
Introduction

While  standard  airborne  magnetic,  radiometric  and  gravity  technologies  have  not  undergone 
significant changes over the last decade, the techniques have each advanced incrementally. Most of  
the improvements are related to better acquisition systems which allow for higher speed sampling,  
improved processing techniques,  and,  more  than often,  the  choice of  aircraft  platform which can  
benefit lower and slower survey flying. 

Using a series of example datasets,  we’ll  review the current “state-of-the-art” in each technology 
demonstrating what can be achieved from a resolution perspective and ultimately setting a bench-
mark for the sort of data quality industry should demand when resolution is key to project success. 

Airborne radiometric survey 

The recent uranium boom has brought about a renewed interest in the value of radiometric data which 
had, to some degree, been relegated to the place of a useful add-on to aeromagnetic surveys in most  
exploration  environments.  On  uranium  exploration  projects,  airborne  surveys  are  now  often 
commissioned primarily for the radiometric data. Given the fact that the radiometric data only reflect  
the surface expression of uranium targets which are often complex in structure and occur in a number  
of mineralisation styles (Preview 146 feature paper, 2009), there is a greater need for high resolution 
survey. 

The recent  introduction of  Radiation Solutions  RS500 spectrometers  has  resulted in  a  significant 
improvement  in the resolution capability of airborne spectrometers.  Along with 1024 channels of  
spectral data, individual crystal ADC, processing and self stabilisation, the key feature is the effective 
removal  of  dead-time  which  in-turn  enables  faster  sample  rates  of  up  to  10  Hz 
(http://www.radiationsolutions.ca/fileadmin/pdf/RS500TechData.pdf)  opening  the  door  to  detailed 
radiometric survey. 

To ensure sufficient signal at faster sample rates, detector crystal volume needs to be increased or 
alternatively, as gamma rays decay exponentially with distance from source, surveys can be flown at a  
lower height. The following examples have been taken from XPlorerTM helicopter surveys flown at an 
average height of 20 to 25m. In all cases full spectrum radiometric data have been collected using  
RS500 spectrometers sampled at 2 Hz which equates to a downline sample interval of approximately 
20m assuming a helicopter speed of approximately 40m/s. Data are NASVD processed (see Minty 
and McFadden, 1998) and reduced to ground concentrations unless otherwise specified. Examples  
have been chosen to illustrate different aspects of radiometric survey:

1. Investigate the effect of survey height on radiometric data using results from a survey over a  
small uranium deposit which was re-flown at selected altitudes. 

2. Present results from detailed radiometric surveys;
3. Demonstrate the renewed potential for ultra-high resolution airborne survey in environmental 

applications such as uranium pollution monitoring. 

1. Effect of survey height on radiometric data
As a contractor we are occasionally requested to fly radiometric data at higher survey altitude in order  
to increase the effective cone of investigation. This of course comes at the expense of resolution and 
signal attenuation. To investigate the effect of  survey height,  we’ve re-flown a detailed 50m line 
spaced survey over a small uranium deposit in Tanzania at a number of different heights, namely 
20m, 50m and 80m. Figure 1 illustrates profile results for uranium data which have been: 

• Normalised to counts/sec to compare signal strength at each respective survey height;
• Reduced to ground concentrations to compare resolution at different survey height; 
• Re-processed at 1s sample interval rather than 0.5s to compare the effect of high speed 

sampling on data resolution.
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Figure 1 Profile comparison of NASVD processed uranium data from 20m, 50m and 80m survey height.

Figure 2a Gridded uranium in ppm from 80m survey height Figure 2b Gridded uranium in ppm from 20m survey height

Figure 3 Ternary radiometric image on tilt derivative magnetic data

Figure 2a and 2b illustrate gridded uranium data in ppm for 80m and 20m survey heights.  In 
summary, signal is attenuated more than 2 fold at 80m vs 20m and the improvement in resolution  
at  the lower survey height  is  marked.  The need for faster  sampling to fully capitalise on the 
additional resolution achieved at lower survey heights is clearly demonstrated in the 0.5s sample 

data.

2: Examples of high resolution radiometric surveys
Figure  3 illustrates  a  ternary image  of  radiometric  data  overlain on  sunshaded tilt  derivative 

magnetics. The survey 
was  undertaken  at  a 
200m line spacing for 
Northcore  Mining 
with  the  objective  of 
providing  detailed 
lithostructural 
mapping to assist with 
their  copper 
exploration  project. 
Combined  with  high 
resolution  magnetic 
data,  the  radiometrics 
provides a spectacular 
map  of  the  complex 
structure 
characterising the area

72nd EAGE Conference & Exhibition incorporating SPE EUROPEC 2010
Barcelona, Spain, 14 - 17 June 2010



Figure 4 Ternary radiometric data overlain on digital terrain. Elevated  
uranium concentrations flagged purple.

Figure 5 Gradient enhanced total magnetic intensity.

Example  3:  Application  for 
ultra  high  resolution 
radiometric survey to monitor 
uranium pollution:
With  an  increased  focus  on 
environmental  management, 
new  legislation  in  many 
countries  including  South 
Africa,  requires  that  mine 
sites  are  monitored  for 
radioactive  pollution.  In  the 
case  of  the  Witwatersrand 
gold  mines  for  example, 
uranium associated with gold 
mineralisation  has  been 
concentrated  as  part  of 
mining  and  processing 
activity  resulting  in  elevated 
uranium concentrations in slurry dams and associated watercourses (Coetzee and Larkin 2009).  
This is an ideal environment for ultra-detailed radiometric survey.  As a demonstration dataset 
we’ve  windowed a  portion of  data  over  a  mine  site  and overlaid ternary radiometrics  on an 
associated  terrain  model  with  elevated  uranium concentrations  flagged  in  purple  (Figure  4). 
Although the resolution of the survey is exceptional at 75m line spacing, clearly highlighting 
potentially contaminated target areas, the capability exists to more than double the spectrometer 
sample rate which, when combined with a 50m line spacing for example, would more than double 
the effective resolution.

Magnetic data

While new developments in airborne magnetics such as SQUID gradiometers (Stoltz et al, 2006), 
string  gradiometers  (Sunderland  et  al,  2009),  vector  magnetics  (Dransfield  et  al,  2003)  and 
associated  processing  routines  (FitzGerald,  2009)  will  no-doubt  play  a  role  in  future  high 
resolution magnetic surveys, at present fixed-boom helicopter platforms tend to dominate the high 

resolution  magnetic  survey 
market.  Given  that  the 
magnetic  field  decays  as  an 
exponential  function  with 
distance  from  source,  the 
primary  benefit  of  helicopter 
platforms is being able to fly a 
tight  consistent  drape  at  low 
altitude.  Gradient 
enhancement  works  well  due 
to  the  increased  signal 
encouraging  horizontal  boom 
mountings  which  allow  for 
sensor separation (Wooldridge 
2004).

Figure  5  illustrates  gradient 
enhanced  total  magnetic 
intensity data windowed from 
a helicopter  survey flown for 

African  Eagle  Resources. 
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Figure 6 Trend removed airborne Bouguer gravity surface and contours with first  
vertical derivative magnetics underlay.

Magnetic data was collected at a 75m line spacing with a sample rate of 20 Hz equivalent to a  
downline sample interval of approximately 2m. A survey height of 20 – 25m was employed. The 
detailed resolution of magnetic texture and structure is exceptional.

Gravity data

Over the last decade airborne gravity has become widely accepted as a standard first stage of 
exploration  in  frontier  petroleum  environments  where  the  technology  is  ideal  for  basin 
identification and regional  mapping.  As the gravity anomaly is  measured in conjunction with 
aircraft accelerations, processing requires an additional non-inertial sensor such as GPS to map 
the  accelerations  originating  from  the  aircraft  platform.  The  limit  on  the  accuracy  of  GPS 
measurements in turn places a limit  on the accuracy and resolution capability of the airborne  
gravity systems (van Kann, 2004, Bruton 2000). While basin identification and regional mapping  
is easily achieved with current systems,  mapping of basin structure demands improvements in 
both accuracy and resolution. There are two relatively simple approaches to further improve the 
accuracy  and  resolution  of  airborne  gravity  systems  (Wooldridge,  2010):  use  slower  flying 
aircraft platform; and oversample the line spacing to remove uncorrelated noise. 

Figure  6  illustrates 
results from an airborne 
gravity survey flown for 
Surestream Petroleum in 
western  DRC.  Gravity 
data were collected at a 
relatively  high 
resolution  (2km  line 
spacing) using a Pilatus 
PC6  aircraft  platform 
noted  for  its  ability  to 
fly exceptionally slowly. 
In  addition  to  the 
gravity  data,  high 
resolution  gradient 
helicopter magnetic and 
radiometric  data  were 
collected at a 200m line 

spacing.  The combination of high resolution magnetics with airborne gravity enables detailed 
mapping of both shallow structure and basement features along with the basin extent which is  
manifest as a steep sided gravity low.

Summary and Conclusions

A  number  of  high  resolution  datasets  have  been  presented  from  recent  airborne  magnetic,  
radiometric and gravity surveys. Each of the datasets is notable for the exceptional resolution and 
ability to resolve subtle features. In all cases the key to collecting quality high resolution data has  
followed the methodology below:
1. Magnetic data

a. Low survey  height  and  the  aircrafts  ability  to  fly  a  tight  consistent  drape  is  an 
essential consideration;

b. High speed sampling of data, e.g. 20Hz, is important for very detailed surveys (e.g. 
line spacing < 50m);

c. Gradient  data is  a useful  benefit,  especially effective for low-level  surveys  where  
magnetic gradients are larger.

2. Radiometric data:
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a. In  all  cases  low  survey  height  is  encouraged  again  with  tight  drape  flying 
recommended;

b. High speed sampling of data, e.g. 2 Hz, and slow aircraft speed result in significant 
down-line resolution improvements. 

3. Gravity data
a. Aircraft speed is linearly proportional to the down-line resolution of the data. Choosing a slow fixed-

wing/helicopter platform is a key consideration with any airborne gravity survey;
b. Using relatively tight line spacing (< the down-line resolution) is a useful means of improving the  

accuracy of the overall dataset by means of spectral filtering of uncorrelated noise. 
c. Accuracy-resolution performance  of  different  instruments  varies  considerably (Wooldridge  2010). 

When  there  is  a  demand  for  higher  resolution  data,  understanding  the  instrument  capability  is  
important. 
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