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1. INTRODUCTION 
 

Belated recognition (Gammage 2012) that much of the Australian landscape is a cultural landscape has refocused 

interest in the environments encountered by Europeans at the time of first settlement of Sydney Cove in 1788 – both 

as evidence for (i) the impact of millennia of skilful burning by Australia's Indigenous inhabitants and (ii) as a bench 

mark to assess change shaped by c. 225 years of European occupation.  As for the Tank Stream Valley (Macphail 

2014a), direct evidence of the 1788 environment is mostly limited to observations in early Colonial documents and 

fossils in late eighteen century or older sediments fortuitously preserved under younger cultural deposits.   

 

Redevelopment of the foreshore of Darling Harbour has provided a unique opportunity to reconstruct the pre- and 

post-European settlement landscapes encompassing Cockle Bay, the most eastern bay in the complex of bays called 

'the harbour-within-the harbour' by Stephenson & Kennedy 1980).  Unlike the eastern (Sydney CBD ridge) foreshore 

of Cockle Bay, which was occupied by Europeans in the 1790s, the southwestern (Ultimo-Pyrmont) foreshore was 

part of a large Colonial Period Estate (Harris Estate) that was quarantined from urban developments into the 1850s 

(Fitzgerald & Golder 2009).  Of equal importance, Indigenous tribes are likely to have inhabited this particular area 

for millennia and Aborigines were recorded living here into the 1840s. 

 

The current major redevelopment in the Cockle Bay-Haymarket area (Darling Live Development) involves the 

replacement of the 1980s Sydney Convention, Entertainment and Exhibition Centre by new facilities.  This Lend 

Lease project comprises three separate development centres: the International Conventional Centre Hotel, the ICC 

Convention, Exhibition and Theatre complex and Darling Square West site (Fig. 1).   

 

The assessment phase of the project has involved a detailed archaeological investigation of Colonial period remains 

buried under reclamation fill on the southwestern foreshore of Cockle Bay, now subsumed within the nineteenth 

century suburbs of Haymarket and Ultimo (south) and Pyrmont (north) on the Pyrmont Peninsula (see Casey & Lowe 

2014).  A second focus has been sampling sediments that had accumulated on the foreshore of Cockle Bay before 

and after the construction the first Colonial residence (Ultimo House) on the Harris Estate (Section 3.2). 

 

1.1 This report 

 

This report discusses fossil pollen and spores (miospores) and other microfossils preserved in three (3) sample from 

the Cooperage' archaeological site located within Darling Square West centre on the Darling Live development in 

Haymarket (see Figs. 2-3).  Copies of the Non-Indigenous archaeology research design and preliminary 

archaeological investigation of the Cooperage site (Casey & Lowe 2014a, 2014b) were provided by Sandra Kuiters 

(Casey & Lowe Pty. Ltd.)  The occupation of the site by the Cormack Brothers Steam Cooperage business in the late 

nineteenth to mid twentieth century (Casey & Lowe(2104b).is outside the scope of this study. 

 

1.2 Samples  

 

The samples come from a sequence of interbedded sands, sandy clays and clays (Frontispiece) exposed in the wall of 

machine-excavated trench (TT-7) underlying Colonial period deposits  in Area A on the Cooperage site (Fig. 3, 

Table 1).  Because of the unsafe nature of the trench and low height of the ceiling formed by the floor of the 

overlying car park, the samples had to be retrieved from material in the bucket of the excavator. 

 

Table 1:  Sample data 

 

AREA TRENCH CTX Reduced Level Lithology Inclusions 
A TT 7 14615 + 0.6 m above mean sea level sandy clay rootlets, shell fragments 

A TT 7 14617 -0.34 m above mean sea level silty clay (mottled)  

A TT 7 14618 -0.36 m above mean sea level dark grey gritty clay abundant shells 

 

1.2 Aims 

 

The samples were submitted to determine if plant microfossils are preserved in the sandy clay and clay facies within 

the estuarine sediments and, if so, use the microfossil evidence to: 

 

 Infer age limits for each of the three deposits. 

 Determine the floristic composition and structure of the plant communities occupying the study site and 

reconstruct changes in the foreshore environments over the period of record. 
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1.3 Significance of study 

 

The Darling Square West study site is located in the pre-1820s bayhead of Cockle Bay (Fig. 4), an area where the 

vegetation is predicted (Benson & Howell 1990) to have supported Casuarina glauca-Eucalyptus robusta swamp 

forest in 1788 or have been mudflats inundated at high tide (see Section 3.2).  For this reason, the site provides the 

best opportunity found so far to use fossil pollen and spore assemblages (microfloras) to:  

 

1. Test reconstructions of the foreshore vegetation by Benson & Howell (1990) and Broadbent (2010).  

2. Establish the local presence (or not) of particular species such as the grey mangrove Avicennia marina. 

3. Compare the foreshore vegetation before and after European settlement of Cockle Bay. 

4. Assess how resilient the foreshore vegetation was to the European reshaping of the Darling Harbour 

foreshore. 

 

1.4 Previous studies 

 

A number of historical archaeological sites on the foreshore and ridges surrounding Cockle Bay have been excavated 

over the past 3-4 decades (references in Macphail 2013, 2014a, 2014b).   

 

These sites preserve a discontinuous record of changes during the Colonial period although sites on the bay to the 

west of Pyrmont Peninsula (Blackwattle Bay) extend the record back into the Middle Holocene to Late Pleistocene, 

i.e. the period when rising Postglacial sea levels reshaped (and created) Sydney Harbour (Fig. 1).  

 

Fig. 1: Location of the study site (red square) bounded by Pier Street (north), Harbour Street (east). Hay 

Street (south) and Darling Drive (west) on the now-infilled head of Cockle Bay 

 

 
 



 

4 

 

 

Fig. 2: Location of the Haymarket sector (blue) and other redevelopment areas within the Darling Live 

Development precinct at the now-infilled head of Cockle Bay (from Casey & Lowe 2014a) 
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Fig. 3:  Location of the study area (Cooperage site) within the Haymarket development area 

(from Casey & Lowe 2014a) 
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Fig. 4: Map showing the approximate location of the Darling West Square area (shaded in grey-blue) 

overlain on a map of Cockle Bay in 1854 (from Casey & Lowe 2014a).  This map predates the 

construction of the wooden bridge linking Market Street on the CBD Ridge to the Pyrmont Peninsula 

in 1857.  'Dixons Wharf' and the 'Steam Saw Mills' mark the former sites of flour mills erected on the 

eastern foreshore of Cockle Bay between 1815 and c. 1830.  

 

 
 

Fig. 5: Map showing the study area (outlined in red) in 1880.  The blue arrow marks the site of the 

Cooperage building.  Unlike Burns Street, land between Lackey Street and Little Quay Street to the 

west of the Cooperage building remained undeveloped at this period (from Casey & Lowe 2014a). 
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2. EXECUTIVE SUMMARY 

 

Fossil pollen and spores preserved of estuarine deposits underlying late nineteenth century cultural deposits in the 

Cooperage site, Darling Square West, provide snap-shots of three periods in the history of Darling Harbour over the 

past c. 5000 years. 

 

The sequence is unusual for an historical archaeological site in Sydney and, at present, unique for Darling Harbour  

 

CTX 14618 

 

 CTX 14617 (RL -0.36 m) was deposited within the intertidal zone or below low water mark (LWM) during 

the late middle Holocene, a period when sea levels on the NSW coast (and presumably within Sydney 

Harbour) were close to their present day position but by this time some 1-2 m below the early Holocene 

maximum elevation reached during the Postglacial marine transgression.  

 

 The foreshore vegetation near to the study site comprised swamp oak forest or woodland.  This differed 

from modern Casuarina glauca swamp oak forest in  Sydney Harbour in that (1) the swamp mahogany 

Eucalyptus robusta was rare or absent and (2) the understorey dominated by a coral fern (Gleicheniaceae).  

Other salt-tolerant species growing on the foreshore included the grey mangrove Avicennia marina and 

samphires (Chenopodiaceae).  There is no evidence grasses (or? eucalypts) were prominent in the dryland 

vegetation on the Pyrmont Peninsula at this time.  

 

CTX 14617 

 

 CTX 14617 lacks marine indicators but is assumed to be estuarine because of the RL of -0.34 m).  Cereal 

pollen imply the sediment was deposited sometime between 1815 and 1830.   

 

 By this time, the middle Holocene fern communities on the foreshore had been replaced by a cord-

rush/sedge wetland.  The presence of mangroves make it more likely than not that swamp oak 

forest/woodland was still present in Cockle Bay although European impacts (if not deliberate exploitation) 

had already allowed exotic weeds such as dandelions and a knotweed to grow close to the site.  Poaceae 

pollen suggest that grasses were prominent in the dryland vegetation although how extensive such 

grasslands (sic) may have been is unclear. 

 

CTX 14615 

 

 CTX 14615 is inferred to date to the early-mid nineteenth century.  Shell fragments and the modest 

elevation of the deposit (RL +0.6 m) above high water mark (HWM) indicate the unit was within the reach 

of high tides. 

 

 The nature of the foreshore vegetation is obscured by the high relative pollen abundance of raspwort pollen 

and the fact the pollen count could represent raspworts growing in a semi-aquatic environment, in open 

sclerophyll forest or on disturbed ground. 

 

 Given the inferred age, the last context is considered the most probable, and if correct, then the fossil pollen 

evidence hints that quarantining of the Harris Estate from urban development up to the late 1850s had 

allowed some sclerophyll shrubs and ferns to recolonize sites that were relatively free of grazing or fires.  

Despite the prominence of tree pollen in the microflora (the highest in the study), it is improbable 

significant areas of native forests or woodlands survived on the Pyrmont Peninsula at this time. 

 

The study highlights the value of sampling and analysing independently-dated deposits that are likely to pre-date 

European settlement on historical archaeological sites in the Sydney district. 
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3. PHYSICAL SETTING 
 

3.1  Geographic setting 

 

Inner Darling Harbour (Cockle Bay) is bounded by the Sydney CBD ridge (eastern foreshore), the Sydney 

Entertainment Centre and Haymarket, occupying the reclaimed bayhead, with the inner city suburbs of Ultimo and 

Pyrmont occupying the southern and northern sectors on the sandstone Pyrmont Peninsula, respectively. 

 

At the time of first European settlement, rock platforms and/or tidal mudflats extended from high water mark 

(HWM) into shallow water, allowing for easy reclamation of the foreshore.  These areas provided food (cockles) to 

both the Indigenous and early Colonial period inhabitants of Sydney.  Since then, commercial and urban 

developments have largely obscured or obliterated the 1788 foreshore, in particular around Cockle Bay whose 

modern shoreline is located c. 0.5 km north of its early 1800s position.  Over the same period, property boundaries 

have shifted as land was subdivided, sold, or enlarged by reclamation and amalgamation during the middle to late 

1800s.  Non-existent to basic sanitation and ad hoc industrial developments had resulted in the major pollution and 

'marine desertification' of Cockle Bay by the mid-late 1800s.  The Darling Live redevelopment project forms part of 

the contested reshaping of Cockle Bay that began in the early 1900s and which is likely to continue into the 

foreseeable future (Fitzgerald & Golder 2009). 

 

3.2 Plant communities occupying the bayhead area of Cockle Bay in 1788 

 

Benson & Howell (1990) propose that in 1788 the rocky eastern and western foreshores of Daring Harbour were 

covered by mudflats which were inundated by saltwater at high tide:  The bayhead area (Cockle Bay) supported an 

extensive stand of swamp oak forest co-dominated by the swamp oak Casuarina glauca and swamp mahogany 

Eucalyptus robusta (Fig. 6).  Recent microfossil evidence (Macphail 2014) from on lower George Street supports the 

presence of a similar vegetation type at the mouth of the Tank Stream, Sydney Cove in 1788. 

 

Fig. 6: Plant communities predicted to have colonized the foreshore around, and ridges overlooking Darling 

Harbour in 1788 (after Benson & Howell 1990) 

 

 
 

Mudflats and swamp forest bordering Darling Harbour/Cockle Bay are shown in blue and red-purple, respectively 

(note smaller areas of swamp forest are shown in Sydney Cove, Farm Cove and Woolloomooloo Bay).  Eucalyptus 

woodland growing on Hawkesbury Sandstone on dry hillsides and ridge tops is coloured yellow.  The red area 

denotes Casuarina swamp forest growing at the head of the Tank Stream valley; the purple-grey area marks areas of 

turpentine-ironbark forest on growing in Wianamatta Shale; the brown area sand dunes with Banksia scrub.   



 

9 

 

 

Benson & Howell's (ibid) reconstruction of the 1788 vegetation focused on the dominant woody species.  In contrast, 

Broadbent (2010) has used the same stands of remnant native vegetation around Sydney Harbour to 'identify' specific 

plant associations that are likely to have colonized particular habitats on the Pyrmont Peninsula.  The associations 

predicted to have occupied rocky and muddy foreshore areas are summarized below although it is emphasized here 

that community composition, height and density will have varied according to aspect, (exposure), soil and drainage 

conditions as well as the time elapsed since the last wildfire.   

 

 (a) Vegetation on dry foreshore sites 

 

 Rocky areas with shallow mineral soils:  The predicted 'dominant' vegetation type is coastal heath 

(Allocasuarina-Banksia-Baeckea scrub/heath).  Typical sclerophyll shrub and herb species include 

Allocasuarina distyla (scrub she-oak), Baeckea (heath-myrtle), Epacris, Hakea (hakea), Fabaceae, Isopogon 

(drum-stick), Lasiopetalum (rust-petals), Leucopogon (beard-heath), Melaleuca (paper-bark), Phebalium 

(Phebalium) Philotheca (philotheca) and Cyperaceae. 

 

(b)  Vegetation on 'wet' foreshore sites (wet sandstone outcrops, creek banks, springs) 

 

 Exposed damp sites:  The predicted dominant vegetation type again is coastal heath (Allocasuarina-

Banksia-Baeckea scrub/heath) with sclerophyll shrubs including Allocasuarina spp., Banksia spp., Baeckea, 

Epacris, Fabaceae, Hakea teretifolia (dagger hakea), Leptospermum, and Sprengelia incarnata; (pink 

swamp heath); herbs include Burchardia (milkmaids)  and Blandfordia nobilis (Christmas-bells).  Water-

logged sites will have supported Cyperaceae-Restionaceae sedgeland with Xyris spp. (yellow-eyes) 

 

(c) Estuarine sites 

 

 Salt-and freshwater water influenced sites:  Except around the head of Cockle Bay where Casuarina glauca 

(swamp oak) and Eucalyptus robusta (swamp mahogany) once formed swamp forest, frequently inundated 

mudflat are predicted to have supported mangrove woodland dominated by Avicennia marina (grey 

mangrove), with stunted mangroves also growing in rock crevices exposed to salt-spray.  Less frequently 

inundated sites were colonized by salt-marsh dominated by Chenopodiaceae (salt-bush/samphire family) 

whilst sites routinely flooded by freshwater will have supported Cyperaceae-Restionaceae wetlands, with 

sclerophyll shrubs present in raised areas. 

 

3.3. Changes on the Cockle Bay waterfront between 1788-1900 
 

Cultural changes around Cockle Bay mirror those elsewhere in inner Sydney, viz, casual foraging for food and 

firewood, clearing and erosion associated with formal land grants during the earliest nineteenth century, and the 

establishment of commercial and urban facilities involving the construction of infrastructure such as wharves, ware 

houses, mills and terrace housing during the early to mid nineteenth century.  Events impacting on the study site 

during the mid to late nineteenth century are centred on changes in technology, transport and communication 

associated with the burgeoning wool trade, power generation and (Pyrmont Peninsula) quarrying.   

 

Changes that are potentially are reflected in the estuarine deposits on the Haymarket study site include: 

 

 1788:  Occupation of the foreshore areas around Darling Harbour (Indigenous name Tumbalong) by the 

Cadigal People.  This occupation potentially extends back to c. 7000 BP when postglacial sea levels in 

Sydney Harbour first stabilized above the present-day level (see Lewis et al. 2103).  The European name 

'Cockle Bay' is derived from the large shell middens left by generations of foraging.  Indigenous occupation 

is likely to have involved the skilful conservation of species such as the swamp oak and mangroves, used in 

the manufacture of tools (see Benson & Howell 1990: 14). 

 

 1788-early 1800s:  Mining of the shell middens for lime used in the construction of early Colonial brick and 

stone buildings.  Tree species such as she-oaks (Allocasuarina/Casuarina) were targeted for building 

material and firewood.  For example, the first detailed illustration of Darling Harbour shows a felled tree 

(being cut up for firewood?) although shrubs were still growing in small gullies and below low sandstone 

cliffs in 1814 near Miller's Point at the entrance to Darling Harbour. 
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 1802:  Construction in 1802 of the first wharf (Market Wharf) on the eastern foreshore of Cockle Bay (to 

allow agricultural produce from Parramatta to be carted up to the early Colonial markets).   

 

 1803-1804:  Formal granting of a 34 acre estate (Harris Estate) encompassing the southern end of the 

Pyrmont Peninsula to Surgeon John Harris.  This was followed by the construction (1804) of a two storey 

colonial mansion (Ultimo House) on the rise overlooking Cockle and Blackwattle Bays.   

 

Although the area surrounding Ultimo House subsequently was 'landscaped' into an English Park and used 

for 'boutique' agricultural purposes, the Pyrmont Peninsula was described as having ' many trees and thick 

bush….where people now living used to go kangarooing" into the 1820s (Obed West cited in Marriot 1988: 

21).  The presence (Marriot ibid) of 'one little round house… with 'Constable here' painted on a board 

hanging over the door' in Ultimo is evidence for some Governmental oversight of the area by this time. 

 

 1807:  Quasi-illegible annotations on Meehan's map indicate 'mudflats' occupied the head of Cockle Bay 

(Plate 90 in McCormick 1987).   

 

 1815-1825:  Construction of the first steam-driven flour mill on the eastern foreshore near Little Pier Street 

(Dickson's Mill).  This flour mill operated in 'splendid' isolation up to c. 1825, when a second steam-driven 

mill was built c. 180 m to the north by the firm of Cooper & Levy, then sold to Thomas Barker (Dickson's 

former apprentice) in 1827.  These mills were serviced by narrow 'finger' jetties, with water for the steam 

engine obtained from dams erected across small creeks flowing onto the foreshore close to the site. 

 

 1820s-1830s:  Doubling of Sydney's population between 1828 and 1836 resulted in the relocation of 

maritime commerce into Cockle Bay/Darling Harbour and made it financially viable to reclaim and 

subdivide foreshore land that previously had been below high water mark.  Infilling of the  intertidal and 

shallow nearshore zones eliminated the need to build long and narrow 'finger' jetties to reach deep water.  

However, 'finger' jetties remained in use into the 1830s (Fig. 7) and, intriguingly the same map (Plan of 

Pyrmont) shows a footbridge crossing the head of Cockle Bay south of the Dickson finger wharf. 

 

 1830s-1840s:  Residential subdivision of land on the eastern foreshore of Darling Harbour and Cockle Bay 

around the steam flour mills began in late 1830s.   By the late 1840s, the foreshore in front of Barker's mill 

had been completely transformed through the subdivision and sale of reclaimed land, and the replacement 

of the finger jetties by new wharves to handle the increased coastal trade, including wheat from Tasmania.  

Heavy metal pollution is likely to have contributed to the ongoing 'desertification' of Darling Harbour.  In 

contrast the southern end of the Pyrmont Peninsula remained largely undeveloped (albeit partially cleared) 

private land (Fig. 7). 

 

 1850s-1860:  During this decade, Darling Harbour became subdivided into outer harbour and inner harbour 

by the construction in 1857 of a timber toll bridge across Cockle Bay.  This bridge linked Market Street on 

the eastern foreshore of the Sydney CBD ridge to the already subdivided northern (Macarthur Estate) end 

of the Pyrmont Peninsula.   

 

In 1853, c. 7 acres of the Harris Estate were purchased by the Sydney Railway Company to build a railway 

terminus and goods yard linking the maritime infrastructure in Cockle Bay to Sydney's food markets (and 

equally new railway network):  Fill from the excavation of the railway goods yards was used to reclaim 

silted-up areas around the bayhead and western foreshore of the bay, with the sites of former early nineteen 

century commercial enterprises such as Dickson's and Baker's Flour Mill being subsumed by the 

development of the Darling Harbour Goods Yard (Fig. 8) .  Ancillary developments included a railway 

carriage works were on the former site of the timber yard adjoining Barker's flour mill in 1859. 

 

 1860-1890s:  Formal subdivision of the Harris Estate for terrace housing began in 1859, with the dwellings 

leased throughout the 1860s-1900 by workers employed in quarrying, manufacturing and processing 

activities.  Although native shrubs, herbs and ferns might have survived into the 1860s, early photographs of 

the Pyrmont Peninsula show all trees and tall shrubs had been cut down before 1878 apart from formal 

plantings around Newstead House north on the Pyrmont Bridge . A freezing works (Thomas Mort's Fresh 

Food and Ice Company) was built on reclaimed land between Little Pier Street and the infilled head of 

Cockle Bay (present day site of the Chinese Garden of Friendship) in 1861, with the Iron Wharf and Ultimo 

Power Station constructed on the Ultimo foreshore in 1874 and the late 1890s, respectively (Fig. 8). 
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Residential developments on the Ultimo-Pyrmont districts appear to have been complete by the late 1870s.  

By the late 1890s, newer, larger industrial concerns were purchasing large blocks in Ultimo.  This and the 

close spacing of houses helped create 'a continuous cycle of flooding and raw sewage', with the latter 

backing up into yards of terraces (by now slums) in the reclaimed foreshore zone during storm surges.  The 

outbreak of bubonic plague in 1900 made it possible for the State to resume, demolish and rebuild Sydney's 

urban slums, including all waterfront properties on Darling Harbour between Bathurst and Market Streets.   

 

Fig. 7:  1836 Map showing the contrast between the western (Harris Estate) and eastern foreshores of Darling Harbour  
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Fig.8: Road map showing the reclaimed head of Cockle Bay in c. 1955.  Much of the infrastructure built in the late 

nineteenth century survived into 1970s, including the Darling Harbour Goods Yard and Pyrmont Power 

Station (arrowed).  Steam Street and Bakers Lane mark the sites of the former flour mills (cf. Figs 1-3). 
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4. PALYNOLOGY 

 

Many of the subcanopy plant genera and some of the species predicted by Benson & Howell (1990) and Broadbent 

(2010) can be identified via fossil miospores although this is not the case for the dominant tree genera in dry 

sclerophyll and swamp forests and woodlands in Sydney (Allocasuarina, Angophora, Casuarina, Eucalyptus).   

 

For this reason, caution is needed when interpreting microfloras dominated by casuarina (Allocasuarina/Casuarina) 

since (1) this pollen type is produced by forest trees, shrubs growing in heath, and (Casuarina glauca) trees in fresh- 

to brackishwater fens and (2) all casuarina species produce and disperse pollen in astronomical numbers over long 

distances (and forms the regional pollen rain.  Accordingly, the pollen type (and to a lesser extent Eucalyptus) can be 

abundant in the fossil record because (i) the parent plants were growing locally, (ii) the local flora consisted of trees, 

shrubs and/or herbs that produce/disperse relatively little pollen, and/or (iii) the area was devoid of vegetation 

(references in Macphail & Casey 2008). 

 

In the case of plants that produce relatively few miospores or disperse these ineffectively into the surrounding 

landscape (under-represented species), even low numbers of fossil miospores can be unequivocal evidence that the 

parent plant(s) once grew close to the deposit unless water transport is involved.  The latter caveat almost certainly 

applies to the Cooperage study site given the estuarine context and the two minor creeks draining the western side of 

the CBD ridge may have flowed through swamp forest before reaching Cockle Bay (see Benson & Howell 1990: 

42).  

 

4.1 Predicted ages 

 

The dates assigned to the three estuarine deposits are based on: 

 

 AMS-dating (CTX 14618).  Woody plant material extracted from this sample (Beta-407515 gave a 

conventional AMS radiocarbon date of 4960 ± 30 yrs BP [2-sigma calibrated age 5665-5900 cal. yrs BP]. 

 

 Microfossil evidence (CTXs 14617, 14615):  The presence or absence of fossil pollen produced by plants 

introduced into Australia by Europeans, in particular pollen of crop grasses (cereals) and associated widely 

naturalized agricultural weeds such as dandelions (compare Macphail 2012). 

 

Based on these criteria: 

 

CTX 14618 predates European settlement of Cockle Bay by some 4700-5500 years but is within the period (late 

middle Holocene) when postglacial rising sea levels had stabilized some 1-1.5 m above their present day level on the 

NSW coast.  However the shoreline in Cockle Bay may have been ±close to the position observed in 1788 for 

topographic reasons.  Significantly, the microflora recovered from CTX 14618 lacks introduced taxa. 

 

CTX 14617, which includes frequent (4%) cereal pollen, is likely to date to between 1815 and1830, the period when 

Dickson's and Baker's Flour Mills began operating on the eastern shoreline of Cockle Bay.  It is possible some of the 

grass pollen assigned to Poaceae in this sample are immature or atypically small cereal pollen.  

 

CTX 14615 is likely to date to the early-mid nineteenth century, based on cereal pollen (1%) associated with 

abundant (26%) raspwort (Gonocarpus) pollen and absence of pine pollen. 

 

4.2 Depositional environment 

 

Abundant but fragmented remains of a marine bivalve confirm that lowest sample (CTX 14618) was deposited in a 

estuarine or restricted marine environment.  The same appears to be the case for CTXs 14617 and 14615.    

 

Calculated reduced level (RL) data for the three deposits (S. Kuiters pers comm.) are approximate but adequate to 

confirm that: 

 

 Test Trench (TT7) extends to a depth of 0.46 m below mean sea level (Australian height datum).   

 CTXs 14618 and 14616 were deposited at 0.36 m and 0.34 m, below mean sea level, respectively, i.e. below 

to within the intertidal zone. 

 CTX 14615 was deposited 0.6 m above mean sea level but within the reach of high tides. 



 

14 

 

 

Because bedrock was not reached, it is uncertain whether the sequence was or was not deposited over a submerged 

rock platform (Triassic sandstone) or was the upper part of a delta prograding into deep water into this bay (Fig. 4).   

 

4.3 Individual results  

 

The sandy clay and clay stratum yielded moderate to large numbers of mostly well-preserved miospores in a matrix 

of well-preserved to strongly humified plant detritus (Plate 3).  The latter component included probable rootlet tissue 

(CTX 14615) and black subangular-angular particles interpreted as carbon particles from derived from local fires and 

probably also coals in the Triassic sandstone and shale bedrock. 

 

Miospores yields were ±adequate to prepare a statistically robust estimate of relative abundance (Table 2):  These 

values are expressed as a percentage of the total count excluding fungal spores, the possible algal cysts and 

microfauna egg cases.   Selected plant microfossils are illustrated in Appendix 1. 

 

The samples are discussed in order of decreasing depth in order to bring out more clearly changes in the local 

vegetation over the period represented by the three samples. 

 

Plate 3:  Acid-insoluble organic extracts  

 

 
   CTX 14615     CTX 14618 
 

4.31 CTX 14618 

 

Lithology: dark grey gritty clay (estuarine mud) 

AMS age: 4960 ± 30 yrs BP [5665-5900 cal. BP] 

Common taxa: Gleicheniaceae, Allocasuarina/Casuarina, Selaginella uliginosa, Restionaceae 

Frequent taxa: Avicennia marina, Eucalyptus, Calochlaena, Lindsaea-type, Gonocarpus, Chenopodiaceae 

Halophytes: Avicennia marina, Chenopodiaceae, dinocysts (trace) 

Exotics: none recorded 

 

Comment: The presence of abundant intact and fragmented shells indicates the organic matter recovered from 

CTX 14618 was deposited below low water mark (LWM) to within the intertidal zone, and, for the 

same reason, (a) a significant fraction of the microflora recovered from the grey estuarine mud is 

likely to have been transported by water and (b) the assemblage represents a swamp oak forest or 

woodland growing along the foreshore near to, but actually not on the site per se. 

 

The high relative abundance of coral-fern spores (30%) almost certainly has reduced the 

representation of trees such as the swamp oak (Casuarina glauca) and probably mangroves 

(Avicennia marina), but on present indications the swamp mahogany Eucalyptus robusta was rare 

within the swamp oak forest or woodland in the mid Holocene (cf Benson & Howell 1990).   
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Conversely the microfloral evidence is compelling that the understorey in this foreshore vegetation 

or on banks of inflowing streams were dominated by ferns and fern allies, with mangroves, 

samphires and? cord-rushes forming separate communities elsewhere on the foreshore depending 

on the tidal influence.  Apart from banksia (Banksia) spp. and unusually 'high' values (1%) of the 

severely under-represented heath genus Epacris, little evidence is preserved concerning the nature 

of the dryland vegetation although grasses (Poaceae) appear to have been very rare.  As for other 

historical archaeological sites, the microfloras include multiple specimens of the rough (Cyathea) 

and smooth (Dicksonia antarctica) tree-fern spore, which in this instance are just as likely to 

represent a wet gully flora upstream in the Cockle Bay catchment as wet forests in the Blue 

Mountains to the west or the National Park to the south of Sydney Harbour. 

 

4.32 CTX 14617 

 

Lithology: silty clay (mottled) 

Inferred age: 1815-c. 1827 

Common taxa: Allocasuarina/Casuarina, Poaceae, Restionaceae 

Frequent taxa: Calochlaena, unassigned trilete ferns, Cerelia, Gonocarpus, Cyperaceae, Selaginella uliginosa 

Halophytes: Chenopodiaceae, Avicennia (trace)  

Exotics:  Cerelia, Liguliflorae, Polygonum aviculare 

 

Comment: By the time CTX 14617 was deposited, the foreshore vegetation around Cockle Bay had been 

impacted, (if not deliberately exploited) by Europeans, allowing exotic herbs such as dandelions 

(Liguliflorae) and a knotweed (Polygonum aviculare) to grow close to the study site.  The high 

relative abundance of Allocasuarina/Casuarina, may or may not be evidence that swamp oak 

forest or woodland survived near the site at this time (see above) but this seems likely given the 

presence of mangrove pollen in the microflora.  What is certain is that sometime between the late 

middle Holocene and the first decades of the nineteen century (a) 'local' coral-fern communities 

had been replaced by a freshwater wetland dominated by sedges and cord-rushes and including a 

sun-dew (Drosera) and probably the swamp banksia (Banksia robur).  The microflora is unique in 

this study including trace numbers a hornwort spores, typically found on damp clay soils and it is 

probable this spore and those of the rainbow fern Calochlaena dubia) were growing along creeks 

draining into Cockle Bay.  Unlike CTX 14618, grasses (Poaceae) pollen occur in large numbers 

(20%) and, if not immature cereal pollen or from a semi-aquatic species, are evidence that 

grasslands were prominent in the dryland vegetation by this time (due to clearing?). 

 

4.33 CTX 14615 

 

Lithology: sandy clay 

Inferred age: after c. 1830 

Common taxa: Allocasuarina/Casuarina, Gonocarpus 

Frequent taxa: unassigned trilete ferns, Eucalyptus, Banksia, Pimelea, Poaceae,  

Halophytes: none recorded 

Exotics:  Cerelia, Liguliflorae, Plantago lanceolata-type, Polygonum aviculare 

 

Comment: The absence of pine (Pinus) pollen is against the deposit being younger than c. 1830s-1840s and it 

is proposed that the reduced influx of cereal pollen compared to CTX 14617 is due more to the 

high influx of raspwort (Gonocarpus) pollen than a reduction of flour-milling operations along the 

eastern foreshore.  Nevertheless the presence of other exotics, such as citrus (Citrus) and plantain 

(Plantago lanceolata-type) pollen hint at the presence of an orchard of a garden in the vicinity of 

the Cooperage at this time.  One fungal spore (Mediaverrunites sp.) has been found associated 

with discarded nutritious waste and the sample differs from others in the study in  that it 

incorporates significant numbers of reworked Triassic spores and gymnosperm pollen (evidence 

for quarrying on foreshore areas around Cockle Bay?). 

 

Otherwise, interpretation of the microflora depends on whether the high relative abundance of 

Gonocarpus (26%) represents the dryland species G. teucrioides, which is common on sandstone 

soils in open forest, scrub and heath and has become a widespread weed on disturbed ground, or G. 

micranthus, which colonizes wet ground and the margins of swamps.  Either source is possible 
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given that locally damp conditions are supported by 'significant' relative abundances of thin-walled 

trilete fern spores and the low RL (+0.6 m) of the deposit:   

 

Herb pollen characteristic of drier but often open vegetation types include grass (Poaceae), the 

trigger plant (Stylidium graminifolium) and a grass-tree (Xanthorrhoea), which may or may not 

have been deliberately planted.  Supporting the local presence of a heath are trace records of 

sclerophyll shrubs, in particular banksias, including the morphotype associated with the old man 

banksia (Banksia serrata), a grevillea (Grevillea), native drum-sticks (Isopogon) and rice-flowers 

(Pimelea) and are a heath.  The presence of heath 'hints' that quarantining of the study site (part of 

the Harris Estate) from urban development had allowed some sclerophyll shrubs and ferns to 

recolonize cleared or disturbed areas once grazing or fire pressures were reduced.  However it 

seems improbable that swamp oaks could have survived on the site into the 1830s and, if this 

assumption is correct, then the increased representation of casuarina (41%) and eucalypt (7%) 

pollen (see Table 2) are due to an influx of these types from the regional pollen rain over Sydney.   

 

4.4 Synopsis 

 

Estuarine deposits preserved on the Darling Square West (Cooperage) site have proved to be important in three 

related contexts, one of which (Postglacial sea level) is highly unusual for an historical archaeological site in Sydney 

and apparently unique in the context of Darling Harbour.  These are: 

 

 The nature of swamp oak forest/woodland growing on the foreshore of Cockle Bay in the late Middle 

Holocene.  The same data are relevant to the question of postglacial sea levels in inner Sydney Harbour and  

 The nature of the foreshore vegetation in Sydney Harbour at the first of first European settlement at Sydney 

Cove in 1788.  

 A destruction of the foreshore woody communities during the early nineteenth century at about and 

following the time flour-milling operations were established on the eastern foreshore of Cockle Bay in c. 

1815-1830. 

 

4.41. Middle Holocene sea level 

 

A consensus of independently calibrated (C-14, uranium-series, amino acid racemization) ages for Postglacial sea 

levels on the NSW coast indicates that (a) rising Postglacial sea levels reached their present level between 7500 and 

8000 cal. yr BP and may have been up to 1-2 m above the present-day level during the late early to late Middle 

Holocene (see Lewis et al. 2103).  Whether sea levels then oscillated by less than 1 m around this position during the 

mid-late Holocene and fell smoothly to the modern position or were punctuated by further oscillations is unresolved.  

 

Without evidence such as stumps or roots in growth position, confirming that mangroves and/or swamp oaks were 

established in situ at the Cooperage site, it is uncertain whether CTX 14618 was deposited within inter-tidal zone or 

below LWM at the time.  The calibrated [2-sigma] AMS date of 5665-5900 cal. yrs BP dates the deposit to about the 

time when sea levels on the NSW coast were 1-1.5 m above the present day position although, given the relatively 

steep sided topography of the Pyrmont Peninsula the palaeo-shoreline will not have been significantly further inland 

than the shoreline observed in 1788.  For the same reason, it is probable that the natural resources available to 

Indigenous occupants of the Pyrmont Peninsula will have been similar to those available throughout the late 

Holocene, despite the 'hint' that the area occupied by grasslands was less compared to the early nineteenth century.  

Whether this observation has 'implications' for the long-term impact of indigenous fires on the native vegetation is 

unknown. 

 

4.42 Vegetation 

 

Although occupying much the same estuarine habitat, the swamp oak forest/woodland growing near the head of 

Cockle Bay during the middle Holocene (and possibly up to about the time of European settlement of Sydney Cove 

in 1788) differed from modern Coastal Swamp Forest and Coastal Floodplain Wetland forest in NSW in that the 

former was wholly dominated by casuarinas (presumed to be the swamp oak Casuarina glauca), not eucalypts and 

other Myrtaceae genera such as Melaleuca and Callistemon (cf. Keith 2004: 224-227).  The reason for this might be 

differences in sea level (or frequency of inundation by sea water) but this explanation is inconsistent with the 

dominance of the ground cover by freshwater semi-aquatic fern allies, ferns and herbs.  Alternatively, by 1788, the 
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composition of the Cockle Bay swamp forest reflects up to six millennia of Indigenous utilization of the harbour 

foreshore, including harvesting of cockles (Anadara trapezia) living in the mudflats at the head of the Cockle Bay.   

 

Microfossil data from the Cooperage site are inadequate to explore which (if either) interpretation is the more 

probable but the data point to the need for caution when using modern analogues to reconstruct the pre European 

settlement vegetation. . As far as is known the conventional AMS-date of 4960 yrs BP is the second only middle 

Holocene age obtained from an historical archaeological site in Sydney (cf. Macphail 2003) 

 

Despite uncertainties intrinsic to all casuarina-dominated pollen assemblages in the Sydney region (see Macphail 

1999, Macphail & Casey 2008), the sequence of plant communities 'archived' under the Cooperage building does 

conform to the expected impact of Europeans on the Darling Harbour-Cockle Bay environment after c. 1788 in three 

respects: 

 

 The local to regional extirpation of trees whose wood was useful for building purposes, notably casuarina 

and probably also mangroves although the demise of the latter can equally well be explained by siltation of 

the bayhead. 

 

 The initial replacement of woody communities by low open vegetation types such as sedge wetlands 

(swampy areas) and probably grasslands (drier areas). 

 

 The naturalization of exotic weeds, most of which are associated with agriculture or analogous disturbances 

(see Macphail 2013). 

 

The study reinforces the importance of sampling and independently dating organic sediments that underlie cultural 

deposits on historical archaeological sites. 

 

 

Fig. 9: Postglacial sea levels on the NSW coast from 8000 BP to present (from Lewis et al. 2013) 
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TABLE 2: Estimated relative abundance of plant microfossils ('+' equals values <1%) 

 
MICROFOSSIL TAXON COMMON NAME  CTX 14615 CTX 14617 CTX 14618 

Introduced taxa     

Cerelia cereal grasses 1% 4%  

Liguliflorae dandelion + +  

Plantago lanceolata plantain +   

Polygonum aviculare knotweed + +  

Trees, shrubs     

Allocasuarina/Casuarina casuarina 41% 37% 26% 

Amperea xiphoclada broom-spurge +   

Avicennia marina grey mangrove  + 5% 

Banksia marginata-type banksia 2% + + 

Banksia serrata-type old man banksia + + + 

Dodonaea triquetra native hops   + 

Epacris heath  + 1% 

Eucalyptus eucalypt 7% 2% 3% 

Grevillea-type grevillea 1% + + 

Isopogon drum-sticks +  + 

Leucopogon bearded-heath  +  

Monotoca broom-heath +  + 

Pimelea rice-flowers 2% + + 

Pomax-type pomax   + 

unassigned Proteaceae protea family   + 

Herbs     

Asteraceae (low spine) daisy family + + + 

Brassicaceae crucifer family   + 

Chenopodiaceae samphire family  1% 2% 

Cyperaceae sedge family + 5%  

Drosera sun-dew  +  

Gonocarpus raspwort 26% 3% 4% 

Poaceae grass 4% 20%  

Restionaceae cord-rush + 11% 9% 

Stellaria starwort +   

Stylidium trigger-plant    

Tree- and ground ferns     

Calochlaena rainbow-fern + 5% 5% 

Cyathea rough tree-fern +  1% 

Dicksonia antarctica soft tree-fern +  + 

Gleicheniaceae coral fern family + + 31% 

Histiopteris bats-wing fern   + 

Hymenophyllaceae maiden-hair fern   1% 

Lindsaea-type screw-fern 1%  4% 

Microsorium/Davallia incl. rainbow-fern   + 

Pteris tender-brake   + 

Schizaea-type comb-fern 1%  + 

unassigned monolete ferns incl. Blechnaceae  + + 

 unassigned trilete ferns numerous ferns 7% 5% 2% 

Ferns allies, hornworts, mosses     

Sphagnum peat moss   + 

Anthoceros/Phaeoceros hornworts  + + 

Lycopsiella laterale slender club-moss  +  

Selaginella uliginosa swamp selaginella + 2% 10% 

POLLEN SUM  343 350 379 

Reworked Triassic spp.     

spores  1%   

bisaccate gymnosperm pollen  2% +  

Fungal spores  -    

Mediaverrunites  (nutritious waste indicator) 2%   

Tetraploa associated with grasses 1%   

unassigned spores numerous 175% 15% 12% 

Marine algae     

unassigned dinocysts Dinophyaceae +  + 

planktonic crustacean egg case unidentified palynomorph +  + 

Freshwater algae     

Botryococcus Botryococcus  +  

Zygnemataceae Zygnemataceae  2% 5% 

Other microfossils     

egg cases (microfauna) 9%   
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APPENDIX 1 

 

Photomicrographs of selected fossil pollen, spores and other microfossils 
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CTX 14618 
 

 
Debarya (soil alga)  Selaginella uliginosa  Gleichenia 

 

 
Calochlaena dubia  Hymenophyllaceae  Pteris 

 

 
          Cyathea    Dicksonia antarctica 

 

 
Blechnaceae-type     Microsorium/Davallia 
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CTX 14618 (cont.) 

 

 
Allocasuarina/Casuarina     Eucalyptus spp. 

 

 
Avicennia marina 

 

 
Banksia cf robur      Dodonaea triquetra 

 

 
Epacridaceae/Ericaceae  Gonocarpus   Restionaceae 
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CTX 14617 

 

 
Cerelia    Poaceae     Restionaceae 

 

 
Phaeoceros   Selaginella uliginosa  Drosera 

 

 
Avicennia marina   Banksia serrata-type  Banksia cf robusta  
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Dodonaea triquetra  Epacris sp.   Pimelea 
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CTX 14615 

 

 
Plantago lanceolata-type            Citrus  

 

 
  Mediaverrunites sp.    Schizaea-type 

 

 
Xanthorrhoea-type 

 

 
Gonocarpus   Stellaria    Stylidium graminifolium 
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CTX 14615( cont.) 

 

 
Amperea xiphoclada  Banksia serrata-type  Grevillea 

 

 
Isopogon   Pimelea    Horriditriletes sp. (Permo-Triassic) 

 

 
Alisporites sp. (Permo-Triassic) 

 

 
Unidentified sporomorph (alga?)   carbonized wood (xylem) 
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