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Abstract

The map of Australian crustal elements, released at 1:5 million scale, delineates upper-crustal elements,
primarily based on composite geophysical domains, each of which shows a distinctive pattern of magnetic
and gravity anomalies. These elements generally relate to the basement, rather than the sedimentary basins,
which tend to mask or distort — rather than define — the magnetic and gravity characteristics. Boundaries
between these elements are interpreted to mark crustal-scale changes in composition or structural pattern,
or both. Where feasible, these boundaries are chosen to emphasise their correlation with the outcropping
boundaries of geological provinces. The elements are categorised according to their magnetic character, in a
way which places them in a tectonic context. A tentative relative timescale emphasises the range of time over
which the geophysical features, normally the magnetic patterns, are thought to have been developed.
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Introduction

Objectives

Existing tectonic maps of Australia have the limitation that they do not tell us what basement units
underlie the sedimentary basins; nor do they give us much information about the third dimension (depth).
We have compiled an innovative type of map, inspired by the virtual completion of gravity and magnetic
maps for the continent (Morse et al. 1992a; Tarlowski et al. 1995). This dual coverage allows for a more
integrated interpretation of basement crustal elements than was previously possible. Our map builds on an
earlier analysis of crustal-scale gravity anomalies (e.g., Wellman 1978), and on other regional studies of
gravity and magnetic anomalies. It places a geophysical perspective on earlier evolutionary models based
on geological data (e.g., Plumb 1979). The map uses the magnetic signature of composite magnetic and
gravity domains to provide links to the outcropping geology. It goes farther by using structural
relationships deduced from the geophysical trends, and links to the geology, to reveal the relative time
implied by the combined geological and geophysical data sets.

The objective of this map is to present a new model — based on geophysical interpretation — of the
tectonic framework of the Australian continent. In doing so, we hope to provide a starting position for the
examination or re-examination of evolutionary tectonic models. The map presents the ‘big picture’; it
encourages the user to consider how the continent might have evolved into its present configuration, and
to make predictions about the distribution, relative ages, and nature of its constituent crustal blocks. This
kind of predictive ability should be helpful in targeting new areas for frontier petroleum and mineral
exploration, or revealing problem areas for future research.

The chief interpreters were R.D. Shaw (NT, northwest WA, gravity SA), P. Wellman (northern Qld,
NSW, VIC), P. Gunn (magnetics SA), and A. Whitaker (WA). M. Morse and others of the national
gravity database group organised various sets of gravity data. Input in the form of magnetic images was
provided by C. Tarlowski and others from the national airborne magnetic mapping team.

Previous geophysical interpretations

Early studies were focussed on the available gravity data. The significance of broad gravity domains was
examined by Wellman (1976a), who assessed the implications of boundaries showing discordant trends.
Wellman (1978) drew attention to how major gravity dipole anomalies can be used to recognise crustal
changes across crustal block boundaries. Wellman (1988) applied these concepts to an interpretation of the
development of the Australia Proterozoic provinces.

An earlier subdivision of the continents into Bouguer gravity domains (Fraser et al. 1977) made limited
correlation with geological features and had little impact on our understanding of how the continent
evolved. Mathur and Shaw (1982) attempted to relate the patterns of gravity highs and lows to the
evolution of orogenic belts, in the process hinting at their possible plate-tectonic implications.

By adopting the concept of geophysical domains, developed in the 1970s (e.g., Provodnikov 1975), and
combining it with other concepts, such as the presence of major dipole gravity anomalies and abrupt
discordance in trend, it became possible to recognise geophysical features that showed reasonable
correlation with geologically-defined tectonic features of crustal dimension such as plate boundaries (e.g.,
Thomas et al. 1988). With increasing computerisation, it became easier to produce and interpret various
sets of derived gravity data, such as filters to extract short-wavelength residual anomalies (e.g., Kane &
Godson 1985, Murray et al. 1989). Wellman, in a series of papers (Wellman 1988, 1992a, 1992b, 1995a,
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By about 1976, images of derived gravity and magnetic data sets were becoming available for much of the
continent. The more recent versions of these maps, the gravity map of Morse et al. (1992a, 1992b) and the
magnetic map of Tarlowski et al. (1993, 1995) have been particularly inspiring. These maps and a
growing understanding of how to interpret them, provided the impetus for the current study.

Other data sets, such as those derived from deep seismic reflection profiling, are providing a more
comprehensive three-dimensional picture of crustal structure in some regions (e.g., Goleby et al. 1989). In
addition, a growing number of regional interpretations of potential-field data have been carried out
throughout the continent and allow for an increasingly more reliable understanding of the continent’s
tectonic framework. Particular regional geophysical studies that bear on the geophysical interpretation of
those individual crustal elements, recognised in the current study, are referenced in Appendix B.
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Geological Setting

Evolutionary studies of the continents geology are hindered because over one-half of the continent is
covered by post-tectonic sedimentary rocks of Proterozoic to Phanerozoic age (Fig. 1). As a result, surface
geological information does not provide a lot of insight into how the different crustal blocks that make up
the continent relate to each other. Gravity and magnetic anomalies can be used to tackle this problem by
allowing us to look below the sedimentary cover and map the upper crustal anomalies sourced within the

buried basement.
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Figure 1. The main basement provinces and sedimentary basins of Australia.
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Data Sources

Our task of making the crustal elements map began with assembling various data sets.

Gravity Data

The gravity data used in this study includes: (1) that recently integrated into an 2.5-km (91.5 minute)
gridded format; (2) contoured Bouguer anomaly contour maps (BMR 1976, Morse et al. 1991). plotted at
1:2 500 000-scale; and (3) enhanced images of the Bouguer anomalies at 1:5 000 000-scale (Morse et al.
1992. Milligan et al. 1992), a recent image of which is shown in Figure 2.

Figure 2. Image, with gradient enhancement, showing simplified Bouguer gravity
anomalies of Australia, derived from the Australia National Gravity Database.
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Magnetic Data

Magnetic data, generally collected along 1.5-km lines spacing and 150-m terrain clearance. has been
studied in the form of 1:1 000 000 and 1:2 500 000 contour maps (BMR. 1976b) as well as computer
generated images at various scales. A valuable overview of available data is provided by the magnetic
anomaly 1:5 000 000-scale map of Australia, showing gradient enhanced residuals of total intensity
(Tarlowski et al. 1996). a recent derivative of which is shown in Figure 3.

Figure 3. Image, with gradient enhancement, showing a simplified sample set of the magnetic anomalies of
Australia, derived from the Australia National Magnetic Database.
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An idea of the variation in flight-line spacing, for various surveys carried out throughout the country, can
be gained from Figure 4. It can be seen that coverage is sparse (about 3-4 km line-spacing) for much of the
central Australian region around 24 °S. In this region, the magnetic signal from basement rocks is both
masked by the effects of a thick sedimentary overburden and by the loss of detail in the high frequency
content as a result of the sparseness of the data coverage. These factors make interpretation in this region

difficult.
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Principles of the map

General Approach

In attempting to build our model for the tectonic framework of the continent,
we began by looking for coherence between gravity and magnetic domains so
that we could delineate composite geophysical domains. After analysing several
portrayals of amalgamated magnetic and gravity data sets (e.g., Figs 2 & 3), we
erected compositional and structural province-scale boundaries that correlate,
where possible, with geological features.

Such boundaries can then be extrapolated under the sedimentary basins.

To give the map an added tectonic flavour, we characterised the domains
according to their magnetic and gravity character, in a way that reflects the
tectonic significance of their magnetic responses.

The map is pre-eminently a
geophysical domain map,
NOT a map of tectonic
provinces, nor an
interpretative tectonic map.
In its present form, potential
correlations with established
geological basement
provinces are provided by
colouring the map using
deduced age-ranges, which
are commonly poorly
constrained (see below).

Mapping Composite Geophysical Domains

We have mapped gravity and magnetic domains by recognising regions showing unifying characterisics of
styles of magnetic and gravity anomalies, such as trend, magnitude and frequency content. Such features
can imply a common geological history and similar ranges in bulk physical properties. Composite
geophysical domains can be delineated where there is a consistency between the mapped gravity and
magnetic domains. :

Close attention was given to spatial relationships of geophysical features at the boundaries between -
geophysical domains, because these relationships can provide information on the relative age of crustal
features. For example, a younger relative age for one domain relative to another is probable if it shows
parallel trends at its margin that align with and/or truncate trends in the bordering domain. Major
changes in the magnitude of anomalies suggest differences in physical properties at domain boundaries for
the upper crust, and in places for the entire crust.
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Mapping the Crustal Elements

Crustal elements are the interpreted pieces of upper crust that:

e correspond, more or less, to composite geophysical domains,
e show as close a correlation as is possible with geological provinces, and

e are deduced to have formed over a similar time-range.

We emphasise that the magnetic and gravity boundaries shown on the 1:5
million map are not always exactly coincident with those of the crustal
elements. Where there is some mismatch, or choice, the crustal boundary
favoured is that which most closely corresponds to an established geological
boundary. On the current version of the map, unlike typical maps of
geophysical domains, the crustal elements have relative age-range as an
attribute, as explained below.

The map is pre-eminently a
geophysical domain map.

Labelling the Crustal Elements

Although the use of

mnemonic codes may lead fo We choose to refer to the various elements by map symbol [groups of letters],

. rather than by giving them names. We do this because the history of naming

some confision through . .

unintended broadening of the such shows that names tend to be short-lived and to require constant refinement
with incoming of new data and fresh interpretations. Our symbols [code is

meaning of these entities, MAP_SYMBOL] can be used in the construction of databases. (see Glossary:
they are needed so that the Map-symbol)

reader can readily find them
on the map..

Are most element boundaries defined with magnetic data?

In choosing crustal element The relative contribution made by magnetic and gravity data to the definition of
boundaries, we have favoured the crustal elements varies widely, depending on the situation. Magnetic
magnetic boundaries as these domain boundaries are favoured as element boundaries in regions of exposed or
can be more directly tied to near-surface basement rocks, where correlation with geological features is more
exposed or near-surface direct. Gravity boundaries give a better indication of the geometry and position
geological boundaries. In of deeper, crustal-scale features, which correspond to gravity anomalies of large
general, gravity boundaries magnitude and wavelength.

are favoured only where the
magnetic signature is weak,
either because of a thick
sedimentary overburden, or
poor coverage, or some
other complication such as
lack of continuity.

In principal, because gravity and magnetic potential fields have effects that vary
inversely as the distance squared, the near-surface anomalies should be better
resolved than more deeply sourced anomalies. However, gravity data is not
readily automated, so coverage of large areas at a close spacing is not feasible at
present. Consequently, current gravity coverage has, in general, only a 10-km
station spacing, so does not map short-wavelength density variation. It,
therefore, tends to monitor either more regional features or anomalies sourced
much deeper in the crust, than magnetic anomalies (for a more detailed explanation
see The nature of the magnetic and gravity anomalies). Most short-wavelength variation
in the intensity of magnetisation can be related, in an approximate way, to the
distribution, in three-dimensions, of igneous, volcanic and metamorphic rock
bodies.

Guide to using the Crustal Elements Map Principles of the map o 9



The nature of the magnetic and gravity anomalies

The geomagnetic field is a vector quantity that varies systematically in position and amplitude
throughout the globe, and also shows diurnal and secular variations. How rocks interact with the
earths’ geomagnetic field depends partly on their mineral content and partly on their history of
formation, so that both induced and remanent components of magnetisation need to be assessed to
fully describe the magnetic character of rocks. The induced magnetisation of a rock can be
specified in terms of its magnetic susceptibility, but this parameter is not always isotropic and
depends on the fabric of the rock. Most short-wavelength variation in magnetic signature within a
particular region (with a similar geomagnetic field) reflects variation in the ferromagnetic
minerals within the rock, mainly variations in ‘magnetite’ content (more specifically in the Ti-Fe-
oxides). The dominant magnetic sources are igneous, volcanic and metamorphic rocks bodies
which generally possess both induced and remanent magnetisation. However — as is also the
case with gravity anomalies — you can only approximately determine the character, shape and
position of these magnetic bodies, as all the parameters are seldom uniquely constrained and, as a
result, the calculations involve too many ‘trade-offs’ between parameters.

Bouguer gravity anomalies are calculated to minimise the effects of topography. They show the
sum of the affects of density variations in the upper crust, and the attraction of the thickening of
the crust that represents isostatic compensation to variations in Earth surface altitude.
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Deducing the relative age of elements

We enhanced the tectonic significance of the map by deducing relative ages, mainly according to
geophysical evidence derived from two sources: we deduced the relative ages of the domains from the
structural relationships between adjoining elements; and then we assigned an age-range for the sources of
the dominant magnetic and gravity signals. The two methods of interpretation were used to deduce
plausible age-limits for each element. This approach has enabled us to express the evolution of the
continent as a sequence of relative age slices on the map sheet. A simplified version of the map, using
generalised age-boxes, is shown in Plate 1.

In the 1:5 000 000-scale map, each crustal element is coloured according to its relative age, which is taken
to be the time when the main geophysical features, normally the magnetic patterns, were imposed. Possible
limits for each age range are listed in Table 1, together with one or more key examples that were used in
formulating the age-limits. In many, but not all cases, the minimum age-limit corresponds to the relative
age of the last major cratonisation or orogenesis. The maximum age-limit, listed in Table 1, reflects that
age indicated or hinted at in the local geological record. A curved line, marking the maximum limit, as
shown in the 1:5 000 000-scale map, signifies that there is poor control on that limit.
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Table 1. Inferred age limits for magnetising events and/ or source rocks

Age Era Age Limits Remarks: Examples of Magnetising Events and/ or Source Rocks

ID

1 iArchaean 3600-2700 | Magmatic event producing granite-greenstone association, Pilbara Province

2 iArchaean 4000-2600 : Magmatic event producing granite-greenstone association, Yilgarn Superprovince

3 iArchaean 3400-2500 :Basement to The Granites-Tanami Complex

4 Archaean 2500-2350 :Diagenesis of banded iron formation in Hamersley Basin

5 iArchaean 2800-2500 :Eventsin Sleaford and Mulgathing Complexes, Gawler Craton

6 iPalaeoproterozoic :2500-1900 iUnit AP, NW Gawler 'craton’

7 iPalaeoproterozoic :1950-1800 :Capricorn Orogeny; basement to Eastern Succession, Mount Isa Province; basement to
Redan Zone, Broken Hill Province

8 :Palaeoproterozoic :1920-1850 :Hooper Orogeny in King Leopold Province; Barramundi Orogeny and precursor events in
northern Australia

9 |Palaeoproterozoic :1840-1780 :Leichhardt Extension and precursor events throughout northern Australia; eg., Flynn and
Ooradingee Subgroups of Hatches Creek Group, Davenport Province; Halls Creek Orogeny
in east Kimberleys, and following Kimberley Subsidence in Kimberley Basin

10 :Palaeoproterozoic ;1780-1730 ;Strangways Orogeny in Arunta Province

11 iPalaeoproterozoic :NA (Reserved for later use)

12 iPalaeoproterozoic :1840-1700 :Magmatic pulses on northern Australia, including (l) volcanism in Leichhardt Trough, Mount
Isa, and (Il) Tawallah volcanism

13 iPalaeoproterozoic :1850-1750 :Early phases of Kimban Orogeny, Gawler Craton

14 :Palaeoproterozoic :1740-1700 :Late phases of Tawallah volcanism

15 |Palaeoproterozoic :1800-1300 :Granites, gneisses and granulites in Albany-Fraser Province

16 |Palaeoproterozoic :2000-1600 iArgilke event, Arunta province; precursor rocks

NOTE: Age-limits are commonly poorly-defined
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Table 1. Relative deduced age-limits (Continued)

Age Era Age Limits Remarks: Examples of Magnetising Events and/ or Source Rocks

ID

17 iMesoproterozoic i 1700-1600 :Events traditionally assigned to the end phases of Kimban ‘orogeny', Gawler Craton;
Olarian Orogeny

18 iMesoproterozoic :1600-1500 :Gawler Range Volcanics and correlated magmatic and metamorphic events,
concentrated at about 1590 Ma

19 iMesoproterozoic ;| 1800-1500 :From early volcanism in Leichhardi Trough to about end of Isan Orogeny

20 Mesoproterozoic i15630-1400 :Events in: Anmatijira uplift, Arunta Province; early uplift of Redbank thrust zone

21 :Mesoproterozoic {1800-1190 : Deformation and granite intrusion in Allbany-Fraser Province; includes granite plutonism at
¢.1300 Ma and thrusting at 1100 Ma, which mark end of tectonism in Rudali Complex,
Paterson Province

22 Mesoproterozoic ;1150-1050 i Pinjarra Orogeny

23 :Mesoproterozoic :1300-1000 : Musgravian Orogeny, followed by Giles magmatism; Yampi Event in King Leopold Province

24 Neoproterozoic 1000-?600 :Covered units bordering Paterson Province

25 :Neoproterozoic :750-600 Orogenesis in the Leeuwin Province, WA

26 :iPalaeozoic 560-525 Petermann Ranges Orogeny; precursor events

27 iPalaeozoic 545-470 Delamerian Orogeny

28 :Palaeozoic 545-405 Includes: Early to mid-Cambrian felsic and mafic volcanics in Warburton Basin, Delamerian
Orogeny, Benambran Orogeny to end magmatism in Thompson Province; unnamed events
affecting the Thompson Province and the Bourke zone

29 :Palaeozoic 460-405 Start magmatism in Lolworth-Ravenswood belt to Coen Orogeny

30 :Palaeozoic 435-370 Benambran, Bindian, Bowning and Tabberabberan orogenies

31 :Palaeozoic 420-300 Alice Springs Orogeny; late-stage tectonism in element BK (Bourke Zone); includes late
magmatism & thrusting in elements BUR (Burdekin River) & CHT (Charters Towers); plutonism
in element CE (Coen and Yambo inliers)

32 :Palaeozoic 410-270 Events in New England Province

33 iPalaeozoic 300-250 Magmatism in Townsville-Mornington Island igneous belt

NOTE: Age-limits are commonly poorly-defined
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It is important to emphasise that the age limits apply to the sources for the dominant geophysical signals
within each element. Where a separate, older signal (pattern/ trend) is apparent in a geophysical data set
for the upper crust (not necessarily in gravity or magnetic data), a relict class of element (see Glossary and
below) is recognised and an additional older relative age is shown (designated by a white-cross-pattern in
the hardcopy 1:5 000 000 map).

The suggested age for imposition of the magnetic pattern is particularly poorly constrained when the
elements cannot be related to exposed and well-dated basement provinces. Other complications arise
where a region has been subjected to several orogenic events or periods of multiple fault reactivation.
Multiple sources of unknown origin and age can also be stacked within the upper crust. It is for these
reasons that the map emphasises the relative age of the elements, rather than the absolute age of orogenic
events.

Grouping and Classifying the Elements

The Rank of Crustal Elements

Ranking the elements helps Rank refers to the hierarchical ordering (or subdivision) of elements — by their
the process of establishing size and significance — into enclosed polygon regions. The main ranks are
links with geological features, mega-elements, elements and sub-elements (for fuller explanation, see

such as basement provinces Glossary: Rank of Crustal Elements ).

and overlying sedimentary

basins
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The Mega-elements

The general picture that has emerged from the new map is that of a continent made up of eight coherent
mega-elements. These represent groups of crustal elements having similar geological and geophysical
characteristics, and lying within a common set of boundaries (Fig. 5). They tend to reflect the
configuration of crustal regions following their final cratonisation and may be compared with earlier

geologically based tectonic subdivisions, such as that of Plumb (1979, fig. 7).

MEGA-ELEMENTS SA 3
CA Central Australia P Pinjarra (orogen) V

NA North Australia SA South Australia
NE New England T  Tasman (orogenic system/fold belt)
NQ North Queensland WA Western Australia

16/A/321

Figure S. Australian mega-elements, representing continent-scale groups of crustal elements. The
mega-elements are: NA, north Australia; NQ, north Queensland; CA, central Australia; P, Pinjarra
(orogen); WA, Western Australia; SA, South Australia; T, Tasman (orogenic system/ fold belt); and

NE, New England.
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Boundaries between mega-elements

The boundaries between mega-elements and between many of the crustal elements are commonly
associated with two broad classes of geophysical anomaly. One is a major change in mean density or mean
apparent susceptibility of the crust, which gives rise to paired high and low gravity or magnetic anomalies
along the boundary — ie., dipole anomalies. The other is that generated as a result of interactive
processes at the boundary; anomalies within this class include three main types:

o zones of geophysical overprinting, which commonly correlate with zones of shearing, where
trends of one element replace those of another;

e  zones of overprinting characterised by extensive magnetic lows generated as a result of
processes such as demagnetisation associated with metamorphism of the older element (e.g.,
when a younger, and potentially hotter, element was emplaced over or against it); and

e zones characterised by major gravity and magnetic highs, formed along the margin of the
younger element; these are thought to be the result of either major intrusions along the
boundary, or uplift of the middle and, in places the lower crust, by overthrusting along the

boundary.

Classes of Crustal Element
Six classes of crustal elements are recognised, the principal three of which are identified in Plate 1:

1. Standard — not modified by any geophysical overprinting, so that similar

The crustal elements are geophysical patterns and trends are distributed throughout the element;

classified primarily on the 2. Highly Magnetic — dominated by magnetic and gravity highs, implying
basis of their geophysical gross modification of the crust;
character and, secondarily, 3. Geophysically Overprinted — explained further below;

on the basis of their spatial

relationships to each other. 4. Covered — where the magnetic signal is subdued due to thick sedimentary

The deduced, relative age of cover,

their source rocks is a third, 5. Relict — where an even older geophysical pattern or feature is detectable
much less-well-constrained locally within the element; and :
attribute. ’

6. An internal sub-element showing a muted geophysical signal, possibly due
to thick and localised sedimentary fill. )

Standard crustal element (class S)

These are pieces of crust that correspond, more or less, to composite geophysical domains that most closely
correlate with geological provinces, and that are considered to have not been extensively modified since
their initial cratonisation. Their geophysical features show a similar pattern, or sets of trends, throughout.
The deduced age-range for their source rocks is also thought to fit within the same approximate range,
although this is not a pre-eminent criteria.
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Highly magnetic elements (class M)

These zones commonly correspond to uplift regions of mid- to lower crust, where there has been either
regional-scale addition of material (e.g., magmas), or pervasive deformation and high-grade
metamorphism, or both. Unlike the geophysically overprinted zone, this type of element does show a
transition structural boundary at the margin of its parent element. Some of these highly magnetic zones
could represent zones of ‘advanced’ overprinting where the original magnetic fabric of the parent element
has been obliterated and the region has subsequently been uplifted or its boundary with the parent element
destroyed by fault reactivation.

The highly magnetic category is assigned to elongate domains or subdomains that are characterised by
intense magnetisation, commonly reflecting high-grade metamorphism or abundant magmatism (shown as
white overprint pattern of diamond-shapes on the paper copy of the 1:5 000 000-scale map). Such highly
magnetised zones can mark orogenic zones, as is the case for the King Leopold and Halls Creek Orogens
produced during phases of the Barramundi Orogeny at about 1850-1870 Ma or earlier {e.g., Elements KL
(King Leopold); subelement HCC (central zone, Halls Creek)}. Other specific examples include: Element
AF (Albany Fraser); parts of the central Arunta Block affected by the Strangways Orogeny at about 1730-
1780 Ma (subelements ANR and ASR); and the Musgrave Block affected by the Musgravian Orogeny at
about 1070-1225 Ma (element M, Musgrave).

Zones of geophysical overprinting (class O)

Geophysically Geophysically overprinted zones are elongate domains in which one set of
overprinted zones are geophysical features is progressively replaced by another. For example, older
subelements that structures can become less well-defined or offset, and the geophysical
correspondto zones where the anomalies can progressively change in magnitude and frequency, or just in
geophysical signatures reflect magnitude. Many are also characterised by demagnetisation. Many of these
younger tectonic events, zones correspond to zones of structural reworking and crustal modification, as a
overprinted on older result of metamorphism, deformation and intrusion, during orogenesis
geophysical features: preceding cratonisation of the younger crust.

Highly magnetic zone The nature of overprinting zones is well illustrated by that at the boundary
are elements that commonly between mega-elements WA (Western Australia) and SA (South Australia; Fig.
correspond to either uplift 3), which separates the element labelled Y (Yilgarn) from element AF
blocks of mid- to lower crust (Albany-Fraser); see Significance of the Mapped Features; Relationship
or belts of pronounced of mega-element boundaries to overprinting zones.

magmatic activity, or both.

Covered and locally covered elements (classes L and LC)

We categorised elements as ‘Covered’ where the magnetic signal is subdued as a result of a thick
sedimentary overburden.

The category LC (Locally Covered) is applied to localised regions within crustal elements where the
magnetic signal is subdued. This class is applied to subdomains where either the magnetic signal is largely
wiped out due to thick sedimentary cover (e.g., thick Roper Group deposits in the McArthur Basin region;
map-symbols MAB (Beetaloo Sub-basin; and possibly WEL, northwestern Wiso Basin), or the sedimentary
cover only slightly masks the magnetic signal as it is relatively thin (e.g., Nabberu Basin; map-symbol
NBB). Where the sedimentary cover is thick, a gravity low may be developed, as is the case for
subelements MAG and WEL. A gravity low may also reflect a granite batholith, as may be the case with
subelements A4 N and SNCM in northern Australia (not shown on all versions of the map).
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Elements showing older relict geophysical patterns (class R)

Another type of geophysical feature, shown as white overprint pattern of diagonal crosses on the 1:5 000
000 - scale map, is used where a relict magnetic signal can be recognised, either in the form of a ghost
signal (subelement A/FR in the southern part of element M) or as patches showing an older pattern within
a more widespread and dominant magnetic pattern, such as subelement GCT (Coulta) bordering element
G (Gawler). Such features may reflect an underlying older tectonic feature such as a cratonised subcrust.
The negative nature of the corresponding gravity domain can also imply the existence of an older subcrust
if its expression relates to a deeper source than that producing the domains' magnetic signal (e.g., element
K). Supporting evidence can be found in other data, such as deep seismic reflection data (e.g., for
element K: see Symonds et al. 1994).

How crustal elements differ from geological provinces

We emphasise that the crustal elements are not geologically defined features, because they have been
defined primarily from magnetic and gravity data sets, which largely monitor the overall properties of the
upper crust. The crustal elements represent upper-crustal segments showing some overall commonality of
geophysical properties. In contrast, basement provinces are defined on the basis of geological criteria
derived from outcrop mapping, event stratigraphy, and the isotopic dating of events. Such geologically
defined provinces are three-dimensional bodies that have a definite thickness and represent time-rock
units whose maximum and minimum ages are generally, but not always, well established. Some of the
crustal elements could represent a set of overlying or overlapping basement provinces resting on and
including pre-existing crust.

How crustal elements differ from normal geophysical
domains

The crustal elements are based on a higher degree of interpretation than normal geophysical domains.
They have the additional attributes of relative-deduced age, rank (grouping), and potential-field character,
as well as being closely linked to geological provinces. They are considered to represent pieces of upper
crust which have similar overall physical properties. As such, their validity can be tested and their
geometry and physical characteristics can be refined using a greater variety of geophysical and geological
data sets (e.g., seismic, EM, heat flow etc) other than magnetic and gravity data. So, with time and
continuing research, the three-dimensional outline of the crustal elements will become better defined by
criteria other than potential field data. Hopefully, through such processes, their near-surface outline can be
married, in many but not all cases, to that of geologically-defi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>