
 
 
 
 

 

Abstract

High resolution aeromagnetic data acquired over the Sirt Basin, Libya, was used to
estimate depth to basement, and depth to two intra-sedimentary horizons: top of
Nubian sandstone, and top of Unit 4 of the Nubian sandstone. Depths to these
horizons were calculated through the analysis of energy spectra of the observed
magnetic field, while faults and magnetic lineaments were derived through the
application of a curve-matching method based on the Naudy technique.

The project saw the application of a new spectral technique, termed the multi-window
test. When applying energy spectral analysis to windowed potential field data, a poor  
choice window size or windowing function will lead to errors in depth estimation.
The multi-window test estimates the depth over a span of window sizes centered over
a point of interest; estimates which are not sensitive to window size correspond
heuristically to magnetic interfaces.

The application of the multi-window test allowed both rapid, automatic estimation of
depth to multiple horizons and also provided a set of window-sizes as suitable 
candidates for detailed semi-automatic interpretation.

The magnetic-derived results correlate well with both seismic interpretation and well
information. Spectral methods can be successfully applied to image basement and
some intra-sedimentary horizons in the Sirt Basin, and the multi-window test has
proved itself a valuable tool in producing a robust interpretation of potential field data.

Introduction

We performed a study of high-resolution aeromagnetic data acquired, with the aim of
mapping two horizons - the top of Precambrian Basement, and the top of the Nubian
Sandstone (the Sirt Unconformity) - in addition to determining the depth and extent
of volcanic layers within or overlying the Nubian Sandstone.

While we used curve-matching along profiles to define major faults and lineaments,
and forward modelling to confirm our interpretations, the primary tool employed was 
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energy spectrum analysis (ESA). A new refinement of the spectral analysis technique 
in  particular  was  instrumental  in  rapidly  computing  the  depths  to  the  targeted 
horizons, and in overcoming some of the limitations of energy spectrum analysis as 
traditionally employed, this being the ESA multi-window test.

Energy Spectrum Analysis 
ESA is a well established technique for estimating the depth to a (magnetic) horizon, 
originally based on the work of Bhattacharyya (1966).

Following Spector and Grant (1970), a magnetic interface is modeled by a statistical 
layer  of  magnetized  vertical  blocks,  whose  dimensions  are  uniformly  distributed 
between zero and some finite upper bound, with mean thickness  t and (local) mean 
depth h. If the magnetization of the bodies does not differ greatly in alignment with  
the geomagnetic field, the radially averaged expectation of the energy spectrum is  
dominated by an exponential  decay in wavenumber r,  the rate  proportional  to  the 
depth h

where  S(r) depends  upon  the  mean  horizontal  extents  of  the  bodies,  and  can  be 
neglected when these extents are small relative to the depth. Taking the logarithm 
then gives a curve which has a slope proportional to the depth as r increases.

In  order  to  obtain  an  estimate  of  depth  in  a  localized  area,  ESA is  applied  to  a 
windowed sub-region of the magnetic field data; by performing this at multiple points 
— the  ESA  moving  window procedure  —  a  depth  map  of  the  interface  can  be 
produced (Kivior et al. 1993).

ESA Window Size
The chief difficulty in applying the moving window procedure is that of determining a 
correct window size. If the window is too small, it will not incorporate enough of the 
data for successful imaging of the horizon; if it is too large, the low frequency spectral 
decay  will  be  dominated  by  deeper  magnetic  sources.  Appropriate  window  sizes 
however are likely to be stable, in that small variations in window size should have 
little or no effect on the depth estimated by the spectral decay.

Workshop Non Seismic Methods
Manama, Bahrain, 12-15 Oct 2008



The multi-window test procedure consists of calculating energy spectra over a series 
of increasingly large windows, all centered over a point of interest. Ranges of window 
sizes where the derived depth value is nearly constant indicate both a suitable 
window size for performing ESA in the neighborhood and the approximate depth to 
the causative magnetic interface.

Coupled with fast, automatic spectral decay estimation, the multi-window test can be 
applied  along  a  profile  or  over  a  whole  survey,  to  quickly  map  out  both  depth 
estimates  and stable  window sizes  for ESA. It  is  quite  possible  for there  to  exist 
multiple  regions  of  stability  among  the  window  sizes,  and  these  can  often  be 
successfully identified with distinct magnetic horizons within the area of interest. 

At any one point then, the multi-window test may identify multiple potential depths 
and  estimate  the  stability  of  those  solutions  with  respect  to  window size  choice. 
Plotting high stability  depth solutions along a profile can image multiple  horizons 
simultaneously while providing a set of window sizes that can be regarded as most 
suitable for further spectral analysis.

Application in the Sirt Basin
We applied  the  ESA multi-window test  to  a  number  of  profiles  across  the  study 
region, using an automatic  routine to estimate spectral  decay,  in order to obtain a 
rapid estimate of the depth to basement and to identify good target window sizes for 
more detailed, computer-aided manual interpretation. The automatic software is quick 
but not as accurate as manual interpretation, chiefly due to its sensitivity to noise in 
the  computed  spectra.  Nonetheless,  not  only  did  these  profiles  produce  a  good 
approximation of the basement horizon (as verified against seismic interpretation over 
the same area), they unexpectedly outlined a shallower horizon that corresponded to 
Unit  4  of  the  Nubian  Sandstone  when  compared  with  well  information.  Unit  4 
is composed from haematitic silty sandstone, and constituted a sufficiently significant 
magnetic contrast to be identified by the automatic multi-window test. 

Figure 1 gives an example of the multi-window test output along a profile, where the 
depths at each point are colored according to the stability of the solution with respect 
to window-size. Clear, multiple horizons are evidenced in sections of the profile.
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Using  the  stable  window-sizes  determined  by  the  automatic  test,  the  manual 
interpretation  of  ESA  results  achieved  highly  accurate  estimates  of  the  depth  to 
Nubian, as confirmed at well locations to within two percent, as well as producing a 
map  of  depth  to  basement  that  was  in  good  agreement  with  the  independently 
produced seismic interpretation. 

Conclusion
We can conclude that in the Sirt Basin, the analysis of high-resolution aeromagnetic 
data can provide very good estimates of depths to magnetic horizons, and further, that 
the  ESA  multi-window  technique  is  a  valuable  tool  for  producing  robust 
interpretations and for rapid imaging of magnetic horizons.
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Figure 1. Automatic multi-window test output along a profile. Depths are colored by solution stability.




