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1.
1.1.

SUMMARY
BASIS OF THIS REPORT

Swala Oil & Gas (Tanzania) Ltd (SOGTL) has requested RISC to provide an Independent Technical Specialist’s
Report (‘ITSR’) on SOGTL’s petroleum exploration interests in Sub-Saharan Africa, for inclusion in a
prospectus to be lodged with the Dar es Salaam Stock Exchange on or about 1 October 2013 (‘Prospectus’).
This ITSR is based on a review of extensive data provided by SOGTL.

1.2.

SUMMARY OF ASSETS

SOGTL has interests in two onshore blocks in Tanzania (Pangani, and Kilosa-Kilombero) and is currently in
direct exclusive negotiations for another (Eyasis). Together these are referred to as the ‘East African
Projects’.
Licence details are given in Table 1-11, and a location map is given in Figure 1-1. The Eyasi licence is currently
being negotiated directly between SOGTL and TPDC after SOGTL were announced as joint winners of the
2012 Bid Round for the Licence with partners Pura Vida. A commitment has been made to enter contract
Year 2 for the Pangani and Kilosa-Kilombero licences.
Each block covers a portion of the East African Rift System in Tanzania. The acreage is frontier territory; no
wells have been drilled in the blocks, minimal seismic data exist, and there is significant uncertainty on the
nature of the rift fill. At this early stage, prospective resources cannot be defined, but analogies drawn from
the successful Uganda Lake Albert area (pool sizes <20 – 350 MMstb) provide considerable encouragement.
However, each rift or portion of rift within the East African Rift System is a discrete entity, with its own
petroleum systems that may or may not be analogous to the Uganda Lake Albert area. SOGTL is an
exploration company and its operations are at a very early stage; it is not known whether the East African
Projects would be able to produce similar results to the Lake Albert area. The chance of the rifts with
hydrocarbon success being analogous to the East African Projects is reflected in a ‘play risk’; the chance that
the play works somewhere within each of the blocks is estimated to be in the range 11% - 22%.
It is important to note that the licence structure for the East African Projects allows early exit should
additional data and analyses demonstrate that risks are too high to justify further exploration.

1

The ITSR addresses the technical aspects of the East African Projects. Licence/permit/PSC details have been provided by SOGTL and
included here for completeness. RISC has not inspected these documents and cannot provide independent confirmation of their
veracity.
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Asset

Operator

Interest

Status

Licence expiry
date

Licence
area

Work commitments

Tanzania
Pangani
Licence

Swala Oil and
Gas
(Tanzania)
Ltd (of which
Swala BVI
holds a
65.13%
interest)

Swala Oil and
Gas
(Tanzania)
Ltd 50%
Otto Energy
(Tanzania)
Limited 50%

Exploration
PSA

20 February
2016 (with optout after years
1 and 2)*

17,156 km

2

Year 2 - Geochemical
sampling, geological
mapping, 2D seismic
(no well)
Year 3 – further 2D
seismic

Tanzania
KilosaKilombero
Licence

Swala Oil and
Gas
(Tanzania)
Ltd (of which
Swala BVI
holds a
65.13%
interest)

Swala Oil and
Gas
(Tanzania)
Ltd 50%
Otto Energy
(Tanzania)
Limited 50%

Exploration
PSA

20 February
2016 (with optout after years
1 and 2)**

17,675 km

2

Year 2 - Geochemical
sampling, geological
mapping, seismic (no
well)
Year 3 – further 2D
seismic

Tanzania
Eyasi Licence

Swala Oil and
Gas
(Tanzania)
Ltd (of which
Swala Energy
Ltd holds a
65.13%
interest)

Swala Oil and
Gas
(Tanzania)
Ltd 50%
Pura Vida
Energy
Limited 50%

Exploration
PSA

Under Exclusive
Neogotiation
between SOGTL
and TPDC (with
opt-out after
years 1 and
2)***

17,074 km

2

Year 1 –
Gravity/magnetics,
geochemical sampling,
satellite/photogeology
Year 2 – 2D seismic,
further geochemical
sampling
Year 3 – further 2D
seismic

Expiry date is for Initial Exploration Period; two Additional Exploration Periods take expiry to 2025*Expiry date is for Initial Exploration Period; two
Additional Exploration Periods take expiry to 2023
** Expiry date is for Initial Exploration Period; two Additional Exploration Periods take expiry to 2023

Table 1-1 Swala Oil and Gas (Tanzania) Ltd. – Summary of assets
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Figure 1-1 Location of SOGTL’s East African Projects

1.3.

SUMMARY OF PROSPECTIV ITY

The SOGTL’s East African Projects are focussed on the East African Rift System (‘EARS’). The Neogene rift fill
is a proven play in the region, where the discovery of significant commercial volumes of oil in the last eight
years in the same play in the Lake Albert area (Uganda) provides encouragement for the rifts in the East
African Projects. Single field volumes that range from less than 20 MMstb up to about 350 MMstb (Jobi-Rii
Field) have been reported by the operator, Tullow Oil, in Uganda. A total of 1.1 Billion barrels of oil has been
discovered in the Lake Albert area2. Tullow achieved a very high success rate at Lake Albert, in the order of
75% for exploration wells3. Tullow has also reported a discovery in Ngamia-1 and South Twiga-1 in Kenya,
the latter testing at a surface-constrained rate of 2,812 bopd4.
With exploration at a very early stage in the East African Projects, the available legacy data comprise
geological mapping, digital terrain, satellite and ground gravity data, aeromagnetic data, and academic
publications. No seismic data in either of Pangani or Kilosa-Kilombero. Additional airborne magnetics and
gravity data were acquired in 2012 and provide key information. Data in Eyasi is restricted to academic
publications.
2

Tullow Oil 2011 Results presentation http://www.tullowoil.com/files/pdf/results/2011_full_year_results_presentation.pdf
Tullow Oil 2012 Our business – exploration success. The figure of 75% derived from exploration wells only from Tullow data
4
Africa Oil Corp., 21 Feb 2013, http://africaoilcorp.mwnewsroom.com/press-releases
3
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The key play is the Neogene fill of the rift system, but with recent alluvial cover and no wells, this has not yet
been proven to be materially present anywhere within the East African Projects. SOGTL has nevertheless
used the available data to good effect to provide a plausible assessment of the Neogene prospectivity of
their acreage. Assuming the presence of the Neogene fill, fluvio-deltaic reservoirs are likely to be present in
each rift. The presence of source rocks is less certain, although rich lacustrine source rocks could be present.
The lack of success to the north and south of the Lake Albert pools may imply that source facies are not
ubiquitous. Without seismic data, trap presence is unknown but is considered likely on the basis of other
rifts.
The area of the Tanzania Pangani Licence is poorly understood. The rift may be relatively recent, with little
scope for significant Neogene fill; the recent magnetic and gravity data suggest that the basement is
generally shallow, at less than 500m. However, it remains possible that shallow igneous bodies mask a
deeper basement response of up to 4km, and regional gravity data provide some encouragement for local
deeps.
The Tanzania Kilosa-Kilombero Licence covers a complex elongate structure with various rift elements. A
part Neogene fill is likely. The recent magnetic and gravity data have been used to estimate maximum
depths to basement of up to 7 km or greater in the Kilosa and Kidatu rifts. The Kilombero rift is less well
developed, with basement depths 1-3 km. However, this may still be sufficient to mature source rocks given
the level of high heat flows observed in the Albertine Graben.
The Tanzania Eyasi Licence covers a large area with portions of two rift systems and the Crater Highlands
volcanic centre (including the Ngorongoro Crater). The published data suggests that basin depths may be
relatively modest, but could still be prospective, especially if higher heat flows are present to mature shallow
sources. The proximity of the volcanicity may however degrade reservoir effectiveness. The areas outside
of the rifts – the volcanic centres and the uplifted rift flanks - are not prospective.
The EARS play is proven regionally, primarily in the Lake Albert area, but also the Lokichar Rift in Kenya.
Although this provides considerable encouragement, each rift of the EARS is a discrete entity, with its own
petroleum systems that may or may not be entirely analogous to Lake Albert; for example in the
continuation of the rift system to the south of the Lake Albert area, petroleum exploration has not been
successful. In particular, each of the blocks comprising the East African Projects has considerable uncertainty
on the presence of the key synrift Neogene section that is proven in Lake Albert.
Given the early stage in exploration, it is not possible to determine conventional prospect risks.
Nevertheless, we estimate the chance that the play works somewhere within each of the blocks comprising
the East African Projects to be in the order of 16% for Eyasi, 11% for Pangani, and 22% for Kilosa-Kilombero
(Table 1-2). These chances are relatively low but appropriate to the undrilled, frontier nature of the East
African Projects. RISC also considers that the level and incremental nature of Swala’s exploration effort are
commensurate with these chances of success.
These play chances would be combined with appropriate prospect-specific risks once seismic data allowed
prospect definition. The Lake Albert story suggests that if and when an initial discovery were to be made,
subsequent analogous prospects could have a high chance of success. Given success, field volumes
comparable to those seen at Lake Albert, i.e. between 20 MMstb – 350 MMstb, may be possible within the
East African Projects. However, as noted, each rift or portion of rift within the EARS is a discrete entity, with
its own petroleum systems that may or may not be analogous to the Uganda Lake Albert area. Specifically,
given the very early stage of exploration of the East African Projects, it is not known whether similar results
to the Lake Albert area would be possible. This is reflected in the play chances.
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Play Chance Factors
Block/Licence

Chance of
material synrift section

Source Rock

Reservoir

Seal

Richness and
Maturity

Presence and
Effectiveness

Presence and
Effectiveness

Overall Play
Chance for
Block

Tanzania Pangani

0.4

0.65

0.65

0.65

0.11

Tanzania Kilosa-Kilombero

0.8

0.65

0.65

0.65

0.22

Tanzania Eyasi

0.7

0.65

0.55

0.65

0.16

Table 1-2 Play chances of success for the East African Projects

The Karoo is proposed as a secondary play for portions of the rifts in the Kilosa-Kilombero Block. The Karoo is
considered by RISC to be less prospective than the EARS play. Although reservoir presence is very likely,
effectiveness is unknown. There are indications that source facies may be present, but timing and potential
charging are not known. More significantly, to RISC’s knowledge the Karoo has not yet provided a
commercial conventional hydrocarbon discovery across southern and eastern Africa, although it does offer
unconventional hydrocarbon potential elsewhere. At present, the Karoo is considered to be a high risk play.

1.4.

SOGTL’S EXPLORATION STRATEGY

Swala Oil & Gas (Tanzania) Ltd (SOGTL) was established as a subsidiary company to Swala Energy Ltd in July
2011 to enhance the pursuit of petroleum exploration assets in Sub-Saharan Africa. To this end, the Swala
group maintain offices in Kenya, Tanzania and Zambia. The East African Projects demonstrate the success so
far in their objective. In particular, they are focused on the plays offered by the Eastern Branch of the East
Africa Rift System. This approach takes as its cue the considerable success that Tullow Oil has achieved in
the Lake Albert area in Uganda in the Western Branch, and recently in the Kenyan Lokichar Basin within the
Eastern Branch.
The East African Projects cover portions of the East African Rift System which are broadly analogous to the
successes in the region, and as such RISC fully supports the East African Projects. The Eyasi licence and the
Kilosa-Kilombero licence are considered prospective, albeit all with the significant uncertainty of the
presence of the syn-rift fill; the Pangani licence is less obviously prospective, although may still be
prospective in local areas.
The strategy adopted by Swala Energy in the East African Region and SOGTL in Tanzania, supported by RISC,
is to take an incremental approach to exploration. In the first contract year, the key activity been the
acquisition of additional gravity and magnetics data (this is now completed for all but the recently awarded
Eyasi licence; in the second contract year, the prime activity will be the acquisition of selected seismic
programmes. Geochemical sampling and fieldwork will complement these activities. Analysis and
integration of these data should assist to reduce the uncertainty on the nature and distribution of the rift fills
in each of the blocks comprising the East African Projects. However, drilling would ultimately be required to
prove the nature of the fill.
SOGTL recognises these uncertainties and risks, and have negotiated licence structures that will allow early
withdrawal should the risks remain too high to continue exploration. Such early exit points are the first time
that these have been negotiated for petroleum licences in this area.
SOGTL is actively engaged on an acquisition strategy that will augment their existing portfolio with further
blocks in Tanzania. A number of targets are currently being pursued.
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1.5.

TERMINOLOGY

The East African Projects are currently at a very early stage of exploration, and as such, resources are not yet
quantified. Nevertheless, the projects are focused on a particular exploration ‘play’, a term used extensively
in this report. This is a defined term under the internationally recognised Petroleum Resources Management
System (‘PRMS’)5, and comprises the least mature category of prospective resources. Prospective Resources
are those quantities of petroleum estimated, as of a given date, to be potentially recoverable from
undiscovered accumulations by application of future development projects. With advancing understanding
and definition of a play, through acquisition of more data, we would normally expect that prospects and
leads would be defined, to which a range of Prospective Resources could be quantified, with associated
chances of success.
Prospective Resources can be subdivided into Prospect, Lead or Play. The definitions from the PRMS
guidelines are given in Table 1-3.

Table 1-3 Prospective Resources definition (PRMS)

5

SPE/WPC/AAPG/SPEE 2007 Petroleum Resources Management System
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2.

REGIONAL SETTING

2.1.
2.1.1.

The East African Rift System
Structure

The East African Projects lie in the East African Rift System (‘EARS’), the classic example of continental rifting.
This forms a narrow (50-150 km wide) system of normal faults defining elongate grabens that stretches
some 3500 km (Figure 2-1; Morley et al 19996). It is connected to the global system of oceanic rifts via the
Afar Triangle to the Gulf of Aden and the Red Sea. South of northern Kenya, the EARS consists of two trends,
the Eastern Branch and the Western Branch that lie either side of the Archaean Tanzanian Craton.
The Eastern Branch is the focus of the East African Projects. In Kenya, located north and east of Lake Victoria,
this is a volcanic-rich system that forms the Kenyan and Ethiopian Rifts. To the south, the Eastern branch
enters Tanzania at Lake Natron and itself separates into two distinct extensional domains. This area is known
as the North Tanzania Divergence, and includes the Ngorongoro-Kilimanjaro Volcanic Province (NKVP). The
western domain includes rifting in the Eyasi and Manyara areas; both the Eyasi and Natron-Manyara rift
trends are covered by the Swala’s Eyasi Licence. To the east is the Pangani Rift (covered by Swala BVI’s
Pangani Block) with the intervening area covered by the Masai plateau. To the south of the North Tanzania
Divergence, the structure is relatively poorly understood, but includes the rifts of the Kilosa and Kilombero,
which are covered by Swala BVI’s block of the same name. The Western and Eastern Branches join in
southernmost Tanzania at the Mbeya triple junction, south of the Archean craton.
The branches of the EARS are associated with two large lithospheric domes - some 1000 km diameter - called
the Afar and East African Domes, which are associated with large negative gravity anomalies. The individual
rifts are zones of thinned continental crust associated with thermal uplift of the rift shoulders.
The rifts have clear present-day topographic expression; the eastern branch is marked by small lakes, but the
western branch is particularly characterised by a series of extensive deep and shallow lakes. However, the
surface expression does not reveal all about the underlying structure; possibly the largest fault in the Kenyan
Rift, the Lokichar Fault in the Turkana area, was only identified through seismic data after the 1980’s (Morley
et al7). This is pertinent to the East African Projects where minimal or no seismic data currently exists.
A typical rift consists of a single major border fault, shown typically by the basins in the west, or occasionally
a symmetrical pair, linking downwards to a low-angle detachment, together with a series of lesser normal
faults outlining tilted blocks. The sense of rift asymmetry depends on the underlying structure.
2.1.2.

Geological History and Stratigraphy

The geology of East Africa comprises a series of distinct and separate stratigraphic units, from Precambrian
basement through to Recent sediments and volcanism.
Precambrian
The Northern Tanzania craton provides the basement into which subsequent rifting and sedimentation and
volcanism has occurred. Basement is widely exposed and forms a stable craton in central Tanzania. The
Precambrian itself reflects a complex and multi-phase history, which is beyond the scope of this report.
However, it is clear that the Neoproterozoic (Late Proterozoic) mobile belts within the Precambrian have
provided the lines of weakness that have been utilised by the Miocene rifting (Figure 2-3). Importantly also,
basement erosion provides a local source for clastic sedimentation into subsequent rifts.

6

Morley, C. K., D.K. Ngenoh, & J. K. Ego, 1999, Introduction to the East African Rift System, in C.K. Morley ed., Geoscience of Rift
Systems – Evolution of East Africa: AAPG Studies in Geology No. 44, 1-18
7
Morley, C. K. et al., op cit
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Karoo
In central, eastern and southern Africa, several rifting events gave rise to extensive Late Palaeozoic to
Mesozoic basins within the Precambrian craton. These are associated with the assembly and breakup of the
supercontinent Pangea. The term Karoo is an extrapolation of sediments within the main Karoo Basin of
South Africa. The tectonic regime during the Karoo deposition was defined by compression and accretion
along the southern margin of Gondwanaland, coeval with extension associated with the Tethyan margin in
the north. Unsurprisingly, there is a large variation of basin types corresponding to the Karoo across Africa.
Onset of sedimentation is placed in the Late Carboniferous and continued into the Permian and Early
Triassic. These fluvio-deltaic and lacustrine sediments in such tectonically controlled basins are referred to as
the Karoo (Nilsen et al., 20018). Basin fills reach a maximum thickness of 6-7 km.
Deposition continued until the breakup in Middle Jurassic, when sediment accumulation was replaced by a
large igneous province (Catuneanu et al., 20059). The upper portion of the Karoo was subsequently subject
to erosion.
Palaeogene to Neogene - East African Rift System
Within the area of Swala BVI’s assets, rift initiation was primarily in the early Miocene, but earlier
Palaeogene activity occurred in northern Kenya and Ethiopia. However, the dating of rift development is
generally poorly constrained. The Western Branch appears to have been initiated later than the Eastern
branch, during the late Miocene, and early deposition may have been in broad depressions with relatively
little fault control (Foster et al 199710). There is much less volcanism than in the Eastern branch. However,
both branches are seismically active. As well as the general location and trends provided by the
Neoproterozoic mobile belts, the Karoo rift geometry has influenced the form of the EARS.
Pliocene to Recent volcanics of the Ngorongoro-Kilimanjaro Volcanic Province and the Kenyan Rift
Pliocene to Recent volcanics are present in the Ngorongoro-Kilimanjaro Volcanic Province (NKVP) and to the
north in the Kenya Rift (Figure 2-1, Figure 2-2). The NKVP is a transverse belt 200 x 50 km, covering
numerous volcanic structures and extensive air-fall material. The western end of the Pangani Rift (and Swala
BVI’s Pangani block) covers the eastern end of the NKVP. Extending 200km to the north, within and
associated with the Kenya Rift, there are extensive Upper Cenozoic volcanic formations consisting of
basalt/phonolite fissure-derived sequences forming volcanic plateau and more localised series erupted from
central shield volcanoes (Le Gall et al., 200811). In northern Tanzania, there were two periods of igneous
activity associated with the rift system: the ‘Older Extrusives’, which comprise a group of major basalt shield
volcanoes, and the ‘Younger Extrusives’ which were explosive pyroclastic eruptions (Foster et al 1997).
Pliocene to Present Day
Where the rift basins have been drilled, extensive deposits of Plio-Pleistocene sediments are seen to be
present, dominantly from fluvio-lacustrine deposition. A late cover of alluvial-related deposits is generally
the uppermost fill within the rift grabens. Where there are present day lakes, lacustrine sedimentation is
active. Present day deposition is likely simply to be a more subdued version of that which occurred during
the rifting.

8

Nilsen, O., H. Dypvick, C. Kaaya & E. Kilembe, 1999, Tectono-sedimentary development of the (Permian) Karoo sediments in the
Kilombero Rift Valley, Tanzania: Journal African Earth Sciences, 29, 393-409
9
Catuneanu, O., H. Wopfer, P.G. Eriksson, B. Cairncross, B. S. Rubidge, R.M. H. Smith & P. J. Hancox, 2005, The Karoo basins of
south-central Africa: Journal African Earth Sciences 43, 211-253
10
Foster, A. et al., 1997, Tectonic development of the northern Tanzanian sector of the East African Rift System, Journal of the
Geological Society, London, Vol. 154, 1997, pp. 689–700
11
Le Gall, B., P. Nonnotte, J. Rolet, M. Benoit, H. Guillou, M. Mousseau-Nonnotte, J. Albaric & J. Deverchère, 2008, Rift propagation
at craton margin. Distribution of faulting and volcanism in the North Tanzanian Divergence (East Africa) during Neogene times:
Tectonophysics, 448, 1-19
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Note: Lake Mobutu = Lake Albert (location of recent hydrocarbon discoveries)
Figure 2-1 Location and main features of the East African Rift System (Morley et al., 1999)
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Figure 2-2 Structural elements in Tanzania with Swala BVI’s blocks [green outline] (Baker, 2012)
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Figure 2-3 Regional map of the East African Rift System, showing control from Precambrian mobile belts (Morley, 1999)

2.2.
2.2.1.

THE EAST AFRICAN RIFT SYSTEM PLAY
Summary of Play

The blocks comprising the East African Projects are all associated with plays within the East African Rift
System12.
A typical example of this play, a half graben, from the drilled Lokichar Basin in Kenya, is shown in Figure 2-4,
and illustrates the various elements of the play. Comparable geology is seen in the Albertine Graben (Lake
Albert), site of the Tullow discoveries. Reservoirs are Neogene in age (Miocene-Pliocene), and range from
alluvial fans through to lacustrine gravity flow deposits. Intervening shales provide potential sources and top
seals. In the Albertine Graben , the reservoirs are Miocene in age. Trapping mechanisms are likely to be
primarily the crests of synrift fault blocks, sealed laterally against shales with downdip closure. Updip
pinchout of deep-water sands could potentially provide stratigraphic traps. However, exploration needs to

12

For the Tanzania Kilosa-Kilombero Block, the Neogene play is augmented by the earlier Karoo sediments, which RISC considers
high risk; discussed separately, Section 2.4.
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recognise the ‘extreme stratigraphic variability between individual half grabens’ (Morley et al., 199913)
influencing both reservoir and source distributions.
The wells drilled in the Albertine Graben have shown a very high success rate, demonstrating that where the
individual elements of the petroleum system are present, this is a very effective play.
Given that the East African Projects remain largely unexplored, it is not known whether the East African
Projects will generate the same results as the Albertine Graben. It is important to note that to the north and
south of the main discoveries in the Albertine Graben, exploration has not been successful.

Figure 2-4 Example of a half graben with interpreted depositional facies – Lokichar Basin, Kenya (Morley et al., 1999)

2.2.2.

Source

Lacustrine source rocks are widespread in the East African Rift System, and have been particularly
encountered in areas with well-developed natural oil seeps (Thuo, 200914). The best example in the EARS is
the Lake Albert Rift where oil seeps are numerous and where major oil discoveries have recently been made
(Section 2.3). However, source rocks may not be ubiquitous; a lack of local source facies may be the cause of
the lack of exploration success in the blocks to the north and south of the Lake Albert area.
Elsewhere, there are oil seeps in the northern basin of Lake Tanganyika, where asphaltic oil is generated
from recent organic-rich muds associated with hydrothermal systems. In the Lokichar Basin of the Northern
Kenya Rift, the Lokone Shales form good source rocks. Morley (199915) states that from a relatively small
area (~100 km2), this thick (average 500m) high TOC source is capable of generating 10-20 billion barrels of
oil. The Poi source rocks found in the Ngorora Formation of the Kerio-Baringo Basins of the Central Kenya
Rift are reported to be of comparable quality (up to 4.3% TOC). Thou (2009) notes that the modern day lakes
of the Central Kenya Rift may be analogous, where organic-rich muds (up to 12% TOC) have accumulated in
the deeper levels of the lake. However, the variability of facies within the rifts, especially where volcanics
may be present, adds uncertainty; for example, the high quality source rocks of the Lokichar Basin are
replaced by volcanics and volcaniclastics over a distance of 100km.

13

Morley, C.K., W.A. Wescott, D.M. Stone, R.M. Harper, S.T. Wigger, R.A. Day, and F.M. Karanjal, 1999, Geology and Geophysics of
the Western Turkana Basins, Kenya: in C.K. Morley ed.,Geoscience of Rift Systems—Evolution of East Africa: AAPG Studies in Geology
No. 44, 19–54.
14
Thuo, P. 2009 (year of thesis submission), Stratigraphic, petrographic and diagenetic evaluation of Cretaceous/Paleogene potential
reservoir sandstones of western Turkana, Kenya. Implications on the petroleum potential of northwestern Kenya: Doctorate thesis
for l’Université de Bretagne Occidentale
15
Morley, C.K., 1999, Comparison of Hydrocarbon Prospectivity in Rift Systems: in C.K. Morley ed., Geoscience of Rift Systems—
Evolution of East Africa: AAPG Studies in Geology No. 44, 233–242.
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Published information on the geochemistry of the Lake Albert source rocks and hydrocarbons appears to be
limited, but are postulated to be a mixture of Type I and Type II kerogens derived from lacustrine and higher
plant assemblages16. Crude oil is reported to be typically light (30 – 34° API) and paraffinic with high wax
content. Nevertheless, although oil is the dominant phase within traps in the Lake Albert pools, a number of
wells have also encountered (smaller) gas columns, so it is clear that the source rocks in the Lake Albert Rift
are both oil and gas-prone – unless the gas is a separate biogenic component. There is also a single gas-only
discovery at Turaco which has a high CO2 component. Given that the East African Projects remain largely
unexplored, the geochemistry of any potential source rocks and hydrocarbons in the East African Projects
are currently unknown.
In Kenya, heat flow values from the rift floor lie between 50 and 100 mWm-2 (with a few higher values up to
176 mWm-2), compared to 40 – 60 mWm-2 on the rift flanks (Wheildon et al 199417; some 75 measurements).
Wheildon et al note the ‘spatial association among high heat flow and axial Quaternary volcanism, faulting
and hydrothermal manifestations, strongly suggesting that the high heat flow is ultimately magmatic in
origin, redistributed in the shallow crust by hydrothermal activity’. Heat flows in the rifts tended to be higher
closer to the Menengai Caldera, a Quaternary volcanic centre. In fact the Kenya Rift is prospective for
geothermal energy (although some geothermal prospects are directly associated with volcanic centres18,19).
These authors inferred further that rifting and uplift may precede the conduction of a significant thermal
anomaly to the surface. This seems to be supported out by data from Tanzania. Here, the average of heat
flow measurements on the Tanzania Craton provided by Dawson (2008)20 is 34 (range 21-47) mWm-2, and
from the Mozambique Belt 47 (range 39-62) mWm-2. This latter author interpreted the absence of a broad
heat flow anomaly in Tanzania to suggest that the crust and uppermost mantle have not been subject to
thermal modification during the Tertiary-Recent tectonism – we may add the phrase ‘not yet’.
We note that Dawson makes no reference to heat flows measured from within the Tanzanian rifts
themselves. On the basis of the Kenyan measurements, we would expect that heat flow would in general be
higher, although raised values may occur preferentially closer to the volcanic centres in the north.
There is no direct information on the heat flow in the East African Projects, which may or may not have
elevated heat flow.
We have not seen discussion of maturation and timing, but the evident discovery success implies that these
are not major concerns. Some of the pools in the Lake Albert area are shallow (e.g. Kigogole at 400m21),
where any in-situ sources will be immature, so oil has necessarily migrated from deeper levels in the rift. We
note also that despite the shallow levels of the same pools, the discovered oil is light, so isolation from
surface waters seems to have prevented biodegradation.
In summary, it seems reasonable to predict that where significant Neogene rift fill is discovered in the East
African Projects, adequate lacustrine source facies are likely to be present.
2.2.3.

Reservoir

The success of the Lake Albert discoveries proves the viability of the syn-rift Neogene reservoirs. To the east,
the different basins in the Kenyan Rifts – Lotikipi, Gatome and Lokichar in the Northern Kenyan Rift (NKR),
16

Government of Tanzania Petroleum Exploration and Production Dept
Wheildon, J. et al., 1994, Heat flow in the Kenya rift zone, Tectonophysics 236, 131-149
18
Lagat, J. 2003 Geology and the geothermal systems of the southern segment of the Kenya Rift: International Geothermal
Conference, Reykjavík, Sept. 2003 S04 Paper 107
19
Simiyu, S. M., 2008, Application of micro-seismic methods to geothermal exploration: examples from the Kenya Rift: Short Course
III on Exploration for Geothermal Resources, UNU-GTP and KenGen, at Lake Naivasha, Kenya; referring to Wheildon, J. et al., 1994,
Heat flow in the Kenya rift zone. Tectonophysics, 236, 131-149.
20
Consistent with Wheildon’s view from Kenya that rifting and uplift may precede the conduction of a significant thermal anomaly to
the surface.
21
Tullow website
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and Kerio and Baringo Basins in the Central Kenyan Rift (CKR) – also offer good to very good reservoir
potential (Thuo 200922). The best examples are the Lapur and Muruanachok Sandstone Formations and the
lowest parts of the Lokichar Basin fill. The Lokichar Basin (which has current exploration, see below) also
includes the Lokone and Auwerwer Sandstone Formations (Figure 2-5). The reservoir age is older in this area
than that expected for SOGTL’s assets in Tanzania due to the southerly advancement of the rifting through
time. However, while we would expect the analogies remain relevant, each rift or portion of rift within the
EARS is a discrete entity, with its own petroleum systems and accordingly, the East African Projects may not
be analogous to these basins.
Rift fill tends to show a progradation of coarse-grained fluvio-deltaic systems over lacustrine sediments.
Sandstone quality is nevertheless dependent on the source area and transport distance. In these basins, the
sandstones are associated with early basin development and tend to be arkosic, and with breakdown of
feldspars tend to provide less effective reservoirs. Where present, volcanic components are likely to break
down and reduce porosity and permeability, such as in the Kenyan Rift. This may be significant in Swala BVI’s
Kenya Block 12B, and the western end of Tanzania Pangani Block, due to proximity to known volcanics. Any
of calcite, kaolinite, hematite and/or zeolite cements may be present. Porosities of 3 to 25% are reported for
the Lapur Sandstone Formation. Morley (199923) concluded however that reservoir-quality sandstones
(porosity 12-14%) could be encountered down to at least 3 km (Figure 2-6). In the Albertine Graben
discoveries, porosities up to 30% have been reported.
The success in the rift play seen at Lake Albert and in the Lokichar Graben has been primarily in the Miocene,
viz. the older part of the Neogene. However, the apparent continuity in depositional systems and shale/sand
facies from the Miocene to the Pliocene suggests that the Pliocene should also be prospective. This is
important for the rifts within the SOGTL acreage, as the basin age/depth may in some cases imply relatively
limited Miocene-aged strata.
At the current pre-drilling stage of exploration in the East African Projects, the existence of a Neogene fill is
not yet demonstrated (discussed under each block), and thus there is no information on reservoirs or their
porosities and permeabilities. However, assuming a Neogene fill to be present, the presence of effective
reservoirs within this fill is relatively low risk.

22

Thuo, P., op cit.
Morley, C.K., 1999, Comparison of Hydrocarbon Prospectivity in Rift Systems, in C.K. Morley ed., Geoscience of Rift Systems—
Evolution of East Africa: AAPG Studies in Geology No. 44, 233–242.
23
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Depth (m)

Figure 2-5 Schematic stratigraphy of Lokichar Basin (Thou,
200924) [left]

2.2.4.

Figure 2-6 Depth versus porosity for wells in Kenyan rifts
(Morley, 199925) [right]

Seal

Morley (1999) discussed the characteristics of the rifts and compared them to other rift systems in relation
to hydrocarbon potential. He concluded that the elements for a successful hydrocarbon play are present in
East Africa, but the critical factor was in finding a widespread sealing facies at an appropriate level. Shales
interbedded with late rift phase fluivo-deltaics tend to be thin and discontinuous (Figure 2-4). This was a
common characteristic of rifts with no or poorly developed overlying thermal sag basins. The illustration
provided above of the half graben illustrates that sealing (top seal) is necessarily intraformational.
Nevertheless, the Lake Albert and associated discoveries have shown that this is clearly a proven mechanism
in these rifts. However, given that the East African Projects are currently largely unexplored, it is not known
whether the East African Projects will contain comparable seals in its rifts.
2.2.5.

Trap

Trapping mechanisms are predominantly footwall closures, sealed updip laterally against intra-formational
shales in the hanging-wall, with dip closure on other sides (Figure 2-4). Fault orientations that are parallel to
the main bounding fault (where the geometry is a half graben) and antithetic are both present. In places,
rollover due to listric fault geometry, or structural inversion, should provide an element of four-way dip
24

Morley, C. K., 1999, Comparison of Hydrocarbon Prospectivity in Rift Systems, in C.K. Morley ed., Geoscience of Rift Systems—
Evolution of East Africa: AAPG Studies in Geology No. 44, 233–242.
25
Morley, C. K., 1999, Comparison of Hydrocarbon Prospectivity in Rift Systems, in C.K. Morley ed., Geoscience of Rift Systems—
Evolution of East Africa: AAPG Studies in Geology No. 44, 233–242.
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closure. Leading on from the observation that intraformational shales tend to be thin, the sealing of
significant columns through updip lateral pinchout against the same shales may also be difficult.
In the Albertine Graben discoveries, hydrocarbon columns vary significantly, but reported values range up to
about 130m, with net pay seen in wells between 3m and 40m. RISC has no information on what defines the
hydrocarbon-filled closure. It is possible that these are defined by the limits of shale facies.
Comparable trapping mechanisms are possible for the East African Projects, but at the current early
exploration stage prior to seismic data and an understanding of the fill stratigraphy, this is currently
speculative.

2.3.

HYDROCARBON EXPLORAT ION IN THE EAST AFRICAN RIFT SYSTEM

2.3.1.
Overview
Exploration success in East Africa has been associated with the Lake Albert region, and the offshore. We
review the exploration of the Uganda Lake Albert EARS area, and the recent Kenya Lokichar Rift exploration,
as they provide direct analogy for the Neogene exploration plays within the East African Projects, and are
the current focus of exploration in the region.
However, while we expect the analogies to remain relevant, we note that each rift or portion of rift within
the EARS is a discrete entity, with its own petroleum systems that may or may not be analogous to the
Uganda Lake Albert area. Given that SOGTL is an exploration company and its operations are at a very early
stage, it is not known whether the East African Projects will produce similar results to the Lake Albert area.
The coastal and offshore plays are not of relevance to the East African Projects as they relate to the oceanic
opening, and are not discussed here.
2.3.2.

Lake Albert Hy drocarbon D iscoveries

Hydrocarbon oil seeps have been recognised in the Albertine Graben – which contains Lake Albert - for a
number of years. The first exploration well, Waki-1, was drilled in 1938 and encountered reservoirs and
numerous hydrocarbon shows, but exploration began in earnest in 1997.The key industry player in the area
for the last seven years has been Tullow Oil, which holds acreage in Blocks 1, 2 and 3A which together cover
the prime acreage in Uganda around Lake Albert (Figure 2-7). Since 2010, Tullow have farmed down
interests to Total and CNOOC26.

26

In 2012, Tullow signed two PSAs relating to the Lake Albert Rift Basin with the Government of Uganda, enabling completion of the
farm-down for a total headline consideration of $2.9 billion.
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27

Figure 2-7 Fields and prospects in Lake Albert area (Tullow, 2009 )

Waraga-1 was the first well to flow oil to surface in the region. Drilled in 2006, it achieved a combined rate in
excess of 12 kbo/d, from 27m net pay (Figure 2-8). A schematic cross section in the vicinity is given as Figure
2-9.

27

Tullow Oil November 2009, Overview presentation
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28

Figure 2-8 Waraga-1 - Seismic line through discovery and wireline logs (Africa Oil )

To the south lies the Kingfisher Field. The discovery well (Heritage Oil, 2006) was drilled to a depth of 2,125
m and intersected oil at two levels. A successful DST in the shallower reservoir unit revealed the fluids to be
light crude oil (300 API) with a low GOR and permeability> 2,000 mD. The sidetrack Kingfisher 1ST was drilled
to a depth of 3,195 m to intersect the deeper, primary objective, with production testing flowing at 9,773
bopd. Gross hydrocarbon columns in appraisal wells are up to 110m, with cumulative net pay up to 40m.
Production testing on Kingfisher-2 gave a cumulative flow rate of 14,364 bpd. In-place oil volumes were
reported in February 2012 at some 400 MMstb29. A schematic cross section in the vicinity of Kingfisher is
shown in Figure 2-9.
The Turaco is a deep gas discovery well located to the south-west of Kingfisher was discovered in 2003. The
gas has very high concentrations of CO2.

28

http://www.africaoilcorp.com/i/pdf/CorporatePresentation_Jan_2012.pdf
http://www.newinformers.com/ugandaoil/2012/03/27/why-government-of-uganda-signed-agreements-with-tullow-oil-againstparliaments-wish/
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Figure 2-9 Schematic cross section through the Kaiso-Tonya Region (modified from Tullow Oil)

Hydrocarbon discoveries in the northernmost area of the Albertine Graben include Jobi-1 (formerly Buffalo1, 2008) with a gross hydrocarbon-bearing interval of 123m with 43 m net oil and gas pay. This field is
described as the largest discovery in the basin to date30. Resource volumes are not clearly published, but the
creaming curve shown below suggests mid-case contingent resources in the order of 350 MMstb.
Other discoveries in the basin include Kasamene, Kigogole, Nsogo, Wahrindi, Ngara and Ngege, with
individual net pay up to about 40m. Kigogole has moveable light oil in reservoirs just over 400m depth.
Tullow has now drilled over 50 wells in the Lake Albert area, with an exceptional success rate; 26 out of 27
wells (exploration plus appraisal) were reported (November 2009) to have found hydrocarbons.
Total resources within the graben are now reported as more than 1 billion barrels31. A creaming curve for the
mid case contingent resource is shown in Figure 2-10 (PESGB 201032). Tullow have reported ‘commercialised
resources’ for Uganda of 604 MMboe33.
Exploration has been less successful for companies in Blocks 4 and 5A/5B, respectively to the south and
north of Lake Albert.

30

http://www.tullowoil.com/index.asp?pageid=283
Tullow Oil, 2011, Results presentation
32
Petroleum Exploration Society of Great Britain (PESGB), 2010, Uganda Exploration - An Overview: Petex 2010
http://petex.pesgb.org.uk/cgi-bin/somsid.cgi?page=html/abstracts/abstractid61
33
Tullow Oil, 2012, Full year results presentation,
http://www.tullowoil.com/files/pdf/results/2012_full_year_results_presentation.pdf
31
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34

Figure 2-10 Discovery creaming curve for Lake Albert area exploration to 2010 (PESGB )

Tullow have reported35 that the key partners in the Lake Albert area have completed joint technical work to
define a conceptual basin development plan. This is based on three main oil and gas processing centres at
Buliisa, Kaiso-Tonya and Kingfisher which will deliver a combined production rate in excess of 200,000 bopd.
The anticipated cost is between $8 billion and $12 billion. Field development plans have also been
submitted for Nizi and Mputa for domestic supply of gas and oil.
There is an active exploration campaign across the Lake Albert region, with a drilling campaign that includes
over 20 appraisal wells. Key focus is the Jobi-Rii discovery area and to a lesser extent the Butiaba-Buliisa
region (Ngege and Nsoga). Tullow report that the mean resources targeted by these wells range from 15 to
189 MMboe.

2.3.3.

Exploration in Kenyan EARS

Recent petroleum exploration has been focussed on the Lokichar Basin (Figure 2-11). In 1992, the Loperot-1
oil discovery was made here by Shell in Block 10BB, some 70km west of Lake Turkana, within the Kenyan Rift
Valley.
This acreage is now held by an Africa Oil Corporation / Tullow joint venture. In January 2012, they spudded
Ngamia-1 20km to the west of Loperot-1 (Figure 2-12), and encountered in excess of 100m of net oil play in
multiple reservoir zones over a gross interval of 650m of the Upper Lokhone Sandstone interval (855m to
1,500m)36. A schematic log is shown in Figure 2-13. The reservoirs are composed of good quality Tertiary age
sandstones. Moveable oil with an API >30° was recovered to surface from four intervals. This oil has similar
properties to the light waxy crude which has been discovered in Uganda by Tullow.
After testing and evaluation of the Upper Lokhone pay zones, the well was drilled through the Lower
Lokhone Sandstone interval and encountered an additional 43m of potential oil pay based on logs and the
34

PESGB, 2010, op cit.
Tullow Oil 2012 Half yearly report for 2012
36
Africa Oil Corp, Sept 2012, Opening a new oil frontier in East Africa: presentation on website
http://www.africaoilcorp.com/i/pdf/Sep2012Final.pdf
35
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recovery of light oil on an MDT sample over a gross interval of 150m. The well was drilled to a total depth of
2,340m after penetrating the Lower Lokhone objective sequence. The well is now suspended for future flow
testing. Africa Oil report the discovery contains gross contingent resources (2C) of 51 MMstb, with an
additional 137 MMstb Best case prospective resource at a chance of success of 62%.

37

Figure 2-11 Strike cross-section through Lokichar Rift (Tullow )

38

Figure 2-12 Ngamia discovery, Kenya (Africa Oil Corp )
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Tullow Oil 2012 Half yearly report for 2012
Africa Oil Corp, Sept 2012, Opening a new oil frontier in East Africa: presentation on website
http://www.africaoilcorp.com/i/pdf/Sep2012Final.pdf
38
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39

Figure 2-13 Ngamia-1 well results (Africa Oil Corp )

Exploration and appraisal continue in this area. Africa Oil Corporation recently announced40 that the testing
of the Twiga South-1 oil discovery (23 km from Ngamia-1) has been completed, with the ‘fifth and final drill
stem test (DST) flowing at 461 bopd bringing the cumulative flow rate up to 2,812 bopd, constrained by
surface equipment’. With optimised equipment, Africa Oil believes that a cumulative flow rate of around
5,200 bopd could be achieved; the well has been suspended as a potential future production well. ‘High
quality 37 degree API waxy sweet crude was flowed from all three zones in the Auwerwer formation with
good quality reservoir sands encountered’.
Notwithstanding the successes seen in both the Lokichar Basin and the Albertine Graben, it is important to
stress again that each rift or portion of rift within the East African Rift System is a discrete entity, with its
own petroleum systems that may or may not be analogous to these areas. At the very early stage of
exploration represented by the East African Projects, there is a material play risk associated with success;
RISC has provided an estimate of the chance of the play working in each area of the East African Projects in
Section 6.2.

2.4.
2.4.1.

HYDROCARBON EXPLORAT ION IN KAROO BASINS
Distributio n and Lithostratigraphy

The Karoo has been the subject of exploration in South Africa and East Africa but there has not yet been
success for conventional exploration (see Section 2.5). Nevertheless the presence of the Karoo in the
current Swala acreage supports its inclusion as a potential exploration play in this area.
The lithostratigraphic term Karoo was taken from the Main (or Great) Karoo Basin in South Africa and
subsequently used to define similar sediments deposited during the Late Carboniferous through to the
Middle Jurassic across southern and East Africa (Figure 2-14). North of the Equator, Karoo sediments were
subjected to different controls (Catuneanu et al., 200541). For the purpose of this review, our focus is on the
39

Africa Oil Corp., op cit.
Africa Oil Corp., 21 Feb 2013, http://africaoilcorp.mwnewsroom.com/press-releases
41
Catuneanu, O. et al., 2005, The Karoo basins of south-central Africa: Journal African Earth Sciences, 43, 211-253
40
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Karoo sediments that lie south of the Equator. Within Tanzania, the Karoo is primarily present within the
Selous Basin, and there are outcrops of Karoo within SOGTL’s Kilosa-Kilombero Licence that link to this area.
Outside of Tanzania and South Africa, the Karoo is important in Madagascar due to the presence of heavy
oil/tar sands, described below.

Figure 2-14 Distribution of the Karoo basins south-central Africa (Catuneanu et al., 2005)

2.4.2.

Reservoir

In East Africa during the Permian and Early Triassic, the Karoo was deposited in fluvio-deltaic and lacustrine
facies in tectonically controlled basins. Within the East African Projects, the Karoo is present solely within,
and in the vicinity of, the Kilosa-Kilombero Block. The Karoo geology is discussed in more detail under
Section 4.3, dealing with that block. The nearest well in the Karoo is the Liwale-1 well (Shell 1985), which
contains a succession of silty/shaley sands (Figure 2-15).
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Figure 2-15 Summary log for Liwale-1 (Shell)

2.4.3.
Source
Two source facies are described within the Karoo sequence by Boote & Matchette-Downes42 in the PermoTriassic Sakamena in both saline lacustrine and lagaoonal marine facie to the east, including Madagascar.
However, it is not clear whether such source facies are present in the interior basins of Tanzania in which the
East African Projects lie. There is a therefore a risk that these are not present. It is possible, however, that
lacustrine sources within the lowest portion of the expected overlying Neogene rift fill could provide a
downward charge into uppermost Karoo.
Charge for the Karoo is likely to be relatively local, due to the nature of the later (EARS) rift geometry.
Maturity of the Karoo section within the East African Projects is not known. However the considerable range
of basin depths (up to 7km) within the Kilosa-Kilombero Blocks is likely to allow appropriate depths for
maturation. Vitrinite data on the outcropping Karoo coals on the margins of the Rukwa Rift in southern
Tanzania are 0.6-0.65% Ro, implying a now-removed sedimentary cover several kilometres thick (Morley et
al 199943). The timing of maturation/charge and potential retention of hydrocarbons has not been
investigated, but is likely to be a significant concern.

2.4.4.

Exploration for Co nventional Hydrocarbons

Hydrocarbon seeps and the occurrence of bitumen has long been recognized across East Africa within the
Karoo. To date, however, limited success has been had in the discovery of commercially viable hydrocarbon
fields. Initial exploration in the Main Karoo Basin was not successful due to thermal effects of dolerite
intrusion and low reservoir quality44; although oil and gas shows have been encountered in many wells in
the Main Karoo Basin (Figure 2-14), RISC is not aware of any hydrocarbon discoveries having been made45.
However, an oil play is proposed for the northern Main Karoo Basin and subsidiary basins.
In Kenya and Tanzania it is not clear how many wells have been drilled that targeted the Karoo. In Tanzania,
over 100 boreholes have been drilled in total. Limited information for 45 of these wells indicates that a
majority of these wells encountered hydrocarbons shows, and in some cases have been the material
42

Boote, D. R. D. & C. J. Matchette-Downes, undated but 2007 or later, Extinct and near extinct petroleum, systems of the East
African coastal basins: http://www.mdoil.co.uk/pdfs/HGSPESGB09_East_Africa.pdf
43
Morley, C. K. W. A. Wescott, R. M. Harper, & S. M. Cunningham, 1999, Geology and Geophysics of the Rukwa Rift, in C.K. Morley
ed., Geoscience of Rift Systems—Evolution of East Africa: AAPG Studies in Geology No. 44, p. 91–110.
44
Petroleum Agency of SA 2010 Petroleum Exploration in South Africa, Information and Opportunities
45
http://www.tpdc-tz.com/hydrocarbon%20shows-database.pdf
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discoveries (e.g. the offshore gas field Songo Songo). However, the vast majority of these wells were drilled
in sediments from Late Jurassic and younger. Six wells are reported as being drilled to the Basement, which
may have had Karoo as a target, with one well listed as having TD within the Karoo (Liwale-1, Shell 1985,
within the Selous Basin; Figure 2-15).
North of the Equator, multi-Tcf gas/condensate resources are reported for the Calub and Hilal fields in
Ethiopia. These were discovered by Tenneco in 1973/4 in Permo-Triassic reservoirs (and an overlying Jurassic
sequence) in the Ogaden Basin46. The Calub Formation sandstones have an average porosity of 12 % and an
average net pay thickness of 20.5 m. Average water saturation (Sw) is 31%. A DST in the discovery well
flowed gas at a rate of 24.4 mmcf/day. Initial gas in place at Calub is estimated to be 2.7 TCF and the initial
recoverable condensate reserves are about 128 million barrels (SPEE, 1993). Published gas in place volumes
at Hilala is 1.3 TCF. However, although the age is similar, the affinity with the main Karoo basins – and the
East African Projects - is not known.
In the immediate area to SOGTL’s Tanzania Kilosa-Kilombero licence, Dominion Petroleum had several PSCs
in the Selous Basin, and is understood to have had plans to drill the Karoo in this area47, but had to declare
force majeure due to the environmental issues as the Selous National park covers much of the area. RISC has
been told that the Kilosa-Kilomerbero licence will not be affected by the same environmental issues.
In summary, although exploration specifically targeted at the Karoo appears currently to have been limited,
the lack of success across southern and eastern Africa implies that the Karoo is a high risk play within
Tanzania.
2.4.5.

Exploration for Unconventional Hydrocarb o ns

The onshore Main Karoo Basin in South Africa covers approximately 700,000 km2 and is currently a key focus
for unconventional hydrocarbon exploration. In the northern Main Karoo Basin, coalbed methane is
reported to have potential, notably within the Ecca Group in the Ellisras Sub-basin, within which the
Waterberg coalfield occurs48.
The southern Main Karoo Basin is gas-prone and shale gas is the main objective. The Permian Whitehill and
Formation, also within the Ecca Group, is considered the most likely candidate, as it is rich in organic matter,
thermally mature, it has high silica content and is deeply buried. The total technically recoverable shale gas
resource of the Main Karoo Basin is estimated to be from about 30 Tcf to 500 Tcf49.
Outside of South Africa, the Karoo hosts the Bemolanga Tar Sands and the Tsimiroro Heavy Oil Fields of
Madagascar, which were discovered in the early 1900’s. These deposits occur within the Triassic Isalo
Formation sands in the Karoo ‘failed rift corridor’ along western Madagascar.
The most likely source rock for these deposits is the Upper Permian Middle Sakamena Shale50 51, which is
part of the overall Karoo sequence. Both saline lacustrine and restricted marine/lagoonal source facies are
present within the Sakamena52. It is not known whether equivalent sources would be present within the
Karoo sequences in the basins covered by the SOGTL acreage in the interior of Tanzania.

46

http://www.africaoilcorp.com/i/pdf/CorporatePresentation_Jan_2012.pdf and
https://sites.google.com/site/linkstogeologyofethiopia/Mineral/calub-hilala-fields
47
Dominion Petroleum 2007 Petroleum Potential Of Permian Rift Basin in East Africa: An example from the Selous,
Tanzania East African Petroleum Conference
48
Petroleum Agency of SA, 2011, Republic of South Africa, Petroleum Potential of the Karoo Basins
Petroleum Agency of SA, 2011, Republic of South Africa, Petroleum Potential of the Karoo Basins
and hydrocarbon plays of Madagascar (with occasional reference to Australia) AAPG Int Conf. & Exhib. Abstract Singapore 16-19 Sep
2012
http://www.afren.com/afreneax/madagascar.html
inct and near extinct petroleum, systems of the East African coastal basins,
http://www.mdoil.co.uk/pdfs/HGSPESGB09_East_Africa.pdf
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The Bemolanga Field is estimated to have as a Best estimate of 1,179 MMstb barrels of bitumen classified
‘contingent petroleum-initially-in-place’53, with an additional undiscovered billion barrels. The Total –
Madagascar Oil Joint Venture are monitoring the potential for an economic mining project.
The Tsimiroro Field has a Best estimate of 965 MMstb contingent original oil in-place and 786 MMstb
prospective oil in-place. Madagascar Oil is undertaking a steam flood pilot test to assess commercial
development.
While the Karoo clearly has potential for unconventional hydrocarbon plays in the Main Karoo Basin, and
provides development projects in Madagascar, we consider that at this stage, this would be a high risk play
for the East African Projects.

53

Madagascar Oil, 2010, Annual Report (most recent available at time of writing)
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3.
3.1.

TANZANIA: PANGANI
LICENCE

SOGTL has a 50% operated interest in the Pangani Licence in Tanzania covering some 17,000 km2 (Figure
3-1). The licence is largely unexplored. The recent nature of the rift is highlighted by satellite gravity data but
the basin is filled by recent alluvial sediments, and the underlying geology is currently unknown.

Figure 3-1 Location of Tanzania Pangani Block

SOGTL originally negotiated a 4 (1+1+2) + 4 + 3 year term, with an opt-out after Year 1 and Year 2 if initial
results are unpromising; SOGTL reports that this is the first time such an opt-out has been negotiated.
Licence details are given in Table 4-1. Note that these details have been provided to RISC, and are included
for completeness, but RISC has not inspected the relevant documents, and therefore cannot independently
vouch for the information.
A key component of the Year 1 work programme obligation was the acquisition of 3,000 line km of magnetic
and gravity data; the actual acquired data are considerably in excess of this figure: 5,334 km of magnetic
data and 2,670 km of gravity data. Sufficient encouragement has been derived from this recent work on the
licence for the joint venture to have now committed to continue into the second year of the contract54. The
key element of the work programme for this year is the acquisition of 200 line km of 2D seismic data
(US$2,100,000).

54

Swala Oil and Gas (Tanzania) Ltd. 16 January 2013 Re. Pangani exploration licence area: Formal notification of entry into Year 2
Work Programme; letter to Tanzania Petroleum Development Corporation (TPDC)
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Summary of PSC – Tanzania Pangani Licence
Date of PSC

20 February 2012

Area

17,156 km

Interest holders

Swala Oil and Gas (Tanzania) Ltd (in which Swala
BVI holds a 65.13% interest) - 50% (Operator)

2

Otto Energy (Tanzania) Ltd - 50%
Government back-in rights

20% (carried during exploration)

Initial Exploration Period

4 years

First Additional Exploration Period

4 years

Second Additional Exploration Period

3 years

Year 1 work programme

gravity/magnetics, surface geology, seismic
reprocessing, remote sensing (completed)

Year 2 work programme

200km 2D seismic, surface geochemical sampling

Year 3 work programme

Further 200km 2D seismic

Signature bonus

No signature bonus

Licence Rental Fees

2012-2015: US$68,600 per annum

Training fee

US$200,000 per annum

SOGTL’s Commitments (based on minimum
expenditure)

Year 2 (2013): US$1,050,000 (2D seismic)
Year 3 (2014): US$1,000,000 (further 2D seismic)

Table 3-1 Summary of licence for Tanzania Pangani Licence
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3.2.

DATABASE

In addition to published geological mapping, the data over the Pangani Licence are primarily remote sensing,
and legacy to SOGTL’s interests: satellite digital terrain data, satellite gravity, aeromagnetic data, and
Landsat Thematic Mapper (TM) are all instrumental in defining the geological setting and prospectivity of the
block. There are no seismic data; SOGTL is considering the acquisition of passive seismic for the Pangani
Block.

3.3.
3.3.1.

GEOLOGICAL SETTING
Terrain and Geological Mapping

The Pangani Block covers an elongate northwest-southeast trending area, stretching from the Mt Meru
volcano in the north through Lake Nyumba ya Mungu to just beyond the Usambara Mountains in the south.
These features are shown clearly on a 3D map (Figure 3-2), derived from digital elevation SRTM (Satellite
Radar Topographic Mission) data.

Mt Kilimanjaro is the main peak in the upper centre of the image; Mt Meru lies to its west

Figure 3-2 Digital 3D elevation map over the Pangani Block

The approximately 50 km wide Kenya Rift continues down through southern Kenya as far as the NgorongoroKilimanjaro transverse volcanic belt, which follows the margin of the cratonic block in northern Tanzania.
Here it separates into several trends in the area known as the North Tanzania Divergence, where the rift
becomes some 200 km wide (Foster et al., 199755). In the west are the Natron-Manyara-Balangida and EyasiWembere rifts. These rifts formed across the boundary between Archean craton and Neoproterozoic
(Mozambique Mobile Belt) basement. In the east is the Pangani Rift, which trends 250 km northwest55

Foster, A., C. Ebinger, E. Mbebe & D. Rex, 1997, Tectonic development of the northern Tanzanian sector of the East Africa Rift
System: J. Geol. Soc. Lond. 154, 689-700
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southeast and is separated from the Eyasi and Manyaran areas by the Masai plateau. The Pangani Licence
covers the majority of the Pangani Rift.
In detail, the Pangani Rift does not appear to be a continuous feature, but comprises a series of individual
north-northwest trending extensional faults within a northwest-trending corridor. Cenozoic faulting is much
more prominent in the east, with a series of Proterozoic mountainous blocks (North Pare, South Pare and
Usambara blocks) created. In the west, the Masai plateau is more subdued. Baker (201256) considers that
the whole belt represents dextral transtensional movements.
With the exception of the volcanic province in the north, the geological map shows the Precambrian
outcrops across almost all of the Pangani Block (Figure 3-3). There is a modest area of more Recent
sediments in the central rift. However, both Baker (2012) and SOGTL postulates that the mapped
Precambrian may relate in part to observations made on detrital boulders. This is pertinent particularly in
the south of the Pangani Block where erosional material may be derived from the Usambara Mountains
immediately to the east. This seems a reasonable scenario, and will be investigated through field work by
SOGTL. No Tertiary strata are shown on published geological maps. The Karoo is not a potential play in the
area.

Figure 3-3 Schematic geological map over Pangani Block (Baker)

Surficial deposits are present in the rifts, and in the northwestern end of the rift, in the vicinity of the town
of Moshi, there is a cover of pyroclastic flows and erosional volcanic debris, as part of the NgorongoroKilimanjaro volcanic province, which was initiated at about 8 Ma.

56

Baker, M., July 2012 Landsat interpretation of Pangani Rift (for Swala Energy)
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Foster et al (199757) did not specifically discuss the Pangani Rift, but considered the Eyasi and Manyara area
basins of the western arm to be shallow (<3km), with sedimentation and volcanism commencing c. 5Ma.
More recently, Le Gall et al. (200858) published a model for the Neogene development of the area of the
North Tanzanian Divergence. Their map of the key structural elements is shown in Figure 3-4, and key
geological events in Figure 3-5. These authors agreed with <3 km basin depths for the western rifts. They
considered that deposition in these areas may have been started at c. 4.9 Ma but may have largely
accumulated during recent (<2.0 Ma) rifting.
The exposed fault scarp elevations of the Pangani Rift indicate minimum vertical movement increases to the
south from >100m (N Pare) to >1500m (Usambara), although there is major uncertainty on total
displacement. More significantly, Le Gall et al. consider that the Pangani Rift is a relatively young
development – within the last million years. They propose that an easterly shift in volcanism assisted the
migration of strain to this area, and the associated transfer of strain to the south east, forming the enechelon Pangani Rift. As a consequence of its recent formation, the sediment thickness in this interpretation
is very limited, and does not include any Neogene section. This is illustrated in Figure 3-6.

57

Foster et al., 1997 op cit
Le Gall, B. et al., 2008, Rift propagation at craton margin. Distribution of faulting and volcanism in
the North Tanzanian Divergence (East Africa) during Neogene times: Tectonophysics, 448, 1-19
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ASWA SZ., ASWA shear zone; volcanoes: B. Burko; Em., Embagai; Es., Essimingor; G., Gelai; H., Hanang; K., Kerimasi; Ke., Ketumbeine;
Ki., Kibo; Kw., Kwaraha; L., Lemagrut; M. Monduli; Ma., Mawenzi; Me., Meru; Ng., Ngorongoro; OS., Ol Donyo Sambu; S., Shira; Sh.,
Shompole; T. Tarosero.
Figure 3-4 Main structural and magmatic features in Southern Kenya and Northern Tanzania rift systems from STRM data (Le Gall
et al., 2008)
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Figure 3-5 Model of geological development of S Kenya - N Tanzania during Neogene times (Le Gall, 2008)

ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 33

Figure 3-6 Pangani Rift showing eastern en-echelon horsts (Le Gall et al., 2008)

3.3.2.

Structure from Landsat Thematic Mapper

Baker (201259) undertook an analysis of Landsat imagery for SOGTL over the Pangani Rift. The main features
of his interpretation are shown in Figure 3-7. The depth to basement and implied potential for a material
Neogene section is a key uncertainty in the Pangani Rift. Baker supports that there is no outcropping
Neogene strata, but in contrast to Le Gall et al. (2008), he considers that there is a likelihood of Neogene
basin fill over much of the rift. The possible extent of this fill is inferred from the structure pattern and is
shown in Figure 3-8. There are four basins. The ‘northern rift’, less than 7 km wide, is covered by volcanic
material in the north (the eastern edge of the Ngorongoro-Kilimanjaro Volcanic Province). Baker suggests rift
development in at least this area terminated by about 1 Ma given the lack of late faulting in the volcanics.
The northern rift appears to be a half graben with the main bounding fault along its western side, and which
is offset in places by transverse faults. Baker considers that sediment supply was probably axial, with some
lateral clastic input points.

59

Baker, M., July 2012, Landsat interpretation of Pangani Rift (for Swala Energy)
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Figure 3-7 Main features of Pangani rift (Baker, 2012a)

In the middle of the Pangani Licence lies the ‘central rift’. This is broader and more complex, and at its
broadest extends as much as 25 km across. Its southern end is a symmetrical graben, but the western fault
becomes more significant further north. The northeastern flank is a continuation of terraces that border the
northern rift; the east-central margin is affected by a possible basement transfer zone; this location provides
possible clastic input point. The rift is not well-developed immediately to the south of the central rift. In the
south of the block are the Lushoto rift (Baker 2012a) is narrow (>7km) and appears to be a symmetrical
graben, and which passes directly in to a north-south oriented basement rift; and a ‘southern rift’. The
orientation of this latter feature appears to have more affinities to the coastal basin, and as such it may
primarily have Mesozoic or Karoo sediments, rather than Neogene. The areas that Baker views as having a
possible Neogene fill are shown in Figure 3-8.
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Figure 3-8 Inferred Neogene basins in Pangani Block from Landsat TM imagery (Baker, 2012)

3.3.3.
Structure from Satellite Gravity Data
Satellite gravity data over the area supports the presence of the Pangani Rift, although the ease of
interpretation is reduced through the decreasing gravity field to the west corresponding to the regional low
of the East African Dome (Figure 3-9). The deepest part appears to be in the vicinity of Nyumba ya Mungu.
The steep gravity gradients suggest a half graben structure with the main fault in the east. There is less
support for a material basin in the south.
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An overlay of the faults interpreted from Landsat data onto Bouguer Anomaly gravity is shown in Figure
3-10. The results are provisional and the work is still progressing. However, there is a broad agreement with
the trends evident in the two datasets. The area northwest of the town of Mvungwe appears to offer the
greatest potential for a deep basin.
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More detailed gravity data has recently been acquired by NRG for SOGTL in July and August 2012 over a
portion of the Pangani licence. Southern Geoscience Consultants (SRG) performed QC on the acquisition,
and undertook an interpretation of the data60.

60

Southern Geoscience Consultants November 2012, Tanzania Project - Airborne gravity and magnetic modelling of the KilosaKilombero and Pangani rift basins
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Figure 3-10 Overlay of faults from Landsat data onto Bouguer Anomaly gravity map (Swala)

3.3.4.

Structure from Regional Magnetic Data

The approximate outline of the Pangani rift can be seen on legacy aeromagnetic data over eastern Tanzania
(Figure 3-11). A regional area incorporating the Pangani licence has been interpreted by Southern
Geoscience Consultants. It can be seen that the rift has formed along the faulted margins of a NNW-trending
shear belt, approximately 20-40km wide (Figure 3-12).
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Figure 3-11 Total magnetic intensity map over Tanzania (legacy Geotech)
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Figure 3-12 Pangani regional TMI magnetic image with structural interpretation (SGC)

3.3.5.

New Gravity and Aero magnetic Data

Additional gravity and magnetic data were acquired by NRG and have been processed and interpreted by
Southern Geoscience Consultants61. The survey involved approximately 5400 line km of magnetics and 3050
line km of gravity over the Pangani Licence (Figure 3-13). The gravity data was flown on a 2x8 km grid, the
magnetics on a 1x4 km grid; the gravity data at a 2,150m drape elevation and magnetic data at 100m AGL.

61

Southern Geoscience Consultants, November 2012, Tanzania Project – Airborne gravity and magnetic modelling of the KilosaKilombero and Pangani rift basins. SGC2510
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Figure 3-13 Airborne surveys acquired in 2012 in Swala Tanzania licences

A key objective of the gravity and magnetic data was to determine depth to basement, in other words the
thickness of the rift fill. SGC attempted various modelling approaches integrating both the magnetic and
gravity data, and concluding that ‘Naudy’ modelling solutions offered the most robust interpretation.
Images of both the magnetic and gravity data with superimposed depth contours are shown in Figure 3-14
and Figure 3-15. These indicate shallow basement (<500m) over the majority of the region, with several
possible small isolated areas deepening to approximately 1.5km, two of which coincide with a prominent
gravity in the Nyumba ya Mungu area in the north.
This presents a less positive picture of the prospectivity than Baker (2012), where sizeable areas of possible
Neogene fill were identified (Figure 3-8). The gravity and magnetic interpretation is more consistent with Le
Gall et al (2008) who considered the Pangani rift to be relatively recent, and as such unlikely to contain any
Neogene sediment. Modelling using 3D inversion techniques gave noisy results, although the short
wavelength features are considered more consistent with shallow basement than faulting. 2D profile
modelling of three lines gave depths to basement of between 1km (probability P90) and 4km (P10),
dependent on density contrasts. SGC’s ‘most-likely’ scenario is shallow relatively basement (<1.5km) across
Pangani, but it remains possible that shallow magnetic signatures derive from flat lying volcanics, and that
the basement lies at depths of 2 to 4km. The most prospective areas seem to be in the Nyumba ya Mungu
area in the north, and the southwest of the area. These areas appear encouraging from the prominent
gravity lows (seen especially on the legacy gravity data in Figure 3-10). These areas will be appropriately
targeted with the Year 2 seismic acquisition.
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Figure 3-14 Total magnetic intensity (TMI) data over a portion of Pangani licence, with Naudy depth contours (SGC)

Figure 3-15 Residual Bouguer Anomaly gravity image with Naudy depth contours (SGC)
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3.4.
3.4.1.

PROSPECTIVITY
Direct Evidence of Hy drocarbons

A reconnaissance of potential hydrocarbon seepage anomalies was carried out as part of Baker’s work on
the Landsat imagery. Hydrocarbon seeps can give rise to degradation of vegetation, and bleaching of red
soils. However, the natural variability of the rift vegetation, and the presence of pale evaporative saline soils
limits the predictive ability. Nevertheless, six vegetation anomalies were identified by Baker which
potentially could be related to hydrocarbon seepage (Table 3-2, Figure 3-16). These sites are associated with
interpreted bounding faults of the deepest portion of the rift (Figure 3-17). Swala has investigated one of
these in field reconnaissance, and samples are being analysed.

Table 3-2 Possible hydrocarbon-related anomalies in Pangani Block

Figure 3-16 Stressed vegetation anomalies in Pangani Block (Baker, 2012)
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Figure 3-17 Location of stressed vegetation with background of Bouguer Anomaly gravity map

3.4.2.

Summary of Prospectivity

The Pangani Block covers the Pangani Rift of the East African Rift System, and the Neogene is proposed as
the play. From the Landsat study, the central rift is considered to be the most prospective, due to its greater
width than the other graben in this area, and has the greater chance of clastic input. The recent
aeromagnetic and gravity data suggest that the most likely depth to basement of the surveyed area is
generally in the range 250-500m; the rift may be much more recent than others in the EARS, and that as a
consequence is very shallow, with little or no Neogene sediment. With current data, the prospective areas
are most likely to be quite small. However, there is a possibility that the magnetic response is due to shallow
volcanics, with the basement being materially deeper. In this scenario, the basin is significantly more
prospective. We note in addition that if the Neogene were to be present, high heat flows of the levels seen
in the Albertine Graben could potentially mature shallow source rocks.
Although on current evidence, the Pangani licence appears to be less prospective, a clearer view of the
basement depth, and hence prospectivity, requires seismic data, and thus SOGTL have reasonably defined
two areas for seismic acquisition in Year 2 that are prominent gravity lows. Proof of material Neogene fill is
nevertheless likely to require drilling.
SOGTL has committed to enter Year 2, but in the event of the risks remaining too high for further
exploration, SOGTL’s licence structure allows withdrawal at the end of Year 2.

3.5.

FORTHCOMING WORK PRO GRAMME

As noted earlier, the SOGTL-operated joint venture has now committed to enter into the second contract
year. The key element of the work programme for this year is the acquisition of 200 line km of 2D seismic
data. The proposed lines are located in two areas, Moshi in the north and Mvungwe in the western central
position in the block (Figure 3-18 and Figure 3-19), to target the most prospective areas identified from the
gravity and magnetics data. Tenders for the seismic contract (in conjunction with the seismic in the KilosaKilombero licence) were issued February 2013, and the contract was awarded to Polaris (Tanzania) Ltd on 18
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April 2013. Work on an Environmental Impact Statement for the seismic commenced also in February, and
EIA approval was gained in July. Seismic acquisition is planned to start mid-July 2013.

Figure 3-18 Proposed 2D seismic acquisition Contract Year 2, Moshi area, Pangani Licence

Figure 3-19 Proposed 2D seismic acquisition Contract Year 2, Mvungwe area, Pangani Licence
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4.
4.1.

TANZANIA: KILOSA-KILOMBERO
LICENCE

SOGTL holds a 50% operated interest in the Kilosa-Kilombero Licence in Tanzania (Figure 4-1). The licence
covers a portion of the East African Rift System.

Figure 4-1 Location of Tanzania Kilosa-Kilombero Block

SOGTL originally negotiated a 4 (1+1+2) + 4 + 3 year term, with an opt-out after Year 1 and Year 2 if initial
results are unpromising; In common with the arrangement for the Pangani Block, SOGTL reports that this is
the first time such an opt-out has been negotiated. Licence details are given in Table 5-1. Note that these
details have been provided to RISC, and are included for completeness, but RISC has not inspected the
relevant documents, and therefore cannot independently vouch for the information.
A key component of the Year 1 work programme obligation was the acquisition of 6,000 line km of magnetic
and gravity data; the actual acquired data are considerably in excess of this figure: 9,026 km of magnetic
data and 4,489 km of gravity data. Sufficient encouragement has been derived from this recent work on the
licence for the joint venture to have now committed to continue into the second year of the contract62. The
key element of the work programme for this year is the acquisition of 300 line km of 2D seismic data ($3.50
MM).
Existing exploration is minimal; there are no wells or seismic data. Recent activities include airborne gravity
(fixed wing) and magnetic (helicopter) surveys, a field trip to assess areas of vegetation anomalies, and
review of water wells and reports.

62

Swala Oil and Gas (Tanzania) Ltd. 16 January 2013 Re. Kilosa-Kilombero exploration licence area: Formal notification of entry into
Year 2 Work Programme; letter to Tanzania Petroleum Development Corporation (TPDC)
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Summary of PSC – Tanzania Kilosa-Kilombero Licence
Date of PSC

20 February 2012

Area

17,675 km

Interest holders

Swala Oil and Gas (Tanzania) Ltd (in which Swala
Energy Ltd holds a 65.13% interest) - 50%

2

Otto Energy (Tanzania) Ltd 50%
Government back-in rights

20% (carried during exploration)

Initial Exploration Period

4 years

First Additional Exploration Period

4 years

Second Additional Exploration Period

3 years

Year 1 work programme

gravity/magnetics, surface geology, seismic
reprocessing, remote sensing (complete)

Year 2 work programme

300km 2D seismic, surface geochemical sampling

Year 3 work programme

Further 500km 2D seismic

Signature bonus

No signature bonus

Licence Rental Fees

2012-2015: US$70,700 per annum

Training fee

US$200,000 per annum

SOGTL’s Commitments (based on minimum
expenditure)

Year 2 (2013): US$1,050,000 (2D seismic)
Year 3 (2014): US$2,500,000 (further 2D seismic)

Table 4-1 Summary of licence for Tanzania Kilosa-Kilombero Licence

4.2.

DATABASE

Geological mapping forms the basis of the understanding. The data is primarily remote sensing; legacy to
SOGTL’s interests are satellite, digital terrain data, satellite gravity, aeromagnetic data, and Landsat Thematic
Mapper (TM), which have been recently augmented by airborne gravity and magnetics data. There are no
seismic data or wells.

4.3.
4.3.1.

GEOLOGICAL SETTING
Terrain and S urface Geology

The Kilosa-Kilombero Licence is an elongate permit that covers two alluvial basins of the EARS, separated by
an intervening saddle. The basins are between 250 and 500m in elevation, the southerly area being lower.
The block is bordered to the west by the eastern flank of the Gologolo Mountains, with elevations up to
2000m. The 3D digital elevation map (Figure 4-2) clearly illustrates the relatively flat valley floors and the
elevated terrain of the rift shoulders and surrounds. A division can be made between the northern Kilosa
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Rift, and the southern Kidatu and Kilombero Rifts, separated by an uplifted zone. This is referred to as the
Gombati Transfer zone by Nilsen et al (200163). The northern basin slopes gently upwards to the east. The
Kilombero Rift is separated from the coastal Selous Basin to the east by the irregular terrain of the Uluguru
Mountains.
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Figure 4-2 3D elevation map (Satellite Radar Topographic Mission) with basic subdivision of areas

A geological map clearly illustrates the structural and stratigraphic elements of the area (Figure 4-3), and
these are set into context in the wider Tanzanian geology in Figure 4-4.
The main rift surrounds are Precambrian basement. This comprises banded Proterozoic gneisses and Late
Proterozoic (Neoproterozoic) high grade metamorphics, the latter constituting a portion of the Mozambique
Mobile Belt.

63

Nilsen, O., H. Dypvik, C. Kaaya & E. Kilembe, 1999, Tectono-sedimentary development of the (Permian) Karoo sediments in the
Kilombero Rift Valley, Tanzania: Journal African Earth Sciences, 29, 2, 393-409
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Figure 4-3 Simplified geological map of Kilosa-Kilombero area (Baker)

The Permo-Trias Karoo is exposed in the saddle area (Gombati Ridge) between the two basins. Karoo
sediments also outcrop in the Kidatu Rift, along the margin of the Uluguru Mountains south of the saddle
area. A southerly extension to the Kidatu (distinct from the southwestern continuation into the Kilombero
Basin), east of the Mahenge massif has outcropping Karoo, and with increasing Karoo thickness links into the
Selous-Luwegu Basin to the south. Toward the coast, the Karoo of the Selous-Luwegu basin is
unconformably overlain by Mesozoic-Cenozoic post-rift thermal subsidence strata deposited following
continental breakup. This latter area is a different structural terrane to the EARS.
It seems very likely that Karoo sediments are present at depth within the Kidatu Rift, and with expected thin
Neogene, the Karoo can be proposed as a possible play for this area, although as noted previously (Section
2.4) is high risk.
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Figure 4-4 Geological setting of the Kilosa-Kidatu-Kilombero rifts (Nilsen et al., 2001)

The Karoo sediments are fluvio-lacustrine deposits that accumulated in tectonically controlled basins during
the Permian and Early Triassic. The total thickness of the Karoo is very significant: in the order of 40005000m (Le Gall et al., 200464; Nilsen et al., 200165 quotes up to 6000m). These are mainly siliciclastic
sediments, dominated by shales and feldspathic sandstones. Conglomeratic and calcareous units also occur.
The Karoo stratigraphy in the area is shown in Figure 4-5. Deposition commenced with debris flows and
braided streams on alluvial fans, probably with a local uplifted basement source. Lacustrine sedimentation
followed, before a final rift fill, characterised by flood plain deposition (Nilsen et al 2001).
There is no mapped outcrop of Neogene sediments. However, as discussed below, the Neogene is expected
to be present below recent deposits in the Kilosa and Kilombero rifts.
64

Le Gall, B. et al., 2004, Neogene-Holocene rift propagation in central Tanzania: Morphostructural and aeromagnetic evidence from
the Kilombero area: GSA Bulletin, 116, 3/4, 490–510
65
Nilsen, O. Hagen, E. & Dypvik, H. 2001 Sediment provenance and Karoo rift basin evolution in the Kilombero Rift Valley,Tanzania:
South African J. Geol., 104, 137-150
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The present day rift pattern results from an overprint of the Karoo rift with Neogene-Recent faults of the
East African Rift System. Le Gall et al (200466) discussed the history of the rifting in the Kilombero area. The
rift valleys of the EARS are filled primarily with surficial deposits related to the current drainage systems and
older Recent alluvial fans and sheetwash gravels, plus landslide debris. The Plio-Quaternary alluvium is of
unknown thickness.

Figure 4-5 Stratigraphy of the Karoo, Kilombero Rift (Nilsen et al., 2001)

With respect to source potential of the Karoo, Dominion Petroleum67 published figures showing poor to fair
values for organic richness (TOC 0.2 to 2.9%) within the north-south offshoot of the Kilombero Rift (Figure
4-6), increasing up to a maximum of 6.1% further to the east. Maturity values ranged from early oil mature
into the gas window. Dominion suggest that either or both oil and gas could be produced.

66

Le Gall, B. et al., 2004, Neogene-Holocene rift propagation in central Tanzania: Morphostructural and aeromagnetic evidence from
the Kilombero area: GSA Bulletin, 116, 3/4, 490–510
67
Dominion Petroleum, 2007, Petroleum Potential Of Permian Rift Basin in East Africa: An example from the Selous,
Tanzania East African Petroleum Conference
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Figure 4-6 Hydrocarbon source information for the Karoo in the Selous Basin (Dominion)

4.3.2.

Structure from Landsat TM Data

Landsat imagery and aeromagnetic data have been recently interpreted by Baker (201268 – separate report
to that for Pangani Block). The Landsat Thematic Mapper (TM) data are processed to allow differentiation
between dense vegetation, grassland/scrub, and different qualities of bare soil (dry, wet, saline). No field
data were used as a check. The Landsat imagery is used to identify faults. Topographic scarps are classed as
extensional.
At surface, the Kilombero and Kilosa rift zone comprises two alluvial basins separated by an intervening
saddle. The whole zone comprises a series of grabens and half grabens. Northeast to east-northeast trends
are attributed by Baker to Cenozoic extension, and are all southeast-facing half-grabens. North-south
grabens are interpreted as Karoo structures, reactivated during the Late Cenozoic. Middle Quaternary
68

Baker, M., August 2012, Landsat interpretation of Kilombero-Kilosa Rifts, Tanzania (for Swala Energy)
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termination of rifting in the northern half-grabens is inferred from lack of a present day structural controlled
alluvial deposition. In the Kilombero basin in the south, rifting appears to have been followed by thermal
subsidence of at least 500m. The Neogene is the key play in this area.

Figure 4-7 Geology of Kilosa-Kilombero Block from Landsat data (Baker 2012)

The rift zones within the Kilosa-Kilombero block comprise a number of individual grabens and half grabens
within a zone of broader subsidence. These are shown in Figure 4-7. Baker notes that the basement blocks
that form the faulted margins thus tend to slope towards the rifts, rather than away from them as is the case
in the Pangani block. Inferences have been made by Baker that Neogene strata are likely to be present in the
subsurface in two main areas, within the Kilosa and Kilombero rifts, shown in Figure 4-8. He does not make
any estimation of possible thickness.
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Figure 4-8 Inferred Neogene basins in Kilosa-Kilombero Block from Landsat TM imagery (Baker, 2012b)

The main rift elements are as follows (refer also to Le Gall et al., Figure 4-9):
Kilosa Rift – this is the main half graben in the northern portion of the block. It is bounded on the northwest
by a series of prominent rift faults, which are offset by north to northwest minor transform faults. From the
Landsat data, Baker interprets a significant Neogene basin fill is likely to be present. There is a major reentrant in the Precambrian block to the west, which could have been an important entry point for clastic
material in to the basin, but little suggestion for clastic input elsewhere. The northeastern end of this
extension system is the Magole Rift, a southeast-facing, relatively shallow half-graben. The southern end of
the Kilosa Rift is referred to as the Mikumi Rift, defined by north-south faults extending from the central
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saddle. A Neogene section is interpreted for the northern half of this rift. Both Neogene and Karoo plays are
considered for this rift.
Central saddle – this area forms a topographic high and has been mapped in the field with a major area of
Karoo outcrop. Baker refers to this area as the Mkata Rift. There are differing views on the origin of this
saddle; from Landsat data, Baker considers that the overall structure is pre-Cenozoic, with only modest
Cenozoic reactivation. In contrast, Nilsen et al (199969) interpret the area to be a Late Cenozoic
accommodation zone associated with rifting. Le Gall et al (200470) have also investigated this area in detail
using topographic/structural and aeromagnetic evidence; they appear to support a Neogene-Holocene age
for the Mikumi transfer fault in this area.
Kidatu Rift – this lies immediately south of the central saddle. It is sharply defined in the west by a northnortheast trending boundary fault, which is offset by minor northwest transform faults. Le Gall et al.
believed that the dramatic edge of the Gologolo Mountains bordering both the Kidatu and Kilombero rifts
reflects Neogene-Holocene faulting (Figure 4-10). The eastern side comprises a series of north-south fault
blocks with outcropping Karoo considered by Baker to be pre-Cenozoic, but reactivated. There is a
prominent transverse feature in the north of the rift, but its nature is unclear. There is a line of possible
outcrops, mapped tentatively as Karoo. Baker considers that the Karoo is shallow in the Kidatu Rift, with
limited possibility for a material Neogene section. The Karoo is thus proposed by Swala BVI as the main play
in the Kidatu Rift. Le Gall et al. considered that the Kidatu rift was the deepest portion of the whole KidatuKilombero rift (Figure 4-11).
Kilombero Rift – this is a major, 150 km long Cenozoic rift basin, which originated as a southeast-facing halfgraben that subsequently underwent a more general thermal sag. The rift is limited in the west and north by
en-echelon boundary faults. The presence of east-west faults in the Precambrian basement is interpreted by
Baker to imply that the northern end of the structure is partly controlled by pre-existing faulting. The
Landsat imagery and regional magnetics both suggest that the axial sector is underlain by northeast-trending
faults, which may subdivide the basin into a series of horsts and grabens.
On this basis this rift is considered to have the best potential for a significant Neogene basin fill (although a
north-south horst in the west limits potential here). At present, there is no evidence to suggest that Karoo
sediments may be present except at the eastern end of the rift. A re-entrant along the western margin offers
a clastic input route.
Interpretation of the recent magnetic and gravity suggests however a different picture, that the rift is poorly
developed here in comparison with the Kidatu and southern Kilosa rifts. These results are discussed below in
Section 3.3.5.

69

Nilsen, O. et al., 1999, Tectono-sedimentary development of the (Permian) Karoo sediments in the Kilombero Rift Valley, Tanzania:
J. African Earth Sciences, 29, 2, 393-409
70
Le Gall, B. et al., 2004, Neogene-Holocene rift propagation in central Tanzania: Morphostructural and aeromagnetic evidence from
the Kilombero area: GSA Bulletin, 116, 3/4, 490–510
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Kilosa Rift

Kidatu Rift

Kilombero Rift

Figure 4-9 General rift structure of central Tanzania (Le Gall et al., 2004)
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vertical exaggeration 5:1

Figure 4-10 Cenozoic and Permo-Tirassic rift structures in central saddle (Le Gall et al., 2004)
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Note: Le Gall et al use ‘Kilombero’ to refer to the whole of the Kidatu-Kilombero rift; this image is of the deepest
portion of the rift, which is the Kidatu rift itself in the terminology of this report
Figure 4-11 Interpretative cross section across the Kidatu Rift (Le Gall et al. 2004)

4.3.3.

Structure from Gravity Data

Satellite gravity data is available. The free air anomaly map provides a guide to the general location of the
Kilosa-Kilombero rifts (Figure 4-12), perhaps simply reflecting topography, but is not indicative of basement
depth. The Bouguer Anomaly gravity does not clearly define the rifts.
In the free air map, the Kilosa and Kilombero Rift segments are roughly marked by gravity lows, but not the
Kidatu rift; SOGTL speculates that this may reflect Karoo sediments being of similar density to the basement
(this could presumably be assessed elsewhere where the Karoo is a known basin fill).

ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 58

Kanga
36º

37º

36º30'

37º30'

36º

36º30'

37º

37º30'

Turiani

SWALA OIL & GAS (TANZANIA) LIMITED

SWALA OIL & GAS (TANZANIA) LIMITED

KILOSA-KILOMBERO BLOCK

KILOSA-KILOMBERO BLOCK

Magole

TANZANIA

TANZANIA
-6º30'

-6º30'

Bouguer Gravity Map
(Contours)

Scale 1 : 500,000

Scale 1 : 500,000
50

25

0

-6º30'

-6º30'

Free Air Gravity Map

75

0

50

25

kilometres

kilometres

75

February 2012

February 2012

KILOSA

MOROGORO

-7º

-7º

-7º

-7º

Ulaya

MIKUMI
MIKUMI

MIKUMI
MIKUMI

NATIONAL
NATIONAL

NATIONAL
NATIONAL

PARK
PARK

PARK
PARK

200

Kikoboga

Mikumi

600

-7º30'

-7º30'

-7º30'

-7º30'

TANZANIA

Kidodi

Matassi

Kidatu

Lugalu

Great

200

Ruahu

River

-8º

-8º

-8º

-8º

IRINGA

Ifakara

Kivukoni

Riv
er

Mbingu

er

Ru
fiji

Riv

ro
mbe

Lew

egu

e

-8º30'

-8º30'

-8º30'

-8º30'

Riv
er

Kilo

Chita

Mahenge

LEGEND

Lugala
Utengule

-9º

-9º

-9º

-9º

Permit boundary

1700

Spot elevations (approx)

Rift faults

Road
Water course
Town
36º

36º30'

37º

37º30'

36º

36º30'

37º

37º30'

Figure 4-12 Satellite gravity maps over Kilosa-Kilombero Licence (Left – free air; Right – Bouguer anomaly)

4.3.4.

Structure from Legacy Aeromagnetic Data

Le Gall et al. (200471) reviewed the aeromagnetic data available at that time in the Kilombero rift area. They
determined maximum depth to basement of 2000m to 8000m in the Kilombero-Kidatu rift, with maximum
depths in the Kidatu Rift. The Mkata area north of the transfer zone had maximum depths less than 4000m.
They estimate that the Kidatu half graben comprises a 4000-5000m thick section of Permo-Triassic Karoo,
overlain by a <3000m thick post-Karoo rift sequence. These figures are of the same order of magnitude as
those determined by Southern Geoscience Consultants.
This post-Karoo infill is expected to be Neogene in age, although as noted above, sediments of this age are
not yet known in the basin. The bounding fault of the Kilombero/Kidatu Rift is thus considered to be
polyphase in origin.
Southern Geoscience Consultants have also made a structural interpretation of the regional aeromagnetic
TMI data (Figure 4-13). It shows a clear north-south rift trend from the Kilosa rift in the north, through the
Kidatu rift, and then continuing southwards ultimately into the Selous Basin. The southwesterly arm of the
rift system, evident on topographic data, and referred to in this report as the Kilombero rift appears much
less well developed. A similar picture is evident on the reduced to pole (RTP) data (Figure 4-14).
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Figure 4-13 Regional TMI magnetic image and structural interpretation over Kilosa-Kilombero Licence (SGC)
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Figure 4-14 Aeromagnetic data (RTP) over Kilosa-Kilombero Licence, with structural interpretation and areas of new data
acquisition (SGC)

4.3.1.

Structure from New Gravity and Aeromagnetic Data

Additional gravity and magnetic data have been acquired in the Kilosa-Kilombero Licence by NRG and
evaluated by SGC, in conjunction with the data over Pangani. The survey involves approximately 9,000 km
magnetics and 4,500 km of gravity (over three separate areas in the licence; Figure 4-14, Figure 4-15) The
gravity data was flown on a 2x8 km grid, the magnetics on a 1x4 km grid; the gravity data at a drape
elevation of between 515m and 668m AGL, and the magnetic data between 46m and 94m AGL.
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Figure 4-15 Airborne surveys acquired in 2012 over Swala Tanzania acreage

As part of the same analysis process undertaken for the data over Pangani, SGC assessed a number of
different modelling techniques for determining the depth to basement using the magnetic data. The most
robust approach appeared to be using the Naudy method. Images of the first vertical derivative of the total
magnetic intensity (TMI 1VD) and Bouguer Anomaly gravity over the three different survey areas are shown
in
Figure 4-16 to Figure 4-21. The results are particular encouraging to prospectivity in the northern and central
survey areas.
In the north, within the Kilosa rift, the calculated depths are reasonably consistent with not only the
magnetic images, but also the gravity and the geological interpretation by Baker, discussed above. Depths of
5 to 7km are determined for the deepest parts of the rift, with a narrow sub-basin (depths 1-1.5 km)
extending to the north. The western rift boundary is particular clear on the magnetic data, seen also on
modelled 2D profiles.
In the central area of the licence over the Kidatu rift, both western and eastern boundaries are shown well,
both dipping steeply. There is less clarity on the depth to basement, where results are grouped in a 3 -5 km
range and another at a 6 – 9 km range. Provisional work by SOGTL suggests that careful selection of data
points allows a more geologically realistic picture to emerge. 2D profile modelling that integrates both
magnetic and gravity data suggests most-likely rift depths in the north of this area of 4km, and an upthrown
basement block may account for local region of higher gravity, but a more southerly profile supports the
Naudy depths. In all cases the significant depths seen generally in the rift are encouraging for prospectivity.
In the south, the Kilombero rift, the present day topography suggests a significant rift (Figure 4-2), but the
structural interpretation of the both the magnetic and gravity data indicates a shallow poorly developed
feature in comparison to the Kidatu and Kilosa rifts. Naudy depths suggest a rift of <10km wide, with a
maximum depth of 4km. 2D modelled profiles indicate depths of 1.5 km to 4 km. It appears likely that the
main rift in this region is a southerly continuation from the Kilombero rift into the Selous Basin, as noted
earlier.
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Figure 4-16 TMI 1VD magnetic image over ‘Kilosa A’ area, northern Kilosa-Kilombero Licence with interpretation of depth (m) to
basement (SGC)

Figure 4-17 Residual Bouguer Anomaly image over ‘Kilosa A’ area, northern Kilosa-Kilombero Licence with interpretation of
depth (m) to basement (SGC)
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Figure 4-18 TMI 1VD magnetic image over ‘Kilosa B’ area, northern Kilosa-Kilombero Licence with interpretation of depth (m) to
basement (SGC)

Figure 4-19 Residual Bouguer Anomaly image over ‘Kilosa B’ area, central Kilosa-Kilombero Licence with interpretation of depth
(m) to basement (SGC)

ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 64

Figure 4-20 TMI 1VD magnetic image over ‘Kilosa C’ area, southern Kilosa-Kilombero Licence with interpretation of depth (m) to
basement (SGC)

Figure 4-21 Residual Bouguer Anomaly image over ‘Kilosa C’ area, southern Kilosa-Kilombero Licence with interpretation of
depth (m) to basement (SGC)
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4.4.
4.4.1.

PROSPECTIVITY
Direct evidence of hy drocarbons

A reconnaissance of potential hydrocarbon seepage anomalies was carried out as part of Baker’s work on
the Landsat imagery. Hydrocarbon seeps can give rise to degradation of vegetation, and bleaching of red
soils. The terrain and natural variability of vegetation renders this exercise unconducive in this area, and no
convincing vegetation anomalies were seen along any of the rift margins. However, one geomorphic
anomaly of potential interest was identified. This large 1800m diameter disturbance in the drainage pattern
is located in the Kilombero rift and has been postulated as potentially related to a gas chimney. This feature
apparently coincides with a lineament coincident with a fault seen in the magnetics data, and could
potentially offer a location where gas may seep. Two vegetation anomalies of unknown origin within the rift
were also identified. These various features are detailed in Table 4-2, and on map in Figure 4-22.

Table 4-2 Possible hydrocarbon-related anomalies in Kilosa-Kilombero Block (Baker)

Figure 4-22 Location of possible hydrocarbon-related anomalies (Baker)
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4.4.2.

Summary of Prospectivity

The Kilosa-Kilombero Licence covers a portion of the East African Rift System which is unexplored for
petroleum. The various elements required for a working petroleum system – reservoir, trap, source/charge
are almost entirely unproven for this frontier area. At present, given the absence of wells, critical aspects
such as the nature of the rift fill and depths to basement are at present interpretative. In particular, the
Neogene sediments have not yet been demonstrated in the area. Nevertheless, the structural interpretation
from the topography/morphology with the available geological mapping provide the basis on which
interpretation of remote sensing data from Landsat, satellite gravity and aeromagnetic sources provide a
strong argument for the prospectivity of the block.
The rift basins covered by the Kilosa-Kilombero Block are expected to contain different thicknesses of both
Neogene (EARS) rift fill, and the underlying Karoo sequence. The fill in the deep Kidatu Rift and probably also
the Kilosa Rift is expected to be both Neogene and Karoo. Both these rifts are interpreted to have maximum
basement depths of at least 7 km and are considered clearly prospective. The northerly portion of the
Kilombero Rift appears to be shallow from the aeromagnetic data, and is less prospective. In the south,
although encouraging from a topographic viewpoint, magnetic and gravity data suggest that the Kilombero
rift is poorly developed and relatively shallow with basement depths of 1-3km, and is less prospective.
Nevertheless, if high heat flows are present, such as in the Albertine Graben, source rocks would still achieve
maturity at such depths. Transfer zones and fault re-entrants are likely to provide clastic input points, with
sediment available from erosion of the adjacent basement blocks.
The Neogene EARS play has proven very successful in the Lake Albert area of the Albertine Graben in
Uganda, and this provides considerable encouragement for the Kilosa-Kilombero Neogene. However, each
rift or portion of rift within the EARS is a discrete entity and it is not known whether the analogous EARS play
in the Kilosa-Kilombero PSC will prove to be successful.
Effective reservoir rocks are very likely to be present in Kilosa-Kilombero, and there is a good chance of
source rocks also being present, although the failure of exploration north and south of the main Lake Albert
pools may imply that source facies are not ubiquitous in this play. Levels of maturation and ability to charge
the reservoirs is unknown but are expected to have a realistic chance of working.
The Karoo is also proposed as a target, and in some portions of the Kilosa-Kilombero rift it is expected to
constitute the entire rift fill. Although Karoo reservoirs are expected to be present, details of their
depositional facies and effectiveness are unknown. Reported figures for source richness provide some
encouragement, but considerable uncertainty remains on charge effectiveness. More importantly, the
Karoo has not yet demonstrated a commercial conventional hydrocarbon discovery in all of southern and
eastern Africa, so the Karoo should be considered a high risk upside play.

4.1.

FORTHCOMING WORK PROGRAMME

As noted earlier, the SOGTL-operated joint venture has now committed to enter into the second contract
year. The key element of the work programme for this year is the acquisition of 300 line km of 2D seismic
data. The proposed lines are located in three areas, Kilosa, Kidatu and Kilombero (Figure 4-23 to Figure
4-25), to target the most prospective areas identified from the recent gravity and magnetics work (discussed
above). Tenders for the seismic contract (in conjunction with the seismic in the Pangani licence) were issued
February 2013 and contract awarded to Polaris (Tanzania) Ltd on 18 April 2013. Work on an Environmental
Impact Statement for the seismic commenced in the same month and approval gained in July. Seismic
acquisition is planned to start mid-July 2013.

ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 67

Figure 4-23 Proposed 2D seismic acquisition for contract Year 2, Kilosa area [left image]
Figure 4-24 Proposed 2D seismic acquisition for contract Year 2, Kidatu area [right image]
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Figure 4-25 Proposed 2D seismic acquisition for contract Year 2, Kilombero area
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5.
5.1.

TANZANIA: EYASI
LICENCE

SOGTL holds a 50% operated interest in the Eyasi Licence in Tanzania (Figure 5-1).
The licence covers a portion of the East African Rift System. As well as individual rifts, the licence covers
portions of the internationally significant Ngorongoro Conservation Area, and the Manyara and Tarangine
National Parks.

Figure 5-1 Location of Tanzania Eyasi Block

SOGTL has negotiated a 4 (1+1+2) + 4 + 3 year term, with an opt-out after Year 1 and Year 2 if initial results
are unpromising. Licence details are given in Table 5-1. Note that these details have been provided to RISC,
and are included for completeness, but RISC has not inspected the relevant documents, and therefore cannot
independently vouch for the information.
The key work commitment for the first year is the acquisition of approximately 19,000 line-km of high
resolution gravity and/or magnetic data.
Existing exploration is minimal; there are no wells or seismic data.
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Summary of PSC – Tanzania Eyasi Licence
Date of PSC

Under Exclusive Negotiations with TPDC

Area

17,074 km

Interest holders

Swala Oil and Gas (Tanzania) Ltd (in which Swala
Energy Ltd holds a 65.13% interest) - 50%

2

Pura Vida Energy 50%
Government back-in rights

20% (carried during exploration)

Initial Exploration Period

4 years

First Additional Exploration Period

4 years

Second Additional Exploration Period

3 years

Year 1 work programme

gravity/magnetics (new acquisition and purchase of
legacy data), surface geology mapping,
satellite/photogeology, surface geochemical
sampling

Year 2 work programme

400km 2D seismic, surface geochemical sampling

Year 3 work programme

Further 400km 2D seismic

Signature bonus

No signature bonus

Licence Rental Fees

2013-2016: US$70,700 per annum

Training fee

US$200,000 per annum

SOGTL’s Commitments (based on minimum
expenditure)

Year 1 (2013): US$1,050,000 (2D seismic)
Year 3 (2014): US$2,500,000 (further 2D seismic)

Table 5-1 Summary of licence for Tanzania Eyasi Licence

5.2.

DATABASE

Geological mapping forms the basis of the understanding. As SOGTL has only recently been awarded this
licence, at the time of writing the data are essentially restricted to published geoscience papers on the
region. These papers integrate topographic data (most recently digital terrain data), geological mapping,
ground gravity data, and aeromagnetic data. There are no seismic data or wells.
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5.3.
5.3.1.

GEOLOGICAL SETTING
Terrain and Surface Geology

The Eyasi licence covers a significant portion of the East African Rift System (EARS) in northern Tanzania. It
displays dramatic topographic contrasts from the volcanoes of the Crater Highlands – such as Ngorongoro,
Olmoti, Oldonyo Lengai – and the rift valley escarpments bordering Lakes Eyasi, Manyara and Natron, set
within relatively flat plains. This is shown with clarity for the southern portion of the area on a digital terrain
map (Figure 5-2); morphology from older data over the whole area is shown in Figure 5-3.

Eyasi licence shown in red
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Figure 5-2 3D elevation map (Satellite Radar Topographic Mission) (Macheyeki et al 2008 )

The Eastern Branch of the EARS runs north-south through Kenya in a relatively narrow rift system about
50km wide. In northern Tanzania, this single rift splits into three separate rift trends, to give a broad rifted
zone some 200 km wide. These rifts have obvious topographic expression, which reflect the underlying
geology. In the west is the southwest-trending Eyasi-Wembere rift, and in the centre is the broadly northsouth oriented Natron-Manyara-Balangida rift (Foster et al 199773); the majority of these rift systems are
covered by the Eyasi licence (Figure 5-4). The third rift trend is the Pangani rift, which lies in the southeast
and is covered by the Pangani licence; also held by SOGTL (Section 3).
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Macheyeki, A.S. et al., 2008, Fault kinematics and tectonic stress in the seismically active Manyara–Dodoma Rift segment in
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System, Journal of the Geological Society, London, Vol. 154, 1997, pp. 689–700

ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 72

There are three main basins within these Eyasi licence rifts: the Natron Basin in the north, the Eyasi Basin to
the southwest, and the Manyara Basin to the south. A general geological map and cross sections across the
Eyasi licence area rifts are given in Figure 5-6. These rifts are all bordered with a steep western fault and
relatively gently dip slope up to the east, with minimal fault boundary on the east.
This area is known as the Northern Tanzanian Divergence. The change in rifting style may the result of the
transition from the rifting of Proterozoic Mozambique Belt lithosphere to the rifting of cratonic Archean
lithosphere (Figure 5-5, Foster et al 199774; and Figure 5-6, Dawson 200875,76); the change occurs at the
northern boundary of the Masai Plateau.

Figure 5-3 Morphology of the Eastern Branch of the EARS in northern Tanzania and southern Kenya (Foster et al 1997)
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Op cit.
Dawson, J. B., 2008, The Gregory Rift Valley and Neogene–Recent volcanoes of northern Tanzania, Geol. Soc. Mem. 33, Geol Soc.
London.
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See also Le Gall et al (2008) map of structural and magmatic features given as Figure 3-4
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The area also contains the southern limit of the Neogene77 volcanic province that extends through Kenya
and further to the north. It covers the whole of the Lake Natron area and terminates at the northern ends of
Lake Eyasi and Lake Manyara. Neogene volcanics are exposed in these areas within the footwalls of the rifts,
above basement.

78

Figure 5-4 Location of sedimentary basins in Eyasi licence area (Dawson 2008 )

77
78

The Neogene comprises the Miocene (c. 23 Ma – 5.3 Ma) and Pliocene (c. 5.3 Ma – 2.6 Ma).
Op cit.
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Sheared contact between Achaean cratonic and Proterozoic mobile belt rocks = dashed line north and south of Lake Eyasi. Neogene
volcanic centres as follows - EM, Embagai; OM, Olmoti; LN, Loolmalasin; NG, Ngorongoro; SD, Sadiman; LM, Lemagrut; OD, Oldeani;
TS, Tarosero; MD, Monduli.
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Figure 5-5 Generalised geological map and cross sections for the Eyasi licence area (Foster et al 1997 )
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Op cit.
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Figure 5-6 Distribution of Neogene faults and volcanic rocks in northern Tanzania and southern Kenya (Dawson 2008 )
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Op cit.
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5.3.2.

Basin development and volcanicity

Early Pliocene basin initiation?
At present there is only limited evidence for the presence of pre-volcanic sedimentary basins in northern
Tanzania, as in general, the rift escarpments expose Proterozoic and Archaean basement with, in the north,
overlying Neogene volcanics. Elsewhere, a cover of Recent sediments generally conceals the underlying
geology.
There are however three areas where Plio-Pleistocene sediments occur (Figure 5-5; Foster et al 1997). At the
base of the rift escarpment at the northern end of Lake Manyara, conglomerates overlie basement
metamorphics. This ‘Manyara Group’ section itself is overlain by siltstones, sandstones, of interpreted
fluvio-lacustrine origin, together with water-lain tuffs and ashes and a 2m intercalated basalt that has been
dated as 4.86 +/- 0.24 Ma, i.e. early Pliocene. This suggests that, in this area, limited basin subsidence and
basaltic volcanism had begun by 4.9 Ma (Foster et al 1997). This c. 50m sequence is topped by parallelbedded basalts of the main rift escarpment. The top of the basalts exposed in the rift escarpment is dated as
1.5 Ma +/- 0.1m. Other rifts may also have been initiated prior to the Pleistocene. Dawson (2008)
considered that there may be two stages of development of the Eyasi fault; a post-3.1 Ma/pre-1.2 Ma and
1.2 Ma periods. The age of the faulting defines the likelihood of the Neogene sections being present that are
prospective elsewhere.
To the west of Lake Natron, fossiliferous Plio-Pleistocene lacustrine sediments of the Peninj Group are
exposed across the Salei Plain and in the uplifted footwall of the Natron rift.
Fluvio-lacustrine sediments have also been recorded within the Olduvai Gorge area, north of Lake Eyasi, with
an age range of later than 2.0 Ma, continuing to 0.2 Ma. To the immediate south, the Laetolil Beds show
mainly fluvial facies, with some lacustrine evidence, but appear to be older: sedimentation here began at c.
4.3 Ma and continued to c. 2 Ma (Foster et al 1997, referring to Hay 1987). These beds are unconformable
with both underlying basement and volcanics, and are limited by volcanic rocks above. The volcanics are
derived from the Crater Highlands.
A summary stratigraphy of these areas is shown in Figure 5-7. However, we note that no sedimentary
section is shown for the Eyasi Basin (volcanics directly on basement); while this may be true of the northern
end of the basin, it seems unlikely to be true for the majority of this trend, especially to the south.
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Basement shown for reference only; no age dating implied
81

Figure 5-7 Simplified stratigraphic framework for the Eyasi licence area (Foster et al 1997 )

The earliest faulting in the North Tanzania Divergence was considered by Dawson (199282) to follow warping
of the mid-Tertiary (sub-Miocene) land surface, and resulted in a wide depression bounded by faults, linking
the Eyasi Fault with the Oldonyo Ogol escarpment fault, west of Lake Natron. However, Foster et al (1997)
considered that there was little evidence to support such faults, citing interpreted drainage directions from
the Laetolil Beds and the Olduvai Gorge area which imply that the Eyasi Fault developed after the Laetolil
deposition. Nevertheless there is some local evidence of Late Pliocene faulting: on the Lake Manyara Basin
boundary fault, and northeast of the Eyasi licence at the Tarosero volcano, where faulting is cut by later c.
2.0 Ma lavas.
Le Gall et al (200883) considered that the earliest evidence of extensional faulting is on the western flank of
the Natron basin, where 3 Ma basalts post-date the fault scarp. These authors concluded that from available
radiometric dates and interpretation of regional geology, some accumulation within the Eyasi and Manyara
basins commenced at c. 4.9 Ma but in shallow lacustrine environments, so that the bulk of the deposition
occurred rapidly during extensional faulting in more recent times (<2.0 Ma)
‘Older Extrusives’
The broad late Tertiary depression in northern Tanzania was then filled by the ‘Older Extrusives’, primarily
lavas from a group of major volcanoes, which overstepped the boundary faults in places (Figure 5-5, Figure
5-6). The overall age range of this older phase of magmatism nevertheless spans a considerable time range:
from 8.1 Ma to around 1.2 Ma. The ‘Crater Highlands’ comprise a number of dominantly basaltic shield
volcanoes within the Eyasi licence between Lake Eyasi and Lake Natron. The Ngorongoro volcano comprises
mainly lavas of basaltic and trachytic composition, with later ignimbrites; dates range from 2.1 to 2.8 Ma.
The nearby Olmoti volcano provides ages of about 1.1 to 1.7 Ma. Essimingor (Losimingori), to the northeast
of Lake Manyara, gives the oldest volcanic date: 3.2 to 8.1 Ma.
81

Op cit.
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Pleistocene rifting
There seems to be general agreement that the overall rift morphology within the Northern Tanzanian
Divergence primarily dates from about 1.0 - 1.2 Ma in the Pleistocene. All faulting is normal in displacement.
The most significant expression of this faulting within Tanzania is the north-south trending Natron rift
escarpment extending from the border with Kenya, southwards towards Lake Manyara. The escarpment is
some 1200m high just south of Lake Natron. Further south, there is an offset to the fault, after which it
continues in a similar SSW-trend to the Manyara Basin and the southern end of this portion of the licence.
The various escarpments expose – and thus post-date - layered flows.
The Eyasi fault is the western boundary to the rift system in the Northern Tanzanian Divergence. This fault
gives rise to the escarpment bordering Lake Eyasi (averaging 500m high, with a maximum of 900m), which
loses height to the south and fades out in the Wembere basin. A subsidiary graben, the Yaida graben, lies to
the southeast of the main Eyasi half graben, although this lies outside the Eyasi licence.
‘Younger Extrusives’
Following the Upper Pleistocene faulting, there was another phase of volcanicity, termed the ‘Younger
Extrusives’. Most of the activity was in the same area as the Older Extrusives, but smaller scale than the
earlier period. It was also highly explosive, leading to major stratovolcanoes dominated by pyroclastic
materials and to tuff cones and explosion craters. Although mainly restricted to the Upper PleistoceneHolocene, some volcanoes are still regarded as active.
Between Lake Eyasi and Lake Natron is the Crater Highlands area, volcanic material from which filled the
accommodation space produced through the late Pliocene faulting.
Holocene-Recent faulting
Local later fault reactivation caused additional relief, In the vicinity of Lake Eyasi 500m additional relief was
added to the escarpment. A different style of faulting is seen in the Lake Natron area, where a series of local
Recent-aged faults with minor displacements are present.
5.3.3.

The rift basins

The most northerly basin in the Eyasi licence is the Natron Basin. This was probably originally connected to
the Magadi Basin to the north in Kenya (Dawson 200884). Sedimentation in a precursor to the current basin
is thought to have commenced at c. 1.7 Ma in a shallow depression that may have been fault bounded. This
early section comprises the Sambu volcanics and Peninj Beds (sediments and lavas). This period ended with
the basin boundary faulting (Dawson 2008).
In the area of Lake Natron, the rift valley is some 100km wide, created from an east-facing half graben
bounded to west by a double series of master faults (Le Gall et al 200885). Displacement on the more
westerly fault – marked by the Oldonyo Escarpment – and which lies to the west of the current basin, is
considered to have commenced earlier; Le Gall et al report that the older master fault is post-dated by c. 3.5
Ma basalts. The plateau that forms its western shoulder has a maximum elevation of 1500m above the rift
floor. The modern saline lake is 22-35 km wide and 75 km long, and shallow: only 3-4m deep.
The smaller Engaruka Basin lies to the south of the Natron Basin, from which it is separated by the Oldoniyo
Lengai and Kerimasi volcanoes, and from the Manyara Block further to the south by the Engaruke Block.
Exposed sediments are tuffs, some re-worked tuffs and intercalated basalts.
The Eyasi Basin broadly covers the area from the vicinity of Lake Eyasi to the area of Lake Kitiringi to the
southwest. Sediments in the area around the seasonal Lake Eyasi are superficial; deeper material is not
84
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exposed. The Eyasi Basin is broadly split into the East Eyasi Basin and the West Eyasi ( = Wembere) Basin.
The 100 km long bounding fault of the Eyasi Basin parallels a Proterozoic dyke swarm intruding into
Archaean metamorphic rocks in its hanging wall. The Eyasi fault cuts through both the Archaean craton and
the Proterozoic Mozambique Belt (Ebinger et al 199786); a detailed map and cross sections by Le Gall et al
(2008; Figure 5-8) show also the component Seketeti block.
Volcanic units are exposed at the northern margin of the East Eyasi Basin; these are derived from the Crater
Highland to the north. The relationship between the lavas and the fault indicates that at least one
movement on the Eyasi Fault is younger than c. 3.1 Ma. As noted above, there is some evidence to the north
of the Lake Eyasi area of Plio-Pleistocene sedimentation.
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Figure 5-8 Geometry of the Eyasi fault network (Le Gall et al 2008 )
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Ebinger, C. et al., 1997, Rifting Archaean lithosphere: the Eyasi–Manyara–Natron rifts, East Africa, Journal of the Geological
Society, London, Vol. 154, 1997, pp. 947–960,
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Op cit.
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The Manyara Basin is bounded by the Manyara fault (Figure 5-9), which is part of a complex regional-scale
extensional fault system, bounding the Mbulu faulted domain to the east and south (Le Gall et al 2008). The
footwall block consists of Proterozoic basement rocks, overlain to the north by basaltic lava flows (4.89 Ma
to 1.3 Ma). The basin, as noted above, has evidence of early rifting.
The present-day Lake Manyara occupies only the western part of the more extensive Pleistocene basin.
Beneath the Pleistocene-Recent sediments, the basin is underlain by volcanic rocks in the north, but by
Proterozoic rocks in the south. The southern part of the basin is characterised by much seismic activity,
whereas the north is relative quiet seismically (Dawson 2008).

A: map. B: cross sections, locations on map; MF = Manyara Fault. C: cross section showing variations along strike of
fault scarp
Figure 5-9 Geometry of the Manyara segmented fault (Le Gall et al 2008)

Cross sections illustrating the nature of the various rift basins in the Eyasi licence are shown in Figure 5-10
and Figure 5-11.
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Figure 5-10 Cross section across North Tanzanian Divergence (Le Gall et al 2008)

Figure 5-11 Cross sections across Eyasi licence basins (Le Gall et al 2008)

The nature of fill for the various half graben is essentially unknown. At the surface, as elsewhere, the rift
valleys of the EARS are filled primarily with surficial deposits related to the current drainage systems and
older Recent alluvial fans and sheetwash gravels, plus landslide debris. However, local outcrop of fluviolacustrine Plio-Pleistocene sediments in a number of areas provide evidence of the Neogene strata that
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regionally forms the prospective section within the EARS. Within the various rifts of the Eyasi licence, the
Neogene is expected to be present below Recent deposits, although the thickness is unknown and may not
be significant; the nature of the half graben geometry implies maximum depths are relatively close to the
bounding fault, with gradual thinning updip (to the east). Maximum depths to basement are discussed
below in Section 5.3.6. Given the presence of Neogene strata, sandstones are likely. However, given the
major volcanic province to the north, reservoir effectiveness may be reduced through pore space occlusion
from the presence, and breakdown, of volcanic minerals.
5.3.4.

Seismicity and Heat Flow

Northern Tanzania, including the area of the Eyasi licence, is a seismically active area (Figure 5-12). There
are particularly active areas at the southern end of Lake Natron, and in the Lake Manyara area. In 2002, an
earthquake of magnitude Mb = 5.5 struck Dodoma the capital city of Tanzania (Macheyeki et al 200888).
Ongoing tectonic deformation is affecting a broad north-south trending belt from the North Tanzania
Divergence to the region of Dodoma.
Heat flow is relevant for assessing the potential to mature hydrocarbon source rocks. It is of specific interest
in the Eyasi licence, as higher heat flow would help to counter the potential for relatively modest basin
depths.
As discussed in Section 2.2.2, heat flow values from the rift floor in Kenya tend to be raised in comparison to
the rift flanks (Wheildon et al 199489). In northern Tanzania, existing measurements are restricted to the
Archean craton and Proterozoic Belt, and are relatively low. There are no measurements from the rifts
themselves; but from the Kenyan evidence, we would expect that raised heat flows, albeit variable and not
necessarily to the level seen in Kenya, would be present. Higher values are more likely to be seen closer to
the volcanic centres.
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Macheyeki, A.S. et al., 2008, Fault kinematics and tectonic stress in the seismically active Manyara–Dodoma Rift segment in
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Figure 5-12 Seismic epicentre map of northern Tanzania (Macheyeki et al 2008 )

5.3.5.

Structure from Gravity Data

Northern Tanzania lies on the southern margin of a broad regional negative Bouguer gravity anomaly that is
interpreted as a zone of hot, low density asthenosphere that has risen due to thinned lithosphere.
Ebinger et al (199791) infilled early gravity coverage with unpublished data from Tanzania Petroleum
Development Corporation (TPDC), as well as published data, to produce the map shown as Figure 5-13. In
the region of the Eyasi licence, an elongate gravity low is present extending from the Lake Natron area down
through Lake Eyasi, and then west-southwest to Lake Kitingiri. A relative gravity high towards the southern
end of Lake Eyasi is used as a tentative subdivision of the Eyasi depression into East and West basins by
Ebinger et al. There is a much less obvious gravity low around Lake Manyara. Ebinger et al note that the
magnitude of the anomalies is probably underestimated as no gravity data exist in the deepest parts of the
basins covered by the lakes. Interpretation is also potentially ambiguous as both sedimentary basins and
volcanic assemblages give negative Bouguer anomalies.
90

Op cit.
Ebinger, C. et al., 1997, Rifting Archaean lithosphere: the Eyasi–Manyara–Natron rifts, East Africa, Journal of the Geological
Society, London, Vol. 154, 1997, pp. 947–960
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A Bouguer anomaly map is also provided by Dawson (2008; Figure 5-14), but there are significant differences
with Ebinger et al’s map. Dawson’s map shows a gravity low in the Lake Manyara region, whereas this is not
clear on Ebinger et al’s map. It is possible that the latter’s work incorporates more recent data (despite its
earlier publication) than that used by Dawson. Dawson’s comment that some of the low gravity adjacent to
the Eyasi fault may be due to ponded lavas nevertheless appears reasonable.

Values <180 mGal shaded. N - Lake Natron; E - Lake Eyasi; M - Lake Manyara; K - Lake Kitingiri
Figure 5-13 Bouguer anomaly gravity map (Ebinger et al 1997)
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Figure 5-14 Satellite Bouguer anomaly gravity map over area of Eyasi licence (Dawson 2008 )

5.3.6.

Structure from Aeromagnetic Data

A detailed investigation into the rift development was carried out by Ebinger et al (1997). He used magnetic
data collected by Geosurveys in 1977 and 1980 at 1 km line spacing and a 10 km tie-line spacing. Flight lines
were east-west in this region, excluding the area near the Kenya border where the flight lines are orientated
N45W. Data were gridded at 1 km with a 1 km drape of topography, after removal of the main field (Figure
5-15). Immediately apparent in this map are the Neogene-Recent volcanic centres. The horizontal derivative
map emphasizes short wavelength signals from shallow sources for easier comparison with surface geology
(Figure 5-16). North-south and northeast-trending features correspond to dykes within the Archaean.

92

Dawson, J. B., 1992, Neogene tectonics and volcanicity in the North Tanzania sector of the Gregory Rift Valley: contrasts with the
Kenya sector, Tectonophysics, 204, 81-92
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E- Eyasi, N – Natron, M – Manyara, LM – Lemagrut volcano, NG – Ngorongoro Crater
93

Figure 5-15 Total field magnetic anomaly (Ebinger et al 1997 )

Ebinger et al 1997 used Euler deconvolution on the aeromagnetic data to estimate maximum depths to
magnetic basement for the various basins in their study area. The maximum depth beneath the East Eyasi
Basin was interpreted to be less than 2 km, compared to 3.5 km beneath the West Eyasi (= Wembere) Basin).
In the north, the Natron Basin is interpreted to have a maximum depth of 3.3 km. The modern Manyara
Basin has a maximum estimated depth of c. 2.9 km. RISC speculates that in cases where the maximum
estimated depth reflects the depth to the Older Extrusives section, a precursor basin would take the depth
to basement some way below this. Ebinger et al speculate that the different form and lack of uplifted flanks
of the West Eyasi basin may reflect an earlier phase of rifting (Early Tertiary?); the alternative explanation
being a complex fault geometry.
Ebinger et al also estimate minimum basin depths as follows, using gravity data: Natron 1.6 km, Manyara 1.4
km, E Eyasi 1.1 km, West Eyasi 2.5 km.
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Figure 5-16 Horizontal derivative map of total field magnetic data (Ebinger et al 1997)

5.4.
5.4.1.

PROSPECTIVITY
Summary of Prospectivit y

The Eyasi Licence covers a portion of the East African Rift System (EARS) which is unexplored for petroleum.
The various elements required for a working petroleum system – reservoir, trap, source/charge are almost
entirely unproven for this frontier area. At present, given the absence of wells, critical aspects such as the
nature of the rift fill and depths to basement are at present interpretative. The data available are restricted
to published papers, which have been used for RISC’s assessment.
As elsewhere in the EARS, the topography gives clear evidence of the rift system. However, there is little
direct knowledge of the scale of subsurface geometry. Nevertheless, the structural interpretation from the
topography with the available geological mapping, together with published interpretation of gravity and
aeromagnetic sources suggest that rift basins are present in the subsurface, and provide some
encouragement for the prospectivity. The rift flanks and volcanic centres of the Crater Highlands are not
prospective.
The magnitude of the rift fill has been assessed using geophysical data by published authors. The Western
Eyasi Basin, Manyara Basin and Natron Basin are interpreted to have maximum basement depths (from
aeromagnetic data) in the range 2.9 to 3.5 km; minimum depths (from gravity) are 1.4 and 1.6 km for the
Manyara and Natron Basins, but deeper for the West Eyasi Basin at 2.5 km. These various basins are
considered potentially prospective. The Eastern Eyasi Basin is interpreted to be shallower from the
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aeromagnetic data, with a depth range of 1.1km to a maximum of 2km, and is less prospective. This
difference with the West Eyasi Basin would not be expected from the surface topography, as the rift
escarpment is much more subdued in the West Eyasi area. Given the half graben geometry, these maximum
depths are likely to relate to areas close to the bounding fault; in each case the basin thins progressively
updip.
Where successful elsewhere in Uganda and locally in Kenya, the EARS play relies on Neogene sediment fill.
Although the deeper geology in the basins of the Eyasis licence are concealed by Recent sediments, local
outcrop of Plio-Pleistocene -aged strata provides encouragement that a material proportion of the sediment
thicknesses implied by the basin depths should be a Neogene fill.
The overall basin depths are interpreted to be relatively modest. Nevertheless, if higher heat flows are
present, such as seen from within the Kenyan rift, source rocks may still achieve maturity at such depths.
Given a Neogene fill, the fluvio-lacustrine facies seen locally suggests that reservoir rocks are likely to be
present in the rift basins in the Eyasi licence, although the abundant volcanicity in the area is likely to lead to
reservoir degradation in areas. There is a reasonable chance of source rocks also being present, although in
the rift system in Uganda the failure of exploration north and south of the main Lake Albert pools may imply
that source facies are not ubiquitous in this play. The estimated maximum basin depths of the various
component basins are relatively modest but could have the potential to provide adequate level of maturity,
especially if heat flows are raised. The ability to charge the reservoirs is unknown but given hydrocarbon
generation is expected to have a realistic chance of working.
The Neogene EARS play has proven very successful in the Lake Albert area of the Albertine Graben in
Uganda, and this provides encouragement for the Eyasi Neogene. However, each rift or portion of rift within
the EARS is a discrete entity and it is not known whether the analogous EARS play in the Eyasi PSC will prove
to be successful.
The rift basins of the Eyasi licence thus have the potential to be prospective for petroleum.
The Eyasi licence also contains areas outside of the rift system, such as the uplifted footwall flanks of the
rifts, and surrounding terrain, which will not contain significant sediment thickness and are thus
unprospective. The main volcanic centres are also unprospective. In particular, the area of the Crater
Highlands, including the Ngorongoro Crater and surrounding volcanic terrane is not prospective.

5.5.

FORTHCOMING WORK PRO GRAMME

The first year of the initial exploration period contains the following geoscience activities:
1.
Acquire high-resolution airborne gravity and/or magnetic data, approximately 19,000 line kilometres
of integrated gravity and magnetic surveys (US$ 450,000)
2.
Conduct regional ASTER satellite and photogeology work including surrounding areas (US$ 50,000);
AND Undertake surface geochemical sampling using GoreTEX technology for a minimum of 50 surface
samples over the block coupled with surface geological mapping (US$ 70,000)
3.

Purchase and evaluate all legacy gravity and magnetic data $50,000

RISC considers these activities to be appropriate to the frontier nature of the exploration of the Eyasi licence.
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6.
6.1.

SUMMARY OF PROSPECTIVITY
OVERVIEW

Swala Oil & Gas (Tanzania) Ltd (SOGTL) has interests in three onshore licences in Tanzania (Pangani, KilosaKilombero and Eyasi), all covering portions of the East African Rift System (EARS). The acreage is frontier
territory; there are no wells and minimal seismic data. The Kilosa-kilombero licence is clearly prospective;
the Pangani licence is somewhat less so, as shallow basement (<500m) is likely generally across the block but
there may be local deep areas and there is a high case possibility of volcanics concealing a deeper basement
response. The recently acquired Eyasi licence covers a wide-ranging territory covering the Natron, Eyasi and
Manyara rift basins which are prospective, although of probable modest depth. The Eyasi licence also covers
a significant portion of volcanic terrane, including the Ngorongoro Crater, which is not prospective.
Support for this view of prospectivity comes directly from the discovery of significant commercial volumes of
oil in the rift play in the last eight years in the Albertine Graben (Lake Albert area), which has demonstrated
pools with recoverable volumes in the range <20 – 300 MMstb. In addition, a recent oil discovery in the
Lokichar Basin in Kenya gives encouragement. Although at this early stage prospective resources cannot yet
be defined within the East African Projects, such discoveries provide appropriate analogues. Nevertheless,
it should be noted that each rift or portion of rift within the EARS is a discrete entity, with its own petroleum
systems that may or may not be analogous to the Lake Albert area or the Lokichar Basin.
The existing data comprise legacy data consisting of geological mapping, digital terrain, satellite and some
ground gravity data, aeromagnetic data, and academic publications analysing the area, together with
important new magnetic and gravity data for Pangani and Kilombero-Kilosa. Data for the Eyasi licence are
currently restricted to published academic publications. These various data have been reviewed by RISC.
The key play is the Neogene fill of the rift system, but this has not yet been proven to be present anywhere
within the East African Projects, as there is a covering of Recent alluvial deposits in each rift. SOGTL has
nevertheless used the data to good effect to provide a realistic assessment of the Neogene prospectivity of
their acreage. In the area considered by RISC to be the most prospective, aeromagnetic data suggests
maximum depths to basement in the Kilosa-Kilombero rift of up to 7 km or more. Assuming the presence of
the Neogene fill, fluvio-deltaic reservoir facies are very likely to be present, given the eroding adjacent
basement blocks. The presence of source rocks is less certain, although rich lacustrine source can be
present. The lack of success to the north and south of the Lake Albert pools may imply that source facies are
not ubiquitous.
The Karoo, which is proposed as a secondary play for portions of the rifts in the Kilosa-Kilombero Block, is
considered by RISC to be less prospective than the EARS play. Although reservoir presence is very likely,
effectiveness is unknown. There are indications that source facies may be present, but timing and potential
charging are not known. More significantly, to RISC’s knowledge the Karoo has not yet provided a
commercial conventional hydrocarbon discovery across southern and eastern Africa, although it does offer
unconventional hydrocarbon potential elsewhere. At present, the Karoo is considered to be a high risk
upside play.
In summary, SOGTL’s assets are considered prospective, albeit all with the significant uncertainty of the
presence of the syn-rift fill, and with varying chance of success

6.2.

CHANCES OF SUCCESS

The EARS play is proven regionally, primarily in the Lake Albert area, but also the Lokichar Rift. Tullow Oil
achieved a very high success rate locally at Lake Albert, in the order of 75% for exploration wells94. Although
this provides considerable encouragement, the nature of the EARS is that each rift or portion of rift is a
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ITSR on Swala Oil & Gas (Tanzania) Ltd (SOGTL) Petroleum Exploration Assets
1 August 2013
Page 90

discrete entity, with its own petroleum systems that may or may not be entirely analogous to Lake Albert.
Exploration to the south of the Lake Albert area has not, for example, mirrored the success further north.
Each of the blocks comprising the East African Projects are frontier acreage with no wells, no or minimal
seismic and considerable uncertainty on the presence of the key syn-rift Neogene section that is proven in
Lake Albert. Nevertheless, the Lake Albert example suggests that where the play works, it works very well.
Given the early stage in exploration, it is not possible to determine conventional prospect risks.
Nevertheless, we can provide a view on play risks. These are detailed in Table 6-1. The play as a whole is
proven – but as discussed each rift can be addressed separately. The play chances we have defined
represent the play working somewhere within the rift. The issue is simplified as each of the blocks
comprising the East African Projects effectively covers the whole of each rift.
The play chance is combination of four factors: the chance of a material syn-rift Neogene section being
present, an adequately mature and rich source rock capable of delivering charge to Neogene reservoirs – we
have nominally assumed oil as the phase, the presence and effectiveness of the reservoir rock (i.e. the
chance of it being present and commercially producible), and the presence and effectiveness of regional
seals. These factors are multiplied together to give the overall play chance for the block. 11% for Pangani,
22% for Kilosa-Kilombero and 16% for Eyasi. The lower chance of success in Pangani is due to the most-likely
interpretation of the recent magnetic and gravity data of shallow basement, with a high risk on the presence
of a significant Neogene rift fill. The chance of success in Eyasi suffers due to potential volcanic presence
degrading the reservoir effectiveness. These chances of success are relatively low but appropriate to the
undrilled, frontier nature of the East African Projects. RISC considers that the level and incremental nature of
the SOGTL’s exploration effort is commensurate with these chances of success.
On the subsequent acquisition of seismic data, and the mapping of prospects, these figures would then be
combined with prospect-specific risks (predominantly trap definition and fault seal) to give an overall
prospect chance of success. The Lake Albert story suggests that if and when an initial discovery were to be
made, subsequent prospects could have a high chance of success.

Play Chance Factors
Block/Licence

Chance of
material synrift section

Source Rock

Reservoir

Seal

Richness and
Maturity

Presence and
Effectiveness

Presence and
Effectiveness

Overall Play
Chance for
Block

Tanzania Pangani

0.4

0.65

0.65

0.65

0.11

Tanzania Kilosa-Kilombero

0.8

0.65

0.65

0.65

0.22

Tanzania Eyasi

0.7

0.65

0.55

0.65

0.16

Table 6-1 Play chances of success for SOGTL blocks
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7.
7.1.

SWALA EXPLORATION STRATEGY AND FORWARD PLAN
STRATEGY

Swala Energy Ltd (the parent company) was originally established in the BVI in September 2010 to pursue
petroleum exploration in Sub-Saharan Africa. To this end, Swala opened offices in Kenya, Tanzania and
Zambia. On 29 July 2011, Swala founded Swala Oil & Gas (Tanzania) Ltd (SOGTL) for the specific purpose of
building the company’s asset base in Tanzania. The East African Projects demonstrate the advances so far in
their objective. RISC understands that the parent company and SOGTL intend to continue to focus on the
plays offered by the Eastern Branch of the East African Rift System. This approach takes as its cue the
considerable success that Tullow Oil has achieved in the Lake Albert area in Uganda in the Western Branch,
with additional encouragement from Tullow’s recent success in Kenya in the Lokichar Basin within the
Eastern Branch.
The East African Projects cover portions of the East African Rift which appear to be broadly analogous to the
rifts with exploration successes in the region, and as such RISC fully supports the East African Projects. The
uncertainty over whether these analogies are appropriate are reflected in a play risk, and quantified as a
specific chance of success of the play working somewhere within each area of the East African Projects. Each
of Swala BVI’s blocks is nevertheless considered prospective, albeit all with the significant uncertainty of the
presence of the syn-rift fill.
The strategy adopted by SOGTL to reduce where possible the inherent risks includes incremental acquisition
of additional data, and fieldwork and is supported by RISC, although proof in each case is only likely to be
gained through drilling.
SOGTL recognises these uncertainties and risks, and have negotiated licence structures that will allow early
withdrawal should the risks remain too high to continue exploration. Such early exit points are the first time
that these have been negotiated for petroleum licences in this area.
This ITSR is intended to be provided for inclusion in the Prospectus. Section 3.12 of the Prospectus sets out
the proposed activities that SOGTL intends to undertake on the East African Projects in Tanzania over the
next two years and section 5.7 of the Prospectus includes reference to the minimum expenditure
commitments of SOGTL in respect of the East African Projects. RISC has not made an assessment of the
costs of the stated work programmes, but considers that the activities (primarily acquisition of seismic data,
and geochemical sampling/geological mapping for Contract Year 2; plus seismic for Pangani and KilosaKilombero,; and acquisition of gravity/magnetic data for the recently awarded Eyasi) to be appropriate and
reasonable, and are considered to be a technically sound approach to exploration for oil and gas within the
East African Projects.

7.2.

NEAR TERM NEW VENTURES

SOGTL is actively engaged on an acquisition strategy which will augment their existing portfolio with further
blocks in Tanzania. A number of targets are currently being pursued.
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8.

LIST OF TERMS

The following lists, along with a brief definition, abbreviated terms that are commonly used in the oil and gas
industry and which may be used in this report.
Abbreviation

Definition

1P

Equivalent to Proved reserves or Proved in-place quantities, depending on the
context.

1Q

1st Quarter

2P

The sum of Proved and Probable reserves or in-place quantities, depending on
the context.

2Q

2nd Quarter

2D

Two Dimensional

3D

Three Dimensional

4D

Four Dimensional – time lapsed 3D in relation to seismic

3P

The sum of Proved, Probable and Possible Reserves or in-place quantities,
depending on the context.

3Q

3rd Quarter

4Q

4th Quarter

AFE

Authority for Expenditure

Bbl

US Barrel

BBL/D

US Barrels per day

BCF

Billion (109) cubic feet

BCM

Billion (109) cubic meters

BFPD

Barrels of fluid per day

BOPD

Barrels of oil per day

BTU

British Thermal Units

BOEPD

US barrels of oil equivalent per day

BWPD

Barrels of water per day

°C

Degrees Celsius
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Abbreviation

Definition

Capex

Capital expenditure

CAPM

Capital asset pricing model

CGR

Condensate Gas Ratio – usually expressed as bbl/MMscf

Contingent Resources

Those quantities of petroleum estimated, as of a given date, to be potentially
recoverable from known accumulations by application of development projects
but which are not currently considered to be commercially recoverable due to
one or more contingencies. Contingent Resources are a class of discovered
recoverable resources as defined in the SPE-PRMS.

CO2

Carbon dioxide

CP

Centipoise (measure of viscosity)

CPI

Consumer Price Index

DEG

Degrees

DHI

Direct hydrocarbon indicator

Discount Rate

The interest rate used to discount future cash flows into a dollars of a reference
date

DST

Drill stem test

E&P

Exploration and Production

EG

Gas expansion factor. Gas volume at standard (surface) conditions / gas volume
at reservoir conditions (pressure & temperature)

EIA

US Energy Information Administration

EMV

Expected Monetary Value

EOR

Enhanced Oil Recovery

ESP

Electric submersible pump

EUR

Economic ultimate recovery

Expectation

The mean of a probability distribution

F

Degrees Fahrenheit

FDP

Field Development Plan

FEED

Front End Engineering and design
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Abbreviation

Definition

FID

Final investment decision

FM

Formation

FPSO

Floating Production Storage and offtake unit

FWL

Free Water Level

FVF

Formation volume factor

GIIP

Gas Initially In Place

GJ

Giga (109) joules

GOC

Gas-oil contact

GOR

Gas oil ratio

GRV

Gross rock volume

GSA

Gas sales agreement

GTL

Gas To Liquid(s)

GWC

Gas water contact

H2S

Hydrogen sulphide

HHV

Higher heating value

ID

Internal diameter

IRR

Internal Rate of Return is the discount rate that results in the NPV being equal to
zero.

JV(P)

Joint Venture (Partners)

Kh

Horizontal permeability

km2

Square kilometres

Krw

Relative permeability to water

Kv

Vertical permeability

kPa

Kilo (thousand) Pascals (measurement of pressure)

Mstb/d

Thousand Stock tank barrels per day
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Abbreviation

Definition

LIBOR

London inter-bank offered rate

LNG

Liquefied Natural Gas

LTBR

Long-Term Bond Rate

m

Metres

MDT

Modular dynamic (formation) tester

mD

Millidarcies (permeability)

MJ

Mega (106) Joules

MMbbl

Million US barrels

MMscf(d)

Million standard cubic feet (per day)

MMstb

Million US stock tank barrels

MOD

Money of the Day (nominal dollars) as opposed to money in real terms

MOU

Memorandum of Understanding

Mscf

Thousand standard cubic feet

Mstb

Thousand US stock tank barrels

MPa

Mega (106) pascal (measurement of pressure)

mss

Metres subsea

MSV

Mean Success Volume

mTVDss

Metres true vertical depth subsea

MW

Megawatt

NPV

Net Present Value (of a series of cash flows)

NTG

Net to Gross (ratio)

ODT

Oil down to

OGIP

Original Gas In Place

OOIP

Original Oil in Place

Opex

Operating expenditure
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Abbreviation

Definition

OWC

Oil-water contact

P90, P50, P10

90%, 50% & 10% probabilities respectively that the stated quantities will be
equalled or exceeded. The P90, P50 and P10 quantities correspond to the
Proved (1P), Proved + Probable (2P) and Proved + Probable + Possible (3P)
confidence levels respectively.

PBU

Pressure build-up

PJ

Peta (1015) Joules

POS

Probability of Success

Possible Reserves

As defined in the SPE-PRMS, an incremental category of estimated recoverable
volumes associated with a defined degree of uncertainty. Possible Reserves are
those additional reserves which analysis of geoscience and engineering data
suggest are less likely to be recoverable than Probable Reserves. The total
quantities ultimately recovered from the project have a low probability to
exceed the sum of Proved plus Probable plus Possible (3P) which is equivalent to
the high estimate scenario. When probabilistic methods are used, there should
be at least a 10% probability that the actual quantities recovered will equal or
exceed the 3P estimate.

Probable Reserves

As defined in the SPE-PRMS, an incremental category of estimated recoverable
volumes associated with a defined degree of uncertainty. Probable Reserves are
those additional Reserves that are less likely to be recovered than Proved
Reserves but more certain to be recovered than Possible Reserves. It is equally
likely that actual remaining quantities recovered will be greater than or less than
the sum of the estimated Proved plus Probable Reserves (2P). In this context,
when probabilistic methods are used, there should be at least a 50% probability
that the actual quantities recovered will equal or exceed the 2P estimate.

Prospective Resources

Those quantities of petroleum which are estimated, as of a given date, to be
potentially recoverable from undiscovered accumulations as defined in the SPEPRMS.

Proved Reserves

As defined in the SPE-PRMS, an incremental category of estimated recoverable
volumes associated with a defined degree of uncertainty Proved Reserves are
those quantities of petroleum, which by analysis of geoscience and engineering
data, can be estimated with reasonable certainty to be commercially
recoverable, from a given date forward, from known reservoirs and under
defined economic conditions, operating methods, and government regulations.
If deterministic methods are used, the term reasonable certainty is intended to
express a high degree of confidence that the quantities will be recovered. If
probabilistic methods are used, there should be at least a 90% probability that
the quantities actually recovered will equal or exceed the estimate. Often
referred to as 1P, also as “Proven”.
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Abbreviation

Definition

PSC

Production Sharing Contract

PSDM

Pre-stack depth migration

PSTM

Pre-stack time migration

psia

Pounds per square inch pressure absolute

p.u.

Porosity unit e.g. porosity of 20% +/- 2 p.u. equals a porosity range of 18% to
22%

PVT

Pressure, volume & temperature

QA/QC

Quality Assurance/ Control

rb/stb

Reservoir barrels per stock tank barrel under standard conditions

RFT

Repeat Formation Test

Real Terms (RT)

Real Terms (in the reference date dollars) as opposed to Nominal Terms of
Money of the Day

Reserves

RESERVES are those quantities of petroleum anticipated to be commercially
recoverable by application of development projects to known accumulations
from a given date forward under defined conditions. Reserves must further
satisfy four criteria: they must be discovered, recoverable, commercial, and
remaining (as of the evaluation date) based on the development project(s)
applied. Reserves are further categorised in accordance with the level of
certainty associated with the estimates and may be sub-classified based on
project maturity and/or characterized by development and production status.

RT

Measured from Rotary Table or Real Terms, depending on context

SC

Service Contract

scf

Standard cubic feet (measured at 60 degrees F and 14.7 psia)

Sg

Gas saturation

Sgr

Residual gas saturation

SRD

Seismic reference datum lake level

SPE

Society of Petroleum Engineers

SPE-PRMS

Petroleum Resources Management System, approved by the Board of the SPE
March 2007 and endorsed by the Boards of Society of Petroleum Engineers,
American Association of Petroleum Geologists, World Petroleum Council and
Society of Petroleum Evaluation Engineers.
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Abbreviation

Definition

s.u.

Fluid saturation unit. e.g. saturation of 80% +/- 10 s.u. equals a saturation range
of 70% to 90%

stb

Stock tank barrels

STOIIP

Stock Tank Oil Initially In Place

Sw

Water saturation

TCM

Technical committee meeting

Tcf

Trillion (1012) cubic feet

TJ

Tera (1012) Joules

TLP

Tension Leg Platform

TRSSV

Tubing retrievable subsurface safety valve

TVD

True vertical depth

US$

United States dollar

US$ million

Million United States dollars

WACC

Weighted average cost of capital

WHFP

Well Head Flowing Pressure

Working interest

A company’s equity interest in a project before reduction for royalties or
production share owed to others under the applicable fiscal terms.

WPC

World Petroleum Council

WTI

West Texas Intermediate Crude Oil
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