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5. Gravity 

Gravity data map subtle changes in the Earth’s gravitational field caused by 

variations in the density of the underlying materials.  Deep-seated variations in 

mass distribution affect the broad-scale variations in gravity, and are reflected in 

the shape of the geoid. 

5.1 Geoid Variations 

A geoid is a three-dimensional surface of equal gravitational potential which is 

perpendicular to the direction of the gravity vector at all points. The term 'geoid' is 

generally used to describe that equipotential surface which best corresponds with 

mean sea level. Since the mass distribution of the Earth is not uniform, the 

direction of the gravity acceleration changes accordingly. In consequence, the 

resultant shape of the geoid is irregular (Figure 5.1), with noticeable variations to 

the north of Australia associated with subduction beneath the western Pacific and 

Indonesia. The net effect is a significant gradient in the equipotential surface 

across the Australian continent. 

The equipotential surface is also affected by the variations in the density of 

seawater between the tropics and lower latitudes. The difference amounts to 

approximately one metre between the warmer, and hence less dense, water off 

the coast of northern Australia and the cooler, denser water off the coast of 

southern Australia. The result is that mean sea level, determined from 32 tide 

gauges around the Australian coasts and its extrapolation onshore (the Australian 

Height Datum, or AHD), lies about 0.5 m above the geoid in northern Australia 

and about 0.5m below in southern Australia. 

Heights obtained from Global Navigation Satellite System (GNSS) receivers are 

referenced to a simplified mathematical representation of the Earth in the form of 

an ellipsoid.  Such ellipsoidal heights differ from heights relative to the geoid/AHD 

by between -30 m and +70 m across Australia as a consequence of the geoid 

variations illustrated in Figure 5.1. The difference can be compensated by 

applying a geographically varying correction, as shown in Figure 5.2, which 

varies from a positive correction of 33 m in southwestern Australia to a negative 

correction of up to 72 m in northeast Australia. 

 

Figure 5.1: Representation of the geoid surface in the Australian region with 

strong exaggeration of the deviations from an ellipsoid (courtesy of M. Sandiford). 
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Figure 5.2: Corrections to 
height determined from 
GNSS receivers to 
correspond to the Australian 
Height Datum (AHD). In 
southwest Australia, the 
AHD is up to 33 m below 
the ellipsoid and in 
northeast Australia the AHD 
is up to 72 m above the 
ellipsoid. 
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5.2 Absolute Gravity  

A consequence of the shape of the Earth as an oblate 

spheroid is that there is a significant variation in the 

absolute gravitational acceleration at the Earth's 

surface between 9.780 m/s2 in northern Australia and 

9.805 m/s2 in southernmost Tasmania (Figure 5.3).  

The presence of density variations in the subsurface 

introduces perturbations in the smooth variation of 

gravity with latitude. 

Some features, such as the anomalies in central 

Australia and those associated with the Eastern 

Highlands, are large enough to be clearly visible in the 

pattern of variation of absolute gravitational 

acceleration across the continent (Hirt et al., 2013) as 

shown in Figure 5.3.   

This high-resolution estimate of the absolute gravity 

variation across the continent is based primarily on 

satellite information on gravitational variation, 

supplemented by results from NASA's Shuttle Radar 

Topography Mission.  The influence of specific 

geological provinces becomes even more apparent 

when we superimpose the pattern of geological 

provinces as in Figure 5.4.  Further, a number of the 

major crustal boundaries are linked to strong 

gravitational contrasts, as in the contact of the Albany–

Fraser Orogen with the Yilgarn Craton (see Figure 5.5). 

Figure 5.3: Variation in the absolute (free-fall) 

acceleration due to gravity across the Australian 

continent [units m/s2], based on the GGMplus model of 

Hirt et al. (2013). 

 

 

 

 

 

 35 



The Australian Continent: A Geophysical Synthesis — Gravity 

 

 

Figure 5.4: Absolute gravity distribution with geological provinces. 

 
In order to isolate the contributions to the gravity field due to structure at depth 

within the Earth, the large-scale variations in gravitational acceleration so clearly 

displayed in Figures 5.3–5.5 have to be removed. The reference gravitational 

acceleration, at a given latitude, is determined from a standard gravity formula 

based on the configuration of a rotating oblate spheroid, which produces a 

smooth progression in latitude.   

 

 

 

Figure 5.5: Absolute gravity distribution with major crustal boundaries. 

 
When the reference gravity field is removed, we are left with gravitational 

anomalies that link to the presence of topography, as in the eastern Highlands, or 

to variations in density structure at depth, as in the strong variations in Central 

Australia and the arcuate southern boundary of the Hamersley Basin. 
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Figure 5.6: Free-air gravity anomaly. 

 

5.3 Gravity Variations 

Most terrestrial measurements of the gravity field 

represent relative variations from a base station that is 

regularly revisited in the course of a survey.  The 

recent development of portable instruments that 

measure the absolute value of gravitational 

acceleration provides the means of improved ties 

between different surveys, but still only a limited 

number of absolute reference points have been 

established across the Australian continent. 

In contrast to magnetic data, gravity measurements 

are made at the Earth’s surface and are affected by 

the variations in topography around the observation 

point.  Continental Australia has a basic gravity station 

spacing coverage of 11 km, with South Australia, 

Tasmania and part of New South Wales covered at a 

spacing of 7 km. Victoria has station coverage of 

approximately 1.5 km. Over the last 10 years, the 

Australian, State and Northern Territory governments 

have funded exploration initiatives for the systematic 

infill of the continent at a grid spacing of 2 km, 2.5 km 

or 4 km, to provide improved coverage in areas which 

are of scientific or economic interest. 

Although the spatial resolution of the gravity data at 

the continental scale is much coarser than that from 

aeromagnetic data in most areas, the nature of the 

dependence of the gravity field on density means that 

gravity data has a stronger sensitivity to anomalies at 

depth than magnetic data. 

Because the gravitational acceleration reduces with 

height, compensation needs to be made for the 

elevation difference between the observation point and 

the spheroid. 
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The simplest procedure for gravitational corrections is 

to allow for the decrease in gravity with height as if 

there was only air between the observation point and 

sea level.  This free-air anomaly represents the 

difference between the observed value and the 

reference field with correction for the elevation.  A 

further correction that is often applied is the Bouguer 

correction, which makes an allowance for the 

gravitational attraction of the rocks lying between the 

point at which the measurement is taken and sea level.  

A full correction depends on the local density beneath 

the observation point, but at the continental scale it is 

common to take an average crustal value. 

On land, the Bouguer anomaly represents the 

influence of the gravitational attraction of the material 

lying below sea level, and can be related directly to 

free-air anomalies at sea which use the same sea-

level datum.  However, the linkage of the two classes 

of anomaly needs to be conducted carefully because 

of the influence of zones of shallow water on the 

continental shelf. 

The free-air gravity anomaly across the Australian 

continent is illustrated in Figure 5.6, exploiting over 

1.7 million onshore gravity stations, and the 

corresponding Bouguer anomaly is shown in Figure 

5.7. The relatively subdued topography of the 

Australian continent means that the pattern of 

anomalies is similar for both free-air and Bouguer. The 

full gravity field clearly displays the contrasts 

associated with the various cratonic elements with the 

presence of notable substructure. The western portion 

of the continent has pronounced negative gravity 

anomalies associated with the deep and buoyant 

cratonic roots in the mantle. There is a north–south 

band of positive anomalies near 140°E, and a zone of 

weak positive anomalies towards the eastern 

seaboard. 

 

 

Figure 5.7: Bouguer gravity anomaly. 
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In Figure 5.8 we superimpose the boundaries of 

the geological provinces on the Bouguer anomaly 

pattern, and in Figure 5.9 we show the major 

crustal boundaries of Korsch and Doublier (2016), 

so that the relations between the gravity field and 

the major geological structures are more clearly 

displayed.  In particular, we note that many of the 

major features are outlined by gravity anomalies, 

e.g. the strong negative in the Albany–Fraser 

Orogen on the southeastern side of the Yilgarn 

Craton. 

The group of alternating bands of east–west 

trending low and high gravity anomalies in central 

Australia dominate the gravity images, and are 

associated with substantial localised changes in 

crustal thickness in the zone affected by the 

Petermann and Alice Springs orogenies. These 

variations in the depth to the Moho have been   

directly imaged using full crustal seismic reflection 

(see Chapter 7), and involve offsets of 15 km or 

more on the Moho. In places, dense lower crustal 

and upper mantle material has been brought 

close to the surface. 

Similar, but weaker, bands of alternating north–

south trending gravity anomalies in eastern 

Australia are interpreted to be associated with a 

series of island arcs and a succession of 

accretion events onto the evolving eastern margin 

of the continent.  
 

Figure 5.8: Bouguer gravity anomaly with geological provinces. 
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The major mineral province around Mt Isa has 

strong positive gravity anomalies which trend 

north–south, a tectonic grain imparted during the 

Mesoproterozoic. These gravity anomalies 

associated with the Mt Isa Province extend south 

of the region of outcrop. The positive anomalies 

are sharply truncated in the south, resulting in a 

strong gravity gradient that most likely formed 

during the latest Proterozoic break-up of the 

supercontinent Rodinia, when it would appear that 

Laurentia (North America) rifted from Australia to 

form the palaeo-Pacific Ocean. 

In the west of Australia, we see contrasting 

features in the different Archean domains. In the 

northern part of the Pilbara Craton, the gravity 

patterns are ovoid to circular, reflecting the 

presence of granite bodies and greenstone belts 

that encircle them. In contrast, in the Yilgarn 

Craton, distinctive elongate features arise from 

the gravity response to the dense mafic rocks in 

the nearly north–south oriented greenstone belts 

and elongate granite batholiths. 

  

Figure 5.9: Bouguer gravity anomaly with major crustal boundaries.
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Most of the western part of the continent shows a 

negative gravity anomaly and this feature dominates 

the continental pattern.  When attention needs to be 

drawn to localised anomalies, it is convenient to 

remove this long-wavelength background, e.g. by 

spectral filtering as in Figure 5.10, where all 

wavelengths longer than 250 km are removed. 

This procedure reveals more detail in the variation of 

gravity, and accentuates the localised strong features 

in central Australia. We also see that the edge feature 

associated with the Albany–Fraser Orogen is in fact a 

gravity doublet, with a prominent negative trough 

adjacent to a prominent high.  Similar prominent edge 

structures can be seen at the western edge of the 

Yilgarn Craton across the Darling Fault into the 

Pinjarra Orogen, and at the western edge of the 

Gawler Craton. 

The filtered image also emphasises large-scale but 

narrow features, such as the significant northward 

extension of the Munderabilla fault zone from the 

south coast near 127°E. This continental-scale feature 

appears to cut across a number of prominent features 

including the link from the Musgrave Province into the 

Rudall-Paterson zone on the eastern edge of the 

Pilbara Craton. 

In the east, the complex pattern of the New England 

Orogen from 25°S to 33°S becomes more clearly 

defined.  We also see the emergence of distinctive 

structures beneath the cover of eastern Australia, in 

particular those associated with the transition from the 

Lachlan Orogen to the Thomson Orogen. 
 

Figure 5.10: Bouguer gravity anomalies after application of a spectral filter to remove spatial 

wavelengths longer than 250 km. 
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