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3. Radiometry 

A major effort has been made to assemble a continent-scale 

study combining the results of many different airborne radiometric 

surveys (Figure 3.1).   

The radiometric surveys measure the gamma-ray spectrum at a 

modest altitude (around 100 m) arising from the decay of the 

major radioactive elements potassium (K), uranium (U) and 

thorium (Th) in the top metre or so of the ground. The energy 

distribution of the gamma rays is specific to the decay chain for 

the particular elements, and hence the relative contributions can 

be measured and extrapolated back to the concentrations of the 

radioactive elements at the Earth’s surface.  

Corrections need to be made for the background radiation, the 

height of the aircraft above the ground and the response and 

sensitivity of the detector.  Further processing is required when 

many different surveys are combined as in Figure 3.1, to ensure 

that a common scale for element abundance is used across the 

entire image (Minty et al., 2009), and that background effects are 

treated in a consistent manner. 

Figure 3.1 employs the normal mode of display of radiometric 

results using a three-colour image. The potassium concentration 

is placed on the red channel, thorium on the green channel and 

uranium on the blue channel. The relative concentrations of the 

elements determine the local colour. 

This ternary image can be regarded as a chemical map of the 

near-surface distribution of the elements and is strongly 

correlated with the surface geology and the rate of erosion or 

deposition in the landscape. Areas low in all three radioactive 

elements appear as dark hues (ultramafics, quartzites and 

sandstones) and areas high in all three radioactive elements 

appear as white hues (felsic volcanics and granites). 

 

Figure 3.1: Gamma-ray spectrometric map for the continent of Australia created by 

combining results from many individual airborne surveys with careful cross-calibration. 

The map shows the distribution of potassium (K - red), thorium (Th - green) and Uranium 

(U - blue) in the top 30 cm of the surface. Dark coloured regions are low in total counts of 

the radioelements – these are commonly areas covered in quartz-rich sands. White 

regions have relatively high concentrations of the radioelements and are commonly 

associated with areas of active erosion, especially of felsic (granitic) rocks. The black 

areas are data acquisition gaps. 
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Weathering, erosional and depositional processes play a large part in forming the 

radiometric response (Wilford, 2012)—see Chapter 14. Many of the green and 

green-blue areas, representing high thorium but low potassium, are highly 

weathered surfaces rich in iron. 

Localised high concentrations of the radioactive elements are clearly visible in the 

granites of the Pilbara Craton and the eastern Yilgarn Craton, in central Australia 

and in the New England region of northern New South Wales.  

Many geological features and boundaries are well delineated in the 

continental‑ scale image, e.g. the Mesozoic shoreline behind the Nullabor Plain, 

with a clear distinction from the thorium-rich Yilgarn Craton. The actively eroding 

fold belts surrounding the Kimberley region are prominent against the more 

sombre tones of the Kimberley itself. There is also a clear image of the remote 

Canning Basin in Western Australia, much of it forming the Great Sandy Desert 

between the Kimberley and the Pilbara regions. The mineral provinces around Mt 

Isa and Broken Hill have a distinctive signature. Other concentrations occur in the 

Flinders Ranges, which is also noted as a zone with enhanced geothermal heat 

flux, most likely associated with a high concentration of these heat-producing 

elements in the crust. The granites of the Tasman Element along the eastern 

margin are bright red and white colours and shades, consistent with their high 

concentrations in radioelements (Figure 3.1). 

Although the ternary image provides a useful overall summary of the element 

distribution, there is considerable useful information in the individual element 

maps as can be seen in Figure 3.2, where the contributions are shown without 

any reference markers. In later figures, the same element maps are presented 

with the addition of either the geological provinces or the major crustal 

boundaries from Korsch and Doublier (2016). 

 

 

   

 

Figure 3.2:  Estimated concentrations from radiometric surveys for individual elements: red—potassium (K), green—thorium (Th), blue—uranium (U). 
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3.1 Potassium 

The strong dull red of much of the southern and eastern parts of Australia in 

Figure 3.1 reflects the dominance of potassium over uranium and thorium, even 

though concentrations are low.  There are distinct patches of potassium in the 

near surface in the granites of the Pilbara Craton, the fold belts around the 

Kimberley Block and the Georgetown Inlier.   

 

Figure 3.3: (a) Potassium concentration with geological provinces. 

 

  

The Arunta and Musgrave provinces and the Gawler Range volcanics are also 

very prominent.  Lesser concentrations are seen in the Mt Isa Province and the 

Adelaide rift.  There is patchy surface potassium in the Yilgarn Craton, and the 

Lachlan and New England orogens, largely associated with granites. 

 

 

(b) With major crustal boundaries from Korsch and Doublier (2016). 
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3.2 Thorium 

There is a broad distribution of near-surface thorium across Australia, with 

particularly noticeable concentration in both the west and the east of the Yilgarn 

Craton. Other prominent features are enhanced concentration in the Arunta 

Province and the Georgetown Inlier.  

 

 

Figure 3.4: (a) Thorium concentration with geological provinces. 

 

  

Very localised patches of enhanced concentration are seen around the Kimberley 

Block and in the Pine Creek region, in Mt Isa and at the edge of the Curnamona 

Craton. The behaviour in the Phanerozoic terranes is rather bland, even in areas 

with major granite outcrop. 

 

 

(b) With major crustal boundaries from Korsch and Doublier (2016). 
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3.3 Uranium 

Australia has a rich uranium endowment with approximately one-third of the 

known world reserves, but these rich deposits are highly localised and are too 

small to be evident at the continental scale.  There is a broad correlation between 

the surface patterns of thorium and uranium concentrations, which is not 

surprising since they form part of the same radioactive decay chains.    

 

 

Figure 3.5: (a) Uranium concentration with geological provinces. 

 

 

Yet, there are differences in the concentrations. For example, the lower uranium 

concentration compared to thorium in the Officer Basin, covering the eastern 

Yilgarn Craton, and the localised stronger patches in the Phanerozoic fold belts 

of eastern Australia. 

 

 

 

(b) With major crustal boundaries from Korsch and Doublier (2016). 
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3.4 The Nature of the Radiometric Signal 

The radiometric detectors in a low-flying aircraft register the gamma rays from 

naturally occurring radioisotopes and their intermediate decay products near the 

surface of the crust, but also the gamma rays produced by isotopes created by 

the interaction of cosmic rays with the atmosphere and those occasionally 

generated during thunderstorms. 

During radioactive decay, the radioisotopes of only three elements in the Earth’s 

crust emit gamma radiation that can be readily detected:  potassium (K), uranium 

(U), and thorium (Th). Although other elements have naturally occurring 

radioisotopes that emit gamma radiation, their levels of radiation are too low to be 

measured using airborne sensors (Minty, 1997).  Direct gamma ray emission 

from the 40K potassium isotope is detected.  In contrast, the gamma rays 

associated with uranium and thorium arise from daughter products in their 

radioactive decay chains, so there is a less direct relation to element 

concentrations. 

The estimates of the concentration of the radioelements in the crust presented in 

Figures 3.3–3.5 are based on the strengths of the spectral lines associated with 

different energies of gamma rays, as detected from a low-flying aircraft.  Early 

forms of radiometric processing relied on just the use of the strongest energy 

components associated with each of the elements.  Currently, a broad range of 

energy channels are considered, and the proportions of the different elements (K, 

U, Th) are determined by matching models of the energy spectra to the 

observations.  

Even at slow flight speeds in areas with low radioelement concentrations, the 

number of gamma ray counts in a single counting interval can be quite low and 

so extraneous noise can play a significant influence.  Estimates of the 

background noise due to cosmic rays and similar factors can be obtained by, e.g., 

flying over a body of water where no emissions are expected from below. 

 

Careful calibration of the radiometric detectors is carried out, using known 

sources on the ground with, e.g., absorption by plywood deployed to compensate 

for the loss of gamma rays due to passage through the air to the height of the 

aircraft.  It is not possible to achieve a full simulation of the aircraft in flight, since 

the gamma rays emitted from the ground impinge on the airframe somewhat 

differently than in the calibration geometry.  When information from different 

radiometric surveys is being combined, corrections need to be applied to bring all 

observations to a common survey level. 

The compilation of the latest continental radiometric map has been aided by the 

availability of a national radiometric background grid collected by Geoscience 

Australia, with north–south flight lines spaced 75 km apart, and east–west tie 

lines spaced 400 km apart. Gamma-ray spectrometric data were acquired at 80 

m height. The estimates of the concentrations of the radioelements (K, U, Th) 

along these flight lines provide a consistent basis for tying together older surveys 

conducted with varying equipment and processing.  The older surveys are tied to 

the new national framework by minimising both the differences in radioelement 

estimates between surveys and the crossing national traverses, as well as the 

differences between overlapping surveys. 

The processes whereby gamma rays emerge from the near-surface are complex 

and very hard to model without prior knowledge of the details of geological 

structure and mineralogy.  The generally mild variations in topography across the 

continent are helpful, but there can be significant effects associated with local 

strong topography when the usual assumption that the path of the gamma rays is 

near vertical is no longer satisfied. 
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