[image: image6.jpg]




[image: image2.png]PES4GB





PESGB-HGS: First Annual International Symposium

“Africa, the success will continue”

[image: image1.png]



[image: image5.jpg]



17 – 18 September 2002

Millennium Hotel, Grosvenor Square, London
TABLE OF CONTENTS

(Click on Page # to link to abstract)


MEETING SUMMARY
7
ABSTRACTS

Session One North West & West Africa

Deepwater Petroleum Prospectivity of Northwest Africa 

A. Stein,  Fusion Oil & Gas
10
After 50 Years of Preparation … Senegal is Now Ready to Become the Next African Success

J. Dombrowski,
11
Deformation and Uplift History of the Eastern Gulf of Guinea - implications for petroleum prospectivity

R. Bray1, S. Munday1, P. Green2 & S.R. Lawrence1
12
Prospectivity of the Deep-Water Shelf of Sao Tome and Principe

J.A. English
13
Session Two - West Africa

3D Structural Modelling of the Central Abidjan Margin, offshore Côte d'Ivoire - the key to unlocking this emerging exploration hotspot? 

D.M. Dutton1, D.L. Lister1, B.D. Trudgill1, J. Morrison2 & V. Boblai3
14
3D Revives an Old Play: Result ; an Aptian subsalt discovery, Etame Field, offshore Gabon, West Africa
D. Cameron & J. Gill
15
Getting more from your potential field data.  Offshore  Angola & Brazil, a case  Study

M.A. Davies, P Versnel & J.A. Watson
16
New play types in deepwater Ghana

J. Craven, J. Molnar, G. Tari & D. Valasek
17
Exploration Opportunities with Indigenous Nigerian Oil Companies – an update

D. Gamali
18
Orange River Basin, now a proven world-class hydrocarbon province

J. Cubitt, T. Berge, & J. Aldrich
19
An Overview of Angola’s Petroleum Geology (Pinda Carbonates & Tertiary Turbidites) and industry activity

T. Koning
20
Session Three  North, Central & East Africa

The Petroleum Prospectivity of Algeria’s Deep-Water Margin

M.J. Cope
21
New E&P Blocks of Onshore and Offshore Libya: Ranks, Potential, Undeveloped Fields, and Discoveries

M.W.I. Ibrahim
22
A new depositional model for the Triassic Ras Hamia Formation of Libya: The implications for exploration and production

I. Carr, R. Underdown & K. Ashahomi
23
Mesozoic Plate Tectonic Controls on Rift Basin Development in North Central Africa: a Major Cretaceous Basin System

J.D. Fairhead1 & R. Guiraud2
24
Source rock maturity and hydrocarbon generation modelling in East Africa: a case study from Tanzania

A.D. Carr
25
Session Four East Africa & Central South Atlantic

Applications of Gravity Segment Analysis to the East African Continental Margin

J. Milsom
26
Hydrocarbon Potential of Madagascar

D.N. Clark1 & L.R. Ramanampisoa2
27
South Africa: The unpicked fruits of the Durban and Zululand Basins

V. Singh
29
Salt tectonics in the Majunga Basin and new constraints on the Madagascar/Somalia syn-rift reconstruction

G. Tari, P. Ashton, J. Molnar, M. Sorgenfrei & D. Valasek
30
Correlations of the Central Atlantic Salt Basins and Implications

for their Hydrocarbon Potential

I. Davison1 & M. Taylor2
31
The Oil Families of the Atlantic Margins

N. Cameron1 & J. Zumberge2
32
Africa – Where’s it going? 

A. Hayman
33
Poster Presentations

Chronology of Tectonic Events in Western and Southern Africa from a Regional Apatite Fission Track Study

N.B. Harris1, K.A. Hegarty2, P.F. Green2 & I.R. Duddy2
35
Structural Style and Petroleum Potential of Offshore Sierre Leone and Liberia

K. Bennett & D. Rusk
37
Central Africa’s Cretaceous Rifting: Examples from Chad

S. Henry1, A. Danforth2 & M. Nasser Hassane3
38
Prospectivity of Ultra-Deep Offshore Kwanza Basin, Angola

D.G. Evans & M.J. Cope
39
Source Rock Characterisation and Maturity Modelling of the Coastal and Deep Offshore Basins of Tanzania

M.J. Cope1 & S. Massay2
40
Modern sedimentation patterns in Africa--subbasin-scale models derived from astronaut photography

M. J. Wilkinson
41
What of the synrift? Graben and wedge plays in the Orange Basin, South Africa

D. van der Spuy
42
Expression of the Atlas inversion tectonics in deep-water offshore Morocco: implications for hydrocarbon exploration

G. C. Tari, P.R. Ashton, J.S. Molnar & P.W.A. Thompson
43
Could Guinea-Bissau (NW Africa) and not Brazil host the first  Amazon Delta? 

J. Dombrowski1, R. Morgan2 & N.R. Cameron3
44
With something old and something new, East Africa’s not so blue

W.G. Dickson1; O.L. Slind2 & M. Odegard3
45
The “Old Salt” Basins around Africa: Comparing what the pioneers saw with today’s vision

W.G. Dickson1, M.E. Odegard2 & I.W. Somerton3
46
The Offshore Sedimentary Basins of the North West African Atlantic Margin – their Petroleum Geology and Hydrocarbon Potential

M. Thompson & P. Wakely
48
Continental fit of the Central Atlantic margins

I. Davison1, M. Taylor2, O. Craig2 & M. Longacre3
49
Assessing igneous risk and interpreting depth to basement utilizing integrated potential fields data.  A case study: offshore Senegal

D.P. Meaux1, R. Pawlowski1, A. von den Steinen2, D. Peace3 G. Tari3 & J. Molnar3
49
A new play: the Tugela Cone of the Durban Basin, east coast South Africa

C. Matchette-Downes
50
Exploration Remote Sensing in northern Africa - the key to exploration success

P. Elliott & A. Denniss
51
Hydrocarbon Prospectivity of the Murzuq Basin, Southwest Libya: Constraining Geological Uncertainty by Reconstructing Basin History

D.R.D.Boote1 & D.D.Clark-Lowes2
52
Prospects, Leads and Plays of the Durban and Zululand Basins, SE Africa

V. Singh
53
The use of satellite data and GIS in generating petroleum targets: Examples from on- and offshore Africa

M. Broadley
54
Influence of the Walvis Ridge on the structural and sedimentary styles in the Walvis and Namibe Basins offshore Namibia with emphasis on petroleum geological aspect

O.M. Kandjoze & A.A.Warne
55
Hydrocarbon Prospectivity; Pemba-Zanzibar Block, Coastal Basins, Tanzania

M. Leith
56



 Welcome to the Conference
This year the PESGB, in association with the International Group of the Houston Geological Society, is organising the first transatlantic annual two-day Conference solely devoted to African E & P.  Next year, the venue will shift to Houston, where the theme will be E & P of Africa and its conjugate margins under the guidance of Al Danforth of the HGS International Group with support of the PESGB. 

Such a conference, if it is to be run profitably, but at a cost that our membership will consider to be not too expensive, needs the committed help of many people as well as the financial assistance of sponsoring companies.  The PESGB office staff, in particular Gail Williamson and Marian Scutt have provided essential backup to the work of the convenors: Al Danforth, Gabor Tari and Ian Poyntz of the HGS and myself, Nick Cameron and Val Clure.  Val is also responsible for putting together the CD-ROM.  Please note that not all of the authors submitted extended abstracts.  The PESGB have been responsible for the production of the short abstract volume and the logistical side of this symposium.  Thanks also to Graham Harman who has overseen the poster displays.  This symposium would not have been possible without the generous support provided by CoreLab, ECL, IHS Energy, Global Exploration Services Limited, GeoMark Research, Lynx Information Systems, TGS-NOPEC and Vanco Energy.

Our programme of 24 oral presentations and 20 poster presentations covering North, Northwest, West, Central, Southwest, East and Southeast Africa – provides a truly comprehensive view of this oil-rich continent.  But this is not an exhaustive coverage of Africa as will be ably demonstrated by next years’ programme in Houston.  Personally I have enjoyed the opportunity of assisting with the programme and am delighted to welcome so many people to this conference.  Al Danforth, will I know be pleased to receive your support for the 2003 Conference.

The Front Cover is courtesy of CNR International who named their 2001 oil discovery (estimated STOIIP of 1 billion barrel) after the Baobab tree indigenous to the Cote d'Ivoire.

Ray Bate

Convenor
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PESGB-HGS: First Annual International Symposium

September 17th – 18th 2002

September 17th saw the commencement of our first two-day International Symposium on Africa The theme of this year’s meeting was “Africa, the success will continue”, and the primary objective of providing a programme of thought provoking and innovative talks on hydrocarbon exploration was certainly attained.  Our secondary objective, to bring such a conference to our membership at as low a delegate cost as possible, was also achieved.  Both successes were only possible through the efforts of the convenors who gave their time freely and willingly, as well as to our sponsors (listed at the end of this article) who supported our efforts and whose financial input guaranteed a positive outcome.

Held at the Millennium Hotel, Grosvenor Square, London, the PESGB-HGS meeting was attended by over 250 delegates and was universally regarded as a success.  Indeed, so successful was the conference that both oral presentations and posters were being promised for next year’s Houston meeting.

The opening address given by Chris Bulley, President of the PESGB, welcomed delegates to the Symposium whilst John Dombrowski of Fortesa Inc. opened the oral session by pressing the claims of Senegal as a success waiting to take off.  His clear presentation of the hydrocarbon potential of both the onshore and offshore should attract some industry interest to take another look at this part of Northwest Africa.  John’s reasoning was to be later supported by Alan Stein of Fusion Oil when he discussed the prospectivity of the MSGBC Basin that has taken a decidedly turn for the better with the Chinguetti discovery.

Richard Bray speaking on behalf of ECL and GeoTrack identified, by means of new AFTA and VR data, four key thermal events that occurred within the eastern Gulf of Guinea.  These events, in part related to uplift and the associated unconformities, were presented as key episodes that must be built into any basin modelling of the region.  

Jack English (WesternGeco) followed and excited interest with his demonstration of the São Tomé and Príncipe prospectivity, much of it relating to deep water blocks to the south of the existing Niger Delta discoveries.  Toe-thrust zones with numerous seismic anomalies indicative of a hydrocarbon charge characterise the JDZ.  Mini basins and turbidite pinch-out traps are present to the south in the EEZ.  Certainly there was much here to invite serious discussion. 

After our first break, David Dutton, representing the CNR team, discussed the prolific Baobab discovery offshore Côte D’Ivoire and the potential for other hydrocarbon accumulations in this region.  Apart from the Baobab discovery, all other fields are associated with end-Albian structural highs. David pointed out that it was essential to understand both the regional tectonic regime and the function of the relay ramps as pathways for the delivery of sands from the shelf in order to achieve continued exploration success in the Côte D’Ivoire.  

David Cameron (Vaalco) presented details of the early work undertaken that led to the Etame Field discovery.  Previous drilling on the Etame region by Elf and Gulf had resulted in the subcommercial Tchibala discoveries, but the realisation of the full potential of the Gamba sands in this area required the application of modern depth conversion technology (PSDM). 

Mark Davies of Ark discussed the value of applying potential field data to the examination of frontier and prospect stage exploration programs.  His data sets clearly established the importance of this approach especially when compared with the traditional seismic data routinely obtained.  Data sets from the Santos and offshore Kwanza basins were used to demonstrate how the understanding of the prospectivity of frontier basins can be enhanced.  For example, the trends controlling the new deepwater discoveries off Rio de Janeiro, were evident  

The deepwater offshore Ghana is just one of Vanco Energy’s offshore African licensed areas.  John Craven explained their approach in the early stages of establishing an understanding of the region and how initial target structures were identified from 2D seismic obtained from the Ghana National Petroleum Corporation.  Their current understanding now is that there is compelling evidence for the existence of an active Petroleum System having both Cretaceous source rocks and reservoirs, the latter indicating derivation from Brazil.  Thrust and foreland basin tectonics related to Romanche Fracture Zone movements set up this entirely new play type.

David Rowlands was today’s presenter on behalf of Spectrum Energy.  His presentation stressed that the Nigerian government was determined to press forward with privatisation of its hydrocarbon industry and consequently Indigenous Oil Companies would increase in number.  Success rates were improving and, for those companies willing to take the risks attached to exploring in Nigeria, numerous partnership opportunities will be arising.

Forest Oil’s discovery in the offshore Orange Basin represents a major step forward in the promotion of this under explored deltaic basin according to John Cubitt representing Forest Oil.  John drew attention to the fact that we now have a proven Aptian sourced-Albian reservoired gas play (Ibhubesi Field) with world-class gas reserves.  A planned gas pipeline will transport this gas onshore to the Cape Peninsular – and possibly eastwards to other major South African markets.  Together with the older Kudu gas field of Barremian age, the hydrocarbon potential of the Orange River Basin has been firmly established.

Tako Koning of ChevronTexaco brought the first day’s meetings to a close with a detailed discussion of the offshore and onshore Angola fields.  After Nigeria, Angola is by far the largest oil producer of sub Saharan Africa with 3 billion barrels of reserves in Pinda and Pre-Salt reservoirs.  Also over the past five years an additional 10 billion barrels of reserves have been discovered in Tertiary reservoirs.  A $2 billion LNG project is also planned to market Angola’s considerable gas reserves and to end the present flaring of gas.  The strategic importance of Angola will certainly assist Angola to reach its projected five-year target of 1.5 million barrels per day of production. 

Newly available 2D seismic offshore Algeria has demonstrated the presence of pre-Messinian rift basins situated in the deep-water according to Mick Cope of WesternGeco, who opened the second day’s proceedings.  With the Algerian offshore deep-water representing the southern basin margin, sedimentary rocks of the northern margins may be examined outcropping in the Ballearic Islands in Spain.  From these outcrops it is possible to estimate potential reservoir quality existing within the offshore subsurface of Algeria.  Basal allochthonous sediments as well as the Miocene are able to provide both source and reservoir sediments, whilst the Messinian salt represents the regional seal.  Tilted fault blocks provide potential trapping geometries in the allochthonous sediments whilst drape anticlines and stratigraphic pinch-outs in the Miocene and salt supported Pliocene anticlines provide younger targets.

Mohammed Ibrahim demonstrated the results of his significant Libyan research project in which he has reviewed some 139 onshore/offshore E&P blocks.  Assessment of reported dry holes has been difficult in the past owing to the fact that the NOC does not provide any statement as to whether oil or gas shows have been observed.  Ibrahim has reappraised all of the 666 wells of data available to him.  All wells, located on field block maps, are provided with a full account of their geology.  The purpose of this research investigation is to rank the various exploration blocks and from this it has become apparent that the offshore blocks achieve very high ranking.

Ian Carr (Oxford Brookes University) presented a new depositional model for the Triassic Ras Hamia Formation of Libya in which sands at the base of incised channel systems would be the targets.  Hydrocarbon charging is postulated as being from the Silurian Tanezzuft source rocks with hydrocarbons migrating eastwards into Libya from Algeria.

Derek Fairhead (Getech) presented a review of the plate controls that have been responsible for developing the North Central Africa Rift System.  The Benue Trough is essentially a sinistral wrench basin whereas the Central African Rift System can be traced eastwards through Sudan and Kenya to the Somali Basin on the Indian Ocean.  With the building of the Chad-Cameroon pipeline, oil companies will now be more likely to consider the exploration potential of these large and under explored non-marine basins.  Gravity modelling indicated that many of the onshore Africa basins were considerably deeper and probably, therefore, older than previously recognised. 

Andy Carr (Global Exploration Services Ltd.) whilst discussing the offshore basins of Tanzania and Mozambique explained how basin modelling in the past has led to erroneous assessments of a basins hydrocarbon potential.  This has been achieved through the simple expediency of totally ignoring pressure when calculating whether a field is likely to be oil or gas-prone.  The effect of pressure on the boiling temperature of a kettle of water was used as an example of why all basin modellers should take pressure into every equation.  As a consequence of this Andy stated that offshore Tanzania was likely to be an oil rather than gas-prone province, the oil originating from the deepwater section which has been placed until now in the Gas Window. 

John Milsom of University College gave an excellent account of the application of gravity segment analysis to the understanding of the East African Margin.  His techniques have recently been applied to a study of East Africa from Somalia to the Cape.  This extensive area has been sub-divided into about twenty distinct segments, the boundaries of which were determined mainly from the free air gravity.  John went on to say how he used his data to identify areas having potential for deep-water and shelf-edge plays.

David Clark is a consultant having considerable experience on both onshore and offshore Madagascar.  David stated the key to understanding the subsurface geology lies with the rifting history of Madagascar and although 72 wells have been drilled since the early 1950’s it can be shown that only 12 modern wells should be regarded as valid tests of prospects.  There is ample evidence that good source rocks (the Triassic Sakamena lacustrine succession and the Toarcian-Aalenian marine carbonates of the Bemeraha Formation) are available, as are Jurassic and Cretaceous sandstone reservoirs.  Only about 3% of the oil generated from the Sakamena Formation has been accounted for (already a staggering 6 to possibly as high as 30 BBOIP).  Seals are not a problem and the scene must now be set for success. 

Indeed Gabor Tari’s (Vanco) later presentation on the salt tectonics of the Majunga Basin and interpretation of new 2D seismic has come up with a most realistic appraisal of this region.  Hopefully this might lead to a successful drilling of this offshore region of Madagascar.

Ian Davison (Earthmoves) provided the delegates with his usual fascinating tectonic study, this time dealing with the Central Atlantic Salt Basins.  These basins opened in late Triassic to early Jurassic times.  However, with respect to hydrocarbon potential there has been only very limited exploration although this could be set to increase following the availability of newly acquired 2D seismic.  New areas of salt deposition were predicted along both Atlantic margins, for example in the Aaiun Basin. 

Nick Cameron (Global Exploration Services Ltd) presented GeoMark’s excellent study of Atlantic Margin oils.  With over 350 crude oils analysed it is possible to predict source rock type and age.  Cluster and principal component analyses were used for oil correlation and to determine the number of oil families.  Extended family links can only be observed and tested if global scale data sets are available.  It has been observed that an exceptional abundance of source rocks characterize the petroleum geology of the South Atlantic.  South Atlantic oils are classified into over twenty oil families of which 59% are marine-sourced oils, 33% are lacustrine in origin whilst 8% are of mixed origin.  It has been noted that the offshore Kwanza (Angola) and Campos (Brazil) oils differ from those obtained from the basins lying to the north.  This is considered to be due to the differences in the evolution of the lake systems from south to north [a feature that is also corroborated by the faunal assemblages living in these lakes].

Andrew Hayman (IHS Energy) nicely brought the symposium to a close with a general overview of exploration successes, political stability or lack of, new capital projects and a review of new frontiers still waiting detailed drilling.  Although audiences tend to diminish towards the end of any conference, it was refreshing and a compliment to all the speakers that a significant fall-off in the audience did not happen.

Posters were well presented in a separate room and were well attended.  All posters were available for discussion throughout the two-day conference and this appeared to be appreciated by all.

The convenors (from left to right) are Gabor Tari(HGS), Al Danforth(HGS), Val Clure(PESGB), Ray Bate(PESGB), Nick Cameron(PESGB) and Ian Poyntz(HGS). 


Sponsors: CWC Associates Ltd.; CoreLab; ECL; GeoLab NOR/Surface Geochemical Services AS; GeoMark Research; Global Exploration Services Ltd.; IHS Energy; Lynx Information Systems; TGS-NOPEC and Vanco Energy.


Short abstracts are available at the HGS Website.

The next meeting will be held in Houston – September 3-4, 2003. The theme will be broadened to “Africa and its conjugate margins”. Early indications indicate a further major success and that this series of truly international meetings are set to become a new focus on the exploration calendar.

For more information on next year’s meeting, or to volunteer a talk, poster, sponsorship or your time, contact Al Danforth, Chair of the HGS International Group (al.danforth@worldnet.att.net).
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ABSTRACTS

Session One North West & West Africa
Chair: Nick Cameron

Deepwater Petroleum Prospectivity of Northwest Africa

A. Stein,  Fusion Oil & Gas
The MSGBC and Aaiun basins cover some 900,000sq km offshore Northwest Africa, extending almost 2,000km along the margin from southern Morocco and the Canary Islands, south through Western Sahara, Mauritania, Senegal, Guinea Bissau and Guinea to the Guinea Fracture Zone. 

Although very similar in terms of overall history, the basins comprise a number of discrete sub-basins whose distribution and development are intimately linked and influenced by bounding fracture zones.  These fractures have been instrumental in basin development since the Late Triassic associated with the progressive breakup of the Gondwana landmass as it gives way to proto-Atlantic opening. 

The fracture systems exert significant influence in compartmentalising these sub-basins, defining their bounding limits, and, most importantly for deepwater exploration, in controlling the distribution of salt during early basin development. The deposition of thick salt with subsequent sedimentary loading are key factors in the development of a dynamic outboard structural regime which is considered to be a key play component for successful deepwater exploration.

Despite its enormous size, and the relatively recent, startling success of its coastal neighbours to the southwest in deepwater Nigeria, Congo, Angola and Equatorial Guinea (with which it shares many of the same play characteristics) – the MSGBC Basin and in particular the Aaiun Basin remain some of the least explored basins in all of Africa. 

Prior to the 2001 deepwater drilling campaign in Mauritania, approximately fifty offshore exploration wells had been drilled in the MSGBC Basin and five in the offshore Aaiun Basin.  Most of these were drilled in the 1960s and 1970’s. Almost all were shallow water shelf tests, and though non-commercial the most significant of these for demonstrating the presence of an effective petroleum system are the heavy oil discoveries associated with salt diapirs in Dome Flore (1967) and Dome Gea (1971) in southern Senegal.  There were also some heavy oil discoveries in the Cap Juby wells in the Tarfaya Basin adjoining the Aaiun Basin in southern Morocco.  The volumes of oil in place within the Dome Flore and Dome Gea discoveries may well exceed 1 billion barrels, but are presently deemed non-commercial due to biodegradation (<12° API) in the shallow reservoirs (400 meters below sea-level).  Although none of the other exploration wells drilled during this early phase of exploration encountered potentially commercial quantities of oil or gas, many had shows and provided encouragement that the basic ingredients of a successful petroleum system were present.

Fusion participates in five exploration licenses in the MSGBC Basin covering an area of almost 40,000 sq km in offshore Mauritania, Gambia, Senegal and Guinea Bissau and operates a Technical Co-operation Agreement covering an area of almost 210,000 sq km in the Aaiun Basin offshore Western Sahara.

The pace of industry activity in these basins is increasing dramatically providing a wealth of new data including the recent deepwater discovery of 30o API oil by the Chinguetti-1 well in Mauritania.  Although it is premature to speculate on the status of Northwest Africa as a “Deepwater Petroleum Province” some of the evidence which gives cause for cautious optimism regarding the presence of viable deepwater petroleum systems is presented and discussed. 
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After 50 Years of Preparation … Senegal is Now Ready to Become the Next African Success
J. Dombrowski,

Fortesa International, 2470 Gray Falls, Houston, Texas 77077 USA, john@fortesa.com
Like the actor who labors in obscure roles for years and then one day lands the part that makes him an “overnight success”, so too are lesser known African countries emerging to become the next significant producer.  One such country poised for success is the Republic of Senegal.  Petroleum exploration in Senegal began 50 years ago in 1952 with a surface geology survey resulting in the first exploration well being drilled in 1953.  Since that time, nearly 150 wells have been drilled in the search for economic hydrocarbons.  Most wells failed, but there have been some small successes along the way.  Discovery of 600 – 1,000 MMBO of biodegraded oil in the Casamance salt basin of southern Senegal attests to a prolific Petroleum System in the offshore environment.  Sustained oil and gas production from the onshore Diam Niadio field and its satellites produced over 7 BCF between 1986–1999.  A discovery on trend with Diam Niadio in a new, but older reservoir, is about to go online and re-establish Senegal as a producing country.  
In this presentation, recent work activity by Fortesa and its consultants will be reviewed and discussed.  Of particular interest are the results of basin modeling conducted in select offshore and onshore areas.  Both offshore and onshore areas appear capable of generating significant volumes of oil.  Localized “hot spots” may be more gas prone.  Four Play Trends have been identified, evaluated and ranked.  A re-examination of past wells and the plays they were drilled in has led to new insight as to which plays are most effective for trapping large volumes of hydrocarbons.  This re-examination showed many wells (greater than 80%) were drilled in the “leaky” part of the Near Shore / Deltaic Play Trend.  The best reservoirs are in the Slope Fan Play Trend.  Future exploration should and will target deep-water Slope Fan Play opportunities.  Another high potential play being developed is the Carbonate Bank / Reef Play Trend.  This play trend is present all along the NW margin of Africa, and is often discussed as an exploration target.  There have been very few tests of this play.  Senegal is optimally positioned to test this play since it is the only local along the entire margin where the play trend comes onshore and could be drilled with relative low cost.  Examples of the Carbonate Bank / Reef Play prospectivity will be shown.
Senegal has demonstrated it possesses many of the critical elements necessary for large-scale economic success.  World-class source rocks exist and are mature and generative.  Multiple play types exist, but many exploration wells were either drilled in lower potential plays or poorly sealed reservoirs.   Recent work is focusing current exploration on higher potential play types in an effort to find significant reserve volumes believed to be present.
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Deformation and Uplift History of the Eastern Gulf of Guinea - implications for petroleum prospectivity

R. Bray1, S. Munday1, P. Green2 & S.R. Lawrence1
1Exploration Consultants Ltd, Henley on Thames, Oxon, UK

2GeoTrack International Pty Ltd, West Victoria, Australia
New AFTA/VR data acquired from onshore and offshore Cameroon and Rio Muni have provided new insight into the evolution of this complex margin. These data show four key thermal (heating/cooling) episodes in the mid Cretaceous, late Cretaceous, mid Tertiary and late Tertiary. The mid Cretaceous episode is interpreted as cooling after rifting and the decay of possible mantle plume effects. The later episodes are attributed to km-scale uplift and erosion and correspond to prominant unconformities (key tectono-stratigraphic breaks) identified on seismic data. The late Cretaceous event represents a continent-wide deformational episode linking inversion of early Cretaceous rift basins of West and Central Africa with the 'Syrian Arc' deformation and Oman ophiolite obduction consequent to a change in African plate motion in the Santonian. The mid and late Tertiary events coincide with the onset of wide-scale uplift due to plume effects and intra-plate compressional stresses once the African continent became stationary with respect to the mantle in the Oligocene, a situation which has lasted to the Present Day.

These uplift events control thermal history, source rock maturation and the timing of hydrocarbon generation as well as key episodes of reservoir sedimentation and thus have a profound affect on the petroleum prospectivity of the region.  It is therefore essential that such uplift and erosional episodes are built in to thermal history models for basin modelling. More fundamentally, if not accounted for, these episodes, which are recognised widely along the West African margin (see Harris et. al.- this meeting) will lead to erroneous interpretations of eustatic changes and sequence statigraphy.
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Prospectivity of the Deep-Water Shelf of Sao Tome and Principe
J.A. English

WesternGeco, Schlumberger House, Buckingham Gate, Gatwick RH6 0NZ, UK
The deep-water shelf surrounding the islands of Sao Tome and Principe is an entirely unexplored area of the Gulf of Guinea contiguous with the petroliferous basins of Nigeria, Equatorial Guinea and Cameroun.  On the islands themselves there are oil seeps and documented subsurface hydrocarbon shows which point to the existence of effective petroleum systems within the adjacent shelf areas.
Principal prospectivity is recognized in the compressional fold and toe-thrust zones of the Niger Delta front.  Within these zones Neogene delta slope clastic turbidites are charged from Paleogene to Neogene-aged pro-delta source facies shales.   Many closures exhibit crestal amplitude anomalies and discernable flat-spots occurring throughout stacked anticlinal closures.  Sub-thrust anticlines developed in some areas provide an additional play type developed beneath the stacked closures.  Prospectivity is also recognised in the Tertiary abyssal plains beyond the toe-thrust zone in drape anticlines and stratigraphic anomalies where the sedimentary section is thick enough to mature Paleogene source rocks.  In some parts of the shelf Cretaceous rift basins offer further trapping potential in marginal pinch-outs associated with half-graben hinge zones.  These basins may also contain Upper Cretaceous source rocks.
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Session Two - West Africa

Chair: Steve Lawrence & Al Danforth

3D Structural Modelling of the Central Abidjan Margin, offshore Côte d'Ivoire - the key to unlocking this emerging exploration hotspot?

D.M. Dutton1, D.L. Lister1, B.D. Trudgill1, J. Morrison2 & V. Boblai3
1Department of Earth Sciences and Engineering, Imperial College, London, SW7 2BP, U.K.

2CNR International (UK) Ltd, Ranger House, Walnut Tree Close, Guildford, GU1 4US, U.K.

3PETROCI Exploration and Production, Imm. Les Hévéas – 14, Bd.Carde 05 B.P 2954 

Abidjan 05, Côte d’Ivoire.

The Côte D’Ivoire represents an unfinished story of hydrocarbon exploration and academic research following renewed industry interest in this emerging hotspot.  Numerous papers have been made on both the North and South Atlantic Tectonics, where as the Central Atlantic has had little work to date. The present study has utilised three 3D seismic data sets in the Central Abidjan Margin that cover the Espoir Field re-development (93 mmbo and 200 bcf of gas remaining recoverable reserves) and the Baobab-1X oil discovery (in excess of 150mmbo recoverable). 

A 3D structural model has been built that allows interrogation of the geometrical and kinematical coherence of a WNW – ESE trending fault system that resulted in the generation of a tilted fault block framework during the Apto-Albian. These fault blocks collectively define a series of structural highs at Top Albian /break-up unconformity level (the Foxtrot, Espoir and Quebec highs) and are interpreted to be a series of en-echelon highs offset by NNE-SSW transfers zones that structurally partition the Central Abidjan Margin. Interlocking arrays of oppositely dipping faults characterise the transfer /accommodation sites.

Kinematic analysis suggests that Early Albian syn-depositional fault growth was confined to an en-echelon array of curvi-linear faults that subsequently became integrated with a Late Albian fault set.  This later period of fault growth most likely developed in response to substantial regional erosion and re-activation of deep-seated structural fabrics.  In addition, a number of relay zones (breached and non-breached) have been catalogued that may have had an important impact on clastic sediment dispersal patterns as well as hydrocarbon migration routes.  Relay zones form topographic lows that lead to the focussing of deltaic feeder systems in addition to the generation and removal of sediment entry points through time.

It is therefore important to understand both the regional tectonic regime and the detailed breaching of relay ramps for continued exploration success in the Côte D’Ivoire. 
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3D Revives an Old Play: Result ; an Aptian subsalt discovery, Etame Field, offshore Gabon, West Africa

D. Cameron & J. Gill

VAALCO Energy Inc., Houston

VAALCO Gabon (Etame), Inc. was awarded the Etame Marin permit in July 1995.  The permit encompasses 3074 km² within the northern portion of the Congo Basin offshore southern Gabon.  The Congo Basin developed and evolved as a result of rifting and subsequent drifting of the African continent from South America.  An upper Aptian salt series divides the underlying syn-rift sediments and structures of the basin from the overlying drift-sag sediments, which have been structured by post Albian salt tectonics.  The dominant salt features are sub-parallel “salt walls” that extend for 10-50 kilometers.

Between 1969 and 1992 various operators, including Shell, Elf and Esso, drilled 25 subsalt tests within the permit area on the basis of 2D seismic.  For the most part their primary objective was the middle Aptian Gamba sandstone reservoir, with porosities of 25-30% and permeabilities of 1-3 darcies.  These early exploration efforts accumulated 6000 km of 2D seismic and discovered two non-commercial oil fields of approximately 10 MMBO each.  Production on trend from this world-class reservoir includes the onshore Gabon fields of Rabi-Kounga and Gamba-Ivinga (EUR~1200 MMBO).

VAALCO and partners acquired a 400 km² 3D seismic survey in 1997 and drilled the discovery well for Etame field in June 1998 on the basis of Post Stack Depth Migrated data.  The discovery well tested 3700 BOPD from a 13 meter interval in the Gamba sandstone.  A subsequent well, although successful, reinforced the need for better seismic resolution below the “salt walls” and a better velocity model to delineate the low relief drape structure that defines Etame field.  Paradigm Geophysical performed Pre Stack Depth Migration processing on the 3D survey in 1999, and two very successful appraisal wells followed in 2001.  Development is underway and first production is expected in September 2002. 
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Getting more from your potential field data.  Offshore  Angola & Brazil, a case  Study

M.A. Davies, P Versnel & J.A. Watson

ARK Geophysics Ltd, Mill Court, Featherstone Road, Wolverton Mill South, 

Milton Keynes, MK12 5EU, UK

With over 76 thousand kilometres and 160 thousand kilometres of 2D and 3D gravity coverage respectively available for this stud y, the volcanic passive margin of offshore Angola, represents one of the most complete and unexplored data sets currently available. Adding to this a comprehensive coverage of 2D magnetic data, the margin provides an ideal target to demonstrate the use of potential field data in frontier and prospect stage exploration programs. Likewise, over 180,000 line km of combined gravity, magnetic and corresponding seismic data are available offshore Brazil thereby providing the basis for an unrivalled study of these passive margins.

This paper will not only focus on traditional techniques such as structural mapping and depth to basement estimates, but by using sophisticated 3D modelling techniques, we will show how it is possible to back-strip individual layers to isolate the gravity signature from petroliferous syn-rift source rocks.

Establishing areas of syn-rift sequence beneath post–rift salt accumulation can be problematic across vast areas of Brazil and Angola. Often, when interpreting seismic data, interpreters can easily pick horizons down to the top and base salt. However, it is difficult to accurately interpret deeper structures beneath these horizons.

Having applied ‘back-stripping’ techniques to isolate the gravity signature of the syn-rift deposits, 3D gravity inversion techniques are then used to model the position, shape and volume of said deposits. Maps may then be generated highlighting areas of syn-rift deposits in relation to other more traditional potential field interpretation, such as salt windows and migration pathways.
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New play types in deepwater Ghana

J. Craven, J. Molnar, G. Tari & D. Valasek

Vanco Energy Company, Houston, Texas
The Côte d’Ivoire-Ghana transform margin has one of the best understood marginal ridges. The systematic evaluation of a regional seismic reflection data set, however, suggests a new tectonic model for the post-rift evolution of a segment of the marginal ridge. The new model has important implications for exploration in deepwater Ghana.
A prominent package of south-dipping, progradational Cretaceous reflectors, previously interpreted as the detrital infilling of a ENE-trending intracontinental transform valley, is now seen as a wedge of NNW-verging thrust imbricates. Immediately to the north of the leading edge of these thin-skinned imbricates, a set of en échelon anticlines can be mapped. These structures appear to correlate with underlying Middle Cretaceous syn-rift half-grabens, suggesting inversion during the Late Cretaceous. The thickness of the post-rift sedimentary succession involved in the deformation rapidly decreases to the north showing a typical geometry reminiscent of foredeep basins. The lateral extent of the above structures is limited to a certain segment of the marginal ridge in Ghana. The new play types include, in order of importance, compressional anticlines, pinchouts in the “foredeep” sequence and sub-thrust structures/pinchouts.
These new plays have been identified using 1997 2D seismic data released by the Ghana
National Petroleum Corporation. There is compelling evidence for an active petroleum system working in this deepwater area, including possible gas clouds and seismic amplitude over structure. Released wells to the north have recovered hydrocarbons on test and Cretaceous reservoir and source rocks are present in nearby DSDP wells.
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Exploration Opportunities with Indigenous Nigerian Oil Companies – an update

D. Gamali

Spectrum Energy and Information Technology Ltd

There are over 30 Nigerian Indigenous Oil Companies involved in Exploration and Production activity in permits both onshore and offshore Nigeria. A number of these companies have already entered into partnership agreements with overseas based companies, however, many more are still seeking technical and financial partners to fulfill their licence commitments. The first licence to an Indigenous Company was awarded in the mid eighties.  However, it wasn’t until the early nineties that the Nigerian Government’s intention to privatise the oil industry gathered momentum. Between 1991 and 1993 a number of discretionary awards of acreage from various sedimentary basins in Nigeria were made to Nigerian Indigenous Companies.  Many of these companies had little or no previous experience of hydrocarbon exploration. 

In 1992, the Indigenous Companies formed the Nigerian Association of Indigenous Petroleum Exploration Companies otherwise known as NAIPEC.  NAIPEC continues to be active today with an Executive Council comprised of 6 representatives from various Indigenous Oil Companies. In February 2000, the government, through the DPR, revoked many existing licences and consequently reducing the number of Indigenous Companies.

Brief details of the Terms and Conditions under which the companies operate are given which are different from the traditional Joint Venture Contracts and also the Deep Water Production Sharing Contracts.  Concessions were awarded to five Indigenous Companies in Licence Round 2000.  Details are given together with an update of all licences either revoked or under negotiation.

Eleven of the Indigenous Companies have already reported discoveries in various parts of the delta, either in partnerships with foreign companies or independently.  At least seven of the discoveries are already in production with others due to follow in the near term.

There are many opportunities still available for oil companies wishing to participate with Nigerian Indigenous Companies in one of the largest oil provinces in the world. 
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Orange River Basin, now a proven world-class hydrocarbon province

J. Cubitt, T. Berge, & J. Aldrich

Forest Oil International

The Orange River Basin is one of the largest, yet probably the most underexplored deltaic basin on Africa’s West Coast. It is however now coming of age following the discovery of 2 fields (Ibhubesi and Kudu) containing world-class gas reserves potential and multiple oil and gas exploration plays. In addition, commercialisation of any field is encouraged by the generous fiscal terms in South Africa that provide a high rate of return, and the growing market for gas in the Cape Town Region.

There are 5 major plays in the region, one of which is the proven Albian-Aptian gas play that contains the multi-TCF Ibhubesi Field, discovered by Soekor as A-K1 (52.8 MMCF/D and 342 BBL/D of condensate) and successfully delineated by Forest Oil International through a 4-well drilling programme in 2001. Three of the wells drilled successfully tested gas production with a combined test rate of 125 MMCF/D plus1558 BBL/D of condensate. Ten anomalies were targetedbased on the 2000 3D seismic program and all proved to be high quality reservoir sandstones of which 8 were gas bearing.

Based on detailed seismic imaging of a fluvial system above the 14At1 sequence boundary, a series of amalgamating channels were identified prograding in either a NE-SW or a SSE to NNW direction. The target reservoir was recognised as an abandoned meander system containing a complex of facies that was deposited in a fluvial environment on a broad, low relief plain. Deposition of the sandstones does not appear to be controlled by the major AK fault that cuts through the Field. Close correlation of regional 2D seismic to the 3D interpretation over the Ibhubesi Field area, has then resulted in the mapping of a 7600 sq km trend extension to the north of Ibhubesi Field into Block 1. The seismic correlations tie to AF-1, a well drilled in this block that tested gas at a rate of 33.1 MMCF/D.

This presentation will concentrate on the results of the appraisal program and the integration of rock, log and seismic for better reservoir understanding. However, there will be some consideration of other important exploration plays in the region including:

· Very large rollover and toe-thrust prospects in deep water that have now been imaged with new 3D seismic. Two play models have been recognised, Mid to Late Cretaceous deep-water turbidites and Late Cretaceous collapsed shelf objectives. In both plays, Albian and Turonian oil prone source rocks are calculated to be in the oil window.

· Barremian stratigraphic traps typified by the 6+ TCF Kudu Field. Although only 4 penetrations of the interval have occurred in the region, there is deeper pool potential in the Ibhubesi Field and a prospect has been identified in the Forest acreage.

· Cenomanian fault closures with DHIs. Multiple leads have been identified in drilling depths of 1500-2000m.

· Syn-rift Jurassic plays in multiple grabens that provided the non-commercial discovery on AJ-1 (140 BBBL/D). Water depths are very shallow at around 200m.

Finally, Forest believes that sufficient gas reserves and deliverability exists to attract the development of a gas market in South Africa and therefore a brief description of the current development proposal for the Ibhubesi Field will be presented. 
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An Overview of Angola’s Petroleum Geology (Pinda Carbonates & Tertiary Turbidites) and industry activity

T. Koning

ChevronTexaco

Angola is currently producing about 950,000 BOPD and is the second largest oil producer in the sub-Sahara after Nigeria.  Until very recent times, Angola’s historic oil producing fairway was located within the Congo Basin and most of the production was obtained from the Albian shallow water carbonates of the Pinda formation although, in the Cabinda area production is also obtained from pre-salt lacustrine clastics and carbonates.  Recoverable oil reserves of about 3 billion barrels of oil have been discovered in the Pinda and pre-salt reservoirs.  The Pinda carbonates are dolomitized oncoid-ooid grainstones, packstones and wackestones which were deposited in north-south trending shoals.  Salt rafting and down-to-the-basin gravity sliding of Pinda “rafts” have resulted in numerous oil fields which consist of separate blocks of Pinda carbonate, each with distinct hydrocarbon contacts.  Indeed, the global type area for raft tectonics is the continental margin of Angola. 

The main operators in this producing fairway have been ChevronTexaco in Blocks 0 and 2 and TotalFinaElf in Block 3.  Current production from these blocks averages about 450,000 BOPD for Block 0, 135,000 BOPD for Block 3 and Block 2 is producing at about 55,000 BOPD.

In the past 5 years over 30 oil fields with recoverable reserves of some 10 billion barrels have been discovered in the Tertiary sediments of the Congo Basin.  In 1996, the Tertiary oil play opened up when Elf drilled the Girassol discovery well in Block 17 in the deep water area (1400 meters water depth) of the Congo Basin and proved that the Tertiary section had the potential for major petroleum reserves.  The reservoirs in Girassol are Oligocene-age turbidite clastics with reserves of approximately 0.7 billion barrels.  Elf has subsequently discovered 10 other fields on Block 17 (now informally called “the golden block”).  In the past 3 years, ExxonMobil has drilled 11 discoveries on Block 15 (described by ExxonMobil as world class discoveries) with approximate reserves of 3.5 billion barrels of oil equivalent and BP has discovered 1 billion barrels oil reserves in 5 fields on Block 18.

ChevronTexaco has also had significant success in the Tertiary on Block 14 with 6 discoveries to date.  The Kuito field was discovered by ChevronTexaco in 1997 in 350 meters water depth.  ChevronTexaco fast-tracked the development of the field and it became Angola’s first deepwater field to be on production.  Kuito has been producing at a rate of about 90,000 BOPD. 

The Girassol field commenced production in late 2001 and is currently producing about 200,000 barrels of oil per day.  Production is from a small number of producing wells, with production of up to 30,000 BOPD achieved from a single producer.  The development of the field cost approximately $2.5 billion and production is into an FPSO with storage capacity of 2 million barrels oil.   This is the world’s largest FPSO built to date.  

On Block 15, ExxonMobil is proceeding with the $3.0 billion Kizomba project with a first-oil date of 2005.  The Kizomba FPSO will be able to store 2.2 million barrels of crude and process 250,000 BOPD.

In order to commercialize Angola’s gas reserves, a consortium consisting of ChevronTexaco, Sonangol (the state oil company), BP, ExxonMobil, Norsk Hydro and TotalFinaElf are planning to build a $2 billion LNG project.

Sonangol estimates yearly investments in the oil sector to be some $4 billion per year.  This could result in Angola’s oil production reaching about 1.5 million barrels of oil per day in about five years.  In summary, Angola is an emerging energy giant and will have an increasingly important role as an exporter of oil and gas to world markets. 
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Session Three  North, Central & East Africa

Chair: Gabor Tari

The Petroleum Prospectivity of Algeria’s Deep-Water Margin
M.J. Cope

WesternGeco, Schlumberger House, Buckingham Gate, Gatwick RH6 0NZ, UK
The deepwater margin of Algeria is a relatively unexplored area penetrated by only three wells and one DSDP site.  Understanding and exploration of the area has previously been hindered by the lack of seismic resolution beneath a thick Messinian salt layer.  A newly available 2D seismic survey has revealed the presence of significant areas of pre-Messinian rift basins with potential for petroleum systems to be developed.  The following ‘petroleum stratigraphy’ is now recognized:
· Pliocene cover sequence – secondary reservoir and biogenic source potential
· Messinian Salt – regional seal
· Miocene basin fill – primary reservoir and source potential
· Basal allochthonous terrain – secondary reservoir and source potential
Potential trapping geometries include tilted fault blocks within the allochthon, drape anticlines and stratigraphic pinch-outs within the Miocene and salt-supported anticlines in the Pliocene.  A pattern of seismic amplitude anomalies associated with many of these potential traps points to the presence of an effective petroleum system and hydrocarbon charge mechanism to be operative along the Algerian margin.
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New E&P Blocks of Onshore and Offshore Libya: Ranks, Potential, Undeveloped Fields, and Discoveries

M.W.I. Ibrahim

Target Exploration, London W14 8NW, UK. mitarget@aol.com
A detailed review of the current 139 offshore and onshore new E&P blocks of Libya has been performed by utilising published well records, well logs, stratigraphic sections, structural sections, and stratigraphic, geochemical, tectonic and structural maps of Cyrenaica, Ghadames, Murzuq, Sirt, Tripolitania, and offshore Basins of Libya.

Due to the large number of parameters, and to impartially assess, compare, and rank the E&P potentials of the blocks, one map and, a set EXCEL( databases were compiled to summarise well data, exploration records, and geological, geochemical, and tectonic parameters of the new blocks. A new well location map of the 139 Blocks (Scale 1/2500) was drafted to illustrate the exploration or production status of the wells within the blocks.

The first se of E&P databases summarises the drilling, engineering and geological data per block (31*139 data entries). An exploration risk equation was modified to rank the relative E&P potential of the individual blocks, via comparing the source, reservoirs, cap rocks, tectonics, remaining undrilled anomalies, and exploration results of each block. Three sort variations of the first database were generated in order to rank every one of the new blocks, and to produce 52 charts illustrating:

Well Locations.

· The relative E&P ranks of the blocks of every basin.

· The relative E&P rank of the blocks for all basins in Libya.

· The relative size and distribution of the proven, probable and possible discovered hydrocarbon reserves in every block.

· The number and size factors of remaining undrilled anomalies in every block.  

The second set of E&P databases lists drilling, engineering and geological data, status and results of about 666 wells in all blocks (28*666 data entries). One sort variation of the second database was generated to alphabetically list well data per each block.

Results indicate that database analysis can produce an impartial ranking of the relative E&P potentialities of a large number of blocks, in several basins with different stratigraphic, thermal and tectonic histories, and tabulates and graphically illustrates the reasons for ranking the blocks, per basin, as well as per several basins.
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A new depositional model for the Triassic Ras Hamia Formation of Libya: The implications for exploration and production

I. Carr, R. Underdown & K. Ashahomi

North Africa Research Group, Oxford Brookes University, Gipsy Lane, Headington, Oxford OX3 0BP

Triassic fluvial strata are prolific oil producers in the Berkine Basin of Algeria and Tunisia (e.g. TAG-I). However, the time equivalent siliciclastic shallow marine and fluvial Ras Hamia Formation of the adjacent Ghadames Basin, NW Libya, is not a major oil producer, representing only minor reservoirs in Block NC6, central Ghadames Basin. Well-logs indicate that the main regional source rock, the Silurian Tanezzuft Shale, is well developed in the Ghadames Basin. Facies changes and a lack of seal have been previously thought to be responsible for the lack of success in the Ras Hamia. The Ras Hamia Formation generally sits directly above the Hercynian Unconformity, sometimes with the fluvial Ouleb Chebbi Formation between. Interestingly, in all studied wells across the Libyan Ghadames Basin, SP logs show a sudden decrease in salinity above the Hercynian Unconformity, indicating two distinct pore-water bodies above and below the unconformity. It is possible that the Hercynian Unconformity acts as a permeability barrier in the Ghadames Basin, and there may be no mixing of pore-waters across the unconformity. This permeability barrier may have prevented oil migrating into the Mesozoic strata, explaining in part the lack of Mesozoic reservoirs. This hypothesis can be confirmed if there is no permeability barrier across the unconformity in the Berkine Basin.

Furthermore, Ras Hamia depositional environments are poorly understood and the geometry and architecture of potential reservoir sandstones is not well constrained. For these reasons a new sedimentological and sequence stratigraphic model has been developed, by integrating seismic and well-log data from the north of the Ghadames Basin (Block NC1), which incorporates the continental and shallow marine elements of the system. The Ras Hamia Formation has been divided into three depositional sequences (RH 1-3). Highstand and transgressive systems tracts are characterised by shallow marine offshore shelf to shoreface deposit. Sequences RH 2 and 3 are bounded beneath by erosional sequence boundaries interpreted as lowstand systems tract incised valleys, infilled by fluvial to estuary deposits. The incised valleys are up to 65 m deep and range from 0.5 to 4 km wide. The controls on the relative sea-level changes are not clear, though tectono-eustasy related to sea-floor spreading seems a good candidate. It is hoped a greater understanding of the depositional environments, and geometry and architecture of potential reservoir sandbodies will lead to better targeting of potential reservoir units, and improved success rates.
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Mesozoic Plate Tectonic Controls on Rift Basin Development in North Central Africa: a Major Cretaceous Basin System

J.D. Fairhead1 & R. Guiraud2
1GETECH & School of Earth Sciences, University of Leeds, Leeds LS2 9JT, UK, jdf@getech.leeds.ac.uk
2Laboratoire de Géophysique, Tectonique et Sédimentologie, Case 060, Université de Montpellier II, 34095 Montpellier Cedex 5, France, guiraud@dstu.univ-montp2.fr

Now that the Chad-Cameroon oil pipeline is about to become a reality, oil companies are likely to review their exploration interests of the central African region.  Oil has been known to be present in the central African basins for decades but has not been exploited due to the remoteness of the region. These basins form part of the Mesozoic ‘Central African Rift System’ that extend from the Atlantic coastline of Nigeria and Cameroon through Chad, Central African Republic into Sudan. These fault zones do not continue all the way across Africa but dissipate their shear displacement into perpendicular orientated extensional rift basins. The Benue Trough, of Nigeria, is a sinistral wrench basin, which extends from the Niger Delta in a NE direction to Lake Chad where it transforms into a predominately NW trending extensional basin system through Niger. The Central African Fault Zone can be traced from Cameroon via southern Chad and Central African Republic into central Sudan where it transforms into a series of SE trending extensional basins through Sudan and Kenya to the Somali basin of the Indian Ocean. 

Plate tectonic opening of the Atlantic and NW Indian Oceans have played a major role in the development of the African basins. For the Atlantic Ocean, the linking of the Central and South Atlantic Oceans spreading centres by the opening of the Equatorial Atlantic spreading centre, during the Cretaceous, was responsible for a major phase of basin development in Central African Rift System. Subsequently, this rift system has acted as a weak zone within the African plate and has absorbed subsequent changes in plate movements resulting from plate interactions elsewhere (e.g. Africa colliding with Europe and India colliding with Asia). Changes in the relative plate movements for the Atlantic Oceanic segments have been identified from the analysis of magnetic isochrones and the subtle but distinct changes in the oceanic flow line (fracture zones) geometry. 

Changes in plate movements have periodically modified the Africa lithospheric stress field and these events can be correlated with changes in the stratigraphy of the basins. The Central African Rift System exhibits a poly-phased development, with basins having varying and multiple phases of tectonic subsidence, deformation, uplift and inversion. These geological events have been correlated throughout the rift system, with the major events being identified more widely throughout Africa. 

The talk will show on a regional scale how the compilations of gravity and magnetic data for the African continent and surrounding oceans delineate the sedimentary basins of the Central African Rift System and reveal an intimate temporal and spatial linkage with the opening of the of the Atlantic Ocean and Somali basin of the NW Indian Ocean.  On a local scale we will underline the important influence that the Cameroon volcanic line (late Cretaceous to Recent) has had by uplifting neighbouring basins, which has provided the opportunity for understanding the early history of the Cretaceous rifts. Two phases of rifting are observed during the Early Cretaceous followed by the late Santonian inversion. These events form part of a poly-phased development of Central African Rift System, which can be recognised in the stratigraphy throughout the rift system. Combining the detailed geological data with the excellent regional geophysical data has allowed us to develop a new more detailed tectonic model for the rift system.
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Source rock maturity and hydrocarbon generation modelling in East Africa: a case study from Tanzania

A.D. Carr

Global Exploration Systems Ltd, Little Lower Ease, Cuckfield Road, Ansty, West Sussex, RH17 5AL

The offshore basins of Tanzania and Mozambique constitute one of the last remaining frontier exploration areas, with basins that have seen very little drilling for hydrocarbons in both shelf and deepwater areas.  One of the possible problems with the area has been the discovery of gas fields (e.g. Songo Songo (Tanzania), Pande and Temane (Mozambique), but as yet no commercial oil discoveries.  The gassy hydrocarbons, the deep burial of potential source rocks in the offshore deepwater basins and the high heat flows associated with the formation of the passive margin along the Indian Ocean and the current East African Rift System, all give the indication of a gas province.  Furthermore the discovery of gaseous hydrocarbons of biogenic origin in Oligocene deltaic reservoirs of the Mnazi Bay discovery adds to the total gas potential (Cope, 2000).  However, numerous oil seeps, some of which are definitely of fresh oil, have been reported along both Tanzanian and Mozambique coastlines (Mpanju and Philp, 1994; Cope, 2000; Matthews et al., 2001).  Given the factors presented above, these may be the result of generation from local, less deeply buried sources along the relatively thin coastal basins, as opposed to sources in the deepwater basin east of the Davie Fracture Zone.  

Source rock studies show oil and gas potential in both Mesozoic and Tertiary sediments with TOC’s up to 12% and HI’s of 300+.  However, the maturity values show that Lower Jurassic sources in coastal basins (e.g. Mandawa-7 and Mbuo-1 wells in the Mandawa Basin) can be immature for oil generation and any mature source rock in the coastal basins will probably only occur in local areas with deeper burial.  The relatively small size of these areas with mature source rocks restricts the volumes of hydrocarbon generation in the coastal basins.  The offshore deepwater basins east of the Davie Fracture Zone however contain thick Mesozoic and Tertiary successions, with the Middle Jurassic being buried to depths of approximately 8 km (Cope, 2000) and these offshore deepwater source kitchens represent the best areas for the generation of large volumes of both oil and gas.  Conventional basin modelling however suggests that the Jurassic sources are either gas mature or overmature for hydrocarbon generation.  The key to solving problem is to model the deepwater basin using pressure dependent models in which the maturation is retarded by high pressures.
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Session Four East Africa & Central South Atlantic

Chair: Ray Bate & Ian Poyntz

Applications of Gravity Segment Analysis to the East African Continental Margin
J. Milsom

Department of Geological Sciences, University College London, Gower St., London WC1E 6BT
Recent improvements in drilling technology have opened up vast new frontier areas for hydrocarbon exploration. Existing information bases on such areas are usually sparse, and the generally large distances from suitable supply bases makes seismic acquisition costly. An economical method of assessing and ranking sub-regions prior to seismic is needed, and is provided by the ready availability of gravity values calculated from satellite measurements of sea-surface elevations. The accuracy of these values can be low in inshore areas, but over continental margins they provide a uniform data set of a quality exceeded by only the very best of shipborne measurements. Satellite-derived gravity grids are now being used to partition very large stretches of continental margin into self-consistent segments that are then individually assessed and prioritised.
Gravity segment analysis is based on a few very simple concepts. Isostatic balance implies that free-air gravity will, on average, be close to zero in all areas, regardless of crustal thickness. Departures from zero are associated either with rapid lateral changes in bathymetry or geology, or with loads that are supported regionally and elastically rather than locally and isostatically. As a consequence of the first of these conditions, the ridge and trough topography of oceanic fracture zones and spreading centres is strongly expressed on free-air maps, which provide an unrivalled resource for tracking the evolution of conjugate passive margins. As a consequence of the second, and as is strikingly demonstrated along the margins of the South Atlantic, Neogene delta fans are generally associated with prominent free-air highs. Bouguer gravity, on the other hand, is insensitive to local bathymetry but inversely correlated with crustal thickness, so that high values, of the order of +300 mGal, are associated with oceanic crust. Across continental margins, Bouguer gravity generally increases smoothly oceanwards, but the rapid changes in water depth at the shelf break produce characteristic paired positive and negative anomaly belts. Modifications to this pattern can provide important information on processes of margin evolution.
The techniques of gravity segment analysis have recently been applied in a study of the continental margin of East Africa, from Somalia to the Cape and including the facing margin of Mozambique. Using the gravity data, this vast area has been sub-divided into about twenty distinct segments. Segment boundaries were determined mainly by features on the free-air maps, but Bouguer gravity and bathymetry were also used. All three types of map were then used, in conjunction with existing onshore and offshore reconnaissance data, to identify areas with potential for deep water plays. In South African waters the analysis emphasised the potential of the deep-water sections of the Zambezi fan, and also the necessity for a proper understanding of initial rifting processes in designing exploration programmes. 
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Hydrocarbon Potential of Madagascar

D.N. Clark1 & L.R. Ramanampisoa2
1danclark@compuserve.com
2lnirina@dts.mg
Interest in hydrocarbon exploration in Madagascar started in the early 1900s, with the discovery of two large accumulations of tar and heavy oil at Bemolanga and Tsimiroro, respectively, in the northern Morondava Basin. These two fields are reported to contain up to 6x109 b oil. Modern exploration began in the early 1950s and since then 72 exploration and appraisal wells have been drilled. Despite this effort, the results have been very disappointing and only three small hydrocarbon discoveries have been made, at Eponge-1 (Copetma, 1971) and West Manambolo-1 (Petro Canada, 1987), both of which tested gas from Cretaceous sandstone reservoirs, and at Manandaza-1 (Shell, 1991), which produced 32 b of waxy, 41º API oil from a Lower Sakamena Sandstone reservoir. 
If all of the wells drilled so far in Madagascar are considered, the chance of finding producible hydrocarbons is only 1 in 23 (4%). Using data made available by OMNIS, however, it can be shown that only 12 of the modern exploration wells should be regarded as valid tests of prospects. This suggests that the chance of finding producible hydrocarbons could be as high as 1 in 4 (25%). Most of the unsuccessful wells appear to have tested features that are either lacking in closure, or were based on questionable geological concepts. This lack of success, in turn, can be attributed partly to poor quality seismic and well data, and partly to inaccuracies in the geological maps of Madagascar. Better quality seismic data has certainly helped with the more recent discoveries at West Manambolo-1 and Manandaza-1 but a number of misconceptions still exist about the subsurface geology. In particular, problems have been identified concerning the understanding of the rifting history and source rock distribution, the validity of the so-called Facies Mixte concept of the Middle Jurassic, the timing of trap formation in relation to hydrocarbon migration and the distribution of suitable reservoir/seal combinations.
The key to understanding the subsurface geology of Madagascar is the rifting history. Three separate phases of rifting can be recognized; Permo-Triassic rifting, Late Liassic rifting and separation from Africa, and Late Cretaceous separation from India. In the Early Permian, a failed intracontinental rift propagated through western Madagascar. Crustal extension continued into the Early Triassic, accompanied by symmetrical rifting and the uplift of the graben shoulders. This was followed by thermal subsidence and basin sag in Late Triassic times. In the Late Liassic, a new rift formed to the West of the failed Permo-Triassic rift and a series of half-grabens developed. Madagascar started to drift southwards away from Africa in the Bajocian, and a passive margin developed along the western coast. Renewed tectonic activity occurred in the Late Cretaceous as Madagascar separated from India. The break-up appears to have resulted from a shearing movement rather than a rift, and a pull-apart basin formed in the vicinity of Ile Sainte Marie, on the eastern coast. Wrench faulting and associated compressional folding also appears to have occurred in the western basins from the Late Cretaceous onwards. These folds have previously been interpreted as extensional features but they are now tentatively associated with lateral movements either along the Davie Fracture Zone, or along the Ile Sainte Marie Lineament.
From an exploration viewpoint, the western coastal basins can be divided into an eastern failed rift and a western passive margin. The structural, depositional and burial histories of these two provinces are quite distinct. Hence, the potential reservoirs, seals and source rocks that occur in each province are also different and trap formation and hydrocarbon generation took place much earlier in the failed rift than on the passive margin.
The failed rift passes down the eastern side of the Ambilobe, Majunga and Morondava Basins, forming a narrow zone between the passive margin to the West and the Central Highlands to the East. Potential reservoirs can be recognised in the sandstones of the Lower Sakamena, Upper Sakamena and Isalo. The Middle Sakamena Shale forms a thick seal that is developed throughout the failed rift. It also forms the principal source rock in the failed rift. It is thought to have generated the oil found at Manandaza, Bemolanga and Tsimiroro and is probably responsible for the oil shows and seeps that occur widely within the rift. Oil maturity was probably reached in the Late Jurassic or Early Cretaceous, and gas maturity was locally attained in the deeper parts of the rift by Middle Cretaceous times. Three different trapping styles are developed in the failed rift, namely tilted fault blocks, drape anticlines and roll-over anticlines. The tilted fault blocks are problematic because they are dependent on up-dip fault seals, which appear to be ineffective (e.g. Manandaza-1 and Vohibasia-1). The drape anticlines, in contrast, form very effective traps provided that a sealing shale is present. Such anticlines are normally found at relatively shallow levels in the subsurface, above large tilted fault blocks and they tend to be associated with heavy, biodegraded oil (e.g. Tsimiroro). Roll-over anticlines have yet to be tested but they may contain lighter, unmodified oil because they occur at deeper levels, away from the influence of meteoric water. These anticlines are found on the downthrown sides of some of the larger fault blocks, where dip-closure can be mapped at the base of the Middle Sakamena (e.g.hanging wall of Tsimiroro).

The passive margin extends along the entire length of western Madagascar, forming a wide zone across the central, coastal and offshore areas of the Ambilobe, Majunga and Morondava Basins. Possible reservoirs can be identified in the Aalenian sandstones and Bemaraha Limestone but the most attractive reservoirs are provided by the Tsiandava and Sitampiky sandstones in the Cretaceous. The Isalo is also widely developed on the passive margin but it does not constitute a potential reservoir because the porosity and permeability are always very low. Seals are provided by the Andafia Shale (Late Liassic), the Beboka Marl (Callovian) and various Cretaceous and Tertiary shales. The Andafia Shale succeeds the Isalo and onlaps the tilted fault blocks that formed in the Late Liassic. The Andafia also encases the “Aalenian” sandstones, thereby constituting a possible stratigraphic trap. The Beboka Marl rests upon and onlaps the Bemaraha Limestone, forming an excellent top seal. Several thick units of shale are present in the Cretaceous which provide excellent top seals to the interbedded reservoir sandstones. Small accumulations of gas have been trapped beneath these shales in some places (e.g. Eponge‑1 and West Manambolo-1). Elsewhere, the sandstones appear to be stratigraphically enclosed by shale and encouraging oil shows have been observed. This suggests that good lateral seals may be present in some areas (e.g. Manambolo‑1 and Marovoay-1). 
Potential source rocks have been identified in the Toarcian-Aalenian shales of the Beronono, in the Majunga Basin, and in the slope and basin-plain carbonates of the Bemaraha Limestone, in the northern Morondava Basin. Both source rocks are thought to have reached maturity for oil generation in the Mid-Late Cretaceous or Early Tertiary, and are currently within the gas window in the western and offshore parts of the passive margin. Three different trapping styles are developed on the passive margin, these being tilted fault blocks, compressional anticlines and stratigraphic traps. The tilted fault blocks are unattractive because the crests are not always covered by a sealing shale and the only possible reservoirs are formed by intensely compacted Isalo sandstones. The compressional anticlines, in contrast, are usually associated with good quality Cretaceous sandstone reservoirs and locally perhaps with porous limestones in the Bemaraha. Growth of the anticlines probably took place between the Late Cretaceous and Mid Tertiary. Hence, they probably formed too late to be charged with oil. In the eastern areas of the passive margin, the available structures appear to be water-bearing. To the West, however, gas maturity was reached after the anticlines developed, and the available traps are usually gas-bearing (e.g. Eponge‑1 and West Manambolo-1). Potential stratigraphic traps appear to be well-developed in the Cretaceous in the form of lowstand wedges and base-of-slope and basin-floor fans. These traps would have been available prior to the generation of oil and they offer the best chance of finding commercial oil accumulations on the passive margin.
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South Africa: The unpicked fruits of the Durban and Zululand Basins
V. Singh

Petroleum Agency SA, Parow, South Africa

The South African East Coast is characterised by two distinct rift basins that developed during the Late Jurassic-Early Cretaceous break-up of the Gondwana super-continent: 

1. The Zululand Basin with its onshore extension, forms the southern extent of the Mozambique Basin.

2. The Durban Basin structurally more complex offshore, lies to the south of the Zululand Basin.
The mid-Cretaceous geology of the East Coast is dominated by sediment input from the Tugela River.  With limited well control and regional seismic data, the stratigraphy has been correlated from the modern shelf into the deep-water areas of the basins.  The basin geometry consists of horst and graben systems and a thick post-rift sedimentary section beyond the modern shelf edge. Seismic mapping reveals extensive systems of untested basin floor fan complexes.

The Tugela Submarine fan is extensive and prospectivity associated with the fan remains unexplored.  Thermal modelling associated with the fan indicates that potential source rocks in the area have reached levels of maturity, with peak hydrocarbon generation occurring during the late Cretaceous.  Background gas associated with two of the four wells drilled offshore, provides empirical evidence for a mature source basin-ward.

Reservoir quality sandstones have been documented regionally in Mozambique, and within wells and outcrops in the Zululand.  Sandstone units with porosities up to 23% were penetrated in the onshore Zululand Basin. 

This paper demonstrates how the above elements of a petroleum system relate to the various plays identified.  Plays, which may reveal some of the juiciest fruits yet to be tasted!
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Salt tectonics in the Majunga Basin and new constraints on the Madagascar/Somalia syn-rift reconstruction

G. Tari, P. Ashton, J. Molnar, M. Sorgenfrei & D. Valasek

Vanco Energy Company, Houston, Texas

The offshore Majunga Basin of NW Madagascar was perhaps the most poorly understood salt basin in Africa prior to the recent acquisition of the first systematic and regional seismic data set. New ~4,500 km 2D data, collected in two separate surveys, allowed the definition of several salt-tectonic domains in the deep-water area of the basin.

The Lower-Middle Jurassic, syn-rift salt produced spectacular allochthonous tongues and canopies beneath the slope. The map-view extent of this domain is clearly controlled by the geometry of the underlying structure forming large, normal-fault bounded basement ridges. In the middle of the salt basin, the salt edge displays a major basinward salient with well-developed toe-thrust anticlines. The location of this fold-train coincides with an inferred transform zone disrupting the basement ridges, allowing gravity sliding and spreading towards the deep-water portion of the Majunga Basin.

Preliminary results indicate that the Majunga Basin, as part of the Madagascar subplate, developed in a lower plate position as opposed to its upper plate counterpart in Somalia/Kenya on the African plate. The pronounced concave to the NW shape of the onshore Majunga Basin, now documented in the deep-water offshore area as well, appears to find its exact counterpart in the convex to the SE Bur Ambar-Bur Acaba-Oddur basement high in Somalia. Based on this observation and the newly constrained position of the oceanic/continental boundary in deep-water Majunga Basin, a new minimum closure reconstruction is suggested between Madagascar and Somalia/Kenya.
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Correlations of the Central Atlantic Salt Basins and Implications

for their Hydrocarbon Potential

I. Davison1 & M. Taylor2
1Earthmoves Ltd. Chartley House, 38-42 Upper Park Road, Camberley, 

Surrey GU15 2EF, UK, E-mail i.davison@earthmoves.co.uk

2Hunt Oil Co. 8th Floor, Albion House, Chertsey Rd., Woking, 

Surrey, GU21 1BD, UK, E-mail MTaylor2@huntoil.com

The Central Atlantic rift basins opened in Late Triassic to Hettangian times. Red bed clastic sequences were followed by salt deposition during rifting, with the salt limited to rift basins. Restoration of 650 km of right lateral shear along the Gibraltar Fracture Zone, along with close matching of oceanic fracture zones in Mauritania and the US margin, produces a good alignment of the Guadalquivir-Betic Salt Basin in Spain with the Middle Atlas Salt Basin of Morocco. The Moroccan Deepwater Salt basin is aligned with the southern continuation of the Newfoundland Salt Basins.

Salt in the Georges Bank Basin extends much farther south than the published southern limit of the Moroccan Salt Basin. This correlation suggests that the salt may continue farther south in deepwater along the Western Saharan to Skaymat. A small salt basin has also been discovered farther south, in the Baltimore Canyon Trough on the US margin. This correlates with the conjugate Ad Dakhla to Pointe Noir segment of the Western Saharan margin. The lack of good quality seismic data and absence of wells in deepwater is notable in Western Sahara, and this salt basin correlation would significantly enhance the prospectivity of this unknown region.

Farther South, the Guinea Bissau-Senegal salt basin appears to terminate in Guinea Bissau. However, on our reconstruction the rift basin trend extends southward into the conjugate margin of Suriname (S. America), where recent seismic data has suggested thin salt may be present in a NE-SW trending rift. This  trend continues still farther south into the Takutu Basin where Early Jurassic salt has been proven in Brazil and Guyane Francaise.

The NW African salt basin greatly enhances the hydrocarbon potential of the overlying Cretaceous and Tertiary turbiditic sandstone reservoirs. Compression during the Atlas and Rif-Betic orogeny has also produced large salt-cored folds in Morocco and Western Iberia, which enhance the prospectivity of the Jurassic carbonates- a highly successful play in the Scotian Basin.

Interpretation of newly acquired regional 2D speculative seismic data long the poorly known NW African margin has opened up new hydrocarbon plays, and as yet only two exploration wells have been drilled with 3D seismic coverage in water depths greater than 1000 m. One of these discovered oil, and it is suggested this will not be a lone occurrence. 
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The Oil Families of the Atlantic Margins

N. Cameron1 & J. Zumberge2

1Global Exploration Services, Ansty, West Sussex, RH17 5AL

2Geomark Research Inc., 9748, Whithorn Drive, Houston, Texas, 77095, USA
Over 350 crude oils from the southern, central, and northern margins of the Atlantic were geochemically analyzed for biomarkers and stable carbon isotopes in order to predict source rock type and age. Cluster and principal component analyses were used for oil correlation and to determine the number of oil families. The results were integrated with the regional geology to identify and characterize the Petroleum Systems of the Atlantic Margins. A number of oil families, previously thought to be geographically isolated, are now known to be related. Extended family links of this type can only emerge when global scale data sets are available. The outcome is a range of entirely new exploration opportunities.

Thick, rich and commonly oil-prone source rocks are developed along the entire North West Africa margin. Where mature, significant volumes of oil will have been generated. Dominant are Mid-Cretaceous aged, marine shale sources primarily associated with the OAE2 Turonian to Cenomanian event. These source units are regionally present from Suriname to Trinidad/Barbados, and their oils equate to those present in the Senegal region down to Cote d’Ivoire. . Middle and early Jurassic (Liassic) source rocks are believed to be regionally significant from at least southern Morocco northwards into Portugal and Spain.

An exceptional abundance of source rocks characterises the petroleum geology of the South Atlantic. These are present both in the early Cretaceous rift section and the mid-Cretaceous and younger drift section. The rift aged source units are associated with lakes and comprise frequently rich and thick organic shale sequences. The marine Cretaceous section begins with rift-drift transitional units associated with lagoonal settings and evaporites. The overlying sources are dominated by OAE2, principally Turonian aged, distal shales. Albian OAE1 sources are known and are expected to become increasingly significant as exploration advances into deepwater. Near the main river mouths, such as the Niger and Congo, the younger Tertiary sources becomes increasingly gas prone.

The South Atlantic oils were classified into over twenty oil families: 59% of these are marine-sourced oils, 33% are oils generated from lacustrine source rocks, and 8% are of mixed lacustrine/marine origin. The mixed marine/lacustrine oils are all from Africa, most of which occur in the Angolan portion of the Congo basin. What is important is that although few of the marine oil families can be typed directly by their biomarkers to their exact source, the combination of their biomarker features and the geological literature allows all of them to be tracked back, with a high degree of confidence, to their origin. The lacustrine oil families are more problematic in that most source environments either recurred though time or multiple source environments occurred at any one time. Differences in the evolution of the lake systems from south to north mean that the Campos basin and the offshore Kwanza basin oils are different from those from Cabinda (Angola) northwards and in NE Brazil.
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Africa – Where’s it going?

A. Hayman

IHS Energy Group, Geneva, Switzerland

Developments in Africa in 2001-2002 are discussed, with extensive current data including production and reserves. Spectacular successes continue, notably in Nigeria. Downstream projects are considered.

The Political Context

The US wishes to diversify its oil supply and is looking to West Africa. But growth is inhibited by OPEC quotas and slow project approvals.

Production and Reserves

The “big five” – Algeria, Egypt, Libya, Angola and Nigeria - predominate. Angola’s production will virtually double to 1,400Mbo/d by 2005. Nigeria’s production capacity should rise by 50% – but actual production remains capped. Reserves growth in the Niger Delta is considerable.

Algeria still accounts for 47% of gas production. Egypt’s big deep-water gas finds must be exploited. The massive gas reserves in the Niger Delta could jump from 160 Tcf to 300 Tcf.

Exploration Successes

Major exploration successes include Bonga South-West 1 (Shell, > 500 MMbo recoverable) and Bolia 1 (Shell, up to 250 MMbo). Again, in the Delta, Aparo 1 (ChevronTexaco), Usan 1 (TFE, 270 MMbo pre-drill), and Doa 1 (TFE) are believed to be very significant. Appraisals are planned in 2002 for Aparo, Bolia, Nnwa, and Chota. Bonga South-West was appraised successfully by BSW2.

In Equatorial Guinea, the Oveng and Okume fields bring recoverable reserves in the Rio Muni sub-basin to 600 MMbo. 

In Angola deep-water, successes continue in Block 14 but the initial results from Lower Congo Basin Blocks 31, 33 and 34 and from the Kwanza have been disappointing .

In North West Africa, a major stir was caused by the Woodside-led success of Chinguetti 1 in 2001. Appraisal is underway (August). 

Viable gas discoveries continued in the Pliocene of the deep-water Nile Delta. 

New Capital Projects

In Nigeria, an expansion to NLNG has now been approved (“NLNG plus”) to take plant capacity to 17 Mmtpa. 

Bonga South-West (OML 118) and Bolia-Chota (OPL 219 / OPL 220) are to be fast-tracked by Shell and partners. The first floating LNG plant may be installed for the Nnwa-Doro field in OPL 218/ 219. LNG studies have been announced by Phillips / Agip and by an ExxonMobil-led consortium.

Shell’s OGGS (offshore gas gathering system) is underway.

In Angola, development has now started for the Block 15 Kizomba A field. In Block 14, ChevronTexaco is bringing forward the Belize-Benguela-Tomboco project (330 MMbo recoverable). Cost reduction in deep-water engineering is a major goal.

In North Africa, significant projects include the Egypt LNG plant, the GOS petrochemical plant, and a GTL plant by Shell. Trans-Mediterranean pipelines are planned, and North African gas will fuel Europe and the Middle East.

The Trans-Saharan pipeline should bring Nigerian gas to European markets, and the main Nigerian operators are keen to participate.

New Frontiers and Licensing Initiatives

The STP-Nigeria Joint Development Zone licensing round is reckoned to be highly interesting. Also, STP will hold its own EEZ licensing round in 2003. A bid round has been launched in Sierra Leone and also in landlocked Mali. In North Africa, there are new offerings from Libya and Algeria. South Africa will offer acreage late in 2003 after new G and G studies. In North-West Africa, competition for acreage in deep water Morocco is high, and permits have been also awarded in the Western Sahara offshore. In Mauritania, the Woodside Chinguetti appraisal drilling may induce a rush.

In sum, there are interesting commercial E and P opportunities throughout the continent.
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Poster Presentations

Chronology of Tectonic Events in Western and Southern Africa from a Regional Apatite Fission Track Study

N.B. Harris1, K.A. Hegarty2, P.F. Green2 & I.R. Duddy2
1Department of Geosciences, The Pennsylvania State University, University Park, PA 16802, phone: 814-863-9903, fax: 814-863-8724, harris@geodyn.psu.edu
2Geotrack International Ltd, 37 Melville Road, Brunswick West, Victoria, 3055, Australia, mail@geotrack.com.au

Results of a regional apatite fission track study in southern and west central Africa provide a thermal history framework for interpreting tectonic events.  The data come from an extensive suite of outcrop and well samples from southern Namibia to northern Gabon, supplemented by additional samples from the Cuvette Centrale basin of R.D. Congo.  Apatite fission track analysis (AFTA) results, the largest data set of its type on a continental margin, provide quantitative estimates of the timing and magnitude of multiple cooling events identified along the African margin.

A synthesis of the results demonstrates numerous cooling events in southern and west-central Africa, ranging in age from Middle Palaeozoic to Late Tertiary.  The events vary spatially and temporally along the margin, but can be broadly described as falling within the:

1) Middle Palaeozoic

2) Late Palaeozoic to Triassic

3) Late Jurassic to Early Cretaceous

4) Late Cretaceous

5) Eocene

6) Late Oligocene to Miocene.

The timing of the Late Cretaceous and Tertiary events coincides with changes in the direction of African plate motion.  The Late Cretaceous event corresponds to a counter clockwise shift in the trajectory of African plate motion at 84 Ma (anomaly 34) and accentuated compression of the northern margin of Africa against the European plate (Guiraud and Bosworth, 1999). Similarly, the Middle and Late Tertiary events correspond to changes in plate motion at 37 and 22 Ma (Guiraud and Bosworth, 1999).  We suggest that the varying orientation of the African continental margin influenced the margin's local response to the new direction of plate motion, as the new plate motion vector caused a re-distribution in stresses across the plate. Thus segments of the margin in certain orientations responded strongly to changes in plate motion by uplift and erosion, while segments in different orientations exhibited little impact.

The Early Cretaceous palaeothermal event clearly coincides with development of the West African rift system and opening of the South Atlantic Ocean (Maurin and Guiraud, 1993; Nürnberg and Müller, 1991, Rabinowitz and LeBreque, 1979).  The complex evolution of this margin gave rise to a prolonged period of cooling, associated in part with localized areas of rift flank uplift, and in Namibia and southern to central Angola with episodes of volcanism.

Recognition of the Late Palaeozoic to Triassic event suggests that tectonic interactions on the margins of Gondwana were manifested by uplift and cooling in the interior of the supercontinent.  The Late Palaeozoic / Triassic event, generally termed Karoo, is characterized by pronounced cooling in northern Gabon and in central Angola to southern Namibia; it may be present elsewhere along the margin, but if so, its AFTA record has been completely overprinted by subsequent events.  The same event is also recognized in the Cuvette Centrale basin on seismic data as a compressive event and has been interpreted by Daly et al. (1991) as a far field result of collisional processes on the southern margin of Gondwana.

The Middle Palaeozoic palaeothermal event has been not previously recognized as significant in central and southern Africa.  It coincides with the Acadian orogeny, the accretion of North America to South America and Africa.  This suggests that as with the Karoo event and in many other settings, tectonic interactions at the margins of lithospheric plates commonly have manifestations at distances of many thousand kilometres in the interior of the plates.

The chronology established by this study provides a new framework for interpreting sedimentary basin formation, both along the continental margin and the interior and should significantly improve our ability to predict the occurrence and character of petroleum systems in southern Africa.
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Structural Style and Petroleum Potential of Offshore Sierre Leone and Liberia

K. Bennett & D. Rusk

Earthlinks

The offshore region of Sierra Leone and Liberia has been under-explored until recently, when a new 2-D Seismic data set was acquired.  This poster session presents the results of a reconnaissance interpretation of the new data, in conjunction with a review of the geologic history, and relevant reservoir and geochemical information.

TGS-NOPEC Geophysical Company acquired approximately 15,000 line-km of 2-D seismic data in the offshore area of Sierra Leone and Liberia in 2000 and 2001.  The data set consists of 170 lines extending from the continental shelf to water depths of 2500m to 4000m.  The southwest-northeast dip lines have an average spacing of 5 km and lengths of 50 km to 140 km.  Five coast-parallel strike lines tie the data.

Three distinct basins are present.  From north to south they are; the Sierra Leone Basin, the Liberia Basin and the Harper Basin.  The basins developed during two phases, a syn-rift phase and a passive margin phase.  A component of wrench tectonics significantly overprints the framework of both phases.

The Sierra Leone and Liberia basins are separated by the Monrovia Fault Zone, which terminates obliquely at the Liberian coast.  The Monrovia Fault Zone is a segment of the Sirra Leone Transform System.  The Liberia and Harper basins are separated by the Liberia High, a major element related to the St. Paul Transform System.

The main rift phase began in Aptian time, accompanied by continental deposition.  In middle Albian time shallow marine incursions reached the area.  Sea floor spreading began in late Albian, associated with widespread marine sedimentation which continued essentially until late Neogene.  During early Cenomanian the region was tilted basinward, resulting in erosion on the shelf and slope while uninterrupted marine deposition took place in the basin.  This event is referred to as the Mid-Cretaceious unconformity.

The dominant structural activity during the passive margin phase was transpression and transtension.  The intensity of this repetitious activity decreased in Tertiary time.

Nine exploratory wells were drilled and abandoned on the shelf, considerably shoreward of the potential of the basin complexes.  In terms of exploration maturity, the area should be classified as “frontier”.  However, there is an abundance of key data from the above wells, which contribute to the establishment of several petroleum systems.  

Numerous Aptian to early Cenomanian sequences contain rich oil-prone to mixed oil and gas-prone source rock, which are mature throughout most of the subject area.  Also, the late Cretaceious interval, which expands to more than 2000m in the basin, undoubtedly includes effective Cenomanian to Turonian source beds.  Cenomanian and Turonian shales are established type II source rocks throughout offshore West Africa.

Trap types are numerous and relatively widespread, in particular those associated with Cretaceous syn-rift and transform related faulting and unconformities.  In addition, traps on the slope and in the basin are ideally located for access to oil migration.  Trap types include:  titled fault blocks, drape anticlines, strike-slip related faulted anticlines and “flower” structures, stratigraphic pinchouts against the Mid-Cretaceous unconformity and against the continental shelf, truncation traps and deepwater fans.
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Central Africa’s Cretaceous Rifting: Examples from Chad

S. Henry1, A. Danforth2 & M. Nasser Hassane3
1Geolearn

2Consulting Exploration Geologist

3Director of Petroleum, Ministry of Mines, Energy and Petroleum, Republic of Chad

Very little has been published on the Cretaceous rift systems in Chad. In this presentation, established views will be integrated with recent ideas on uplift and fault linkage, to provide a new perspective on Africa’s Cretaceous rifting. Regional seismic data, supporting this model, will be shown. 
Rifting in Chad initiated above a mantle plume located under present day Lake Chad. Rift systems radiated to the NW, creating the Termit Rift in Niger, to the SW towards the approaching Benue Rift and to the SE along the southern limit of the Saharan craton, creating the rift systems of Southern Chad. 
As in the South Atlantic, the age of the majority of the extension (Syn-rift) occurred during Early Cretaceous (Neocomian) followed by a period of thermal subsidence (Sag). Rich source rocks were deposited in both the Syn-rift and Sag phases. Unlike West Africa, there is no Drift and the Sag phase continued into the Upper Cretaceous and Tertiary. A huge (1x106 km2) intra-cratonic basin formed in response to the subsiding mantle plume and likely contains 2-5 x106 km3 of shallow marine and continental sediments. 
Multiple periods (Santonian and Miocene) of post rift structuring occurred as the surrounding cratons adjusted to regional tectonic forces. Over 1 billion BOR have been discovered and are being developed in compressional anticlines. Additional major reserves are likely in Chad’s other under-explored rift basins.
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Prospectivity of Ultra-Deep Offshore Kwanza Basin, Angola
D.G. Evans & M.J. Cope

WesternGeco, Schlumberger House, Buckingham Gate, Gatwick RH6 0NZ, UK
The ultra deep-water area (generally >1500 m water depth) of the Kwanza Basin of Angola offers exploration opportunities over some 40,000 km2 of salt-structured terrain located between the proven hydrocarbon province of the Lower Congo Basin (Blocks14 to 18) and a recent oil discovery in Block 24.  The ultra deep-water area remains un-drilled except for two DSDP sites.  Using a 10,000 km 2D seismic database and 17,000 km2 3D survey it has been possible to identify numerous prospective structures over large areas of the deep-water basin.  Observed trapping styles include salt-supported drape anticlines, salt-induced turtle-back anticlines, truncation traps at unconformities and stratigraphic traps associated with channels and terminal lobes or fans.  Potential reservoirs range in age from Albian to Tertiary, predominantly as lowstand, gravity-flow, deep-water facies clastics.  Potential source rocks are Albian open marine micrites locally mature in intra-salt synclines, and more restricted facies pre-salt shales which are mature throughout the basin.    Both Cretaceous and Tertiary sedimentation occurred under conditions of continuing salt withdrawal; in some areas sufficiently dramatic to allow Miocene sediments to touch down on residual Albian or Aptian carbonates and evaporites, thus allowing migration of pre-salt derived hydrocarbons to post-salt reservoirs.  Seismic amplitude anomalies associated with fault migration pathways and anticlinal trapping configurations indicate that an effective petroleum system is developed in the basin.
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Source Rock Characterisation and Maturity Modelling of the Coastal and Deep Offshore Basins of Tanzania

M.J. Cope1 & S. Massay2

1WesternGeco, Schlumberger House, Buckingham Gate, Gatwick RH6 0NZ, UK

2Tanzania Petroleum Development Corporation, P0 Box 2774, Dar Es Salaam, Tanzania.

The Coastal Basin of Tanzania is a known petroliferous area. Hydrocarbons occur at the surface on Pemba Island and the Tanzania mainland and shows of oil and accumulations of gas have been proved in several offshore and coastal island wells. These occurrences display varying geochemical characteristics pointing to the existence of several active petroleum systems. The Mafia Deep Offshore

Basin (MDOB) of southern Tanzania occupies an area of some 75,000 km2 developed between the Coastal Basin and the Davie Fracture Zone some 200 km east. This un-drilled basin is interpreted to be the generative area for the hydrocarbon occurrences recorded in the Coastal Basin.

To assess further the prospective framework of the MDOB a study of some 1700 source characterisation analyses from wells in the Coastal Basin of Tanzania was undertaken together with a critical review of the geochemical characteristics of hydrocarbon shows and reservoir fluids. The study recognised the occurrence of four oil-prone source formations:

· Middle Eocene (mixed Type II/III kerogen)

· Upper Cretaceous (mixed Type II/III kerogen)

· Middle Jurassic (mixed Type II/III kerogen)

· Lower Jurassic (Younger Karroo, predominantly Type I/II kerogen)

In addition to these oil-prone sources, Lower Cretaceous and Triassic (Older Karroo) gas-prone source formations are also identified.

Seismic data indicate that Upper Cretaceous shales are regionally developed throughout the deep-water area and that Younger Karroo half-grabens are present in the subcrop over much of the MDOB.  Maturity modelling and calibration has been undertaken for several key source-indicative surfaces over the deep offshore area. The results demonstrate that the Middle Eocene and Mid Cretaceous surfaces are presently at oil window levels of maturity. The Top Karroo surface is currently at gas generative or spent levels of maturity. The interpreted maturation history of the principal source formations in the MDOB appears consistent with the pattern of biomarker and isotopic data for the various hydrocarbon occurrences in the Coastal Basin.
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Modern sedimentation patterns in Africa--subbasin-scale models derived from astronaut photography

M. J. Wilkinson

Lockheed Martin Space Operations/mail code C23, NASA-Johnson Space Center,

2400 NASA Road 1, Houston, Texas 77058, USA

Six sediment dispersal models are derived from recent aggradational landscapes (versus erosional landscapes), mainly from Africa. Large floodplains and large fans ("inland deltas")- group 8-9 architectural units of Miall 1996 - are the component units of subbasins (104 -105 km2 ) which are group 9-10 units of Miall 1996. The models apply to fluvial sediments in continental basins. The data are derived from astronaut photographs taken since the early 1980s.

Criteria

Subbasin shape - linear basins, with two, parallel critical margins (margins that influence sedimenting rivers); and basins with a single critical margin.

Stream orientation--transverse (T) and longitudinal (L) to basin margins. The models below concern proximal and medial sectors only: designations such as “T/L” imply a proximal transverse sector (T) followed by a longitudinal medial sector downstream (L).

Fill symmetry in linear subbasins - sediment enters from both margins, or dominantly from

one.

Subbasin models

Linear depressions with two parallel critical margins

Model 1 T/L pattern--asymmetric fills The upper Zambezi basin (western Zambia) and the classic Himalayan foreland are invaded by fans entering dominantly from one margin.

Model 2 T/L pattern--symmetric fills The Muglad depression (SW Sudan) displays fans emanating from both margins, the trunk river aligned along the centre of the depression.

Model 3 T/T pattern--asymmetric fills The Okavango graben (northern Botswana) is invaded by fans from one margin, but formative rivers cross the graben transversely.

Model 4 L/L pattern The formative rivers enter a depression longitudinally rather than across lateral margins; e.g. the Niger River deposits its "inland delta" from the open southwestern end of a depression.
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What of the synrift? Graben and wedge plays in the Orange Basin, South Africa

D. van der Spuy
Petroleum Agency, Parow, South Africa

The continental margin of South Africa is of the Atlantic type with long segments of tensionally rifted continental crust, some offset by transverse marginal fracture zones.  A medial hinge zone roughly following the 300m isobath, separates isolated half-graben to the east from a large synrift wedge to the west, characterised by seaward dipping reflectors.    The eastern graben trend can be mapped for a distance of around 400km in the northern section of the basin and is the setting of an oil discovery made in the course of a stratigraphic test drilled in one of the half-graben.  More isolated half-graben occur to the south.  As only three of the more shallow, isolated graben in the east have been penetrated during drilling, very little is known of the distribution or nature of the lithologies within them.  Drilling to date has demonstrated the existence of continental red beds, igneous material and extremely high quality lacustrine source rocks, in close proximity to lacustrine shoreline sandstones.  The synrift wedge to the west of the medial hinge remains untested.

The oil discovery has highlighted the possibility of working petroleum systems within other graben and various plays can be identified.  These include stratigraphic plays along the unfaulted flanks of the graben, possible opportunities within the eastern section of the synrift wedge, and combination plays including elements within the drift succession.
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Expression of the Atlas inversion tectonics in deep-water offshore Morocco: implications for hydrocarbon exploration
G. C. Tari, P.R. Ashton, J.S. Molnar & P.W.A. Thompson

Vanco Energy Company, Houston, Texas

Neogene to Recent inversion of the Atlas system, the result of African-Eurasian plate convergence, is well documented onshore Morocco. However, recently acquired reflection seismic data in the offshore Essaouira segment of the Atlantic passive margin of Morocco show the presence of inverted structures of mid-Tertiary age in the deep-water area as well.
These unusual structures are best imaged outboard of the widespread salt basin of Late Triassic/Early Jurassic age, some 200 km to the west from the coastline in water depth of 2000-4000 m. The anticlines have a general NW-SE/WNW-ESE trend determined first by a regional-scale 2D seismic reflection data set, also confirmed by a subsequent 3D seismic survey. Compressionally reactivated syn-rift normal faults are responsible for these inverted structures which clearly involved the pre-Mesozoic basement. 
The areal extent of the inverted structures coincides with that of the Tafelney Plateau. The Tafelney Plateau is interpreted as a high-relief accommodation zone inherited from the rifting stage of the central Atlantic basin. This regional basement high and the associated anticlines trend perpendicular to the deformational front of the salt basin providing interesting interference patterns, locally enhancing the toe-thrust anticlines. The inverted structures represent a previously unknown play type in the deep-water Atlantic region.
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Could Guinea-Bissau (NW Africa) and not Brazil host the first  Amazon Delta?
J. Dombrowski1, R. Morgan2 & N.R. Cameron3
1First Exchange, 2470 Gray Falls, Suite 190, Houston, Texas 77077, USA, john@fortesa.com
2Veritas DGC Ltd., Compton Way, Manor Royal Estate, Crawley, 

West Sussex, UK, RH10 2QR, UK, richard_morgan@veritasdgc.com
3Global Exploration Services Ltd., Little Lower Ease, Cuckfield Road, Ansty, 

West Sussex, RH17 5AL, UK nick@globalexplor.com
New seismic, acquired in 2000-2001 by Veritas and FEC, from offshore Guinea-Bissau has revealed the detailed structure of the Guinea Marginal Plateau (GMP, aka Guinea Nose) of NW Africa.  Previously the full history of this feature, whose conjugate is the Demerara Rise of French Guiana (Cayenne) and Surinam, was enigmatic despite extensive research.
The main body of the GMP is the oceanwards prominence of the continental margin north of the Guinea Fracture Zone (GFZ).  This feature is defined by the 1000 meters isobath and comprises a thick sequence of Jurassic and Cretaceous carbonates and clastics, which accumulated landwards of a carbonate bank that formed soon after the onset of drift in the Central Atlantic.  An unconformity removes up to 0.5 seconds TWT from the bank crest with the truncation cutting down section towards the southwest and the Guinea Fracture Zone. 
A thick syn-rift succession related to the opening of the Central Atlantic underlies the drift section.  This unit equates to the Casamance Salt Basin to the north.  The eastern limit of the syn-rift succession is a hinge line that is now tracked by the NW-SE trending 500 meters isobath.  Previously, the deep section west of the hinge was suspected to be of older Paleozoic age and related to the Bové Basin of onshore Guinea-Bissau.  
A 100 km long by 20 km wide, WNW-ESE aligned bathymetric high lies outboard of the southwestern margin of the carbonate bank, which in this region forms the Escarpment Supérieur.  This outer feature, known as the Ride Marginale, has attracted the most attention because the original seismic was of sufficient quality to reveal that the deep section was disturbed, but was insufficient to unequivocally determine the origin of the structuring.  The new seismic shows that the Ride Marginale is underlain by a delta slope complex that was confined by the GMP carbonate bank to the east and, probably, by the now separated Demerara Rise to the west.  Detachment and toe thrust geometries reveal that delta was supplied from the SE and not from drainage systems local to the platform to the east.  The delta is underlain by parallel bedded, deepwater sediments deposited outboard of the carbonate bank and directly above ocean crust.  Broadly planar-bedded sediments cap the folded and faulted upper surface of the delta.  No well ties exist and the age of the delta cannot be directly determined (there are plans to acquire a direct seismic tie to DSDP corehole 367).  There are, however, age constraints.  For example, the base of the delta onlaps the near top Jurassic surface of the carbonate bank and the deformation within the delta predates the regional Santonian break.  Tighter limits are provided by the end-Albian / earliest Cenomanian age of the break-up unconformity in the Equatorial Atlantic.  This event sets a minimum age for the end of delta growth.  It also implies that the delta is early Cretaceous in age.  Finally, the pre-delta succession jump ties with the Jurassic section penetrated in DSDP 367. 
The location of the delta above ocean crust implies that Central Atlantic aged rifts existed to the south of the GFZ.  Subsequently, as indicated by the scale of the delta complex, these rifts hosted a major river system whose peak delivery period equates with the main phase of rifting in the Equatorial Atlantic.  The thickness and facies of the early Cretaceous succession (syn-rift II) in the Foz do Amazonas region of northern Brazil, require some of the drainage supplying the delta to have originated from the Amazon failed rift arm.  With the onset of drift between Africa and South America, most, if not all, of the outer delta was stranded in Africa. 
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With something old and something new, East Africa’s not so blue
W.G. Dickson1; O.L. Slind2 & M. Odegard3
1Dickson International Geoscience, Houston, Texas

2Alconsult Ltd, Calgary, Alberta
3GETECH Inc, Stafford, Texas

Rather than reinventing something, we aimed to leverage the best prior regional work (the “old”) and comprehensive potential fields coverages (the “neglected”) using GIS software in a digital compilation (the “new”). The elements were:
a) the 1997 overview report “Hydrocarbon Potential of the East Africa Continental Margin” by Alconsult International Ltd., as a part of the East Africa Regional Hydrocarbon Study (EARHS), conducted under the authority of the Canadian International Development Agency (CIDA).
b) multiple GETECH gravity attribute images plus supplemental data for the same area as EARHS
The result was a flexible tool for basin evaluation or prospect ranking and a framework for detailed studies. The combination of continuous potential field coverages with existing interpretations of seismic, geologic and well data illustrated structural features of areal dimensions 15 km and above, clarifying structural settings and play elements along the East African margin.
One example is the nature of the Davie Fracture Zone (FZ) offshore Kenya and Tanzania. A string of islands from Pemba to Songo Songo expresses a group of tilted basement blocks set up by an orthogonal system of faults created in response to strike-slip movement along the Davie FZ. Individual seismic and well profiles illustrate the cross-sectional shapes while gravity attributes define the areal extents. Why do we use that combination of data sets?
Typical seismic profiles in this area offer good resolution of beds and intra-sedimentary faults but fail to span the width of many of the tilt blocks and are too sparse to define the areas of each feature. Wells offer even more detail on the identification of tops, lithologies and shows but drilling is equally sparse: there are about 60 offshore and near-shore wells including ODP locations for a basin more than 1000 km long (north to south) and averaging 200 km wide. Potential field coverages correlate closely with other data sets locally and allow correlations between features or extrapolations across the basin. One application is the definition of hydrocarbon migration catchments for each tilt block or compartment. We examine the regions around Pemba and Zanzibar Islands as examples.
Comparisons with other transform margins (Ivoirian/St. Paul-Chain and Agulhas) show striking similarities, with the crustal fragments taking the same orientation relative to the transform. The segmentation of the margin along the Davie FZ suggests multiple avenues of sediment input to the basin although the regional EARHS mapping, published profiles and gravity attributes imply greatest sediment accumulations in just a few locations. Our combination of regional crustal type, heat flow and sediment thickness contours allows the extension of maturation estimates away from the limited well control. Our talk includes examples from each of the main sedimentary thicks and comments on their prospectivity.
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The “Old Salt” Basins around Africa: Comparing what the pioneers saw with today’s vision

W.G. Dickson1, M.E. Odegard2 & I.W. Somerton3
1Dickson International Geoscience, Houston, Texas

2GETECH Inc, Stafford, Texas;

3GETECH Ltd, Leeds, UK

A 1965 Institute of Petroleum/Geological Society conference yielded a classic publication, “The Salt Basins around Africa”. This poster reviews a quarter of that tour from about the 8 o’clock to 11 o’clock positions along the western margins of Africa. It compares what has changed and how the knowledge explosion of the nearly four intervening decades has infilled the gaps while raising new questions. Our digital methods allow direct overlays of each vintage of maps and data, enabling the rapid assessment of interpretation progress. Starting at 1965, we consider several large-scale basin studies including St John 1980; Kingston et al 1983 and Persits et al, 1997. This work is placed on a regional carpet of potential field imagery generated through the rapid 1990's advances in data collection and presentation. Particular emphasis is placed on the interpretation of the crustal fabric and its effect on the sedimentary overburden regarding depositional systems and hydrocarbon maturation.
Our tour includes the following stops:

· the change in structural strike at the Sumbe Trend (marking the boundary between the Benguela and Kwanza basins of southern Angola but not recognized in the basin outlines of St John or Persits et al) and the resulting effect on mini-basin patterns. This wnw-ese trend correlates with known onshore Brazilian trends and suggests coupling between continental and oceanic crust along directions other than normal hot spot tracks and oceanic transforms.
· oil to source correlations in the Kwanza (Angola) and Ogooue (Gabon) basins and their relationship to basin segmentation along oceanic transform trends. Transforms along the West Africa margin tend to link with fault systems in continental crust. These lines appear to separate hydrocarbon families while allowing migration from source to trap. A 20-25 degree change in transform orientation roughly associates with St John’s change from Cuanza to Cabinda basins.
· Recent work by several authors identifies proto-oceanic crust (POC) along the Gabon margin and its extension under discovery trends in Rio Muni. Deep crustal seismic profiles with corresponding gravity and magnetics data have been modeled to determine the 2D profile extents of this POC and the relationships to mapped POC anomalies from gravity attributes. Varying heat flows are identified with sub-classes of POC per other work by Odegard.
· toe thrusts, bottom simulating reflectors (BSRs) and gas hydrates relate to the POC basement architecture of the offshore Niger Delta. We argue that basement topography may determine the ramps above which toe thrusts rise toward their tip lines. Strong map relationships between gravity attributes and published toe thrust positions allow extrapolation to the north towards the Benin/Nigeria border. Transforms in the oceanic crust separate the offshore delta into two clear lobes. The relative position of mapped BSR’s to toe thrust belts is reversed between the lobes but we lack an explanation for the observation.
· faulting patterns of continental crust along the Ascension Fracture (Ghana and Ivory Coast basins of St John) resemble the patterns of the continental crust along the Davie (East Africa) and Agulhas (South Africa) Fractures as described in greater detail in a companion paper. The resulting segmentation of the margin suggests multiple avenues of sediment input to the basin deeps although the gravity attributes and other geophysical data imply greatest sediment accumulations in just a few locations.
· extension of the Senegal salt basin along Mauritania to Morocco: essential to the recent exploration success? This relatively unstructured (post-Paleozoic) basin may depend on salt piercements to provide vertical hydrocarbon migration pathways. Combinations of potential field attributes outline a basin deep that contains all the identified piercement-type structures seen to date in the literature. The extension of this basin along the continental margin increases the possibility of a linked series of salt basins from the Guinea Fracture to Gibralter.
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The Offshore Sedimentary Basins of the North West African Atlantic Margin – their Petroleum Geology and Hydrocarbon Potential

M. Thompson & P. Wakely

Q Venture Development Limited, 126-128, High Street, Maidenhead, Berks., SL6 1TP, UK

Q. Venture Development Ltd (London) and Seiscan/Geodata Corporation (Houston) are co-authoring a benchmark regional geological study encompassing the basin architecture, petroleum systems and hydrocarbon exploration potential of the North West African Continental Margin and adjacent deepwater areas, extending from Morocco in the north to Benin in the south.

This offshore region, dominated by extensional tectonics and Cretaceous and Tertiary stratigraphy, is the focus of increasing exploration interest for a number of international companies, many of whom are actively investigating deepwater play potential.

The study incorporates both public domain and unpublished geotechnical data, and includes a large seismic dataset the highlight of which is 3500 km of proprietary regional 2D seismic.

The poster display summarises the results of this study. Key seismic lines illustrate the architecture of the basins, their geological history and structural evolution. It also reviews both proven and potential petroleum systems, play fairways and trends and highlights new play concepts.
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Continental fit of the Central Atlantic margins

I. Davison1, M. Taylor2, O. Craig2 & M. Longacre3
1Earthmoves Ltd, Camberley, Surrey, UK

2Hunt Oil, Woking, Surrey, UK

3MBL Inc, Kingston Upon Thames, Surrey

Matching of Central Atlantic continental margins allows correlation of the main geological features associated with the early stages of rifting in the Late Triassic and Early Jurassic. This helps to predict presence of salt basins, source rocks, and reservoirs in areas where data is sparse on one margin, but more detailed on the conjugate side. 

We present a microplate fit which restores internal deformation of the North American and Afro-Iberian plates. Matching fracture zones identified on offshore free-air gravity data were used to create the initial fit, with a potential error of approximately 40 km in the fracture correlation.  This fit can be used for the West African craton, but large shear zones are present north and south of this, which require a jigsaw mosaic of plates to be restored.  Six hundred km of right lateral shear across the Azores-Gibraltar Fracture Zone is required to match Iberia and Grand Banks, Newfoundland, after restoration of Flemish Pass to its original position before extension occurred. 

The position of the present ocean-continental crust boundary (OCB) along the African and American margin has been interpreted from the free-air gravity, bathymetry, and seismics. We place the boundary near the seaward edge of the salt basins. The OCB on the Americas margin is better defined by deep seismic data.  Fitting the two OCBs back together requires a 200 km wide segment of older oceanic crust contained between the East Coast and Blake Spur Magnetic Anomalies. This segment was left stranded due to a ridge jump at approximately 170-165 Ma. 

The fit allows prediction of salt basins along the margins assuming a simplistic symmetric salt development along both Central Atlantic margins. The salt basins are relatively poorly mapped due to limits of data coverage and lack of published data in frontier areas. We predict that a) the Scotian salt basin continues northward to the Newfoundland Fault Zone; b) the Moroccan salt basin continues southward into Western Sahara; c) the Mauritanian salt basin continues farther southward into Senegal, d) salt may be present offshore Florida-Bahamas Banks buried below a carbonate platform, which lies opposite to the Senegal Guinea Bissau Salt Basin.  If these predictions are correct, this will greatly enhance the hydrocarbon potential of the NW African margin. 
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Assessing igneous risk and interpreting depth to basement utilizing integrated potential fields data.  A case study: offshore Senegal

D.P. Meaux1, R. Pawlowski1, A. von den Steinen2, D. Peace3 G. Tari3 & J. Molnar3
1AOA Geophysics, 11200 Westheimer, Ste.850, Houston, TX 77042,USA
2AOA-Europe, Fleet, UK,

3Vanco Energy Company, One Greenway Plaza, Suite 630, Houston, TX 77046, USA
Along frontier exploration areas such as the continental margin of northwest Africa, magnetic and gravity surveys have been successfully utilized as reconnaissance tools in order to provide a better understanding of the hydrocarbon potential of key areas of interest. In Senegal open-file and proprietary magnetic and gravity data have been integrated with seismic and well data in order to, 1) access igneous risk and, 2) interpret basement structure.

Along the margin of West Africa Tertiary igneous activity is evident by the preponderance of volcanic island complexes and other near shore volcanic rocks. As a result of the inherent magnetic susceptibility present in volcanic and igneous rocks, high-resolution aeromagnetic data can be successfully utilized to detect their presence. In the fall of 2000, Vanco Energy Company contracted AOA Geophysics to acquire and interpret approximately 6,000 line kilometers of airborne magnetic data over a small portion of the Vanco Dakar Offshore Profond license area, offshore Senegal. Survey specifications were optimized for the detection of shallow igneous rocks. The results of the survey indicated that such rocks were most- likely present. High-frequency magnetic anomaly patterns visible along individual profiles and in gridded magnetic data were consistent with the presence of shallow igneous sources. The anomalies displayed an excellent correlation with suspect seismic amplitude anomalies and with unusual seafloor features visible in previously collected 2-D seismic data. As a result of this work, scheduled and significantly more expensive seismic data acquisition was shifted to more prospective areas within the Profond license area.

Elsewhere in the Profond license area, questions remained regarding the architecture of syn-rift basement fabric along the Senegal continental margin. Initial seismic interpretation revealed a series of marginal basins separated by tectonic fracture zones and/or basement accommodation faults. A thick sequence of Mesozoic shelf carbonates however, made it difficult to locate the top of basement surface. In order to gain further insight into the character of basement fabric along the margin, a depth-to-basement analysis of open-file shipborne magnetic data was undertaken. The interpreted data set was comprised of 18,291 line kilometers of shipborne magnetic data originally compiled by the NGDC and the GSC. These data were reprocessed by EDCON to produce a fully merged and leveled magnetic data set. The data were then gridded and a series of magnetic enhancement maps were created in order to assist in determining the character of basement structural fabric. The determination of depth to magnetic basement was accomplished using a profile-based, Werner deconvolution automated depth estimation technique. Constraints on the basement surface were provided by 2 ½-D gravity and magnetic forward modeling and from the seismic interpretation of basement. The final offshore basement surface interpretation was then merged with a pre-existing onshore basement interpretation to produce a continuous basement structural surface map across the Senegal continental margin.
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A new play: the Tugela Cone of the Durban Basin, east coast South Africa

C. Matchette-Downes

JEBCO Seismic (UK) Ltd., Old Westminster House, 38 Upper Mulgrave Road,

Cheam, Surry, SM2 7AZ, UK
Through the collaborative work of the Petroleum Agency of South Africa, JEBCO Seismic (UK) Ltd., Global Exploration Services Ltd. and GeoMark Research, Inc., a new Petroleum System has been identified associated with the deepwater succession oceanwards of the Continental Margin Hinge of the Durban Basin. The play involves early Cretaceous, syn-rift, source rocks and Cretaceous and Tertiary deepwater sands supplied by the Tugela River and preserved in the Tugela Cone. The play was identified from the Jc-DI well data, which was drilled in a by-pass region on the crest of the Continental Margin Hinge, and where landward-migrating hydrocarbons are present. Cuttings samples exhibiting fluorescence and high C5+ gas readings are currently being analysed. The Jc-DI well TD’d in syn-rift conglomerates. These are expected, on the basis of outcrop control to the south in the Transkei Basin (McLachlan et al., 1976. Transactions Geological Society of South Africa, 79, p. 321-340) to be replaced rapidly oceanwards by a marine source succession as in the Bredasdorp basin to the south.

Preliminary evidence suggests that the Tuegla Cone is too big for the present Tugela drainage system and that the initial river was considerably larger. The modern development of the Tugela River is of younger Tertiary age. The modern Tugela is delivering large volumes of clean sand to the deepwater derived from an extensive outcrop of Palaeozoic Natal Group sandstones. Sediments supplied by longshore drift from the north and originating from the Limpopo River are also augmenting the growth of the Cone. The Tugela River exploits the line of weakness associated with the suture that defines the southern margin of the Kaapvaal Craton. The Falklands Microplate separated from Africa along the same feature. This separation helped create the space needed for the accumulation of the Tugela Cone.

A cross section through the cone illustrates the range of play possibilities. These vary from stacked drapes of basin floor fans above ‘basement’ highs to slope controlled channel systems. The seismic data indicates that seal and migration pathways are not issues.

Both the anatomy and cross section of the cone are reminiscent of the exploration situation in Equatorial Guinea (Rio Muni) and Mauritania before deepwater exploration began. In these areas, there were shelf shows and evidence of substantial sediment bypass to the deepwater across the Continental Margin Hinge.
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Exploration Remote Sensing in northern Africa - the key to exploration success.

P. Elliott & A. Denniss

Infoterra Ltd, 1 Arthur Street, Barwell, Leicester, UK

From the prolific onshore petroleum systems of Libya, Tunisia and Algeria to the remote, under explored deepwater basins of north and northwest Africa, integrated remote sensing solutions are revealing the structure, geology and hydrocarbon habitat as well as direct hydrocarbon evidence in northern Africa. Modern, high resolution optical, radar and hyper spectral satellite imagery, integrated with various geological, geochemical and geophysical data, can be mapped and interpreted at regional and prospect scale to reveal new prospectivity. Offshore, the direct evidence of seeping hydrocarbons in the Mediterranean and offshore NW Africa, again combined with various potential field and geophysical data, provide valuable insights into the extent and activity of active hydrocarbon systems. 
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Hydrocarbon Prospectivity of the Murzuq Basin, Southwest Libya: Constraining Geological Uncertainty by Reconstructing Basin History

D.R.D.Boote1 & D.D.Clark-Lowes2
1Geological Consultant, 12 Elsynge Road, London SW18 2HN

2Clark-Lowes Consulting, Oak Court, Silver Street, Wiveliscombe, Somerset TA4 2PA

The Murzuq Basin of Southwest Libya is still only partially explored. The Lower Palaeozoic Memouniat-Tanezzuft Petroleum System is now well established in the north, but little is known of the remote region to the south. The basin underwent a complex geological evolution with repeated marginal uplifts and the Memouniat reservoir sequence has been subject to sometimes quite pronounced regional tilting, unroofing and freshwater flushing. As a result, the petroleum prospectivity of the southern region is very uncertain. However, some measure of its potential can be assessed by identifying the more critical stratigraphic and structural criteria controlling the distribution of the oil fields in the north and projecting these criteria to the south.

Regional isopach mapping of the key stratigraphic intervals, combined with simple maturity modelling, suggests that many of the northern fields were charged from a late Palaeozoic-Mesozoic depocentre located immediately to their west. Reconstruction of this now partially exhumed depocentre suggests that it was once part of a larger basinal sag extending south into the central Murzuq. Although the southerly extent of the Tanezzuft source rock remains uncertain, there is some evidence to suggest it extended far south and was capable of significant hydrocarbon charge during the Cretaceous and early Tertiary. While the subsequent late Tertiary uplift and unroofing would have been locally very destructive, there is a reasonable possibility that more robust trapping geometries in the central part of the basin may have produced perhaps quite significant oil accumulations, where the effects of post-charge tilting and flushing were more subdued.
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Prospects, Leads and Plays of the Durban and Zululand Basins, SE Africa

V. Singh

Petroleum Agency SA, Parow, South Africa

The offshore South African Durban and Zululand basins (blocks 17 and 18) are severely under explored and only four wells (all tested the same play type) have been drilled in this vast area of some seventy thousand square kilometres.  Seismic coverage is sparse and is mostly confined to the shelf area between Durban and Richards Bay.

All four wells were drilled to test the flanks of basement highs but in hindsight they were not optimally positioned, being located at the shelf edge in sediment by-pass zones.  

The extensive Tugela fan, the result of prolonged sediment input from the palaeo-Tugela River, dominates the mid-Cretaceous geology of the Durban Basin.  The Tugela fan has not been explored for hydrocarbons but recent seismic mapping reveals extensive systems of basin floor fan complexes extending into deep water of the present day Natal Basin.

Numerous untested leads and prospects define the synrift, Cenomanian-Turonian and the Tertiary.
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The use of satellite data and GIS in generating petroleum targets:

Examples from on- and offshore Africa

M. Broadley

NPA Group, Kent, UK

The use of satellite imagery in a Geographic Information System (GIS) environment provides the explorationist with a powerful focusing tool when generating potential petroleum target areas. 

In the Ghadames basin (NW Libya) a stacked data-set approach was used to generate new leads in a known hydrocarbon province. The structural interpretation of Landsat ETM satellite imagery (15m resolution) outlined many areas of interest, however with the addition of several other geo-referenced spatial data-sets this became a much more powerful targeting tool. In a GIS, NPA mapped the spatial distribution of the main source, reservoir and seal horizons and integrated these with surface structures mapped on the satellite image interpretation. This data-stack resulted in the production of the Target map which details a region of good reservoir, seal and surface structures (source migration pathways are also integrated, as lateral migration is important) in the Ghadames. 

In the Taoudeni basin (Mauritania), the Muglad basin (Sudan) and the Sahel region of Tunisia, geological GIS’s using satellite imagery as a spatial reference point and integrating gravity data, seismic data, structure contours and isopach maps have resulted in the delimiting of potential targets.

The use of high-resolution imagery such as SPOT PAN (10m) and IKONOS (1m) and the integration of elevation data allowed the production of digital elevation models (DEM’s) which enabled potential structures to be viewed from any angle. Hyperspectral satellites such as ASTER are currently investigating the possibility of mapping surface alteration due to hydrocarbon seepage.

In the offshore Circum-Africa ERS and RADARSAT satellite radar have been used to map seepage-slicks to help focus exploration. This is a well known technique which is used to screen basins for the extent of an active petroleum system and the location of seepage clusters. A GIS in W. Africa has used the seepage clustering, offshore satellite-derived gravity, which has defined the basin boundaries, and mapped onshore drainage regimes (enabling the provenance and volume of the sediments in the offshore basins to be predicted) in an attempt to assess reservoir distribution in the offshore.

Examples of the above techniques are illustrated on the accompanying poster.
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Influence of the Walvis Ridge on the structural and sedimentary styles in the Walvis and Namibe Basins offshore Namibia with emphasis on petroleum geological aspects

O.M. Kandjoze & A.A.Warne

NAMCOR, Private Bag 13191, Windhoek, Namibia

Efforts to maintain momentum for offshore Oil and Gas exploration in Namibia includes reinvestigation of several aspects of the offshore geology of the post rift offshore sedimentary basins. One of the more important issues is the influence the Walvis Ridge has on the structural and sedimentary styles of the two northernmost Namibian offshore basins.  The Namibe Basin (to the north) and Walvis Basin, are separated by the Walvis Ridge. They are located on the West African margin and formed during the thermal subsidence following the breakup of Gondwana. The Walvis Ridge is a volcanic feature related to the Tristan hot spot, which remained active during the separation of Africa and South America. It is a bathymetric barrier at present but more importantly is believed to have been the southern boundary to the restricted Aptian Salt Basin offshore Angola. Interpretation of mainly non-exclusive 2D seismic shows marked differences in the architecture and tectono-stratigrahic development in the Walvis and the Namibe Basin. Some similarity will also be pointed out. On the conjugate margin, the Rio Grande Rise separates the Santos and Pelatos basins (respectively equivalent to the Namibe and Walvis Basins).

The Namibe Basin is the last remaining untested hydrocarbon province of the West African basins. The Walvis Basin has been tested by five exploration wells, none of which discovered commercial hydrocarbons. However, data from these wells has proven the presence of excellent reservoir sequences, source rocks and seals. The lack of hydrocarbons is because of the lack of structural closure and/or seal at the main Aptian to Turonian reservoir sequence which was not the original target of these wells. A number of large prospects (up to 700 km 2 areal closure) have been mapped further outboard, where the late rift/early drift sequence is expected to contain shallow marine/coastal reservoirs overlain by early drift deep marine shales.

In the Walvis Basin the margin is characterised by a progradational Cretaceous/Tertiary shelf overlying the syn-rift zone with seaward dipping reflectors. The transition from stretched to unstretched oceanic crust is defined by the prominent hinge zone and possibly effects from underplating magmas. The NNW-SSE striking Walvis Basin is perpendicular to the main extension. The narrower N-S striking Namibe Basin formed at an acute angle to the main extension, giving rise to a pull apart setting. Within this pull apart setting a normal but narrower and steeper passive margin sequence seems to have been deposited. In addition the Namibe Basin has been affected by volcanic activity due to its proximity to the Walvis Ridge. Water depth drops off more dramatically than in the Walvis Basin.

Towards the Walvis ridge rifting continued into Upper Cretaceous time (Santonian) within a coast parallel system viz. the Skeleton Rift. It is suggested that the basalts originating from the Tristan hot spot acted, well into the late Cretaceous, as a kind of weld between the two continents maintaining the extentional regime of the syn-rift period. This fault network affects both basins in the proximity of the ridge. A number of big discoveries have been made in the northern sub-basins of the Aptian Salt Basin, especially the Congo Basin, which consequently has increased the prospectivity of this region.
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M. Leith

Antrim Resources (Tanzania) Limited
The Pemba-Zanzibar Block occupies an area of 14,062 km2 (equivalent to 3.5 million acres) and is located almost entirely offshore the Tanzanian mainland.  The Islands of Zanzibar and Pemba lie within the Block area.

Tanzania is well endowed with sedimentary basins with hydrocarbon potential but has received only intermittent interest from international oil and gas companies.  Very recently, however, a flurry of new exploration interest and leasing activity has occurred in the coastal to offshore areas of Mozambique, Tanzania and Southern Kenya.  We believe this could represent the paradigm shift needed for the recognition and exploitation of the significant oil and gas potential of East Africa in general and Tanzania in particular.

Exploration for oil and gas began in 1952 but the country has been only lightly explored since then.  To date, 26 exploration wells have been drilled and two gas fields have been discovered at Songo Songo and Mnazi Bay.  Approval to develop Songo Songo has recently been given and the field is projected to come on stream in 2004 when it will provide gas for domestic electric power generation.

Geologically, Tanzania is located in a region affected by major tectonic events related to the breakup of the super continent Gondwana in the Permo-Triassic.  Subsequently, an “Atlantic-type” passive continental margin developed, characterized by rift and drift phases.  The rift phase lasted through the early Jurassic and was succeeded by a post-rift or drift phase which continued through the late Jurassic, Cretaceous and Tertiary.

The Pemba-Zanzibar Block is located in an area, which embraces the onshore Ruvu Basin (representing the rift phase) and an offshore Tertiary Sag Basin (representing the post-rift or drift phase).  The offshore Tertiary Basin is separated from the Ruvu Basin by a system of growth faults, which correspond to the present-day coastline.  A series of coast-parallel synclines containing thick Tertiary sequences underlain by Mesozoic sediments is developed beyond the mainland coast. Farther oceanward, a series of coast-parallel uplifts is developed and the Islands of Pemba and Zanzibar are associated with these.  The Islands are underlain by thick sequences of Mesozoic and Tertiary sediments, apparently resting on pre-existing, deep-seated basement highs.

The Pemba-Zanzibar area has been explored intermittently since 1952 with gravity, aeromagnetic, seismic refraction and seismic reflection surveys. Four wells have been drilled, one on the mainland, one in the offshore area adjacent to the mainland, and one each on the Islands of Pemba and Zanzibar.  All of the wells were plugged and abandoned, although oil and gas shows were recorded in each and they helped prove up the existence of functioning petroleum systems in the area.

The Makarawe-1 well was drilled in 1984 to test a tilted fault block in the Ruvu Basin and Ras Machuisi-1 was drilled in 1973/74 to test a Tertiary rollover developed adjacent to a coastal growth fault. Zanzibar-1 was drilled in 1956/57 and Pemba-5 in 1961/62 to evaluate structures on the Islands, which had been defined largely by surface geology, gravity and refraction.

The work undertaken in the Pemba-Zanzibar area since then has demonstrated the development of good reservoir potential in the Triassic, Middle Jurassic, Lower Cretaceous, Paleocene, Eocene and Oligocene.  Most of the potential reservoirs are sandstones, although carbonates do occur in the Middle Jurassic and Eocene.  Most potential reservoirs are overlain by thick claystones and shales, which provide good seals both vertically and across faults.

In the area where the Pemba-Zanzibar Block is located, potential oil and gas-prone source rocks occur in the Middle Jurassic, Upper Cretaceous, Paleocene and Eocene.  The most significant oil-prone shales occur in the Middle Jurassic, Upper Cretaceous and Eocene sections.  While the Jurassic shales are likely to be over-mature throughout most of the central and eastern parts of the area, the Upper Cretaceous and Eocene shales are interpreted to lie within the oil window over a wide area including Pemba Island.  Of particular significance is the fact that the well-known live oil seep on Pemba Island has been correlated with an Upper Cretaceous source. 

Antrim has assembled, reviewed and evaluated all of the data available over the Pemba-Zanzibar Block.  More than 4,500 km of existing seismic data have been interpreted and both time structure and time interval maps have been prepared.  As a result of the work program undertaken, four principal play types have been identified within the Pemba-Zanzibar Block, namely: 1. an anticlinal play type over the offshore islands; 2. a Late Miocene rotated fault block play;  3. an Oligo-Miocene rollover structural play and 4. a Jurassic tilted fault block and reefal play.  A play fairway map has been developed showing the location of each of these four play types.

At the present time, the anticlinal play across the offshore islands is considered to be the most important of the plays identified.  Three large closures have been mapped within the play fairway at North Pemba, South Pemba and North Zanzibar, although all can best be described as leads at this time pending the acquisition of new seismic to confirm details of the structures.  Of these, the North Pemba structure is the most attractive in view of its size, timing of development, location with respect to oil-prone Upper Cretaceous source rocks within the oil window, and proximity to the Pemba Island oil seep.  This North Pemba play has potential for a significant oil accumulation. 

The paradigm is changing and oil is becoming a viable exploration target in Tanzania.
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