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Abstract

The Passive continental margin basins, the Orange Basin, offshore of the southwestern coast of South Africa is South Africa’s
largest offshore basin covering an aerial extend of 130 00km?. This sedimentary basin is relatively under explored, with only 39
wells drilled up to date. The under explored nature of the basin coupled with proven Hydrocarbon (HC) plays, the Kudu and
Ibubeshi gas fields, makes it a good platform for frontier HC exploration.

The current study focuses on the southern part of exploration blocks 3B/4B within the Orange Basin. It encompasses a basin
analysis study by integrating 40 seismic lines, petrophysical logs and chemical data from 6 wells to model basin evolution and
evaluating the source potential of the area to generate HC.

The seismic interpretation was done on the Cretaceous (post-rift) succession that commenced from the 6Atl sequences boundary,
excluding the basement and syn-rift intervals. In total, nine sequence boundaries were mapped, seven within the Cretaceous and two
Tertiary based on the stratigraphic framework of Brown et al. (1995) and Weigelt and Unzelmann-Neben (2003). Well correlation
across the six wells identified 3 possible source rocks: 1) Lower Aptian, 2) Upper Aptian and 3) Cenomanian.

The source rocks were modeled with varying heat flow histories to assess source rock maturation and HC proliferation within the
basin. The first model assumes exponential heat flow decay, with a heat flow of 80W/m? at the onset of rifting that decays to
55W/m” at present day. The second model takes a constant heat flow of 55W/m? in consideration over the whole evolution of the
basin.
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1. Ihtroduction

The Orange Basin is a divergent passive margin basin, that
developed during the Late Jurassic-Early Cretaceous and is
South Africa's largest offshore basin covering an area of
130,000 km? out to the 200m isobath. The large areal extent of
the Orange Basin, extending from the shelf to the ultra-deep
marine, makes it a relatively under explored basin with only 39
wells drilled to date, which equates to = 1 well drilled per
400km*. The sparse data set of the Orange Basin with the
majority of wells drilled on the shelf and widely spaced seismic
data grid in the ultra-deep marine region coupled with proven
hydrocarbon plays evidenced by the Kudu and Ibhubesi gas
fields, makes the Orange Basin a good platform for frontier
hydrocarbon exploration.

The area of study is situated in the southern part of exploration
blocks 3B\4B of the South African offshore acreage within the
Orange Basin (see Figure 1 (b)). The study encompasses a
basin analysis study that integrates 40 seismic lines,
petrophysical and chemical data (Figure 5) from 6 wells to
model basin evolution and evaluate source rock potential within
the southern Orange Basin.

The seismic interpretation, using Schlumberger's Petrel, was
done on the Cretaceous sedimentary succession that
commences at the 6At1 Hauterivian sequence boundary to
present day; the study excludes the basement and syn-rift
Intervals. Three source rock intervals were identified, but for the
scope of the poster only two of the source units will be
discussed. Source rock modeling, using IES PetroMod, was
done using 2 models of varying heat flow histories. The first
model assumes a constant heat flow of 55 mW/m® at the onset
of rifting through to the present day and the second assumes an
exponential decaying heat flow of 80mW/m? at the onset of
rifting decaying to a present day heat flow of +55mW/m”.

The study at hand forms part of a bigger umbrella project, the
Inkaba Ye Africa research initiative, and aims to contribute
toward the research objectives of the South Atlantic Gas
System (SAGS), a subsidiary research project of Inkaba Ye
Africa, by modeling basin evolution of the Orange Basin and
consequent source rock maturation.
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FIGURE 1
(a) The study area with the Orange Basin offshore the
southwest coast of South Africa. The study area is bounded to
the west and east by geographical coordinates (longitude)
15°Eand 18°E and (latitude) 31°S and 33°S.
(b) Gives a detailed outline of the study area, showing well
position and seismic line orientation within the basin.

FIGURE 5
Outline of the data used in the study
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2. Aims/Objectives

The objective of the study is to generate deterministic basin
analysis models, using available physical and chemical data
for the Orange Basin to model basin evolution and assess
the source rock, to qualitively estimate the hydrocarbon
proliferacy of the Orange Basin.

The following approach was employed:

Construction of a Geological Basin Model.

Construction of a geological evolution of the Orange Basin
through time to serve as a conceptual input model for
petroleum system modeling, by integrating seismic data and
petrophysics.

Construction of a Petroleum System Model.

Generation of a Petroleum system model to allow the
assessment of hydrocarbon generation potential of source
rocks (richness of the source rocks) and the migration and
accumulation of hydrocarbons.

FIGURE 2

lllustration of a generalized composite stratigraphic cross-section through the Orange Basin as proposed by
Jungslager (1999), detailing the petroleum systems of the Orange Basin (Petroleum Agency SA, 2008).

FIGURE 3

An illustration of the impending break-up West Gondwana into the South American and African continental plates. (a)
Gondwana in the late Paleozoic-early Mesozoic (pre-rift). (b) An lllustration showing the fragmentation of West Gondwana into
the South American and African continental plate, Upper Leftimage date as 165 Ma (Mid Jurassic) and lower right image dates
65 Ma ( Early Cenozoic) (Figure 3 modified after de Wit and Ransome (1992) and Sclateretal (1977))

3. (zeologiCal Setting’

South Africa's western continental margin as described by many involves a
passive divergent margin that developed due to the break-up of West Gondwana
into the South American and African continental plates during the Late Jurassic-
Early Cretaceous (Broad et al, 2006). The resulting continental fragmentation
gave rise to the Orange Basin, with present day surface expression stretching
between the Kudu Arch (northern boundary) and the Columbine-Agulhas Arch
(southern boundary), as illustrated by the isopach map in Figure 9 (Ala and
Selley, 1997).

Sediments of the Orange Basin were sourced by the westward flowing Orange
and Olifants river systems and accumulated as a post-rift sediment thickness of
over 7000 meters in some places, consisting of both terrestrial and marine
sediments dated as old as the Hauterivian (Junslager, 1999). These sediments
are underlain by a rifted basement consisting of Karoo-age sediments, granite,
acid lavas, phyllites and gneisses (Petroleum Agency, 2008).

The underlying rifted basement generally displays isolated north-south trending
grabens and half-grabens parallel to the present day shoreline. These grabens
are filled with continental sediments interbedded with volcanics east of the
medial hinge shorewards. There is a large syn-rift wedge characterised by
seaward dipping reflectors west of the medial hinge and landward dipping
reflectors off the marginal ridge ( see Figure 2) (Jungslager, 1999).

The basement is overlain by northward thickening Cretaceous sedimentary
succession that has a lower transitional syn-rift sedimentary package,
Barremian-Aptian aged, consisting of alternating fluvial and marine rocks
followed by a fully developed drift succession consisting of prograding clastics,
characterised by a lack of structure on the shelf (van der Spuy, 2003).

Three source rocks occur in the Cretaceous Sediment package a regionally
developed syn-rift source rock of Hauterivian age,a Barremian-Aptain source
rock and a Cenomanian-Turonian source rock that are directly related to the
major stages of basin evolution with in the Orange Basin(see Figure 4)
(Jungslager, 1997 and van der Spuy, 2003).

FIGURE 4
Generalized chronostratigraphy of the Orange Basin as per

Brown etal (1997).
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