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Airborne Geophysics – a large par t of the big exploration picture 
 
C. Reeves, ITC Enschede 
 
Exploration of the subterranean earth requires 
innovative techniques, amongst which 
aeromagnetic surveys offer enormous potential 
for covering large areas at low cost (Reeves, 
2001). Since most cover formations and sedi-
ments found at the earth’s surface are non-
magnetic, anomalies arising from the underly-
ing igneous and metamorphic rocks may be 
mapped aeromagnetically to indicate the struc-
ture and lithology of these older rocks, even 
where they are hidden. 
Systematic aeromagnetic reconnaissance map-
ping of Australia over the past 50 years has led 
to a magnetic anomaly map of the continent 
that shows the continuity of crustal geology, 
despite the cover of Mesozoic and Cenozoic 
formations that is found at the surface over 
more than half the land area (Reeves, 1998). In 
more recent years, surveys flown at very low 
terrain clearance (50 m) and close line-spacing 
(100 m) have revealed geological detail in 
selected areas that has proved invaluable to 
economic exploration for gold in terranes such 
as the Archean Yilgarn Block of Western Aus-
tralia. 
Interest in mapping dykes as tectonic indica-
tors of paleo-stress has highlighted the capac-
ity of aeromagnetic surveys to map them ex-
haustively over large areas. The virtually com-
plete aeromagnetic coverage of eastern and 
southern Africa has enabled a catalogue and 
digital database of dykes for the 14 countries 
of the region to be produced (Chavez Gomez, 
2001). 
The power of aeromagnetic coverage to inter-
pret structures and lithology in Precambrian 
geology over the large parts of Africa hidden 
by younger cover has yet to be exploited sys-
tematically. The cataloguing and digital com-
pilation of all aeromagnetic surveys over the 
whole continent was completed ten years ago 
(Barritt, 1993). The continuity of magnetic 
anomaly patterns from country to country 

gives new insight into the tectonic and meta-
morphic history of large regions and gives a 
new means of linking these to the other conti-
nents that once, with Africa, made up the su-
percontinent of Gondwana (Sahu, 2001). 
The challenge of geologically mapping central 
southern Africa where Kalahari sand (creta-
ceous to recent in age) blankets all older rocks 
has been advanced as a result of interpreting 
aeromagnetic coverage of the region (Eberle 
and Hutchins, 1996). Figure 1 (a) shows the 
Precambrian structure of southern Africa, (b) 
the Karoo (Carboniferous to Jurassic) sedi-
ments, (c) the dykes and basalt sheets, the lat-
ter mostly attributable to 182 Ma (Early Juras-
sic) volcanism and (d) the above with the Ka-
lahari sand-cover added back. The information 
in (a) and (c) comes largely from aeromagnetic 
data. 
Successful matching of Precambrian geology 
across continents from Africa into Madagascar 
and India from information that includes 
aeromagnetic surveys and field geology re-
quires that the ‘shoulders’  of the Precambrian 
blocks that have remained stable throughout 
the Phanerozoic should be reassembled at no 
more than about 60 km separation – the width 
of a rift valley (Reeves and de Wit, 2000). 
This means ‘undoing’  the rifting and exten-
sional phase of continental separation as well 
as the drifting recorded in the ocean floor crea-
tion (see http://kartoweb.itc.nl/gondwana for 
an animation). Such a tight match of the geol-
ogy across the Red Sea and Gulf of Aden re-
spectively proves visually satisfactory, but 
cannot be achieved if both Africa and Arabia 
are kept rigid. Assuming a rigid Arabia re-
quires modest movement of the Horn of Africa 
with respect to the remainder of the continent. 
A satisfactory rotation pole for this lies within 
the fragment, close to the Jurassic Anza Rift 
that separates the Horn of Africa from the 
Tanzania Craton (Fig. 2). 
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Figure 1: A. Precambrian ‘basement’  of southern Africa interpreted from aeromagnetic coverage. 
    B. As A but with Karoo sediment cover added. 
    C. As B but with Karoo basalt cover and all dykes added, both interpreted from aeromagnetic  
         surveys. 
    D. As C but with the surficial cover of Kalahari Sand added to demonstrate how it obscures much 

                     of the interpreted geology from direct observation. 
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Figure 2: 
Closing the Red Sea with a 
coastline-to-coastline fit 
does not close the Gulf of 
Aden similarly, as is re-
quired by matching the 
geology on opposing 
coasts. A more satisfactory 
fit is achieved by rotating 
the Horn of Africa and 
allowing movement rela-
tive to the rest of Africa 
(a) in the rift valley 
through Ethiopia and, 
more modestly, (b) along 
the Anza Rift in Kenya. 

A B 
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Taking the principle one stage further, the Pre-
cambrian geology of the African coast south of 
the Niger delta makes a satisfactorily close fit 
with that of Brazil (Fig. 3A). A visual com-
parison with the present-day African rift shows 
persuasive similarities (Fig. 3B). Similarly, a 

tight fit of the coast of West Africa with the 
north coast of Brazil is also satisfactory from 
the point of view of Precambrian geology. 
However, the two fits cannot be achieved si-
multaneously if Africa is held rigid (Burke et 
al., 1971). 

 

   
 
Figure 3: A. Coastline-to-coastline fit of South America and Africa south of the Niger delta with the geol-

ogy  shown by de Wit et al. (1988), the two continents in a position near the start of their initial 
rifting. 

  B. The present East Africa Rift from the same map at the same scale to demonstrate the similarity  
with A from the point of view of the Precambrian geology. 
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We have investigated quantitatively the possi-
bility of re-shaping Africa during the Creta-
ceous while causing no more ‘damage’ than is 
evident in the Central African rift system 
(Fairhead, 1988; Bosworth, 1994). The em-
bryo South Atlantic Ocean at first continued 
north into Niger before strike-slip along the 
initial margin between West Africa and the 
north coast of Brazil left a rotated NW Africa 
in its present position with respect to the rest 

of Africa. NE Africa is displaced to the east 
with respect to its original position (Fig. 4). 
We show that Ethiopia and the Horn of Africa 
also moved slightly clockwise with respect to 
the Congo craton in this process, removing the 
problem of overlap of NW India on to Somalia 
and Arabia if the Reeves and de Wit (2000) 
Jurassic reassembly is continued northwards 
(Reeves et al., in press). 
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A       B 
Figure 4: The Cretaceous ‘ re-shaping’  of Africa. A. At least 140 million years ago. Coastline-to-coastline 

fits of Africa south and west of the Niger delta to a rigid South America achieved by rotating NW 
Africa relative to the Congo craton and adjusting NE Africa and Arabia-Ethiopia-Horn of Africa 
accordingly. Present-day latitudes and longitudes shown at 5 degree intervals on each Precam-
brian fragment in white for comparison with a latitude-longitude system based on the Congo cra-
ton shown in black. B. Not more than 120 million years ago. NW Africa and NE Africa rotated to 
their present positions with respect to the Congo craton. The Central Africa rift system that re-
sulted from these relative movements shown in black (after Bosworth, 1994). Arabia and the 
Horn of Africa still in their positions prior to the opening of the Red Sea and the East Africa rift 
system. Map made using the Atlas software of Cambridge Paleomap Services Limited 
(www.atlas.co.uk/cpsl). 

 
A model of Africa emerges in which there are 
rigid Precambrian mosaic elements that have 
retained their geometry since at least the latest 
Precambrian, separated by zones that have 
functioned as rifts at one time or another dur-
ing the Phanerozoic. This model may be ex-
tended to the ‘cratons and mobile belts’  model 
of Africa advocated by Clifford (1970). 
 
Judicious combination of new geological in-
sight through the aeromagnetic window, re-
fined global tectonic modeling and animated 

geological cartography helps bridge the gap 
between classical global tectonics (whole 
earth, ten plates) at the 1:25 000 000 scale and 
national geological maps at, say 1:1 000 000 
scale. Gradually we build a more realistic dy-
namic model for Africa that is consistent with 
Phanerozoic geology. This approach has im-
plications for both pure and applied geoscience 
and promises new links between geophysics 
and geology. Extending the model back into 
Precambrian times present challenges for the 
future. 
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