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Coastal Quaternary mapping of the southern Hunter
to northern Illawarra regions, New South Wales
Abstract
Detailed (1:25 000 scale or better) digital geological mapping of surficial coastal Quaternary geology of the southern
Hunter to northern Illawarra region has recently been completed. This project fills the mapping gap that remained
after completion of the Coastal Quaternary Geology Project undertaken for the New South Wales Government’s
Comprehensive Coastal Assessment (CCA) (Troedson & Hashimoto 2008).
The new mapping extends from the southern bank of the Hunter River in the north, to northern Lake Illawarra in the
south. Inland coverage varies but typically extends to the upstream limit of Quaternary deposits. The mapping is based
on geological interpretation of remotely sensed digital elevation models (DEMs), aerial imagery, soil data, geological
records from the NSW water bores database and other existing geological data from published and unpublished papers
and reports, (as detailed in the bibliography of Troedson 2015). Compared to previously available geological mapping,
the new mapping features: greatly improved accuracy of Quaternary–bedrock boundaries, consistent and detailed
classification of surficial Quaternary deposits, and seamless boundaries with the adjoining CCA Quaternary geology.
The mapping will be available as digital products and a series of hard copy maps. In the new Coastal Quaternary
Digital Data Package, this new mapping has been joined with the CCA Quaternary geology to form a seamless
statewide coastal Quaternary geology dataset (Troedson et al. in prep.). It has also been incorporated into the Cenozoic
Sedimentary Province layer of the NSW Zone 56 Seamless Geodatabase released by the GSNSW (Colquhoun et al.
2015; Phillips et al. 2015) which is available for free download from the GSNSW website. Four new hard copy doublesided maps are to be released covering Newcastle–Lake Macquarie, NSW Central Coast, Sydney and Wollongong,
complementing those already available. Together these maps provide total coverage of the NSW coastal Quaternary.
This paper discusses the background, methodologies, limitations and format of the new mapping and presents some
examples of the data for key areas. Potential applications for the detailed and consistent coastal Quaternary mapping
now available for NSW are briefly discussed with suggestions for future work.
Keywords: Quaternary, coastal sediments, mapping, Holocene, Pleistocene, Sydney, Newcastle, Wollongong
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The aim of this paper is to explain the nature of new
coastal Quaternary geological mapping data for the
southern Hunter to northern Illawarra areas. The
focus of the mapping is the surface expression of
unconsolidated to semi-consolidated Quaternary
marginal marine deposits of coastal barrier, estuarine,
fluvio-deltaic and alluvial origin. Such deposits fully
or partially infill coastal bedrock embayments in NSW
forming discontinuous ‘coastal plains’ and associated
water bodies. Their nature and preservation is strongly
influenced by past sea level changes. Well-established
evolutionary models outline general depositional
patterns, but the actual distribution of Quaternary
coastal deposits is complicated by regional and local
influences; primarily sediment supply and pre-existing
substrate topography.
For ease of reference, the new mapping is termed
‘Newcastle to Wollongong gap’ (NTWG) Mapping
Project throughout this paper. It fills the gap in coastal
Quaternary mapping that remained after completion
of the Coastal Quaternary Geology Project undertaken
in 2002–04 for the Comprehensive Coastal Assessment
(CCA), a NSW government-funded initiative to provide
better information for environmental management
and planning in regional coastal NSW. At that time,
detailed seamless Quaternary coastal geology maps
were produced for the north and south coasts of NSW.
These covered the area from the Queensland border
to the northern bank of the Hunter River, and from
Lake Illawarra to the Victorian border. The mapping
results were released in several formats: as a digital
GIS dataset including simplified bedrock geology data
and associated reports, data and metadata (Troedson
& Hashimoto 2008); in the CCA Toolkit DVD (NSW
Department of Planning 2007) and as a series of hardcopy maps (Hashimoto & Troedson 2008a-i; Troedson
& Hashimoto 2013a-d).
The NTWG Mapping Project adopted a desktop
approach with minimal fieldwork. The completion
of coastal Quaternary geology coverage for NSW
at this time was required for the NSW Seamless
Geology Project, which aimed to provide a statewide
compilation of best available geological mapping
data in an internally consistent format. Both the new
NTWG Mapping Project data and original Coastal
Quaternary Geology Project data are included in the
recently released New South Wales Zone 56 Seamless
Geology dataset (Colquhoun et al. 2015). Additionally,
a new Coastal Quaternary Geology Data Package
(Troedson et al. in prep) and a series of four hard-copy
maps will be released in 2015–16 based on the NTWG
Mapping Project data. Further details of all three
products are discussed later in this paper.
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Figure 1. Extent of Quaternary geology mapped for the NTWG Mapping Project. The adjoining north and south coast Coastal
Quaternary Geology Project mapping is also shown. Localities mentioned in article are shown.
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The extent of mapping undertaken for the NTWG
Mapping Project is illustrated in Figure 1. The project
area lies almost wholly within the Permian–Triassic
Sydney Basin. As for the earlier Coastal Quaternary
Geology Project mapping, both subaerial deposits and
subaqueous deposits were mapped, albeit to different
levels of detail and certainty. Offshore sediments
have not been mapped. The NTWG Mapping Project
area includes the southern Hunter, Lake Macquarie,
Wyong (Tuggerah Lakes), Hawkesbury–Nepean
(including Gosford), Sydney and northern Illawarra
areas. It extends over nine 1:100 000 sheets (Figure 1),
and across 48 local government areas. The northern
boundary of the project area is defined by the Hunter
and Paterson rivers. The southern boundary coincides
with the southern margin of the Wollongong 1:100 000
map sheet, cutting across northern Lake Illawarra.
These boundaries adjoin those of the existing north
and south coast Coastal Quaternary Geology Project
mapping. The inland extent of mapping is mostly to
the upstream limit of mappable Quaternary alluvium.
The Hunter and Hawkesbury–Nepean river systems
are exceptions. For the Hunter and its tributary, the
Paterson River, the mapping terminates within the
lower parts of the fully alluvial (i.e. non-estuarineinfluenced) tracts in the vicinity of Windermere
and Vacy respectively. For the Hawkesbury–Nepean
system, detailed mapping extends to the vicinity of
Pitt Town, just downstream of Windsor, with more
generalised mapping extending to the Penrith area
where the complex juxtaposition of Quaternary and
older Cenozoic alluvial deposits of the Cumberland
Basin require a different mapping approach.
The NTWG Mapping Project data depicts surficial
Quaternary deposits which, depending on the
situation, may be less than a metre thick (e.g. some
modern alluvial floodplain silts on estuarine–deltaic
plains, some swamp deposits) to tens of metres
thick (e.g. parts of coastal barrier or estuarine basin
deposits). In some areas, subsurface deposits shallowly
underlying surficial deposits were also mapped,
where a different Quaternary unit is inferred or
known to occur within a few metres of the surface.
The Quaternary mapped units may be underlain by
bedrock or by older Cenozoic sedimentary units.
Topics covered in this paper include mapping
methodologies, data sources and reliability. Regional
characteristics are briefly discussed and a number of
mapping examples from different geographic regions
and geological settings are provided to illustrate the
mapping style, limitations and applications. Greater
detail on some aspects including methodology, data
sources, unit classification and regional characteristics,
is provided in Troedson (2015). While mapping was
nominally undertaken at a scale of 1:25 000 it is
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generally more detailed and accurate due to the use of
high resolution base data. In comparison, geological
mapping previously available for the project area was
1:100 000 or 1:250 000, which resulted in relatively
imprecise geological boundaries at local scales and,
in some cases, minimal differentiation of Quaternary
deposits. Other limitations of the prior mapping
include lack of edge-matching and inconsistent
classification schemes between map sheets. The new
data offers much greater utility for a wide range of
applications including environmental management,
land use assessment, geotechnical engineering,
hydrogeology, ecological studies, and future scientific
studies of NSW coastal geology.

NSW coastal Quaternary
geology
Background
The mapping approach, for both the Coastal
Quaternary Geology Project and the new NTWG
Mapping Project, including unit classification,
attribution and data structure is underpinned by
research findings on the nature and evolution of NSW
coastal Quaternary deposits by Roy, Thom and others
(including Roy & Crawford 1977; Thom, Polach &
Bowman 1978; Thom, Bowman & Roy 1981; Thom,
Shepherd et al. 1992; Roy, Thom & Wright 1980;
Roy, Cowell et al. 1994; Roy, Zhuang et al. 1997; Roy,
Williams et al. 2001; Roy & Thom 1981; Chapman et
al. 1982; Roy 1983, 1984, 1994, 1998; Thom 1984; Thom
& Roy 1985; Roy & Boyd 1996). A short summary of
concepts most relevant to the mapping is provided
here, with a more detailed summary provided in the
report on the Coastal Quaternary Geology Project
(Troedson & Hashimoto 2008). For a comprehensive
overview of the geological context of coastal
Quaternary deposits of NSW see Roy (1998).
The Quaternary is the most recent period of the
geologic timescale and is subdivided into the
Pleistocene (~2.6 million to 12 000 years ago) and
Holocene epochs (~12 000 years ago to the present). A
key driver of coastal deposition in tectonically stable
NSW during the Quaternary was the periodic rise
and fall of relative sea level due to the waxing and
waning of ice sheets globally. In the project area, most
surficial coastal deposits are inferred to date from the
late Quaternary (approximately the last 126 000 years),
and are associated with particular periods of sea level
maxima linked with global interglacials. These periods
occurred during the early Late Pleistocene when the
sea level is believed to have peaked at 4–6 m above
present mean sea level at ~125 000 years (Murray-

Wallace & Belperio 1991), and from the mid-Holocene
to the present with peak sea-levels at 1–1.5 m (Sloss
et al. 2007; Lewis et al. 2013). During intervening sea
level lowstands the coastline was displaced to the east,
at times to the edge of the continental shelf, moving
the locus of coastal sedimentation well seaward of
the present coast. At such times, pre-existing surficial
deposits were subject to subaerial exposure and
erosional down-cutting. The formation of coastal dune
deposits has a looser link with sea level highstands,
with climate a dominant influence, and spans a broader
time frame (Pye & Bowman 1984; Bryant et al. 1994;
Thom et al. 1994; Lees 2006).
Two main sediment populations with distinct origins
have been recognised as contributing to coastal
Quaternary deposits in NSW, termed fluvial and
marine (Roy & Crawford 1977; Roy et al. 1980). Marine
sand consists of sub-angular to sub-rounded, fineto medium-grained quartz, with variable amount
of shell fragments, minimal (<5%) lithic fragments
except near a source such as bedrock cliffs and
minor heavy minerals. The quartz component has
matured through many cycles of marine reworking
on the continental shelf. In contrast, fluvial sands
are less mature, consisting of more angular grains, a
generally broader mineral assemblage and more lithic
fragments, consistent with a more direct source from
erosion within the coastal hinterland. Local variations
relating to catchment geology influence the nature of
fluvial sands. Finer-grained sediments and a minor
proportion of coarser material within coastal deposits
are derived dominantly from fluvial and colluvial
sources.
Three broad depositional environments are recognised
in NSW coastal Quaternary deposits, namely coastal
barrier, estuarine plain and alluvial plain. They differ
in terms of dominant sedimentary processes and
sediment sources. Coastal barrier deposits occupy the
seaward edge of the coastal plain. For the purposes of
the mapping, coastal barrier deposits include beaches,
coastal dunes, beach-ridge plains, back-barrier flats
and related deposits composed almost exclusively of
marine sand, and for which the dominant depositional
processes are ocean waves and currents, and wind.
Estuarine plain units are those deposited within and
at the margins of estuaries. The main processes are
tidal currents, locally generated wind waves and
suspension settling of fine material. Fluvial flow may
also be significant near fluvial inputs. Estuarine plain
sediments include tidal delta deposits composed
mainly of marine sand, fluvial (river) delta deposits
and fine-grained estuarine basin deposits. Alluvial
plain deposits occur in the landward parts of the
coastal plain, extending upstream from tidal estuarine
reaches of rivers to non-tidal reaches. They consist of

fluvial deposits with local contributions from colluvial
processes. On coastal plains, alluvial deposits may
occur as superficial cover deposits over estuarine
deposits where estuaries have been or are being infilled.
Depositional age is reflected in the setting, geomorphic
character, weathering and pedogenesis of coastal
Quaternary deposits, and can contribute to differences
in sedimentological, geochemical, geotechnical and
hydrogeological properties. Surficial Pleistocene
deposits may be leached, mottled, and, in comparison
to Holocene equivalents, they may be consolidated,
stiff or dense. In some instances they occupy a higher
elevation in the landscape compared to equivalent
Holocene deposits. Degree of podsolisation is
commonly used as an indicator of age in coastal barrier
deposits, and Pleistocene barrier deposits may contain
dark indurated layers impregnated with humic colloids
(often termed ‘coffee rock’) at shallow depths.
General depositional patterns based on an
understanding of highstand barrier and estuary
evolution are well established for NSW and a range
of barrier and estuary types are recognised. Idealised
examples of the three main estuary types (drowned
river valley, barrier estuary, saline coastal lagoon) in the
NTWG Mapping Project area are illustrated in Figure
2 (p. 6). Regional and local variables such as antecedent
topography and sediment supply influence critical
aspects such as the rate of Holocene estuarine infilling,
the degree of preservation of Pleistocene deposits and
coastal barrier behaviour, with resulting complexity
and diversity in sediment distribution patterns in realworld examples.

Classification
The coastal Quaternary classification codes developed
for the Coastal Quaternary Geology Project were
adopted for the NTWG Mapping Project with the
addition of six newly defined unit codes. The basic
classification scheme structure is shown in Table 1
(p. 7). The Quaternary codes use three to six letters.
Typically the first one or two letters define inferred
geological age. A subsequent letter defines the
depositional environment and the final one to three
letters define the mapping unit type. The latter is
defined on the basis of geomorphological character,
depositional processes and sediment properties.
Examples of mapping codes are listed in Table 2 (p. 7).
Subaqueous equivalents of certain units are indicated
by the use of w (for water) as the final letter (e.g. the
subaqueous equivalent of Qhem is Qhemw). Colluvial
deposits are included with alluvial deposits in this
scheme with deposits interpreted to have a significant
colluvial component mapped as Qavf.
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Figure 2. Idealised and generalised sediment distribution patterns in plan and enlarged cross-section for the main estuary types
in the NTWG Mapping Project area, adapted from Roy et al. (2001). Dashed lines show cross-section locations.
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Table 1. Basic structure of the mapping unit classification scheme.
Age

Age divisions

Depositional systems

Subdivisions (examples)
beach (b)

Quaternary (Q)

barrier (b)

gravel beach (bg)

Holocene (h)

estuarine (e)

dune (d)

Pleistocene (p)

alluvial (a)

channel (c)

undifferentiated (–)

undifferentiated (u)

sand flat (f)

anthropogenic (m)

swamp (s)
abandoned channel (a)

Table 2. Examples of Quaternary geology codes used in mapping.
Unit code

Age

Depositional
system

Unit type

Lithologies

Qhem

Holocene

estuarine

estuarine basin and bay

Clay, silt, shell, fluvial or marine sand

Qhemw

Holocene

estuarine

estuarine basin and bay
(subaqueous)

Clay, silt, shell, fluvial or marine sand

Qhbb

Holocene

coastal
barrier

sandy beach

Marine sand, shell, gravel

Qpat

Pleistocene

alluvial

terrace

Silt, clay, fluvial sand, gravel

Qav

Undifferentiated

alluvial

alluvial valley fill

Silt, clay, fluvial sand, gravel

Qavf

Undifferentiated

alluvial

alluvial and colluvial
fan

Fluvial sand, silt, gravel, clay

Qmxe

Modern

anthropogenic

reclaimed estuarine
areas

Fill

Each code is fully defined, with descriptions of
lithologies, geomorphic expression, depositional
processes and typical morphostratigraphic
relationships, in Troedson (2015) and Troedson et al.
(in prep.). A more detailed explanation of the scheme is
provided in Troedson and Hashimoto (2008).
Local human impacts on natural Quaternary
deposits are considerable in some parts of the NTWG
Mapping Project area. The extensive development on
coastal Holocene deposits commonly involves land
reclamation through deposition of fill, particularly
in areas that were originally swampy, such as around
estuarine shorelines. Excavation and remodelling
associated with sand mining has occurred on many of
the dune systems within the mapping area.

The newly defined units include three additional
anthropogenic classes added to enable modified
ground to be better characterised. These are Qmxx
(areas of extensive excavation of Quaternary deposits),
Qmxf (thick fill on Quaternary deposits), and Qmxe
(reclaimed estuarine areas). Anthropogenic map
units have been used where some combination of the
following criteria applies:
• the original identity of Quaternary deposits cannot
be recognised due to anthropogenic interference
• Quaternary deposits are overlain by thick fill
• extensive excavation of Quaternary deposits has
occurred
• the extent of anthropogenic impact can be
delineated.
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Methodology

Fieldwork

The mapping is based on geomorphological and
geological interpretation of DEMs (and derived hillshade imagery along with digital aerial imagery),
soil data, lithology data from the NSW water bore
database, and a variety of other imagery and geological
information for specific areas. Relevant published
and unpublished literature was also used extensively
including numerous Geological Survey of New South
Wales (GSNSW) reports. Limited field checking was
done. The mapping was created in ArcGIS software
using a digitising tablet and pen. The mapping process
is described in detail in Troedson (2015).
Details of key reference datasets used to inform and
guide the mapping are listed in Table 3, along with
comments on their usage. A complete bibliography
and reference data list is provided in Troedson
(2015). High resolution (1–2 m) LiDAR-derived DEM
imagery was available for most of the project area and
proved invaluable due to the detailed geomorphology
revealed, especially when combined with hill-shade
images derived from the data (e.g. Figure 3). Such data
was used as the primary basis for interpretation of
Quaternary unit boundaries in most areas.
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Figure 3. Example of LiDAR-derived DEM overlain with
partially transparent, DEM-derived hill-shade imagery in the
Tuggerah Lake region of NSW Central Coast. The base aerial
photograph shows through in subaqueous areas. Geomorphic
features include a Holocene dune field (mining-impacted)
in the south of the image, with subtler Pleistocene bedrockmantling dunes around Norah Head and Holocene estuarine
deposits around the lake margin.
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Five days of fieldwork were conducted within the
project area including a day in each of the Lake
Macquarie, Wyong, Gosford, and southern Sydney
to northern Illawarra areas, and half a day in each of
the southern Hunter and northern Sydney areas. No
fieldwork was conducted in the eastern and western
Sydney areas or in the Hawkesbury–Nepean region.
Further information on field site locations and
observations are provided in Troedson (2015).
Due to the very limited time frame allowed, field
efforts were necessarily sparse and superficial,
and many sites of interest remained unvisited. No
significant subsurface investigations were undertaken.
Fieldwork allowed better delineation of bedrock
boundaries and definition of the nature and extent of
some barrier deposits. It was also used to check for
evidence of Holocene estuarine influence including
vegetation type, acid scalds and the nature of deposits
in drainage lines. In some cases the fieldwork did
not resolve mapping uncertainties due to extensive
disturbance of the natural ground surface and/or lack
of subsurface investigation.

Geological unit attribution and
data structure
In the past, compound unit codes were used on some
geological maps to indicate where one Quaternary unit
type was underlain by another unit. For example, on
the Sydney 1:100 000 Geology Sheet, the code mf/Qhs
indicates man-made fill over Holocene swamp deposits
(Roy 1983). For the Coastal Quaternary Geology
Project mapping a different mapping approach was
developed, in which surface and near-surface and
subsurface units were defined in separate fields in
the GIS attribute table. Up to three layers could be
defined for each map polygon: a thin cover unit termed
Veneer, the main surface to near-surface unit termed
Unit_1 and a subsurface unit termed Unit_2, although
only Unit_1 was always defined. This data structure
provides great flexibility in data display and analysis.
For the newer NTWG Mapping Project, a slightly
simpler two layer data structure was adopted with
the main surface unit always defined (equivalent to
Unit_1) and, where required, a shallow subsurface
deposit defined (Unit_2). As for the Coastal
Quaternary Geology Project mapping, a subsurface
unit was defined for those map polygons where a unit
different from the surface unit could be recognised
or reasonably predicted to occur in the shallow
subsurface. The Veneer unit was abandoned. However
due to lack of ground-truthing and project time
constraints, Unit_2 was defined less commonly than
in the Coastal Quaternary Geology Project data, and

Table 3. Key reference datasets used for NTWG Mapping Project.
Dataset name

Data
theme

Data
scale or
resolution

Vintage

Data
custodian

Usage and comments

Maitland LiDAR
DEM data

DEM

2m

2008

Maitland City
Council

Geomorphic interpretation

Hunter–Central
Coast LiDAR DEM
data

DEM

2m

2007

NSW
Department of
Planning

Geomorphic interpretation

Hawkesbury,
Nepean, Sydney,
Wollongong
LiDAR DEM

DEM

1–2 m

2011–13

NSW Land
and Property
Information

Geomorphic interpretation

5m DTDB DEM
data

DEM

5m

2006 and
earlier

NSW Land
and Property
Information

Geomorphic interpretation where no
LiDAR DEM data was available

ADS40 digital
aerial photographs

aerial
imagery

0.5 m

2003–11

NSW Land
and Property
Information

Main aerial imagery source

Historic aerial
photographs

aerial
imagery

various

Geological
Survey of NSW

Useful in some areas subsequently
disturbed by development

Georeferenced
1943 Sydney aerial
photographs

aerial
imagery

–

1943

NSW Land
and Property
Information

Assisted in determining bedrock and
former estuary boundaries in areas
of major anthropogenic change

Pineena 3.2 NSW
groundwater data
archive

bore data

–

2010

NSW Office of
Water

Drillers logs used to understand
sediment type and depth to rock

Sydney Water bore
data

bore data

–

supplied
2014

Sydney Water

Geological bore logs used to
understand Quaternary sediment
type and distribution

Sydney 1:100 000
Geology Sheet

geology

1:100 000

1983

Geological
Survey of NSW

Good quality broader-scale subaerial
Quaternary mapping

Penrith 1:100 000
Geology Sheet

geology

1:100 000

1991

Geological
Survey of NSW

Good quality broader-scale subaerial
Quaternary mapping including some
defined Cenozoic stratigraphic units

Coastal acid
sulfate soils risk
mapping

soils data

1:25 000

2007

NSW Office of
Environment
and Heritage

Useful for identifying some filled
areas and possible extent of Holocene
estuarine deposits
Useful for corroborating
identification of certain deposit
types, e.g. dunes, Hunter River
Pleistocene terraces
Some useful field descriptions

Soil landscapes
mapping series

soils data

1:100 000

1989–97

NSW Office of
Environment
and Heritage

SALIS database

soils data

–

2013

NSW Office of
Environment
and Heritage
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with less confidence and consistency. Unit_2 was most
commonly used: to delineate the predicted occurrence
of Holocene estuarine sediments under thin alluvial
cover; to indicate the identity of natural deposits
covered or disrupted by anthropogenic activity (Qm
units); and to indicate the likely unit type underlying
saline swamp (Qhes) deposits. The ways in which this
structure has been integrated with the Seamless Zone
56 Geology and Coastal Quaternary Geology Project
data are discussed later in this paper.

Mapping scale and reliability
The mapping scale was nominally 1:25 000, but the
surface mapping is considered reliable to 1:15 000 in
most areas, particularly with respect to boundaries
between Quaternary deposits and bedrock. However
users should keep in mind that lithological boundaries
and Quaternary unit attributions are based largely on
interpretation of remotely sensed data with minimal
ground-truthing. Many attributions are based on
an understanding of typical facies architecture of
NSW coastal deposits rather than local data. A much
lower level of reliability can be expected from Unit_2
attributions compared to surface unit attributions.
Furthermore, the mapping of Unit_2 is considered
incomplete and the extent of subsurface Holocene
estuarine deposition in particular is likely to be underreported in some areas.
The data includes a geological boundary line layer,
allowing classification as accurate, approximate,
transitional or inferred; with the majority of
boundaries classed as accurate. Most subaqueous
lithological boundaries are approximate. The mapping
of such boundaries is based typically on visibility in
aerial imagery and previously published mapping,
where available. Areas of subaqueous rock exposure
have not been mapped.
Shoreline and waterway boundaries have been derived
largely from NSW Land and Property Information
(LPI) vector data dating from around 2011, which
appears accurate when overlain on high resolution
aerial imagery also supplied by LPI (ADS40 aerial
photographs and LiDAR-derived DEM data). In a few
areas the LPI vector data contained inaccuracies or
omissions that affected the Quaternary mapping and
the mapped shoreline was realigned based on ADS40
aerial imagery.
Criteria used for defining Quaternary unit types are
provided in the classification scheme definitions (see
Troedson 2015 or Troedson et al. in prep.) and, with
the exception of newly defined units, are discussed in
detail in Troedson and Hashimoto (2008, pp. 25–45).
Some unit types have a degree of overlap or may be
mistaken for other units in the absence of sufficient
information, as listed in the ‘Potentially included units’
field in the classification scheme.
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Many mapped deposits are relict, being the products
of past environmental conditions typically either
in Late Pleistocene or pre-modern Holocene times.
The mapping also includes active sedimentary
environments (mapped as Holocene) subject to modern
processes of deposition or erosion that may change the
surface extent of some units significantly over decadal
timescales. Such units are typically identified with the
use of approximate boundaries. Examples are deposits
of the intertidal to supratidal zone such as estuarine
swamps (Qhes) and beaches (Qheb, Qhbb), fluvial deltas
(Qhemd, Qhemdw) which are building out into and
infilling estuarine basins, and mobile dunes (Qhbdm).
Age differentiation (Holocene/Pleistocene) is based on
published information where it exists, however such
dating is rare. Most age designation relies instead on
established characteristics including the relationship to
modern depositional environments, geomorphologic
expression and a greater degree of weathering and
pedogenesis of Pleistocene deposits compared to
Holocene deposits. In alluvial valley-fill environments
upstream of estuarine influence, the majority of
deposits are defined as undifferentiated Quaternary
units (Qav, Qavf, Qap, Qat).
The NTWG Mapping Project area includes three large
cities and many other urban and industrial areas where
the ground surface has been substantially altered
by human development. In areas of typical urban
development on Quaternary units, natural deposit
types were generally mapped. Areas were mapped as
anthropogenic only where emplacement of significant
fill or substantial excavation is inferred or known to
have occurred or, more rarely, where the impact of
development thwarted classification. In most cases,
boundaries of Qm (undifferentiated Quaternary,
anthropogenic) are based on LiDAR DEM data dating
from 2007–13. Small-scale fill is likely to occur widely
and some areas of substantial fill are likely to have been
inadvertently omitted. Not all areas impacted by sand
mining have been mapped.
Mapping of the Cumberland Basin, a structural
feature that occurs along the Hawkesbury–Nepean
River and tributaries upstream of Pitt Town, north
of Windsor, has proven problematic. In this area
extensive unconsolidated to semi-consolidated
Paleogene, Neogene and Quaternary deposits occur.
Previous mapping in this region has resulted in the
formal definition of stratigraphic units and recognised
alluvial, colluvial and aeolian units ranging in age
from Oligocene to Pleistocene (Smith & Clark 1991).
However, the complexity of the area has prevented,
within the scope of this project, mapping of the
Quaternary deposits to the same standard as elsewhere.
Although the NTWG Mapping Project data extends to
the Penrith area, upstream of Richmond, the mapping
is less detailed than elsewhere.

Regional characteristics
and mapping examples
The general distribution of mapped deposits in the
project area is shown in Figure 4 in the context of
regional geology. A summary of the main coastal
Quaternary depositional zones of each mapping region
is provided in Troedson (2015), and includes brief
descriptions, references used and the main mapping
uncertainties in each case.
Extensive Holocene coastal barrier deposits dominated
by transgressive dune fields form the seaward
boundary of Lake Macquarie, Tuggerah Lakes, Lake
Illawarra and the Hunter River estuary. Other notable
barrier deposits within the project area include the
varied deposits of the Botany Basin (including the
beach ridge plain bounding the bay to the west,
complex deposits of the Kurnell–Cronulla area, and
Sydney’s eastern suburbs aeolian sands) and the
Holocene beach ridge plain at Woy Woy, south of
Gosford. Small barrier systems occur within numerous
other coastal embayments where beaches backed by
dunes are bounded by bedrock headlands. Surficial
Pleistocene coastal barrier deposits appear rare in the
project area with minor occurrences inferred in the
Newcastle, Lake Macquarie and Kurnell areas. Isolated
bedrock-mantling dunes, many of which are inferred
to be of Pleistocene age, occur on coastal headlands in
a number of areas.
There are twenty-one coastal water bodies within
the project area, with all four of the estuary types
recognised by Roy et al. (2001) in their geological
classification of NSW estuaries represented (Figure 2).
Barrier estuaries include the Hunter River, Lake
Macquarie, Tuggerah Lakes, Lake Illawarra and
Brisbane Water; saline coastal lagoons include
Wamberal, Terrigal and Avoca lagoons on the NSW
Central Coast; drowned valley estuaries include
the Hawkesbury River, Port Jackson, Port Hacking
and the Georges River; and Botany Bay is an ocean
embayment. The degree of estuarine maturity in terms
of depositional infilling covers the full spectrum from
relatively unfilled (e.g. Lake Macquarie, Port Jackson)
to mature (Hunter River).
Holocene estuarine sediment occurs as subaqueous,
intertidal and subsurface deposits in association with
modern estuaries. These sediments are dominantly
tidal delta sands around current or former tidal
inlets; muddy basin and bay deposits in deeper areas
distal from fluvial sources; fluvial delta, channel and
estuarine margin sands to muddy sands; and intertidal
to supratidal saline swamp deposits. Alluvial plain
units (including swamp, floodplain, levee, and channel

deposits) cover Holocene estuarine units reflecting
infilled Holocene estuaries. Alluvial deposits upstream
of the zone of estuarine influence have been mapped in
some instances (e.g. Wyong River and tributaries) for
tens of kilometres inland to provide complete mapping
coverage of a catchment in a consistent style.
Surficial Pleistocene estuarine and alluvial deposits
are common around the margins of the Hunter River
coastal plain, and are also inferred to occur extensively
in the Newcastle city area, the Tuggerah Lake to
Gosford area, the northern beaches of Sydney, western
Sydney and the Wollongong area. In areas of western
Sydney where inferred Pleistocene units outcrop
adjacent to older Cenozoic deposits, uncertainties
relating to depositional age and unit boundaries posed
mapping problems that remain unresolved.
Areas of extensive anthropogenic impact on
Quaternary deposits include Homebush Bay
(Parramatta River, western Sydney); northern Botany
Bay (Sydney Airport and Port Botany); Port Kembla
(south of Wollongong); and some bays and creeks on
the western and southern shores of Lake Macquarie
and western Lake Munmorah (Central Coast), in
association with coal-fired power stations.
The style, strengths, limitations, and some potential
applications of the NTWG Mapping Project are
discussed in a series of examples below. All localities
mentioned are labelled in Figures 1 or 4. In some
cases, a comparison is made with previously available
geological mapping to illustrate the improved mapping
accuracy, consistency and detail now available. In
the figures, the Quaternary mapping is draped with
partially transparent hill-shade imagery derived from
LiDAR DEMs to emphasise the geomorphology, and
an underlying aerial photograph shows through in
areas mapped as non-Quaternary (generally bedrock/
residuum). Table 3 summarises the data custodians of
the digital aerial photographs and the LiDAR DEMs.
See Figure 5 for the NTWG Mapping Project geology
unit legend.

Newcastle area: improved bedrock
boundaries and recognition of
Pleistocene deposits
The first example is from the Newcastle city area.
Quaternary geology depicted on the Newcastle
Coalfield Regional 1:100 000 Geology Sheet (Hawley et
al. 1995) is shown in Figure 6a and NTWG Mapping
Project surface geology for the same area is shown in
Figure 6b. The new Quaternary–bedrock boundary is
overlain on the previously published mapping in Figure
6a with significant differences evident for example in
the Mayfield East and Newcastle East localities.
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Figure 4. NTWG Mapping Project Quaternary geology overlain on simplified regional geological data from Seamless Zone 56
Geology (Colquhoun et al. 2015).
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REFERENCE - NTWG MAPPING
Geological boundary, position accurate

?

Estuarine Plain System

Geological boundary, position approximate

Qhek

Holocene coastal lagoon

Geological boundary, transitional

Qhei

Holocene barrier creek deposits

Geological boundary, inferred

Qhes

Holocene saline swamp

Coastline

Qheb

Holocene estuarine in-channel bar and beach

Map edge or end of data

Qhemd

Holocene fluvial delta front

Qher

Holocene estuarine shoreline ridge and dune

Alluvial Plain System
Qhap

Holocene floodplain

Qhem

Holocene estuarine basin and bay

Qhal

Holocene levee

Qhef

Holocene tidal-delta flat

Qpa

Pleistocene undifferentiated alluvial plain

Qhea

Holocene estuarine palaeochannel fill

Qhab

Holocene in-channel bar

Qhep

Holocene estuarine undifferentiated

Qhaa

Holocene alluvial palaeochannel fill and inter-levee swale

Qpe

Pleistocene undifferentiated estuarine plain

Qhas

Holocene backswamp

Qpat

Pleistocene terrace

Qhs

Holocene freshwater swamp

Qap

Quaternary undifferentiated floodplain

Qpu

Pleistocene deposits

Qat

Quaternary undifferentiated terrace

Qav

Quaternary undifferentiated valley fill

Qhak

Holocene alluvial plain lake

Qavf

Quaternary undifferentiated alluvial and colluvial fan

Qhac

Holocene alluvial channel

Qhec

Holocene estuarine channel

TQpat Paleogene to Pleistocene high-level terrace
TQa

Cenozoic undifferentiated alluvium

Coastal Barrier System
Qhbb

Holocene sandy beach

Qhbbg Holocene gravel beach

Undifferentiated

Subaqueous

Qhemdw Holocene fluvial delta front
Qhefw

Holocene tidal delta

Qhekw

Holocene coastal lagoon

Qhemw

Holocene estuarine basin and bay

Qhbf

Holocene backbarrier flat

Qhbkw

Holocene barrier lake

Qhbd

Holocene dune

Qhbyw

Holocene barrier bay sands

Qhbdm Holocene mobile dune
Qhbdr Holocene bedrock-mantling dune

Anthropogenic
Qml

Modern breakwaters, embankments and artificial
levees

Qhbk

Holocene barrier lake

Qmw

Modern stored water, pondage, reservoirs, canals

Qhbr

Holocene beach ridge and associated strandplain

Qmx

Modern disturbed land

Qhbw

Holocene beach-ridge swale and dune-deflation hollow

Qmxx

Modern excavated land

Qpbd

Pleistocene dune

Qmxf

Modern filled land

Qmxe

Modern reclaimed estuarine land

Qpbdr Pleistocene bedrock-mantling dune
Qpbf

Pleistocene backbarrier flat

Qpb

Pleistocene undifferentiated coastal barrier

2015_08_0053

Figure 5. NTWG Mapping Project Quaternary geology units. These unit codes are used on Figures 6–13, with any variation
indicated in figure legends
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Figure 6. Newcastle area. a) Quaternary geology from Newcastle Coalfield Regional 1:100 000 Geology Sheet (from Hawley
et al. 1995). Dashed red lines indicates the boundary of NTWG Mapping Project (mostly equivalent to Quaternary–bedrock
boundary); b) NTWG Mapping Project Quaternary surface geology data. R indicates bedrock inliers (see Figure 5 for legend).
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Much of Newcastle city and the surrounding suburbs
lie on a coastal plain consisting of sedimentary
deposits up to around 40 m thick with some bedrock
inliers (Coffey Partners 1990). On the previous geology
mapping Quaternary deposits were differentiated into
only two unit types — coastal sand (Qs – yellow) for
the Holocene barrier at Stockton, and alluvium (Qa
– pale orange) elsewhere. Published information for
this area (Coffey Partners 1990; Douglas 1995; Fityus
et al. 2005) together with geological logs from water
bore data and geomorphic interpretation of the LiDAR
DEM data enabled more detailed differentiation
of Quaternary units, as seen on Figure 6b. Lower
elevation areas adjacent to the Hunter River (mostly
<2 m above sea level) are dominantly Holocene tidal
delta sand deposits covered by thick anthropogenic
fill. These are mapped as Qmxf, with underlying Qhef
(Holocene tidal-delta flat; mapped as Unit_2) not
shown in Figure 6b. Higher elevation deposits (mainly
4.5–6.5 m above sea level) are inferred to consist
dominantly of Pleistocene estuarine and alluvial
sediments. This interpretation is based on ground
elevation, geomorphic expression and some limited
information on sediment properties. There is virtually
no undisturbed ground visible from either field
inspection or on current or historical aerial imagery
due to the extensive and long-standing development
of the area. Therefore aspects of this interpretation
remain provisional. Unmapped cover units of
anthropogenic fill and/or Holocene material are likely
to occur in some areas, especially around former
drainage lines.
The new mapping contributes to an understanding
of environmental and geotechnical conditions and
constraints in this area, for example, in the association
between Holocene estuarine deposits and the
distribution of soft soils and potential acid sulfate soils.
Additionally, the updated mapping has potential utility
in earthquake risk modelling, with a greater seismic
risk to infrastructure associated with areas underlain
by unconsolidated (Quaternary) deposits evident
subsequent to the Newcastle earthquake (Melchers
1990).

Southern Hunter River: Holocene
coastal plain with relict Pleistocene
terraces
The Hunter River is classed as a mature (largely
infilled) Holocene barrier estuary (Roy et al. 2001). It
has a broad coastal plain with a complex but relatively
well-established late Quaternary evolutionary history
(see Roy et al. 1995; Roy & Boyd 1996). The NTWG
Mapping Project data completes the Quaternary
mapping of the Hunter River coastal plain, only the
northern part of which was mapped for the Coastal
Quaternary Geology Project.

The example provided in Figure 7 shows NTWG
Mapping Project surface geology in the vicinity of
Hexham near the downstream extent of the Holocene
estuarine–deltaic plain, and illustrates the striking
difference between surface and near-surface deposits in
such an environment. In general the alluvial deposits
(e.g. Qhas, Qhap) depicted in the surface mapping
(Figure 7a) are underlain at shallow depths by finegrained estuarine deposits (mostly Qhem) (Figure 7b).
Estuarine basin deposits (Qhem) have been described
as the dominant lithofacies in the Hunter estuary
(Roy & Boyd 1996), and may be associated with high
potential acid sulfate soil risk and severe geotechnical
constraints. In the project area they occur only in
the subsurface, from less than a metre to up to eight
metres below surface alluvial units, with alluvial
units typically thinning away from channels and
downstream.
This example illustrates the value of depicting shallow
subsurface deposits in such environments. It also
illustrates some of the limitations and generalisations
inherent in the mapping. Hexham Swamp has been
mapped mostly as alluvial swamp (Qhas) although
parts of it were in fact estuarine swamp (Qhes) prior to
swamp drainage works that largely removed estuarine
influence. The swamp subsurface has been mapped as
estuarine basin deposits (Qhem) although the actual
extent of such deposits is uncertain and inferred
Pleistocene terrace remnants (mapped as Qat and
Qpat) around the swamp edges may directly underlie
swamp deposits at shallow depth in places.
For some purposes, such as ecological studies, the
surface mapping may provide sufficient information.
However, for applications requiring an understanding
of subsurface ground conditions, the use of both
mapping layers is recommended.
Late Pleistocene and possibly older terrace deposits
(Qat, Qpat) are widespread in association with the
Hunter River coastal plain. Most occur in peripheral
areas and abut bedrock (e.g. Figure 8a). They were
first identified in the 19th century (David & Etheridge
1890) and were mentioned and illustrated in Roy et
al. (1995). The terraces are mapped on the Newcastle
Soil Landscapes 1:100 000 Sheet as Rivermead soil
landscape (Matthei 1995). A terrace at Largs, north
of Maitland, at the western end of the Hunter coastal
plain (Figure 8b) has been dated and studied in detail
(Thom & Murray-Wallace 1988; Murray-Wallace
et al. 1996) The Largs terrace consists of floodplain
alluvium (~4 m thick) overlying shelly estuarine beach
deposits at ~3 m above sea level. It dates from the last
interglacial maximum (~125 000 years ago) when sea
level was 4–6 m higher than present, and is a critical
site for the understanding of last interglacial sea level
in eastern Australia (Murray-Wallace & Belperio 1991).
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Figure 7. Hexham area, Hunter River. a) NTWG Mapping Project surface Quaternary geology. b) NTWG Mapping Project
subsurface (Unit_2) Quaternary geology (see Figure 5 for legend). Dashed red line indicates the boundary of the NTWG Mapping
Project (mostly equivalent to Quaternary–bedrock boundary).
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Figure 8. DEM image draped with partially transparent hillshade image showing newly mapped Pleistocene terraces of
the Hunter River coastal plain in: a) Bolwarra to Beresfield
area; b) Enlarged image of the Largs to Bolwarra area.

The terraces have a characteristic morphology and are
generally readily distinguishable from bedrock in the
high resolution DEM imagery derived from LiDAR
data. In the NTWG Mapping Project data many
previously unmapped terraces have been identified and
previously known terraces better delineated, although
it is likely that some remain unrecognised. Around
Hexham Swamp some terraces are commonly little
more than 1 m higher than modern swamp deposits
and are bounded by sharply rising bedrock (Qat in

Figure 7a). Most examples at the upstream end of
the coastal plain, such as at Largs, are much more
prominent with surfaces in excess of 6 m higher than
the adjacent floodplain and the subtle boundaries with
bedrock typically mapped as approximate.
Although generally mapped as alluvial terraces: Qpat
or Qat (where probably overlain by thin Holocene
alluvial cover), some terraces at the downstream end
of the coastal plain may be composed predominantly
of estuarine deposits, while upstream examples are
likely to be composite alluvial–estuarine deposits, like
that at Largs. It is not known whether all terraces relate
to the last interglacial highstand or whether earlier
generations also occur. Further study is required to
better understand the age, nature and stratigraphy
of the terrace deposits. They are likely to be free of
the sometimes severe acid sulfate and geotechnical
constraints of the Holocene coastal plain.

Wyong area: anthropogenic impact
and floodplain differentiation
The Wyong area on the NSW Central Coast lies
adjacent to Tuggerah Lake, a barrier estuary at an
intermediate stage of infilling. The most detailed
previously available geological mapping for the area is
from the Gosford–Lake Macquarie 1:100 000 Geology
Sheet, on which Quaternary deposits are differentiated
mainly on the basis of sediment type. For example,
the Quaternary geology of the lower Wyong River area
is mapped as undifferentiated Qa (defined as gravel
and sand) and the adjacent lake floor is differentiated
into two units, Ql (subaqueous lithic sand) and Qm
(subaqueous mud and sandy mud) (Figure 9a).
In the NTWG Mapping Project data, the Wyong
River plain is differentiated into many discrete units
(Figure 9b). These include backswamp (Qhas), levee
(Qhal), abandoned channel (Qhaa) and floodplain
(Qhap) deposits with subaqueous fluvial delta deposits
(Qhemdw) at the river mouth. Areas of Quaternary
deposits that have undergone significant disturbance
(evident from DEM data) are mapped as anthropogenic
units (Qmx or Qmxf). Geomorphic indicators such as
estuarine shoreline ridges suggest estuarine deposits
are likely to be widespread in the subsurface locally,
with implications for geotechnical properties and acid
sulfate soil distribution. However, the extent of such
deposits is uncertain as there are no published studies
on the Quaternary evolution of the Wyong River and
little subsurface data was uncovered for the area.
Therefore mapping of subsurface deposits (Unit _2)
in this area is incomplete and provisional. Typical of
many areas, subsurface investigation is required to
confirm and complete preliminary interpretations.
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Figure 9. Wyong area, NSW Central Coast. a) Quaternary geology from Gosford–Lake Macquarie 1:100 000 Geology Sheet (Och
et al. 2015). Dashed red line indicates the boundary of the NTWG Mapping Project (mostly equivalent to Quaternary–bedrock
boundary); b) NTWG Mapping Project surface geology with alluvial plain, estuarine, subaqueous and anthropogenic units
differentiated (see Figure 5 for legend).
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Narrabeen Lagoon area:
subaqueous units
Narrabeen Lagoon is a saline coastal lagoon at an
intermediate stage of infilling located in the northern
beaches region of Sydney. The best available previously
published geological mapping of the area is from
the Sydney 1:100 000 Geology Sheet (Herbert 1983).
Subaqueous deposits were not mapped and the mapped
boundaries appear rather rough when draped on
modern base data (Figure 10a). In comparison, the
new mapping depicts the approximate distribution of
tidal delta, estuarine basin and fluvial delta deposits in
the lagoon, and provides more detail of surrounding
deposits (Figure 10b).
In general, subaqueous sediment bodies were mapped
based on their visibility on aerial imagery and from
information in published documents, particularly
the work of Peter Roy and co-workers (e.g. Roy &
Peat 1973, 1975a,b; Roy & Crawford 1977, 1981; Roy
& Stephens 1980; Roy 1983). Their work documented
the approximate extents of marine tidal delta sands,
estuarine basin mud deposits, and fluvial delta sands
for most of the major waterways within the project
area. In small estuaries with potential impacts from
urban development, such as Narrabeen Lagoon,
detailed sediment mapping as carried out in the
NTWG Mapping Project provides a baseline for
environmental monitoring. Such mapping can assist in
estuary management more generally due to the links
between deposit type, estuarine processes and ecology
(Roy et al. 2001).

Homebush Bay: anthropogenic
remodelling in an estuarine
environment
In the Homebush Bay area off the Parramatta River in
western Sydney, large scale landscape remodelling has
affected both Holocene (mainly estuarine) deposits and
bedrock (Figure 11). Originally the bay was occupied
by a large estuarine tidal flat, but like many such areas
in Sydney, it has been filled and reclaimed, mostly
during the early- to mid-20th century (McLoughlin
2000). Industrial development throughout the 20th
century was followed by large-scale redevelopment
of the area prior to the Sydney Olympics in 2000.
Previous mapping on the Sydney 1:100 000 Geology
Sheet (Herbert 1983), which predates this later
redevelopment, shows large areas of fill (mf), in some
cases overlying Holocene alluvium (mf/Qha). The
NTWG Mapping Project data (Figure 11b) provides a
more detailed interpretation constructed from a variety
of sources, the most useful being 1943-vintage aerial

imagery, bore data, the LiDAR DEM imagery, and
relevant published descriptions (detailed in Troedson
2015). Anthropogenic fill deposits are characterised as
very thick (Qmxf) where prominently mounded, and
estuarine (Qmxe) where they mainly occupy areas of
former tidal flats. Modern tidal flats are mapped as
saline swamp (Qhes). Some bedrock boundaries locally
are unclear and classed as approximate.
This example is representative of the mapping approach
taken in such environments. Port Kembla and
northern Botany Bay are other examples of large-scale
anthropogenic remodelling of estuarine environments
and smaller-scale examples occur throughout the
Sydney area.

Dune differentiation and age
designation
In general, coastal barrier dunes are differentiated
only on the basis of inferred age with no attempt made
to classify different dune types, with the exception of
mobile dunes (Qhbdm) and bedrock–mantling dunes
(Qhbdr, Qpbdr). The latter, also known as cliff-top
dunes, commonly occur high on coastal headlands as
isolated sand deposits with no obvious contemporary
sand source. Studies of Central Coast deposits indicate
average thicknesses of 4–4.5 m (Dickson & Weber
1966; Dickson 1967). They are thought to be the
detached remnants of former larger dune fields formed
when the sea level was somewhat lower than the
present day, with sand ramps (since eroded) extending
from below the cliffs to the cliff-tops (Jennings 1967).
Examples occur at numerous sites within the mapped
area, for example, in the Bouddi region of the NSW
Central Coast (Figure 12). The mapped distribution of
such dunes is based on a combination of interpretation
from LiDAR DEM and aerial photographs, indications
on previous geological and soil landscapes mapping,
geological records from water bore data, GSNSW
reports, and in rare cases, field site visits.
The sand forming these dunes is commonly highly
leached, a characteristic which has led to past
exploitation of some deposits for industrial purposes
and a general inference of Pleistocene age. However,
several generations of such dunes occur in the project
area with dated examples spanning the Middle
Pleistocene to Holocene (Pye & Bowman 1984;
Bryant et al. 1994; Thom et al. 1992) and some age
determinations indicated in the NTWG Mapping
Project may need revision as new information comes
to light.
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Figure 10. Narrabeen Lagoon, northern Sydney. a) Quaternary geology from Sydney 1:100 000 Geology Sheet (from Herbert
1983). Dashed red line indicates the boundary of the NTWG Mapping Project (equivalent to Quaternary–bedrock or coastline
boundaries; b) NTWG Mapping Project Quaternary geology, surface units (see Figure 5 for legend).
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Figure 11. Homebush Bay area on the Parramatta River, western Sydney. a) Quaternary geology from Sydney 1:100 000 Geology
Sheet (from Herbert 1983). Dashed red line indicates extent of NTWG Mapping Project (mostly equivalent to Quaternary–
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Western Sydney: differentiation of
older Cenozoic from Quaternary
deposits
Mapping of pre-Quaternary unconsolidated deposits
was outside the scope of this project and as such, where
they occur juxtaposed against Pleistocene deposits,
consistent differentiation between Quaternary and
older Cenozoic deposits was not always possible. This
situation occurs in a number of areas within greater
western Sydney, most extensively in the Hawkesbury–
Nepean and upper Georges River catchments.
Surficial Paleogene to Neogene deposits have also
been identified previously within the Parramatta and
Cooks river systems. In some cases the reliability of age
designations in previous mapping was uncertain and
remote sensing and other available information could
not corroborate previous mapping boundaries. In such
cases, deposits were mapped as units of Paleogene to
Pleistocene age (TQa, TQpat).
This can be seen in the Chipping Norton area of the
upper Georges River. On the Penrith 1:100 000 Geology
Sheet the area is mapped largely as a mix of Pleistocene
(Qpn) and undifferentiated older Cenozoic (‘Tertiary’)
alluvial deposits (Ta) (Figure 13a; Clark & Jones 1991).
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bedrock-mantling dune deposits
(Qpbdr) on coastal headlands,
Bouddi area, NSW Central Coast
(see Figure 5 for legend).
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The new mapping (Figure 13b) took into account this
previous mapping along with some limited geological
bore data and published information, historic aerial
photographs and high resolution LiDAR DEM data.
The reliability of Cenozoic deposit boundaries defined
previously could not be confirmed from additional
evidence so areas incorporating these deposits were
defined instead as TQa (Paleogene to Pleistocene
undifferentiated alluvium). The bedrock boundary
has been redefined based on bore data and changes
of slope detected on the LiDAR DEM. Inferred areas
of Holocene alluvium and extensive anthropogenic
modification of the landscape locally are also indicated
on the new mapping.
Extractive resources, including sand and gravel, have
been exploited in a number of Cenozoic deposits across
greater western Sydney, including those of the Chipping
Norton area. Development pressures are high across
the region. Improved mapping of Quaternary and
older Cenozoic deposits has utility for understanding
both their future extractive resource potential and
geotechnical limitations for urban development.
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Figure 13. Chipping Norton area, western Sydney. a) Cenozoic geology from Penrith 1:100 000 Geology Sheet (Clark & Jones
1991). Dashed red lines indicates extent of NTWG Mapping Project (mostly equivalent to Quaternary–bedrock boundary);
b) NTWG Mapping Project data for the same area (see Figure 5 for legend).
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Map availability and
integration with other
GSNSW geological data

Coastal Quaternary Geology Data
Package for NSW

A summary of the three formats in which the new
Quaternary mapping will be available is provided
in Table 4. The entire NTWG Mapping Project
digital dataset will only be available as part of a new
Coastal Quaternary Geology Data Package for NSW
(Troedson et al. in prep.). This package is aimed at
users requiring the ability to manipulate the data for
display and interrogation. The mapping will also be
available on four double-sided hard copy maps, best
suited to users wishing to refer to the data readily or
without GIS capability, and similar in format to those
already available for the north and south coasts of
NSW (Hashimoto & Troedson 2008a-i; Troedson &
Hashimoto 2013a-d). Lastly, the new mapping has been
integrated into the New South Wales Zone 56 Seamless
Geology dataset (Colquhoun et al. 2015): http://
www.resourcesandenergy.nsw.gov.au/miners-andexplorers/geoscience-information/products-and-data/
geoscience-data-resources/geoscience-data-packages/
data/seamless-geology-data-package-zone-56). Further
details on integration of the NTWG Mapping Project
into that dataset are provided below.

The main feature of the new Coastal Quaternary
Digital Data Package for NSW (Troedson et al. in
prep.) is a seamless statewide GIS coverage of coastal
Quaternary deposits. The NTWG Mapping Project
data has been joined with the original Coastal
Quaternary Geology Project data (DVD in Troedson &
Hashimoto 2008) to the north and south to create
a seamless Quaternary geology dataset, enabling
users to understand the data readily and symbolise
it in different ways. Additionally, derivative maps can
be created using fields such as carbonate, organic
carbon or pyrite content, dominant lithology, texture
or sand provenance.
While the Coastal Quaternary Geology Project and
NTWG Mapping Project datasets have been joined
seamlessly, there are a number of differences between
the two datasets, as summarised in Table 5. These
include the coverage and style of fieldwork, the data
and techniques used for geomorphic/geological
interpretation, and the spatial accuracy of base data
used. The availability of high resolution base data
including accurate shoreline data and imagery for the
new mapping means that spatial accuracy of mapping
boundaries is likely to be superior to that of the earlier
Coastal Quaternary Geology Project mapping. Also,
the availability of published data (including Neville

Table 4. New Quaternary mapping – available formats
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Data name

Format

Contents

Uses

NSW Coastal
Quaternary Geology
Digital Data Package

GIS vector data
files for ArcGIS,
MapInfo and
QGIS

Entire NSW coastal Quaternary
dataset including surface and
subsurface polygon layers and full
descriptive database; associated
spatial data, GIS projects and
documentation.

Applications requiring more
detailed knowledge of Quaternary
deposits – enables data
manipulation and interrogation

Coastal Quaternary
maps for Newcastle–
Lake Macquarie,
Central Coast, Sydney
and Wollongong

Four hard copy
(paper) doublesided maps

Geology of entire map area shown
at 1:100 000, with key areas
published at 1:25 000; includes
generalised bedrock geology

Easy visual reference and non-GIS
users

NSW Zone 56
Seamless Geology

GIS vector data
files for ArcGIS
and MapInfo;
viewable map on
smartphones

Includes layers representing
all major tectonostratigraphic
terranes in NSW; new Quaternary
data is integrated into Cenozoic
Sedimentary Province (CSP) layer

Applications requiring general
geological coverage including
knowledge of the distribution
and type of surficial Quaternary
deposits

October 2015

1976; Roy 1983, 1994; Roy & Crawford 1977, 1981; Roy
& Peat 1973, 1975a,b; Roy & Stephens 1980; Wallace
1974) on subaqueous estuarine sediments for most of
the major estuaries of the NTWG Mapping Project
area commonly resulted in a higher level of confidence
in these areas. The Coastal Quaternary Geology
Project classification scheme was used for both
datasets but has been added to and refined slightly for
the new mapping. The two datasets are comparable in
terms of mapping style and level of detail with regard
to surface deposits, but subsurface deposits (Unit_2)

were defined less commonly and consistently in the
NTWG Mapping Project and the Veneer field was not
used. Anthropogenic units (Qm_) are more accurate
in the new data because their interpretation is based on
much more recent imagery and detailed DEMs enabled
more accurate detection of thick filling. Geological
boundary lines are attributed as ‘position approximate’
throughout the Coastal Quaternary Geology Project
mapping; in the NTWG Mapping Project a greater
variety of boundary line attributes was used.

Table 5. Comparison between CCA and NTWG coastal Quaternary geology mapping data and methods.
Characteristic

Coastal Quaternary Geology Project

NTWG Mapping Project

Spatial coverage
(north–south)

North coast of NSW from QLD border to
Hunter River, south coast of NSW from
Shellharbour Local Government Area to
Victorian border

South side of Hunter River to northern Lake Illawarra

Fieldwork
undertaken

14 weeks; extensive hand augering to
~2 m depth

1 week; no coverage over large parts of the project area;
surface observations

Basis for
geological
interpretation

Hard copy early 1980s vintage colour
1:25 000 aerial photographs and
1940s to 1980s black and white aerial
photographs, interpreted using a
stereoscope

High resolution (1–2m) digital DEM and derived hillshade images dating from 2007–13, interpreted onscreen, overlaid on recent 0.5–1 m resolution digital
aerial imagery

Digital base
data and
imagery

Best available imagery was Landsat
TM (30 m resolution) against which
interpreted hard copy aerial photos were
georeferenced; approximate shorelines
created during mapping

0.5–1 m resolution ADS40 aerial imagery; high
resolution digital base data including accurate NSW LPI
shoreline data

Availability
of published
information

Variable; minimal coverage in some
areas

Variable; minimal coverage in many terrestrial areas,
but subaqueous zones of many estuaries well covered

Bore data

Variable coverage

Variable coverage from sparse to well-covered

Unit
classification

Coastal Quaternary Geology Project
scheme developed for project

Coastal Quaternary Geology Project scheme with minor
additions and modification

GIS database
structure

Up to three layers recorded for each
polygon (Veneer, Unit_1, Unit_2), with
only Unit_1 mandatory

Up to two layers recorded for each polygon (Unit_1,
Unit_2) with only Unit_1 mandatory

Subsurface
mapping

Unit_2 recorded where a shallow
subsurface sediment type different from
Unit_1 is predicted or known to occur

Unit_2 less reliable due to lack of ground-truthing,
incomplete due to time constraints

Linework

All geological boundaries attributed
‘position approximate’

Geological boundaries attributed as accurate,
approximate, transitional or inferred
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Integration of Statewide Zone 56
Seamless Geology Project data
Following completion of the NTWG Mapping Project,
the new data was incorporated into the Statewide
Seamless Geology Project (SSGP) geodatabase. This
project is being undertaken in three stages based on
the Map Grid of Australia (MGA) zones in NSW, with
UTM Zone 56 the first to be completed and released
(Colquhoun et al. 2015). Existing mapping deemed to
be best-available is compiled into a standard GSNSW
schema which is structured into a series of layers
representing the major tectonostratigraphic terranes
of the state. Each layer in the geodatabase is made
seamless through resolving stratigraphic and edgematch conflicts across disparate map datasets, and, for
some layers, completing the layer by interpreting its
extent under others. For more detailed information on
the SSGP and its methodology see Phillips et al. (2015).
The NTWG Mapping Project data falls into the
Cenozoic Sedimentary Province (CSP) layer of the
Zone 56 compilation, which, unlike other layers, is
structured so that both the surface and one subsurface
geology layer (Unit_2) can be recorded. In the current
edition (version 1) subsurface geology attributions
are included only for the NTWG Mapping Project
Quaternary data. Subsurface attributes for the Coastal
Quaternary Geology Project data may be included in
future versions.
As the NTWG Mapping Project data provided a
significantly higher level of detail than that previously
available, the entire dataset was added to the CSP layer.
A process of integration was then undertaken with the
existing northern and southern Coastal Quaternary
Geology Project datasets and surrounding Cenozoic
geological datasets from older geological maps. Where
the Coastal Quaternary Geology Project and NTWG
Mapping Project data adjoined, mapping boundary
lines were removed where necessary (i.e. where
adjacent polygons from the two datasets had the same
attributes). Edge-matching issues between the NTWG
Mapping Project data and pre-existing mapping were
generally minimal.
In the general region of the NTWG Mapping Project
data some previous mapping included Cenozoic units
outside the scope of the NTWG Mapping Project (e.g.
high level swamp deposits on the Wollongong–Port
Hacking 1:100 000 Geology Sheet (Stroud et al. 1995)).
The most complex example is around the Hawkesbury–
Nepean River in the Richmond–Windsor area west of
Sydney (Figure 14). In this area, extensive Cenozoic
units are mapped and a stratigraphy defined (Smith
& Clark 1991). The NTWG Mapping Project data
covered only a portion of this area (Figure 14a,b). For
areas not covered by this new data, line work and
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attributes from the Penrith 1:100 000 Geology Sheet
(Clark & Jones 1991) were brought into the CSP layer
to create a combined dataset representing the ‘bestavailable’ mapping of the area (Figure 14c). No effort
has been made to incorporate the defined Cenozoic
stratigraphy into the NTWG Mapping Project data and
users wishing to gain an understanding of the complex
Cenozoic geology of this area are advised to refer to the
Penrith 1:100 000 Geology Sheet and accompanying
notes (Clark & Jones 1991; Smith & Clark 1991).

Potential future
improvements and
additions
The mapping discussed here is fundamentally a first
pass, desktop attempt at completing consistent, detailed
Quaternary mapping coverage for the project region.
There is scope for future mapping improvements
in numerous areas of the project, but in particular
where Quaternary deposits are relatively complex
or little-studied. Initial refinements should focus
on areas such as Gosford, Wollongong and western
Sydney, where uncertainties and complexities coincide
with the greatest development pressures. A further
focus should be refining the subsurface mapping,
in particular the distribution of shallowly buried
Holocene estuarine deposits. The use of high resolution
(1–2 m) LiDAR-derived DEMs as an interpretive
tool was critical to the success of this project. Future
mapping refinements should utilise such data along
with high resolution airborne radiometric data when
it becomes available and a field program with targeted
subsurface investigations. Additional unpublished data
should also be sought from local government and state
government agencies, geotechnical engineering firms
and universities.
The focus of the NTWG Mapping Project was coastal
barrier, estuarine and associated alluvial deposits. This
focus has meant other types of Quaternary deposits
and older Cenozoic deposits known to occur within
the general project area were not remapped. These
include:
• Alluvial deposits of the Hunter River upstream
of Windermere, and alluvial tracts of some major
creeks on the Cessnock and Gosford 1:100 000
sheets.
• High level (Quaternary and older Cenozoic)
alluvium of the Maroota area (Gosford and St
Albans 1:100 000 sheets).
• Small-scale upland colluvial, alluvial and swamp
deposits on the Wollongong–Port Hacking, Penrith
and St Albans 1:100 000 sheets

a)

• Large tracts of alluvial deposits associated with the
Nepean River upstream of Penrith on the Penrith
and Wollongong 1:100 000 sheets
• Some Paleogene, Neogene and older Pleistocene
sedimentary deposits across greater western Sydney,
particularly the extensive Cumberland Basin
deposits associated with the Hawkesbury–Nepean
River system upstream of Pitt Town on the Penrith
and Wollongong 1:100 000 sheets.
It is recommended that these deposits be remapped at a
future date to provide regionally consistent Quaternary
geological data coverage across these 1:100 000 sheets.
The NSW coastal Quaternary classification
system, as described in this paper, has age, genetic,
sedimentological and geomorphologic elements. While
effective and adaptable as a statewide scheme it does
not readily enable local to regional-scale sediment
character and stratigraphy to be recorded and mapped,
nor does it currently allow for differentiation of
Pleistocene deposits of different ages. The previously
defined alluvial stratigraphy of the Cenozoic
Cumberland Basin, western Sydney area could not
be readily adapted to the scheme. Data fields could
conceivably be added to the current data framework to
accommodate such details.
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Figure 14. Integration of NTWG Mapping Project data
with Statewide Seamless Geology Project (SSGP) data in
Richmond area, Hawkesbury–Nepean River system.
a) NTWG Mapping Project data for the Richmond area,
western Sydney, as brought into the SSGP Zone 56 Cenozoic
Sedimentary Province (CSP) polygon layer; b) Existing
Cenozoic mapping from the Penrith 1:100 000 Geology Sheet
with the extent of NTWG Mapping Project data indicated
with cross hatching; c) Completed SSGP Zone 56 CSP polygon
layer with Quaternary units shown in green shades and older
Cenozoic units in yellow shades.
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Coastal Quaternary geology of NSW map series
Complete map series soon available!
The Sydney map is the latest release in the series of high-resolution geological maps
of coastal sediments of NSW. Most Quaternary deposits have been classified into
three depositional systems (alluvial plain, estuarine plain and coastal barrier), each
distinguished by a range of sediment types, processes and geomorphic features.
Maps of Quaternary deposits have been integrated with simplified bedrock data and
extra Cenozoic data from the NSW Seamless Geology Database.
Coastal Quaternary mapping (1:100 000 with inset maps at 1:25 000) is based
on geological interpretation of remotely sensed digital elevation models, aerial
imagery, soil data, water bore data and reports.
Products
Maps: (flat or folded format) $19.80 each
Book: Coastal Quaternary Geology — north and south coast
of NSW (2008). $33
Available soon:
Maps for Newcastle–Hunter, Wollongong and Central Coast regions
Complete NSW Coastal Quaternary Geology digital data package including GIS
geology layers, GIS projects, published maps, metadata and reports. $33
Ordering:
Phone: +61 (0)2 4931 6666
Email: mineralpublication.orders@industry.nsw.gov.au

Sydney geology map now available!

‘An invaluable GIS layer used
on several of our infrastructure
projects’
Simon Davies, Parsons
Brinckerhoff

Future papers:
‘Outcomes of the Nymagee mineral system study — an improved understanding of the timing of events and
prospectivity of the Central Lachlan Orogen’ by Peter M. Downes, Phil L. Blevin, Richard Armstrong, Carol J. Simpson,
Lawrence Sherwin, David B. Tilley and Gary R. Burton
‘A 3D model for the Koonenberry Belt from geologically constrained inversion of potential field data’ by Robert J.
Musgrave and Stephen Dick
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