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PROGRAMME 

 
 

Wednesday 24 October 

08.30 Registration 

09.00 Welcome 

 Session 1: Regional Perspectives 

09.15 Keynote Speaker: François Guillocheau (Université Rennes) 
Palaeogeographic Evolution of East Africa from Carboniferous to Present-Day: Deformation 
and Climate Evolutions 

10.00 John G. Watson (Fugro Robertson International) 
The Evolution of Offshore East African Margins and Intracontinental East African Rift: A 
Combined Rigid/Deformable Tectonic Reconstruction 

10.30 Peter Purcell (P&R Geological Consultants) 
Oil and Gas Exploration in East Africa: Past Trends and Future Challenges 

11.00 Break 

11.30 Keynote Speaker: Jim Harris (Fugro Robertson International) 
The Palaeogeographic and Palaeo-Climatic History of East Africa: The Predictive Mapping of 
Source and Reservoir Facies 

12.15 Paul Markwick (Getech) 
The Evolution of East African Rivers Systems, Tectonics and Palaeogeography Since the Late 
Jurassic 

12.45 Lunch 

 Session 2: Regional Perspectives 

14.00 Keynote Speaker: Ian Davison (Earthmoves) 
Geological History and Hydrocarbon Potential of the East African Continental Margin 

14.45 Nick J. Kusznir (University of Liverpool) 
Mapping Ocean-Continent Transition Structure and Location on the East African Continental 
Margin 

15.15 Barry G. M. Wood (BG Wood Consulting) 
Understanding East Africa Pre-Tertiary Coastal Deformation 

15.45 Break 

16.15  
 

Anne McAffee (Corelab) 
Transverse Troughs and a Transform Margin: Controls on Sandstone Deposition and 
Reservoir Development in the Kenyan and Tanzanian Coastal Basins 

16.45 Brian Horn (ION Geophysical) 
Hydrocarbon Potential of the Deep Offshore Tanzania Basin in Context of East Africa’s 
Transform Margin 

17.15 M. C. Pereira-Rego (Aminex) 
Exploration Success Along the East African Margin: With All the Evidence for Oil Generation, 
Why Has Only Gas Been Found? 

17.45 Finish 

17.50 Wine Reception and Conference Dinner at The Cavendish Hotel, St. James’  
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Thursday 25 October 

08.30 Registration 

09.00 Welcome  
 

 Session 3: Onshore Rifts 

09.15 Keynote Speaker: Shane Cowley (Tullow Oil) 
Finding Oil in East Africa, the Albert Graben Story, Past, Present and Future 

10.00 Duncan Macgregor (Surestream Petroleum) 
The Progressive Development of the East African Rift System and its Effects on Petroleum 
Systems 

10.30 Jean-Jacques Tiercelin (Université Rennes) 
Hydrocarbon-Rich Rift Basins: Oil  Potential Versus Climatic and Tectonic Plate Patterns – 
Examples from the East African Rift System 

11.00 Break 

11.30 Harry Davis (Tullow Oil) 
An Intergrated Approach to Understanding the Geology of the Lake Albert Basin 

12.00 Christopher J. Nicholas (Trinity College Dublin) 
Sedimentary Response to Coupled East African Climate Change and Active Rifitng in the 
Lake Edward Basin, ALebertine Rift, Uganda 

12.30 Bob Downie (Heritage Oil) 
Exploration in the Tanzanian Rift Valleys: Applications of Lessons Learnt 

13.00 Lunch  

 Session 4: Onshore Rifts 

14.00 Caren Herbert (Tullow Oil) 
Rift Basins of the Turkana Region, Kenya (EARS): East Africa’s New Frontier 

14.30 Keryn Simpson (Tullow Oil) 
Evolution of an Exploration Programme in the South Omo Basin, Ethiopia 

15.00 Paul Carey (Getech) 
In Search of Missed Opportunities in the Cenozoic Rifts of East Africa 

15.30 Break 

16.00 David Boote (Consultant) 
Beydoun Revisited: Tectonostratigraphic Evolution and Petroleum Systems of Southern Arabia 
and Northern Somalia 

16.30 Christopher J. Nicholas (Trinity College Dublin) 
Geological Evolution of the Petroleum Prospective Mandawa Basin, Southern Coastal 
Tanzania 

17.00 Helen Doran (Ophir Energy) 
Hydrocarbon Prospectivity of Offshore Kenya 

17.30 Camilla França (BG Group MSc Student Talk) 
3D Seismic Interpretation and Tectonic History of the Seagap Fault Zone, Offshore Tanzania 

18.00 Finish 

18.05 Wine Reception and Posters  
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Friday 26 October 

08.30 Registration 

08.50 Welcome  

 Session 5: Offshore Basins 

09.00 Keynote Speaker: Brian Russell Frost (Anadarko) 
Elephant Hunting in East Africa: An Exploration Story About the Rovuma Basin and the One 
That Didn’t Get Away 

09.45 Keynote Speaker: Marco Orsi (Eni) 
The Rovuma Basin (Mozambique, Tanzania) -  Sixty Years of Exploration: From the 
Disappointing Initial Results to Recent Supergiant Discoveries   

10.30 Marshall Hood (Ophir Energy) 
Exploration of the East Pande Block, Southern Tanzania 

11.00 Break 

11.30 Keynote Speaker: Malcolm Brown (BG Group) 
East Africa – Commercializing a Major New Gas Province 

12.15 Pamela Sansom (BG Group)  
Insights from the First Deep Water Core, Offshore Tanzania  

12.45 Roger M. Key (BGS)  
The Post-Gondwana Development of East Africa’s Coastline With Emphasis On The 
Development Of The Rovuma Basin  

13.15 Lunch  

14.15 Pete Jeans (Premier Oil)  
The Southern Lamu Basin, Offshore Kenya: Evolution; Structure, and Possible Plays 

14.45 Matt Grove (Apache)  
Deep-Water Reservoir Characterization for Exploration of Kenya Block L8  

15.15 Ron Borsato (PGS)  
Kenya: Deep Water Exploration and Prospectivity 

15.45 Break 

16:15 Paul Robinson (WHL Energy)  
The Seychelles - An Integration of Regional Tectonics and Stratigraphy to Unlock the 
Hydrocarbon Potential 

16.45 Ching Tu (Western Geco)  
Potential Plays In Tanzania Offshore Basin with Prestack Depth Migration Data 

17.15 Will Parsons (Afren) 
The Coastal Exploration Potential of the Lower Lamu Basin and Pemba Trough from Short 
and Long Offset 2D Marine Seismic and Potential Fields Data 

17:45 Finish 
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Outcrop sketch from D’Arcy Exploration (BP) field work on Pemba Island in 1950s 
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Keynote Speaker: Palaeogeographic Evolution of East Africa from Carboniferous to 
Present-Day: Deformation and Climate Evolutions 
 
François Guillocheau, Géosciences-Rennes, Université de Rennes 1, 35042 Rennes cedex, France 

 
In the frame of the TOPOAFRICA project (reconstruction of the growth of long wavelength – 
x1000 km - African relief over the last 300 Ma, funded by the French national research agency 
ANR) 18 detailed palaeogeographic maps were compiled (Late Carboniferous, Early Permian, 
Late Permian, Early Triassic, Late Triassic, Early Jurassic, Late Jurassic, Valanginian, 
Barremian, Albian, Cenomanian, Maastrichtian, Early Paleocene; Middle Eocene, Early 
Oligocene, Early Miocene, Late Miocene, Early Pliocene). Those maps are based on 
reevaluated biostratigraphic data for dating sediments. 
The deformation and climatic evolution of eastern Africa can be synthesized in eight steps. 
 

 Carboniferous – Early Permian: Glaciation and melting. Three periods of glaciation 
occurred during Carboniferous times. Only the last one is preserved in East Africa with an 
ice cap divide located around the present-day western branch of the East African Rift. The 
ice is flowing ESE toward India and south toward the Main Karoo Basin. 

 Late Permian – Late Triassic: Uplift of Antarctica and India. Since Late Permian a 
lacustrine base level took place from Botswana (Kalahari intracratonic basin) to North 
Madagascar (Majunga Basin), through Mid-Zambezi and Luangwa Basins. The 
southeastern side (Antarctica to India) of this domain was progressively uplifted, with a 
paroxysm in earliest Triassic times. Marine flooding, coming from the NE, were more and 
more pronounced in Madagascar (Majunga and then Morondova Basins). 

 Early Jurassic: Somali oceanic basin opening and Karoo Trapp. The exact timing of 
extension prior to the accretion of the Somali oceanic basin and its relationship with Karoo 
rifts of Triassic (?) age, are quite unclear. Karoo Trapp is recorded until the Selous Basin 
(Tanzania). 

 Middle Jurassic - Late Jurassic: marine flooding of central Africa. A major marine 
flooding occurred during Late Jurassic, at time of the first oceanic accretion in the 
Mozambique oceanic basin. This marine transgression covered South Ethiopia, Kenya, part 
of Tanzania and most of western Congo (tidal deposits in the Stanleyville Fm). Most of 
eastern Africa was at sea level. 

 Early Cretaceous: a transition period. Early Cretaceous was the period of (1) opening of 
the Natal Valley oceanic basin, (2) the emplacement of the Chilwa alkaline volcanic 
province (Mozambique, Malawi) and (3) the growth of the Anza Rift. The consequence was 
a complex palaeogeographic pattern (alluvial fans in Mozambique, evaporites in Somali), 
with major marine flooding during Aptian and Albian times. 

 Late Cretaceous: Margin uplift 1. A first major uplift is recorded along the Indian Ocean 
from Late Cenomanian to base Campanian. It is coeval with the first uplift of the South 
African Plateau (de Wit, 2007). 

 Paleocene-Eocene: weatherings and flattening of the relief. Lower and Middle Eocene 
are periods of extensive weathering over all Africa. The formation of thick lateritic profiles 
with bauxites, required near flat topographies. The elevation of this surface is still unknown 
and questions the preservation of possible Late Cretaceous plateaus. 

 Oligocene-Present-day: Margin uplift 2 and growth of the East African Rift. The 
previous surface was uplifted, deformed and eroded (“degraded”) in several steps during 
Oligocene and Neogene times: around the Eocene-Oligocene boundary, during Early 
Miocene and Late Miocene. Those correspond to different steps of inland rift formation. 
Cretaceous NW-SE directions (Sudan, Anza, Rukwa…) are still active in Late Oligocene-
Early Miocene times. The major change occurred during Late Miocene with the early 
stages of the present-day East African Rift in Kenya and along the western branch 
(Albertine Graben). 
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The Evolution of the Offshore East African Margins and Intracontinental East African 
Rift: A Combined Rigid/Deformable Tectonic Reconstruction  
 
J. G. Watson, C. T. Glover, A. Adriasola Munoz, J. P. Harris, M. Goodrich, Fugro Robertson Limited, 
Llandudno, North Wales, LL30 1SA, UK 

 
Plate tectonic reconstructions are essential for placing geological information in its correct 
spatial context, understanding depositional environments, defining basin dimensions and 
evolution, and to serve as a basis for palaeogeographic mapping. Traditional ‘rigid’ plate 
reconstructions often result in misfits (overlaps and underfits) in the geometries of juxtaposed 
plate margins when restored to their pre-rift positions. This problem is attributed to internal, rift 
phase, extensional deformation pre- and/or syn-continental break-up. Unconstrained continent-
ocean boundaries add to these problems. To date, few studies have integrated continental 
extension within a global model.  
 
Plate tectonic reconstructions based on the relative motions of the African, Madagascar, Indian 
and Antarctica Plates, from the break-up of Gondwana through to the present day, often do not 
take into account the effects of the deformation within intracontinental Africa that occurred 
during the Mesozoic and from the Palaeogene to the present day. A deformable plate model 
has now been developed that incorporates East Africa’s complex multiphase rifting history 
through the Mesozoic and Cenozoic. 
 
The East African province experienced several stages of extension during the break-up of 
Gondwana beginning with the separation of Madagascar from eastern Africa during the Early 
Jurassic. Sea-floor spreading in the West Somali and Mozambique Oceanic Basins ceased in 
the Early Cretaceous when Madagascar assumed its present configuration. Magmatism and 
intracontinental extension within Africa caused by the break-up of Gondwana formed the west-
northwest trending Central Africa rifts. It is hypothesised that this Mesozoic rift system created 
a zone of lithospheric weakness from which the East African Rift would later propagate. 
Activation of the East African Rift began in the Eocene/ Oligocene with the formation of the Gulf 
of Aden and Red Sea rifts, which separated the Nubian Plate from Arabia at approximately 
~35-27 Ma. Intracontinental rifting in East Africa is believed to have commenced in the region 
surrounding Lake Turkana at ~25 Ma, with volcanism and fault propagation moving southward 
through the Gregory and Western Rift branches into Mozambique, while simultaneously 
propagating northwards into Ethiopia. The northwards propagation connected the East African 
Rift System with the Gulf of Aden and Red Sea spreading centres, creating the Afar Triple 
Junction at ~11 Ma.  
 
Integration of detailed geophysical and geological datasets, combined with published data from 
eastern Africa has been used to generate an enhanced global plate tectonic model. Stretching 
(β) factors and deformation trajectories to calculate the extent of crustal deformation for the 
main Mesozoic – Cenozoic episodes of continental rifting have been coupled with deformable 
modelling of the young East African rift segments, relative to the movements of Arabia and the 
Indian Ocean’s extensional margins. This method aids hydrocarbon exploration in the region by 
providing a more accurate plate tectonic reconstruction, which allows the determination of pre-
rift geometries and the palaeo-positions of the plates, and facilitates correlation with the 
exploration datasets that intersect them. 
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Oil and Gas Exploration in East Africa: Past Trends and Future Challenges 
 
Peter Purcell, P&R Geological Consultants Pty Ltd  
 

A new round of petroleum exploration commenced in the sedimentary basins of East Africa in 
the early years of the 21st Century, culminating in impressive discoveries in Uganda and 
offshore Mozambique and Tanzania. Over sixty well wells were drilled in the decade to 2010, 
the most active and successful decade since exploration commenced in the 1950s.  
 
This review provides an historic context in which to view the recent activity and success. Six 
maps show the drilling activity and the permit holdings (by company) for each decade from 
1950-2010 for the East Africa region. The changing pattern and level of activity is clearly shown 
and the causes of those changes are discussed, including oil price, financial crises, security 
problems and lack of success. 
 
Interest in the region came initially from its proximity to the giant oilfields of the Middle East, 
and was renewed by the major discoveries in Yemen and Sudan in the 1980s. During those 
decades East Africa’s basins were very highly rated and explored by the world’s leading oil 
companies, including Shell, BP, AGIP, ELF, Texaco, Mobil, and Exxon. Interest in the region 
peaked in the 1960s, and declined progressively over subsequent decades, save for a surge in 
the 1980s.  The permit and drilling activity of the past decade has been the highest ever and 
has brought with it oil and gas discoveries and gas production in Tanzania. Even greater 
success has been achieved in recent years, with giant gas discoveries offshore, further 
discoveries in Uganda and a new oil discovery in northern Kenya.  Outside of Somalia, most of 
the Paleozoic, Mesozoic and Tertiary basins in the region are under permit or study, largely by 
small to medium-sized independents and national oil companies, but with larger international 
companies active in the offshore basins. 
 
Several aspects of the recent activity and success are important. Firstly, some 70% of the 
drilling activity in the last decade was in Uganda, with a further 20% in Tanzania. There was 
little drilling activity in Ethiopia, Kenya or Somalia: permit activity does not necessarily translate 
into effective exploration programmes. Secondly, the recent discoveries were in previously 
undrilled basins, rather than long-awaited successes in the main exploration areas of the past.  
 
The current decade will be an exciting time for oil and gas exploration in East Africa, with 
drilling in many onshore and offshore basins, including the deep-water region. Hopefully the 
decade will also see stable government in Somalia and the resumption of exploration there. 
The potential for further discoveries is high, but there are challenges too. Oil is not a curse, as 
some would say, but a wonderful prize when managed for the lasting benefit of the nation and 
the local communities.   
  
The discoveries in Uganda have ignited Government and public expectations of similar 
discoveries elsewhere in East Africa; Tullow’s recent success in Kenya has added extra fuel. 
This follows decades of unsuccessful exploration and community frustration in the face of oil-
rich neighbours. Current expectations come with increasingly vocal demands for local resource 
ownership and profit-sharing, often on a scale and time-frame quite unrealistic.   Managing 
those expectations and ensuring that the oil and gas is a 21st Century prize for East Africa will 
be a major challenge and responsibility for Governments and the exploration community.  
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Keynote Speaker: The Palaeogeographic and Palaeo-Climatic History of East Africa: The 
Predictive Mapping of Source and Reservoir Facies 
 
Jim Harris

1
, Edward Anderson

1
, Alberto Adriasola Muñoz

 1
, Rob Crossley

1
, Claire Glover

1
, Jenny 

Hoyle
1
, Nick Stronach

1
, Mike Goodrich 1, Paul Valdes

2
, Roger Proctor

 3 
 

 
1
Fugro-Robertson Ltd., Llandudno, UK;  

2
University of Bristol, UK;  

3
Proudman Oceanographic Laboratory, Liverpool, UK 

 

The distribution of source and reservoir rocks represent some of the main uncertainties for 
exploration in frontier basins. To construct predictive tools designed to address these 

problems, global Plate Wizard  reconstructions were used as the basis for palaeogeographic 
mapping. The palaeogeographies are underpinned by data and were coupled with state-of-the-
art palaeo-Earth systems models (HadCM3 palaeoclimate model). Detailed palaeotectonics 
and palaeoenvironments maps were prepared and a new method relating topography and 
bathymetry to plate tectonic environments was used as the basis for palaeo digital elevation 
models (DEMs). These were gridded in GIS and used to provide the topographic and 
bathymetric boundary conditions for coupled ocean-atmosphere general circulation models 
(GCMs) and a barotropic model to simulate palaeotides. The compilation of the base maps was 
based on a global database of palaeoenvironmental and lithofacies data, the legacy of over 30 
years of petroleum geological studies and an equally extensive source rocks database. These 
data include climate proxies that were used to test the veracity of the modelling results. The 
plate reconstructions and palaeogeographic mapping provides a summary of the geohistory 
and drainage basin evolution of the African Plate. Coupled with the palaeo-Earth systems and 
palaeotide models this work was used to create a predictive methodology to define source 
facies depositional space for key time slices. A related model of clastic sediment flux was used 
to provide a predictive tool for reservoir facies. Here these innovative approaches are used to 
assess exploration risk, produce improved source and reservoir components for play fairway 
maps and to provide key petroleum play concepts for East Africa and the Indian Ocean margin 
basins. 
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The Evolution of East African Rivers Systems, Tectonics and Palaeogeography since 
the Late Jurassic 

 
Paul Markwick, Paul Carey, Kathelijne Bonne, Kerri Wilson, Amanda Galsworthy, Lauren Raynham, 
Dorothea Eue, Sheona Masterton, Rob Bailiff, GETECH Group plc. Elmete Hall, Elmete Lane, LEEDS, 
LS8 2LJ 
 

The hydrocarbon prospectivity of the East African margin has been largely typified by gas 
discoveries and dry holes, but the discovery of oil in Cretaceous deep-water fans of the 
Rovuma Basin by Anadarko in 2010 (Ironclad-1 well), demonstrated that liquid hydrocarbons 
were not restricted solely to the Majunga Basin of Madagascar in this area.  
 
Exploration risk on this margin has largely focussed on the discontinuous nature of the source 
rocks, starting with the Permo-Triassic Sakamena rift-lake systems. Marine source rock history 
differs north and south of the Mozambique Channel, which appears to have acted as a shallow 
water sill following opening of the Somali and Mozambique Oceans during the Jurassic.  But, it 
is the complexity of the tectonics which may be most cause for explanation, with multiple 
hinterland uplift events, on which has been superimposed the rifting (‘Karoo’ – Cenozoic), 
intraplate volcanism, and reactivation and rearrangement in the area of the ‘Davie Fracture 
Zone’.  It is this history that has influenced clastic sediment supply and deposition through 
changes to the hinterland transport pathways (river systems), augmented by climatic changes 
that altered weathering patterns. Since this has a direct impact on the timing, character and 
distribution of deep water sand fan plays, it is critical to have an understanding of how the 
clastic source to sink relationships have changed through time. 
 
In order to assess this we have completed a detailed drainage and landscape analysis of the 
whole continent of Africa. Drainage networks, basins and watersheds have been generated 
using processed versions of the SRTM30 (1km) and SRTM3 (90m) digital elevation models. 
Morphometric analyses have been conducted on these networks, and identified potential 
changes in the networks tested against geological and tectonic observations. The resulting 
palaeoriver networks have then been added to palaeogeographic reconstructions, which are 
based on GETECH’s 2011 global plate model and which include a detailed analysis of the 
tectonics and plate geometries of the margin. Palaeoelevational hypotheses have been 
calculated using the palaeogeographic information together with an assessment of published 
fission track analyses. 
 
The results show a Jurassic to Present history of moderately sized rivers draining a largely long 
wavelength hinterland. Reactivation of this margin resulted in phases of enhanced clastic 
fluxes, especially where erosion of pre-existing Karoo basins provided good quality coarse 
clastics. The main changes to river systems are in the south, where the present Zambezi River 
did not connect fully to the continental interior until the Plio-Pleistocene and Limpopo, which 
may have drained to the north of the Mozambique lowlands rather than the south as it does 
today. We see no evidence of a connection between the palaeo-Congo River and Rufuji River. 



East Africa: Petroleum Province of the 21
st

 Century 

 

October 2012 #Eastafrica12 Page 19  

NOTES 



East Africa: Petroleum Province of the 21
st

 Century 

 

October 2012 #Eastafrica12 Page 20  

 
 
 
 
 

 
 

 
 
 

Wednesday 24 October 
Session Two: Regional Perspectives 



East Africa: Petroleum Province of the 21
st

 Century 

 

October 2012 #Eastafrica12 Page 21  

  
Outcrop sketch from D’Arcy Exploration (BP) field work on Pemba Island in 1950s
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Keynote Speaker: Geological History and Hydrocarbon Potential of the East African 
Continental Margin 
 
Ian Davison, Matthew Taylor, GEO International Ltd., 38-42 Upper Park Road, Camberley, Surrey 
GU15 2EF, UK 

 
The East African Continental Margin has become a focus of intense exploration activity in the 
last three years with the discovery of more than 50 tcf of thermally-generated gas in Tanzania 
and Mozambique.  This paper reviews the geology of the East African continental margin and 
its hydrocarbon potential.  Our talk will be illustrated with seismic examples from the Ion GXT 
East Africa SPAN.  
 
GEOLOGICAL HISTORY 
 
Karoo Rifting 
Rifting onshore East Africa started in the Permian with deposition of the Karoo continental 
sequences, and the deposition of two widespread source rock intervals in the Artinskian and 
Capitanian periods. These sources contain both coal and oil-prone carbonaceous shales. The 
Karoo rift system extends into the offshore Mozambique, Mandawa, Ruvu Basins, and the 
Morondava and Majunga basins (Madagascar). The late Permian Sakamena shales are 
interpreted to source the paleo-oilfield preserved as the Bemolanga tar sands, estimated to 
contain 16 billion barrels of oil in place. These Karoo source rocks are probably buried into the 
gas window in most of the offshore East African continental margin. The Karroo Rift sections 
reach up to approximately 4-5 km thickness.  
 
Jurassic Rifting 
A second rifting event started in the Early Jurassic (ca. 180Ma) when Madagascar broke apart 
and drifted southward away from Africa. Jurassic deposition began with continental sandstones 
and shales, and by Middle Jurassic times a marine incursion was accompanied by deposition 
of shallow shelf carbonates. Toarcian age salt was deposited in the Mandawa (Mozambique), 
Morondava (onshore salt mine) and the Majunga Basins.  Salt has also been interpreted in the 
Kenyan Lamu Basin and southern Somalia, but the structures previously interpreted as salt 
diapirs appear to be shale-cored compressional anticlines. During the Toarcian, the Bouvet hot 
spot was very active and southern Mozambique was affected by a massive WNW-ESE 
trending dyke swarm, which intersects the continental margin at the Zambesi delta. Karroo 
shales may have been overcooked at this time. 
Good quality oil-prone source rocks are present in the Upper Liassic of the Majunga Basin, with 
the  Beronono Formation containing 10-23% TOC (Webster end Ensign 2007). These source 
rocks can be expected in the conjugate Mandawa and Rovuma Basins, but will be deeply 
buried into the gas window along most of the shelf and mid-slope areas. In the outermost part 
of the continental margin, adjacent to the Davie Fracture Zone, the Jurassic source may be in 
the oil window.  The deeply- buried Jurassic is possibly sourcing the large gas discoveries in 
Tanzania and Mozambique. 
 
Cretaceous 
Shallow water carbonate deposition persisted though the Cretaceous in onshore northern 
Somalia with evaporitic sabkhas developed in the Hauterivian-Valanginian (Bosellini 1989).  
Seismic data indicates the deepwater offshore sequence is probably mudstones with some 
sandstone turbidites. Possible source rocks exist in the Early Cretaceous: DSDP 249- thin 
Aptian shales with TOC up to 9% TOC; North Morondava, Albian-Turonian oil and gas source 
with TOC 0.8% to 3.4%, HI Max 240; South Morondava, Duvalia Fm. Berriasian to Aptian, 
shallow to deep marine facies, excellent TOC 3.4 average, max. 26.3%, HI ave. 167, max 403 
(Higgins and Sofield, 2011). 
  
Cenozoic 
Cenozoic strata are mainly composed of deepwater clastics. Localised thick deltas were 
deposited in the Lamu Embayment, Rovuma and Zambesi. The Lamu and Rovuma deltas 
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have well developed compressional toes due to gravity gliding in late Tertiary times, whereas 
the Zambesi delta is relatively undeformed, with limited extensional faulting and no 
compressional toe. Two or three unsuccessful wells have drilled in the Zambesi delta area, but 
there are two significant (2 to 3tcf) onshore gas fields (Pande and Temane) located in 
stratigraphic traps.  Stratigraphic traps are expected in the deeper part of the delta, but lack of 
structure has stifled interest in the deepwater Zambesi delta.  
 
In contrast, the Rovuma delta is host to some of the largest gas fields discovered in the last 
twenty years (> 40 tcf gas in place) in Tertiary sandstones. Some oil was recovered from the 
Ironclad-1 well, and the source is believed to be Jurassic, but an Early Cretaceous source 
could also be possible. 
 
Hydrocarbon Potential 
So far the East African margin has yielded only commercial gas discoveries.  However, seeps 
and oil shows in wells point to viable, oil prone source rocks (Matchette-Downs 2010). There 
has been very limited exploration along the whole margin, and this was mainly based on 2D 
seismic control.  Many targets with access to Early Cretaceous and Jurassic sources remain to 
be tested. Oil-prone source rocks and traps in outer delta settings are yet to be explored.  For 
example, southern Somalia has large thicknesses of Cretaceous and Tertiary sediment in the 
Lamu Embayment and this thins to the outer shelf where gravity tectonics produced 
compressional folding. Two other oil-prone areas are the Majunga Basin which is highly 
structured by salt and has a proven high-quality Jurassic source, and the Morondava Basin 
which has high quality oil prone Karroo and early Cretaceous sources, and thick sedimentary 
sequences.  
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Mapping Ocean-Continent Transition Structure and Location on the East African 
Continental Margin 
 
Nick Kusznir

1,2
, Brian Horn

3
, James Granath

3
, Andy Alvey

2
 & Peter Emmet

3 

 
1
University of Liverpool, Liverpool, L69 3BX, UK 

2
Badley Geodynamics, Hundleby, Lincolnshire, PE23 5NB, UK 

3
ION Geophysical / GX Technologies, Houston, Texas, USA 

 
We investigate the structure and location of the ocean-continental transition of the East African 
continental margin basins formed during Mesozoic breakup of Gondwanaland using combined 
seismic and gravity inversion methods. Present day East African continental margin structure 
and crustal thickness distribution is the product not only of Jurassic continental breakup 
forming the Somali oceanic basin but also of earlier Permo-Triassic Karoo rifting. We use 3D 
gravity inversion and ION-GXT deep long-offset seismic reflection data to map crustal 
thickness, ocean-continent transition structure and continent-ocean boundary location for the 
East African continental margin from Mozambique to northern Somalia. The gravity inversion 
method, which incorporates a lithosphere thermal gravity anomaly correction, uses offshore 
sediment thicknesses derived from offshore ION-GXT deep long-offset seismic reflection 
surveys together with public domain onshore and offshore sediment thickness data to predict 
Moho depth, crustal basement thickness and continental lithosphere thinning. Moho depths 
determined by gravity inversion are validated by refraction seismology measurements where 
available. 
 
Combined marine and land geophysical mapping suggests that in the region of the Lamu 
embayment, a broad region (~ 250 km wide) of highly thinned continental crust with beta 
between 2 and 3 separates the continental margin hinge (necking zone) from the continent-
ocean boundary. In N. Kenya and S. Somalia large sediment accumulations onto highly 
thinned continental crust result in the continent-ocean boundary being located almost at the 
coast. In contrast, its conjugate northern Madagascar (Comoros) margin shows a much 
sharper (narrower) transition from thick continental crust to thin oceanic crust. The nature of the 
East African margin appears to be more complex than that predicted by the dominantly 
transform fault kinematics predicted by simple plate kinematic models for the mid Jurassic 
formation of the Somali Basin. Crustal thickness mapping shows that, offshore Tanzania, 
locally very thin crust extends westwards from the Somalia Basin westwards across the Davie 
and Sea Gap fracture zones. This thinning probably results from a complex interplay of earlier 
Karoo rifting and Jurassic-Early Cretaceous Somali Basin sea-floor spreading. At the regional 
scale, crustal thickness mapping suggests that the Somali Basin continental margins comprise 
both transform and rift segments consistent with north-south opening of the oceanic Somali 
Basin; transform margin segments (mid Somalia) show a narrow ocean-continent transition 
from thick continental crust to thin oceanic crust.  
 
Continental lithosphere thinning from gravity inversion has been used to predict the 
preservation of continental crustal radiogenic heat productivity and the transient lithosphere 
heat-flow contribution for thermally equilibrating oceanic and thinned continental lithosphere. 
The resulting crustal radiogenic productivity and lithosphere transient heat flow components, 
together with base lithosphere convective heat-flux, are used to produce regional maps of 
present-day top-basement heat-flow for the East African continental margin and its basins. The 
sensitivity to initial continental radiogenic heat productivity and continental rift-breakup age are 
examined in order to predict upper and lower bounds of present day top-basement heat-flow. 
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Understanding East Africa Pre-Tertiary Coastal Deformation 
 
Barry G. M. Wood (DPhil), PetroQuest International Ltd. 
 

Often mistakenly considered to be a passive continental margin, the East African coastal belt’s 
pre-Tertiary hydrocarbon systems have defied success to many majors and independents 
since the 1960’s. Further, while it is now recognized that the margin has been deformed under 
shearing forces since at least the mid to late Jurassic, the basement derived transpressional 
features, now targets for new exploration, are still difficult to map as multiple shear directions 
are present. 
 
These many shear trends actually attest to the fact that the coast has not only been subjected 
to multiple periods of compression, but also to compression that appears to have varied in 
direction through time. It is generally accepted that during the deformation of Gondwana, the 
Super Continent rotated counterclockwise while moving north. During this period, the continent 
fractured and generally disintegrated along well documented extensional and shear zones with 
normal and shear faulting creating strings of grabens and half-grabens now varying in direction 
from east–west to north south. 
 
This presentation offers a new look at the structural history of the region based on an emerging 
tectonic theory that all Africa was deformed under a constant, unidirectional force since at least 
the Upper Palaeozoic. This new approach reveals a simple pattern of folds and tension and 
shear fracture pairs related to specific tectonic events in the region. 
 
Application of this idea for the late Jurassic to Present in East Africa results in better defining 
and age relating three major trends present along the coastline, namely the late Jurassic to 
Neocomian, the Upper Cretaceous to Eocene and the Oligocene to Present. 
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Transverse Troughs and a Transform Margin: Controls on Sandstone Deposition and 
Reservoir Development in the Kenyan and Tanzanian Coastal Basins. 
 
Anne McAfee, Core Laboratories UK   

 
Multiple recent discoveries have generated renewed interest in the East African Margin and 
public domain seismic data from newly delineated prospects provides interesting insights into 
the complex stratigraphic and structural traps which exist within the coastal and offshore basins 
of Kenya and Tanzania. However, despite the success of the recent drilling efforts, it is still 
universally acknowledged that the East African basins are massively under-explored and it is 
true to say that there is still much knowledge to be gained regarding the controls on reservoir 
and source rock development and preservation across the region. This talk aims to act as a 
reminder that, prior to this new dawn of discoveries, there has been a long history of 
exploration within the coastal basins of Tanzania and Kenya, and that, although the number of 
wells drilled has been sparse, relative to the vast acreage in the region, the well log data and 
rock samples generated by these earlier drilling campaigns constitute a valuable source of 
geological information, that can be tapped for clues to the tectonic evolution of the margin. 
 
The datasets and sample suites preserved within the archives of the national corporations of 
Tanzania and Kenya (TPDC and NOCK respectively) include well log data, cuttings, SWC and 
core samples from conventional deep wells and shallow boreholes, in addition to a number of 
outcrop descriptions contained within legacy field study programmes. Systematic evaluation of 
all this existing geological data, combined with new stratigraphical, sedimentological, 
petrographical and geochemical analyses of rock and fluid samples has facilitated the 
reconstruction of a detailed tectonic-stratigraphic history for the Permian to Pliocene basin-fill 
successions and has allowed mapping of reservoir and source rock distribution across the 
region. In particular, detailed well to well correlation of facies through successive 
stratigraphically-defined, depositional packages has allowed delineation of sediment transport 
pathways from basin margin sources to offshore depocentres and has highlighted the location 
of significant deep-seated structural features which created a highly segmented margin and 
caused marked lateral variations in preservation of reservoir sands and source rock shales 
along the Kenyan and Tanzanian coastal and offshore zones.  
 
The legacy data from the onshore and coastal wells is particularly useful in providing clues to 
the tectonic evolution of the structurally complex zones where oblique, NW-SE trending 
Cretaceous structures intersect the main NNE-trending Karoo structures preserved along the 
main transform margin.  In the Lamu Embayment of coastal Kenya, where the NW-trending 
Anza Graben intersects the coast-parallel, Karoo-trend Lamu Basin, sedimentation patterns 
suggest complex interlinkage and differential displacement on a system of cross-cutting faults, 
which appear to follow the pattern of deep-seated Precambrian shear zones. The main 
structural element here in the Lamu onshore appears to be the ‘Davie-Walu Structure’, 
representing the onshore continuation of the prominent NNE-trending Davie Ridge transform 
structure which has been mapped using seismic and gravity data in the offshore.  Facies 
relationships reveal that the onshore part of this structure was activated in the Neocomian (or 
earlier), in the form of a major high-relief and persistent fault-zone which actively controlled the 
location of the steeply-dipping shelf-edge break, separating alluvial/fluvial, sand-prone facies in 
the west from deep marine, slope shale facies in the east of the region. This north-trending 
Davie-Walu fault appears to terminate against an ENE-trending transverse fault system which 
runs through the Hagarso well region. Interlinkage of these two oblique-trending fault systems 
appears to have dominated the structural architecture of the Lamu onshore and coastal region 
and to have acted as the main control on the lateral distribution of sand, shale and carbonate 
facies during Cretaceous and Tertiary evolution of the Kenyan margin. Multiple episodes of 
differential displacement and inversion on these linked structural elements appear to have 
created significant topographic features, including downwarped lows which housed the main 
Late Cretaceous and Tertiary fluvial feeder system (Tanu Syncline) and uplifted ridges which 
formed sites of prolonged carbonate platform development from Early Cretaceous to Late 
Tertiary times (Wal Merer – Hagarso region).  
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In the Tanzanian Coastal Basin, well to well correlation of facies illustrates the importance of 
the NNE-trending coast-parallel, Karoo fault systems which acted as axial hinge-zones 
controlling the location of the shoreline and shelf-break through Early Cretaceous to Tertiary 
evolution of the margin. Here, the influence of transverse fault systems are less obvious than in 
the Kenyan margin, but nonetheless their existence is highlighted by the presence of 
anomalous structural elements such as the WNW-trending Rufiji Trough and the development 
of an extremely thick Jurassic salt succession in the Mandawa Basin. Sedimentation patterns 
interpreted from well data in the southern Dar es Salaam Platform and Mandawa region infer 
the presence of a major transverse fault system along the northern margin of the Masasi Spur 
which controlled the northern limit of the salt basin during the Jurassic and also influenced the 
position of major fluvial feeder systems supplying sand through the Rufiji Trough to the offshore 
basin from the Early Cretaceous to the Mid Tertiary.  
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Hydrocarbon Potential of the Deep Offshore Tanzania Basin in Context of East Africa’s 
Transform Margin 
 
Al Danforth

1
, James Granath

2
, Brian Horn

3
, Kelvin Komba

4
 

 

1
Consulting Geological Advisor, ION GeoVentures, GX Technology Houston Texas  

2
Consulting Geoscientist, ION GeoVentures, GX Technology Houston Texas 

3
Chief Geologist, ION GeoVentures, GX Technology Houston Texas 

4
Geophysicist, Tanzania Petroleum Development Corporation, Dar es Salaam, Tanzania

 
 

 

Following on the string of new discoveries in Mozambique and Tanzania, the deep and ultra-
deep offshore basin is the next frontier in the search for discoveries along the East Coast of 
Africa. Here we review the setting of this basin with the aid of ION's EastAfricaSPANTM seismic 
surveys to look beyond the discovery fairway into deeper water.  As much as 4000 m of 
sediment overlaps the continent-ocean boundary in offshore Tanzania, much of which was 
deposited in potentially restricted depocenters where multiple hydrocarbon systems are 
possible.  
 
The recent gas discoveries lie in a trend of water depths from 1000-1500m in the Rovuma 
Delta of Mozambique and Tanzania, extending to the north along a hinge line on the rim of the 
Mafia Deep offshore Basin in Southern Tanzania. Reservoirs in the new discoveries are 
reported to be in Early Tertiary sands in channels and fans ranging in age from Paleocene to 
Early Miocene, expanding from the same depositional system as the 1980’s discovery at Mnazi 
Bay. This trend is seaward from the previously proven gas reservoirs of Early to Mid 
Cretaceous (Neocomian-Cenomanian) in the Songo Songo Field.  The drilling so far has been 
unsuccessful in unlocking the potential of Cretaceous targets in the deepwater areas. Regional 
correlation using the SPAN seismic datasets with stratigraphy known from the coastal wells 
and DSDP sites, leads us to focus on the role of major unconformities that bound the tectono-
stratigraphic sequences of the margin. For example, at the mid-Oligocene low-stand 
unconformity, which is recorded in all the wells along the coast, there is more section 
erosionally missing than one would expect in the lowest of sea level lowstands. This can be 
explained by the concurrent uplift of the margin associated with uplift of the East Africa Dome 
and its attendant volcanism in the eastern branch of the East Africa rift.   
 
The overall stratigraphic framework can be divided into 4 major periods of Tectonic activity:  

4. Uplift and Regression Phase: from late Paleocene (?) or Mid Eocene to recent, 
associated with episodic uplift and East Africa Rifting. This is accompanied by 
reactivation of some of the earlier rift architecture faults and by overprint of new faults  
 
3. Passive Margin: during Mid Cretaceous to Early Paleocene, transgressive marine 
sediments blanket the margin, developing anoxic marine shales in sub-basins. A key 
question is the distribution of the potential source rocks, whether they are localized in 
the sub basins or regionally pervasive.   
 
2. Transform Margin: during Mid - Late Jurassic to Mid Cretaceous seafloor spreading 
opened the seaway between east and west Gondwana, part of which is named the 
Somali Basin. The earliest evidence of the newly formed ocean is marine sediments of 
Mid Jurassic age along the Tanzania coast. At this time, a group of transtensive strike 
slip faults developed along the East Africa Margin, allowing the migration of 
Madagascar to the south.   
 
1. Syn-Rift: long-lived, widespread extension across East Africa, broadly termed the 
Karoo, beginning in the Permo-Triassic, and continuing into Early-Mid Jurassic, 
precursor to breakup.   

The character of these sequences offshore in Tanzania is illustrated by the seismic example in 
Figure 1 (courtesy of ION GeoVentures) that extends from the hinge line at the edge of the 
Mafia Deep Basin, seaward for 400 kms into the Tanzania Deep Offshore Basin, and onto 
oceanic crust beyond the Davies Transform. Sequence 3, the passive margin sequence, is 
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especially significant. This marine transgressive phase demonstrates a regionally pervasive 
transparent zone that limits shallow faulting and is likely not only a regional seal, but also a 
regionally persistent source rock. The recent gas discoveries are in channels and slope fans in 
the regressive section above this zone, located landward of the Seagap FZ.  
 
In the Tanzania Deep Offshore Basin, below the transparent zone, Sequence 2 exhibits 
character of more continuous events seaward of the Seagap FZ, suggestive of lower slope and 
basin floor fans, as one would expect in the more distal part of the margin. Near the base of the 
sequence, the character of laterally continuous reflectors with very strong amplitudes is 
interpreted to be a Late Jurassic marine sequence, perhaps of source quality. The basin is 
underpinned by extended continental crust. Oceanic crust is beyond the Davies FZ. Although 
prediction of maturation is not constrained by heat flow data, in principle, the decreasing 
thickness of overlying sediment and postulated cooler domain seaward may place the Jurassic 
in the oil generation window.  If so, this suggests the possibility of finding liquid hydrocarbons in 
the deeper water. 
 
How far will the trend of Gas Discoveries extend?  
Probably it will continue along strike landward of the Seagap FZ. Potentially the Tanzania Deep 
Offshore Basin will have a different and possibly more liquid-prone petroleum system. 
 

 
 
 
 
 
 
 

 

 

 

Figure 1: Regional Seismic profile across the Mafia Deep and into the Tanzania Deep Offshore Basin. 

   Regional PSDM Seismic courtesy of ION GeoVentures (VE~x70). 
  
Tectono-stratigraphic Sequences: 

  4. Uplift and Regression: Late Paleocene to Recent – East Africa Uplift 
  3. Passive Margin: Mid Cretaceous to Early Paleocene – Transgressive blanket of Coastal Margin 
  2. Transform Margin: Mid / Late Jurassic to Mid Cretaceous – Seafloor Spreading 
  1. Syn-Rift: PermoTriassic to Early Jurassic, Extension – Precursor to Breakup 
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Exploration Success Along the East African Margin: With All the Evidence for Oil 
Generation, Why Has Only Gas Been Found? 
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Exploration along the East African margin prior to the 1990s was sparse, and heavily 
influenced by the results of the earliest exploration wells.  The margin was considered gas-
prone partly because of early exploration results, and partly justified as such because it was 
considered to lie on the windward side of the continent where the lack of trade wind-associated 
upwelling was considered unlikely to favour oil-prone sources.  This opinion was supported by 
the known occurrence of significant gas in Lower Cretaceous sands at Songo Songo, and in 
Miocene sands in the Mnazi Bay-1 well.  Subsequent initiatives promoted oil-prone sources, for 
example based upon the geochemical analysis of oil seeps from coastal settings along the 
margin between Mozambique and northern Tanzania.  These were typed, with a high degree of 
confidence, to-Middle and/or Lower Jurassic sources associated with the Indian Ocean break-
up unconformity.  Additionally recognised from northeast Madagascar are giant field-sized, 
heavy oils which were generated from the Triassic lacustrine sources, plus there is evidence 
for Lower-Middle Jurassic restricted-marine oil-prone source rocks associated with the 
Gondwana break-up.  

 
Despite significant indications for oil-prone sources, only gas continues to be found in 
commercial volumes, and latterly in exceedingly large quantities.  But trade winds should only 
significantly affect the post-break-up drift sequences, and as the seeps and heavy oils relate to 
the rift sequences, analogies with the Campos and Santos basins of Brazil are applicable.  
However, problems arise with conventional thermal modelling because of the deep burial of the 
rift sequences in the offshore, but alternative models exist that permit deeper oil windows.  
However, with subsequent uplift/inversion there are risks that any oil present will flash to gas.  

 
For the present, unless new models are successfully developed or there are serendipitous 
discoveries of oil, gas is set to predominate because: 
 

1. Permo-Carboniferous Sakhoa-type sources are wet gas-prone at best.  
2. Any Triassic oil-prone Sakhamena-type source rocks, if present, are likely to be post-

mature in terms of conventional basin modelling. 
3. Widespread Miocene inversion is predicted to have flashed much of the Lower and 

Middle-Jurassic, and Triassic oils and oil-prone source rocks to gas. 
4. Source rocks in the post-Middle Jurassic and Cretaceous open marine drift sequence 

are likely to be gas-prone as the section accumulated before the widespread 
evolution of flowering plants and the deposition of their mixed oil- and gas-prone 
kerogens. 

5. Regardless of kerogen type, younger organic-rich Tertiary sediments are likely to be 
only deposited locally as pro-delta sediments, and even more limited locally to be 
sufficiently mature for oil generation. 

6. Prior to sufficient burial to reach oil maturity, these pro-delta sediments as currently 
accumulating in the offshore deepwater at present are likely to be generating 
biogenic gas.  

 
Though the analyses, source and origin (biogenic/thermogenic) of the gases from the recent 
deepwater discoveries at this time remain unpublished and confidential, the presence of major 
rivers such as the Ruvuma and Rufiji implies the potential for large volumes of reservoir sands 
to be present in the deepwater, as well as seals.  Now that that multiple gas plays have indeed 
been established, reserves of gas can be expected to keep on growing to limits ultimately set 
by the size of the kitchens, wherever and whatever they are.  The challenge now for oil 
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explorers is to identify the contributing source rock kitchens, understand the likely history of 
their maturation, and use that information to define those areas where commercial volumes of 
oil may be found.  
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Keynote Speaker: Finding Oil in East Africa - The Albert Graben Story, Past, Present and 
Future 
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Recent industry focus on East Africa has resulted in large tracts of new acreage being 
licensed. The drivers for this focus are a series of significant discoveries of both gas and oil 
across the region. These discoveries have been in areas with little track record of past 
success. The play elements however have long been recognised particularly in the Albert 
Graben where Wayland et. al. described oil seeps as far back as the 1920’s. Tullow’s history in 
Uganda began with the acquisition of Energy Africa (EA) in 2004. EA had been working in the 
Albertine Graben since 2001 with their partners Heritage Oil. Exploration success for Tullow in 
Uganda did not come easily and was as much about corporate deals to consolidate acreage 
positions as it was about success through the drill bit. Industry perception at the time was that a 
young mid continent basin without a proven prolific oil source rock was not the obvious place to 
look for elusive East African oil. Persistence has paid off with the total discovered resource 
base now topping approximately 1.1bn boe” 
 
Recent industry focus on East Africa has resulted in large tracts of new acreage being 
licensed. The drivers for this focus are a series of significant discoveries of both gas and oil 
across the region. These discoveries have been in areas with little track record of past 
success. The play elements however have long been recognised particularly in the Albert 
Graben where Wayland et. al. described oil seeps as far back as the 1920’s. Tullow’s history in 
Uganda began with the acquisition of Energy Africa (EA) in 2004. EA had been working in the 
Albertine Graben since 2001 with their partners Heritage Oil. Exploration success for Tullow in 
Uganda did not come easily and was as much about corporate deals to consolidate acreage 
positions as it was about success through the drill bit. Industry perception at the time was that a 
young mid continent basin without a proven prolific oil source rock was not the obvious place to 
look for elusive East African oil. Persistence has paid off with the total discovered resource 
base now topping approximately 1.1bn boe” 
 
Recent exploration began  with the drilling of the Heritage operated Turaco-1,2 & 3 wells 
between 2002 to 2004, resulting in a disappointing CO2 discovery in the Semliki area at the 
southern end of the basin.  A breakthrough came with the drilling of the Hardman operated 
Mputa-1 leading to the first oil discovery in the basin. Several discoveries in the same flank 
play followed including Waraga and the significant Kingfisher field operated by Heritage in 
2007. All of these flank plays rely on a seal against the basin bounding fault and 3-way 
anticlinal dip closure.  
 
Exploration of the northern areas of the basin also began in 2007 with the acquisition of a fairly 
sparse grid of 2-D seismic by Tullow, the operator of EA-2 and Heritage, operator of EA-1 
(exploration area 1). 
 
Interpretation showed large NW-SE trending faults cross-cut by secondary E-W trending faults. 
The intersection of the two fault trends combined with structural dip towards the SW led to the 
definition of a number of triangular shaped fault traps. Monoclinal dip to the SW towards a 
potential 'source kitchen' beneath Lake Albert provided a speculative and risky long distance 
migration path. Some of these prospects were supported by amplitude anomalies at various 
levels in the interval just above the base of the rift-fill. Prospects identified included Ngege, 
Kasamene, Kigogole, Nsoga, Ngiri (Warthog), Rii(Giraffe) and Jobi(Buffalo). 
 
The first boreholes drilled within the area were Ngege-1 and Kasamene-1 in mid 2008 by 
Tullow. The latter was a promising discovery in high quality Pliocene fluvial channel 
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sandstones. This was followed by another discovery, Kigogole-1, before drilling activity 
switched to EA-1. 
 
The first well to be drilled by Heritage was Ngiri-1 in EA-1 south of the Victoria Nile. This well 
was a promising discovery similar to Kasamene-1. Activity then moved to the north of the 
Victoria-Nile and the most significant discovery so far was made at the Jobi-1 and Rii-1, drilled 
at the end of 2008. These wells intersected the same large oil accumulation. 
 
During 2009 Tullow continued exploring in EA-2 and made further discoveries at Nsoga-1, 
Wahrindi-1 and Ngara-1 and also started an appraisal drilling program. 
 
In early 2010 Tullow exercised their pre-emption rights over the Heritage Oil sale of their 
Ugandan assets consolidating their position as 100% equity holder and operator of EA1, EA2 
and EA3A.  In parallel a farm-down process continued culminating in Tullow farming down their 
equity to 33% and introducing CNOOC and Total to the basin. As the farm-down process 
continued further discoveries followed in 2010 and 2011 at Mpyo-1, Jobi-East-1 and Gunya-1 
along with additional appraisal wells and 3D seismic.  
 
Exploration by Tullow and Heritage over the past 5 years has opened up a major new oil play 
in the Victoria-Nile region. In 2012 Ugandan exploration efforts with our new partners CNOOC 
and Total will see the drilling of the Kanywataba prospect in the south of the basin and a series 
of prospects to the west of the Nile in the north.  More regionally exploration focus in Tullow is 
shifting to transfer learnings in Uganda to new frontiers in Kenya and Ethiopia where important 
play tests will be drilled in 2012.  



East Africa: Petroleum Province of the 21
st

 Century 

 

October 2012 #Eastafrica12 Page 42  

NOTES 



East Africa: Petroleum Province of the 21
st

 Century 

 

October 2012 #Eastafrica12 Page 43  

The Progressive Development of the East African Rift System and Its Effects on 
Petroleum Systems 
 
Duncan Macgregor, Surestream Petroleum, Davison House, Forbury Square, Reading, UK 
 

The term ‘East African Rift System’ (‘EARS’) is generally applied to two trends (‘western’ and 
‘eastern’ branches) of narrow rifts basins active in the Cenozoic. The system comprises some 
30 discrete basins, mainly half-grabens, which differ substantially in their structural style, fills, 
and geological history. Variations are seen from multi-phase rifts (e.g. Rukwa Basin and 
onshore Malawi rifts), which were active in several phases, including the Proterozoic, Early 
Permian, Early Cretaceous, Palaeogene-Early Neogene and Late Miocene-Recent (Late 
Neogene) to a trend of Late Neogene single phase rifts between Uganda and the Kigoma 
Basin of Lake Tanganyika. The Late Neogene phase is associated with major footwall uplift 
that has sometimes uplifted and frozen older rifts (e.g. Lokichar Basin). 
 
This paper presents stratigraphic correlations of these rift phases along with a series of isopach 
maps, covering the whole system but with an emphasis on the western branch and on the Late 
Neogene rift phase that dominates this trend. Data and interpretations are compiled from 
outcrop, previous subsurface studies, new mapping of Probe seismic over the lakes (including 
reprocessed data) and gravity modelling. This work allows a more confident application of 
petroleum system analogues from explored rifts, both within and outside of the two branches 
that conventionally define the system.  Investigation of current sedimentation patterns within 
the Late Neogene system, particularly in Lakes Tanganyika and Malawi, also provides a useful 
geological ‘snapshot’, providing possible analogues for reservoirs and source rocks in the 
subsurface. 
 
The critical issues for the evaluation of petroleum systems within the EARS are seen to be: 

1. Development of deep lacustrine source rocks during underfilled phases of rift 
development, controlled by tectonics, topography, climate and sediment supply. These 
are known at Present Day, within the Late Neogene rift sequence and within the 
Palaeogene-Early Neogene rift sequence: analogues from outside the system also 
suggest they may occur in older rift sequences. 

2. Maturation of these source rocks. Known oil occurrences (including seeps) in these and 
analogue basins on other continents (e.g. the Rhine Graben) can be tied to two models, 
a) ‘conventional’ maturation under a background heat flow, and b) ‘unconventional’ 
shallow maturation associated with thermal anomalies. 

3. Relationship between generation and fault sealing, which is seen to be conventional in 
the older rift sequences and unconventional in the Late Neogene system, this leading to 
a substantial boost in hydrocarbon columns. 

Consideration of these three issues highgrades the rifts which have been most active during 
the Late Neogene phase, these being readily apparent on current topography and 
unsurprisingly concentrated around Present Day lakes. 
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Hydrocarbon-Rich Rift Basins: Oil Potential versus Climatic and Tectonic Patterns. 
Examples from the East African Rift System 
 
Jean-Jacques Tiercelin, Centre National de la Recherche Scientifique, UMR 6118 Géosciences 
Rennes, Université de Rennes, 35042 Rennes, France 
 

Environmental changes in typical rift basin settings have been intensely studied at different 
time scales. In the East African Rift System (EARS), the large and deep lakes of the Western 
Branch such as Lake Tanganyika and Lake Malawi have been investigated during the 80s in 
terms of knowledge of modern to recent rift sedimentation as analogues to ancient rift series 
such as the Atlantic Rift deposits offshore and onshore western Africa. More recently, detailed 
studies have been conducted in terms of records of climatic change over the early Late 
Pleistocene, on the basis of long cores recovered in deep water in Lake Malawi. In the Eastern 
Branch of the EARS, the histories of several short-lived lakes have been reconstructed over 
the past 5 million years, mainly in terms of lake-level fluctuations, climate changes and their 
links with astronomically controlled processes, and tectono-volcanic activity along the inner 
axis of the rift. 
 
Only few examples of Mio-Pliocene to Present-day rift basins along the EARS have been 
studied in terms of their hydrocarbon potential, source rock occurrences and their links with 
climate conditions and basin hydrography, reservoir rock characteristics and correlation with 
watershed geology and tectonics, and basin architecture leading to productive and prospective 
structures. Some of these examples have been used as analogues to evaluate the 
hydrocarbon potential of older basins within the EARS. In the central segment of the Kenya 
Rift, the Lake Bogoria half-graben basin, of Plio-Pleistocene age, offers at a small scale a clear 
image of all geological characteristics that need to be evaluated to quantify the hydrocarbon 
potential of rift sedimentary basins. Potential targets such as the North Tanganyika Basin in the 
Western Branch of the EARS, the Lokichar and Turkana Basins in the Eastern Branch can be 
interpreted using the Lake Bogoria Basin as model. 
 
Sedimentation processes in rift basins are primarily controlled by their typical half-graben 
morphology, and then by climatic conditions prevailing on each basin during its development, 
i.e. semi-arid climatic conditions for the 2 million years old Bogoria Basin; tropical humid then 
semi-arid conditions for the 15 million years old Turkana Basin; tropical humid conditions for 
the 45-10 million years Lokichar Basin, and the 10 million years old North Tanganyika Basin. 
The reservoir potential for each basin is directly connected to the faults controlling the 
watersheds, i.e. the major normal faults bounding each half-graben structure. The petrographic 
composition for each watershed, i.e. metamorphic basement- and volcanic-dominated 
watersheds for the Lokichar and North Tanganyika Basins; volcanic-dominated watershed for 
the Turkana Basin and the Bogoria Basin, is the main parameter controlling the reservoir 
potentiality of clastic inputs to the basin. 
 
In the Bogoria and Turkana Basins, volcano-clastic material issued from thick volcanic units in 
the watershed is mainly composed of resistant volcanic minerals and very fine-grained material 
(clay fraction). Semi-arid conditions induce inputs of poorly sorted matrix-supported 
conglomerates and medium- to fine-grained sandstones transported by an ephemeral lateral 
fluvial network and deposited as coalescent alluvial fans along the main border fault, or as fan 
deltas in shallow depth littoral platforms. Dry climate did not induce strong mineral alteration to 
the exception of zeolites development from volcanic mineral alteration following contact with 
highly saline, alkaline fluids, thus inducing major loss in porosity and permeability in sandstone 
units. 
 
In basins concerned by metamorphic watersheds, feldspar- and quartz-rich, poorly sorted 
conglomerates and coarse- to fine-grained sandstones are laterally distributed along the main 
border faults. In the Lokichar Basin, tropical climate conditions and associated vegetation 
(semi-deciduous forest and humid woodland) that prevailed from Eocene to lower Miocene 
resulted in quartz-rich, well-sorted sand inputs in deltaic platforms and shallow lake waters. 
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Cementation characters are associated to shallow diagenesis, linked to alteration processes of 
some minerals (K-feldspar and micas), with mainly kaolinite, calcite and hematite as 
predominant cements. Porosity and permeability of such deposits are generally moderate to 
good. In the North-Tanganyika Basin, lateral fluvial inputs from the steep Uvira border fault 
bring immature, quartz- and feldspar-rich sands down to great depths of the basin during 
periods of high-lake level through deep channel and canyon systems. Reworking of such 
sediment by deep bottom currents at the mouth of channel systems, result in clean quartz-rich 
sands that may form high quality reservoirs. 
 
In all rift basins, if lateral clastic input remains dominant, the nature of the axial clastic input is 
mainly controlled by the fault structure and lithology of the far watershed, generating well-
sorted quartz- and feldspar-rich sands for the Lokichar Basin, and mainly silt and mud from the 
volcanic-dominated far watershed for the Lake Bogoria and Turkana Basins. In the North 
Tanganyika Basin, the axial clastic input from the Rusizi River is a mixture of fine-grained 
elements issued from a strongly weathered metamorphic basement and volcanic rocks, which 
is distributed at the north end of the basin by density flows that may generate thick 
homogeneous units of silt and mud, generally poor in organic matter, that may form efficient 
seals. 
 
The main difference in basin sedimentation for the Bogoria, Lokichar, Turkana and North 
Tanganyika Basins concern the open lake environment. Offshore sedimentation in the Lake 
Bogoria Basin reveals a complex history with high organic productivity either associated with 
high lake levels during humid periods of Plio-Pleistocene, or with highly saline conditions during 
arid periods and low lake levels, accentuated by a strong influence of inputs of high-
temperature, mineral-rich hydrothermal waters. During these periods, organic-rich sediments 
(TOC from 1-12%) were preserved at lake bottom due to water stratification and anoxic 
conditions at depth. Thick organic-rich (TOC up to 17%) shales form two major sedimentary 
units deposited in the Lokichar Basin during high-stand lacustrine periods of Eocene-Oligocene 
age. Similar accumulations of organic-rich muds occurred in the deepest parts of the North-
Tanganyika Basin during upper Miocene and Plio-Pleistocene. Organic matter resulting from 
very high algal productivity indicates the existence at these times of a deep freshwater 
lacustrine environment due to high rainfall conditions in the watershed, with well-marked water 
stratification below 150 m water depth. Offshore lake sedimentation in the Turkana Basin was 
controlled from 15 to 7 million years by tropical humid climate conditions, as it was until 10 
million years in the nearby Lokichar Basin. Semi-arid climate conditions occurred at 7 Ma as a 
result of global climate change. In the absence of good outcrops and exploration wells, 
Miocene-Pliocene deep-water sediments are almost unknown. Lacustrine mudstones in the 
Turkana Basin are known from the Plio-Pleistocene Nachukui Formation. Despite a semi-arid 
climate, high organic productivity resulted in the deposition of 1-5% TOC muds. High inputs of 
very fine-grained sediments form the axial Omo River draining the volcanic plateaus of Ethiopia 
contributed to a major dilution of organic matter in the northern half of the Turkana Basin. 
 
Thus, as shown by these different examples, over the structural control and basin morphology, 
climate conditions play a major role in rift basin sedimentation by controlling the sorting and 
petrography of inflowing sediments, influencing the potential of reservoirs, as well as 
influencing offshore sedimentation where high quality source rocks characterize deep 
lakes/high lake level conditions linked to humid climatic conditions. Precise knowledge of such 
conditions may greatly help to identify rift basins highly favourable for hydrocarbon prospects. 
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An Integrated Approach to Understanding the Geology of the Lake Albert Basin 
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The exact timing of key events during the structural evolution of the Lake Albert Basin have 
been contested in the recent past and without any absolute dating methods applied to the 
relevant intervals the debate continues. Some authors describe pre-rift downwarping and 
associated deposition from the Early Miocene whereas others prefer a somewhat younger 
model with oldest sedimentation dating back to Late Miocene. There is also seismic evidence 
for a potential Pre-Neogene depositional system. The finite timing issues may appear 
somewhat academic but the broader tectonic elements have significant impact on the structural 
controls on sedimentation during the deposition of the main prospective reservoir, source & 
seal components in different parts of the basin. 

Core description has identified a suite of facies characteristic of deposition in alluvial fan, 
alluvial plain, fluvio-deltaic and open lake settings comparable to depositional settings found in 
the present day Lake Albert and in other rift lakes in the East African Rift System. Palynological 
data are employed in conjunction with wireline logs to create a framework of correlation 
markers. Understanding the structural and climatic controls on sedimentation by combining  
this geological data (~50 wells – wireline/core/palynology/sedimentology, extensive fieldwork, 
satellite imagery & modern/palaeo analogues), geophysical data (2D/3D seismic and FTG 
data) and geochemical data has enabled construction of a detailed basin model. 

Regardless of the exact tectonic origin, the geometry & drainage pattern associated with a 
widely accepted, although recently disputed, model of a palaeo-lake Obweruka would have 
controlled sedimentation in the basin at key intervals. Further marginal systems are apparent 
along the eastern Ugandan margin often associated with basin margin structural controls such 
as relay-ramps.  

The greatest hydrocarbon bearing reservoirs discovered to date occur in the northern part of 
the basin & represent a focus for part of this presentation. These reservoirs represent 
deposition associated with a large axial delta system entering the basin from the north. 
Palaeoflow data from core, image log & seismic data suggest a reversal of flow compared to 
present day, whereby palaeo-inflow during the time of deposition would likely be similar to the 
present day outflow of the Albert Nile. This reversal may have occurred due to basinal tilt to the 
north, potentially associated in part with the most recent uplift of the Rwenzori Mountains. 

In terms of potential source rocks, the highest TOC samples (up to 24%) show predominantly a 
Type I character, however there is evidence for mixing between Type I oil prone kerogen and 
Type III gas prone kerogen most likely due to facies variation (lateral and/or vertical) within a 
single source rock. VR-depth and SCI-depth trends indicate that the majority of source rock 
samples are immature for oil generation over the areas intersected, obviously maturing in 
deeper untested sections of the basin. 

Overall, oil samples from EA1, EA2 and EA3A are molecularly very similar, suggesting they are 
all derived from the same lacustrine source rock. Variations in maturity and source facies can 
be detected in the molecular and isotopic composition of the oils, but these variations are only 
very slight and cannot be attributed to multiple source rocks. All seeps are similar to the 
downhole oils, apart from minor variations in sterane and hopane compositions due to 
biodegradation/facies variation/analytical error.  

Key to the thermal maturation of the basin is the nature and thickness of the underlying 
lithosphere. Several recent publications have focused on this topic and their results have been 
used to inform the basin model. In addition, models have incorporated heatflow, temperature 
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and vitrinite reflectance data. Along with thermal maturity, the origin and behaviour of the 
source rocks is an important factor in determining timing of expulsion of hydrocarbons. 
Geochemical signatures of these source rocks have also been incorporated to model 
generation and expulsion. 
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Sedimentary Response to Coupled East African Climate Change and Active Rifting In 
the Lake Edward Basin, Albertine Rift, Uganda 
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Lake Edward is situated within the northernmost sector of the Western Arm of the East African 
Rift System (EARS), known as the Albertine Rift or Graben. The Albertine Rift is structurally 
segmented into a series of asymmetric graben depocentres, or domains, each separated by 
NW-SE or W-E trending Accommodation Zones (AZ's) (Rubondo, 2005).  EARS sectors each 
have their own structural style and within these, individual sedimentary basins also appear to 
have evolved separately over time.  Resolving the structural evolution of each basin and how 
the style of sedimentary rift fill has changed over time is paramount in predicting the presence 
and quality of petroleum source, reservoir and seal rocks in that depocentre. In 2007, Dominion 
Petroleum Ltd. acquired the licence to explore for oil and gas in EA4B, which includes the 
onshore rift sediments to the south-east of Lake Edward and a large proportion of the Ugandan 
side of the lake. No exploration geophysical surveys or wells had previously been undertaken 
in the Lakes Edward and George basins, and as such, this area to the south of the Rwenzori 
Mountains had remained effectively unexplored for hydrocarbons up to that time.  The first (and 
currently only) well, Ngaji-1, was subsequently drilled by Dominion Petroleum Ltd. in June 
2010. 
 
Dominion conducted an extensive geological field survey programme of south-eastern onshore 
Lake Edward in collaboration with PEPD and Trinity College Dublin. Some preliminary mapping 
by the Petroleum Exploration and Production Department (PEPD) of the Ministry of Energy, 
Uganda between 1988 and 1997 in the Lake Edward - Lake George region identified anything 
up to approximately thirteen informal formations in various litho- and chrono-stratigraphic 
schemes. A limited, shallow-penetration (<50m) reflection seismic survey was carried out by 
Syracuse University in 1996, and then again in 2003, accompanied by some shallow piston 
coring on Ugandan Lake Edward. High resolution 14C dating of plant material within short cored 
intervals of lake sediment, combined with sequence stratigraphic interpretation of seismic 
sections led to a new chrono- and event-stratigraphy for the eastern Lake Edward area and the 
recognition of the neotectonic framework. Identification of arid intervals, humid or wet phases 
and their correlation with an oscillating East African climate during glacial / interglacial episodes 
indicate that the near-surface sediments of Lake Edward are latest Pleistocene to Holocene in 
age (~20,000 yrs B.P. to the present day) (Laerdal & Talbot, 2002). 
 
East Africa has undergone a variety of long- and short-term climatic oscillations since the Early 
Miocene (Shaw et al., 2008). The intensity and duration of annual wet and dry seasons is 
affected on a kilo-year time scale by Milankovitch precessional cycles (Trauth et al., 2010). 
Precessional minima (and Northern Hemisphere maximum insolation) cause equatorial wet 
episodes and increase large African lake water volumes, and vice versa for precessional 
minima. On a 10’s of kilo-year time scale, precessional cycles and glacial episodes also disrupt 
the Inter-Tropical Convergence Zone (ITCZ) across equatorial Africa, causing increased 
saesonality and the equatorial zone to become more arid. Sepulchre et al. (2006) also made 
the key recognition that the active tectonics of the region might also play its part in driving 
localised climate, maintaining that periods of increased rifting caused footwall crests along rift 
margins to rise as the central basin floor subsided.  Such an uplift and increase in the 
topography of rift margin crests was attributed to cause an increase in orographic rainfall. Each 
of these climatic and tectonic-related shorter-term effects punctuate a long-term Cenozoic 
drying-out of East Africa as the planet cooled from the Cretaceous and early Paleogene 
‘Greenhouse’ to the present ‘Icehouse’. 
For petroleum exploration purposes it is critical to predict the subsurface lithofacies architecture 
of petroleum play elements; source, reservoir and seal. Following the work of Bohacs et al. 
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(2000), continental rift basins are often thought of as falling into one of three categories. ‘Over-
filled’, ‘balance-filled’ and ‘under-filled’ lake basins are modelled as a function of sediment and 
water supply versus potential accommodation space, thus affecting the depositional style of 
source, reservoir and seal lithologies. However, the field evidence in Lake Edward 
demonstrates that it has been a particularly dynamic rift basin over its ~3 Ma history, with 
multiple episodes of extensional subsidence with superimposed short- and long-term climatic 
variations. Thus, the original ‘under-‘ or ‘over-‘ fill model (Bohacs et al., 2000) can be used as 
the basis upon which to build a more complex and dynamic model for Lake Edward on a 
shorter timescale, in which each of the mechanisms can be manipulated separately but 
simultaneously, allowing the sum of their combined effects on lithofacies development to be 
predicted. The effects on sedimentation of even small fluctuations in lake level are particularly 
accentuated on the eastern side of the Lake Edward basin because of its extreme asymmetry. 
 
In a new coupled climatic – tectonic model presented here (Figure 1), two end-member 
scenarios can be recognised within each regime.  The East African climate has oscillated over 
the past ~3 Ma between arid glacial intervals and wet interglacial phases.  Whereas the Lake 
Edward basin has undergone pulses of active extension and subsidence interspersed with 
periods of tectonic quiescence.  When combined, this produces four end-member possibilities 
for any one moment in time during the evolution of Lake Edward; arid with tectonic quiescence, 
wet with tectonic quiescence, arid with active rifting and wet with active rifting.  More arid 
episodes favour sand body deposition, concentration and winnowing during flash-flooding 
events, whereas wet intervals favour development of thicker clay intervals in back-flooded 
fluvial systems.  The effects of differing subsidence rates then dictates whether thick or 
condensed sand-dominated or clay-dominated successions develop during periods of 
increased or decreased accommodation space, respectively. This model is currently being 
tested in Lake Edward using ICP MS/OES major oxide concentration paleosol/climate proxies 
in conjunction with clay mineralogy.  Emerging results suggest that this model does indeed 
explain the stacking architecture of interbedded sand-shale (clay) intervals in the Lake Edward 
basin.  
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Figure 1.  A new coupled climatic – tectonic model controlling depositonal style and architecture in the 
Lake Edward basin. The position of the red star in each cartoon represents the approximate position of 
exposures in the central area of onshore EA4B. Note that these are schematic cartoons only and are not 
to scale. 
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Heritage Oil was instrumental in stimulating the current exploration phase in the African Rift 
Valley through the discovery in western Uganda of the Kingfisher (2007), the Warthog (2008) 
and the Buffalo-Giraffe Fields (2008-2009). These remain the largest discovered accumulations 
of oil in the Albert Rift Basin to date and were regarded by the oil industry as game-changers in 
African Rift Valley exploration. Acreage in other sections of the Rift Valleys has since been 
taken up with rapidity by companies looking for similar success in (hopefully) analogous rifts. 
 
These explorers, however, will face numerous challenges if they are to repeat the Albert Basin 
success story. These will include unravelling the geological conundrums concerning source 
rock presence and maturity and the role of active and/or dormant volcanic systems. 
Technological challenges will also be high, not only associated with the remoteness of many of 
the basins, but the extreme difficulties of drilling within the (deep) lakes that overlie many of the 
sedimentary basins. In the event of discovery, the challenge will be how to bring the very waxy 
lacustrine oils to market. Throughout these difficult processes the companies will need to 
negotiate their ways through the high expectations of African Governments who have the 
Ugandan success very much on their minds. 
 
Using the expertise and experience gained in their Ugandan exploration, Heritage Oil has 
negotiated PSAs in sections of the Tanzanian western arm of the Rift Valley covering the entire 
Rukwa Rift Basin and the northern onshore end of the Lake Nyasa (Malawi) Rift. As with the 
Albert Basin, both areas show on regional gravity maps as pronounced gravity lows, thereby 
implying the presence of similar fills of thick, young, low-density lacustrine sediments. 
Heritage’s interest in these areas is further stimulated by the fact that both are substantially 
dry-floored, or in the case of the Rukwa Rift, where the lake is present, it is very shallow. Even 
the shallow water depth will be challenging for drilling, however. 
 
The Rukwa Rift underwent a first exploration phase in the mid 1980’s by Amoco who acquired 
about 2,300km of land and lake seismic and drilled two wells. Applying the models derived 
from their Ugandan drilling campaign, Heritage believe that the eastern side of the basin was 
under-evaluated by Amoco and that is has similarities to the Albert Rift Basin. To test this, 
Heritage are to acquire OBC seismic to image as close to the graben-margin bounding fault as 
possible. It was in such a structural location that the Kingfisher Field was found. In the Lake 
Nyasa (Kyela) PSA, no seismic or drilling activity has ever been conducted, though a 1980’s 
seismic survey in the adjacent lake suggests up to 4,600m of section may be present, 
immediately south of the PSA area. This implies the potential for moderate or long-distance 
migration and thus similarities to the migration of oil into the Ugandan Warthog and Buffalo-
Giraffe Fields located to the north of the Lake Albert depocentre.  
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Rift Basins of the Turkana Region, Kenya (EARS): East Africa’s New Frontier? 
 
Caren Herbert, Tullow Oil  
 

Covering an area of ~53,000 km2, Tullow’s acreage in the Turkana region of onshore Kenya 
represents an exciting opportunity to pursue Tertiary Rift plays on a large scale in one of East 
Africa’s frontier rift regions.  With limited vintage seismic coverage and only two wells in the 
Tertiary rift, play concepts and new technologies such as Full-Tensor Gravity Gradiometry 
(FTG), which were first tested in the Albert Rift in neighbouring Uganda, were employed in our 
new acreage and now serve as a framework for future exploration.   
 
Although analogous, there are significant differences in the evolutionary histories and character 
of the Albert and Kenyan rifts.  Both rifts form part of the East African Rift System (EARS) but, 
whilst the Albert Rift is located on the relatively quiescent western branch, the Kenyan rift falls 
on the volcanically active eastern branch of the EARS.  Dominated by fluvio-lacustrine source 
rocks, the properties of oils recovered from the Turkana region largely mimic the traits of typical 
African rift-fill generated crudes found in Uganda.  However reservoir composition and basin 
geothermal gradients are highly variable in the Kenyan rift due to the volcanic nature of the 
region. 
 
From the outset, we determined to concurrently develop both regional and prospect-level sub-
surface models for the Turkana region.  To that end an airborne geophysical survey (FTG and 
aero-magnetics), the largest such survey to date, was recorded. ln light of the complex history 
and the spatial variability of Kenya’s Tertiary rift, integration is key to the interpretation of our 
various datasets.  Here we examine our exploration method, from data acquisition to drilling 
our first well, Ngamia-1.  We illustrate how we have added value through data integration; by 
assessing 2D seismic in conjunction with our airborne geophysical data, landsat imagery, and 
surface geology and fieldwork.   
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Evolution of an Exploration Program in the South Omo Basin, Ethiopia 
 
Keryn Simpson, Tullow Oil plc 
 

As a to follow up to successes in Uganda, Tullow Oil acquired license areas in the eastern arm 
of the East African Rift, with coverage extending from southern Ethiopia into Kenya.  The Lake 
Turkana and South Omo Basins lie between two major intersecting rift systems.  An older 
southeast-northwest trending Cretaceous Rift, part of the Central African Rift System, 
extending from Southern Sudan to the Lamu Embayment on the Kenyan coast, is cross-cut by 
the north-south Tertiary East African Rift System.  Understanding basin architecture within this 
complex structural setting is further complicated by a history of volcanism dating back to 45-
35Ma.  

While geologically interesting, very limited academic work has been done in Southern Ethiopia, 
so timeous geophysical data acquisition is essential for understanding basin architecture, as 
well as building a regional understanding of the East African Rift system. 

Regional airborne Full Tensor Gravity (FTG) and Magnetic data was acquired up front to gain 
an understanding of the basin geometries. This has been highly successful, especially in areas 
where volcanics adversely affect seismic imaging.  Geophysical data has been integrated with 
all other available records to evaluate palaeo-environmental conditions within the rift over time, 
which facilitate our understanding of potential source, seal and reservoir sequences. Thereby, 
providing insight for both the planning and interpretation of seismic over focus areas. 
 

Exploration programs require sensitivity to the fact that this region is the world’s most important 
source of human evolutionary discoveries. Accordingly, Tullow has developed a strong 
symbiotic relationship with archaeological institutions and governments of both Kenya and 
Ethiopia. We are helping them in the collection of data and finding new fossil sites, and they 
work with us to enhance our understanding of the environment and communities.  

This presentation demonstrates the quality and value of the technical data we’ve acquired to 
date, how it has increased our understanding of basin architecture within this major rift junction, 
and we look at prospectivity potential within the South Omo Basin. 
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In Search of Missed Opportunities in the Cenozoic Rifts of East Africa 
 
Paul Carey, Mike Hammill, Kerri Wilson, Paul Markwick, GETECH Group plc., Elmete Hall, Elmete 
Lane, LEEDS, LS8 2LJ 

  
The announcements by Tullow Oil (March and May 2012) of oil discoveries in the Ngamia-1 
well, Block 10BB, Turkana Basin, has reinvigorated interest in the hydrocarbon potential of the 
East African rifts beyond Lake Albert.  But, identifying which rifts to explore remains uncertain. 
 
In order to answer these questions, we began a study in the summer of 2011 with the following 
objectives: 

1. To generate a new digital map of the structural framework and sediments of the East 
African Rift System based on an analysis of remote sensing data (Landsat, gravity and 
magnetic) and available geological data. This included the search for possible off-rift 
structures that may have been previously missed.  

2. To characterise the tectonics and sedimentation of the Albertine Basin (Lake Albert) in 
order to define those factors (criteria) constraining its hydrocarbon prospectivity 

3. To screen all other identified basins within the East African Rift System for hydrocarbon 
prospectivity using this set of criteria.  

 
The results identified 7 key criteria for high-grading the hydrocarbon prospectivity of the rift 
basins, which led us to high grade 6 rift basins for further investigation, including Lake Turkana. 
 
In addition, the detailed mapping (1:50,000 – 1:250,000 scale) identified numerous structural 
features of potential hydrocarbon significance, especially in Ethiopia, western Somalia and 
northern Kenya, which we believe merit additional exploration. 
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Beydoun Revisited: Tectonostratiographic Evolution and Petroleum Systems of 
Southern Arabia and Northern Somalia 
 
David RD Boote, DBConsulting Ltd 
 

Prior to their mid-Tertiary separation, Southern Arabia and Northern Somalia shared a common 
tectono-stratigraphic evolution interrupted by a number of regional tectonic events, locally 
amplified by rifting, uplift and exhumation (Figures 1, 2 & 3).    
 
Hercynian and later Mesozoic unroofing removed much of earlier Infra-Cambrian, Palaeozoic 
and lower Mesozoic cover and by late Triassic a large domal high dominated Yemen and 
Northern Somalia.  This was gradually onlapped during the Jurassic from the north and south 
and largely buried by the Kimmeridgian. The crestal part of this arch collapsed during the 
Tithonian to form a series of northwest-southeast trending rift grabens.  Subsequent deposition 
was strongly controlled by rift topography with the western rift system largely filled by end-
Jurassic while the eastern ones remained underfilled until Early Cretaceous and later. Late 
Valangian uplift and local extension was followed by transgression from the east and by early 
Aptian much of the rift topography had been filled. Further regional uplift and erosional 
unroofing occurred during the late Aptian and mid-Turonian centered on a larger part of Yemen 
and Northern Somalia. The influence of these several domal events waned during the later 
Cretaceous and by early Tertiary, more regionally continuous depositional systems extended 
across the entire area. This finally came to a close in mid-Tertiary with late Eocene uplift 
followed by Oligocene rifting leading to sea-floor spreading and opening of the Gulf of Aden 
during the Miocene.  
 
A number of petroleum systems can be recognized in this region: 
 
(1) A prolific  Infra-Cambrian sourced system centered on South Oman may locally extend into 

southern Yemen 
(2) A Permo-Triassic sourced system in central Somalia 
(3) Oxfordian-Kimmeridgian pre-rift system(s) which contribute to late Jurassic syn-rift 

systems in Yemen 
(4) Tithonian synrift systems primarily sourced by restricted marine shales of variable 

character with some contribution locally from early post-rift saliferous source rocks 
(5) Mid-Tertiary synrift system(s) with locally distributed lacustrine source rocks 

 
These several systems vary widely in the efficiency in response to differing source quality, 
reservoir character and seals. Post-charge uplift and unroofing has also had a significant 
impact locally encouraging late gas charge/flushing driven by regional depressuring and 
breeching seals by tilting/faulting sometimes resulting in leakage and dispersal of entrapped 
hydrocarbons.  
 
Figure 1: Late Jurassic-Late Cretaceous stratigraphic architecture, Southern Arabia and 
Northern Somalia 
Figure 2:  Mesozoic-Tertiary chronostratigraphic framework, southern Yemen to central 
Somalia 
Figure 3:  Mesozoic-Tertiary chronstratigraphic framework, Ogadon Basin, eastern Ethiopia to 
central Somalia 
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Geological Evolution of the Petroleum Prospective Mandawa Basin, Southern Coastal 
Tanzania 
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Gondwana break-up during the Permian to Early Cretaceous caused Madagascar to rift away 
from East Africa and move southwards along the Davie Ridge transform zone (Kent et al., 
1971). Initial south-westerly rifting into the Selous area of Tanzania during the Permo-Trias 
(Nilsen et al., 1999) failed and jumped eastwards to open what would subsequently be 
recognized as the Mandawa/Ruvuma and Morondava basins (in Tanzania and Madagascar 
respectively), prior to dextral strike-slip movement of Madagascar southwards from the Early 
Jurassic (Geiger et al., 2004). By the mid Cretaceous, rifting re-located east of Madagascar to 
open the Mascarene basin and consequently a passive margin developed along the coastal 
zone of Tanzania which persisted until the Early Miocene (Collins, 2003). The gradual 
encroachment of the eastern arm of the East African Rift System southwards into the northern 
regions of Tanzania during the Miocene resulted in subsidence along the north-west to south-
east trending Pangani Rift, which ran offshore to open a series of basins along the coastal 
zone of Tanzania and into the Mozambique Channel (Kent et al., 1971; Mougenot et al., 1986). 
These shallow coastal basins contain a Neogene to Pleistocene sedimentary fill and until 
recently the generally held view was that they reflect a post-Miocene re-establishment of a 
passive Tanzanian continental margin (for instance, see Mpanda, 1997). However, within this 
broad regional tectonic setting, the precise details of basin evolution, sedimentary fill 
architecture and timing during this period along southern coastal Tanzania have remained 
poorly understood. 
 
Since 1998, an international collaborative research team has been working in southern coastal 
Tanzania with the Tanzania Petroleum Development Corporation, ‘TPDC’.  In 2002 we initiated 
the Tanzania Drilling Project, ‘TDP’, to undertake a series of shallow, continuously cored 
boreholes in the coastal region of the Mandawa basin between Kilwa and Lindi. By 2005, 20 
sites had been drilled and biostratigraphic correlation between these holes demonstrated that a 
near-complete stratigraphic succession was recovered in cores from the Upper Cretaceous to 
Lower Oligocene (Pearson et al., 2004, 2006; Nicholas et al., 2006). This allowed construction 
of a sequence stratigraphic framework of mid shelf to upper slope claystones and limestones, 
recognition of key bounding surfaces and prediction of down-dip lithofacies. 
 
In 2006, Dominion Petroleum Ltd. acquired the exploration licence for the Mandawa basin and 
initiated a wider geological field surveying programme in collaboration with TPDC and Trinity 
College Dublin. Regional geological mapping revealed a wealth of exposures which has 
allowed a reassessment of the lithostratigraphy and palaeogeography of the Mandawa basin 
prior to the Upper Cretaceous interval cored by TDP (Figure 1). This was followed in 2007 by 
the formation of another University consortium in collaboration with TPDC, including some of 
the original members of TDP, to conduct a shallow 2D seismic survey along the offshore 
Mandawa basin to link with onshore Paleogene and younger geology. Field evidence onshore 
indicates a periodic structural inversion along the coastal strip over the past 6 Ma, with the 
most recent uplift occurring less than 80,000 years ago to form the marine erosional platform of 
the Kilwa peninsula. The results of the offshore seismic survey indicate that the Tanzanian 
continental margin is a partitioned strike-slip fault zone with compressional and extensional 
elements dominating different parts of the margin at different times over the last ~20 Ma, 
including the uplift of the Davie Ridge. This complex structural regime appears to be a 
consequence of the east-south-easterly movement and lesser clockwise rotation of the 
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‘Rovuma Microplate’ against the Somali plate, which forms the deep ocean basin to the east 
(see Stamps et al., 2008). 
 

 
 
Figure 1.  New geological map from this study for the Mandawa basin, southern coastal Tanzania, based on 
regional geological field surveying between 2006 - 2009 and a re-evaluation of previously existing datasets. 
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Hydrocarbon Prospectivity of offshore Kenya.  
 
Helen Doran, Daniel Howes, Richard Higgins 

 

and Andy Oldham, Ophir Energy, Subiaco WA 6008, 
Perth, Western Australia,  
 

Following major discoveries in Blocks 1 and 4 offshore, southern Tanzania, Ophir Energy has 
expanded its East African portfolio into the shelf and deep waters of northern Tanzania and 
Kenya. The company’s success in Tanzania has played a critical role in de-risking the 
prospectivity of a complex, under explored margin, by debunking one of East Africa’s long 
standing primary risks surrounding the presence of a high quality source rock within the 
offshore Gondwana stratigraphy. The expansion of Ophir’ s portfolio has led to the company 
acquiring one of the largest, and most geological diverse, positions in offshore East Africa. 
 
The Kenyan acreage is positioned within both the southern Lamu Basin, and the northern most 
sector of the Tanzanian Coastal Basin. The offshore area is largely underexplored with recent 
activities being focused on Kenya’s southern neighbours. The limited well data available within 
the offshore demonstrates marked variations in sequence thicknesses and facies, which 
alludes to the diversity of the play in the offshore area. 
 
With the exception of Pomboo-1, exploration to date offshore Kenya has focused on the 
southern Lamu Basin (Kofia-1, Maridadi-1B, Simba-1 and Mbawa-1) which is dominated by 
Kenya’s largest offshore structural features the Davy Walu High and the Simba High which are 
potential primary foci point for regional migration. Ophir’s Kenyan acreage is perfectly 
positioned on these key structures with Block L-15 situated on the northern extent of the Davy-
Walu High and Block L-09 containing both the southern extent of the Davy Walu High and the 
northern extent of the Simba High. In addition Block L-09 contains a significant proportion of 
the Mbawa-Mbawa South High, which is an inverted half graben orientated parallel to the Davy 
Walu High and the focus of Apache’s recent well campaign. 
 
The offshore area of Kenya has been defined by three major structural episodes: Karoo intra 
continental rifting, Gondwana rift and drift and Late Cretaceous inversion. The timing, influence 
on sedimentation, source deposition, maturation and structuration of these three major events 
have been investigated within the offshore area and their impact on play potential assessed. 
Data from both regional 2D and recently acquired 3D seismic surveys in conjunction with basin 
modelling, addressing source rock maturation and charge timing has revealed several plays 
throughout the Cenozoic and Mesozoic stratigraphy.      
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3D Seismic Interpretation and Tectonic History of the Seagap Fault Zone, Offshore 
Tanzania 
 
Camila França, Mike Hohbein, Kurt Rattansingh, BG Group 
 

Over the past 2-3 years, huge volumes of gas (over 50Tcf recoverable) have been discovered 
offshore East Africa, thrusting the region into the industry spotlight as a new prolific 
hydrocarbon province. As part of BG Group and partners’ exploration activities in the region, 11 
000km2 of well-calibrated, high quality 3D seismic data have been acquired offshore Tanzania, 
which permit investigation of the subsurface geology of the region. Geologically, the areas of 
offshore Tanzania and Mozambique are heavily influenced by strike-slip faulting related to the 
separation of Madagascar from Africa which began around 150Ma. Offshore Tanzania, this 
lateral movement is accommodated in part by the Seagap fault zone, and the 3D seismic data 
acquired in the region allow interpretation of the fault structure, movement history and its 
impact on hydrocarbon potential in detail not previously possible. 
 
Detailed interpretation of the seismic data using various seismic attribute techniques along with 
standard seismic stratigraphic practices has permitted the mapping of the complex architecture 
of the Seagap fault system. Mapping of the fault planes along with key horizon and isochron 
maps have helped to constrain the timing of movement along the fault, and the impact of its 
poly-phase movement history on depositional architectures and sedimentary facies distribution 
within the mapped packages. 
 
The detailed understanding of the timing, sense and magnitude of movement along the fault 
zone through time as a result of this study in turn has significance to hydrocarbon exploration in 
the region through its impact on reservoir distribution, and timing of trap formation and 
reactivation relative to hydrocarbon migration. 
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Keynote Speaker: Elephant Hunting In East Africa: An Exploration Story about the 
Rovuma Basin and the One That Didn’t Get Away. 
 
Brian Russel Frost, Anadarko Petroleum Corporation 

 

Industry has been looking for petroleum in East Africa for a long time.  Ever since 19th Century 
Explorers rediscovered the natural oil and gas seeps known to the indigenous peoples, the 
hunt has been on to find an elephant-sized field.  Early successes were made onshore in 1957-
61 at the Pande-Temane Gas Fields in the Cretaceous Mozambique Basin and later at the 
Unity Field in Southern Sudan’s Cretaceous Muglad Rift in 1980.  These discoveries were 
followed up regionally however by only minor gas discoveries, dry holes, and the mention of a 
few minor oil shows.  By 1986 most operators abandoned exploration activity in the region and 
by 1990 the Somali civil war shut down the last meaningful exploration program in the area.  
 
My story starts in 1992 with the end of Apartheid in South Africa, the fall of the Soviet Union, 
and the reconciliation of the Frelimo and Renamo political parties in Mozambique.  I had just 
finished working up a new play in deepwater Nigeria and was looking for the next big thing.  
After high grading all the basins in Africa where my company wasn’t already active, 
Mozambique looked to have the largest area of unexplored frontier basins. The next thing I 
knew, I was on a flight to Maputo. 
 
Mozambique is a big country with over 1500 miles of beaches and only 30 million people.  It’s 
one of the poorest countries in Africa because of the 30 years of war that took place to gain 
independence from Portugal and settle a civil war backed by the opposite sides of the Cold 
War and Apartheid.  
 
It’s a good place to explore.  The basins are big, large areas have never been explored with 
seismic or drilled, and the people are friendly.  The country is drained by 3 world-class river 
systems.  At the time of my visit however, the coastal Zambezi River/Mozambique Basin had 
been already picked over and the Interior Limpopo/Suave Rivers couldn’t be accessed 
because of left over land mines and out of work freedom fighters.  Only 2 wells had been drilled 
in the Rovuma River Basin (1 was a 500 BCF discovery), but my company wasn’t ready to 
explore deepwater in a basin without commercial onshore and shelf production and the 
opportunity was not pursued. 
 
I kept tabs on Mozambique through the years because the geology was prospective and it was 
a nice place to visit.  In 1995 I met a Soviet-era geologist at the AAPG general meeting in 
Houston who told me about the toe thrusts he’d seen on seismic data in the deepwater 
Rovuma Delta. We were standing in front of a regional seismic line from the deep water Niger 
Delta displayed outside TGS’s booth. He said the Rovuma Delta showed the same growth fault 
and toe thrust structures linked by a regional decollement surface.   Deepwater drilling was just 
getting started in Nigeria and later that year oil was discovered in the first exploration well Oyo-
1.  I never forgot about that discussion.   
 
My company didn’t want any more deepwater acreage and they couldn’t be persuaded to 
change their mind.  I continued to present the idea that linked extension-compression 
depositional systems were good places to explore through two other employers until it found 
fertile ground at Anadarko.   In 2000 Anadarko doubled their size by a merger with UPR and at 
the end of 2003 they got a new CEO and Exploration VP that were ready to hunt elephants.  
The timing was good, the acreage was open, and I was on another flight to Maputo. 
 
The Rovuma is a big Tertiary delta.  You can see the river sand bars on Google Earth.  The 
limited seismic data showed the potential for scores of structures and the overburden was thick 
enough to mature a source rock.  The seismic morphology looked a lot like the deepwater 
Niger Delta.  Billions of barrels had been discovered there since 1995 and so far the Rovuma 
basin had a 50% discovery rate. The only problem was there weren’t any good source rocks at 
outcrop and existing wells hadn’t found any either. 
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Was the Mnazi Bay gas discovery just a biogenic fluke or was there more petroleum to be 
found?  What produced the oil seeps?  There was a lot of work to do.  The rest of the story 
describes how plate tectonic reconstructions, regional seismic data, and analogs were used to 
put together a compelling geologic story on why the Rovuma Basin was a good place to look 
for elephants.  (I would like to think it was the compelling story that sold the investment but an 
oil price uptick from $40 to $60 barrel had a lot more to do with it.) 
       
The opportunity was internally presented as an oil play.  We were looking for oil but knew that if 
we found gas there was going to be a lot of it.  However, gas was hard to economically model 
and there wasn’t enough data in this frontier basin to generate meaningful results.  I ’m grateful 
for the push back we received from Anadarko’s Risk Consistency Team who insisted there 
should be a chance for gas.  After much discussion we settled at 20%.  It was a compromise 
that recognized gas as an outcome and discounted the BOE case NPV while at the same time 
it allowed everyone to feel good about the consensus decision to go forward.   
 
Deterministic and probabilistic reserves distributions were generated to estimate the size of the 
prize and these were compared with analog basins for a reality check.  The Campos Basin was 
a good match.  The drainage basin area was similar and the size of the expected productive 
trend was also about the same.  It meant the Rovuma Basin was indeed a good place to hunt 
for elephants and the drilling to date has proved this to be true.  
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Keynote Speaker: The Rovuma Basin (Mozambique, Tanzania). Sixty Years of 
Exploration: From the Disappointing Initial Results to Recent Supergiant Gas 
Discoveries.  
 
Marco Orsi, Andrea degli Alessandrini, Marzia de Sensi, Pablo Flores, Franco Fonnesu, Lorenzo 
Meciani & Gaia Moltifiori. Eni E&P 
  

The Rovuma Basin, located on the East Coast of Africa, is formed by the combination of the 
Tertiary sediments associated to the Rovuma fluvio-deltaic system, the underlying syn-rift 
Mesozoic sediments associated to the East Africa passive margin onset and the older, pre 
break-up Paleozoic system.  
 
The Rovuma depocentral area is articulated by some local, peculiar structural features: the 
Rovuma Gravity Belt, a large extensional-compressional system located in the southern part of 
the basin, that has a key role in the trapping of the recent supergiant gas discoveries (e.g. 
Mamba); the recent Kerimbas basin, a deep graben feature that is apparent also on 
bathymetric data; the elongated, N-S Davie Ridge system, the structural lineament that is 
interpreted to be associated with the relative southward movement of the Madagascar plate .  
 
The basin, one of today’s global exploration hotspot thanks to the large gas discoveries made 
from 2010 to 2012 by different operators, has an exploration history that has commenced in the 
mid 1950ies. The most significant discoveries of the first, pre-2000 exploration phase, mainly 
focussed in the onshore-shallow water part of the basin, are Songo Songo and Mnazy Bay gas 
fields, both discovered by Agip (now Eni) in 1974 and 1982. 
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The interest of the exploration industry in the Rovuma basin was revived with the assignment 
of deepwater blocks in both Mozambique and Tanzania in 2006-09, and the subsequent 
seismic and drilling activities. Exploration was driven by a combination of interpretation of 
Direct Hydrocarbon Indicators (DHI) and detailed seismic stratigraphic understanding of the 
Tertiary deepwater system, and led to the discovery of very large gas accumulations, with a 
very high Rate of Success (ROS).  
 
In the Mamba gas discovery (Area 4, Eni operator and partners ENH, Galp and Kogas) drilling 
data have confirmed the occurrence of sand-rich, high-quality turbidite packages where the 
originally associated suspended load fines were removed by northward flowing sea-bottom 
currents leaving behind winnowed deepsea fans constituted by thick mud-free amalgamated 
sand bodies of excellent reservoir quality. 
 

  
 
The spectacular success of the exploration of the deepwater part of the basin is an excellent 
example of how new ideas, new technologies, new models and changed economic 
environment can dramatically rejuvenate the interest and appeal of a sedimentary basin after 
decades of exploration characterised by modest success. 
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Exploration of the East Pande Block, Southern Tanzania 
 
Higgins, R. I., Oldham, A., Hood, M., Ophir Energy 
 

Introduction 
The East Pande PSA covers a 7,500sqkm block lying on and offshore southern Tanzania, in 
the western edge of the Mafia Deep Offshore Basin (MDOB), in water depths down to 2,000m. 
Ophir entered the PSA in April 2010 (70% interest with Operatorship). RAKGas operated the 
block from PSA signature in November of 2006 to April 2010. Ophir’s entry followed its three 
gas discoveries in late 2010/early 2011 in Blocks 1 and 4; Pweza-1, Chewa-1 and Chaza-
1/ST1. Drawing on Ophir’s experience in these blocks and its regional understanding, Ophir 
were quick to capture the East Pande opportunity, assessing the East Pande block to have 
significant hydrocarbon potential, with a good chance of oil charge.  
 
Hydrocarbon potential 
The MDOB is situated between the Tanzanian continental shelf edge and the Davie Fracture 
Zone, approximately 200 km east of the Tanzanian coast. It contains a sedimentary 
accumulation of up to eleven kilometres, being one of the several East African basins which 
resulted from the break-up of Gondwanaland during the Early Jurassic. Despite significant 
support for hydrocarbon potential in the offshore, with oil and gas shows and seeps along the 
coastal region, the first deepwater discoveries only came in 2010/11 with drilling of the Ophir-
operated wells, Pweza-1, Chewa-1 and Chaza-1/ST1. 
 
Owing to a lack of deep well penetrations in the deepwater, an understanding of the source 
rock potential in the offshore must be extrapolated from coastal information. Source rocks with 
the greatest potential include lake-to-restricted marine oil-prone rocks of Early to Middle 
Jurassic age and oil- and gas-prone shallow-marine source rocks of Late Jurassic to Early 
Cretaceous age. In the East Pande area, these intervals are believed to be currently oil-
mature. The block is therefore interpreted to have a greater chance for oil than the area to the 
east, where source rocks are buried more deeply.  
 
The Pre-Cambrian Tanzanian craton and Mozambique Metamorphic Belt provides the 
provenance for basin sediments. Long-lived NE-SW regional fracture systems are interpreted 
to have focused Cretaceous and Tertiary drainage patterns, eroding the quartz-rich 
provenance, and providing entry points for siliciclastics into the offshore basin. Seismic data 
show long-lived canyon systems, with interpreted sand-fill within slope channel and fan settings 
(Figure 1). Ophir’s Tanzania drilling results demonstrate the development of Tertiary and 
Cretaceous sand-rich reservoirs in the deepwater and the interpretation of seismic 
morphologies indicate such facies may pinch out within the East Pande block. 
 
Current Exploration Activity 
Prior to the PSA signature, seismic data recorded on the block consisted of low-quality vintage 
2D data. Subsequently, RAKGas acquired 201km of onshore 2D seismic in 2007 and 1,793km 
of offshore 2D seismic in 2010. Whilst interpretation of the onshore data continues, much of 
Ophir’s post-farmin effort in East Pande has focused on the offshore, leveraging on knowledge 
from the deepwater blocks to the east and leading to the identification of multiple play types 
and leads in the deepwater. Play types identified here include Cretaceous and Tertiary slope-
channel and fan pinchouts, along with Tertiary and Cretaceous channels and fans in rotated 
fault blocks. 
 
Figure 2 shows bright amplitudes draped over a structural high in the north of East Pande. 
These amplitudes are interpreted to represent hydrocarbon-charged sands equivalent to those 
in the Pweza gas discovery in Block 4. Figure 3 shows a Cretaceous onlap lead, suggested 
here to be an analogue to the Jubilee field in Ghana. This lead is located in the south of East 
Pande, where Ophir believe that owing to the burial depth of the interpreted source rock there 
is a significant chance for an oil charge. 
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In early 2011, the ~2200sqkm Ndizi 3D seismic survey was acquired in the deepwater of East 
Pande. Given sufficient encouragement from interpretation of the 3D seismic data, the Joint 
Venture may spud a well in East Pande near the end of 2012. 
 

 
 
 
 
 
 

 
 
 
 
 
 

Figure 1. Strike 2D seismic line (twt) showing 
multiple canyon incisions and potential 
reservoir intervals above oil-prone and –
mature source. 

Figure 2. 2D seismic line (twt) across a 
Tertiary lead. 

Figure 3. Dip 2D seismic line (twt) showing interpreted 
Cretaceous onlap lead above interpreted oil-mature 
source interval. 

Figure 4. Ndizi 3D seismic 
survey. 
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Keynote Speaker: East Africa – Commercializing a Major New Gas Province 
 
Malcolm Brown, BG Group plc, Thames Valley Park, Readingm, Berkshire, RG6 1PT 
 

The recent exploration successes in Mozambique and Tanzania herald the emergence of a 
new global gas province.  With over 50 Tcf of estimated recoverable reserves located in the 
Rovuma and Rafiji  basins, plus the high likelihood that more will be discovered, the challenge 
is now commercialization of these resources in a region in which domestic demand is currently 
limited.  This appears to make LNG the preferred means of linking these major new resources 
to markets.  
 
In this presentation BG Group, from its perspective as a partner in the Tanzania LNG project, 
considers the scale of development that we could see in East Africa and the key challenges to 
delivery of this vision. 
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Insights from the First Deep Water Core, Offshore Tanzania 
 
Pamela Sansom, BG Group plc, 100 Thames Valley Park, Reading, UK, RG6 1PT 

 
The second hydrocarbon discovery in the deepwater offshore of Tanzania was made by the 
Chewa-1 well, drilled by the Ophir Energy and BG Group partnership in 2010.  The well, which 
is located in Block 4 within the Mafia Deep sub-basin, was drilled in 1300m of water and 
targeted a seismic amplitude anomaly in the lower Tertiary succession.  It discovered a gas 
column within a 67m thick deposit of Paleocene slope-channel sandstones, which are 
interpreted as lying in a fairway sourced by the palaeo-Rufuji deltaic system to the west.  Two 
cores totalling 47m, with excellent recovery, were taken through the reservoir and comprise a 
stacked sequence of broadly upward fining sandstone packages 6-13m thick.  The reservoir 
succession observed within the core can be divided into three main intervals: 
 
The lower interval comprises sandstone packages which are characterised by gravel-grade 
conglomerates at the base, which pass up into coarse-grained, structureless, weakly-graded, 
amalgamated sandstones with intervals of mudstone intraclast conglomerate.  The basal 
conglomerates contain a wide range of extraclasts, including limestone and other lithic clasts, 
and are locally clast-supported.  The limestone clasts appear to have sourced carbonate 
cements, leading to tight zones in the conglomerates and adjacent sandstones which are 
readily identifiable from logs and poroperm data.  The sandstones are generally poorly sorted 
arkosic arenites with limited quartz cements and have excellent porosity and permeability 
properties.  These units are interpreted as the deposits of high density turbidity currents.  The 
clast-supported traction-deposit gravels indicate initial periods of significant sediment bypass 
followed by rapid suspension fall-out of gravels and sands.  Mud intraclast conglomerates are 
interpreted as reworking of collapsed bank material.   
 
The middle interval defined within the core is characterised by less amalgamated, metre-scale 
beds comprising upward fining coarse to medium grained structureless sandstones, which 
generally lack the gravel grade material observed in the lower interval.  These sands are 
thought to represent more organised deposition by suspension fall-out from high-density 
turbidity currents. The upper interval within the core comprises stacked metre-scale, generally 
ungraded beds of fine to medium grained sandstones, with localised preservation of muddy or 
rippled bed tops.  This interval is characterised by abundant dewatering structures, such as 
dish structures and pipes, together with load and flame structures.  These together indicate 
very rapid deposition from suspension fall-out and loading of beds by subsequent flows.  Log 
data suggests that the upper, uncored interval of the reservoir may comprise similar facies, 
overlain by an 8m-thick, thinly bedded, muddy, abandonment  phase deposit.   
 
Overall the Chewa-1 core shows an upward reduction in grain size, amalgamation and energy 
of the flows and an upward increase in preservation of bed tops and dewatering structures.  
The succession is interpreted as comprising deposits of individual channel complexes, which 
are gravel-based in the lower part of the core.  The channel complexes are stacked to form a 
single channel complex set, recording initial incision and bypass, followed by gradually waning 
flow deposition and terminated by abandonment.   
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The Post-Gondwana Development of East Africa’s Coastline with Emphasis on the 
Development of the Rovuma Basin 
 
Roger M Key

1 
and Colin V Reeves

2 
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Africa once formed a central part of the Gondwana Supercontinent (Figure 1) that was created 
by end-Precambrian-Ordovician (c. 560-480 Ma) orogenesis involving a number of collisional 
orogenic belts. Within the African part of Gondwana these (Pan-African) orogens form an 
intersecting array of linear belts including the major N-S East Africa-Antarctica Orogenic Belt 
(EAAOB), that forms the crystalline basement throughout present-day coastal East Africa from 
Egypt to Mozambique. In early Palaeozoic times the EAAOB formed a major mountain belt. 
Uplift and extension of Gondwana during lower Palaeozoic times created a number of intra-
cratonic Karoo rift-basins (Figure 2) that locally follow pre-existing structural weaknesses in the 
crystalline basement, including the trans-Africa shear system (STASS) that actually bisected 
the whole of Gondwana (Figure 1). The rift-basins are infilled by Carboniferous-early Permian 
periglacial sediments, Permian coal measures and Permo-Triassic red beds. The N-S EAAOB 
mountain belt formed a source region for the sediments (west-directed currents are recorded in 
the rift-basins of Mozambique and Zimbabwe) and will have formed the western shoulder of the 
Karoo rift-basin now concealed beneath younger sediments in the Mozambique Channel to the 
west of the Davie Fracture Zone. The Karoo sediments are locally overlain by Jurassic (c. 182 
Ma) lavas (predominantly tholeiitic flood basalts). Smaller Triassic to early Jurassic half-
grabens discordant to the Karoo rift-basins are filled with up to 2.5 km of predominantly 
continental sediments with intercalations of marine sediments (including the N’Gapa and Rio 
Mecole formations of coastal northern Mozambique). 
 
Measurable break-up of Gondwana was initiated in the mid-Jurassic (about 167 million years 
ago), when East Gondwana, comprising Antarctica, Australia, India and Madagascar, began 
dextral strike-slip against Africa creating the Somali, Mozambique, and Weddell proto-oceans 
(Figure 2). Early and intermittent Tethyan marine incursions off East Africa and NW 
Madagascar created a salt basin in the Somali proto-ocean (Reeves, 2009 and references 
therein). Sedimentary sequences in the Rovuma Basin of coastal parts of southern Tanzania 
and northern Mozambique record the Mesozoic and Cainozoic development of East Africa’s 
coast (Key et al., 2008 and references therein). Sedimentation started in a south-facing marine 
gulf fed by rivers that flowed with increasing energy off the rising and eroding continental 
landmass of eastern Africa. Basal sediments of the Pemba Formation were deposited on the 
western side of the gulf. During the Barremian (135 to 125 Ma) an open sea passage formed 
all along what is now the eastern coast of Africa. Macomia Formation sediments were 
deposited inland of Africa’s new coast-line with Pemba Formation sedimentation continuing 
offshore. Vertical uplift of the western landmass was at least in part controlled by north-
northwest to south-southeast faults. However, east-northeast to west-southwest trending 
transfer faults have been identified in the offshore part of the Rovuma Basin. These brittle 
fractures are parallel to the Lurio Belt, which is a major Pan-African ductile shear zone in 
Precambrian basement south of Pemba, and it is possible that some of the offshore transfer 
faults represent reactivated basement shear zones. Stabilization of the East Africa continental 
margin occurred at about 125 Ma with the demise of the active mid-ocean ridge east of the 
Davie Fracture Zone and Madagascar became part of the Africa plate. From mid-Cretaceous 
(c. 93 Ma) separation of India from eastern Madagascar got under way, opening the 
Mascarene Basin and leaving the east coast of Africa as a truly passive margin. The Late 
Cretaceous was typified by a widespread transgression in eastern Africa with uniform 
marls/clays (including the Mifume Formation) deposited along the whole continental margin 
and prograding onto the continental slope. The greatest accumulation of sediments occurred 
during Cretaceous times with about 3000 m of sediment recorded in the Pemba Formation 
(c.155 - 100 Ma), ~500m in the Macomia Formation (c.125 - 100 Ma) and up to about 810m in 
the Mifume Formation (c.100 - 65 Ma). Subsequent reduced sedimentation rates during early 
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Cenozoic times coincide with an order of magnitude reduction in erosion of Africa’s interior. 
Shallow water carbonate sediments (of the Alto Jingone and Quissanga formations) were 
deposited during the Paleocene and Eocene with a reefal facies along the outer edge of the 
shelf. There were periods of relatively low sea levels to create low-stand submarine fans. The 
Quissanga Formation is made up of shallow water coastal sediments. The relative thinness of 
the Paleocene and Eocene sediments in the Rovuma Basin suggests that there was a 
reduction in sediment supply from the African mainland, probably reflecting a relative reduction 
in regional fault activity. 
 
Delta progradation followed rift initiation in the East African Rift System at c. 35 Ma that has 
continued intermittently to the present day, mostly with deposition of marine and deltaic 
sediments (of the Mikindani and possibly Chinda formations). Uplift/doming of Africa in the 
Oligocene, prior to the formation of the East African Rift, initiated the Rovuma River Delta 
System and the associated marine regression. A Miocene transgression led to shallow water 
marine sedimentation during progradation of the delta (contemporaneous with rift-related 
onshore sedimentation in the East African Rift System). The present day outcrop of the 
Miocene sediments on the mainland of northeastern Mozambique is due to uplift of much of 
southern Africa since the Quaternary.  
 
Although the eastern coastline of Africa is regarded as a passive margin, it is clear from the 
preserved sedimentary record in the onshore part of the Rovuma Basin, that faulting, mostly 
with vertical displacement, has remained a major control on sedimentation. The present 
coastline of northern Mozambique remains fault controlled with intermittent movement on north 
to south trending faults resulting in earthquakes. 
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The Southern Lamu Basin, Offshore Kenya: Evolution; Structure; and Possible Plays. 
 
Pete Jeans, Steve Bottomley, Michael Lanaway

, 
Premier Oil 

 
The structure and prospectivity of the Southern Lamu basin, offshore Kenya, is the result of a 
long history of rifting, which resulted in the eventual break-up of West and East Gondwana, 
through to the incipient break-up of present-day East Africa, and subsequent inversion of the 
older rift structures. 
 
The first recorded Phanerozoic rift event is the Karroo rifting, dating from Late Carboniferous to 
end-Permian, and extending along the whole margin of East Africa, from S. Africa to Somalia. 
The gross meridional trend is the result of compression related to the closure of the Cape Fold 
Belt in the South, and the incipient opening of neo-Tethys along the Arabo-indian margin to the 
North. 
 
The sediments of the Karroo Group comprise syn-rift Late Carboniferous-Late Permian sands; 
and a post-rift Triassic sequence, also dominated by sands but containing the Maji ya Chumvi 
shales (potential source rocks) at the base.  
 
The next phase of rifting commenced in the early Jurassic, and ceased with the onset of 
continental separation of W and E Gondwana, controlled by the N-S trending Davy Fracture 
Zone. Early Jurassic rift basins are recognised on both conjugate margins - in coastal Tanzania 
(Mandawa), Madagascar (Majunga), and India (Kutch): fill is dominantly sand, although source 
rock shales and significant thicknesses of salt are known from Tanzania and Madagascar. The 
Dogger Limestone and succeeding late Jurassic shales (potential source rocks) overlie the 
rift/drift unconformity and usher in a period of passive margin sedimentation throughout 
offshore Kenya extending through Palaeogene times.  
 
Uplift of cratonic Africa in ?Apto-Albian times (co-eval with the Niger-Chad-Sudan rift system) is 
thought to have generated a major pulse of sand delivery to the Kenya-Tanzania margin.    
Separation of India/Seychelles from Madagascar in the Turonian and India’s subsequent rapid 
movement northwards during the rest of the Late Cretaceous resulted in an W-E compressive 
field which caused the inversion of a major Jurassic rift basin associated with the Davy Walu 
Ridge. This inversion resulted in an area of restricted marine circulation between it and the 
coast of Kenya, providing a mechanism for the deposition of Late Cretaceous to Eocene 
source rocks in the offshore Lamu basin. 
 
The latest period of rifting to have affected the offshore Lamu is of Early Miocene age and 
represents an embryonic Eastern arm of the Gregory rift. It has resulted in a deep Neogene 
basin which parallels the coast and is characterised by steep dips and Miocene pinnacle reefs. 
 
The outcome of this complex geological history is a complex but attractive selection of plays, 
which are currently being explored by the L-10 consortium (BG – operator; Premier Oil, Cove 
Energy, and PanContinental). Principal targets are considered to be:- 
 

 Upper Cretaceous – Palaeogene turbidite sands associated with the flanks of the 

inverted Davy-Walu Ridge 

 A Lower Miocene pinnacle reef trend in the inboard syncline 

 Fault-dip closures (possibly inverted) with Lower Cretaceous sands as a possible 

objective 

and examples of these structures as seen on the latest 2011 consortium seismic will be shown. 
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Deep-Water Reservoir Characterization for Exploration of Kenya Block L8 
 
Matt Grove, Jack Wang, Greg Holt, Tim Davis, Hugo Castellanos., Apache 

 
Apache Global New Ventures acquired a 50% stake in Kenya Block L8 and assumed 
operatorship in late 2010.  Block L8 covers approximately 4850 km2 (1.2M acres) with water 
depths ranging from 200-2000m.  The block contains a broad spectrum of plays ranging from 
tilted fault blocks with interpreted shallow-water reservoirs in the west to deep-water turbidite 
reservoir systems over faulted anticlines in the east.  A 2,300 km2 3D seismic survey was 
acquired in the eastern part of the block where the first exploration well, Mbawa-1, will be 
drilled to test multiple deep-water reservoir intervals.  A combination of sequence stratigraphic 
framework mapping, seismic facies analysis, and detailed volume interpretation was used to 
identify and characterize multiple reservoir intervals in the survey area.  Reservoir types 
identified include interpreted basin floor fans, intra-slope channel/lobe systems, and channel-
levee systems.  Results of this analysis were used to de-risk reservoir presence for the Mbawa 
and nearby prospects, and to support ongoing evaluation of additional plays and prospects in 
the area. 
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Kenya: Deep Water Exploration and Prospectivity  
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Introduction 
East Africa has seen an increase in offshore exploration in recent years. Particular interest has 
been focused in Mozambique and Tanzania with discoveries such as Barquentine, 
Windjammer and Jodari-1. Petroleum Geo-Services in co-operation with National Oil 
Corporation of Kenya (NOCK) aim to provide a basis for future offshore exploration in East 
African with particular interest focused in Kenya. 
 
Offshore exploration has been limited in Kenya, with four offshore wells drilled since 1978. 
There are two offshore wells of particular interest in the Lamu Basin; Simba-1 and Pomboo-1 
which were drilled in 1978 and 2007 respectively. Simba-1 was drilled on a NNE-SSW 
anticline, on trend with the Pemba High. The well encountered 90m of early Tertiary turbidite 
sands, with gas shows in Campanian sands and carbonates.  
 
Pomboo-1 targeted Campanian deep-water turbidite sands in a four-way dip closed structure 
formed by a blind thrust. The well encountered more than 200m of ‘moderate-to-good quality 
reservoir sands’ and it found extensive Cretaceous sandstones, although significant 
hydrocarbon shows were not encountered.  
 
Geology 
Four mega-sequences from the Karroo to the Late Tertiary have been identified and reservoir-
seal pairs have been recognised. The offshore hydrocarbon potential is assessed by 
successful exploration in other offshore East Africa basins, such as Tanzania and 
Mozambique. 
 
Similar basin geometries and deposition patterns can be seen in the Rovuma Basin, 
Mozambique. Thrust faults provide anticline and fault bound plays in the shallower waters, 
whilst deep water fans and turbidite channels dominate further offshore. The Mozambique 
discoveries of Oligocene and Paleocene deepwater fans can be used as a direct analogue to 
the plays identified in Kenya.  
 
Early Tertiary Kipini shales (2% TOC at Simba-1) and the Pate Limestone are potentially the 
dominant source intervals. Additional source rock intervals can be considered in the Middle 
Eocene, Upper Cretaceous, Middle and Lower Jurassic. 
 
Reservoir potential lies in the Upper Cretaceous and Tertiary intervals (Figure 1). Specifically 
with Cretaceous turbidite deposits of possible reworked Ewaso delta sands, and Paleogene 
deposits. Additional reservoir potential exists in Jurassic syn-rift sediments, although source 
rock presence and reservoir charge are dominant controlling issues for this.  
 
Seal distribution and integrity is not considered a high risk factor in deep water exploration. It is 
commonly believed that regional marine mud-dominated sequences provide adequate 
reservoir seals.  These encase reservoir sands and are believed to be laterally extensive 
across East Africa. 
 
A number of potential play types have been considered in the offshore Lamu Basin. The 
southern Lamu Basin is largely influenced by transpression tectonism which has a major 
impact on many of the identified play types. The Northern Lamu Basin is largely an untested 
passive margin deepwater fold belt. Thrust anticlines, fault bound sequences and stratigraphic 
features are the main potential plays.  Compactional anticlines overlying horst blocks, Upper 
Cretaceous channel and fan features are seen in both the North and South Lamu Basins. 
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Summary 
Offshore Lamu Basin is currently underexplored, although reservoir presence and quality is 
proven. A variety of structural and stratigraphic traps currently remain untested, with source 
rock distribution, quality and maturity remaining the predominant key risk. PGS data has helped 
locate untested reservoir targets in the deep water and has aimed to de-risk the problems 
associated with source rock distribution and quality. Kenya’s recent onshore success with the 
Ngamia-1 well, further highlights the offshore potential in this region. 
 

 

 

Figure 2: Seismic sections of PGS Kenya MC2D showing reservoir potential at Cretaceous and Tertiary level. 
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The Seychelles - An Integration of Regional Tectonics and Stratigraphy to Unlock the 
Hydrocarbon Potential. 

 
Paul Robinson, Kim Morrison & Matt Fittall, WHL Energy Limited, 2
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Three plate-scale tectonic rifting and spreading episodes are known for terrains surrounding 
the Seychelles Platform.  This structuring, coupled with the depositional systems of East Africa, 
Madagascar and western Indian has not previously been fully integrated with the subsurface 
geology of the Seychelles to aid understanding of the region’s petroleum potential. 
 
The Jurassic to Cretaceous tectonostratigraphy, lithostratigraphy and chronostratigraphy for 
central East Africa and Madagascar have been integrated with the Seychelles subsurface 
geology derived from wells and seismic data as it was the nature and intensity of surrounding 
plate movements that provided the elements required for the development petroleum systems 
across the Seychelles Platform. 
 
The Early Jurassic separation of Africa from the Madagascar-Seychelles-India (MSI) plate, 
known as the “Somali” rift, marked the change from regional Karoo sedimentation to more local 
syn- and post-rift deposition.  This episode initiated structuring along the western margin of the 
MSI giving rise to rotated fault blocks and horsts comprising Triassic to Early Jurassic Karoo 
reservoir quality sandstones.  The associated synrift sedimentation is well documented along 
the western margin of Madagascar where quality source rocks have been identified, and where 
associated clastic reservoirs are developed.  The full extent of the “Somali” tectonic episode 
and associated sedimentation across the Seychelles Platform is obscured by the intensity of 
the succeeding mid Cretaceous rifting.  However it is well documented that there are areas 
along the margin of the Seychelles Platform where a near-complete Middle Jurassic to Early 
Cretaceous synrift and postrift sequence is preserved. 
 
The mid Cretaceous “Mascarene” rift appears to have been short but intense.  The rifting and 
succeeding Late Cretaceous spreading occurred between Madagascar and the Seychelles-
India terrain.  The near-proximity of this tectonic episode to the Seychelles Platform, perhaps 
combined with reactivation of the preceding rift structures imposed a strong structural imprint 
across the platform.  Although synrift and postrift sediments are only thinly developed in well 
penetrations to date, there is clear seismic evidence of substantial Late Cretaceous 
sedimentary sequences most likely derived from the Indian craton to the east and northeast.  
The effects of the Mascarene rifting are virtually unseen along the passively subsiding margin 
of western Madagascar.  Consequently, the Mascarene tectonic and sedimentation episode 
across parts of the Seychelles Platform is a potential petroleum system that has not been 
recognised elsewhere and remains untested in the Seychelles. 
 
The Mascarene postrift phase ended with the initiation of rifting between India and the 
Seychelles Platform and the development of the Reunion hot-spot in the Late Cretaceous and 
Palaeocene.  This episode of NW India Ocean rifting affected parts of the Seychelles Platform, 
although the magnitude appears diminished compared to earlier rift events.  The greatest 
effects of this event were the separation of the Seychelles from India and the consequent 
isolation of the Seychelles Platform from clastic sediment source, and possible heating due to 
the rifting and hot-spot proximity.  As India moved northeast, the Seychelles Platform was 
surrounded by oceans, and carbonate platform sedimentation dominated, with quartzose 
sandstone shed from exposed granitic islands, through the remainder of the Tertiary. 
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Potential Plays In Tanzania Offshore Basin with Prestack Depth Migration Data 
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With the significant growth in interest in East Africa, WesternGeco GeoSolutions has 
reprocessed Tanzania legacy (acquired in 1999 and 2000) multiclient data sets.  We applied a 
novel approach to deliver a 3D velocity model for 2D Kirchhoff PreStack Time and Depth 
migrations.  The improvement in the seismic image allows a further study of regional geology, 
potential play concepts, as well as basin scale petroleum system modelling. 
 
Post-Miocene tectonic activities have influenced the reservoir geometry.  Inverted anticlines 
indicate early extension followed by late compression.  Well-imaged traps include depositional 
lobes, and channels that in some cases pinch out up dip. 
 
Post stack seismic attributes, variance, sweetness, and frequency indicate potential reservoir 
lithology, regional seals, and possible charge pathways.  In more detail, AVO attribute analysis 
confirms that these class III Directly Hydrocarbon Indicators are adequate to indicate gas as 
confirmed by recent drilling success.  This allows us to differentiate the similar bright 
amplitudes produced by gas sands from those of volcanic rocks.  However, petroleum system 
modelling suggests we should expect liquid hydrocarbons in these basins in addition to the gas 
already discovered.  
 
Tanzania is still at an early stage of exploration.  Clear seismic images have contributed to a 
string of discoveries with a good rate of exploration success.
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The Coastal Exploration Potential of the Lower Lamu Basin and Pemba Trough from 
Short and Long Offset 2D Marine Seismic and Potential Fields Data. 
 
Will Parsons, Andrew McCarthy and Terry Nilsen, Afren Plc., Kinnaird House, 1 Pall Mall East, London 
SW1Y 5AU 
 

The onshore surface stratigraphy of the East African coastline from Dar es Salaam to 
Mombasa youngs to the east across a system of extensional faults which control the 
morphology of the modern coastline. The offshore fault terraces associated with this system 
have been the target of an extensive seismic acquisition programme over recent years. 
 
Jurassic oil-prone marine source rocks are interpreted within shallow water fault blocks, with 
deeper water prospects relying on Eocene or as yet unidentified source rocks in the unexplored 
Pemba Trough. Immature oil-prone source rocks of Eocene age were encountered in the 
Pemba-5 well, which along with the Tundaua oil seep, also confirmed the presence of a 
working Jurassic petroleum system on the margins of the Pemba Trough. 
 
In 2011 Afren acquired 2130 km of marine 2D seismic data along the northern Tanzanian and 
southern Kenyan coastlines. These surveys supplemented 1225 km of short offset data 
acquired in shallow water in 2010. With the 1200 km of Petrodel’s 2008 Tanga survey the 
dataset now covers almost 6000 km2 of this coastal region on an average 2 x 5 km grid. The 
interpretation of these data has identified a number of significant exploration prospects which 
are predominantly three-way footwall closures of Jurassic to Tertiary age in the shallow water, 
and independent four-way Tertiary closures on the back of plunging hanging wall anticlines in 
the deeper water. 
  
The data points to the presence of a significant north-south oriented Oligo-Miocene rift 
overprinting the Eocene to Jurassic plays in the deepwater areas of these blocks. The 
identification of early structures is thus critical when planning forward exploration programmes 
in the deepwater. 
 

 
Figure 1: Sketch map of the onshore geology and main offshore structural elements of the Tanga 

(Tanzania), L17 and L18 (Kenya) blocks with key seismic lines and wells. 
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The Albertine Rift, East Africa: Initial Rifting, Long-Term Landscape Evolution and Final 
Surface Uplift 
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In East Africa, the feedback between tectonic uplift, erosional denudation and associated 
possible climate changes is being studied by the multidisciplinary research group ‘RiftLink’. The 
group’s focus is the Albertine Rift of the East African Rift System (EARS), and therein rising 
Rwenzori Mountains that stretch along the border of the D.R. Congo (DRC) and Uganda. Major 
questions relate to the temporal and spatial evolution of the Rwenzori Mountains and 
surrounding Albertine Rift: is the surface uplift of the Rwenzoris (>5 km) directly linked to rift 
movements in Neogene times, or was there a topographic high long before.  
 
To understand the morphological evolution of an area or landscape, knowledge about phases 
of (dis-)equilibrium between rock exhumation and rock uplift governed by climatic and tectonic 
processes is essential. Low-temperature thermochronology, like fission-track and (U-Th-
Sm)/He dating on apatite and zircon (AFT, AHe, ZHe) are well established tools to trace rock 
displacements through the upper crust. And, therefore, provide fundamental information 
helping to decipher the long-term landscape evolution of an area. 
 
Samples taken along and across the Albertine Rift cover the area around the Rwenzori Mts, 
and the mountain range itself. From thermochronological analyses (AFT, AHe & ZHe) and 
subsequent thermal modelling a protracted cooling history since Palaeozoic times can be 
revealed. This allows tracing back the thermal evolution of this area, long before initiation of the 
EARS, with the latter showing only minor effects on the cooling of the samples. Striking is the 
distinct cooling pattern within the Rwenzori Mts, where different blocks can be distinguished 
revealing differentiated cooling histories. Samples from the southern to south-central part 
reveal Carboniferous to Permian AFT ages, whereas samples further to the north show 
Jurassic to Carboniferous AFT cooling ages. Youngest AHe cooling ages of ~25 (0.5) Ma, 
obtained from this area point to a near surface position of these rocks since Miocene/Oligocene 
times, while detrital thermochronology allows deciphering the very recent (Plio-/Pleistocene) 
final rock and surface uplift, where erosion could not compensate for.  
 
Thermokinematic modelling, applied to samples from different parts of the working area allow 
to better constrain the cooling history of the Rwenzori Mts and surrounding Albertine Rift and 
will be discussed in the frame of this presentation. 
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Transform Tectonics Influencing Turbidite System Architecture: Tertiary Slope, Offshore 
Kenya 
 
Joanna Wallis & Simon Barker, BG Group, 100 Thames Valley Park Drive, Reading, RG6 1PT. 

 
3D seismic data recently acquired from offshore Kenya (blocks L10a and L10b) reveal large 
deep marine channel complex and lobate fan systems that punctuate the claystone-dominated 
Tertiary section of the Kenyan continental slope. These deep marine systems received 
siliclastic input from a long-lived delta system (the present day Tana river delta) on the Kenyan 
coast to the north, and represent extensive coarse-grained clastic fairways dispersed across 
the Tertiary slope. 
 
The distribution and evolution of these turbiditic systems has been strongly influenced by 
intermittent and ongoing tectonic motion on the Davy Fracture Zone, a long standing zone of 
strike slip and associated extensional displacement. The Tertiary section accommodates net 
left-lateral strike slip motion along the Davy Fracture Zone on a series of NW-SE striking Reidel 
shear fault planes. The fracture zone is deflected towards the coast from its N-S orientation, 
and produces the Davy-Walu Trough to the west and the Davy-Walu High to the east. 
 
The complex tectonic history of the Davy Fracture Zone produced an evolving 
palaeobathymetry, and the interplay of this tectonic set-up with the Tertiary sedimentary 
system has produced a range of depositional architectures; amalgamated sinuous channels 
are observed within the Davy Walu Trough, as evolving accommodation space captured the 
early sedimentary infill. Incised linear to sinuous channel complexes were carved over the 
Davy-Walu High as sediment flows were deflected by movement on the NW-SE striking Reidel 
shears, and spilled from the infilling basin towards the ocean basin further to the east. Fan-
shaped systems are observed as sediments bypassed the Davy Walu High and were 
deposited on the relatively unconfined and lower gradient western flank.  
 
The channel complex systems incised into the Davy Walu High represent potential reservoirs. 
Seismic data show that these channel complex systems are characterised by a deep initial 
erosional incision. The axis of this initial incision is typically fault controlled, principally by thin-
skinned fault systems relaying basement-level deformation via underlying decollement 
surfaces. The erosional surface is immediately overlain by fill demonstrating a bright, hard 
response, with some planar to dipping reflections, but generally disorderly in character, 
followed by phases of re-incision and infill by sediments producing dimmer, planar reflections. 
The component channels demonstrate sinuosity, although the meander development varies as 
the systems evolve, suggesting changes in slope gradient change due to tectonic activity and 
evolution of the sedimentary system. These channel complexes are intersected and offset by 
fault planes that propagate to the present day seabed, indicating that tectonic activity has had 
a long-standing influence on the evolution of the sedimentary system. 
 
Depositional processes and internal architectures dictate the distribution of potential reservoir 
and non-reservoir facies. In the absence of well data to calibrate the seismic response, multiple 
models are identified using analogue systems to constrain the facies and reservoir potential of 
the various depositional elements. 
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Burlington House  
Fire Safety Information 

 
If you hear the Alarm 
 
Alarm Bells are situated throughout the building and will ring continuously for an evacuation.  
Do not stop to collect your personal belongings. 
Leave the building via the nearest and safest exit or the exit that you are advised to by the Fire 
Marshall on that floor. 
 
Fire Exits from the Geological Society Conference Rooms 
 
Lower Library: 
 Exit via Piccadilly entrance or main reception entrance. 
Lecture Theatre 
 Exit at front of theatre (by screen) onto Courtyard or via side door out to  
 Piccadilly entrance or via the doors that link to the Lower Library and to the  main 
reception entrance. 
Piccadilly Entrance 
 Straight out door and walk around to the Courtyard or via the main  
 reception entrance. 
 
Close the doors when leaving a room.  DO NOT SWITCH OFF THE LIGHTS. 
 
Assemble in the Courtyard in front of the Royal Academy, outside the Royal Astronomical 
Society. 
 
Please do not re-enter the building except when you are advised that it is safe to do so by the 
Fire Brigade. 
 
First Aid 
 
All accidents should be reported to Reception and First Aid assistance will be provided if 
necessary. 
 
Facilities 
 
The ladies toilets are situated in the basement at the bottom of the staircase outside the 
Lecture Theatre. 
 
The Gents toilets are situated on the ground floor in the corridor leading to the Arthur Holmes 
Room. 
 
The cloakroom is located along the corridor to the Arthur Holmes Room. 
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