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michael hall oUTlines The Use of earTh observaTion daTa for a geological 
inTerPreTaTion sTUdy of The easT african rifT sysTem

Astrium GEO-Information Services has recently completed a geological 
interpretation study of the East African Rift System (EARS) and the 
surrounding area – a region that is currently experiencing a surge in 
hydrocarbon exploration activity. Primarily based on Earth Observation 
(EO) data, the study provides exploration companies with a wealth of 
digital geological data, integrating surface structural and stratigraphic 
information with the location of both lake and offshore oil seeps. 

Complex landscape
Geologically the EARS is an active continental rift zone, where the 
earth’s crust is being actively split apart. From space, the elongate 
morphology of the EARS is clear – extending approximately 5,000km 
in a general N-S direction, from the Afar area in Ethiopia to the 
Inhambane region in Mozambique. The area is characterised by two 
main rifting trends, defined as the Eastern and Western Branches, 

produced by a series of rifting events. These multiple rifting phases, 
have resulted in a series of superimposed geological structures 
producing a complex landscape that has developed over millions  
of years. 
It is the long-term subsidence caused by the rifting and the  
subsequent sediment accumulation in the lakes occupying these 
topographic lows, which is thought to have produced the conditions 
necessary for hydrocarbon formation. According to Andrew Stroomer, 
Astrium GEO-Information Services’ UK Managing Director: “The East 
African Rift System is increasingly viewed as a hydrocarbon exploration 
hotspot, particularly given recent discoveries in the Albertine Rift and 
offshore Tanzania. Covering approximately 4.5 million square km, our 
study provides exploration companies with a consistent interpretation 
of the surface geology and the location of hydrocarbon seeps in  
the region.”
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Color-shaded relief image of the Great Rift Valley 
and surrounding area assembled from C-Band 
Interferometric and X-Band Radar flown aboard the 
Shuttle Radar Topography Mission (SRTM) on  Space 
Shuttle Endeavour in February 2000

(SOURCE) Montage compiled from NASA and JPL imagery
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Off-the-shelf perspective
Prior to Astrium’s Geological Interpretation Study, exploration 
companies would have needed to amalgamate existing geological 
maps - sometimes paper-based - that were not always consistent or  
at a suitable scale. Not surprisingly, there has been considerable 
interest in the study as it provides a unique ‘off-the-shelf’ regional 
perspective, with the interpretation ranging across Djibouti, 
Somaliland, Ethiopia, Uganda, Kenya, Malawi, Rwanda, Burundi, 
Tanzania and Mozambique. 

The interpretation work is based on 15m resolution Landsat 7 
imagery combined with a 90m resolution SRTM elevation model,  
and fully integrates a range of different datasets that can assist in 
assessing the hydrocarbon prospectivity, including structural and 
stratigraphic interpretations, capture of major drainage channels  
and water bodies, and oil seep locations as points and vectors of  
slick outlines.

Optical & Radar datasets
Two main remote sensing datasets are used in this study;  
orthorectified Landsat 7 optical imagery and the Shuttle Radar 
Topographic Mission (SRTM) Digital Elevation Model (DEM). These 
medium resolution EO datasets provide a rich information source for 
efficiently undertaking geological interpretation over large onshore 
areas. In addition, a variety of Radar datasets were used for the lake  
and offshore seep identification. 

Using the imagery, the geological interpretation includes the 
capture of structural information such as relative bedding dip and 
orientation, fault identification and classification, together with 
spectral and textural information allowing the assessment of surface 
stratigraphy. One of the main advantages of this satellite-based 
approach is the understanding of the broader regional setting, which 
provides important context not achievable from ground-based 
observations alone. 

Since 1972 the Landsat series of satellites have been acquiring 
information about the Earth’s Surface. Launched in 1999 Landsat 7 is 
the most recent in the series and is the standard imagery dataset used 
for regional scale geological mapping down to 1:50,000 scale, having 
seven spectral bands. Typically for geological mapping, three of the 
bands – in this case bands seven, four and two – are combined in a 
742 (RGB) pseudo-colour composite band combination. Utilising Band 
7 in the Short Wave InfraRed (SWIR), this 742-band combination offers 
maximum lithological discrimination, significantly improving the ability 

to distinguish between different rock types. 
The SRTM dataset was acquired from a radar system flown aboard 

the Space Shuttle Endeavour during an 11-day mission in February 
2000. This elevation dataset can be thought of as a three-dimensional 
digital representation of the earth’s surface, and was also processed to 
enhance the contained geological information. 

Making sense of the data
Interpretation of the satellite data and assessment of other spatially 
referenced information is undertaken digitally in an ArcMap 
environment, with the structural interpretation carried out at  
scales ranging from 1:100,000-1:250,000, with the stratigraphic 
interpretation at 1:250,000-1:500,000 scale. Although the primary 
source of information was the satellite imagery, existing geological 
mapping is also assessed – where available – in order to provide  
virtual ground truthing. 

The East Africa Rift lakes form striking elongate features on the 
satellite imagery with well-reported surface oil seeps on many of the 
larger water bodies, including Lake Albert, Tanganyika and Nyasa 
(Malawi), but many of the smaller lakes are also thought to have oil 
seeps. Radar imagery is used to screen for the presence of natural oil 
seeps for other lakes in the region, and to establish accurate locations 
for the reported seeps. 

Seeps and slicks
These oil seep locations are extracted from Astrium’s Global Oil  
Seeps Database, which provides a non-exclusive worldwide 
assessment of offshore oil slicks, constructed by systematically 
screening the world’s offshore basins. It also includes oil slicks derived 
from natural lakebed oil seeps in both the lakes of the EARS as well as 
the seabed of surrounding offshore areas. Identified using  
Envisat and ERS Radar Imagery, the study includes the slick locations  
as points, vectors of slick outlines and polygons defining the source 
radar scenes. The offshore areas include the Gulf of Aden, the 
Seychelles, Madagascar, Somalia, Tanzania, Mozambique and Kenya, 
with over 800 radar scenes assessed and over 500 separate slick  
points are recognised. 

Identifying seeps from radar imagery is an established method 
based on observing the variation in return signal and noting any 
anomalous areas caused by the dampening effect the oil has on 
wave height. The technique is often applied to screen offshore basins. 
By collecting imagery from multiple dates, and by studying the 

Geological interpretation overview of the East African Rift System completed 
using Earth Observation data. Thin green outlines represent radar scenes used to 
identify lake and offshore seeps extracted from Astrium’s Global Seeps Database. 
Image produced in ArcGlobe 

Perspective view of the Afar Depression, located at the northern limit of the East 
African Rift System, showing pseudo-colour Landsat 7 satellite imagery, a key 
datasets used during the interpretation. Image produced in ArcGlobe, Landsat 
data available from the U.S. Geological Survey. 
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morphology of the slick, a greater level of confidence can be assigned 
to the features – reducing the likelihood that an area of pollution 
or local weather conditions are being observed. Another significant 
advantage of using radar imagery is the ability of the sensor to capture 
information through clouds. The real value of the study comes 
from being able to assess the seeps against the surface geological 
information provided by the onshore interpretation. 

 The project is supplied as an ArcGIS project, and includes the 
interpretation layers and all the EO data used in the study. In addition, 
a series of 31 hardcopy map sheets at 1:500,000 scale are provided. 

With 25 years’ experience working closely with exploration 
companies, Astrium GEO-Information Services is committed to 
developing valuable geo-information to support exploration 
companies worldwide. Its approach covers the full exploration  
process, from regional geological studies and natural oil seep mapping 
right through to environmental baseline analysis and terrain evaluation 
for pipeline and facilities planning. A similar study was recently 
completed for Iraq and the Zagros Fold Belt/Iran. The next area of 
focus will be the Eastern Mediterranean, where Astrium plans  
to interpret both on and offshore data to give a comprehensive 
regional perspective.
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Interpretation over the Central Sections of the Eastern Rift Branch. The radiating 
fault pattern associated with the Kenya dome can be seen in the southern part 
of the image.

Geological Interpretation for the low-lying area Afar triangle region, a result of 
the tectonic triple junction, where the spreading ridges of the Eastern Branch of 
the EARS merge with those from the Gulf of Aden and Red Sea. A dense network 
of extensional faulting can be identified with complex cross cutting relationships 
due to multiple spreading episodes along the plate margins. Volcanics of 
Quaternary and Tertiary age dominate the area, with a number of historically 
active volcanoes in the region.

An extract of the interpretation for West Tanzania and Lake Malawi with the 
Luangwa Valley and Ruhuhu Graben illustrating the NE-SW Karoo trend cut 
by the later Tertiary to Quaternary N-S trend. Frequent oil seeps have been 
identified in Lake Nyasa (Malawi) (not shown), probably emanating from sub-
lake Karroo or younger Tertiary sections.

The Afar region is one of the few places on Earth where it is possible to witness 
tectonic plate divergence as the continental crust splits apart to form a new 
ocean. Photo: British Geological Survey




