavation was undertaken manually, using shovels and trowels, etc, by a team of archaeologists 

and Aboriginal stakeholders.4 Excavations were undertaken in contiguous 0.25m2 (50 x 50 cm) test pits 

and in 5 cm spits. Each test pit was dug discretely with AHD heights being obtained every four spits to 

ensure vertical integrity. Each test pit was given an alpha-numeric label for identification purposes. A 

standard site recording form was used for each spit of each excavation unit (50 x 50 cm). Details 

including site name, date, site recorder, spit number and depth, square ID, description of finds, 

description of soil, sketch plan of excavation (if relevant to show feature) and a bucket tally.  

Sediment from each 5cm spit was collected separately, weighed, and wet sieved through a 3mm mesh. 

In the case of deposits recovered from the colonial drainage system and its trench backfill, these were 

bulk excavated, and similarly wet sieved through a 3mm mesh, although no detailed recording of weight 

or sediment volume was possible.  

All Aboriginal objects recovered from the sieved sediments were retained in a plastic bag with the 

relevant pit alpha-numeric code written upon it. Within the overburden layers, historical materials were 

also be recovered to provide a chronology of any post-contact cultural material that may be present. 

Aboriginal objects were regularly transferred to the archaeologists’ offices for analysis. 

During, and at the completion of, the excavation, a range of soil and chronological samples were taken. 

These consisted of column samples of sediment, which were later sub-sampled for relevant 

environmental and sedimentological analysis. OSL samples were taken in areas where Aboriginal 

objects are found, and generally try to bracket the deposit (to provide a maximum and minimum age). 

 
4 The excavation of five test pits on George Street undertaken in April and May 2019 required mechanical assistance due to 

the indurated nature of the sand unit in this location – likely compacted as part of the installation of the road. The material was 

still recovered primarily manually, and dry-sieved though a 3mm mesh.  
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A number of samples were also extended into the underlying coarse alluvium to inform the requirements 

of the Sand Body Study (AAJV, 2017d).  

Spatially, all excavations were tied to a grid of pegs established by a surveyor using a total station 

(sub-centimetre accuracy) across the site. The co-ordinates and AHD heights from this grid are 

included throughout the plans and sections presented in this report. In addition, the excavation team 

used both a total station, recording both the top and bottom of test pits, and any in situ Aboriginal 

objects observed during the excavations. A dumpy level was also used by the team to determine 

levels during the excavations.  

All test pits, and the final open area, were documented using photographic records, written descriptions 

and scaled drawings.  

4.3.1 POST EXCAVATION ANALYSIS AND REPORTING 

The post-excavation analysis was designed to address the research objectives and specific research 

questions (Section 4.1.1 and Section 6.2), along with other relevant questions that arose based on the 

results of the excavation.  

Post-excavation analysis was similar to those outlined in the previous phases of work (AAJV 2017a, 

2017c) to allow correlation of the results. These include detailed stone artefact analysis, 

geomorphological, palaeoenvironmental, and chronological analysis, specifically:  

• Lithic Analysis: cataloguing of all cultural material recovered, including measurements, 

weight, raw material, reduction and tool identification. A program of conjoin analysis, and 

investigation of usewear/residue analysis was also undertaken to resolve some of the post-

depositional questions associated with the site.  

• Geomorphology: collection of soil samples excavation to assist in understanding the site 

formation and post-depositional disturbance. Ultimately, ANTSO’s ITRAX machine was 

utilised for this, resulting in both an archival record of the soil profile, and sub-centimetre 

analysis of the soil geochemistry (which provides information on formation and broader 

climatic conditions). Additional particle size samples at 5cm resolution were also undertaken 

and processed by ANTSO.  

• Palaeoenvironmental: this consisted of pollen analysis of the sand units to understand the 

past vegetation and climate of the region prior to, and during periods of Aboriginal visitation 

and occupation.  

• Chronology: OSL samples were collected from top and bottom of each stratigraphic unit, and 

bracketing any cultural materials recovered from each open area excavation to provide a 

strong chronology for the deposit. Overall, some 24 samples were processed, resulting in a 

total of 35 for the site when including the test excavation phase, and resulting in one of the 

best-dated sites in the Sydney basin.   

The reporting was developed to fulfil MCoA condition C5 (Table 1) in relation to the archaeological 

salvage, and to provide input into any interpretive outcomes from the project. The report was also 

developed in accordance with OEH’s guidelines (as current best practice), and include the following 

broad sections:  

• A short summary.  

• Describe Aboriginal consultation undertaken during the project.  



 

Windsor Bridge Replacement Project | AAJV 33 

 

• Provide details of the Aboriginal objects which were partially or completely harmed (i.e. 

recovered through the excavations) during the works.  

• Provide a description of the methods and results of the any excavations.  

• Comment on the effectiveness of the mitigation measures (i.e. salvage excavations).  

• Comment on the effectiveness of any management plan if in place.  

• The current and proposed location of any Aboriginal objects recovered.  

• Details the results of any analysis of recovered Aboriginal objects.  

• Ensure the necessary Site Impact Recording Forms are lodged with OEH at completion of 

the project. 

4.3.2 ABORIGINAL OBJECT CURATION  

All Aboriginal objects recovered were securely stored at the archaeologists’ office for analysis during 

the field program, and where they currently remain.  

A long-term curation policy and Care and Control Agreement for the Aboriginal cultural material will be 

developed in consultation with the RMS, registered Aboriginal stakeholders and relevant State and 

Government agencies at the completion of the field program and post-excavation analysis and 

reporting. Three potential options have been discussed, and are presented in preferential order below. 

The preferred option will be determined once the nature of the archaeological assemblage is known.  

1. Deposit the recovered material with a relevant museum, such as the Australian Museum or the 

local Windsor Museum. 

2. Repatriate (rebury) recovered material in a location close to the study area, taking care to 

accurately record the location (Easting and Northings, GDA 1994 MGA Zone 56) and ensure 

its preservation in perpetuity; 

3. Deposit the recovered material in a designated keeping place, such as with the Local 

Aboriginal Land Council or a traditional owner group. 

This is further discussed in Section 7.  

4.4 Excavation Team and Timing 

Excavation was undertaken under the careful supervision of a core team of five archaeologists and 

seven Aboriginal representatives.5 The works were overseen by Dr. Alan Williams FSA MAACAI, with 

occasional assistance from Fenella Atkinson MAACAI and/or Alistair Hobbs, Senior Heritage Advisors. 

A historical archaeological team, directed by Anita Yousif and David Marcus, was also present on-site 

throughout the excavations, and assisted in the works where needed.   

The excavation consisted of a ~17 week field program that ran between 22 November – 12 December 

2017 and 8 January – 19 February 2018, 17 September – 8 October 2018, and on 16 April and 15 May 

2019.   

 
5 This number varied throughout the project with some Aboriginal stakeholder organisations being unable to provide a 

representative each day of the ~17 week program. Aboriginal representatives included Deerubbin LALC, Darug Custodian 

Aboriginal Corporation, Darug Aboriginal Cultural Heritage Assessments, Darug Land Observations, Darug Tribal Aboriginal 

Corporation, Darug Aboriginal Landcare Inc, and Tocomwall.  
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5 SUMMARY OF RESULTS 

5.1 Key Findings 

• The salvage excavations revealed that much of the study area had been subject to colonial 

and more recent activities, which had reworked and/or removed the early colonial and pre-

colonial soil profile.  

• The salvage excavations consisted of 95m2 undertaken as contiguous open areas across 

three discrete locations within the study area. This consisted of 100% of the in situ pre-colonial 

soil profile forming the focus of the works within the impact corridor. The excavations revealed 

that the colonial and pre-colonial soil profile was generally found between ~11.2 and 11.9 m 

AHD (~1.7m below 2016 surface) in the central part of the study area, and ~13.9 and 14.4 m 

AHD (~0.8m below 2016 surface) in the southern quadrant. Test pits were on average 0.66m 

deep (σ = 0.19m), and spit recovery was of a good integrity and documented by an elevation 

recording every ~17cm throughout the excavations.  

• The salvage excavations revealed five main stratigraphic units, which broadly aligned with 

previous strata identified in the test excavation program. Of note, was a culturally sterile 

coarse sand and gravel fluvial deposit extending across the base of much of the study area, 

and which was overlain by two fine sand units (one likely of alluvial origin, and one of aeolian 

formation), within which the cultural assemblage was recovered.  

• Some 43 OSL ages were obtained across the three salvage areas, and revealed that the 

lower coarse sand and gravel unit formed between ~82 and 40ka. 6 The upper alluvial unit 

formed between ~30ka and ~21ka; and the over-lying aeolian unit initiated ~19ka until the 

colonial period. In the western parts of the study area, the aeolian deposit continued to form 

up to the colonial era, with occasional stratigraphic disconformities (notably ~18-13 and 8.5-

6 ka), although to the east and south the deposits have been truncated. In these areas, 

generally only the >10ka deposits were recovered.  

• Overall, 3,267 artefacts were recovered from the four salvage areas, equivalent to an average 

artefact density of 35 lithics/m2 or 0.03/kg. When combining the four salvage areas on a 

comparable scale, the main concentrations typically occurred between 60 and 110cm below 

the colonial land surface, with peaks at 50cm and 90cm below the colonial land surface. These 

levels broadly date to between ~25 - 4 ka, with the majority of the assemblage likely dating to 

between ~25 and 17 ka.  

• In addition, due to Aboriginal objects being regularly recovered from the colonial drainage 

system trench fill – itself reworked sediments of the sand units – all sediment bulk excavated 

from this feature by the historical team was also collected and sieved for cultural material. 

Some 14,777 lithics were recovered from the bulk excavation of the colonial drain system, 

equivalent to ~72 lithics/m2 or 20 lithics/kg. While having no stratigraphic information, 

technologically this assemblage appears to be primarily of late Holocene (<5 ka) age. 

• A further 398 artefacts were recovered from other archaeological activities, including several 

test pits within George Street (east of Bridge Street) in advance of traffic light installation; and 

comparable with the earlier phases of visitation; and from the maritime archaeological 

excavations undertaken at the base of the southern bank of the Hawkesbury-Nepean River.  

 

 
6 ka = abbreviation for thousand years ago.  
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5.2 General 

This section provides a summary of the excavations and subsequent analysis, with further detail 

provided in Appendices 1 (overall summary of test pit data), 2 (spit data on test pits and weight of each 

spit), 3 (AHD levels of all excavations), 4 (information on artefacts recovered in situ), 5 (plans and 

sections), 6 (photographic record), 7 (sedimentological information), 8 (OSL ages), 9 (pollen report), 10 

(detailed lithic report) and 11 (lithic catalogue).   

Overall, the excavations followed the DSS (AAJV, 2017c) with amendments outlined in Section 4.2. As 

outlined above, during the excavations a significant colonial drainage system was recovered running 

through the lower park, and as such in situ sand units that formed the focus of the works were 

disparately found across the site. Ultimately, excavations consisted of 380 test pits, totalling 95m2, 

divided across four discrete salvage areas (Figure 16): i) western salvage area = 32.6m2; iii) western 

salvage area expansion = 38.2m2; iii) eastern salvage area = 12.1m2; and iv) southern salvage area = 

12.25m2 (Plates 3-17).7 The heavily disturbed nature of the site meant that these salvage areas largely 

followed the archaeological deposit, and therefore resulted in amorphous shapes at their completion. 

Further, due to the finite extent of the cultural deposits, salvage excavations frequently occurred up to, 

and abutting colonial/recent activities, and as such, post-excavation photographs suggest far greater 

disturbance than was encountered during the works (see below for discussion); and recording and 

sampling of the deposits was undertaken during the excavations, rather than towards its completion 

(Plate 18). This is most evident in the eastern salvage where the deposit was actually ‘pedestalled’ 

during the removal of historical deposits, leaving little evidence of the excavations at their completion 

(Plate 10 versus Plates 13 and 14). A handful of additional test pits (4m2) in between, and around 

these, salvage areas were also undertaken to investigate areas of potential undisturbed deposit and/or 

understand the stratigraphic patterning across the site. Ultimately, the excavations represent 100% of 

the in situ Aboriginal archaeological deposits situated within the impact corridor (as presented in 

Figures 13 and 14).  

From a logistical perspective, the excavations consisted of 5,387 spits, and investigated some 112.5 

tonnes of sediment (Appendix 1). Overall, test pits were on average 0.66m deep (σ = 0.19m) and 

contained ~263kg (σ = 104kg) of sediment. Elevation data across each test pit indicate excellent spit 

integrity, with some twelve 5cm spits (σ = 4) on average being used to recover 0.66m of sediment, and 

with ~7cm of standard deviation across all levels recorded. On average, a level was taken every 17cm 

from across the excavations. In addition, due to Aboriginal objects being regularly recovered from the 

colonial drainage system trench fill – itself reworked sediments of the sand units – all sediment bulk 

excavated from this feature by the historical team was also collected and sieved for cultural material. 

While exact spatial and weight information was not possible for this task, approximately 200m2 of the 

colonial drain trench fill (Plate 19; Figure 17), or ~300m3 (equivalent to ~720 tonnes) was subject to 

artefact recovery.  

The excavations revealed that the colonial and pre-colonial soil profile was generally found between 

~11.2 and 11.9 m AHD (~1.7m below 2016 surface) in the central part of Area 1, and ~13.9 and 14.4 

m AHD (~0.8m below 2016 surface) in the southern quadrant. Cumulatively, they indicate a natural fall 

of slope around 10°, which is slightly greater than the ~8.5° slope of the 2016 surface, and likely 

accounting for the deeper overburden/historical deposits to the north of Area 1 compared with the south 

(Plate 20). The lack of any form of observable natural soil profile in the northern parts of the western 

salvage area, western salvage expansion or test pits BB/CC 19-24 – effectively an east-west line around 

6279625 N (MGA Area 56) – further suggests that the original land surface may have dropped quite 

sharply towards the river from this point northwards; and which may have restricted the 

 
7 A further 6m2 were excavated as five disparate test pits (1.2 x 1 m) within George Street. These were largely undertaken as 

‘rescue archaeology’ due to time constraints and HSE issues of closing the road down, and are only presented in detail in the 

appendices. In brief, these works recovered a heavily truncated portion (<30cm) of the aeolian unit (stratigraphic unit (iv)) over-

lying Londonderry Clay. In the northern portion of the works, the transition between the two units was as much as 50cm.  
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formation/deposition of pre-colonial deposits. The western salvage was revealed to have the most intact 

soil profile, with clear evidence of the early colonial land-surface still present (itself likely the pre-colonial 

A1 horizon) and overlying between 1 - 1.2m of sand units (Plate 21). These deposits continue into the 

western salvage expansion area, but become increasingly disparate; and the upper soil profile is quickly 

lost as the soil profile nears Bridge Street. The western salvage area expansion consisted of three 

disparate patches of the soil profile: i) a fairly deep 1-1.2m soil profile comparable with the western 

salvage area in the centre of the works; ii) a 40cm truncated portion of the aeolian unit (stratigraphic 

unit (iv)) to the north (and reflecting broadly the upper part of this unit elsewhere); and iii) a 60-80cm 

truncated part of the aeolian unit (stratigraphic units (iii) and (iv)) and reflecting an earlier phase of dune 

formation comparable chronologically with the southern salvage deposits. The eastern salvage area 

likely had a similar soil profile at some point in the past, but chronological information indicates that at 

least the top 40cm of the deposit has been lost to colonial and more recent activities. The southern 

salvage contained only the lowest part of the sand units, with at least 55cm of the soil profile lost to 

more recent activities.  

Disturbance was extensive across the study area with respect to the Aboriginal heritage deposits, with 

at least 169 of the test pits (46%) affected (Figure 18). Of note was the installation of the colonial drain 

system, which resulted in a large linear trench running broadly northwest-southeast through the site, 

and the cut from which affected/removed/destroyed significant parts of the western and eastern salvage 

areas. In the case of the western salvage, only the lowest most spits in rows M – Q can be considered 

to reflect a pre-colonial landscape (Plates 22; Appendix 5). These works similarly affected rows S, T, 

and parts of W-Y and BB and CC. In the western area salvage expansion, significant portions of rows 

16 and 17, western parts of rows 22-24, and much of B-E34-35 were severely affected, with several 

areas intervening that were not excavated due to observable disturbance. Ancillary activities from this 

construction also affected parts of the southern salvage between rows N-Q. The bisecting ‘box’ drains 

running northeast-southwest also affected the underlying cultural deposits, and in most cases 

constrained the southern boundaries of the each of the salvage areas (Plates 11 and 23). Historical 

activities, notably 19th Century road construction, appears to have truncated the areas between the 

eastern/western and southern salvage areas to the coarse sand and gravel alluvium deposits, which 

are considered culturally sterile (and within which test pits M/N 43/44 were undertaken). And as such, 

there were no Aboriginal cultural deposits identified through this central part of the site (Plate 24). This 

road cutting continued to the south of the western salvage expansion, and formed the southern border 

of these excavations having removed the pre-colonial soil profile. Similar truncation to these depths 

occurs along much of the eastern and northeast edge of the study area, although to some extent this 

may reflect a natural fall of slope towards the river. Other colonial activities, presumably related to 

broader levelling and/or landscaping activities appear to have affected the entire northwest quadrant of 

the western salvage area, and continuing through the centre of the western salvage area expansion 

(between rows 17 and 22) and north of the archaeological excavations.  

In addition to the 19th Century activities, more recent impacts have affected the western salvage area 

and expansion. These primarily include the installation of a boathouse in the 20th Century, which 

resulted in concrete strip footings and sewer pipes running through the upper soil profile in the vicinity 

of test pits F-H 23-27 (Plate 25) ; and some form of localised excavations (possibly ‘pot-holing’) along 

the alignment of the deep east-west sewer alignment running through the study area (Figure 12) and 

which has resulted in deep impacts in the vicinity of test pits K/M 20-22 (Plate 26). Various other minor 

intrusions (e.g. post holes) were also present across the salvage areas. Due to these disturbances, 

more detailed post excavation analysis focussed primarily in two areas that were less affected by these 

activities, and which cumulatively provided a full 2m sequence of the pre-colonial soil profile. 

Specifically, these included the southwestern portion of the western salvage encompassing test pits F-

K 22-27, which encompassed the least disturbed parts of the culturally bearing sand units; and test pits 

X-W 26 and 27, which included a truncated part of the culturally bearing sand unit, and also the 

underlying culturally sterile coarse sand and gravel deposits found at the base of the sequence.   
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Overall, 19,030 artefacts were recovered from all archaeological activities within the WBRP (Table 2). 

In relation to the four salvage areas, 3,267 were recovered (western salvage = 988; western salvage 

expansion =1,229; eastern salvage = 668; southern salvage = 382), equivalent to an average artefact 

density of 35 lithics/m2 or 0.03/kg (Figures 19 and 20). This broadly aligns with the 56 lithics/m2 or 0.05 

lithics/kg recovered from the test excavation program in the same deposits (AAJV, 2017a). The depth 

of the artefact-bearing deposits was variable, since the eastern and southern salvage areas reflect 

truncated parts of the complete soil profile found in the western salvage area; and the western salvage 

expansion has variable depths with the oldest deposits likely being at some of the highest elevations. 

This is further complicated by the ~10° slope of the site. However, on ratifying these differences, the 

main concentrations typically occurred between 60 and 110cm below the colonial land surface, with 

peaks at 50cm and 90cm below the colonial land surface. These levels broadly date to between ~4 – 

25ka, with the majority of the assemblage likely dating to between ~17 and 25 ka. In addition to the 

excavated assemblage, some 14,777 lithics were recovered from the bulk excavation of the colonial 

drain system, equivalent to ~72 lithics/m2 or 20 lithics/kg. While having no stratigraphic information, 

technologically this assemblage appears to be primarily of late Holocene (<5 ka) age.   

Table 2.  Summary of Aboriginal objects recovered from the archaeological excavations. 
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Western salvage 988 293 3 3 

Western salvage expansion 1,229 974 130 111 

Eastern salvage 668 133 3 2 

Southern salvage 382 97 0 0 

Artefacts recovered from historical contexts 588 0 12 0 

Colonial Drain deposit 14,777 9,015* 0 0 

George St investigations 250 225 21 14 

Artefacts recovered from the maritime excavation 148 0 0 0 

Total 19,030 10,737 169 130 

* The colonial drain assemblage was ‘sampled to plateau’ given its large size.  
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Plate 3. A panoramic photograph of the site in early 2018, looking west (right = north; left = south). Here, the western salvage area has just been started (the photographer is adjacent rows 25 and 27). Test pits W/X 29/30 is 

evident in the right of the shot, while M/N 43/44 is visible to the left of shot beneath the large vertical section. Box drain 2 is covered here with tarp, and various sondages are evident through the centre of the photograph 

associated with the main barrel drain.   

 

 

Plate 4. A panoramic photograph of the site in early 2018, looking west (right = north; left = south). Here, the western salvage area is near completion in the centre back of the shot; the eastern salvage area is just evident in 

the foreground; and the southern salvage area is yet to get underway on the high ground in the left of shot. The colonial drainage system is similarly shown through tarp coverings and sondages across the site (most evident 

by the sondage with hazard tape surrounding it in centre of shot).  
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Plate 5. A panoramic photograph of the site in early 2018, looking southwest (right = northwest; left = southeast). The completed eastern salvage is evident in the centre foreground, while the southern salvage area is underway 

beneath the awnings to the left of photograph. Note that to the south (left) of the eastern salvage are extensive areas of yellow brown truncated culturally sterile coarse sand and gravels; to the north (right) of the eastern 

salvage are the pale grey sediments associated with colonial re-working activities.  

 

 

Plate 6. A panoramic photograph of the site in early 2018, looking northeast (right = southeast; left = northeast). The western salvage area is completed and shown in the left of shot. The southern salvage area is underway to 

the right of shot. The alignment of the barrel drain is evident by following the sondage in the bottom left of the shot with the awnings in the background.  
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Plate 7. A panoramic photograph of the western salvage expansion in late 2018, looking west (right = north; left = south). The salvage works are largely completed here and show the disparate locales excavated, divided by 

more recent disturbance (notably a box drain in the left of photograph near the scale and the dark soil unit in the centre of shot). This works occurred in late 2018, and as such earlier phases of work, including the western 

salvage area) has already been removed in advance of the construction. The western edge of the western salvage area would have been were the photographer was standing.  
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Plate 8. The northern quadrant of the western salvage, looking south. Scale = 20cm increments. 
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Plate 9. The southern quadrant of the western salvage, looking southwest. Scale = 20cm 

increments. 

 

 

Plate 10. The southern quadrant of the western salvage, looking northeast. Scale = 20cm 

increments. 
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Plate 11. The western salvage area expansion, looking north. This salvage area was 

excavated in three discrete portions due to various colonial and later historical activities – the 

most significant being one of the box drains running east-west through the deposit (and evident 

here immediately north of the scale). Scale = 20cm increments. 
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Plate 12. The western salvage area expansion, looking southwest. This photograph shows 

the northern portion of the excavations, which reflected only a shallow deposit (~30cm) heavily 

truncated by latter activities, as well as an increasingly shallow geological substrate at this part 

of the site. Scale = 20cm increments. 
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Plate 13. The eastern salvage prior to excavation, looking southeast. Due to the over-lying 

historical deposits, this part of the deposit (shown in the front of the people) was ‘pedestalled’ 

resulting in limited vertical sections at completion of the excavation. Test pits W/X/Y 25 and 26 

are shown in the foreground, and allowed investigation of the deep underlying culturally sterile 

sand unit.  

 

 

Plate 14. The eastern salvage area, looking southwest. Note test pits W/X/Y 25 and 27 are 

shown to the right of the photograph. Scale = 20cm increments. 
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Plate 15. The eastern salvage area, looking northeast. Note test pits W/X/Y 25 and 27 are 

shown to the left of the photograph. Scale = 20cm increments. 

 

 

Plate 16. The southern salvage, looking southeast. L and M 98-100 are shown in the 

foreground, with R-U 103- 111 in the background. Box drain 1 is covered by black plastic to the 

right (south) of the photograph. Scale = 20cm increments. 
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Plate 17. The southern salvage, looking northwest. R-U 103-111 is shown in the 

foreground. Box drain 1 is covered by black plastic to the right (south) of the photograph. Scale 

= 20cm increments. 

 

Plate 18. OSL samples recovered from X26 and X27 during the excavation, looking east. 

Due to the disturbance surrounding the cultural deposits, sampling had to occur during the 

excavations, with little of the soil profile shown here remaining following the works (compare 

this photograph with Plate 5). The banding evident in the photograph reflects accumulations of 

clay, potentially from periodic in-wash from above. Scale = 20cm increments. 
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Plate 19. The northern portion of the study area, looking south. A large colonial drainage 

system (shown here) was found running through the study area, the installation of which 

required a 5-11m wide trench truncating and re-depositing the pre-colonial sand units across 

the site. The original trench extended the entire width of the photograph. The excavator is 

situated on the colonial land surface, and shows that the trench was ~2m deep in places, 

shallowing to the south to ~1m. Due to the trench fill being re-worked Pleistocene deposits 

known to contain Aboriginal objects, it was bulk excavated and sieved for cultural material. As 

such all material shown here – about 200m2 or some 720 tonnes - between the people in the 

background to, and including sediment from, the excavations in the foreground were recovered 

and wet-sieved. Some 14,755 Aboriginal objects were recovered.  
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Plate 20. Photograph taken from the southern end of the site, looking north. The 2016 land 

surface is just evident as the grassed baulk to the right (west) of the photograph (see also Plates 

1-7), while the early and pre-colonial fall of slope evident in the excavations (i.e. the surface 

shown here) shows a steeper angle.  

 

Plate 21. Test pits F-O 25-26, looking northwest. The early colonial land surface is evident 

as a dark band across the top of the section, and suggests disturbance in some parts of the site 

– notably the southwestern quadrant of the western salvage – was minimal. The wind-blown 

sand deposits are also evident in the base of the section. Scale = 20cm increments. 
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Plate 22. The northern end of the western salvage, looking north. Note the sloping 

sediments indicative of the edge of the colonial drain system trench cut. Only the very lowest 

10-20cm of these sections revealed a pre-colonial landscape. Scale = 20cm increments. 

 

Plate 23. Box drain 2, looking west. Several of the box drains formed constraints to the 

Aboriginal archaeological salvage. Here, the western salvage (shown left of photograph) could 

not expand southwards due to this feature being present.  
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Plate 24. The eastern central quadrant of the study area, looking south. In this area, a 19th 

Century road (evident by the dark brown deposits in section) has truncated the site to the 

underlying culturally sterile coarse sand and gravels (shown here in the foreground of the 

photograph).  

 

Plate 25. Test pits F/G/H 23, looking north. Note the minor intrusions in the upper profile 

of a sewer pipe and associated trench from the 20th Century. Scale = 20cm increments. 
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Plate 26. Test pits L 20/21 and K 17-19, looking west. Note the localised disturbance from 

investigation of the 20th Century sewer alignment to the left (south) of the photograph. Early 

colonial earth-working is also just evident in the right (north) of the photograph). Scale = 20cm 

increments. 
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Figure 16. The four main salvage excavation areas (and associated test pits) undertaken between November 2017 and February 2018. 

Appendix 5 provides further details on the test pit nomenclature and locations summarised here.   
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Figure 17. Areas within the colonial drainage system that were subject to bulk excavation, recovery, and wet-sieving for cultural material. 

Ultimately, close to 15,000 Aboriginal objects were recovered from this ~200m2 area. 
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Figure 18. Summary of early colonial and more recent activities that have resulted in disturbance to the underlying Aboriginal cultural 

deposits. With the exception of the western salvage, even those test pits identified as undisturbed were subject to some truncation by more recent 

activities across the site.  
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Figure 19. Summary of the cultural assemblage (number of artefacts) recovered from the salvage excavation areas. Note, some of the highest 

artefact densities were recovered from the colonial drain fill units, and are hypothesised to reflect the impact of this feature upon more substantial 

late Holocene deposits that would have been present within the study area prior to its installation.  
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Figure 20. Summary of the cultural assemblage (artefacts per kg) recovered from the salvage excavation areas. 
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5.3 Stratigraphy 

The stratigraphy of the study area proved to be as expected based on the finding of the test excavation, 

although additional information and resolution could be obtained through the investigation of the 

deposits in situ. Specifically, the test excavations identified 10 discrete stratigraphic units across the 

project area (Section 3), of which 5 were relevant to, and formed a focus, of the salvage excavations. 

These stratigraphic units can be divided into the following chronological sequence (oldest to youngest) 

– and where relevant have been modified from the findings of the test excavation (AAJV, 2017a):  

i. At the base of the sequence was Londonderry Clay (2 in Section 3; 4 in Appendix 5), a 

Tertiary deposit (>1.8 million years in age), which pre-dates the archaeological evidence 

for colonisation of Australia (and can therefore be considered culturally sterile). This 

deposit was only found across the base of the western salvage area and expansion, with 

the exception of test pits P/Q 13/14. Importantly, these four test pits revealed that (ii) was 

situated abutting, and slightly overlying the Londonderry Clay in this location – and 

suggests that (ii), which extends across much of the study area is situated above, and 

deposited within undulations in the indurated Londonderry Clay unit. Visually, the 

Londonderry Clay was a strong brown (7.5YR 5/6) colour, but excavations commonly 

stopped in the transition zone immediately above the clay unit, and which was 

compositionally the same, but light yellowish brown (10YR 6/4) in colour.  

 

ii. Above (i), was a coarse/medium sand and gravels (sub-rounded, 2-5cm Ø) fluvial deposit, 

likely deposited by the Hawkesbury-Nepean River as a levee or terrace (4 and 8 in Section 

3; 5, 7 and 8 in Appendix 5). The deposit was commonly found abutting the Londonderry 

Clay, and further lends support to it being some form of alluvium that was deposited within 

the cracks and undulations naturally created by this heavy clay unit. The deposit was 

identified across most of the study area, including in the base of the eastern and southern 

salvage areas at depths of ~≤14.2 m AHD to the south (~≥1 m below 2016 surface) and 

~≤11.4m AHD (~≥2.1m below 2016 surface), respectively. In the test excavation, the 

deposit consisted of two different coloured units, an upper one coloured strong brown (5YR 

5/6) overlying a reddish yellow unit (7.5YR 6/8). Originally believed to be of the same 

composition, the salvage excavations (notably test pits W/X 26/27) revealed that the 

reddish yellow units were actually present as numerous thin bands of heavy clay spaced 

~10cm apart down the profile (Plate 18), and became increasingly indurated near the base 

(~10m AHD; ~3.5m below 2016 surface). It is likely that these clay bands reflect the post-

depositional illuviation of nearby Londonderry Clay particles, either through colluvial hill-

wash from upslope, or through other water table mechanisms. The increasing induration 

of the deposit near the base likely reflects a transition with the underlying Londonderry 

Clay, and suggests this deposit is ~1-1.5m thick.  

 

OSL ages obtained from (ii) range from 82.4±30ka (GL17144) to 43.7±8.3ka (GL17142), 

and suggest a gradual accumulation of the deposit from the end of the last Interglacial 

(Marine Isotope Stage (MIS) 5) when sea-level was higher (Rohling et al., 2009), resulting 

in a higher river level, and the submergence of the study area (i.e. its inclusion in the main 

river bed), and continued intermittently into the peak of the last Glacial (MIS 3 and 4). The 

presence of likely hill wash bands within the deposit, suggest that submergence/flooding 

of the study area was increasingly intermittent in the glacial period as sea level dropped, 

and river thalweg similarly re-aligned. It is considered that GL17144 represents a near 

basal age for the deposit, and this aligns well with a previous age obtained as part of the 

test excavation phase, 82±7ka (GL16055) (AAJV, 2017a). (This latter age was erroneously 

assigned to unit (iv) in the test excavation phase, but more likely relates to (ii) now the 

gradual transition between these units is better understood).  
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While parts of this deposit are within the acknowledged colonisation age of Australia 

(O’Connell et al., 2018), and during a period when Aboriginal people are known to be within 

the Sydney Basin (Williams et al., 2014, 2017), it is concluded that this deposit is culturally 

sterile. No Aboriginal objects were recovered from any spits where this deposit was 

encountered across the salvage excavation. This finding is in contrast to the test 

excavation phase that suggested the upper parts of this unit retained cultural material 

(AAJV, 2017a), but it is now known that (ii) has a very gradual transition into (iii) situated 

above it – most evident in test pits W-Y 26-32 (Plate 27). As such, it is considered that the 

coarser excavation methods in the investigative phase resulted in the combination of the 

lower parts of (iii), a culturally-bearing deposit, and upper parts of the culturally-sterile (ii) 

to account for this disparity.  

 

iii. Above (i) in the western salvage area and western salvage expansion, and (ii) elsewhere, 

was a light yellowish brown (10YR 6/4) fine sand and silt with frequent small sub-angular 

to sub-rounded gravels (<1cm Ø) (3 in Appendix 5). This unit was not identified in the test 

excavation phase, and was likely erroneously combined with (ii), however, chronological 

data indicates that this unit is considerably older than (ii). This unit is considered to reflect 

the initial parent material of the over-lying wind-blown deposits (iv), and represents an 

alluvial deposit. Given the deposit dates to the onset and peak of the LGM, is thin (<30cm), 

and primarily includes only small sub-angular gravels, it is considered to have been 

deposited through intermittent relatively low energy flooding, rather than more sustained 

submergence of the study area. OSL ages, and an age interpolation (Section 5.4), 

suggests that the deposit was formed between ~21 and 30ka (GL17146, 26.9±3.6ka; 

GL17136, 17.1±1.2kal; GL16115, 27.6±4.4ka; GL18085, 36.0±2.9ka), during the peak of 

the LGM. A younger age for the terminus ante quem of the deposit, ~14ka, was found in 

test pit Y27, but this may relate to the problematic identification of stratigraphic units (ii) 

and (iii) in this part of the site, and in the context of (iv) overlying an age of ~21ka is 

considered more likely. This unit formed one of two main deposits within which cultural 

material was recovered, and suggests the study area formed a key focus of occupation for 

Aboriginal populations during the LGM – a period of intense aridity and cooling.  

 

iv. Above (iii) in the western salvage area and western salvage expansion, was a light 

yellowish brown (10YR 6/4) fine sand and silt (3 in Section 3; 2 in Appendix 5). This unit 

was initially interpreted as a source-bordering dune, but which is likely at least in part the 

result of aeolian re-working of (iii). This deposit was the focus of the salvage excavations, 

and was most prevalent in the western salvage area and western salvage expansion, 

where 0.8-1.2m of sediment was identified, generally ~11.3-12.5m AHD (~1.2-2.4m below 

2016 surface). Small truncated parts of the deposit were also found in the eastern and 

southern salvage areas. A suite of ages show that this deposit began forming slightly after 

(iii) at around 19ka, and accumulated intermittently through the Last Glacial-Interglacial 

Transition (LGIT) and into the Holocene. Interpolation of the ages, along with geochemistry 

(Sections 5.3.1 and 5.4), suggests that there are disconformities within the deposit, with 

gaps of several thousand years in several parts of the sequence; and suggesting 

numerous former land surfaces temporarily present before burial. While initially believed 

to have been truncated across the project area by colonial and more recent activities, 

several OSL ages indicate that the complete soil profile is present in the western salvage 

area and some parts of the western salvage expansion. This unit formed one of two main 

deposits within which cultural material was recovered, and suggests the study area formed 

a key focus of occupation for Aboriginal populations during the LGIT – a period of 

significant climate upheaval and sea-level change.  

 

v. Above (iv) in the western salvage area and parts of the western salvage expansion (and 

likely truncated elsewhere), was a very dark greyish (10YR 3/2) loamy fine sand and silt 
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(5 in Section 3; 3 in Appendix 5) (Plate 28), interpreted as a topsoil (A1 horizon). Given 

the occurrence of early colonial features cut into this unit, and the recovery of early 19th 

Century historical materials within it, it is considered that this topsoil reflects the former 

land surface at the establishment of Windsor township. Albeit frequently disturbed, the 

presence of the topsoil indicates that the entire soil profile is present in parts of the study 

area, and the significant truncation hypothesised from the test excavation phase (AAJV, 

2017a) was unfounded. OSL ages from the base of this unit indicate formation began ~500 

years ago, and in combination with (iv) suggest continuous pedogenesis since through the 

Holocene period.  

 

 

Plate 27. The eastern salvage, W-Y 25-32, looking southeast. Stratigraphic units (ii) and 

(iii) are both present in these test pits, but a very gradual transition between them makes their 

visual differentiation problematic. Stratigraphic unit (iii) is effectively the top 30 cm of the 

deposit, with (ii) extending below this for over a metre. Scale = 20cm increments.  
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Plate 28. Test pits H23, I22/23, J22, and K22, looking north. In the western salvage area, 

an early colonial topsoil (A1 horizon) was observed – shown here as the dark grey unit at the 

top of the excavation – and which indicated an intact soil profile was present. Scale = 20cm 

increments.  

 

5.3.1 SEDIMENTOLOGY 

In addition to visual observations in the field, soil column samples were collected from a range of test 

pits (I25, J19, M21, Y27, W27, GG13, D23, KK34)8. Cumulatively, these provide a record of the entire 

soil profile encountered (including the underlying sand body), with I25, J19, M21, GG13, D23 and KK34 

each capturing stratigraphic units (iii) – (v), Y27 capturing the interface of (ii) and (iii), and W27 

encompassing (ii). These were subjected to ITRAX analysis at ANTSO, which resulted in sub-

centimetre information of major trace elements and magnetic susceptibility, as well as providing an 

archival record of the soil profile (Figures 21-30; Appendix 7). In addition, particle size analysis (5cm 

resolution) was undertaken of J19, Y27 and W27 to similarly provide a full record down the entire 2m 

soil profile (Figure 22; Appendix 7). 

In relation to the particle size analysis, the results are broadly similar to the results of the test excavation 

phase (AAJV, 2017a) (Figure 22), and corroborate the visual observations outlined in Section 5.3. 

They suggest that the lower parts of the stratigraphic sequence dominated by (ii) was composed of 

predominantly (~80%) a coarse and medium sand (Figure 22), indicative of a fluvial or alluvial method 

of deposition originally. Of note is a distinct shift from coarse to finer sediment in Y27 at around 50cm 

below the test pit surface, and which likely represents the boundary between (ii) and (iii) – an interface 

 
8 In the case of test pits W27 and M21, excavations were not undertaken, but a soil column was recovered from their vertical 

section, and hence their inclusion here. Further details are shown in Appendix 5.  
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that was not clear in the field. The large gaps in the OSL ages in this part of the sequence (~14ka and 

~44ka) also supports a disconformity between (ii) and (iii) around the peak of the LGM.   

When comparing both SA11 and J19 during the LGM (Figure 22), the particle size indicates a 

reasonably coarse sand fraction, and in combination with field observations, likely reflects evidence of 

intermittent flooding along with increasingly windier conditions. Increased snowmelt in the Blue 

Mountains would likely have resulted in periodic flooding (Petherick et al., 2013; Williams et al., 2013), 

and this would account for both the coarse sand fraction and the occurrence of small gravels in the 

base of the western salvage area, while also acknowledging the considerable fine sand and silt fraction 

present. This finding would also conform well with previous works at Pitt Town, which found windier 

conditions in the LGM led to re-working of the upper portion of the (primarily alluvial) deposit (Williams 

et al., 2012, 2014). With the revised chronology, it can be shown that windy conditions, and aeolian 

activities, appeared to persist throughout the last 20,000 years, with a broad decrease in sediment size 

– commensurate with decreasing wind velocities – from the LGIT through the late Holocene. This is 

observed in both SA11 and J19, although the former continues to have a coarser fraction, and may 

indicate stronger wind velocities near the crest of the slope compared with the river’s edge. The particle 

size does not appear to show any significant shifts, or changes, suggestive of disconformities or 

hiatuses in the sequence, although the OSL chronology clearly indicates that they are present. This 

likely reflects the nature of the parent material, which comes from both the same river catchment, and/or 

from local re-working, and as such would not result in significant change.  

In relation to the trace elements, initially a principal component analysis (Figure 21) was undertaken to 

identify the trace elements that closely correlated with the artefacts recovered. This showed that 

magnetic susceptibility was closely positively correlated, while a range of other elements, including P 

(Phosphorous), Ca (Calcium), Cl (Chlorine), S (Sulphur), Si (Silicon) and Ti (Titanium) were inversely 

correlated. These are presented by soil column sample in Figures 23-30, with the remaining trace 

elements presented in tabular form in Appendix 7.  

The use of ITRAX data in archaeology is still fairly new (Theden-Ringl and Gadd, 2017), and the 

interpretation of the specific trace elements and their relationship to human activity is not always well 

understood. Of note in our data is the close correlation of the magnetic susceptibility to the number of 

artefacts recovered. Commonly, magnetic susceptibility is considered to reflect increasing fire within 

the landscape, which affects the iron composition in the soil (e.g. Lowe et al. 2015). However, few of 

the magnetic susceptibility peaks in our data correlate with the charcoal record (Section 5.5; Appendix 

9) – a proxy for fire activity. It is not inconceivable that the data is reflecting small hearth fires, that may 

not have been captured in the more regional signal often recovered from palynological and palaeo-fire 

studies. However, it is equally possible that the magnetic susceptibility is responding to broader 

anthropogenic landscape disturbance (e.g. Jiménez-Moreno et al. 2013; Huang, 2002; Huang et al., 

2006; Rosendahl et al., 2014). These activities may include localised fires, but may reflect other forms 

of site disturbance, such as vegetation and tree removal and/or repeated trampling of the same area, 

resulting in soil erosion/degradation. Increasing discard of material culture from such activities may also 

play a role. It is also worth noting that the magnetic susceptibility in test pit W27 encompassing only 

culturally sterile deposits is very low, and further highlights the relationship between human activity and 

this index. Regardless of the cause, the important factor is the close correlation between the two indices, 

with the magnetic susceptibility providing an independent proxy that people were within the study area 

through the LGM and LGIT. Further, the increased resolution of the ITRAX data suggests numerous 

isolated peaks in the magnetic susceptibility that may indicate discrete pulses of human activity within 

the study area, at least some of which align with peaks in artefact discard. Although, it is acknowledged 

some of these peaks correlate with other trace elements, and may also be responding to broader 

environmental change.  

With respect to the remaining trace elements, there is only weak correlation with the artefact dataset, 

and they are more likely responding to broader environmental conditions (Figures 23-30). Of note is Cl 

(Chlorine) and Ca (Calcium), which are considered to reflect an index of flooding and/or site 
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submergence (e.g. Hennekam and de Lange, 2012), and which (along with other trace elements), show 

major events in the LGIT (between 13-8ka), during the early Holocene thermal maxima (8-5ka) and 

during El Nino Southern Oscillation (ENSO) intensification in the late Holocene (4-2ka). Several of these 

events appear aligned with large gaps in the OSL chronology, and may indicate truncation of the site 

from such flooding events, ultimately resulting in the disconformities. The ratio of S/Ti 

(Sulphur/Titanium) is identified as a proxy for organic productivity (Davies et al., 2015), which would be 

influenced by both pedogenesis and human activity. However, there appears little correlation with this 

index, and the artefact assemblage, and in our data it therefore more likely reflects increasing biomass 

associated with ameliorating climate in the late Holocene – most evident in test pit I25. In fact, a range 

of trace elements appear to have a step-wise increase through the Holocene (including S (Sulphur), Zn 

(Zinc), P (Phosphorous)) are likely responding to external climate influences. Although it is 

acknowledged that the movement of trace elements through the soil profile is poorly understood at the 

site, and as such taphonomic processes may play a role in these results. Occasional peaks associated 

with Cl and Ca (see J19 and M21) may also reflect influxes of organic material from flooding events. P 

(Phosphorous) and Cu (Copper) are shown to relate to human activity (Theden-Ringl and Gadd, 2017), 

but there appears little correlation in the dataset; although the increase in Cu in test pit M21, in tandem 

with both the number of artefacts and several trace elements, may indeed hint at human activity in the 

LGIT.  

 

 

Figure 21. Principal component analysis of Aboriginal objects recovered and major trace 

elements. This data shows that artefact data is closely correlated with magnetic susceptibility 

and inversely related to Ca, P, S, Cl and several other elements.  
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Figure 22. Particle size analysis of test pits SA11 (AAJV, 2017a), J19, Y27 and W27showing the main soil characteristics. Size fractions are based on Gale and Hoare (2012). 
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Figure 23. Trace element analysis of a soil column from test pit I25. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) and Cu 

(Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report.  
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Figure 24. Trace element analysis of a soil column from test pit J19. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) and Cu 

(Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 25. Trace element analysis of a soil column from test pit M21. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) and Cu 

(Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 26. Trace element analysis of a soil column from test pit Y27. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) and Cu 

(Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 27. Trace element analysis of a soil column from test pit W27. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), Fe (Iron), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) 

and Cu (Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 28. Trace element analysis of a soil column from test pit D23. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), Fe (Iron), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) 

and Cu (Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 29. Trace element analysis of a soil column from test pit GG13. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), Fe (Iron), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) 

and Cu (Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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Figure 30. Trace element analysis of a soil column from test pit KK34. This includes a photographic and radiographic record of the core, along with trace elements shown to respond to human activity and/or have a 

correlation or inverse correlation with the cultural assemblage (including magnetic susceptibility, Cl (Chlorine), Ca (Calcium), Fe (Iron), S/Ti (Sulphur/Titanium ratio), Ti (Titanium), S (Sulphur), P (Phosphorous), Zn (Zinc) 

and Cu (Copper). OSL ages are also presented. The artefact presented the cumulative data as presented in Section 6.1 of the report. 
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5.4 Chronology  

To provide a chronology of the deposits, a large number of samples were collected for Optically 

Stimulated Luminescence (OSL) dating. 11 samples had been previously collected as part of the test 

excavation phase, and a further 32 were recovered as part of the salvage excavations.9 These samples 

were selected to provide a high resolution of dating through the entire soil profile (including the 

underlying sand body), as well as providing a framework for the disparate salvage areas that were 

ultimately excavated. The sampling also included three non-artefactual heated stone fragments within 

the deposits in an attempt to explore ages from both the broader stone assemblage and the surrounding 

sand matrix.  

All sampled were processed by Dr. Phil Toms at the University of Gloucestershire (UK), and are 

reported upon in detail in Appendix 8. The samples were processed using two main techniques: 

• Multi-aliquot method – the age is calculated from a large number of quartz grains grouped onto 

small discs, and measured as a single bulk sample. This is the most common approach to OSL 

dating, and provides an average (or central) age for all sand grains measured. However, since 

it is an averaging technique, it can attenuate or subdue variations amongst the sand grains that 

may affect the eventual age produced.  

• Single-grain method – the age is calculated from a large number of quartz grains, each of which 

is individually measured to determine their age. This method presents a large number of 

individual ages for a sample that can then be interrogated to determine which is the most 

suitable based on a range of factors. Typically, the approach will provide a minimum age, 

incorporating the youngest sand grains in a given sample, a central age as per the multi-aliquot 

approach above, and a finite mixture model that use statistical techniques to identify discrete 

age populations within the sample that may be more suitable than the other methods. This 

approach is more time-intensive, and has a range of limitations, but is often adopted in 

academic and/or research projects.  

The results of all OSL ages taken from the site are presented in Table 4 and Figures 31-34 (further 

details are provided in Appendix 5). Overall, the 32 OSL ages recovered from the study area provide 

a coherent picture of the formation history of the deposits. Further, strong similarities between the test 

excavation phase and the salvage excavation phase, despite being undertaken using different 

methodologies and locales, provide increasing confidence in the chronological framework for the site.  

At the base of the deposit, both GL16055 and GL17144, indicate that stratigraphic unit (ii) – the 

underlying culturally sterile coarse sand and gravel unit – began forming ~80ka. While initially thought 

to be older than this, GL17144 was considered to have been taken from near the base of the deposit, 

and suggests this is likely a terminus post quem10. Given this, it seems unlikely that the deposit can be 

aligned to past sea-level rise during MIS 5e (~120-125ka), and more likely reflects repeated flooding of 

the site, during the onset of the last Glacial (MIS 3 and 4). Initially thought to contain cultural material, 

the salvage excavations strongly indicate that this deposit was culturally sterile, and previous results 

are the result of the lack of clear transition with the over-lying stratigraphic unit (iii) (and which contained 

cultural material). In contrast to SA 11 that suggested ~82ka was the surface of the deposit, further 

ages, GL17142 and GL17143, suggests that stratigraphic unit (ii) continued to form through the last 

Glacial until ~40ka. It is at this time that sea-levels were dropping (Williams et al., 2018), and the study 

area was likely no longer part of the main river channel. It is likely at this point that the land-surface 

stabilised, since there is a ~10,000 year gap between this unit and the over-lying deposits. It is also 

 
9 Note these values include those OSL ages recovered from the northern project area, and which are reported in AAJV 

(2017a).  

10 A term meaning the point at which the deposit began forming.  
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possible that some form of scouring during the establishment of stratigraphic unit (iii) may also account 

for the chronological gap. Certainly, the absence of the 40-80ka deposits in SA11, which has closely 

spaced ages of ~82ka and 27ka, suggest differential preservation of stratigraphic unit (ii) across the 

site, with parts likely lost along the upper slopes. 

The initial formation of stratigraphic unit (iii) occurred at ~30ka, and appears older in age upslope, based 

upon ages from SA11 (GL16115; 27.6±4.4ka), K103 (GL17146; 26.9±3.6ka) and HH35 (GL18085; 

36.0±2.9ka). Ages from downslope were younger, GL17128 and GL17136 in test pit J22 suggesting 

this deposit accumulated at, and up until, ~17ka. Although a range of other basal ages for stratigraphic 

unit (iv) suggests that using the earlier estimates of these ages (rather than the mean), resulting in a 

terminus ante quem11 of ~21ka, may be more accurate. This deposit is now considered to reflect a 

combination of alluvial and aeolian deposition, during the onset and peak of the LGM. The LGM is 

characterised as much drier, cooler and windier (Reeves et al., 2013; Williams et al., 2015a) - all 

conditions that would have resulted in large wind-blown deposits being deposited near sediment 

sources (in this case the large floodplains surrounding the Hawkesbury-Nepean River). The prevailing 

wind in the region coming across the Blue Mountains from the west, would also indicate that such 

deposits would predominantly occur to the east of the river, as has been found through this study; and 

similar deposits of similar ages are observed nearby. However, locally, the river would also have been 

subject to intermittent flooding from increased summer ice melt from the Blue Mountains through this 

period (Petherick et al., 2013; Williams et al., 2013), and hence the evidence of alluvial deposition within 

this unit.  

The formation of stratigraphic unit (iv) appears disparate across the study area, and again appears 

slightly older upslope compared with lower lying deposits. OSL ages from HH35 and LL25 suggest an 

initial formation beginning at ~19ka (GL18082 - 19.5±1.7ka; GL17128 - 17.9±2.0ka). Test pit SA9’s OSL 

age of 17±2ka (GL16056) can now also be ratified to this initial phase of formation. OSL ages from the 

eastern and southern salvage areas for the deposit return ages of 14ka (GL17141) and 15ka 

(GL17145), respectively, and similar suggest its formation may have begun shortly after (iii). However 

within the western salvage, there appears to be a stratigraphic disconformity, with a gap of ~5,000 years 

(between GL17127 and GL17128, and GL17135 and GL17136) before its formation at ~12ka. The 

northern portion of the western salvage expansion area, similarly suggests a latter formation of ~13ka 

(GL18077 - 13.3±1.2ka) for parts of the deposit. And indeed, there is ~6,000 year gap between 

GL18081 and GL18082 (some 11-15cm apart) in test pit LL25, suggesting a disconformity ~60cm, 

perhaps related to environmental change occurring during this period of the LGIT.  

In the case of both the eastern and southern salvage area, stratigraphic unit (iv) is truncated by the later 

colonial activities, and only contains the LGIT component. However, in the western salvage area, where 

the deposit is more intact, OSL ages suggest a continuous formation of this unit through the Holocene 

until the colonial period. A brief disconformity may be present at ~60cm, where a 3,000 year gap is 

evident between samples. This is an interesting finding, and suggests that strong westerly winds and 

exposed river bank deposits must have remained throughout much of this period to allow the deposit’s 

continued formation. It indicates that with the exception of intermittent flooding from increase summer 

ice melt during the LGM, there is no clear differentiation between the formation mechanisms, or perhaps 

the environmental conditions, during the LGM, LGIT and Holocene. 

Stratigraphic unit (v) is effectively the pedogenetic component of unit (iv). OSL ages suggest a burial 

age of the unit (iv) by 500 years ago, and hence the formation of the topsoil began forming at some 

point since that time. The surface of the western salvage area is considered to reflect the late 18th 

Century land-surface at time of the formation of the Windsor township. This is evident by a number of 

early colonial features dug from this surface into the underlying deposits. This complete soil profile is, 

 
11 A term meaning the point at which the deposit finished forming. 
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however, only found in the western salvage area, with all other parts of the excavation being truncated 

to variously levels.  

Overall, based on these findings, it is considered that the following broad chronological framework can 

be assigned to the deposits:  

• Stratigraphic unit (ii) - ~86-40ka. 

• Stratigraphic unit (iii) - ~30 (and perhaps as early as 35ka) – 21ka. 

• Stratigraphic unit (iv) - ~19 – 0.5ka, with at least two spatially disparate disconformities at ~18 

– 13ka, and ~ 8.5 – 6ka.   

• Stratigraphic unit (v) – ~0.5-0.2ka. 

It was identified through the field program that the western expansion, southern and eastern salvage 

areas had likely been truncated by the colonial and more recent activities, and represented an unknown 

stratigraphic portion of the more intact western salvage area sequence. Using the OSL framework, a 

consideration of how the four salvage areas could be aligned. To do this, a series of Bayesian age-

depth models were created using the software program, Oxcal (ver. 4.2) (Bronk Ramsey 2008, 2009a) 

(Figures 35-41). These used a P-Sequence deposition model (1, 0, U(-2,2)) and outlier analysis (Bronk 

Ramsay, 2009a; Bronk Ramsey and Lee, 2013). The analysis did not identify any outliers within the 

OSL samples, although GL17129 – the youngest sample within stratigraphic unit (v) – and GL18078 

when compared with the broader suite of ages, had fairly high posterior values (indicating they could 

be outliers). These models were then used to interpolate a range of depths between the salvage areas 

to determine how they aligned (Table 4; Figure 42). The correlation is not precise, and becoming 

increasingly de-coupled in the lower depths where the western salvage lacks such deposits, but the 

others excavations frequently contain older units. There is also evidence of some parts of the deposits 

forming at different times, with the eastern salvage having accumulated over a slightly longer period 

than the western salvage area, while the northern portion of the western expansion area similarly 

represents a thicker component of LGIT deposits than elsewhere. However, overall, the analysis 

suggests that the eastern and southern salvages areas have lost 40cm and 60cm, respectively, of the 

soil profile. As such, they align with the lower cultural deposits found in the western salvage area. In the 

case of the western expansion area, truncation was variable, with the central portion broadly 

comparable with the western salvage area, but the southern quadrant likely having lost ~40cm and 

reflecting a lower/earlier portion of the unit; and the northern portion being only a small component of 

the deposit having been truncated by ~50-55cm.  

In addition to the stratigraphic samples, three non-artefactual heated stones found within the sequence 

were also dated. This is one of the first attempts in Australia to correlate stone materials with the 

surrounding sand matrix using OSL methods. In all cases, these samples were too old for their 

stratigraphic unit based on the OSL chronology outlined above. This suggests that some of the stone 

within this assemblage has a more complex history than previously envisaged, and further exploration 

of this method is needed into the future. Although, since the ages are not younger, it does lend support, 

along with other analyses in this report, to the assemblage not being bioturbated through the soil profile.  
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Table 3. Summary of Optical Stimulated Luminescence (OSL) ages recovered from the southern project area. This includes 8 samples (GL16054-16120) processed as part of the test excavation phase (AAJV, 2017a), 

and 32 taken as part of the salvage excavations. All uncertainties in age are quoted at 1σ confidence and reflect combined systematic and experimental variability. Those that have multiple ages reported were processed 

using single grain analysis, which provides an indication of the differing ‘populations’ of sand grains within a sample – the preferred age is shown in bold. Further details of this technique are presented in Notes below and 

Appendix 5. MAM = Minimum Age Model; FMMMin = Finite Mixture Model (Minimum population); FMMMaj = (Maximum population); CAM = Central Age Model.  

Sample # Test 

Pit 

Spit Depth (cm below surface)Φ Elevation 

(m AHD) 

Lab 

Code 

MAM Age 

(ka) 

FMMMin 

Age (ka) 

FMMMaj Age 

(ka) 

CAM Age 

(ka) 

Notes 

12 SA11 5 105* 16.95 GL16116 1.6±0.2 1.7±0.2 11.0±0.8 5.7±0.6 The OSL analysis provided no support for which age model should be adopted here, and 
recommended the use of archaeological data in determining the age. The artefactual assemblage 
from these depths is characteristic of a pre-Bondaian/early Bondaian transition, which would lend 
support to a mid-Holocene age. As such the CAM model has been selected.  

9 SA11 10 130* 16.7 GL16054 - - - 18±2 - 

10 SA11 15 155* 16.45 GL16118 9.6±1.1 14.9±1.4 24.6±2.2 22.9±2.1 The OSL analysis suggests that the CAM model would be most suitable based on the analysis, with 
potential microdosimetry (older and younger ages from reworked sediments) suggesting the average 
of all grains is more reliable.  

11 SA11 20 180* 16.2 GL16115 7.2±1.3 22.4±2.2 22.4±2.2 27.6±4.4 The OSL analysis suggests that the FMMMaj or the CAM models would be most suitable based on 
the age populations. Since stratigraphically, this age must be older than GL16118, only the CAM 
model returns a suitable age.  

13 SA11 25 205* 15.9 GL16055 - - - 82±7 - 

45 SA28 10 95^ 12.8 GL16119 - - - 0.39±0.06 - 

52 SA9 15 150^ 11.75 GL16056 - - - 17±2 - 

55 SA8 17 170^ 9.7 GL16120 0.19±0.02 0.19±0.02 0.19±0.02 0.25±0.03 All OSL models broadly reflect the same age, FMMMin has been selected at the advice of the OSL 
report, and since this represents ~AD1826 – a period when European activity was occurring in the 
project area.  

6 H25 12 60 11.67 GL17126 3.6±0.5 4.3±0.5 8.7±0.7 9.0±1.0 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

7 H25 14 70 11.56 GL17127 4.7±0.6 6.3±0.6 10.4±1.0 12.6±1.4  

8 H25 16 80 11.47 GL17128 6.2±0.7 10.8±0.9 10.8±0.9 17.9±2.0  

20 J22 3 15 12.03 GL17129 0.4±0.1 0.5±0.0 0.5±0.0 0.9±0.1 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

21 J22 5 25 11.93 GL17130 0.7±0.1 1.6±0.1 1.6±0.1 2.4±0.3 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

22 J22 6 35 11.83 GL17131 0.6±0.1 0.9±0.1 2.1±0.2 2.4±0.3 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 
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Sample # Test 

Pit 

Spit Depth (cm below surface)Φ Elevation 

(m AHD) 

Lab 

Code 

MAM Age 

(ka) 

FMMMin 

Age (ka) 

FMMMaj Age 

(ka) 

CAM Age 

(ka) 

Notes 

23 J22 9 45 11.74 GL17132 1.5±0.2 1.7±0.2 3.4±0.3 4.6±0.5 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

24 J22 11 55 11.62 GL17133 2.2±0.4 2.7±0.3 4.9±0.4 5.9±0.7 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

25 J22 13 65 11.52 GL17134 3.1±0.4 4.3±0.4 8.2±0.7 8.4±1.0 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same.  

29 J22 15 73 11.41 GL17135 4.3±0.5 5.1±0.5 10.6±0.9 11.4±1.2 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same. 

30 J22 17 83 11.31 GL17136 6.8±1.1 14.4±1.3 20.9±2.1 17.1±2.2 The CAM model was selected here as the slightly younger age, which more closely aligned with other 
ages at the same stratigraphic unit.  

31 J22 19 93 11.21 GL17137 4.5±0.7 10.7±0.9 20.9±1.9 18.6±2.6 The CAM model was selected here as the slightly younger age, which more closely aligned with other 
ages at the same stratigraphic levels. 

32 Y26/27 3 12 11.56 GL17138 3.5±0.4 5.0±0.4 5.0±0.4 6.1±0.6 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

33 Y26/27 5 23 11.46 GL17139 3.6±0.5 4.8±0.5 7.4±0.8 7.7±0.9 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

34 Y26/27 6 33 11.36 GL17140 2.8±0.5 7.4±0.8 11.7±1.2 10.7±0.9 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

35 Y26/27 9 43 11.26 GL17141 7.8±1.0 8.8±1.1 14.8±1.5 13.3±1.4 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

37 Y26/27 15 75 10.95 GL17142 10.0±1.8 12.3±1.5 23.5±2.9 43.7±8.3 The OSL report indicated that the CAM age was preferred for the lowest dates in the sequence.  

39 Y26/27 21 105 10.62 GL17143 13.2±2.4 13.4±1.7 78.7±10.1 67.6±14.7 The OSL report indicated that the CAM age was preferred for the lowest dates in the sequence. 

41 Y26/27 27 135 10.33 GL17144 8.4±2.3 12.3±1.7 179.2±19.8 82.4±30.0 The OSL report indicated that the CAM age was preferred for the lowest dates in the sequence. 

46 K103 3 14 14.14 GL17145 7.6±1.4 15.1±2.4 15.1±2.4 17.4±2.9 The majority of all OSL ages recovered from the salvage excavations indicated that FMMMaj and/or 
CAM was the preferred age. In most instances, these ages were statistically the same, and the 
FMMMaj was selected for analysis. 

48 K103 7 39 13.89 GL17146 6.5±1.3 26.9±3.6 26.9±3.6 45.2±9.0 While the OSL report indicates a preference for the CAM age here, the FMMMaj was selected, since it 
aligns more closely with a range of other ages at the same stratigraphic levels.  

A GG12 4 18 11.78 GL18077 - - - 13.3±1.2  
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Sample # Test 

Pit 

Spit Depth (cm below surface)Φ Elevation 

(m AHD) 

Lab 

Code 

MAM Age 

(ka) 

FMMMin 

Age (ka) 

FMMMaj Age 

(ka) 

CAM Age 

(ka) 

Notes 

F HH35 7/8 36 12.67 GL18078 - - - 13.2±1.0  

H HH35 13/14 65 12.38 GL18079 - - - 27.0±2.3  

I HH35 16/17 80 12.23 GL18085 - - - 36.0±2.9  

J HH9 3 13 11.60 GL18086 - - - 10.3±0.7  

N LL25 7 33 11.92 GL18087 - - - 9.0±0.7  

O LL25 10 48 11.77 GL18081 - - - 13.6±1.4  

P LL25 13 63 11.62 GL18082 - - - 19.5±1.7  

Q LL25 16/17 80 11.45 GL18083 - - - 24.6±2.0  

Stone 566 (SA9, spit 17) SA9 17 165 11.60 GL17173 - - - 54.7±3.5 The lack of material within the non-artefactual stone limited the analysis to multi-aliquot results (i.e. a 
CAM age only). The sample is significantly older than any other age in this deposit, and is considered 
unlikely to relate to any heating and/or human activity on the site.  

Stone 1 (F23, spit 11) F23 11 55 11.62 GL18009 - - - 16.3±1.1 The lack of material within the non-artefactual stone limited the analysis to multi-aliquot results (i.e. a 
CAM age only). The sample is older than the stratigraphic units within which it was found (that date 
to <10ka), and is considered unlikely to relate to any heating and/or human activity on the site.  

Stone 2 (X28, spit 5) X28 5 25 11.44 GL18010 - - - 45.9±3.1 The lack of material within the non-artefactual stone limited the analysis to multi-aliquot results (i.e. a 
CAM age only). The sample is significantly older than any other age in this deposit, and is considered 
unlikely to relate to any heating and/or human activity on the site.  

* Note that these depths include the addition of 80cm to account for over-lying fill and other sedimentary layers that were excavated as part of the historical archaeological program. 

^ Depth below 2016 land surface. 

Φ  In the case of the salvage excavations, this is depth below the colonial land surface in the case of the western salvage area, or below the top of the test pit in the case of the truncated western expansion, eastern and southern salvage areas. Appendix 5 provides further description of the OSL 

locations. 
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Figure 31. The location of OSL samples recovered from the salvage excavations, test pits H25 and J22 (focussing on the culturally-bearing deposits).  
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Figure 32. The location of OSL samples recovered from the salvage excavations, test pits Y27 and K103 (focussing on the underlying sand body, and southern salvage area, respectively).  
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Figure 33. The location of OSL samples recovered from the salvage excavations, test pits GG12, HH9, and HH35.  
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Figure 34. The location of OSL samples recovered from the salvage excavations, test pit LL25.  
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Figure 35. Age-depth model developed for the western salvage area using Oxcal (v.4.2) and 

P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; Bronk Ramsey and Lee, 

2013). The model includes all OSL ages from SA11, H25 and J22, and includes boundaries 

aligned with the stratigraphic breaks discussed in Section 5.3 (blue = (iii); red = (iv); light blue = 

(v). The combined function was used for GL16116 and GL17133, and GL16054 and Gl17128, 

since they were at stratigraphically similar levels and within 2σ of each other. 
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Figure 36. Age-depth model developed for the eastern salvage area using Oxcal (v.4.2) and 

P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; Bronk Ramsey and Lee, 

2013). The model includes all OSL ages from Y26 and Y27, and includes boundaries aligned with 

the stratigraphic breaks discussed in Section 5.3 (blue = (ii); green = (iii)). 



 

Windsor Bridge Replacement Project | AAJV 85 

 

 

Figure 37. Age-depth model developed for the southern salvage area using Oxcal (v.4.2) 

and P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; Bronk Ramsey and Lee, 

2013). This model is relatively basic since only two OSL samples were available from test pit 

K103. While a stratigraphic boundary (ii/iii) may be present between the two ages, the lack of 

samples does not allow its inclusion in the model here, and it forms a limitation of the approach. 
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Figure 38. Age-depth model developed for the western salvage expansion (south) area 

using Oxcal (v.4.2) and P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; 

Bronk Ramsey and Lee, 2013). The model includes all OSL ages from HH35, and includes 

boundaries aligned with the stratigraphic breaks discussed in Section 5.3 (blue = (iii); green = 

(iv)).This model is relatively constrained, since only one age is situated with stratigraphic unit 

(iii) and only two OSL samples were available from (iv), limiting the predictive power of the 

program. 
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Figure 39. Age-depth model developed for the western salvage expansion (central) area 

using Oxcal (v.4.2) and P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; 

Bronk Ramsey and Lee, 2013). The model includes all OSL ages from LL25 and from SA9, and 

includes boundaries aligned with the stratigraphic breaks discussed in Section 5.3 (blue = (iv)). 
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Figure 40. Age-depth model developed for the western salvage expansion (north) area 

using Oxcal (v.4.2) and P-Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; 

Bronk Ramsey and Lee, 2013). The model includes all OSL ages from GG12 and HH9, and 

includes boundaries aligned with the stratigraphic breaks discussed in Section 5.3 (blue = (iv)). 

This model is relatively constrained, since only two OSL samples were available from (iv), 

limiting the predictive power of the program. 
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Figure 41. Age-depth model developed for all the excavations using Oxcal (v.4.2) and P-

Sequence deposition model (Bronk Ramsey, 2008, 2009a, 2009b; Bronk Ramsey and Lee, 2013). 

The model includes all OSL ages recovered aligned by corrected spit as per Table 4. Some 

further manipulation has occurred to the lower OSL ages, notably from test pit Y26/27, to ensure 

they remained within the correct stratigraphical unit. This model suggests that stratigraphic unit 

(ii) (blue) formed between ~85 – 46.6ka, unit (iii) (green) between 35.5 – 32ka, unit (iv) (red) 

between 30.8 – 1.2ka, and unit (v) (brown) between 0.8 – 0.15ka. These ages are slightly different 

to the main text, since they are based entirely on elevation data, and which does not always 

reflect stratigraphic units, and as such differ slightly from the overall chronology presented 

above. (Note the horizontal grey lines reflect multiple OSL ages combined due to their similar 

stratigraphical levels). 
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Table 4. Correlation of the western, western expansion, southern and eastern salvage areas using interpolated ages based on the age-depth 

models presented in Figures 34-40. This table shows the spit, mid-depth of the spit, and their interpolated age, and is presented schematically in 

Figure 42. This data indicates that the eastern salvage has lost approximately 35-40cm of the upper soil profile from colonial and recent activities, the 

southern salvage area has lost some 55-60cm, and the western salvage expansion area is variably between 20-55cm (southern area=35-40cm, central 

portion = 20-25cm, northern = 50-55cm).   
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10 47.5 4.87 2 7.5 - 4 17.5 3.73    2 7.5 -    

11 52.5 5.60 3 12.5 - 5 22.5 5.43    3 12.5 5.04    

12 57.5 7.14 4 17.5 - 6 27.5 7.13 0 0 9.28 4 17.5 6.39    
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16 77.5 15.17 8 37.5 13.88 10 47.5 13.99 4 17.5 13.77 8 37.5 13.21 3 12.5 14.45 

17 82.5 17.29 9 42.5 16.24 11 52.5 15.75 5 22.5 15.06 9 42.5 14.96 4 17.5 16.78 

18 87.5 18.24 10 47.5 18.59 12 57.5 17.42 6 27.5 16.34 10 47.5 17.96 5 22.5 19.10 

19 92.5 19.20 11 52.5 20.94 13 62.5 19.10 7 32.5 17.62 11 52.5 21.09 6 27.5 21.43 

20 97.5 20.29 12 57.5 23.29 14 67.5 20.78 8 37.5 18.91 12 57.5 24.22 7 32.5 23.75 

21 102.5 21.39 13 62.5 25.64 15 72.5 22.46    13 62.5 27.35 8 37.5 26.08 

22 107.5 22.45 14 67.5 28.29 16 77.5 24.13    14 67.5 30.95 9 42.5 28.41 

23   15 72.5 31.23 17 82.5 25.82    15 72.5 35.00 10 47.5 - 

24   16 77.5 34.17          11 52.5 - 
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Figure 42. Schematic diagram showing the average depth of the test pits for each salvage area, and their respective surface level – often truncated - compared with the relatively intact western salvage area. The latter 

considered to retain the pre- or early colonial land surface.  
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5.5 Pollen Analysis 

Pollen analysis was undertaken by Dr. Patrick Moss (University of Queensland). The full report of the 

analysis is provided in Appendix 9. Overall 47 samples were processed from every 5cm down the soil 

profile of test pits K22, Y26 and Y27 – providing a complete sequence of stratigraphic units (iii) – (v).  

The pollen data suggest that the pre-Holocene environments (>10ka) was dry. This is reflected by the 

lack of pollen preservation during this period, as pollen generally requires moist, anaerobic 

environments (Moss 2013) and supported by the results from the one sample that contained pollen (test 

pit K22, 75 cm below colonial surface) that the landscape was dominated by herbaceous taxa, with 

higher representation of typically arid species, such as salt bush and she oaks. This conforms well with 

the phytolith analysis undertaken as part of the test excavations, that found low concentrations, while 

possibly an artefact of taphonomy in some samples, indicated that vegetation was relatively sparse 

prior to, and during, the LGM. The absence of sedges further suggesting that surface water was sparse, 

and many other groundcover species would have died out during this time.  

A high charcoal peak at 40 cm (test pit Y27) suggests highly variable environments during the Last 

Glacial Interglacial Transition period, as has been suggested by Petherick et al. (2013) for temperate 

Australia.  

The Holocene period suggests the re-emergence of forest, with the site dominated by a eucalypt forest 

with a grassy/shrubby understorey. Timing for this varies between the test pit samples (between 5-

10ka), but may reflect differential sedimentation and/or preservation at each location. Improved 

preservation occurs from the mid-Holocene and may be related to a change in the flow of the Hawksbury 

River. That is, the site became closer to the floodplain, which created a moist environment and allowed 

for better pollen preservation. It is interesting to note that the first sample (at 40 cm) preserved in test 

pit K22’s Holocene sequence observed high values of grass and daisy pollen and rather than reflect 

drier climate may in fact illustrate taphonomic processes, as these taxa tend to be preferentially 

preserved when oxidation is occurring (Moss et al. 2005). The phytolith data generally supports this 

view, with an abundance of material in the Holocene, as well as the appearance of sponge spicules, 

indicative of increasingly moist and wet conditions, within which vegetation communities thrived. 

Although the phytoliths suggest a reduction in tree cover, contrasting with the increased grasses and 

sedges at this time may reflect increasingly regular flooding of the Hawkesbury-Nepean River 

destroying the large vegetation and/or landscape modification. 

The presence of a distinct rainforest flora in the record is interesting and may be derived from rainforest 

situated in the nearby Blue Mountains World Heritage area. Test pit Y27 provides a complete record of 

the Holocene and the higher values of Wollemi pine and Podocarpus suggest wetter environments 

during the early to middle Holocene period, which is also found more broadly across the temperate 

region of South East Australia (Petherick et al., 2013). And again, supports the earlier phytolith analysis. 

However, rather than representing contemporary late Quaternary environments, there is the possibility 

that these pollen taxa may be derived from older sediments in the Sydney Basin. Macphail et al. (1994) 

observe similar taxa in Paleogene (65 to 33 million years ago) sediments within the region and these 

pollen taxa may be eroded and transported to the site by the nearby Hawksbury River, potentially 

associated with flood events. The presence of Dacrydium guillauminii would tend to support this, as its 

last recorded during the end of the Pleistocene in North East and South East Queensland (Moss and 

Kershaw 2000; Moss et al., 2013), however there may have been remnant populations (similar to 

Wollemi pine) in the region during the Holocene.   

In summary, the results from this summary suggest that the Holocene environments was a eucalypt 

forest, with a mixed grassy/shrubby understorey, probably not much different from the landscape that 

Europeans found ~230 years ago in the region. With the high-resolution test pit K22 samples suggesting 
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that this landscape observed relatively frequent burning, possibly associated with Aboriginal fire 

management practices (Williams et al. 2015c), although further research is required to confirm this. In 

addition, the other interesting similarity between both test pits is the sharp rise in Sporormiella, in the 

top samples, which most likely is associated with European pastoral activities; and further confirming 

the chronological models in showing that parts of the site retain an early colonial surface.  

 

5.6 Lithics 

Detailed analysis of the cultural assemblage is provided in Appendices 10 and 11. A total of 19,030 

Aboriginal objects (stone artefacts), 169 non-artefactual heated stone pieces and manuports (cobbles) 

were recovered (Table 3). These artefacts were recovered from three separate contexts: 

• From the colonial drain deposits, 14,777 artefacts were recovered. 

• From the salvage excavations, 3,267 artefacts, 136 non-artefactual heated stone pieces and 

manuports were recovered. 

• From other historical contexts across the study area, 986 artefacts and 33 manuports were 

recovered. 

Analysis was undertaken on the artefacts from the salvage excavations, historical excavations, maritime 

excavations (Section 5.6.1) and 61% of the barrel drain assemblage (BDA). Due to the disturbance of 

the BDA and artefacts from the historical and maritime contexts, the focus of the analysis was on the 

salvage assemblage (n=3,267). This context was also assessed for post-deposition disturbance 

revealing disturbance to the site. To ensure the validity of the results, a conservative approach to 

analysis was employed to define a targeted assemblage that was clearly undisturbed (n=1,497). These 

artefacts were recovered from 0.5m2 test pits and produced a density of 34 artefacts /m2. 

The analysis of the in-situ assemblage revealed that this assemblage was characterised by small 

indurated mudstone/tuff (IMT) flakes. Few cores were recovered with little evidence of rotation and use 

of core platform preparation. Large scrapers were the dominant retouched tool type (see Plate 29), 

predominantly made on large IMTC flakes. Cortex analysis revealed procurement of the IMT from a 

secondary source, most likely the Rickaby’s/Hawkesbury Gravels. Interestingly, considering the 

proximity of the raw material source, low levels of cortex indicate that preliminary reduction of the IMTC 

nodules occurred elsewhere, potentially at the river’s edge. These findings indicate that the small flakes, 

which dominate the assemblage, were likely produced from limited core reduction and/or from the 

maintenance/manufacture of tools such as scrapers. Cores were initially reduced elsewhere and then 

brought to site. Volcanic and quartzite cobbles were the preferred raw material for heating, another 

activity occurring on site, potentially associated with cooking and/or processing of materials. 

 

Plate 29. Sample of IMTC scrapers. Scale = 1cm. 

A high rate of fragmentation within the targeted assemblage possibly reflects the physical and chemical 

composition of the IMTC raw material, which is prone to fracturing. This may be further emphasised by 
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the antiquity of the assemblage. Peaks in the assemblage density exist around corrected spits 10 (~4ka) 

and 18-19 (~18ka), possibly reflecting higher occupation rates. Some change over time is evident with 

an increase in complete flake size and the frequency of silcrete. However, the targeted assemblage is 

mainly reflective of those assemblages >4ka when compared to other assemblages from the 

Cumberland plain region. 

While the BDA does not have archaeological context information, it is likely that it originates from the 

site. The raw material and technological traits date the assemblage to the last 4,000 years. However, 

due to the nature of the colonial drainage system construction, it is likely to include an element of >4ka 

material. The BDA displayed highly different raw material preferences to the targeted assemblage, with 

a much higher frequency of silcrete. In addition, the BDA analysis revealed different tool types (backed 

artefacts (Plates 30-32) and higher frequencies of cores and tools. When compared, these differences 

in technology indicate changing patterns of site use and activity, indicative of increasing population in 

the region.  

The lithic analysis of both the excavated targeted assemblage and the BDA reveal major changes in 

how Aboriginal people were using the site and the types of activities they undertook there. These 

changes reflect the patterns that have been noted in the greater region previously, with changes from 

IMTC as the preferred raw material to silcrete and changes within the tool types manufactured. 

Multiple factors may be influencing these changes such as raw material availability/preference, 

environmental changes and cultural and social changes. 

 

Plate 30. Left: large geometric microliths of IMTC. Right: small geometric microliths of silcrete 

and IMTC. Scale = 1cm 
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Plate 31. Bondi points with missing tips (left) and Bondi point tips (right). Scale = 1cm. 

 

Plate 32. Complete Bondi points. Scale = 1cm. 

5.6.1 MARITIME ARCHAEOLOGICAL ASSEMBLAGE 

In addition to the terrestrial archaeological program, excavation of the deposits beneath the river’s 
surface adjacent the southern bank was undertaken. These works were primarily focussing on colonial 
features and deposits, however, also indirectly recovered Aboriginal cultural material. The details of the 
maritime excavations will be provided by Cosmos Archaeology Pty Ltd. This section provides a 
summary of the Aboriginal cultural material recovered as reported by Caroline Wilby, a member of the 
Cosmos Archaeology team.  

A total of 193 lithic pieces were recovered during the maritime archaeological excavation. The nature 
of the maritime excavation methodology required artefacts to be removed from the sieve and bagged 
relatively quickly; as such, an intentionally cautious approach was taken regarding collection of lithic or 
stone pieces. Initial post-excavation sorting suggests that approximately 45 of the pieces recovered 
were non-cultural.  The remaining 148 lithics were identified as cultural materials based on raw material 
types and the presence of diagnostic attributes characteristic of anthropogenic modification.  

Artefact densities were low across the maritime excavation areas, ranging from ~1.1/m2 to ~10/m2.  
However, artefacts were encountered in almost all of the excavation trenches in different areas of the 
Hawkesbury-Nepean River bed, including a trench located adjacent to the southern bank between the 
extant timber piles of the former Windsor Wharf and four trenches situated at ~6-10 m spacing westwards 
of the wharf (i.e. in the location of the proposed new Windsor Bridge piers).   

Artefacts were also recovered from almost all identified maritime stratigraphic units, including: 
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• upper layers of late 19th to early 20th century cobble ballast associated with the former 
wharf structure extending to a depth of ~40-50cm below the river bed surface; 

• a compact semi-concreted layer of early to mid 19th century cobble, sandstone and brick 
ballast variously occurring between 40 to 85cm below the riverbed surface; 

• several thin silt, sand and sandy lenses variously occurring between 60-120cm below 
the riverbed surface, and likely representing layers of past flood events, vertical sorting 
and settling of the riverbed sediments; 

• lower layers of sandstone rock and gravels occurring between 90-100cm below the 
riverbed surface and likely representing early 19th century ballast deposits, and; 

• a layer of decomposing bedrock encountered between 90-120cm below the riverbed 
surface. 

A distinct concentration of lithic artefacts (almost 30% of the assemblage) occurred within the semi-
concreted ballast layer (~15-30cm thick) located broadly midway through the profile. However, this is 
possibly a result of post-depositional sorting, whereby small artefacts have moved down through the profile 
and come to rest on top of and within a compact layer.     

The identified cultural assemblage was dominated by small complete flakes (~19 mm in length) (Plate 
33) and flake fragments (~61% of the assemblage), followed by angular fragments (~30%). The 
remainder comprises small cores (~50 mm maximum dimension), core fragments, possible pebble tools 
and an edge-ground axe (Plate 33). No formal flaked tool types were identified. Raw materials included 
silcrete (~36%), IMTC (~28%), fine-grained siliceous (~21%), quartzite (~10%), quartz (~4%) and basalt 
(~1%). 

The presence of small silcrete artefacts (including some heat-treated materials), quartz artefacts and a 
basalt ground-edge axe indicates that at least part of the assemblage is primarily of mid-late Holocene 
age (Plate 33). However, relatively high proportions of IMTC and fine-grained siliceous artefacts also 
suggests that some of the lithic assemblage may be of Pleistocene age, which reflects a significant part 
of the terrestrial assemblage. No clear patterning is evident at this stage regarding relative frequencies of 
raw material types in different contexts and / or depths, with each material occurring consistently in each 
stratigraphic unit.  Whilst this may be a factor of small sample size, it is also likely an indication that the 
assemblage represents a post-depositionally mixed collection of Pleistocene and Holocene artefacts. 

Ultimately, characteristics of the assemblage, stratigraphic profile and the environmental context suggest 
that this assemblage does not reflect an in situ cultural deposit, but rather is the result of post-depositional 
changes in Thompson Square; and which have likely resulted in the movement of these artefacts into the 
adjacent riverbed. Artefacts coming from more distant locales further upstream may also be a source of 
some of the cultural assemblage, but this cannot be robustly tested with the current materials recovered.  

 

   

Plate 33. Examples of artefact recovered from the maritime excavations. Left - edge-ground axe 

head; centre – an IMTC flake (dorsal surface); and right – small silcrete and IMT flakes.  
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6 RESULTS AND DISCUSSION 

6.1 The Archaeological Resource 

The salvage excavations revealed that the study area had been variously impacted by a range of 

colonial and more recent activities, and the Aboriginal cultural deposits were disparate and truncated. 

Specifically, only ~95m2 of an intact cultural deposit was identified within the impact corridor in four main 

locations, which subsequently became the western, western expansion, eastern and southern salvage 

areas. Of these, only a portion of the western salvage area contained a complete and relatively 

undisturbed soil profile (Figure 18). Parts of the western salvage area, and the entire eastern salvage 

area were truncated by a large colonial drainage system, removing the upper part ~40cm of the soil 

profile. To the south, the shallow nature of the soil profile has resulted in the loss of ~60cm of the 80-

100cm soil profile. Between these areas, early colonial and more recent activities had completely 

reworked and/or removed the soil profile to the underlying culturally sterile deposits. While the western 

expansion salvage area reflected three disparate patches of the deposit truncated variously between 

25 and 55cm. Ultimately, this means that the archaeological program recovered 100% of the in situ pre-

colonial soil profiles identified by the interpolated model (Figure 11) and within the impact corridor. A 

significant portion of the reworked early colonial deposits – which originated from the intervening in situ 

soil profiles – was also recovered and investigated for cultural material.12  

The findings of the salvage excavation reinforce the picture of past occupation developed in AAJV 

(2017a), with some important clarifications. Overall, the study area contains three main phases of site 

formation, within which past populations occupied, visited and exploited the landscape (Figure 43).  

At the base of the sequence was the occurrence of a coarse sand and gravels unit (stratigraphic unit 

(ii)). This unit appeared often to be situated abutting and/or slightly over-lying Londonderry Clay – the 

latter generally found in the west of the study area. This relationship lends support to stratigraphic unit 

(ii) being a fluvial deposit that formed by being captured in the undulations and irregularities of the 

Londonderry Clay when submerged by the river. Originally believed to date to >82ka, it is now 

understood that the deposit is likely differentially preserved across the project area, and more likely 

dates from ~82ka to ~40ka – effectively through MIS stages 3-5a. Initially thought to have been formed 

from higher sea-levels during MIS 5e, resulting in an elevated river submerging the study area, the 

revised OSL chronology does not support this. More likely, this unit has formed through periodic and 

repeated flooding of the study area during the onset of the last Glacial. Given sea-levels were much 

lower during this period (-20-30m below relative sea level) (Rohling et al. 2009) – and the Hawkesbury-

Nepean River correspondingly more incised to meet the sea at Pittwater – it suggests that significant 

flows of water must have sporadically discharged along the river system to allow submergence of the 

site, and deposition of this unit. While this unit was considered to contain Aboriginal objects (AAJV, 

2017a), the salvage excavations reveal it to be culturally sterile, with the disparity of findings relating to: 

i) the lack of identification of stratigraphic unit (iii) during the test excavation program, which contained 

cultural material dating to the LGM, and which was generally subsumed into stratigraphic unit (ii) due 

to the coarseness of the mechanical excavation approach; and ii) the mis-identification of parts of 

stratigraphic unit (ii) as being in situ, but that were more likely reworked with other units by early colonial 

activities (most evident in test pit SA 8). It is acknowledged that the upper parts of the deposit is 

chronologically within the age limits of the early use of the river (Williams et al., 2014, 2017), however 

no Aboriginal objects were found from any spits associated with this unit during the salvage excavations, 

and suggest this site was not utilised until the onset of the LGM.  

 
12 Subsequent work was also undertaken on George Street, east of Bridge Street, during the installation of a traffic light 

system. This recovered a shallow truncated deposit (generally <20cm) of stratigraphic unit (iv), which was indurated and 

required excavation with mechanical assistance. Due to the limited time to undertake this works, and the truncated nature of 

the site, it is not included further in the discussion, but details are provided in the appendices.  
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Above, the Londonderry Clay to the west and stratigraphic unit (ii) to the east was a fine sand with small 

gravels (unit (iii)). This unit originally mis-identified as part of (ii), is considered to reflect a series of 

discrete alluvial events, likely deposited by relatively low energy flooding at the onset, and during the 

LGM. In test pit SA11, the basal age of this unit is ~27ka, whereas in the salvage excavations, basal 

ages of ~25 (and perhaps as early as -35ka) were recovered (Figure 33). Although there is some spatial 

disparity, and it is considered that the older deposits are mainly situated higher up slope, with those at 

lower elevations (i.e. the western salvage) more commonly <20ka in age. The deposit likely ceased 

forming at ~21ka, with some possibility of continuing until ~14-15ka. Throughout this deposit, cultural 

material was recovered, and indicating the first use of the site occurred during this time. The larger 

excavations further found that the interface between this unit and stratigraphic unit (iv) saw the greatest 

use of the site, with highest discard rates occurring at the peak of the LGM. The assemblage exhibited 

very similar characteristics to those identified in the test excavation program. Specifically, it contained 

a range of raw materials, all likely being sourced from the Hawkesbury-Nepean River, when lower sea-

level would have seen the river exposing large gravel beds of IMTC, quartzite, FGS, and volcanic river 

pebbles. A similar procurement strategy to that found at Windsor Museum and PT-12 (Austral 

Archaeology, 2011; Williams et al., 2014). The lack of cortex in the assemblage suggests that past 

Aboriginal populations undertook primary knapping of the cobbles at the river’s edge, before moving 

upslope for further reduction of the material for stone tools. (An alternate possibility is that the flakes 

with substantial cortex were moved off-site, and hence their absence in the assemblage). The presence 

of a number of river cobbles upslope, however, suggests that some were being brought upslope 

perhaps to apply heating methods, use as hearth stones, and/or anvils as part of the hunter-gatherer’s 

repertoire. The salvage excavations strongly suggest that quartzite cobbles were used for heat-

retainers – a finding that could potentially be verified with further OSL or thermoluminescence dating. 

Artefacts produced were relatively rudimentary and consisted of unmodified flakes and pebble-tools, 

likely used for a range of hunting and plant working activities.  

Relative mobility of these populations (determined through characteristics of the assemblage) suggest 

that they were highly mobile throughout the LGM and LGIT, and likely reflects the use of the study area 

as a cryptic refuge – a key locale within a broader network of micro-environments exploited by 

Aboriginal people – throughout this time (Figure 43). Of note, is the lack of change in these behaviours 

throughout this period, despite a range of changing environmental conditions through this period. There 

is a shift to decreasing mobility at the height of the LGM, perhaps indicating a reduction in these point-

to-point strategies; and people being further tethered to critical resources such as the Hawkesbury-

Nepean River. There is increasing sedentism between ~9-6ka and again ~4-2ka, and these align well 

with the Holocene Climatic Optimum, and intensification of ENSO, respectively. The former likely 

allowing hunter-gatherers to remain in locales for long due to improved climatic conditions and 

ecological productivity, the latter relating to increasing demographic pressure hindering movement of 

people later in the Holocene (Williams et al. 2015a).  

Comparison with PT-12 shows a number of similarities with this pattern (Figure 44). While the 

chronology at Pitt Town does not allow clear identification of stratigraphic disconformities, there is clear 

similarities in the nature of mobility during and following the LGM (high) at ~17ka, and into the Holocene. 

These similarities lend increasing support that the same hunter-gatherers utilised both locales through 

this period, rather than reflecting discrete unrelated populations.  

Stratigraphic unit (iv) – and (v) which is the upper modified surface of (iv) - reflects a likely aeolian 

deposit extending from 19ka to the early colonial period, with a likely hiatus between ~18-13ka and 

~8.5-5ka. The mechanism of formation for this period, strongly suggests that with the exception of the 

thermal maxima in the early Holocene (i.e. between 8-6ka) (Williams et al., 2015a, 2015b), the site was 

dominated and influenced by moderate to strong winds, likely coming from across the Blue Mountains. 

This ongoing introduction of sediment, presumably from the nearby alluvial flats of the Hawkesbury-

Nepean River, may account for the appearance of in situ archaeological material within a homogenous 

unit of sand and silt (i.e. numerous land-surfaces formed temporarily that could be utilised by Aboriginal 

people, before being buried by introduction of new similar sediment). Based on artefact numbers, the 
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formation of this deposit saw similarly extensive prolonged or repeated use the site by hunter-gatherer. 

While lost through the compilation process in Figure 32, some of the highest artefact numbers 

recovered are directly associated with ages ranging from 10-13ka. This was a period of extensive sea-

level change, during which some 20% of the continental landmass was lost (Williams et al., 2018). As 

such, it can be expected that interior ecological refuges would be re-activated or visitation intensified to 

avoid the resource disruption along the sea’s edge. Changing sea-level was believed to continue to 

~8ka, and indeed, high artefact numbers are evident through much of this time. Surprisingly, 

technologically, the artefact assemblage appears to remain unchanged since the LGM, and continue to 

show the production of relatively rudimentary flakes from raw material originating in the nearby river’s 

material. In fact, there is no evidence for any significant change in artefact technology between ~27 and 

5ka in the assemblage, and the reason for this – during a range of climatic and environmental changes 

– remains unclear, and provides a number of questions for future investigation of the region. Further, 

there is no evidence that following sea-level change that access to this raw material changed, and 

indicates that parts of the river’s gravel’s beds remained accessible (possibly within the tidal zone) – or 

substantial material had been left upon the surface from earlier periods for reuse.  

The upper part of stratigraphic unit (iv), and including (v), was dated to the mid- and late Holocene. Of 

note during this period is the general decline in artefact numbers, suggesting a change of site use – 

potentially a reduction in visitation and/or occupation compared with the LGM and LGIT. By the last 

2,000 years, the site has virtually been abandoned based on the finds of the salvage excavations. It is 

an interesting correlation that this change appears to occur when vegetation change (Section 5.5) 

suggests increasing evidence of localised flooding, and may suggest the site was regularly submerged 

– thereby encouraging people to move elsewhere. However, this does need to be contrasted against 

the recovery of ~14,000 artefacts (~73/m2) within the reworked colonial deposits, which likely date to 

predominantly the last 5,000 years, and which suggest a two-fold increase on artefact numbers 

recovered from the late Pleistocene (when comparing the artefacts by square metre between the two 

phases) – and which is in line with wider models of increasing and more sedentary populations during 

this period (Williams, 2013; Williams et al., 2015b). The exact origins and chronology of the colonial 

drain assemblage, however, cannot be entirely known, and it is interesting to note that similarities with 

PT-12 of a reduced use of the river’s edge in the late Holocene (Williams et al., 2014). This may suggest 

a shifting use and visitation of the landscape, either due to ameliorating climate, population pressure 

and/or other social change. There appears increasing evidence of landscape burning during this time 

(Section 5.5), which may reflect climate change, but could be anthropogenic in origin, and associated 

with a range of technological changes and behaviours known to occur during the Holocene (Williams 

et al., 2015b, 2015c). Anthropogenic burning is generally considered to improve hunting and gathering 

yields in more marginal landscapes (e.g. Bliege-Bird et al., 2008; 2013), and in this instance may have 

enabled greater diffusion of populations across the more marginal Cumberland Plain landscape, 

thereby reducing population pressures (and artefact numbers) along the banks of the Hawkesbury-

Nepean River.  

The assemblage recovered from the colonial drainage system, while disturbed, provided a range of 

technological information. While the assemblage’s exact origin cannot be defined, given the early period 

of construction for the drainage system, the material used to backfill the construction was likely fairly 

local. Given the demonstrated occurrence of an early colonial topsoil in the western parts of the site, 

such material more likely came from the eastern portions of the study area, and areas in the vicinity of 

Old Bridge Street. Based on the composition of the assemblage, it primarily dates to the late Holocene. 

Characteristics of the assemblage include backed artefacts, heat treated silcrete, and bipolar cores and 

flakes, and conforms well with the broader assemblages recovered from this time period across the 

Sydney Basin. Activities on-site appear to have included minor production of microlith tools, perhaps 

indicating repair of existing equipment while utilising the resources of the river.  

While the test excavations recovered several glass artefacts, indicative of post-colonial activity by 

Aboriginal people like in the late 18th and early 19th Centuries, no similar findings were made from the 
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salvage excavations. Several glass fragments were recovered during the works, but none could be 

positively identified as of Aboriginal modification during detailed analysis.  
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Figure 43: A compilation diagram of the targeted assemblage analysed in Section 5.6 from across the four salvage areas and aligned to the same scale (Table 4). OSL ages and interpolated ages are presented based on 

Section 5.4. Two stratigraphic disconformities, evident by large gaps in the chronology, are shown. Test pit SA11 is also presented broadly aligned to the same scale and chronology, and which shows broad correlations 

with the large archaeological assemblage.  
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Figure 43 continued: A compilation diagram of the targeted assemblage analysed in Section 5.6 from across the four salvage areas and aligned to the same scale (Table 4). OSL ages and interpolated ages are presented 

based on Section 5.4. Two stratigraphic disconformities, evident by large gaps in the chronology, are shown. Test pit SA11 is also presented broadly aligned to the same scale and chronology, and which shows broad 

correlations with the large archaeological assemblage.  
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Figure 44: The relative mobility of the WBRP artefact assemblage after rank sum using data in Appendix 11, and methods after Smith (2006) and Williams et al. (2014). Higher (lower) values suggest a higher (lower) 

mobility. The same data for PT12-A(2) (Williams et al., 2014) is also presented, and aligned at broadly the same chronological scale; correlations are shown by dashed lines. 
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6.2 Research Questions 

As part of the archaeological research design, a number of research questions were posed for the test 

and salvage excavations to determine. This section provides responses to these questions using both 

the test and salvage excavation findings.  

• What is the spatial and stratigraphic extent of Aboriginal sites and/or material culture 

within the WBRP?  

The test excavations divided the project areas into four archaeological landscapes, within which 10 

discrete stratigraphic units were observed (see Section 3.2). Of these, a single archaeological 

landscape – source-bordering dune – formed the focus of the salvage excavations.  

The salvage excavations revealed that the study area has been extensively disturbed by early colonial 

and more recent activities. This included several of the test pits undertaken during earlier phases of 

work, and which were mis-interpreted to reflect natural soil profiles (notably SA8 and SA29). Only ~92m2 

within the impact corridor and encompassed within the interpolated source-bordering dune (Figure 11) 

was found to contain pre-colonial deposits. Some 46% of these deposits had some evidence of 

disturbance and/or truncation. These deposits were recovered in their entirety as part of the salvage 

excavation program.  

The salvage excavations identified five stratigraphic units within the study area, four of which had been 

found as part of the test excavations, and a further deposit (unit (iii)), which was mis-identified due to 

its similarity with an underlying stratum (Section 5.3). At the base of the sequence was a combination 

of Londonderry Clay, and a fluvial deposit composed of coarse sand and gravels. This latter unit was 

dated to between 82 and 40ka, and was demonstrated to be culturally sterile. Above these units was a 

fine sand with small gravels, indicative of alluvial activity (i.e. low energy flooding), likely deposited 

during the LGM (~30ka). The deposit continued to form until 21ka, and it is within this unit that Aboriginal 

objects are first recovered, and from which much of the assemblage relates to. Due to the truncation of 

much of the site, it is this unit, or a portion of it, that extends across the four salvage areas. Aboriginal 

objects are distributed fairly evenly throughout this unit in low numbers (<10/0.25m2) (Figure 32). The 

occurrence of a small number of artefacts in test pit SA11 at >22ka, compared with the salvage areas 

<22ka activities, indicate multiple phases of visitation over this period, and further indicate different parts 

of the project area were used. 

Over-lying the alluvium was an aeolian fine sand (unit (iv) and (v)), an source-bordering dune, which 

was only recovered from the western and western expansion salvage areas, as well as test pit SA 11 

(Section 3.2). Following a brief hiatus, this unit began forming at ~19ka, and continued to develop until 

the early colonial period. There is some evidence of major disconformities within this unit between ~18-

13ka and 8.5-5ka. Aboriginal objects are found throughout this deposit, peaking in the lower part of the 

deposit at ~19 - 18ka, remaining high through the LGIT, and steadily declining to very few artefacts in 

the late 2,000 years. Spatially, this portion of the assemblage is only found in the western and western 

expansion salvage areas (and part of it in test pit SA 11).  

In addition to the in situ deposits, some 300m3 of early colonial reworked sediments was recovered 

from the northern portion of the study area. These deposits contained ~14,000 artefacts, predominantly 

dating to the late Holocene. These artefacts are entirely within the trench fill of the colonial drainage 

system, and have no clear pre-colonial stratigraphic context. 

• What is the age, integrity and significance of Aboriginal sites and/or material culture 

within the WBRP?  
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The test and salvage excavations have recovered a suite of 43 OSL ages to provide a strong 

chronological framework for the deposits. These demonstrate that the cultural material is found between 

~30ka to the early colonial period. At a finer resolution, the data indicates that visitation of the site 

occurred between ~27ka and 19ka, at ~13-8.5ka, and finally between ~5-2ka. These periods are 

punctuated by sedimentary hiatuses, which may also reflect abandonment of the site by Aboriginal 

people. There is certainly no clear evidence of large peaks in artefacts, reflective of a surface upon 

which thousands of years of cultural material has been dropped (a palimpsest), at these disconformities 

that may suggest long term visitation of the same land surface; although, the loss of such deposits from 

flooding and/or other scouring cannot be discounted.  

The cultural materials, where present, had high integrity. Conjoining analysis of a range of artefacts 

from across the test and salvage excavation program revealed very little movement. With a few 

exceptions, distances between related artefacts of 5-20 cm was observed, and suggests little 

pedoturbation has influenced the assemblage. One refit set in particular, with three conjoining pieces 

of non-artefactual heated quartzite from F23, were excavated within the same spit (spit 17, 80-85cm), 

while 11 refitted artefacts were recovered from spit 10 in test pit C35, and suggest little movement. The 

few exceptions – where artefacts have moved >80cm – are unsurprising given the high level of 

disturbance across the study area, as well as the presence of several well-established trees in some 

areas. This integrity is further supported by the soil geochemistry recovered from the site, with magnetic 

susceptibility results – interpreted to reflect anthropogenic disturbance – closely correlating the artefact 

record across all parts of the site. As such, we can be confident that the artefact assemblage was 

recovered broadly from its original stratigraphic position at time of discard. 

Significance of the deposits is presented in Section 6.3 below.  

• What are the environmental characteristics associated with the distribution of Aboriginal 

cultural heritage within the WBRP? Can the formative processes of the stratigraphic 

profile provide information on the nature and/or survivability of the archaeological 

resources? Are there other key factors in the distribution and extent of the material 

culture within the WBRP?  

Sediment, phytolith and pollen analysis provide some information on the environment and formative 

history of the study area.  

At the base of the sequence, stratigraphic unit (ii) appeared to form between ~82 – 40ka, and 

sedimentologically reflected a fluvial deposit (i.e. river bed). Originally believe to relate to higher sea-

levels (resulting in a higher river, thus submerging the study area) during MIS 5e, the more detailed 

OSL chronology does not support this with the deposit being too young. Rather, this deposit has more 

likely formed through a periodic and repeated flooding of the study area during the onset of the last 

Glacial in MIS 3 and 4. Given sea-level was significantly lower at this time (-20-30m below relative sea 

level), and the river would have been similarly incised to meet it, it suggests quite substantial flows 

occurred through this time. Anecdotally, that river narrows downstream, resulting in blockages and 

flooding back along the river, which could similarly have resulted in the high flood levels hypothesised. 

Its association with the Londonderry Clay strongly suggests that this underlying geological deposit 

formed a barrier, or natural riffle, that captured the coarse sand and gravel once submerged. No pollen 

data was recovered from any part of this deposit, and this may suggest it was increasingly arid (a 

condition that is not conducive to pollen survival).  

Site formation was then unchanged until ~30ka, the onset of the LGM, when the study area was subject 

to periodic low energy flooding, evident by stratigraphic unit (iii). This unit likely represents periodic 

increased flow down the Hawkesbury-Nepean River resulting from regular summer melting of glaciated 

uplands in the Blue Mountains (Petherick et al., 2013; Williams et al., 2013). This situation continued 

until about 19ka, effectively the end of the LGM, and the onset of ameliorating (but turbulent) climatic 

conditions in the LGIT (Williams et al. 2013, 2015a). The pollen record indicates that his period was 

characterised by herbaceous taxa, with higher representation of typically arid species, such as salt bush 
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and she oaks. Phytolith analysis corroborates parts of the above history, with evidence of sparse and 

xerophilous vegetation through the LGM, and suggesting increasingly dry and arid conditions. 

Aboriginal visitation of the study area continued through this period, with highest artefact discard within 

the unit occurring towards the end of the LGM (at ~25-19ka). 

Following a further hiatus in both sedimentation and cultural discard (potentially reflecting a scouring of 

the soil profile), increasingly windier conditions result in the deposition of stratigraphic unit (iii) from 

~19ka. This unit continues to form until the early colonial period (with the exception of ~18-13ka and 

8.5-5ka) and suggests that prevailing wind from the west continuously blew sediment, likely from the 

river floodplain, against the steep slopes of the study area throughout this time. This is in contrast to 

the test excavation phase that suggested formation only during the LGM, and rather suggests that this 

depositional process continued despite changing climatic conditions throughout the last 20,000 years. 

A hiatus in the sequence at ~18-13ka cannot be readily aligned with changing climatic conditions, 

although our understanding of the LGIT remains poor. While a hiatus at ~8.5-5ka aligns well with the 

Holocene thermal maxima (Williams et al., 2015a, 2015b), a period of increasingly wet conditions, and 

during which these depositional processes stopped, likely due to increasing vegetation and ground 

cover across the floodplain (thereby impeding the movement of fine sediments). Pollen and phytolith 

analysis of this period shows initially a turbulent environment, before increasing abundant and 

hydrophilous plant communities with climatic amelioration. The presence of rainforest during the 

Holocene may also reflect conditions warmer and wetter than present – although this finding may be 

an artefact of taphonomy and pollen grain reworking via the river (see Section 5.5). Archaeologically, 

this period saw continued intense visitation and/or occupation of the study area. Artefact discard 

remains high between ~13-8.5ka, which was a period of significant climatic and environmental 

disruption, notably the inundation of the coastal shelf following the end of the last Glacial (Meltwater 

Pulse 1a). Specifically, a recent study has shown that between ~15-8ka, and associated with Meltwater 

Pulse 1a, the continent lost some 2 million km2 (about 20% of its total landmass) at a pace of ~23.7 m 

per year (Williams et al. 2017). This rate of inundation would have resulted in significant disruption of 

coastal productivity and resources that underpinned coastal foraging economies in the Holocene, as 

well as further reducing the spatial area within which populations could move and occupy. It is therefore 

perhaps unsurprising that an inland ecological refuge, such as the Hawkesbury-Nepean River corridor 

remained a foci for Aboriginal populations during this period. Visitation and/or occupation of the study 

area steadily decreases from 8ka, and appears virtually abandoned by 2ka, although this must be 

contrasted against the substantial assemblage recovered from the colonial drainage system, which 

likely dates to this latter period and shows a two-fold increase from the Pleistocene.  

• How do the cultural materials compare with other Pleistocene sites nearby? What can 

the material culture tell us about the populations and behaviour of Aboriginal hunter-

gatherers during the last 30,000 years?  

A detailed comparison of the WBRP assemblage with those from the Windsor Museum and PT-12 (Pitt 

Town) is presented in Appendix 10. All three sites seem to be closely related, and may reflect the same 

populations moving along the river corridor. The assemblages and likely activities of the populations 

(discussed below) are all very similar. Based on chronology, all three sites were visited and/or occupied 

across the same time interval, between ~35ka to 8ka, and importantly during and through the LGM. 

With the revised chronology from the salvage excavations, we can now show that within the study area, 

hunter-gatherers were present intermittently over much of this time (~27-19ka, 13-8.5ka, 5-0ka). It is 

quite possible similar hiatuses are present in the other sites, but the chronological framework is not 

detailed enough to identify them. Certainly the shift from an assemblage dominated by scrapers to 

backed blades at 45cm below the surface of PT-12A(2) likely reflecting a <5ka age is at odds with the 

12ka sample recovered from 50cm below the surface, and more likely suggests a disconformity 

(Williams et al., 2014). Of note, is the increasing use of all the site at the transition into the Holocene – 

Windsor Museum has a peak in artefact discard at ~15ka, while several of the discrete PT-12 loci have 

high artefact numbers in the assemblage between ~15 and 8ka; and this perhaps indicates the wider 

use of the ecological river corridor refuge during this period of climatic disruption and sea-level change. 
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Artefact concentrations of WBRP are less than the other two assemblages (an average of 35-50/m2 

compared with 90-200/m2), and perhaps suggest it was not utilised as often or as extensively as the 

other two. Although, it must be acknowledged that WBRP has received significant destruction over the 

last 200 years, and only a small amount of the cultural deposit was recoverable for analysis. In all 

instances, the archaeological assemblage reveals a similar story of past populations utilising the 

resources of the Hawkesbury-Nepean River during a period of climatic downturn and/or coastal 

inundation. Across all of the sites, large river cobbles were being extracted from the river, presumably 

from exposed gravel beds from the lowering of the river’s thalweg to meet a lower sea-level at Pittwater, 

and taken to nearby elevated ground for production of stone tools. In the case of PT-12, entire river 

cobbles were regularly being carried, whereas at the Windsor sites, it appears removal of the outer 

parts of the cobble may have occurred at the river’s edge before moving upslope. In all cases, complete 

river cobbles where found on elevated ground, although in the case of WBRP, they seem to be primarily 

for use as heat retainers – and are often of quartzite raw material. Artefacts were produced at all sites 

that were relatively rudimentary, consisting of unmodified flakes and pebble-tools, with occasional large 

scrapers, likely used for a range of general hunting and plant working activities. Based on ethnographic 

observations (AAJV, 2017a), resources also likely included the exploitation of the river for freshwater 

mussel, eels, fish and terenid - although no direct evidence of these in the archaeological record is 

currently available. Phytolith and pollen analysis suggests an open eucalypt woodland community, with 

some evidence of Aracauria sp, and this perhaps also suggests exploitation of an evergreen coniferous 

plant community by hunter-gatherers, with resources such as pine nuts and resin being available.  

Relative mobility of these populations (determined through characteristics of the assemblage) suggest 

that they were highly mobile throughout the LGM and LGIT, and likely reflects the use of the study area 

as a cryptic refuge – a key locale within a broader network of micro-environments exploited by 

Aboriginal people – throughout this time (Figures 43 and 44). Of note, is the lack of change in these 

behaviours throughout this period, despite a range of changing environmental conditions through this 

period. There is a shift to decreasing mobility at the height of the LGM, perhaps indicating a reduction 

in these point-to-point strategies; and people being further tethered to critical resources such as the 

Hawkesbury-Nepean River. There is increasing sedentism between ~9-6ka and again ~4-2ka, and 

these align well with the Holocene Climatic Optimum, and intensification of ENSO, respectively. The 

former likely allowing hunter-gatherers to remain in locales for long due to improved climatic conditions 

and ecological productivity, the latter relating to increasing demographic pressure hindering movement 

of people later in the Holocene (Williams et al. 2015a). Comparison with PT-12 shows a number of 

similarities with this pattern (Figure 44). While the chronology at Pitt Town does not allow clear 

identification of stratigraphic disconformities, there is clear similarities in the nature of mobility during 

and following the LGM (high) at ~17ka, and into the Holocene. These similarities lend increasing support 

that the same hunter-gatherers utilised both locales through this period, rather than reflecting discrete 

unrelated populations.  

The three sites show increasing differences in the most recent time period. Windsor Museum lacks a 

Holocene assemblage of any kind, potentially a result of historical truncation. The WBRP assemblage 

is indicative of use of the area in the early- to mid-Holocene, between ~9-5ka, and ~5-2ka in the salvage 

areas, but lacks any strong evidence of later use (excluding the assemblage from the colonial drainage 

system), while PT-12 is believed to have a hiatus during this time, but re-occupation and visitation in 

the last few thousand years. Certainly, the potential hiatus in PT-12 can now be more strongly 

supported, with a similar one found in the salvage areas here during the thermal maxima – and which 

may indicate similar depositional processes at the two sites. These varying assemblages all suggest 

greater complexity and diversity was occurring in the Holocene, and the importance of the river (at least 

this section of it) was diminished. None of the upper assemblages appear to have the same intensity or 

density as the earlier use of the site. Both sites show an increasing dominance of silcrete raw materials, 

likely obtained from the Riverstone region some 10km to the southeast, and suggest that in tandem 

with climatic amelioration, populations had spread and utilised much larger tracts of the Sydney Basin. 

This must however be caveated by the significant colonial drainage system assemblage at WBRP, 
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which with no context or spatial information makes it difficult to align with PT-12, etc, but which 

potentially suggests a two-fold increase in activity in the late Holocene compared with previous periods.  

• Is there any evidence for contact period archaeology between the local Aboriginal 

people and Europeans within the WBRP?  

Despite excavation of stratigraphic unit (v), which was effectively the early colonial topsoil, no contact 

period Aboriginal objects were found as part of the salvage excavation program. As such, the three 

glass artefacts recovered as part of the test excavation program (AAJV, 2017a) remain the only 

evidence for a contact period activity on the site. These artefacts were considered to date to AD~1794 

– 1860, with ethnographic information suggesting AD1837 as a more likely terminus ante quem date.  

• What are the cultural, social and public values associated with the Aboriginal 

archaeological resource in the southern project area?  

The values of the archaeological landscapes are provided in Section 6.3. This question is also 

addressed in the wider Strategic Conservation Management Plan for the project.  

In brief, the cultural deposits recovered (and those still present in other parts of the project area) are 

shown to be of high (State) scientific significance, representing one of only a handful of examples of a 

Pleistocene ecological refuge used by Aboriginal people in the past, and having ongoing research 

potential. This classification is in part the result of the archaeological work that has undertaken detailed 

investigation and characterisation of the deposit – including developing one of the strongest 

chronological frameworks for an archaeological site in the Sydney Basin. Input from the Aboriginal 

community has yet to be formally obtained, but consistently archaeological sites along the Hawkesbury-

Nepean River corridor are assigned high cultural values.   

• How should the Aboriginal sites in the region be conserved and managed in future?  

As outlined in preceding questions, the archaeological record along the Hawkesbury-Nepean River, 

especially on elevated ground between Pitt Town and Windsor (and potentially further), represents a 

very rare resource. The LGM was a global climatic downturn that resulted in significant re-organisation 

of hunter-gatherer populations. In Australia, current models suggest that populations contracted to 

‘refuges’ to survive, but while such locales are conceptually known, many have little or no tangible 

record of the event or people’s behaviour through it. With the possible exception of the Willandra Lakes 

region, and the Pilbara, for the most part the tangible records available are also very limited – 

constrained to rockshelters or a handful of artefacts. Conversely, excavations at PT-12, Windsor 

Museum and WBRP reveal that along the Hawkesbury Nepean River, we have an unrivalled record of 

people’s visitation, occupation and exploitation of the river through this period. It is therefore essential 

that these deposits form the focus of future conservation and management.  

Currently, there are substantial threats to these archaeological deposits, notably the expansion and 

urban development of the river’s edge. This is most evident in Pitt Town, where residential subdivision 

and ‘weekender’ type properties are encompassing vast tracts of the ridgeline upon which the deposits 

have been found. Large parts of PT-12 have been destroyed, including those areas where the data 

presented was collected. Similarly in Windsor, urban development has a high likelihood of destroying 

such deposits (many of which are yet to be identified). For example, a multi-storey unit block has been 

constructed on the corner of Baker Street and The Terrace, immediately opposite the Windsor Museum 

site, without any apparent consideration of Aboriginal heritage. In the case of the proposed bridge 

across the Hawkesbury Nepean River, the salvage excavations have shown the cultural deposit to have 

been heavily disturbed by early colonial and more recent activities; and recovered 100% of the in situ 

soil profile present within the impact corridor. However, it shows that only small parts of the upper 

Thompson Square, and parts of George Street (east of the Bridge Street roundabout) likely now retain 

this cultural deposit in this area.  
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A critical issue is the identification of these archaeological deposits, with much of the development 

outlined above approved long before they were identified. It is hoped that with the completion of the 

sand body study (AAJV, 2017d), and the findings of WBRP, PT-12 and Windsor Museum, State and 

local governments will be able to manage these important archaeological landscapes more effectively.  
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6.3 Statement of Significance  

6.3.1 ASSESSMENT 

The statement of significance was assessed based on a framework and range of criteria, which are 

discussed in detail in Appendix 12. 

The higher resolution recovery of Aboriginal objects across the study area compared with previous 

studies and stages of work, provides a far greater understanding of the archaeological resource and its 

significance, as well as raising additional questions on the nature and use of the area by Aboriginal 

people in the past. Specifically, the excavations revealed that the Thompson Square park areas on 

either side of Bridge Street contain the remnants of a source-bordering dune, which formed a key locale 

of Aboriginal visitation and occupation over the last 30,000 years. The abundance and diversity of the 

cultural material suggest prolonged and/or repeat occupation, with a focus on the exploitation of the 

river’s resources, especially cobbles for artefact and tool production. The results indicate that Aboriginal 

people used the site intermittently as an ecological refuge between three main periods, 27-19ka, 13-

8.5ka, 5-0ka, all correlating with major climatic disruption.  

The deposit is likely a continuation of the finds at the nearby Windsor Museum (Austral Archaeology, 

2011), which shows initial visitation by 33ka, and ongoing occupation through to 8ka. Along with other 

regional findings of work at Pitt Town (Williams et al., 2012, 2014), the assemblage here lends strong 

support to Aboriginal populations exploiting and using the Hawkesbury-Nepean River corridor by ~35-

30ka; and representing some of the earliest evidence of Aboriginal populations in southeast Australia. 

With the exception of a handful of artefacts at the base of the Cranebrook Terrace (Nanson et al.1987; 

Williams et al. 2017), these cultural assemblages also represent the earliest evidence of people in the 

Sydney Basin.  

As well as the lower assemblage, the presence of an assemblage showing occupation throughout the 

Holocene period (<10ka) is also of significance. At a continental scale, this period of ameliorating 

climate in the early Holocene is widely documented as a period when Aboriginal populations were 

flourishing (e.g. Williams et al., 2015b), however tangible evidence for this is spare. Here, we have one 

of only a handful of sites in the Sydney Basin that dates to this period, and includes the entire Holocene 

period. In addition, the substantial assemblage, albeit unstratified, recovered from the colonial drain 

includes a diverse range, and excellent specimens, of a range of tool types dating to the last 5,000 

years. While not identified in the salvage excavations, the presence of several glass artefacts within the 

lower park that demonstrate post-contact interaction between the Aboriginal population and early 

European settlers. These artefacts appear to date to between AD1794 and the ~1830s, during a period 

when corroborees have been documented in Thompson Square (Walker, 1890).  

While the sand units within the study area have been subject to extensive disturbance, the 

archaeological salvage excavations carefully recovered and documented a substantial portion of the 

deposit. Further, other parts of the deposit are known to extend elsewhere within Thompson Square, 

and along the river’s edge. In combination with the artefact analysis and OSL chronology, the deposit 

can therefore be considered to have stratigraphic robustness, and provides a rare window into the late 

Pleistocene and Holocene occupation of the region. The scale and diversity of the cultural assemblage 

(including the unstratified material) is also extensive and enough to have significance in its own right.  

While no formal written feedback from the Aboriginal stakeholders has been received regarding cultural 

significance as yet, several on-site discussions identified the site as being of high importance to the 

Registered Aboriginal Parties (RAPs). And more broadly, site of great antiquity along the Hawkesbury-

Nepean River corridor are routinely identified as important to the Aboriginal community.  
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6.3.2 STATEMENT 

When considering the significance criteria: aesthetic, historical, cultural/spiritual and scientific, the 

cultural deposits recovered from the study area (consisting of stratigraphic units (ii) – (iv) (Section 5.3)) 

are considered to meet regional/State thresholds in several respects. Scientifically, the site is 

considered to contain deposits that can provide significant information on how Aboriginal people lived 

and occupied the region over the last 30ka, and through into the post-contact period. These include 

further understanding the behaviour of some of the earliest populations within Southeast Australia 

during their initial colonisation and behaviour through the Last Glacial Maximum (a significant climatic 

downturn between 24-18ka), Last Glacial-Interglacial Transition and Holocene; and spatial and 

temporal inter- and intra-site relationships between local populations at Windsor Museum, Pitt Town 

and other early sites along the Hawkesbury-Nepean River. While a range of Pleistocene sand dune 

sites are known in the region, there are few where significant cultural material has been recovered in a 

controlled fashion, and with good chronological control. It should be noted that the works at Pitt Town 

are still being analysed by students and academic researchers some five years after their completion, 

and the archaeological work undertaken at WBRP arguably surpasses those at Pitt Town in terms of 

chronological control, sedimentological and palaeo-environmental analysis. As such this site can be 

considered rare and intact, and is one of the most representative sites of its type, with only seven other 

sand bodies with stratified cultural deposits known in the Sydney Basin, at Warkworth (Hughes et al., 

2014; Scarp 2008), Pitt Town (Williams et al. 2012, 2014), Windsor Museum (Austral Archaeology, 

2011), Parramatta (Jo McDonald Cultural Heritage Management, 2005; Extent Heritage 2016), 

Moorebank (Extent Heritage, 2018), Glenrowan (Tarro) (AHMS, 2015), and Hunter Street (Newcastle) 

(AHMS, 2011). It is further highlighted that a significant portion of the cultural deposit remains within 

Thompson Square and likely extends westwards along the river’s edge. And as such, the findings and 

significance of this report can be assigned to these intact portions of the deposit into the future.  

The deposit can therefore be considered to have high scientific significance at a State level due to the 

presence of a stratified deposit that includes a high number and diversity of artefacts in a subsurface 

context. From an aesthetic perspective, given the quantity of cultural materials and their great antiquity, 

along with evidence of post-contact interactions, it is considered that the deposit would elicit a sensori-

emotional response from the local community, and therefore can be considered to have meet moderate 

thresholds for this criterion. The presence of post-contact cultural materials with good temporal 

resolution (from the test excavation program) and which can be potentially linked to known interactions 

within the project area, also results in this deposit meeting local thresholds for the historical significance 

criterion.  
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7 CONCLUSIONS AND RECOMMENDATIONS  

7.1 Key Findings 

• The salvage excavations revealed that much of the study area had been subject to colonial 

and more recent activities, which had reworked and/or removed the early colonial and pre-

colonial soil profile. Despite this, some 95m2 of a pre- and/or early colonial soil profile was 

identified and excavated, and recovered 3,267 Aboriginal objects primarily dating to 27-19ka, 

13-8.5ka, and 5-0ka. This reflected recovery of 100% of the undisturbed soil profile within the 

impact corridor in areas targeted for salvage excavation (lower Thompson Square); and lesser 

impacts from traffic light installation on George Street (east of Bridge Street). An additional 

986 artefacts were recovered from other ancillary, historical and/or maritime excavations 

across the study area. A further 14,777 unstratified Aboriginal objects were recovered from 

historical contexts, and likely date primarily to the last 5,000 years.  

• A significance assessment of the cultural deposits recovered (and those still present in other 

parts of the project area) show that they are high (State) scientific significance, representing 

one of only a handful of examples of a Pleistocene ecological refuge used by Aboriginal 

people in the past, and having ongoing research potential. This classification is in part the 

result of the archaeological work that has undertaken detailed investigation and 

characterisation of the deposit – including developing one of the strongest chronological 

frameworks for an archaeological site in the Sydney Basin. Input from the Aboriginal 

community has yet to be formally obtained, but consistently archaeological sites along the 

Hawkesbury-Nepean River corridor are assigned high cultural values.   

• A description of public outreach associated with the project is provided, which includes range 

of online information, presentations and existing or proposed academic papers.  

• Recommendations to ensure lodgement of the document in relevant repositories and the 

future curation of the archaeological assemblage is provided.  

7.2 Summary of the Archaeological Mitigation Program 

As outlined in Sections 4-6, an archaeological salvage excavation was undertaken in advance of the 

proposed bridge construction due to its potential to harm Aboriginal objects. The original program 

included the careful manual excavation of 150m2 within the study area (lower Thompson Square park) 

in two large open areas. However, following initial removal of modern overburden and later 19th Century 

historical deposits, it became clear that large parts of the study area had been subjected to extensive 

modification – and resulted in the removal, reworking and/or loss of Aboriginal cultural material. These 

unexpected disturbances where, in part, due to the installation of an early colonial drainage system that 

was too deep (>4m below 2016 surface) to have been found during the test excavation; and that re-

used sediment from the natural soil profile shortly after its construction, thereby minimising evidence of 

the activity and making it hard to determine in situ from re-worked deposits until large areas had been 

cleared. This feature ultimately cut a trench of 5-11m through the areas proposed salvage excavation. 

These initial findings resulted in the archaeological salvage excavation only those areas where in situ 

pre-colonial soil profiles were identified. These consisted of three disparate areas of the site situated 

on either side of the colonial drainage system (and identified as the eastern and western salvage areas), 

and a further area on the highest point of the study area at the junction of Bridge Street and Old Bridge 

Street (identified as the southern salvage area) (Figure 14); and totalling some 59m2. A fourth area, 

effectively a continuation of the western salvage area, and identified as the western expansion salvage 

area, encompassing areas adjacent Bridge Street, was subsequently undertaken; and ultimately 

achieving excavation of 95 m2 of the deposit. Within these four areas, a pre-colonial soil profile in various 

condition (Figure 18) was observed, with the western and western expansion salvage having a 
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relatively undisturbed 1m deep soil profile, while the eastern and southern salvage areas exhibited 

significant truncation (some 50cm and 40cm deep, respectively). In addition, the excavations extended 

into, and investigated, the culturally sterile sand units underlying the study area.  

The excavations recovered some 3,267 stone artefacts from a mixture of fluvial, alluvial and aeolian 

deposits, dating from ~30ka to the early colonial (0.25ka) period. This assemblage could be divided into 

three main phases of visitation and occupation at ~27-19ka, 13-8.5ka, and 5-0ka, which align with major 

climatic changes in the past – including the LGM, Meltwater Pulse 1a (and associated coastal 

inundation), and El Niño Southern Oscillation, respectively. A range of OSL ages, and other 

paleoenvironmental data was also collected to provide information on both the climatic change, and 

Aboriginal activities within the study area during these times. Along with other nearby sites of great 

antiquity, they indicate that the river corridor likely formed an ecological refuge within which Aboriginal 

people visited, lived and/or exploited during these periods of climatic disruption. The artefactual 

assemblage was dominated by IMTC raw materials, suggest an exploitation of nearby river gravels, 

and was characterised by rudimentary flaking technology. Comparison with assemblages at Pitt Town 

show numerous similarities, including close correlation of mobility – and suggesting the sites are 

connected either through the same land use strategy and/or discrete populations in communication with 

each other. Of note, and for future investigation, was the general consistency in technological attributes 

of the assemblage, indicative of similar hunter-gatherer behaviour and use, throughout the LGM, LGIT 

and early Holocene, despite very differing climatic conditions over this time. Along with other sites along 

the river corridor, the region appeared to have formed less of a foci for Aboriginal populations compared 

with earlier phases, possibly reflecting a diffusion of people across the more marginal landscape, such 

as the Cumberland Plain in line with increasing populations at this time. Although this must be caveated 

by the unstratified recovery of a significant assemblage from the earlier colonial deposits.  

We also provide data here on a further 968 artefacts recovered as part of the European and maritime 

heritage investigations on site. Of note, was the careful recovery of 148 artefacts from the deposits 

adjacent the southern riverbank beneath the current water surface. While much of these cultural 

materials are likely eroded into the river from Thompson Square in the colonial period, both the methods 

used to recover this assemblage and its presence within a highly active river system provides a range 

of future opportunities for this type of investigation along other parts of the Hawkesbury-Nepean River.  

In addition to the archaeological excavations, some 300m3 of the colonial drainage system trench fill 

material was also recovered and sieved for cultural material (since the trench fill consisted of re-worked 

pre-colonial soil profiles likely from the study area). Some 14,777 stone artefacts were recovered from 

these deposits, dominated by silcrete raw materials, and likely reflecting activity primarily in the last 

5,000 years. On face value, these numbers suggest a seven-fold increase in artefacts compared with 

the earlier phases of site use, however, the larger volume of sediment recovered from the drainage 

system must be taken into account (i.e. ~5 times the volume of sediment than that of the salvage 

excavations). When comparing the two phases as artefacts/m2, it suggests more likely a two-fold 

increase in artefacts (35/m2 versus ~73/m2) – a finding which agrees with the broader models of 

increasing populations at this time.  

Overall the archaeological mitigation achieved a number of significant outcomes for the project and 

Australian archaeology more broadly:  

• The archaeological program recovered 100% of the in situ pre-colonial culturally bearing 

deposits within the impact corridor; and a significant volume of disturbed archaeological 

material from historical deposits (much of which was composed of reworked pre-colonial 

deposits). As such, the mitigation program recovered a significant volume of the cultural 

materials that had potential to be impacted prior to the construction activities being initiated.  

• The archaeological program undertook the detailed recording and recovery of a significant 

cultural deposit that was previously undocumented in the region. The results reveal the study 
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area contains some of the earliest evidence of past Aboriginal visitation and occupation in the 

Sydney Basin, as well as throughout major climatic events over the last 30,000 years. 

Importantly, the results here provide information on the composition and significance of the 

cultural deposit that extends beyond the impact corridor. The deposit has already been found 

within upper Thompson Square as part of this project, and is considered to extend a 

considerable distance westwards (with previous discoveries at the Windsor Museum site 

some 100m to the west; and observations nearby suggesting this continues along the river’s 

edge). In combination with the sand body study, the results here can be used in future 

management and planning of development within areas where this significant deposit has 

been identified to maximise its conservation.  

• The archaeological program adopted best practise approaches in the recovery and 

subsequent analysis of the cultural deposits. This included a high-resolution horizontal and 

vertical recovery of cultural material, the robust chronological framework, extensive 

geochemical and sedimentary data, palaeo-environmental information, and a detailed 

analysis of the lithic material. Arguably, the cultural deposit is now one of the most 

comprehensively documented in the Sydney Basin, and would rival many research based 

archaeological excavations. In combination with the 30,000 year record of past Aboriginal 

activity at the site, the methods of excavation and analysis provide significant opportunity for 

future research projects and outputs to come from the works undertaken. The composition 

and methods of excavation and analysis here are comparable with, if not surpassing, previous 

CRM works at Pitt Town, which resulted in several academic publications (e.g. Williams et al. 

2012, 2014) and contributed toward two Doctor of Philosophy degrees in the last decade.   

• The substantial cultural assemblage recovered from the excavations, albeit in some parts 

disturbed, is one of the largest collections for the region. It further encompasses some 30,000 

years of occupation of the Hawkesbury-Nepean River. As such, it provides significant 

educational and public outreach opportunities at the preferred repository (Windsor Museum) 

and surrounding community.  

7.3 Public Outreach 

A range of public outreach activities have been undertaken for this project. These include:  

• The provision and availability of finalised reports on the test excavation (AAJV, 2017a) and 

sand body study (AAJV, 2017d), as well as a range of project documentation developed during 

the field programs (e.g. weekly update reports) on the NSW Roads and Maritime Services 

website for the project (https://www.rms.nsw.gov.au/projects/sydney-west/windsor-bridge-

replacement/project-documents.html).  

• The presentation of aspects of the archaeological program and findings at national 

conferences, including:  

o Australian Institute for Maritime Archaeology/Australasian Society of Historical 

Archaeologists, Sydney, September 2018. 

o Australasian Quaternary Association, Canberra, December 2018. 

• The development of academic publications on aspects of the archaeological program and 

findings, including:  

o Williams, A.N., Toms, P.S., Marcus, D., Yousif, A., McGuinness, J., O’Sullivan, A., 

Barry, L., Bryant, T., Wood, J.C. (2019) The first successful application of Optically 

Stimulated Luminescence Dating to a colonial era (<0.25ka) archaeological site in 

Australia. Journal of Archaeological Science: Reports, 24: 993-1002. 

o Other publications to be confirmed following finalisation of this report.   

o  

https://www.rms.nsw.gov.au/projects/sydney-west/windsor-bridge-replacement/project-documents.html
https://www.rms.nsw.gov.au/projects/sydney-west/windsor-bridge-replacement/project-documents.html
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7.4 Concluding Remarks and Recommendations 

This report has been developed to document the Aboriginal archaeological salvage excavations 

undertaken as part of the WBRP in accordance with the detailed salvage strategy (DSS) (AAJV, 2017c) 

implemented under MCoA Condition B5, and to fulfil the reporting requirements of MCoA Condition C5. 

It presents the excavation methods and necessary amendments following identification of significant 

disturbance within the proposed archaeological salvage areas – and across much of the study area. It 

further presents the findings of archaeological excavations, and subsequent analysis, of a series of 

fluvial, alluvial and aeolian sand deposits situated within the impact corridor in the lower Thompson 

Square park – an area previously documented as WBRP PAD (#45-5-3581). Specifically, this report 

focussed on five stratigraphic units ranging in age from 80ka to the early colonial (0.25ka) period; and 

included data on both culturally sterile and cultural deposits.   

Based on these works, it is considered that the on-site Aboriginal heritage works within the impact 

corridor as outlined in the DSS are completed. No further on-site works within the impact corridor are 

considered necessary unless the impact corridor changes. (Note: landscape monitoring, and potentially 

other tasks, in the upper Thompson Square park is required as part of the final landscaping components 

of the project, and the requirement for these, remain unchanged following the works outlined in this 

report). Similarly, in accordance with the DSS, a range of archaeological, chronological and 

palaeoenvironmental analyses were undertaken to characterise, assess and further understand the 

cultural resource; and to inform the research questions (Section 6.2). And while the interpretations 

remained broadly similar to the test excavation results, a number of key findings were made, including 

the level of disturbance affecting the deposits, evidence of stratigraphic disconformities that indicated 

intermittent and punctuated (rather than continuous) use of the site through time, and the presence of 

a continuous soil profile over 30,000 years up to the early colonial period. The works also recovered a 

much larger cultural assemblage, more suitable for long term curation at a repository for future 

education and research purposes.  

Following the completion of the on-site works and post-excavation analysis, key tasks remaining include 

ongoing consultation with the Aboriginal communities, the appropriate lodgement and finalisation of 

documentation (including relevant AHIMS site cards and site impact recordings forms), and the curation 

of the cultural assemblage. Recommendations for the activities are outlined below. In relation to the last 

issue, given the significance of the cultural assemblage and the potential for future research outcomes, 

it is considered that a formal repository such as the Australian Museum (where it meets relevant criteria 

thresholds) and/or Windsor Museum would be preferred over alternative curation options such as re-

burial.  

Based on the findings of this report, the following recommendations are made:  

• In consultation with the RAPs, the cultural assemblage recovered should be lodged at a 

suitable repository, such as the Australian Museum or Windsor Museum, for long term 

curation. Given the high significance of the assemblage and potential for a range of 

educational opportunities and future research outputs, re-burial of the assemblage is not 

recommended.  

• The findings of this report should be integrated into pertinent management documents 

required as part of the project.  

• The findings of this report should be integrated into the Interpretation Plan to ensure 

representation of the extensive past Aboriginal visitation and activity within the project area is 

appropriately expressed following the completion of the project.  
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• Consultation with the Registered Aboriginal Parties should continue throughout the project.  

This will allow stakeholders to continue to have an involvement in the ongoing and future 

management and interpretation of the Aboriginal cultural heritage issues of the project. 

• The recommended mitigation measures are based on the analysis of the potential impacts as 

presented in the Detailed Salvage Strategy (AAJV, 2017c). In the event that development or 

construction activities are required beyond those identified impact corridor, development of 

appropriate Aboriginal heritage assessment, management and (where required) mitigation 

measures must be implemented prior to construction/development beginning/resuming.  

• This report only presents the archaeological works, analysis and findings of mitigation 

measures required within the impact corridor (as recommended in the Detailed Salvage 

Strategy (AAJV, 2017c)). The proponent needs to ensure that any remaining mitigation 

measures in the Detailed Salvage Strategy, notably landscape monitoring and activities in 

other parts of Thompson Square, are implemented when required.  

• Appropriate Aboriginal Site Recording Forms and Aboriginal Site Impact Recording Form/s 

must be prepared and submitted to the AHIMS Registrar to outline the findings of the 

archaeological excavations within the project area.  

• A copy of this assessment should be provided to the Registered Aboriginal Parties to review 

and provide comment on the findings, significance, and recommendations prior to the 

finalisation of the report. 

• A copy of this report should be provided to Hawkesbury City Council as the ongoing managers 

of the Thompson Square precinct, to inform their future management of Aboriginal cultural 

heritage and values in the area.   

• Once finalised, a copy of this report should be submitted to OEH AHIMS report library, and 

posted on the RMS project website.  

 



 

Windsor Bridge Replacement Project | AAJV  

 

8 REFERENCES 

Austral Archaeology/Extent Heritage (AAJV) (2017a) Windsor Bridge Replacement Project – Test 

Excavation Report – Aboriginal Heritage. Unpublished Report for NSW Roads and Maritime Services.  

Austral Archaeology/Extent Heritage (AAJV) (2017b) Windsor Bridge Replacement Project – Test 

Excavation Report – Historical Archaeology. Unpublished Report for NSW Roads and Maritime 

Services.  

AAJV (2017c) Windsor Bridge Replacement Project – Detailed Salvage Strategy for Aboriginal and 

Historical Archaeological Heritage. Unpublished Report for NSW Roads and Maritime Services.  

AAJV (2017d) Windsor Bridge Replacement Project – Hawkesbury Regional Sand Bodies Study. 

Unpublished Report for NSW Roads and Maritime Services.  

AHMS (2011) 684 Hunter Street, Newcastle – Section 87/90 Aboriginal Heritage Impact Permit 

#1098622 Excavation Report. Unpublished Report for SBA Architects Pty Ltd.   

AHMS (2015) Tarro to Beresfield Trunk Water Main Renewal Aboriginal Archaeological Excavation 

Report (AHIP #C0000616). Unpublished Report for Hunter Water Corporation.  

Austral Archaeology Pty Ltd (2011) Windsor Museum, NSW. Aboriginal Archaeological & Cultural Salvage 

Excavation. Unpublished Report prepared for Hawkesbury City Council. 

Bliege-Bird, R., Bird, D.W., Codding, B.F., Parker, C.H. & Jones, J.H. (2008) The ‘fire-stick farming’ 

hypothesis: Australian Aboriginal foraging strategies, biodiversity and anthropogenic fire mosaics. 

Proceedings of the National Academy of Sciences 105(39), 14796-14801. 

Bliege-Bird, R., Tayor, N., Codding, B.F. & Bird, D.W. (2013) Niche construction and Dreaming logic: 

Aboriginal patch mosaic burning and varanid lizards (Varanus gouldii) in Australia. Proceedings of the 

Royal Society B, 280, 20132297. 

Bronk Ramsay C., 2008. Deposition models for chronological records. Quaternary Science Reviews, 

27(1-2), 42-60. 

Bronk Ramsey C., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 51(1), 337-360.  

Bronk Ramsey, C. (2009). Dealing with outliers and offsets in radiocarbon dating. Radiocarbon, 51(3), 

1023-1045. 

Bronk Ramsey C. & Lee S., 2013. Recent and Planned Developments of the Program OxCal. 

Radiocarbon 55(2-3), 720-730. 

Cosmos Archaeology Pty Ltd (2017) Windsor Bridge Replacement Project – Maritime Archaeological 

Report. Unpublished Report for NSW Roads and Maritime Services.  

ENSR AECOM (2008) Stage 1 archaeological test excavations -GCC Precincts Oran Park and Turner 

Road, South West Growth Centre, NSW. Unpublished Report to NSW Growth Centres Commission. 

Extent Heritage (2016) Aboriginal Cultural Heritage Assessment Report - 21 Hassall Street, Parramatta 

LGA. Unpublished Report for Integrated Project Services. 

Extent Heritage (2018) Moorebank Intermodal Terminal – Aboriginal Archaeological Salvage Report. 

Unpublished Report for CPB Contractors.  

Gale, S.J. & Hoare, P.G. (2012). Quaternary Sediments: Petrographic Methods for the Study of 

Unlithified Rocks, 2nd edition, The Blackburn Press, New Jersey. 

javascript:go_ref('bronkramsey2009doo','Bronk%20Ramsey',2009,'Dealing+outliers+offsets','article')
javascript:go_ref('bronkramsey2009doo','Bronk%20Ramsey',2009,'Dealing+outliers+offsets','article')


 

Windsor Bridge Replacement Project | AAJV  

 

Hennekam, R., de Lange, G. (2012) X-ray fluorescence core scanning of wet marine sediments: 

methods to improve quality and reproducibility of high-resolution paleoenvironmental records. 

Limnology and Oceanography: Methods 10: 991-1003.  

Huang, C.C., Jia, Y., Pang, J.,Zha, X., Su, H. (2006) Holocene colluviation and its implications for 

tracing human-induced soil erosion and redeposition on the piedmont loess lands of the Qinling 

Mountains, northern China. Geoderma, 136(3-4): 838-851. 

Huang, C.C. (2002) Holocene landscape development and human impact in the Connemara Uplands, 

Western Ireland. Journal of Biogeography 29(2): 153-165. 

Hughes, P., N. Spooner and D. Questiaux (2014). The central lowlands of the Hunter Valley, NSW: 

Why so few early sites have been found in this archaeologically-rich landscape. Australian Archaeology 

(79):34-44. 

Jiménez-Moreno, G., García-Alix, A., Hernández-Corbalán, M., Anderson, R., & Delgado-Huertas, A. 

(2013). Vegetation, fire, climate and human disturbance history in the southwestern Mediterranean area 

during the late Holocene. Quaternary Research, 79(2), 110-122.  

Jo McDonald Cultural Heritage Management (2005) Archaeological Salvage Excavation of Site RTA-

G1, 109-113 George Street, Parramatta. Unpublished Report for Landcom. 

Kelleher Nightingale Consulting (KNC), 2012. Aboriginal Heritage Assessment – Windsor Bridge 

Replacement Project. Unpublished Report to RMS.  

Lowe, K., Shulmeister, J., Feinberg, J.M., Manne, T., Wallis, L.A., Walsh, K. (2017) Using soil magnetic 

properties to determine the onset of Pleistocene human settlement at Gledswood Shelter 1, Northern 

Australia. Geoarchaeology, 31(3): 211-228. 

Macphail, M.K., Alley, N.F., Truswell, M. & Sluiter, I.R.K. (1994) Early Tertiary vegetation: evidence from 

spores and pollen. In Hill, R.S. History of Australian Vegetation. University of Adelaide Press, Adelaide, 

Australia (2017 Edition). 

Moss, P.T. (2013) Palynology and its Application to Geomorphology. In Shroder, J.F. (Ed) Treastise in 

Geomorphology. Academic Press, San Diego, USA.   

Moss, P.T. & Kershaw, A.P. (2000) The Last Glacial Cycle from the humid tropics of northeastern 

Australia: Comparison of a terrestrial and a marine record. Palaeogeography, Palaeoclimatology, 

Palaeoecology 155, 155-176. 

Moss, P.T., Kershaw, A.P. & Grindrod, J. (2005) Pollen transport and deposition in riverine and marine 

environments within the humid tropics of northeastern Australia. Review of Palaeobotany and Palynology 

134, 55-69. 

Moss, P.T., Tibby, J., Petherick, L., McGowan, H. & Barr, C. (2013) Late Quaternary vegetation history of 

North Stradbroke Island, Queensland, eastern Australia. Quaternary Science Reviews 74, 257-272. 

Moss, P.T., Ulm, S., Mackenzie, L., Wallis, L.A., Rosendahl, D. & Steinberger, L. (in press) Robust local 

vegetation records from dense archaeological shell matrixes: a palynological analysis of the Thundiy shell 

deposit, Bentinck Island, Gulf of Carpentaria, Australia. Archaeological and Anthropological Sciences, doi: 

10.1007/s12520-016-0394-0, accepted September 15, 2016. 

Nanson, G.C., Young, R.W., Stockton, E.D. (1987) Chronology and palaeoenvironment of the Cranebrook 

Terrace, near Sydney, containing artefacts more than 40,000 years old. Archaeology in Oceania 22:72-

78. 



 

Windsor Bridge Replacement Project | AAJV  

 

O’Connell, J.F., Allen, J., Williams, M.A.J., Cooper, A., Williams, A.N., Turney, C.S.M., Spooner, N.A., 

Kamminga, J., Brown, G. (2018) When did Homo Sapiens firs reach Southeast Asia and Sahul? 

Proceedings of the National Academy of Sciences of the United States (Perspectives), 

www.pnas.org/cgi/doi/10.1073/pnas.1808385115. 

Petherick, L., Bostock, H., Cohen, T.J., Fitzsimmons, K., Tibby, J., Fletcher, M.S., Moss, P., Reeves, J., 

Mooney, S., Barrows, T. & Kemp, J. (2013) Climatic records over the past 30 ka from temperate Australia–

a synthesis from the Oz-INTIMATE workgroup. Quaternary Science Reviews 74, 58-77. 

Reeves, J.M., Bostock, H., C., Ayliffe, L.K., Barrows, T.T., De Deckker, P., Devriendt, L.S., Dunbar, G.B., 

Drysdale, R.N., Fitzsimmons, K.E., Gagan, M.K., Griffiths, M.L., Haberle, S.G., Jansen, J.D., Krause, C., 

Lewis, S., McGregor, H.V., Mooney, S.D., Moss, P., Nanson, G.C., Purcell, A., van der Kaars, S., 2013b. 

Palaeoenvironmental change in tropical Australasia over the last 30,000 years – a synthesis by the OZ-

INTIMATE group. Quaternary Science Reviews 74, 97-114. 

Rohling, E.J., Grant, K., Bolshaw, M., Roberts, A.A., Siddall, M., Hemleben, Ch., Kucera, M. (2009) 

Antarctic temperature and global sea level closely coupled of last five glacial cycles. Nature 

Geoscience, 2: 500-504. 

Rosendahl, Daniel, Lowe, Kelsey M., Wallis, Lynley A. and Ulm, Sean (2014). Integrating 

geoarchaeology and magnetic susceptibility at three shell mounds: a pilot study from Mornington 

Island, Gulf of Carpentaria, Australia. Journal of Archaeological Science, 49(1), 21-32. 

Scarp Archaeology (2009) Warkworth Sands archaeological project. Unpublished Report to Rio Tinto 

Coal Australia. 

Smith, M.A., 2006. Characterizing late Pleistocene and Holocene stone artefact assemblages from 

Puritjarra rock shelter: a long sequence from the Australian desert. Records of the Australian Museum 

58, 371-410. 

Staib, R. (2002) Archaeological assessment in the Rouse Hill urban release area. Australian 

Archaeology, 54: 22-28. 

Theden-Ringl, F., Gadd, P. (2017) The application of X-ray fluorescence core scanning in multi-element 

analyses of a stratified archaeological cave deposit at Wee Jasper, Australia. Journal of Archaeological 

Science: Reports 14: 241-251.  

Walker, W. (1890) Reminiscences (Personal, Social and Political) of a Fifty Year Residence at Windsor 

on the Hawkesbury River. Turner and Henderson, Sydney.  

Williams, A.N. (2013) A new population curve for prehistoric Australia. Proceedings of the Royal Society 

B, 280: 20130486.  

Williams, A.N., Mitchell, P., Wright, R.V.S., Toms, P. (2012) A Terminal Pleistocene open site on the 

Hawkesbury River, Pitt Town, NSW. Australian Archaeology 74: 85-97. 

Williams, A.N., Ulm, S., Cook, A.R., Langley, M., Collard, M. (2013) Human refugia in Australia during 

the Last Glacial Maximum and Terminal Pleistocene: A geo-spatial analysis of the 25-12ka Australian 

archaeological record. Journal of Archaeological Science, 40: 4612-4625.   

Williams, A.N., Atkinson, F., Lau, M., Toms, P. (2014). A Glacial cryptic refuge in southeast Australia: 

Human occupation and mobility from 36,000 years ago in the Sydney Basin, New South Wales. Journal 

of Quaternary Science 29(8): 735-748. 

Williams, A.N., Veth, P.M., Steffen, W., Ulm, S., Turney, C.S.M., Reeves, J. Phipps, S, Smith, M., 

(2015a) A Continental Narrative: Human Settlement Patterns and Australian Climate Change over the 

last 35,000 Years. Quaternary Science Reviews 123: 91-112. 

http://www.pnas.org/cgi/doi/10.1073/pnas.1808385115


 

Windsor Bridge Replacement Project | AAJV  

 

Williams, A.N., Ulm, S., Turney, C.S.M., Rodhe, D., White, G. (2015b) The Establishment of Complex 

Society in Prehistoric Australia: Demographic and Mobility Changes in the Late Holocene. Plos One, 

10(6): e0128661.  

Williams, A.N., Mooney, S., Sisson, S., Marlon, J. (2015c) Exploration of the Human-Fire Relationship 

of in Australia over the last 20,000 years. Palaeogeography, Palaeoclimatology, Palaeoecology, 432: 

49-57. 

Williams, A.N., Burrow, A., Toms, P., Brown, O., Richards, M., Bryant, T. (2017) The Cranebrook 

Terrace Revisited: Recent Excavations of an Early Holocene Alluvial Deposit on the banks of the 

Nepean River, NSW, and their Implications for Future Work in the Region. Australian Archaeology, DOI: 

10.1080/03122417.2017.1392834 

 

  



 

Windsor Bridge Replacement Project | AAJV  

 

9 ABBREVIATIONS 

AAJV  Austral Archaeology/Extent Heritage Joint Venture 

AHIMS  Aboriginal Heritage Information Management System 

AHMS  Archaeological and Heritage Management Solutions (now Extent Heritage) 

ARD  Archaeological Research Design 

BP  Before present (AD 1950) 

CHL  Commonwealth Heritage List 

CRM  Cultural Resource Management 

DECCW Department of Environment, Climate Change and Water (now OEH) 

DSS  Detailed Salvage Strategy (AAJV, 2017c) 

ka  Abbreviation for thousands of years ago (e.g. 1 ka equals 1,000 years ago) 

LALC  Local Aboriginal Land Council 

LGIT  Last Glacial-Interglacial Transition 

LGM  Last Glacial Maximum 

MIS  Marine Isotope Stage 

NPW Act National Parks and Wildlife Act 1974 

OEH  Office of Environment and Heritage (formerly DECCW) 

OSL  Optically Stimulated Luminescence 

PAD  Potential Archaeological Deposit 

RAP  Registered Aboriginal party 
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10 GLOSSARY 

Aboriginal object A statutory term defined under the National Parks and Wildlife Act 

1974 as ‘any deposit, object or material evidence (not being a 

handicraft made for sale) relating to the Aboriginal habitation of the 

area that comprises New South Wales, being habitation before or 

concurrent with (or both) the occupation of that area by persons of 

non-Aboriginal extraction, and includes Aboriginal remains’.  

Environmental Planning and 

Assessment Act 1979 

Statutory instrument that provides planning controls and 

requirements for environmental assessment in the development 

approval process. The Act is administered by the Department of 

Planning and Environment.  

Holocene A geological definition for the time period between ~10,000 years to 

present day.  

Isolated Find  An isolated find is usually considered a single artefact or stone tool, 

but can relate to any product of past Aboriginal societies. The term 

“object” is used in the ACHA, to reflect the definitions of Aboriginal 

stone tools or other products in the National Parks and Wildlife Act 

1974.  

Last Glacial-Interglacial 

Transition 

A general phrase making reference to the period between the Last 

Glacial Maximum and the Holocene, a period of ~18-11ka. 

Last Glacial Maximum A global climatic event at the end of the last Glacial period dating to 

24-18ka. This event represented the nadir of the glacial period, and 

was characterised by extreme cooling and aridity across Australia.  

Marine Isotope Stage A global timescale linked to warming and cooling periods over the 

last 2 million years, and widely used in palaeoclimatology.  

National Parks and Wildlife 

Act 1974 

The primary piece of legislation for the protection of Aboriginal 

cultural heritage in NSW. Part 6 of this Act outlines the protection 

afforded to and offences relating to disturbance of Aboriginal 

objects. The Act is administered by OEH.  

Office of Environment and 

Heritage (OEH) 

The OEH is responsible for managing the Aboriginal Heritage (and 

other) provisions of the National Parks and Wildlife Act 1974. 

Optically Stimulated 

Luminescence dating 

A dating technique that measures the amount of radiation 

accumulated in sediment (specifically quartz grains) to identify 

when it was deposited and buried.  

Pleistocene A geological definition for the time period between ~1.8million to 

10,000 years ago. From an archaeological perspective in Australia, 

it is typically referring to ~50,000 – 10,000 years, which 

encompasses the colonisation and initial occupation of Australia by 

Aboriginal people.  

Potential Archaeological 

Deposit (PAD) 

An area assessed as having the potential to contain Aboriginal 

objects. PADs are commonly identified on the basis of landform 

types, surface expressions of Aboriginal objects, surrounding 

archaeological material, disturbance, and a range of other factors. 

While not defined in the National Parks and Wildlife Act 1974, PADs 

are generally considered to retain Aboriginal objects and are 

therefore protected and managed in accordance with that Act.  
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