





to a regional guide, to improve regional consistency in the
velocity field, by creating a final seamless product through the
11,500 km?, and an excellent level of detail at all well locations.
Well tie and anisotropic corrections were performed during the
tomographic iterations. The final test of the velocity model
showed values of depth mistie at no more than 1-2% at the
Madiela carbonate and the base salt (Figure 2).

Kirchhoff PSDM and Reverse Time Migration (RTM) algo-
rithms have been tested with the final velocity field. The two
algorithms provided complementary depth images. The Kirchhoff
PSDM boosted the level of detail in the salt and post-salt
intervals, already enhanced during the broadband processing,
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while the RTM, band limited at 30Hz, was set to target the pre-
salt image, resulting in an unprecedented good S/N ratio with
continuous and consistent horizons, increasing confidence in the
generation of syn-rift prospects.

De-risking syn-rift targets and prospects

In 1981, an extraordinary well was drilled by Total in this area:
the well Muruba Marine -2 (MURM -2). Although only oil shows
were present in the Gamba (at which level we see now that there
is no closure), this well flowed oil at a good rate from an intra-
syn-rift reservoir (Figures 4B and 5). Yet, even 3D data acquired
20 years after this discovery shed little light on the size of the

shallow deei

Figure 4 A) Arbitrary line depth section a-a’, extracted
from the 3D RTM Volume showing the structure tested
by the wells Muruba -1 and Muruba -2. B) Depth map

generated at the discovery targets in the well Muruba
-2 (Dentale Fm.).

Figure 5 Seismic profile extracted from the 3D RTM volume showing the Muruba Structure/Prospect in its strike direction. The section is named b-b" and located in Figure 4B.
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named c-¢” and located in Figure 7.

accumulation, the structure that was drilled, or organization and
architecture of the intra-syn-rift play. A previous well, drilled on
the same structure/prospect (MURM -1), targeted the Gamba and
upper Dentale syn-rift, but only found oil shows. (Figure 5).

At the time of these wells only 2D seismic data was available,
but now the new 3D seismic data opens to a post-drilling analysis
and a re-evaluation of the Muruba structure as a learning case

Pre-salt Structural Closure

Dentale/Melania Fms.

Shallow

2Km
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Figure 7 Structural closures mapped at target interpreted in the section c-c™ of
Figure 6.
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for the syn-rift targets. The structural closure is formed by a
hanging wall anticline developed by a major extensional fault.
The closure is provided by the flanks of the anticline and the fault
plane, which act as seal for both the north-eastern flank and the
structural culmination (Figures 4A and 4B).

The fault in the Muruba Structure is clearly syn-depositional;
the growth is continuous at the Melania and Dentale intervals
making it difficult to correlate the stratigraphy from the hanging
wall to the footwall. Both the syn-rift and the fault plane are
truncated at the base-salt, which form an abrupt transition from
the syn- to the post- rift sequences. The syn-rift is formed of
interbedded shales and sands, laterally continuous with both seal
and reservoir properties, and porosity up to 19%, which identify
several potential hydrocarbon pays or targets.

Seismic mapping at the targets of the wells suggest that both
Muruba -1 and Muruba -2 are correctly located on the closure,
and both intercept good pay zones (Figures 4A and 5). However,
the fault growth has created different relationships between the
closures and the truncation at the Gamba level. The shallower
target in Muruba -1 is truncated too close to the structural
culmination. Muruba -2 reached a pay zone approximately 400 m
deeper, truncated farther to the north, widely outside the structural
closure, which remained safely sealed (Figures 4A and 4B).

Analysis of the new 3D data illustrates that several wells
have targeted the Dentale reflectors truncated by the top syn-rift
unconformity and the Gamba Sands. Although several discov-
eries have pay-zones vertically stacked from the syn-rift to the
Gamba Sands, they are within the closure of the base salt or
Vembo seal. Muruba does not have this relationship, and all other
wells drilled in the area TD below testing are a true closure at
Muruba pay equivalent level.
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Figure 8 Seismic section extracted from the Final 3D Kirchhoff PSDM Volume, showing several carbonate sequences within the Lower and Upper Madiela Carbonate.

The level of structural detail of the new 3D data has improved
dramatically on any previous data. The scale of the 3D data is
semi-regional, such that fault planes can be tracked in low and
high angle portions and the presence of regional mobile shales
seems no longer necessary or plausible (Esestime et al., 2018).

Similarly to Muruba, a number of structures are now imaged
with an antiformal shape, with steeper flanks along a portion of
a controlling low-angle fault plane. However, the geometry does
not match the classic model of a listric extensional fault, as a pref-
erential level of detachment is not present. Fault planes combine
both low-angle and high-angle sections, suggesting the presence
of oblique kinematic energy during the tectonic extension. The
fault ramp steps controlled dips and stratigraphic discordance in
the syn-rift, creating a variety of prospects types, including tilted
fault blocks and rollover anticlines (Figure 3).

Several targets can be identified within the fault growth,
eventually confined to a single fault segment. A majority of
those can be taken in the shallow subsalt section, although not
in contact with the unconformity at the top of the syn-rift, in
order to derisk seal presence at its culmination. As an example,
the structure in Figure 6 has a clear culmination which cannot
be identified at the base salt or Vembo Fm. This preliminary
seismic interpretation generated two closures of approximately
200-300 km? (Figure 7). This target was picked only on adjacent
hanging wall basins, and the resulting structures show trends
oriented N-S and NW-SE, similar to other tectonic lincaments
observed from the onshore geology and indicated by the trends
of the hydrocarbon discoveries and fields.

Post-salt prospectivity
Numerous levels of structural closures can be mapped within
several Madiela Fm. carbonate sequences. Tens of structural
closures have been identified; at the Top Madiela only, these may
extend up to 50-100 km? (Figure 8).

More prospects can be generated within the carbonate
sequences. These are formed during several phases of salt

Hydrocarb. migration windows
(Base Salt Weld)

Salt Thickness
0-30m
30-60m
60-100m

>100m

Figure 9 Salt thickness map showing potential windows for hydrocarbon migration
from the pre-salt section into the post-salt traps.

withdrawal, which were mainly active during the Albian age
and gradually less from the Cenomanian and the Turonian.
The growth of the carbonate platform was controlled from
both the passive margin subsidence and the local subsidence
from loading on to the Ezanga Salt layer (Peel, 2014). The
local accommodation space was created through subsidence
and rotation of the carbonate rafts, until they ground, creating
thin welds and subsequent gravity-driven extension, leading to
a turtle structure formation. Eventually, regional subsidence
moved inboard the pelagic facies, with gradually back-stepping
of the carbonate margins, gradually replaced by Late Cretaceous
and Tertiary clastic, which created an additional play system
particularly in the north.

The presence of multiple reservoir and seal units in
the Madiela carbonate may form self-contained hydrocarbon
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systems. There have been many post-salt oil shows within the
Gabon South 3D area (Figure 1), and although potential high-
TOC shale units have been identified in the post-salt sequences
they are often not regionally extensive or mature for hydrocar-
bon generation. The primary regional source rocks are identified
in the pre-salt sequence in the Melania and Kissenda Fms.

Migration path through the syn-rift into the post-salt units
may represent an element of risk for the Madiela prospectivity.
The hydrocarbons have to cross two main barriers, the Vembo
Shale and the Ezanga Evaporites. Both these have highly variable
thickness and lithofacies, which may affect their sealing capacity.
In particular, we note well penetrations where salt has withdrawn
to less than 12 m, and also that the Vembo Fm. may include layers
of carbonate and dolomites that may have affected seal capacity
(Figure 9).

Salt windows in proximity to the closures, identified within
Madiela Carbonate, may help to derisk the charge of those
prospects. Salt thickness below 30 m is difficult to resolve
in seismic data, and appear as welds between the pre- and
post- rift. Guardado et al. (2000) and Rowan (2004) discussed
the possibility for these salt welds to be migration windows to
transfer the hydrocarbons from the pre- to the post- salt units.
The salt isopach shows numerous potential migration windows,
widely distributed, those having salt 10 to 60-m thick account
for approximately 15-20% of the survey area, and 20-30%
where the salt thickness exceeds 100 m (Figure 9).

Conclusion
The new 3D data is revealing a new level of prospectivity in the
shallow water of Gabon, which is expected to be mostly oil-bear-
ing. Syn-rift prospects are material, well imaged and target a play
that has been proven in Congo, and with the Muruba wells, by
historical drilling, but just could not be pursued with older data.
Previous exploration is being re-evaluated to generate a
completely new set of hydrocarbon prospects in the syn- and
the post-rift by recognizing that it was not the absence of pro-
spectivity, but the absence of good imaging that was implying
that the area was “mature” for exploration. Indeed, this is a
successful strategy when exploring apparently mature basins,
such as the North Sea or the Gulf of Mexico.
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By applying leading-edge planning, acquisition and process-
ing of 3D seismic data we have an evolved technology to image
new plays and unlock new creaming curves. As Marcel Proust
puts it: ‘The real voyage of discovery consists of not in seeking
new landscapes but in having new eyes.’
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