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Introduction: The Role for Airborne Geophysics
in etroleum Exploration

Nonseismic methods provide an excellent tool for
quickly and economically analyzing regional and frontier
areas  and for focusing in on prospective areas. Airborne
gravity  provides an overview of regional basin-controlling
structures generally at depths of > 3km. Airborne magnetic
data traditionally were also used  in this capacity. Wide line
spacing and high flying height provided information
generally restricted to being sourced within the basement
and/or broad interbasinal features.

Many petroleum explorers  are  now  acquiring  ship-
borne gravity and magnetic data in conjunction with 2D and
3D seismic data. However airborne acquisition methods can
be significantly cheaper provide higher resolution data and
most importantly be acquired and analysed prior to the
acquisition of seismic data (Allsop et al  2002).

Proper survey planning is essential for the
acquisition of good quality and meaningful geophysical data.
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Summary:

Airborne geophysics is a cost-effective mechanism to rapidly increase knowledge of the sub-surface geology both
through assessing  regional basement controls and for mapping extensive and detailed intrasedimentary basin features. Such
knowledge is increasingly  valuable for risk mitigation during on-going  higher  cost   higher-risk  exploration  stages especially  in
frontier  areas.   Airborne  magnetic  and  gravity surveys  undertaken  prior  to  committing  to  an  expensive seismic  program
can  reduce  inappropriate  positioning  of seismic  lines   as  well  as  potentially  reducing  the  amount  of seismic  data  required
to  provide  the  regional  overview.   This is  particularly  important  in  areas  of  difficult  exploration logistics   such  as  areas
of  increased  security risks coastal transition  zones   and/or  areas  of  thick  carbonates  or  volcanic units.

A  high  resolution aeromagneticsurvey was acquired in the offshore North Perth Basin in Western Australia in
2003  by Fugro Airborne Surveys (FAS) for Roc Oil (WA) Pty  Ltd   as operators of the permits surrounding the Cliff Head Oil
Field.   The  area  of  petroleum  prospectivity  extends  into  the  coastal transition  zone   where  seismic  data  acquisition  is
logistically difficult and expensive.  Interpretation of the survey enabled:
• the  better  placement  of  subsequent  seismic  lines  to  avoid shallow  volcanics  and  provide  better  imaging  of  required

structures;
• lateral  extrapolation  from  existing  and  subsequent  2D seismic  data  into  adjacent  shallow  reefal  or  coastal  areas; and
• inference  of  basement  relief  that  then  permitted  focusing on basement highs as potential leads.
• Airborne  gravimetry  data  acquired  over  the  onshore sedimentary  basins  of  Angola  in  conjunction  with  Sonangol E&P

will  also  be  presented.    Such  data  demonstrate  the resolution  of  the  new  state-of-the-art  gravimetry  systems
currently available.

In the case of a seismic survey effective placement of the
individual seismic lines increases the quality and detail of
the geological information able to be interpreted from the
data. Features such as complex structural zones  the presence
of volcanics and intrusive bodies and the presence of
carbonate reefs can significantly deteriorate the quality of
the data and hence reduce the amount and/or certainty of
information that can be interpreted. Any technique or
knowledge that can assist in the planning of the seismic
data will assist in mitigating the risk of acquiring sub-standard
or difficult to interpret seismic data. Obviously such a
technique needs to be cost-effective.

Benefits of the high resolution airborne geophysical surveys
include:

• increased geological knowledge of intrasedimentary
features in particular to assist in regional and detailed
structuralmapping;

• better placement of seismic lines to intersect structures
of interest and avoid features such as carbonates and
volcanics;
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• more comprehensive and ongoing interpretation of
seismic data through an integrated interpretation of the
seismic data and potential field data.

In some cases the cost of the airborne survey may
be able to be justified solely on the better placement of  seismic
lines without considering the additional value obtained from
the geological information that the airborne survey provides.

The key to identifying critical structural trends is
the resolution of the airborne data – this is dependant on the
flight line spacing sampling interval and flying height. Flight
line spacing of  <300m and flying heights < 120m are now
typical for airborne magnetic surveys.

Complementary techniques such as magnetic
gradiometry airborne gravity gravity gradiometer and
airborne electromagnetics can also be applied to specific
geological environments and specific exploration problems.

Airborne Magnetic Data Acquisition and
rocessing

Airborne magnetic surveys record the local
variations in the Earth’s Total Magnetic Intensity. This
reflects the proportion of  magnetic  minerals  in  rocks  in  the
vicinity  of  the  airborne magnetometer. Different  rock  types
have different magnetic responses and relatively few  minerals
show significant magnetic susceptibility. The basement
rocks are often significantly more magnetic than the
overlying sediments. Generally sedimentary basins of
interest  for  hydrocarbons contain  essentially  non-magnetic
or only weakly magnetic sedimentary horizons.

Developments in aircraft and geophysical
instrumentation navigation and processing (notably image
processing) have all contributed to reduced noise levels
and hence increased signal:noise ratios. This has enabled
resolution  of  very  low level  magnetization  contrasts
which  occur  within  the sedimentary sequence.     An
essential component to mapping such subtle features  is the
acquisition of the magnetic data at low  flying  heights
preferably  less  than  120m  draped  above the topography.
Generally the magnetometer cycle rate is 10 Hz   which
equates  to  approximately  7-8m  along  ground.  Total  noise
is  <  0.1nt  peak-to-peak.    Sub  nano-Tesla  (nT) anomalies
in  the  basement  and  overlying  sediments  can  now be
readily detected and imaged.

Depth  to  magnetic  basement  is  still  critical  to

assist  in determining  the  thickness  of  the  sedimentary
succession.   However  since  many  of  the  hydrocarbon
accumulations  are within intrasedimentary traps draped
above the basement  it is imperative  to  highlight  such
features  of  interest  for  further geological and geophysical
investigation for exploration.   The responses  of  the
intrasedimentary  units  are  generally  too subtle  to  detect
on  profile  data   or  Total  Magnetic  Intensity (TMI  images).
Advanced  data  processing  and  image processing displays
are required in order to view and interpret the  subtle  features
within  the  sediments.      MagSlice processing   developed
by  FAS   is  used  to  separate  data  into frequency
components using Matched Filtering. The MagSlice images
enable  the  interpreter  to  determine  lithological  and
structural relationships.

A good example of the role played by image
processing is the example  from  the  Umiat  Oil  Field   North
Slope  Alaska  shown in Figure 1.  Regional NW-trending
basement features are  evident  in  the  Total  Magnetic  Field
(Reduced  to  Pole). The  greyscale  1st vertical  derivative
enhancement  images  the overlying  magnetic  sedimentary
stratigraphy.    The  E-W trending  Umiat  Anticline  is  clearly
evident  superimposed  on the regional basement trend.

Available  interpretation  techniques  include
quantitative  depth to  magnetic  basement  techniques  such
as  Naudy   Euler  and Werner   and  a  more  qualitative
assessment  of  the  size orientation  and  extent  of  structures
and  other  geological features.  The quantitative modelling
of the airborne magnetic data (and/or gravity data) can assist
in reducing ambiguities in the  interpretation  of  2D  and  3D
seismic   through  such utilization  of  independent   yet
complementary   geophysical methods.    Accordingly   this
contributes  to  risk  reduction during ongoing exploration
work.

Case Study:  High Resolution Aeromagnetic
Surveys in the North  erth Basin, Western
Australia

The  Perth  Basin  is  an  elongate   north  to  northwest
trending  onshore  and  offshore  sedimentary  basin
extending approximately  1 300  kilometres  along  the
southwest  coast  of Australia.    This  is  a  structurally
complex  basin  that  formed through  several  phases  of
rifting  between  Australia  and Greater  India  during  the
Permian  to  Early  Cretaceous.    The tectonic  framework
(Figure  2)  is  dominated  by  the  north trending  Darling
Fault   which  forms  the  eastern  bounding fault  system



6th  International Conference & Exposition on Petroleum Geophysics  “Kolkata  2006”

(17)

and  a  series  of  sub-basins   troughs  and  ridges bounded
by  normal  faults  and  strike-slip  faults  (Industry Tourism
Resources  2003).

The Cliff Head Oil Field was discovered in the
offshore North Perth  Basin  in  December  2001  by  Roc  Oil
(WA)  Pty  Ltd   as operators of the WA-286-P Joint Venture.
The field is located approximately  300km  NNW  of  Perth
Western  Australia   and is  approximately  15km  offshore   as
shown  in  Figure  2.    The reservoir is at <1500m  within the
NW-trending Permian Play Fairway.  Oil  reserves  are
estimated  to  be  14  MMBO  (2P reserves)  with  first
production  expected  in  the  first  quarter  of 2006 (Roc Oil
Company  2005).

The  Cliff  Head  Oil  Field  developmental  area  is  in
water depths  ranging  from  10m  to  20m.    The  area
includes  sub-littoral reefs  around  the  field  area  and  closer
to  shore. Exploration  challenges  include  the  difficulty  of
seismic acquisition  along  the  coastal  transition  zone   and
around  the shallow offshore reefal systems.

Over  48 000  line  kilometres  of  high  resolution
aeromagnetic data were acquired in late 2003 for Roc Oil
(WA) Pty Ltd  as operators  of  the  WA-286-P   WA-325-P
and  TP/15  Joint Ventures  in  the  North  Perth  Basin  (Figure
2). The East Abrolhos  and  Offshore  Dongara  surveys
were  acquired  along flightlines  spaced  150m   at  a  constant
elevation  of  100m above  sea  level. An  initial  test  strip
over  the  off-shore  Cliff Head  Oil  Field  and  on-shore
Beharra  Springs  Gas  Fields  was acquired with 100m line
spacing.

Cliff Head Oil Field  Permit WA-286-P:

Figure 3 shows the high resolution aeromagnetic
data over the Cliff Head Oil Field. The magnetic responses
around the field appear  to  be  predominantly  reflecting  the
fault  geometries.  These  include  responses  generated
from  magnetic  horizons offset by  faults  and also responses
generated through distinct magnetization  characteristics  of
the  fault  itself.    Many  such intrasedimentary faults are
evident as linear magnetic features.  Several major normal N-
S and NW-SE trending normal faults are recognized in the
data.   Some of these  faults  such as the Geraldton  Fault  to
the  west  of  the  Cliff  Head  Field  can  be imaged  in  the
magnetic  data  at  several  depths   as  highlighted in  Figure
3.    A  N-S  trending  magnetic  high  is  sourced  from the
upper  Geraldton  Fault   while  the  more  subtle  magnetic
response to the west appears to be sourced at depth where
the Geraldton Fault intersects basement rocks.

Fiona MSS Seismic  Permit WA-325-P:

The newly acquired East Abrolhos Aeromagnetic
Survey  was used to assist in planning a 2D seismic survey
in permit WA-325- P.    Numerous  localized  volcanic  plugs
can  be  clearly imaged in the magnetic data  as shown in
Figure 4.   The 2004 Fiona MSS was designed to detail a
cluster of Permian rotated fault  blocks  in  this  permit.    The
seismic  line  layout  was modified  on  the  basis  of
preliminary  results  of  the  East Abrolhos  Aeromagnetic
Survey  prior  to  seismic  acquisition.  Figure  5   includes  the
existing  seismic  data  (2003  and older)  as  well  as  the  post-
aeromagnetic  survey  location  of  the  Fiona MSS  seismic
lines.    Although  the  Fiona  lines  were  still programmed
close  to  the  apparent  volcanic  plugs  to  infill  the existing
seismic data  a prime objective of the revision was to avoid
the volcanic plugs which might obscure the key seismic
horizons required for mapping.   Lines from Fiona MSS were
truncated  to  the  southwest   before  traversing  the  larger
magnetic anomaly.  The proximity of these volcanic plugs
and associated  sills  could  also  considered  in  the  risking
of  the leads mapped from the new seismic data.

Xanadu Lead  Permit TP/15:

The Xanadu Lead is located south of the Cliff Head
Oil Field in  shallow  water  (generally  less  than  10m).    The
structure  of the Xanadu lead was indicated by only a few
pre-2000 seismic lines  (shown  in  Figure  6)   acquired  by
conventional  marine seismic  vessels.  The  Xanadu  lead
was  identified  from  these data  as  a  shallow  (~1000m)
potentially  extensive  Permian horst  with  uncertain  closure.
Subsequent  acquisition  of  the Offshore  Dongara
aeromagnetic  survey  shows  Xanadu  as  a prominent
basement  feature  and  provided  encouragement  for both
airborne  gravimetry  and  transition  zone  seismic  surveys
to determine the extent of Permian closure  particularly to the
south.

In  addition   the  interpretation  of  aeromagnetic
data  in  the offshore North Perth Basin also enabled:

• reassessment  of  fault  linkages  between  existing
seismic lines

• clarification  of  areas  of  ambiguity  in  the  seismic
interpretation  and

• provided  a  better  understanding  and  hierarchy  of
fault interference  patterns  that  may  be  producing
broad  zones of  disruption  on  the  seismic  data.  Many
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of  the  magnetic features  around  the  Cliff  Head  oil
field  appear  to  result from the interference between
early and late structures.

Other Applications of Airborne Geophysical Data

Fugro  Airborne  Surveys  has  acquired  extensive
airborne geophysical  surveys  to  assist  petroleum  explorers
in  petroleum-bearing  sedimentary  basins  throughout  the
world.  Mitigating  seismic  risk   as  outlined  in  this  paper
is  only  one application of these surveys.

Other applications include:

• Improved  definition  of  structural  trends   including
increasing  confidence  in  extrapolating  fault  linkages
interpreted from 2D seismic;

• Identification  of  alteration  pathways   possibly
associated with hydrocarbon migration;

• Provision  of  depth  to  magnetic  basement  information
to provide  an  indication  of  the  thickness  of  the
potential source  sequence   especially  where  too  thick
to  be  well seismically imaged;

• Depth  to  other  weakly  magnetic  intrasedimentary
horizons;

• Compilation  of  regional  and  detailed  structural
framework  including thrust zone mapping;

• Detecting  and  mapping  of  salt  structures   and/or
mapping of carbonate reefs

Airborne  gravimetry  data  recently  acquired  by
FAS  in conjunction with Sonangol E&P over the onshore
sedimentary basins  of  Angola  by  FAS  will  also  be
presented.    These  data demonstrate  the  resolution  of  the
new  state-of-the-art gravimetry systems currently available.

Conclusion

Correctly  planned  and  executed  airborne  magnetic
surveys can  reduce  the  risk  of  ongoing  petroleum
exploration programs.

Aeromagnetic  surveys  provide  an  economical
way  to  collect and  analyse  data  to  present  high  quality
and  high  resolution information  on  the  structural
interpretation  of  the  basin.  Seismic  surveys  can  then  be
designed  on  and  around  the results  of  aeromagnetic
programs   thus  reducing  exploration risk  and  increasing
cost-effectiveness  of  all  geophysical surveys.
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