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EXECUTIVE SUMMARY  

The NSW Roads and Maritime Service (RMS) is proposing to replace Windsor Bridge at Windsor in 

NSW. The project 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 NSW Environmental Planning and Assessment Act 1979 (State 

Significant Infrastructure), and was approved in late 2013 (SSI_4951).  

The Minister's Conditions of Approval (MCoA) for the Windsor Bridge Replacement Project (WBRP) 

require a range of geomorphological, Aboriginal, historical and maritime archaeological investigations 

for the southern (condition B3) and northern (condition B4) banks of the Hawkesbury River. Condition 

B3 also includes the requirement to prepare a study of the Hawkesbury Region Sand Bodies if any 

Pleistocene or early Holocene material is encountered during archaeological test excavation. This is 

because these deposits have been demonstrated to contain extensive and significant Aboriginal 

cultural materials (e.g. Williams et al., 2012, 2014). 

AAJV has been engaged by RMS to prepare this research design and action plan for the WBRP to 

provide a theoretical and practical framework for implementing the Hawkesbury Region Sand Body 

study if such deposits are identified during construction for the WBRP. The scope of the study 

includes a background review of current knowledge about the sand bodies in the vicinity of the 

WBRP, identification of relevant research questions associated with these types of deposits, in 

addition to identification of regional and project specific tasks to guide future investigations and 

research focus.  
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1 INTRODUCTION  

1.1  Background and Context 

The NSW Roads and Maritime Service (RMS) is proposing to replace Windsor Bridge at Windsor, 

NSW. The project 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). Once all the necessary approvals are 

received from the Department of Planning and Environment (DPE), construction is estimated to begin 

in 2017. 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 WBRP.  

The Minister's Conditions of Approval (MCoA) for the Windsor Bridge Replacement Project (WBRP) 

require a range of geomorphological, Aboriginal, historical and maritime archaeological investigations 

for the southern (condition B3) and northern (condition B4) banks of the Hawkesbury River. Condition 

B3 also includes the requirement to prepare a study of the Hawkesbury Region Sand Bodies because 

these deposits have been demonstrated to contain extensive and significant Aboriginal cultural 

materials (e.g. Williams et al., 2012, 2014). Specifically, condition B3(f) requires:  

(f) preparation of a Hawkesbury Region Sand Bodies Study to the satisfaction of the 

Director-General and undertaken by suitably qualified and experienced persons whose 

appointment has been approved by the Director-General, in the event that any Pleistocene 

and/or early Holocene is encountered during the works referred to in condition B3. This study 

is required to be prepared in consultation with the Department, the OEH and Aboriginal 

stakeholders and is required to:  

(i) be undertaken in accordance with a research design and action plan approved by 

the Director-General prior to the study commencing;  

(ii) be directed towards locating and evaluating sand bodies likely to contain evidence 

of early Aboriginal habitation in the Hawkesbury River area, in the project location 

in areas disturbed by construction of the project, including the existing Windsor 

Bridge and new bridge locations; 

(iii) findings are to be made publicly available; and 

(iv) make recommendations concerning the preservation and future management of 

any finds. 

ln the event that any Pleistocene and/or early Holocene is encountered, the recommendations 

of the Hawkesbury Region Sand Bodies Study are to be fully complied with. 

AAJV has been engaged by RMS to prepare the research design and action plan ((i) above) for the 

WBRP. The research design will provide a theoretical and practical framework for implementing the 

study and tasks outlined in (ii) – (iv) if Pleistocene and/or early Holocene sand deposits are identified 

during the WBRP.  

The Sand Body Study research design outlined in this document is a companion document to stand-

alone research designs for Aboriginal archaeological test excavation, historical archaeological test 

excavation and maritime heritage investigations that are also required by the Minister’s conditions of 

approval for the WBRP. Collectively, these heritage research designs seek to provide an integrated 

and holistic approach to the identification, assessment and management of the cultural values within 
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the WBRP project area. The results of the assessments will be used to inform the development of a 

Strategic Conservation Management Plan (SCMP) for the project. 

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 is localised. It 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).  

As a consequence of its design as a regional study of culturally significant alluvial deposits, the 

Hawkesbury Region Sand Body Study area extends well beyond the WBRP construction zone 

‘proper’. It includes a 500m wide corridor encompassing the Hawkesbury River, extending from 

Lapstone to Sackville, NSW (Figure 2). This particular study area location and configuration has been 

selected for the sand bodies study because:  

1. Numerous archaeological investigations on the Hawkesbury have demonstrated that sand 

bodies identified within approximately 250m either side of the river contain the greatest 

density of Aboriginal cultural materials (discussed further below).  

2. The length of the study area encompasses the Hawkesbury River where a defined channel, 

and exhibiting undulating and open landscape, where low ridgelines and rises are prevalent.  

The nature of the landscape changes into dissected sandstone plateaus and sharp valleys to 

areas north of Sackville and south of Lapstone. The defined area forms the most likely 

geomorphological environment for the sand bodies defined in this report (Section 3.1) to be 

found, namely elevated source-bordering dunes or low energy alluvial deposits. While sand 

bodies may be present along the estuarine Pittwater, and/or the incised valleys of Lower 

Portland and Mulgoa, they are likely to have formed through very different geomorphological 

conditions, and are unlikely to correlate or compare well with the sand bodies targeted 

through this investigation.  

 

1.3  Authors 

Dr. Alan Williams MAACAI, Aboriginal Heritage Team Leader wrote this research design with input 

and assistance from AAJV Heritage Advisors Laressa Berehowyj and Tom Sapienza. The research 

design was reviewed for quality assurance by Jim Wheeler MAACAI, Managing Director of Extent 

Heritage Pty Ltd.  

Dr. Williams has academic qualifications in geoarchaeology and is a leading expert in the 

investigation and analysis of Aboriginal cultural deposits found within Pleistocene and early Holocene 

sand bodies. He has previous experience in the investigation of deep sand bodies at the Pitt Town 

sand sheet, Parramatta Terrace sand sheet, Georges River sand sheet, the Glenrowan sand sheet 

(Tarro, NSW) and cultural deposits found within a Pleistocene sand sheet deposits at Chelsea Height, 

VIC. Alan has an extensive academic publication record in peer reviewed journals in this field of 

investigation and he is a full member of the Australian Association of Consulting Archaeologists Inc 

(AACAI). 

Jim Wheeler is a senior cultural heritage advisor, archaeologist and manager who specialises in 

cultural heritage management, strategic planning, heritage policy, stakeholder consultation, 
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interpretation and heritage assessment projects. He has wide ranging experience on public sector, 

commercial and academic archaeological projects both within Australia and internationally. His local 

experience includes undertaking a range of Aboriginal archaeological assessment and excavation 

projects on land adjacent to the Hawkesbury River and at Windsor (including projects at Yarramundi 

Reserve, Blighton Pitt Town, within the Windsor Flood Evacuation Route project area, at Windsor 

Museum, Windsor Police Station and at Cattai National Park). Jim is a full member of the Australian 

Association of Consulting Archaeologists Inc (AACAI) and he was awarded the 2010 Laila Haglund 

Prize for Excellence in Consulting Archaeology by AACAI.  
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Figure 1. Map of the WBRP project area 
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Figure 2. Map of the Hawkesbury River corridor regional sand body study area  
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2 BACKGROUND 

2.1 Regional Studies 

There have been no systematic or detailed studies of sand bodies along the Hawkesbury River to 

date. Past investigations have developed a geological and geomorphological history of the region 

(e.g. Bannerman and Hazleton, 1990; Bishop et al. 1982; Gobert, 1978; Jensen, 1912; Walker, 1960; 

Walker and Hawkins, 1957; Walker and Coventry, 1976), but have rarely explored their formative 

origins or potential for material cultural retention in any detail. In addition, sand bodies are commonly 

quite localised features and not conducive to being documented as part of these wider studies. Only 

one area has been subject to more detailed geomorphic investigation – Cranebrook Terrace. This is 

in part due to the large-scale sand extraction industry focused on the Terrace, but also due to the 

reported recovery of Aboriginal stone artefacts from its base by Nanson et al. (1987). These artefacts 

were dated to >40,000 years BP, and at the time were some of the earliest in Australia. This discovery 

subsequently led to a range of investigations to verify and improve our understanding of the deposits, 

including over 20 years of archaeological monitoring of the quarrying operations (see Groundtruth 

Consulting, 2010 for review). Collectively, these studies found the Cranebrook Formation is an alluvial 

deposit (sands, silts and gravels) formed intermittently over the last 120,000 years, with only the 

areas closest to the river being within the accepted age of Aboriginal colonisation of Australia 

(<50,000 years BP).  

There are number of other river systems in the Sydney Basin that have sand bodies that contain 

significant cultural materials, and provide a worthwhile comparison with the Hawkesbury River 

corridor:  

 Parramatta CBD: The CBD is situated upon a 1-2m deep loamy sand deposited by the 

Parramatta river >30,000 years ago (McDonald, 2008). The deposit likely formed as a levee 

bank, and is typically 4-8m AHD. Cultural materials within the deposit is disparate and 

discontinuous, but where found usually reflects multiple occupations beginning about 30,000 

years ago, and continuing until European contact; 

 

 Georges River: Investigation of the Georges River has been limited, but recent work as part 

of the Sydney Intermodal Moorebank Terminal Alliance (Moorebank, NSW) has recovered a 

1m deep loamy sand deposit on a ridgeline some 150m from the river which contained ~60 

artefacts dominated by tuff raw materials dating to ~19,000 years ago (AHMS, 2015); and 

 

 Hunter River/Wollombi Brook: A number of studies have been undertaken on a sandsheet 

on the fringes of the Hunter River and lower Wollombi Brook confluence as part of coal mine 

exploration. This ~4m deep deposit likely formed as a source-bordering dune, and began 

forming over 60,000 years ago. Analysis of cultural materials recovered from the sandsheet 

indicates two periods of occupation, with the early phase dominated by indurated 

mudstone/tuff artefacts and forming from ~12,000 years ago (Hughes et al., 2014).  

In almost all instances, these deposits are elevated above the river system, likely forming through a 

mixture of low-energy alluvial (e.g. levee banks) and/or aeolian processes (e.g. source-bordering 

dunes). In most instances in the Sydney Basin, such deposits are elevated above the river by several 

metres – commonly >15 m AHD along the Hawkesbury River – and on prominent ridge-lines or 

promontories. They are also frequently deep - extending for at least a metre below the surface, and 

often much deeper. The artefacts found in association with these sand bodies are consistent with 

cultural materials of the Pleistocene (50-10,000 years BP) and early Holocene (10-5,000 years BP) -

characterised by large stone artefacts, minimally modified, and dominated by volcanic raw materials 

(McCarthy, 1964). These characteristics can be contrasted with late Holocene assemblage traits 

(<5,000 years BP) where assemblages are characterised by more complex stone artefact technology 
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(including development of microliths and other small specialised tool types) and dominated by silcrete 

and quartz raw materials (Attenbrow, 2010). 

2.2 Pitt Town  

The scope and rationale for this study is closely aligned with archaeological investigations undertaken 

at Pitt Town and Windsor in recent years, where significant cultural materials has been recovered 

from sand deposits. Specifically, Extent Heritage (then AHMS) undertook extensive archaeological 

investigations in advance of residential development at Pitt Town (AHMS, 2006, 2011, 2012; Williams 

et al., 2012, 2014). These works consisted of several phases of archaeological investigation for a 

series of housing estates distributed along Bathurst and Hall Streets on the edge of a ridge elevated 

above (~25m AHD), and some 200m from the river (or its associated tributaries). The works consisted 

of ~200m
2
 of investigation and salvage across the ridge-top, with the most significant finds being 

recovered from a large open area excavation (75m
2
) near the Pitt Town Anglican Church. The 

investigations revealed a deep Kandosol soil profile, characterised as a 1-2m deep fine to medium 

loamy sand (varying in colour from deep red to brown) situated above the Pitt Town Sands and/or 

Londonderry Clay (both culturally sterile). The investigations found the sand body was deposited 

through fluvial processes (i.e. flooding by the river) around 120,000 years ago. The upper 1 - 1.3m of 

the Kandosol exhibited aeolian (wind-blown) re-working and formed within the last 40,000 years. Test 

excavations for the ‘Thornton’ residential precinct (situated on a sharp bend of Hall Street and loosely 

encompassed by Paul Street and Cattai Road), demonstrated the Kandosol soil profile extended 

~400m from the ridge’s edge, and was in fact part of a small dune-field covering much of Pitt Town 

township (AHMS, 2011).  

The AHMS excavations at Pitt Town recovered some of the most significant cultural materials in the 

Sydney Basin (Williams et al., 2014). Some 11,402 stone artefacts (of which 1,562 were complete 

flakes, tools and/or cores (14%)) were recovered at depths of up to 1.3m below the surface, and 

demonstrated largely continuous occupation of the river from 36,000 years ago – making it one of the 

earliest sites in Australia. The archaeological assemblage could be divided into two distinct periods of 

occupation: i) a lower assemblage dating to between 36-8,000 years ago, and composed of large 

worked tuff, volcanic and quartzite cobbles extracted by Aboriginal populations from the river bed; and 

ii) an upper assemblage dating to the last 5,000 years and characterised by smaller silcrete and 

quartz stone artefacts, frequently modified to more complex tools than found in the earlier 

assemblage.  

2.3 Windsor 

Closer to the WBRP project area, Austral Archaeology undertook extensive archaeological 

investigations of a sand deposit within the Windsor township, for the proposed expansion of the 

Windsor Museum site. The Museum site is located on Baker Street, on an elevated (~20m AHD), 

moderately steep ridge some 100m from the Hawkesbury River. The investigation also revealed a 

deep soil profile, characterised as a >1.5m deep, fine to medium grained, dull orange to bright reddish 

brown sand overlying Londonderry Clay, and may have begun forming as many as 150,000 years ago 

(Austral Archaeology 2011:152; Groundtruth Consulting 2011). This sand body was formed as a 

source bordering dune or sand sheet with the origin of the sand being from the floodplain and channel 

of the adjacent Hawkesbury River. The sand body appeared to extend along the high ground which 

now consists of George Street, and tapered off to the south east along Macquarie Street above the 

South Creek valley. 

As many as 12,000 Aboriginal stone artefacts were recovered from an area of 26m², and were found 

to be concentrated between depths of 0.5-0.8m, but occurred as deep as 1.5m below ground surface. 

A representative sample (two adjacent 1m² pits containing 1,670 artefacts) was subjected to further 

lithic analysis, and demonstrated prolonged, continuous occupation of the river from the mid Holocene 
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through to the late Pleistocene; as early as 34,000 years ago. The assemblage demonstrated a slight 

increase in the use of raw materials approximately 15,000 years ago, indicative of greater mobility 

and ranging territory of past populations, likely as a result of improving climatic conditions at this time;  

With specific reference to the WBRP project area, test excavations undertaken by Kelleher 

Nightingale Consulting (KNC) as part of the Environmental Impact Statement (EIS) identified the 

presence of a sand deposit within several of their excavation pits (KNC, 2012). The results from the 

southern portion of their project area indicated the presence of highly variable subsurface 

stratigraphy, with some test pits containing deep sand profiles exceeding 1 m below current ground 

surfaces and others displaying clear evidence that historical developments had more or less 

completely truncated the surface deposits. A total of 185 stone artefacts were recovered from the 

archaeological testing in the southern area, the majority of which came from a single test pit in close 

proximity to the George Street/Windsor Road roundabout (n=114). The majority of the assemblage 

was composed of tuff raw materials, which in this region is strongly indicative of Pleistocene (>10,000 

year ago) occupation based on previous dating of stratified deposits found in rockshelter sites and 

excavations on Pleistocene sand sheets such as those investigated at Pitt Town by AHMS and on the 

Parramatta Sand Sheet by Jo McDonald CHM, among others. No dating of the soil profile was 

undertaken as part of the KNC investigations. The description of the sand deposits in the KNC report 

indicates they may be similar to those found at Pitt Town and Windsor Museum, and have the 

potential to be of Pleistocene or early Holocene age. However, to date, the available information is 

insufficient to form any definitive conclusions regarding the age of the sand deposits.   

2.4 Summary 

Previous investigations in the region and at Windsor indicate: 

 Although there have been no previous systematic regional sand sheet studies there has been 

a range of archaeological and geomorphological investigations on terraces and sand bodies 

located on the Hawkesbury River, the Parramatta River, Georges River and the Hunter River; 

 

 In almost all of these previous investigations, the sand body deposits are elevated above the 

river system, likely forming through a mixture of low-energy alluvial (e.g. levee banks) and/or 

aeolian processes (e.g. source-bordering dunes); 

 

 These sand bodies often contain deep cultural sequences characterised by a distinct 

Pleistocene / early Holocene basal assemblage dominated by tuff and other volcanic raw 

materials and an upper unit containing mid to late Holocene Bondaian artefact forms 

dominated by silcrete and quartz raw materials; 

 

 The sand bodies are archaeologically significant because the culture materials they contain 

can provide valuable information about Aboriginal social and economic change through time, 

including evidence about demographic and behavioural responses to past environmental, 

climatic and social changes; and 

 

 KNC investigations in 2012 indicated that a sand sheet of potential Pleistocene / Early 

Holocene age may exist within the WBRP study area and that it contained an assemblage of 

tuff artefacts that are also consistent with occupation evidence from this period; but 

 

 Further work is needed to establish the age, formation process and integrity of the sand body 

deposits within the WBRP study area to identify its archaeological and cultural significance, to 

inform the SCMP, and any subsequent interpretive outputs for the project and the wider 

general public.  
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3 RESEARCH DESIGN  

3.1 Some Definitions 

As outlined in Section 2, the Hawkesbury River corridor has a highly complex geomorphological 

history, which includes a wide range of landform features that can be interpreted as ‘sand bodies’. For 

the purposes of this report, we adopt the following definitions:  

 Sand bodies include levee banks, low energy flood deposits, source-bordering dunes, dunes, 

and dune fields in close proximity to the Hawkesbury River;  

 

 Sand bodies will typically be above the height of the river (i.e. not within the modern active 

system), likely at, or above 15m AHD, and frequently on or near ridge-lines, ridge-tops, 

headlands and promontories; and 

 

 Sand bodies are likely to be quite localised and small in size, relative to the larger geological 

and alluvial systems evident in areas such as Cranebrook Terrace, and other parts of the 

Hawkesbury River. The localised nature of these deposits suggests that they will not conform 

to the broader under-lying geological landscape, although we note the presence of key sites 

in the Pitt Town and Agnes Bank Sands.  

The sand body study is required to focus on any deposits dating to the Pleistocene (50-10,000 years 

BP) and early Holocene (10-5,000 years BP). However, it is generally unfeasible to identify the age of 

sand deposits in the field without undertaking extensive laboratory analysis – most notably the 

processing of chronological samples using techniques such as Optically Stimulated Luminescence 

(OSL) and Thermo-luminescence (TL) dating. In the case of the Pitt Town study outlined in Section 2 

for example, there was no visible difference in a 2m deep soil profile, despite ages later proving it 

formed over some 120,000 years.  

Given the timeframes for such analyses are usually several months, in the first instance (while waiting 

on OSL lab dating) we propose to use the cultural materials to provide an indication of the age of 

deposits and direct how the works should proceed, while more detailed analyses can be undertaken 

independently of the program. As outlined in Section 2, the archaeological record of the 

Pleistocene/early Holocene period is well understood, and relatively consistent across the Sydney 

Basin, and it can therefore provide a proxy to identify sediment layers of this age. With reference to 

the cultural materials, we use the following definitions to identify a layer dating to the Pleistocene or 

early Holocene:  

 Cultural materials will be dominated by tuff, indurated mudstone, volcanic and/or quartzite raw 

materials. Silcrete and quartz may be present, but should not be a dominant percentage of 

the overall assemblage;  

 

 When compared with the overall assemblage, artefacts in these layers will be on average 

larger and heavier than other time periods;  

 

 Technologically the assemblage should appear relatively basic, and typically consist of early 

reduction of cobbles or pebbles often obtained from nearby sources; and 
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 If formal tool types are evident, they should be dominated by horse-hoof cores, large cores 

and scrapers, rather than any late Holocene types, such as backed blades or eloueras, etc.  

It is important to note, however, that cultural materials within a sand body can move through the 

sequence. Therefore, while the definitions provide a useful guide, careful scrutiny of the 

archaeological record and an analysis of site formation processes and stratigraphic profile integrity 

should be undertaken by an experienced archaeologist in the final determination of the relative likely 

age of a specific layer or unit.  

3.2  Objectives and Aims  

The primary purposes of the Hawkesbury River Regional Sand Study are  

 To inform the Strategic Conservation Management Plan (SCMP) currently in preparation for 

the WBRP; 

 

 To identify and map sand deposits in the study area, and predict their survival along the 

Hawkesbury River to quantify the extent of this resource, and the cumulative impact from the 

WBRP.  

 

 To better assess the cultural significance and historical meaning of the cultural materials that 

exist within any Sand Body deposits within the WBRP, as well as other sand bodies, so that 

future archaeological investigation can advance our understanding of past Aboriginal cultural 

behaviour and environmental adaptation; and  

 

 To provide direction for future investigation, management and mitigation measures (if 

required) related to the Sand Body for the WBRP.  

In addition to the over-arching aims outlined above, the study also needs to be integrated with the 

wider archaeological investigations proposed for the WBRP. Specifically, condition B3 requires that 

the sand body should be evaluated for evidence of early Aboriginal habitation in areas where bridge 

construction would disturb such deposits, which may include the sand body. Such evaluation would 

logically happen as part of the Aboriginal archaeological excavations also required by condition B3. 

The study has therefore been designed to supplement the aims and methods of the main Aboriginal 

archaeological test investigations, and builds upon and extends the Aboriginal heritage research 

design, to test specific questions in relation to the sand body and the early inhabitation of the area.  

The methods proposed for the archaeological investigations have been designed to align with the 

aims of this study and to provide an integrated field investigation approach that avoids the need for 

modifications to the archaeological investigations in the event that sand deposits of the required age 

are found. However, the type and level of post-fieldwork analysis for the Sand Body study would likely 

be different, and this is where this research design makes additional recommendations and conditions 

on the field program to ensure such information is captured. Additional analyses will include obtaining 

high resolution samples for chronological, soil and palaeo-environmental information, which are not 

routinely collected as part of an archaeological program.  

 

3.3 Research Questions 

As outlined in Section 2, our understanding of sand bodies along the Hawkesbury River corridor is 

poor, and largely based on two archaeological excavations at Pitt Town (Williams et al., 2012, 2014) 

and Windsor (Austral, 2008). There are therefore a large number of research questions that this study 

can explore to improve our understanding of these types of deposit, and to inform decisions about 
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planning and research into the future. It is emphasised that the scope of many of these questions is 

prodigious, and will require long term investigations and research along the river corridor. The works 

undertaken as part of the WBRP will therefore provide the first step, rather than an answer in most 

cases, to resolve many of these questions.  

 

 What is the spatial extent of sand bodies within the Hawkesbury River corridor?  

Currently, there are only two locales where sand bodies of Pleistocene/early Holocene age 

containing cultural materials have been found - on the ridgeline at Pitt Town and the slopes near 

Windsor Bridge (as part of the Windsor Museum re-development). Detailed studies at Cranebrook 

Terrace to the south do not appear to identify any distinct sand bodies, although levee banks are 

present. In both the Windsor Museum and Pitt Town investigations, the deposits revealed highly 

significant cultural materials. Other sand sheets in the Sydney Basin at Parramatta and more 

recently at Moorebank, also identify the presence of cultural materials of significant antiquity, and 

often of archaeological and cultural significance, in these types of environment.   

There is a critical need to understand the geographical spread of these types of deposit along the 

river corridor. By understanding their distribution and extent, we can more accurately understand 

existing cumulative impacts and explore the potential for strategic conservation of representative 

samples across the region. From a regional perspective, a better understanding of the sand 

bodies on the Hawkesbury River corridor may also provide information that can be extrapolated 

about river corridors and environments within the Sydney Basin and beyond where similar 

deposits can be found.  

In trying to achieve an answer to this research question, a number of lesser questions need to 

first be resolved:  

o Both documented sand bodies containing cultural deposits are situated to the east of 

the river. Is this a pattern (due to strong winds coming off the Blue Mountains and 

pushing material from the river in this direction) or a coincidence or a lack of previous 

investigation work undertaken on the western side of the river?  

 

o The currently documented sand bodies are all situated on the Pitt Town Sands and/or 

Agnes Bank Sands geological formations. Are the sand bodies constrained to these 

geological formations?  

 

o Despite extensive investigation, these types of sand bodies do not appear to be 

recorded in other parts of the river corridor (especially in the intensively studied 

Cranebrook Terrace area). Is this a pattern, or simply a lack of investigative focus on 

these types of deposits in these areas?  

  

 Are there key factors in the distribution and extent of the sand bodies along the 

Hawkesbury River corridor?  

The two documented instances of sand bodies at Pitt Town and the Windsor Museum both occur 

in quite unique environments. In the case of Pitt Town, the sand body is a small dune-field 

perched on a sharp ridge very close to the river. It was hypothesised by AHMS (2012) that the 

shape and height of the ridge would have acted as a channel or point bar during periods of flood, 

and only allowed low energy water and materials onto the ridge. The ridge is at an elevation that 

subsequently avoided the impact of repeated flooding over the last 100,000 years, which would 

have otherwise stripped away the older sand deposits. Similarly at Windsor Museum the area has 

quite unique topography that allowed the initial capture of low energy alluvial deposits, and 

subsequent preservation from later flooding (that usually results in scouring and removal of 
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deposits). The Windsor Museum site is also at a comparable elevation above the current river 

channel.  

An understanding of the conditions that lead to the formation and preservation of these deposits is 

therefore of critical importance because it will assist in the identification of new sand bodies, and 

improve our understanding of the natural (e.g. flooding) and man-made (e.g. de-vegetation) risks 

to their long term survival.  

In trying to achieve an answer to this question, a number of lesser questions need to first be 

resolved:  

o The known sand bodies are all found above ~15m AHD, and at least 10m above the 

primary river channel. Is this elevation a threshold for the deposition and/or survival of 

Pleistocene/early Holocene deposits? Is there a general band of elevation within 

which these deposits occur or survive (such as at Parramatta where they all occur 

between 4 and 6m AHD)?   

 

o The two known sand bodies are both situated on the upper slopes or peaks of 

ridgelines and promontories. Is this geomorphological situation important in their 

deposition and/or survivability? Or do they occur in other environments?  

 

o The two known sand bodies are both within the flood zone of the Hawkesbury River, 

which regularly floods – a process that can be destructive and erosive to surrounding 

landscapes. What conditions or geomorphological features are required to enable the 

survival of Pleistocene/early Holocene deposits?   

 

 What are the key characteristics of the sand bodies along the Hawkesbury River 

corridor?  

The sand bodies that have been documented are typically 1 – 2 m deep homogenous deposits of 

loamy sand, often heavily mixed near the surface through natural (e.g. insects) or man-made (e.g. 

agriculture) processes. However, sand deposits elsewhere along the Hawkesbury River, and 

along the Georges and Parramatta River are all slightly different, with varying colours, material 

size, and inclusions. These are all indicative of different depositional and post-depositional 

conditions.  

It is therefore critical to understand the key soil and visual characteristics of the sand bodies to 

improve our identification and recording of such deposits. If recording and documenting can be 

standardised, it can also assist in future management of these types of deposits. For example, it 

may provide a rudimentary ranking or identification of importance when deposits have a certain 

set of characteristics that may indicate a potential presence of cultural materials or a lower level of 

disturbance, versus those deposits where these characteristics are not evident. Once developed, 

this kind of standardised recording approach could also be used and adopted in other parts of the 

Sydney Basin, and assist in improving the quality and conservation outcomes for cultural heritage 

management in across region.  

 

 Can the formative history of the sand bodies be determined? Is it in response to one or 

multiple mechanisms?  

Despite extensive archaeological investigations at a range of sand sheets in the Sydney Basin, 

the age and process of the formation of these deposits remains unclear. At a general level, many 
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of the sand sheets are understood, with formation typically occurring during the last Glacial 

(~120,000 – 10,000 years ago) and often before Aboriginal colonisation of Australia (>50,000 

years ago). Many of the sand bodies appear to have been deposited through moderate to low 

energy alluvial processes, with more recent aeolian re-working during the coolest and windiest 

periods of the last Glacial.  

However, even within the limited field investigation undertaken to date on these types of deposits, 

there is variation and uncertainty on when and how they formed. It is therefore essential that 

future investigation of these deposits undertakes the required analysis to begin to answer these 

questions, and provide a greater regional understanding of the geomorphological history of the 

corridor. Any field investigations within the sand bodies should include:  

o Sufficient chronological dating undertaken to provide a robust understanding of the 

formation history of the sand body, including its initial and most recent deposition, and 

any discontinuities or hiatuses through the deposit; and 

  

o Appropriate soil and environmental sampling to improve our understanding of how the 

deposit has formed. Techniques may include particle size, magnetic susceptibility, 

loss-on-ignition, micromorphology, palynology, and phytolith analysis. Sampling 

needs to be of sufficient resolution to identify changes in the processes and 

mechanisms that have influenced the deposit’s formation.  

 

 Can the potential presence and nature of cultural deposits in the sand bodies be 

determined or predicted? 

While the sand bodies can be identified through their visual characteristics (surface expression, 

shape, location, etc), the potential for presence of cultural materials within them is less easy to 

determine. In tandem with some of the other research questions, where commonality can be 

identified across the sand bodies, it may extend to also include the nature of cultural materials 

within the deposits as well. Existing studies indicate that sand body deposits within 200-300m of a 

river on high ridgelines are likely to contain significant Pleistocene/early Holocene cultural 

materials, but this is only based on a very small sample size consisting of limited investigations at 

Pitt Town and the Windsor Museum. Does this pattern extend along the entire corridor?  

This is unlikely to be a research question that can be resolved through the WBRP, but should 

remain a key aim for any future investigations within the Hawkesbury River corridor. It is 

envisaged that the ongoing investigation of sand bodies will ultimately identify a range of criteria 

that can be used to predict the nature of cultural heritage deposits within them. An interim or 

preliminary outcome of this work would be to identify obvious predicators that may indicate the 

presence of sand deposits, such as, such as vegetation communities. Such a long term strategy 

is now yielding benefits in other parts of Sydney, such as the Cumberland Plain, where over 30 

years of investigation has allowed accurate predictions of the extent and composition of cultural 

materials in any given area. We believe a similar predictive model is achievable and will be 

developed for the Hawkesbury River corridor once enough focused investigation work has been 

undertaken.  

  

 Can we achieve a better understanding of the processes of cultural deposition within 

the sand bodies?  

Despite over a decade of archaeological investigation in sand bodies across the Sydney Basin, 

the depositional history of the cultural materials within them is still unresolved. At a general level it 
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is understood, but in almost all sites there remain questions as to whether the archaeological 

assemblage is in situ (i.e. in the same location it was deposited by Aboriginal people in the past), 

or whether it has been altered by post-depositional processes (i.e. it has moved in the deposit due 

to natural processes, such as bioturbation). This is well explored in the Pitt Town assemblages, 

and discussed at length in Williams et al. (2012, 2014), although remains inconclusive on most of 

the sand body sites studied in the region.  

Identification of areas within a sand body where disturbance is low – especially at the surface – is 

essential. These areas should be the focus of research effort because they have the best chance 

of answering this research question. It is unlikely that a single site or single investigation will 

resolve this question - long term and sustained research across the region is needed. 

 

 What are the cultural, social and public values associated with the sand bodies?  

The sand bodies along the Hawkesbury River and across the Sydney Basin that contain 

Pleistocene and early Holocene cultural deposits clearly have important archaeological and 

scientific research values. An important part of the Sand Body Study will be to document and 

quantify these scientific research values. However, these ancient cultural deposits laid down by 

ancestors thousands of years ago are also of great significance to the Aboriginal community as a 

tangible link to a deep past, a long connection with country and a vivid demonstration of the 

adaptability of ancestors as climate changed radically from a cold arid environment in the terminal 

Pleistocene to a warmer and wetter climate that has prevailed over the last 10,000 years. 

Similarly, the sand bodies are also likely to have public significance values for the fascinating and 

important information they provide about the earliest human occupation of the Sydney Basin, and 

they also have the potential to provide an important educational and interpretive resource for the 

wider community. 

The Strategic Conservation Management Plan (SCMP) and the Aboriginal heritage investigation 

work, both currently being undertaken by AAJV alongside the Sand Body Study, will include 

consultation with Aboriginal community stakeholders, traditional owners and elders identified by 

RMS’ stakeholder process, as well as broader consultation with the community of Windsor. The 

purpose of the consultation work is to identify social and cultural values within the WBRP area.  

The methodology for the consultation process will include an objective to identify the cultural 

values of the sand bodies to the Aboriginal community and to identify Aboriginal community views 

about future research, conservation and management. This information will be fed back into the 

Sand Body Study report to ensure the cultural values of the sand bodies are documented and 

fully considered in recommendations made about future research, conservation and management 

of the sand bodies. 

 

 How should the sand bodies in the region be conserved and managed in future?  

An important objective of the study will be to identify best practice policy and approaches to the 

future conservation and management of this important scientific and cultural resource. The 

identification of policy and approach will be informed by best practice standards for conservation 

of cultural heritage such as those set out in the Australia ICOMOS Burra Charter and will be 

informed by the analysis of the extent of the potential resource and the level of existing 

cumulative impact identified by the Sand Body Study. This analysis will seek to answer the 

following questions: 

o How rare is this resource?  
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o What are the current and future threats to the resource?  

o How can a substantial and representative sample be conserved, protected and 

managed for future generations and for scientific research? 

o What options exist for the management and interpretation of intangible cultural 

heritage? 

o Can we draw on other best practice models implemented elsewhere to help guide 

conservation and management of the resource?  

o How can the competing priorities of conservation and access for scientific enquiry be 

balanced and managed? 

o Can innovative engineering solutions be applied to retain or minimise impacts on the 

archaeological resource and its significance? 

4 ACTION PLAN  

The following action plan has been developed for implementation in the event that a potential sand 

body is identified within the WBRP. Earlier investigations within the southern portion of the project 

area by KNC (2012) indicate it is highly likely that sand body deposits will be present, and therefore it 

is very likely that this plan will be activated and will form an accompanying methodology that sits 

alongside and integrates with the Aboriginal archaeological test excavation methodology.  

The action plan is divided into two sub-sections:  

1. Tasks required to investigate the wider river corridor, and achieve the ‘regional’ aims and 

objectives of the study; and 

 

2. Tasks required to investigate the sand body within the WBRP.  

4.1 Regional Actions 

Many of the research questions in Section 3.3 are targeted at a regional scale and focused on 

understanding the extent, nature and characteristics of sand bodies along the Hawkesbury River 

corridor.  

It should be highlighted that while field investigations as part of this task would be desirable, much of 

the river corridor is privately owned, and/or is geographically inaccessible, making such activities 

problematic. The focus of the works here is therefore desktop and modelling based to provide an 

improved, but not definitive, understanding of the regional distribution and condition of sand body 

resources, based on the results of test excavations within the WBRP study area. The outcomes of the 

works will likely be a number of target areas for consideration as part of archaeological and 

geomorphological studies in the region into the future.  

In the event that sand bodies are identified within the WBRP project area, the following regional 

research programme should be implemented by RMS.  

4.1.1 DESKTOP ASSESSMENT AND PREDICTIVE MODELLING 

Detailed investigation of the existing environment within the Hawkesbury River corridor is needed to 

identify sand bodies that may have potential to contain Pleistocene and early Holocene cultural 

deposits. Previous investigations indicate these sand bodies appear to be situated on certain 

landform types (ridgelines, terraces, promontories), geological units (Pitt Town and Agnes Bank 

Sands), and elevation (>15m AHD). These criteria along with other relevant data can be used to 

identify potential ‘target’ sand bodies. Equally, a set of criteria can also be developed to identify sand 

bodies and landforms along the river corridor where Pleistocene and early Holocene cultural deposits 

are unlikely to occur, such as on steep slopes or incised truncated sandstone bedrock for example. 
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The development of these criteria and identification of potential ‘target’ sand bodies would include the 

following tasks:  

1. Review of existing geological, geomorphological and archaeological literature in the river 

corridor to identify known sand body deposits and their environmental context. The review 

should also identify areas where sand bodies do not occur to both rule areas out, and identify 

criteria that may indicate where such deposits would not occur (such as very steep slopes, or 

floodplains for example). Investigations would also explore alternate and changing river 

alignments (where possible), since some deposits may now prove to be some distance from 

the current water body through its natural migration across the floodplain. 

 

2. Develop accurate GIS spatial predictive modelling of the corridor using high resolution 

topographic and landform data to identify areas where sand bodies have potential to be 

present, using the criteria determined in the background review. Modelling should also identify 

and map areas where such deposits are highly unlikely to be present so they can be excluded 

from future investigation.  

 

4.1.2 RECOMMENDATIONS AND REPORTING 

The results of the desktop research and modelling will be documented in a report that attempts to 

answer – or identify future tasks to answer - each of the research questions posed in this research 

design. The report will include a map showing the extent of the potential sand bodies along the 

Hawkesbury River corridor that may contain buried Pleistocene and early Holocene cultural deposits 

– which will also be developed in GIS format so that it can be integrated into NSW Government 

spatial mapping systems for use as a future management tool.  

The report will include a detailed evaluation of the cultural significance of the sand bodies, drawing on 

the results of the scientific research and analysis to identify archaeological and scientific values and 

the results of the Aboriginal community consultation and broader community consultation processes, 

to identify the cultural, social and public values associated of the sand bodies.  

It will include an analysis of cumulative impacts that have affected the sand bodies, as well as current 

and future threats to the resource. This analysis will seek to identify the rarity of the sand bodies and 

potential to conserve representative samples of the resource for future generations.  

The report will make recommendations for future conservation and management of the sand bodies 

along the Hawkesbury River corridor drawing on best practice standards for conservation of cultural 

heritage set out in the Australia ICOMOS Burra Charter, the results of the Sand Body Study 

investigations, analysis of cumulative impact and best practice examples elsewhere. The report will 

propose policies and management approaches for future conservation, investigation and study of the 

sand bodies.  

4.2 WBRP Project Area Actions 

4.2.1 INTEGRATION WITH THE ABORIGINAL ARCHAEOLOGICAL TEST 

EXCAVATION PROGRAM 

The Aboriginal archaeological investigations proposed for the WBRP have been designed with the 

requirements of the Sand Body Study in mind to ensure the field methods will not require 

modifications when, and if, sand body deposits are encountered during test excavation. Specifically, it 

includes a high resolution grid of test pits across the WBRP excavated in a controlled manner: 
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Due to the presence of most test pits in an urbanised area, with frequent bitumen, packing 

layers and overburden, it is proposed to undertake all excavations using a mechanical 

excavator, assisted by the team of archaeologists and Aboriginal stakeholders. Each square 

will be approximately 1 metre² in size and will be excavated in controlled spits. Spit depths will 

be set at approximately 100 millimetres to ensure that the vertical distribution of 

archaeological material can be accurately monitored and recorded. ‘A’ horizon soils will be 

excavated to just beyond the clay (B horizon) or up to a maximum depth of 1.5 metres (due to 

WorkCover NSW WH&S safety practices). 

This approach will allow for the identification and recording of relevant information about the sand 

bodies present within the WBRP project area. In the event that sand body deposits (as defined in 

Section 3.1) are encountered during the Aboriginal archaeological test excavations, the WBRP 

Aboriginal and Historical Heritage Superintendent would discuss the implementation of this study with 

RMS. In the event RMS’ approve its implementation, the study would supplement two additional 

requirements to the archaeological program:  

1. Additional soil samples will be taken from trench profiled for soil and palaeo-

environmental analyses; and  

 

2. Any future archaeological management in the WBRP project area recommended in the 

Strategic Conservation Management Plan (SCMP) must also consider the sand body 

deposits and geomorphological context in their own right.  

In relation to (1) above, while environmental and soil samples are usually taken as part of 

archaeological investigations, they will often focus on the cultural materials, and this can be at the 

expense of the wider sand deposit. For example, chronological dating may try to bracket an 

archaeological assemblage, rather than the initial formation of the deposit itself. Similar scenarios can 

occur with environmental investigations that are exploring the conditions when Aboriginal hunter-

gatherers were present, rather than over the entire temporal period of the sand body.  

4.2.2 FIELD AND POST-EXCAVATION TASKS 

In the event that this study is implemented, the following field and post-excavation tasks are 

implemented during the Aboriginal archaeological test excavation program:  

Field Investigation  

 Additional sampling should be undertaken that focusses on the entire stratigraphic profile of 

the sand deposit to achieve the research aims. Samples should consist of both bulk 5cm soil 

samples (i.e. 0-5cm, 5-10cm, 10-15cm, etc) and high resolution soil/environmental samples at 

2cm resolution (i.e. 2-3cm, 4-5cm, 6-7cm, etc) for the full depth of the geomorphological unit. 

Samples should attempt to recover at least 50grams of sediment per sample taken. Samples 

for soil micromorphology should also be collected (where possible – sand being problematic 

to sample in this manner), and be taken to investigate any interesting characteristics (e.g. 

bioturbation, thin land surfaces, etc) or stratigraphic breaks in the deposits.  

 

 Chronological samples should be recovered down the entire stratigraphic unit. As a rule of 

thumb, samples should be collected at regular intervals, ideally between 5 and 20cm apart. 

When sampling for OSL/TL, samples must be 15cm from the surface and any visible 

stratigraphic breaks.  

 

 The sampling above should be undertaken on each unique geomorphological unit observed 

during the works. Note, this is unlikely to require sampling in every test pit, since 

geomorphological units are likely to extend across larger areas, and encompass multiple test 
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pits. In situations where multiple test pits are within a geomorphological unit, sampling should 

be undertaken from the least disturbed and/or most extensive portion of the sand body 

deposit identified.  

 

 The location of each sample should be recorded in x,y,z and in sub-centimetre accuracy. 

Each sample should be given an unique identifier keyed to the z,y,z location data and field 

records. The unique identifier should be marked on each sample bag. 

 

 Recording of the entire sand body should be undertaken (regardless of whether or not 

particular parts contain cultural heritage deposits) and should include photographs, scaled 

drawings, sketches and written descriptions.  

 

Post-field Processing  

 An adequate number of samples should be processed for basic soil analysis, including 

particle size, magnetic susceptibility, loss-on-ignition, and other chemical properties (e.g. total 

and organic phosphorous, carbon, etc) to achieve the research aims.  

 

 An adequate number of samples should be processed for palaeo-environmental analysis, 

including palynology (pollen analysis), phytolith analysis, and charcoal analysis to achieve the 

research aims.  

 

 An adequate number of samples should be processed for chronological information, including 

OSL, TL and/or radiocarbon to achieve the research aims. Based on work to date in these 

environments, it is considered that OSL and/or TL will likely provide the most useful 

information, and a proportion of the samples should be processed as single-grain analysis.   

Given the potential uncertainties in the field program, the nature and composition of the sampling 

program should be ultimately determined by the archaeological excavation director in discussion with 

a geomorphologist and RMS, and may differ from the approach above provided that it achieves the 

stated research aims and addresses the stated research questions.  

The Strategic Conservation Management Plan (SCMP) is being developed to provide a management 

framework for cultural heritage prior to, during and after the WBRP project. The archaeological 

investigations that this study will integrate with are being undertaken to inform the SCMP and 

determine the nature and scope of any further mitigation measures, such as salvage (conservation ex 

situ) of cultural materials within the Project Area. Other findings of the sand bodies study may relate to 

a larger management framework.  

It is recommended that where sand body deposits are identified, the SCMP also considers any 

addition mitigation measures that may be required for these deposits on geomorphological 

significance grounds. It is important to note that mitigation measures designed for the archaeological 

program may not be suitable for sand body deposits, and vice versa. While integration of both the 

geomorphology and archaeology is desirable, the SCMP should consider and address these matters 

separately to ensure they are adequately and appropriately managed in subsequent stages of the 

project in a manner that is informed by the range of significance values identified.  

The results of investigations and post-field processing in the WBRP project area will be incorporated 

into the Sand Body Study report described in Section 4.1.2 above.  
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