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Abstract

Common stratigraphic-trap reservoirs in the Gulf
of Mexico and along the margins of the Atlantic are
found within channelized (e.g., Tahoe) or basin margin
settings (e.g., Auger, Mars). These are frequently within
small, structurally controlled and topographically com-
plex “fill and spill” minibasins; most often in salt-
provinces. High net/gross channel and lower net/gross
basin-margin environments occur concurrently in most
basins and deciphering the lateral and distal relation-
ships between these environments may be key to
understanding reservoir connectivity.

The Grand Coyer remnant (Grés d’ Annot, south-
east France) demonstrates lateral and distal facies
changes in a confined basin with complex paleotopog-

raphy. Within the basin a relatively thin-bedded unit,
the Marnes Brunes Inférieures, is interpreted as a distal
and lateral equivalent of the thick-bedded and channel-
ized Grés d’Annot (Stanbrook and Clark, 2004). The
Marnes Brunes Inférieures represents deposition away
from the main axis of flow which is represented by the
Gres d’ Annot.

The finer grained facies of the Marnes Brunes
Inférieures is shown to pre-date as well as to intercalate
with the higher net/gross sections the Grés d’Annot in
both a lateral and distal sense. Also the bedding of the
Marnes Brunes Inférieures is shown to onlap the under-
lying paleotopography, with higher net/gross Gres
d’Annot, in turn, onlapping the Marnes Brunes

Answering the Challenges of Production from DW Reservoirs: Analogues and Case Histories to Aid a New Generation 1)


mailto:dast@maerskoil.com

Inférieures; these bedding discordances are often asso-
ciated with slumping. The intercalation and bedding-
discordance has implications for hydrocarbon charge,

Introduction

Topographically confined turbidite systems are
important sources of petroleum production, especially
in the Gulf of Mexico (Prather et al., 1998; Weimer et
al., 1998) and the West African margin (Armentrout et
al., 2000). The distribution of producible turbidite res-
ervoir facies is strongly dependant on the flow
interaction of turbidity currents with the underlying
basin-floor and slope topography and leads to complex
sand distribution patterns (e.g., Kneller, 1995; Amy et

Geological setting

The Grand Coyer subbasin is one of a series of
outliers in the Grés d’Annot turbidite system (Fig. 1)
exposed as numerous remnants as a result of the Ter-
tiary Alpine foreland basin that developed in response
to loading in front of the southwest-directed Alpine
fold-belt (Apps, 1987). During the Eocene-Oligocene,
the Alpine foreland basin was ~160 km long, ~80 km
wide and orientated approximately northwest-south-
east. The early Eocene basin-fill consists of a deepening
succession of carbonates; firstly the shallow water Cal-
caires Nummulitiques Formation, a macro-scale
foraminiferal death-assemblage forming a system-wide
marker horizon, followed by deeper-water paleo-slope
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seal and distal connectivity in a lateral sense. Multiple
examples of, and the relationships between, these facies
are shown.

al., 2004). Even high quality, 3D seismic data may not
have sufficient resolution to identify stratigraphic traps
in these environments, especially if associated with salt
diapirism which can obscure seismic signals (e.g.,
Prather et al, 1998). Resolving the relationships of
sand-body onlaps on submarine paleo-slopes forming
these stratigraphic traps can be crucial for hydrocarbon
recovery (Gardiner, 2004).

and basinal marls known as the Marnes Bleues Forma-
tion. Later the Marnes Brunes Inférieures Member and
succeeding Greés d’Annot Formation both represent the
onset of clastic input that was primarily fed with sedi-
ments from the uplifted Corsican-Sardinian Massif to
the south; primary paleocurrents were directed to the
north (Stanley, 1975; Elliott et al., 1985; Ravenne et al.,
1987).

The Grand Coyer outlier is generally considered
to be a subbasin (Apps et al., 2004), positioned midway
along the axis of the Grés d’Annot turbidite system,
with the proximal area, Annot (see Joseph and
Ravenne, 2001) to the south and the more distal area,
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Trois Evéchés (see Clark and Stanbrook, 2001; Lomas
et al., 2008) to the north (Fig. 1). Grand Coyer is con-
sidered to represent an incised, inter-basinal “trough”
between the Annot and Trois Evéchés basins, in which
initial fill before considerable sediment by-pass of
material is deposited to the north in the Trios Evéchés
area (Joseph and Ravenne, 2001; Sinclair and Tomasso,
2002; Du Fornel et al., 2004).

Eocene sedimentary deposits, preserved in a
northwest-southeast trending syncline in Grand Coyer,
record a succession of basin-floor and lower- to mid-
slope facies. Onset of deposition is predominantly
pelagic deep-water marls (the Marnes Bleues Forma-
tion), followed by the Marnes Brunes Inférieures (or
Lower Brown “Marls”) which represented a mixture of
continued pelagic deposition and early phase turbidite
clastics. The Marnes Brunes Inférieures are thus typi-
cally composed of 40% sandstone as well as clastic and
nonclastic muds (detailed in Stanbrook and Clark,
2004). The Marnes Brunes Inférieures is succeeded by
the Grés d’Annot Formation which represents a fully
clastic depositional environment of turbidity current
deposits and associated gravity driven sediments. Pre-
dominantly sand-rich and typically coarse-grained, the
Gres d’ Annot Formation clastics have at least a 500 m
thick succession in Grand Coyer (Fig. 2). Sediment dat-
ing is relatively poorly constrained, as there is little
volcanic input and a poor fossil preservation record,
although Du Fornel et al. (2004) have detailed a seven-
stage, 1-3 Ma chronostratigraphic Gres d’ Annot succes-
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sion using microfossil assemblages (planktonic
foraminiferal and calcareous nannofossils) in fine-
grained sedimentary intervals. This paleontological evi-
dence shows a two-stage sedimentation process, both to
the south (Annot) and north (Trios Evéchés) before
onset of Grand Coyer sedimentary deposits.

Relatively steep and structurally complex Marnes
Bleues Formation paleoslopes (typically 8°-15° dips;
Hilton and Pickering, 1995) have been found within
Grand Coyer as supported by field evidence of onlap-
ping of Marnes Brunes Inférieures and Gres d’Annot
sandstone intervals (Stanbrook and Clark, 2004). One
potential reason that these steep slope angles were pos-
sible is by virtue of a high carbonate content, (estimated
at 65% by Ravenne et al., 1987) and partial lithification
of sediments prior to remobilisation and slumping.
Field evidence has also shown that paleo-flows were
confined by a paleoslope in the southwest (Hilton and
Pickering, 1995; Sinclair and Tomasso, 2002; Stan-
brook, 2003; Stanbrook and Clark, 2004). The mean
paleocurrent direction for the Grand Coyer subbasin has
been established to be towards the northwest (336°)
though there is variation in different parts of the basin
and stratigraphy (Stanbrook, 2003).

Regional-scale structural data from the Gres
d’Annot Basin (Apps, 1987; Lickorish and Ford, 1998;
Evans and Elliott, 1999) also recognised significant
paleotopography, in the form of the Déme de Barrot
high, to the east of Grand Coyer (Apps et al., 2004).
Based on this structural evidence, Sinclair and
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Tomasso, 2002 and Du Fornel et al., 2004 prescribe a
simple trough-like topography for Grand Coyer that
implied a northeast margin but did not show any field
data from Grand Coyer to support this. Despite the
regional structural evidence, little field data have been
described locally to substantiate a northeast margin
confining paleoflow to the Grand Coyer subbasin. A
“fill and spill” subbasin model has also been proposed
(Sinclair, 2000; Sinclair and Tomasso, 2002; Joseph
and Ravenne, 2001) with a significant structural high to
be overcome before subsequent northeast sedimentary
deposition into the Trois Evéchés subbasin. Joseph and
Ravenne (2001) and Stanbrook, (2003) indicate that
this high was likely to be approximately 300 m in
height.

Facies characteristics and distribution

Generalized Grand Coyer subbasin facies
descriptions are detailed in Figure 4 with typical facies
photographs appended. The Grés d’Annot Formation
sediments predominantly consist of laterally continuous
packets of thin- to thick-bedded sandstones interbedded
with thin heterolithics and shale intervals. Sandstones
subdivisions could be observed between thin- (0.05 m -
0.1 m thick), medium- (0.1- 0.5 m thick) and thick-bed-
ded (0.5 m — 10 m thick) sandstones. Typically 1 m — 30
m thick, erosionally based, sandstone-filled channels
occur with channel-fill consisting of amalgamated
medium to granule-grade, thick-bedded sandstones
with outsized extra-clasts (Fig. 4). Channel surfaces
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Early reconnaissance photomontage interpreta-
tions on some of these outcrops were described in
Hilton (1994) and later Pickering and Hilton (1997).
Clark and Gardiner (2000) interpreted the Grand Coyer
outcrop itself; Clark ef al. (2008) quantified the archi-
tectural geometries. Stanbrook and Clark (2004)
described the Marnes Brunes Inférieures and its rela-
tionship to the Grés d’ Annot Formation as the precursor
of the main sedimentation episodes as well as lateral
equivalents to the axial deposits within the subbasin. A
map of the structurally restored, Marnes Bleues Forma-
tion palaeoslope topography and onlap directions in the
Grand Coyer subbasin is shown in Figure 3 (Stanbrook
and Clark, 2004).

could be sometimes be laterally traced into thinly inter-
bedded, coarse-grained, cross- and planar-laminated
sandstones and shale intervals that probably represented
overbank and levee deposits (Fig. 4; Clark and Gar-
diner, 2000; Clark et al., 2008). Through correlation of
these channels in over 45 logs throughout Grand Coyer
(Stanbrook, 2003) the channels within this interval are
sinuous in nature, given their nested and laterally-offset
nature in the Grand Coyer face (Clark et al, 2008),
facies asymmetry, diverging measured secondary pale-
ocurrent indicators, and the occurrence of cross-
sectional to oblique channel features in the Rocher du
Carton section (no. 22 in Fig. 1; Pickering and Hilton,
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1997). Chaotically deposited, typically 0.5 m — 5 m
thick debrites, slumps, slides and rotational failures are
sometimes present adjacent or within channel bodies
and may represent channel wall collapses. The turbidite
channels themselves show evidence of sinuosity pre-
served as lateral accretion surfaces (Fig. 5). The Marnes
Brunes Inférieures Member varies in character across
the basin but is typically sharp-based and sharp-topped,
nongraded with very fine-grained sandstones that are
predominantly less than 5 cm thick, and is considered to
be the lateral and distal relation to the Gres d’Annot
Formation (Fig. 2; Stanbrook and Clark, 2004).

Discussion

The initial, sand-poor, Marnes Brunes Inférieures
is seen in some areas to partially infill the pre-existing,
relatively steep Marnes Bleues paleoslopes and basin-
floor before onset of the main sand-rich Grés d’ Annot
Formation clastics. The thickest sequences of the Mar-
nes Brunes Inférieures are found in the axial and
proximal regions of the Grand Coyer subbasin with
thinner sequences found laterally towards the basin
margins and towards the distal end of the subbasin
(Fig. 7). This pattern is through a combination of 1)
greater original depositional thickness in the proximal/
axial areas and 2) a combination of thinner original
depositional thickness on the slopes/distal areas com-
bined with erosion in these areas by the later Grés
d’Annot (Stanbrook, 2003; Stanbrook and Clark, 2004).
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The mean primary paleocurrent indicator direc-
tion for the Grand Coyer subbasin is 345°, based on 309
measurements, although at specific localities, quite dif-
ferent mean basal directions have been measured; see
example in Figure 6. These diverging directions have
been interpreted to be due to both complex basin topog-
raphy and paleotopography. Secondary paleocurrent
indicators also have differing mean directions and are
inferred to be secondary currents or reflected currents

(see discussion).

Detailed analysis of measured paleocurrents ini-
tially appear to have a widely differing primary
paleoflow direction across the subbasin, indicating sig-
nificant flow divergence, most probably caused by the
topographically complex, paleoslope and basin floor
topography (Figs. 3 and 7). However, with further anal-
ysis this apparently confused paleoflow pattern
becomes clear; in the lower parts of the stratigraphy
paleocurrents flowed generally eastwards (with obvious
measured divergences by reflection and deflection), but
as the sedimentation continued, paleocurrent became
more directed to the north. The early basin fill was not
restricted from flowing to the east but as time passed,
topography must have been present in the east that con-
fined flows towards the northwest. In connection with
this pattern, from the frequency of exposed channels
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and their associate overbank facies, sinuosity generally
increased as the succession continued, with lower sinu-
osity earlier in the depositional sequence of the Gres
d’Annot Formation in Grand Coyer. This pattern of
change in sinuosity is similar to patterns observed in
other areas of complex topography such as the Gulf of
Mexico (e.g., Mayall and Stewart, 2000).

At the meso-scale, the Grés d’Annot Formation
succession shows alternations of sand-rich and -poor
packages in an apparently nonpredictive manner that
seems to depend on location within the subbasin. This
is interpreted to be potentially caused by switching of
material within a sand-sheet environment. However,
more predictive intervals with isolated, sinuous turbid-
ite channels with their associated overbank/levee
deposits have been documented within the upper strati-
graphic intervals in Grand Coyer (Clark and Gardiner,
2000). At the subbasin scale it can be observed that
packages of sedimentary material tend to narrow, both

Conclusion—Applicability to industry

Implications for subsurface reservoir characteri-
sation from this study of a confined, topographically
complex subbasin are: 1) From field-evidence shown,
generally high percentage sandstone bodies on paleos-
lopes rapidly terminate with little draping. Lower
percentage sandstone bodies on paleoslopes appear to
drape, albeit for small intervals. 2) There appears to be
cyclical, ~50 m thick, sedimentary packages of sand-
rich and mud-rich sedimentary intervals that appear to
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in thickness and lateral extent, towards the northern end
of the basin at a relatively gentle dip (Fig. 7). In the
lower parts of the stratigraphy, there is a noticeable dif-
ference in the nature of sedimentary deposits up- and
down-dip of the topographic high-point at Sommet de
la Mole (no. 13 in Figs. 1 and 7). Interestingly, there
does not seem to be a coarsening up succession; Clark
and Gardiner (2000) identified the opposite trend of a
fining-up sequence in the main Grand Coyer section
(no. 5 in Figs. 1 and 7). The other main exception from
this depositional pattern is that the main channelized
sequence is found in the upper part of the Grand Coyer
stratigraphy as described above. If the overall fining-up
sequence is taken to indicate either retrogressive system
behaviour or autocyclic control within the system, the
sand-poor nature of the channelized sequence can be
taken to represent a temporary slow-down (Clark and
Gardiner, 2000).

be unpredictable in both their repetition and in their dis-
tribution across the subbasin. 3) Channel sinuosities
tend to increase as the basin is progressively filled and
lateral accommodation space increases. 4) Marne
Bleues paleoslopes are characterised by steep (15°+
dip) paleoslopes, partial remobilized and chaotically
deposited material and deformation creating complex
paleoslopes and paleofloors, which are then in-filled
with terrigenous-derived sediment.
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Figure 2. Generalized stratigraphy of the
Grés d’Annot and Marnes Brunes
Inférieures formations within the Grand
Coyer subbasin. The left log represents
proximal/axial basin elements and the
right log distal/marginal regions. Unit let-
ters from Clark and Gardiner (2000) and
Stanbrook and Clark (2004) are shown at
their approximately stratigraphic equiva-
lents. Base unit “E” (both logs) represents
a datum within the Grand Coyer subbasin
previously identified by Clark (per. com.;
see Stanbrook, 2003).
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Figure 3. Paleotopographic reconstruction of
the Marnes Bleues surface in the west of Grand
Coyer at the time of Marnes Brunes Inférieures/
Greés d’Annot deposition. Although the mean
dip of the Marnes Bleues is towards the north-
east, the topography is highly variable. Pale-
ocurrent and apparent onlap directions are
indicated. Bathymetry is in meters above an
arbitrary datum. Modified from Stanbrook and
Clark (2004).
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Facies Name
& Formation

Calcaires
Nummulitiques

Marnes Bleues

Reworked
Marnes Bleues
/ Marnes
Brunes
Inférieures
Marnes Brunes
Inférieures

Slumps / Debris
Flow Grés
d’Annot

Thin-bedded
Gres d’Annot

Intermediate-
bedded Gres
d’Annot

Massive Gres
d’Annot

Conglomeratic
Gres d’Annot

Channels
(Architectural
Element)

Stanbrook and Pringle

Example

Photograph

| Facies

Lithology]

Description

Internal Character

Out-
sized
Clasts

Thickness and
Outcrop Scale
Geometry

Interpretation

bioturbation. Localised bored

Generally massive, due to pervasive

conglomerate clasts of Cretaceous clasts.

Fine-grained bioclastic silty
micritic packstone
limestone, with abundant
nummulites and bivalves.

N/A

Between 5-30m thick and

forms a distinctive erosion

resistant horizon - locally
thickens into faults.

Shallow marine
environment with
localised
sub-environments
associated with
fluvial sources

Light blue/grey marls with 60-70%

carbonate content (Ravenne et al., 1987).

Typically thin, laminated
calcarenite beds >10cm
thick

N/A

Typically shows local
slumping & structural
deformation up to 1m

thick and 800m laterally

Pelagic marls in
deepwater, early
lithification forming
up to 15° dip
palaeoslopes

As Mamnes Brunes Inférieures (Facies 3)

but with remobilisation / reworking of

materials by slumps, slides, debris-flows.

Also seen as intra-clasts in Massive /

Conglomeratic Grés d'Annot (Facies 7 &
8

As per Marnes Brunes
Inférieures (Facies 3) and
Marnes Bleues (Facies 2)
with some homogenisation
through reworking.

N/A

Generally small scale
(1-3m thickness). Some
sections up to 10m (in
Marnes Brunes
Inférieures) associated
with channels.

Slumps/slides
related to slope
instability, thicker

associated with
channel margins

Dominated by >1cm thick alternations of: A)
very fine sharp-based and sharp-topped,

non-graded, micaceous sands and, B)

(Stanbrook & Clark 2004)

shales or carbonate marls. Some 5m thick,
discontinuous sand intervals also present

Ripples or planar lamination
(usually towards bed tops)
with cm-scale slumping,
climbing ripples, attenuated
flame structures & fluid
escape features.

N/A

Sequence 0.5-70m thick
but typically 5-10m.
Commonly onlapping
underlying sequences and
occasionally erosional

Distal and lateral
form of the Grés
d'Annot Formation.

As Grés d’Annot (Facies 5-7) but with

remobilisation / reworking of materials by

slumps, slides, debris-flows. Seen as

Grés d'Annot (Facies 7 & 8)

intra-clasts in Massive / Conglomeratic

As Gres d'Annot (Facies
5-8) with some
homogenisation through
reworking.

0.5-4.5m
diameters
observed

5-10m thickness, usually
with wedge shaped
geometry

Reworking of
partially
consolidated slope
deposited Grés
dAnnot

0od fragments

Shale-rich intervals, with coarse-grained,
sandstones containing lignite and charred
w

Sandstones commonly cross-
and planar-laminated,
ccommon bioturbation of
Ophiomorpha,
Thalassinoides and
Zoophycos trace fossils.

N/A

Beds 0.5mm-10cm thick
but typically 5cm.
Typically discontinuous
beds laterally, even over
short (>30m) distances

Aggradational
levee equivalents
to the
thick-bedded,
channelised
deposits

grade sandstones

Amalgamated, medium-sand to granule

‘Sandstones commonly
cross-bedded with abundant
Ophiomorpha and
Thalassinoides trace fossils

Granule
grade

Beds 0.1m-0.5m thick but
typically 0.25m. Laterally
variable, but typically
50-300m wide.

Mixture of high
energy channel fill
and spil
equivalents

Typically amalgamated, medium to Bed-thinning and
granule-grained gravelly beds ds-fining, common
bioturbation of
Ophiomorpha and

Thalassinoides trace fossils.

observed

Beds 0.5m-10m thick and
laterally continuous
(1000m+), although
isolated and stacked

channels erode underlying

sheet sandstones

High energy
conduits of main
Grés d'Annot
turbidite channels

Rarely exposed, predominantly poorly
sorted, re-worked but usually intact
entrained beds varying from shale to

conglomerates

Chaotically deposited,
deformed bedding (where
present) with multiple
dewatering 'dish’ structures

0.5-4.5m
diameters
observed

Typically rare, and
laterally discontinuous
(100m max.), up to 5m
thick (where exposed)

Reworked material,

either small-scale
channel edge
collapses or
channel-lag

ariety of
lateral accretion surfa

erosion surface

with i
ces and megaflute

Conglomerate and Massive
Grés d'Annot (Facies 7 & 8)
and subordinate Slumping
(Facies 4)

Intra clasts
of Facies
17 and
exotic
material.
Uptodm

Channels 1 & 2: in main
Grand Coyer face: 900m x
14m, 1600m x 28m
(Cleark et al 2008). Other
geometries observed..

Two stratigraphic
levels of channel,
uppermost with
greater sinuosity
then lower

13

Figure 4. Detailed generalised sedimentary facies descriptions, representative outcrop photographs and interpretations
from exposures within the Grand Coyer subbasin, southeast France.
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Figure 5. Photograph and interpretation showing lateral accretion surfaces at the Vallon de Foués outcrop (no. 14 in
Figs. 1 and 7). Note the outcrop is seen from an oblique angle in this photograph, while the interpretation is viewed
perpendicular to the outcrop face; note A-A’ line of section and person for scale. The interpreted accretionary bars
immediately overlie the Marnes Brunes Inférieures and exhibit post-depositional soft-sediment deformation in the
form of folding of the original bar form. Grouped measured paleocurrents at this locality are shown. Inset: detail of
accretionary bar, notebook for scale. This locality represents the first phase of channel formation and bypass through
the Grand Coyer subbasin. Approximately 20 m above this section is the main channelized sequence in Grand Coyer.
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(debris flow with extra-formational clasts
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Figure 6. Photomontage and interpretation of the Téte du Mouriés outcrop (no. 18 in Figs. 1 and 7). Paleocurrents here
are grouped into two sections; Téte du Mouriés Onlap (17) and Téte du Mouriés Upper (18). The onlap paleoslope here
is steep; onlapping units show evidence of slope instability. The boxed inset shows an incipient slide block (sensu Stow,
1994) that has detached just above a shale-rich interval within the Greés d’Annot (essentially acting as a decollement
surface). Modified from an original interpretation by Julian Clark (pers. com.).
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Joseph & Ravernne 2007

Facies 8: Conglomerates

Gres
d’Annot D

Facies 7: Thick-bedded

Facies 6: Medium-bedded

Facies 5: Thin-bedded

Marnes Brunes
Inférieures

Facies 2/3: Thin-bedded

Marnes
Blueues

Facies 1: Marls

E

Figure 7. Schematic, deterministic block-diagrams of Grand Coyer showing varying facies architectures and their rela-
tionship to the underlying Marnes Bleues palaeotopography; the length (north-south) of the diagram is approximately
parallel to axial paleoflow with the east-west section being normal to paleoflow. Approximate sedimentary log positions
are shown; see Figure 1 for locations. See Figure 4 for precise facies definitions. This stratigraphy is comparable to that
proposed by Joseph and Ravenne (2001).
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