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Abstract-In the Gulf of Guinea, the Upper Cretaceous-Tertiary sedimentary cover has undergone gravity gliding 
above an Aptian salt layer for various basal slope angles from 0” to 4”. Gliding started during Albian time and 
evolved up to the present with variable sedimentation rates. Faulting patterns are seen to vary in particular as a 
function of the basal slope angle and the syn-kinematic sedimentation rates. A series of laboratory experiments on 
small-scale models is used to study the effects of the two parameters mentioned above. Models are composed of two- 
layer slabs, with Newtonian silicone putty at the base to represent a basal salt dCcollement and dry sand on top to 
represent the sedimentary overburden. Models are allowed to deform under their own weight for various basal 
slope angles ranging from 0” to 5” with two different syn-kinematic sedimentation rates. It is shown that the basal 
slope angle c( controls the location of faulting in the overburden, within a single downslope deformation domain for 
a values smaller than 2” and within two domains lying downslope and upslope for higher values of a. The width of 
the deformation domains also varies as a function of a. Overburden faulting always starts with syn-kinematic 
grabens which evolve into symmetric or asymmetric grabens or into tilted blocks bounded by listric normal faults. 
While synthetic listric normal faults characterize the downslope deformation domains, both synthetic and antithetic 
listric normal faults can occur in the upslope deformation domain. Ductile deformation within the basal 
d&collement layers results from variable combinations of pure shear and simple shear. Interaction of ductile 
deformation in the ductile dkollement layer with faulting in the overburden locally produces complex and 
heterogeneous strain patterns, notably within salt rollers. Finally, increasing rates of syn-kinematic sedimentation 
are seen to increase the rate of downslope displacement and to enhance and favour the development of listric 
normal faults. 0 1997 Elsevier Science Ltd. 

INTRODUCTION 

The post-rifting sedimentary cover of passive margins 
can undergo large-scale gravity gliding even when the 
basal slope is extremely shallow dipping (less than l”), if 
an efficient layer of dCcollement (e.g. salt) is present at the 
base. Gliding-induced deformation produces a large 
variety of growth faulting structures, which are exten- 
sional upslope (i.e. landward) and compressional down- 
slope (i.e. seaward). Oil industry exploration has 
provided spectacular seismic images of these structures, 
especially for the Atlantic margins of Africa (Jackson and 
Cramez, 1989; Duval et al., 1992; Lundin, 1992; Liro and 
Coen, 1995; Spathopoulos, 1996) and Brazil (Cobbold 
and Szatmari, 1991; Demercian et al., 1993; Mohriak et 
al., 1995; Szatmari et al., 1996). Laboratory experiments 

on small-scale models greatly improve the understanding 
of the processes of faulting and of interactions between 
faulting and synchroneous sedimentation (Vendeville, 
1987; Vendeville and Cobbold, 1988; Cobbold and 
Szatmari, 1991; Vendeville and Jackson, 1992a,b; Gaul- 
lier et al., 1993). 

In the present paper, we first present some character- 
istic structures induced by gravity gliding in the Gulf of 
Guinea and, second, a series of laboratory experiments to 
analyse the effects of the basal slope angle and deforma- 
tion rates on the development of gliding-induced exten- 
sional structures on passive margins. From the 
experimental results, and through a comparison with 
natural examples, we discuss some simple rules for 
progressive deformation and structure development 
within syn-sedimentary glided slabs. 
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GRAVITY-DRIVEN DEFORMATION IN THE 
GULF OF GUINEA 

The structural history of the Gulf of Guinea starts with 
a rifting event during the Early Cretaceous, followed by 
the deposition of a post-rift marine sequence with an 
Aptian salt layer at its base. The post-rift sequence is 
affected by gravitational gliding above the Aptian 
evaporites, which act as a regional-scale decollement. 
Structures attesting for gravitational gliding are diachro- 
nous in space from Angola to the south to the Niger 
Delta to the north. For details the reader can refer to 
previous regional studies by Burollet (1975) Jackson and 
Cramez (1989), Teisserenc and Villemin (1990), Duval et 
al. (1992), Lundin (1992), Liro and Coen (1995) and 
Spathopoulos (1996). 

A selection of three seismic sections are presented from 
the Gulf of Guinea (see location on Fig. 1) to illustrate 
characteristic structures resulting from gravitational 
gliding as a function of the initial basal slope angle (Figs 
2 & 3) and of the sedimentation rate (Fig. 4). 

The geological section of the Congo margin, presented 
in Fig. 2, outlines the effects of a low initial basal slope 

Fig. 1. Location of sections presented in Figs 24 (Gulf of Guinea) 

angle (x) on deformation partitioning in the overburden. 
Note that, despite the vertical exageration, the base of the 
slided units remains extremely shallow dipping. The SW- 
NE regional section drawn on the basis of original 
seismic lines (Fig. 2a) displays a deformed zone located 
downslope while the 60 km landward section remains 
undeformed. Well data indicate that the present-day 
thickness of the salt layer is around 500 m. Further 
northeast, the salt basin is bounded by outcrops of pre- 
Aptian basement. The basal slope calculated from well 
data is less than 1”. Southwest of the section, two normal 
listric faults with associated roll-over anticlines (1 and 2 
on Fig. 2b) were active during Albian times and are 
capped by mid-Cenomanian sediments. A detailed 
analysis of layer geometry in the hanging-wall wedges 
shows that fault 1 initiated first and has constantly 
accommodated more displacement than fault 2. 

The geological section of the Angola margin shown in 
Fig. 3 illustrates the effects of a higher initial basal slope 
on deformation partitioning in the Albian cover. Over a 
distance of 80 km within Albian formations, it displays 
numerous small tilted blocks controlled by normal faults 
dipping dominantly to the southwest. The basement 
crops out 15 km to the northeast of the faulted zone 
outside the section. Although no well data were available 
in the area, a dip angle of 4” is estimated using depth 
conversion for the envelope of Aptian basement. The 
estimated dip for the Upper Cretaceous formation which 
correspond to the top of the deformed section is less than 
1” (Fig. 3a). This indicates that the 4” slope existed during 
the thin-skin extension. 

The seismic section from the Congo margin (Fig. 4) 
shows the possible effects of an increase in sedimentation 
rate. In south Congo, the thin-skinned extension took 
place mainly from Albian to Cenomanian. Translation 
and associated extension remain moderate during the 
Lower-Middle Albian, and increased during the Upper 
Albian-Lower Cenomanian, leading to significant raft- 
ing. Figure 4 shows a large Upper Albian-Lower 
Cenomanian growth structure separating Lower- 
Middle Albian rafts. The present-day slope of the basal 
decollement is around 334” toward the southwest, mainly 
due to a Tertiary regional tilting event during the 
Tertiary. Indeed, well data indicate that the thickness of 
the deformed overburden (i.e. from Aptian salt to top 
Cenomanian) is nearly constant along the section 
(around 1750 m). This suggests that the overburden has 
been rafted over a low dipping basal slope (less than 0.5’) 
and that the rapid increase in translation during the 
Upper Albian was not related to any variation of the 
slope angle. On the other hand, the well data also indicate 
that during the Upper AlbianLower Cenomanian the 
sedimentation rate is three times higher than during the 
Lower-Middle Albian. It is therefore proposed that the 
translation of 15 km of the downslope raft (Fig. 4) and, 
more generally, the increase in extension during the 
Upper AlbianLower Cenomanian times are directly 
related to an increase in the sedimentary supply. 
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Fig. 2. Section displaying the effect of basal slope on deformation partitioning with a low slope angle (see location on Fig. 1). 
(a) Regional-scale section showing a 60-km wide undeformed zone and a downslope deformed zone. (b) Enlargement of the 
deformed zone showing two normal listric faults with associated roll-over anticlines (1 and 2) active during the Albian and 
capped by mid-Cenomanian sediments. Layer geometry in the hanging-wall sedimentary wedges shows that fault 1 initiates 

first and permanently accommodates more displacement than fault 2. LA, Lower Albian; UA, Upper Albian. 
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Fig. 3. Section displaying the effect of basal slope on deformation partitioning with a high slope angle (see location on Fig. 1). 
(a) Regional-scale section showing deformation distributed over a wide area with short fault spacing. Faults are capped during 

Upper Cretaceous times. (b) & (c) Enlargement of the upslope part of the deformed area. 
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Fig. 4. Section displaying the effect of variations in sedimentation rate. During rafting, the slope of the pre-Aptian basement 
top was lower than 1”. The total displacement recorded by the large growth structure (located in the middle part of the section) 

is around 15 km and was acquired during the Upper Albian-Lower Cenomanian without any variation of the basal slope. 

The three examples given above illustrate the possible 
role of the basal slope angle and the sedimentation rate 
on syn-sedimentary deformation during gravity gliding. 
If the slope angle is low, deformation is localized at a few 
fault sites at the seaward edge of the margin (Fig. 2). If the 
slope angle is higher, the number of faults increases 
indicating distributed deformation and displacement 
(Fig. 3). In these two examples, the sediment supply 
during gliding is low. However, at places where sedimen- 
tation supply during gliding is high, displacement rate is 
seen to increase with time (Fig. 4). These lines of evidence 
led us to explore the potential interactions between 
sedimentation and deformation during gravity gliding 
through laboratory experiments on small-scale models. 

ANALOGUE MODELLING 

Previous work 

Since the pioneering work of Cloos (1968) various 
types of experimental study on gravitational gliding have 
been attempted. In all of them it is generally assumed that 
the direction of displacement depends on the dip of the 

dtcollement surface and/or the basal slope (Crans et al., 

1980). On passive margins, both of these slopes dip 
towards the ocean basin. In recent years, scaled physical 
models have been used to study various aspects of 
gravitational gliding upon a salt layer (Vendeville, 1987; 
Vendeville et al., 1987; Vendeville and Cobbold, 1988; 
Vendeville and Jackson, 1992a,b; Gaullier et al., 1993). 
At early stages of gliding, these models generally exhibit 
three structural domains: an undeformed central block 
undergoing translation, which separates two domains of 
normal faulting. During synchronous deformation and 
sedimentation, block tilting is accommodated by growth 
faults which more generally dip downslope. 

Modelling material and scaling 

The scaled physical models presented in the following 
sections were performed in the Laboratory of Experi- 
mental Tectonics at Geosciences Rennes. All the experi- 
ments are scaled-down replicas of natural examples with 
simplified rheological and mechanical properties. Rock 
salt is assumed to be a Newtonian viscous fluid with a 
viscosity ranging from 1016 to 1018 Pa s-’ and a mean 
density of 2200 kg rn-‘. Salt is modelled using silicone 
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putty manufactured according to the specification GSIR 
by Rhone Poulenc (France), with densities ranging 
between 1400 and 1550 kg mm3 and viscosities between 
1.15x104and1.50x104Pas-1at30”C(seeNalpasand 
Brun, 1993, appendix 1). Changes in salt viscosity due to 
changes in strain rate, temperature or water content are 
small and can be disregarded. Sedimentary rocks and 
basement are assumed to be brittle and to deform 
according to a MohrCoulomb criterion of failure with 
negligible cohesion and a mean angle of internal friction 
of 30” (Hubbert, 1937, 1951; Byerlee, 1968). Experiments 
do not account for potential effects of fluid pressure and 
sediment compaction. A well-sorted fine-grained 
(500 pm) dry quartz sand with a density of about 
1300 kg me3 is used to represents both sedimentary 
overburden and basement rocks. 

Experiments are designed to respect conditions of 
dynamic similarity between the model and the natural 
example as defined by Hubbert (1937), Ramberg (1967) 
and Davy (1986). 

Apparatus and experimental procedure 

Models were built in a 43 x 100 cm box (Fig. 5), and 
consist of a l-cm thick silicone layer to represent the 
Aptian salt overlain by a sand overburden to represent 
Albian-Cenomanian sedimentary rocks. The brittle 
overburden is composed of a l-2-cm thick ‘pre-kine- 
matic’ layer which corresponds to Lower Albian sedi- 
ments deposited over the basal silicone layer before the 
onset of extension. The box is then inclined with a 
variable basal slope angle a, kept constant during a 
given experiment and the downslope endwall of the box is 
removed to allow free gliding. Deposition of syn- 

ld 

Silicone , 

Fig. 5. Experimental apparatus used to model the sedimentary cover 
gliding above a salt layer on a passive margin. The model is composed of a 
lower viscous layer (silicone) representing Aptian salt and an upper brittle 
overburden (sand). A mobile funnel is used to pour regular syn-kinematic 
layers of constant thickness which represent Upper Albian-Upper 
Cretaceous sediments. The basal silicone layer is built up with bands of 
two alternatingcolours to obtain vertical passive strainmarkers. The box 
containing the model is inclined at a basal slope angle G( that is kept 

constant during the experiment. 

kinematic layers representing Upper Albian-Upper 
Cretaceous sediments is simulated by means of the 
sequential deposition of 0.4-cm thick sand layers with 
contrasting colours but identical isotropic mechanical 
properties. However, the thickness of the ‘syn-kinematic’ 
elementary layers is never unifom due to structural 
irregularities associated with block faulting and tilting. 
Top views were taken at regular time intervals, before 
and after deposition of each new layer. 

After the experiment, models were overlain by a ‘post- 
kinematic’ cover to preserve final topography, to facil- 
itate cutting and to prevent further model deformation. 
Models were then sprayed with water to make the sand 
more cohesive, allowing parallel sections at 5-cm inter- 
vals. To escape structural perturbations due to lateral 
boundary shear, only sections from the centre of models 
are shown here. 

The basal silicone layer was built with bands of two 
alternating colours (Figs 5-7) to obtain vertical passive 
markers whose later deformation helps reveal the finite 
strain resulting from gravity gliding within the ductile 
layer. 

During the project, 19 experiments were performed to 
study the effects of basal slope and sedimentation on 
gravitational gliding (see Table 1). Only a selection of 
these experiments are presented and discussed here. In 
the two first sets, the thickness of the pre-kinematic 
overburden is fixed at 1 or 2 cm, the basal slope angle 
ranges from 0” to 5” in steps of 1” and the syn-kinematic 
sedimentation rate is low (0.2 cm h-l). In the two 
following sets (3 and 4, Table 1) the sedimentation rate 
is high (0.4 cm h-l). For these two latter sets, only a few 
values of the a angle between 0” and 5” are tested. 

Deformation domains 

Strain patterns within ductile spreading-gliding slabs, 
such as those considered here, have been described in 
detail by Brun and Merle (1985, 1988) and Merle (1986). 
Even if the interaction between brittle and ductile layers 
in the present experiments leads to more complex 
structural patterns, the same general trends hold, as 
observed in previous studies. Deformation in any part of 
the slab results from a combination of pure shear (i.e. 
shortening perpendicular to the base) and simple shear 
(i.e. shearing parallel to the base). The pure-shear 
component dominates in the upslope part of the slab, 
but is also present at its downslope end. In the middle 
part of the slab, flow in the ductile layer approached 
simple shear. In all experiments, the strain intensity 
increases downslope. The intensity of mean strain rate 
in the ductile layer, measured in the central part of the 
model, increases as a direct function of both basal slope 
angle and slab thickness. 

Figure 6 illustrates the pattern of deformation which 
occurs in the downslope deformation zone in models with 
low basal slope angles (&2”). As previously described by 
Vendeville (1987) and Gaullier et al. (1993), deformation 
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DOWNSLOPE DEFORMED DOMAIN 
Fig. 6. Typical section of a downslope deformation zone in models with low basal slope angles (f&2”). The dotted line 
indicates the top of the pre-kinematic layer and the plain line the top of the ductile layer. Deformation within the brittle layer 
starts with nearly symmetric grabens. During progressive deformation, synthetic normal faults become progressively listric 
and antithetic normal faults are capped by syn-kinematic sedimentation. Variations in the thickness of initially vertical marker 
bands result from variations in finite-strain intensity. To the rear of the deformed zone the vertical markers are almost 

undeformed. 

in the brittle layer starts with nearly symmetric grabens. 
With increasing stretching, antithetic normal faults are 
draped over by syn-kinematic sedimentation. Draping 
occurs at very early stages for low CI, being subsequently 
delayed as a increases. Observations of deformation at 
the surface during experiments reveal that faulting in the 
downslope deformation domain propagates upward. 
Towards the rear of the deformed zone, the vertical 
markers are only slightly deformed showing a downward 
extrusion of the ductile material. Below the tilted blocks, 
the initially vertical markers are sheared top to the front. 
Variations in the thickness of marker bands result from 
variations in finite-strain intensity. In the vicinity of 
listric normal faults within the so-called ‘salt rollers’ 
(Bally et al., 1981)-in natural equivalent structures-the 
markers display thickness variation and folding. 

Figure 7 shows the three domains of deformation 
which occur in models with a basal slope angle higher 
than 2”. Owing to a high basal slope angle (4”) the total 

displacement is larger than in the model shown in Fig. 6, 
thus leading to a mean high shear-strain component in 
the basal ductile layer (mean y = 12.5). The following 
three distinct subpatterns can be distinguished from front 
to back. 

(1) The downslope deformation domain (Fig. 7a) as in 
Fig. 6, is characterized by a series of tilted blocks below 
which the ductile layer progressively acquires a jigsaw 
profile with asymmetric teeth. The geometrical patterns 
of deformed markers are relatively constant within each 
tooth of the ductile layer (i.e. under each tilted block). 
The markers are strongly sheared and thinned, and 
rotated while remaining nearly parallel to the base of 
the ductile layer and the brittleductile interface. 
Although the bulk geometrical pattern is similar to the 
one observed in Fig. 6, it here displays a higher finite- 
strain intensity. 

(2) The central zone (Fig. 7b) is characterized by a 

Table 1. Model parameters for the experiments 

MARGES 
experiment No. 

Slope 

(“) 

Thickness of the pre-kinematic Final length 
overburden of model 

(cm) (cm) 

Bulk 
stretching 

W) 

Sedimentation 
rate* Refer to: 

94-05 
94-13 
94-14 
94-15 
94-16 
94-08 
94-07 
94-09 
94-10 
94-11 
94-12 
94-17 
94-18 
94-19 
94-20 
94-21 
94-22 
94-23 
94-24 

0 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
1 
1 

1 
2 
2 
2 
2 

62.0 17.5 
67.0 20.5 
65.5 21.0 
78.0 50.5 
78.0 53.0 
59.5 13.0 
63.0 20.0 
70.5 19.0 
70.5 17.5 
74.5 30.0 
75.0 32.0 
66.0 15.0 
66.0 19.0 
67.5 23.0 
66.0 24.0 
63.0 15.5 
63.0 16.5 
70.5 34.5 
70.5 34.5 

LSR Fig. 11 
Fig. 11 
Fig. 11 

Figs 6-9 
Figs 9-12 
Figs 9-12 
Figs 9-12 
Figs 7, 9912 

HSR Fig. 11 
Fig. 11 
Fig. 11 

*LSR, low sedimentation rate; HSR, high sedimentation rate 
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(a) 

4’ 

DOWNSLOPE DEFORMED DOMAIN 

4’ 

UPSLOPE DEFORMED DOMAIN 

Fig. 7. 
6, leading to a higher mean shear-strain component in the basal ductile layer. (a) The downslope deformation domain is 

Domains ofdeformation in models with basal slope angles higher than 2”. The total displacement is more than in Fig. 

characterized bY a series of tilted blocks. (b) The central zone is characterized by a large undeformed raft below which the 

deformation domain is characterized by systems of conjugate planar normal faults, even synthetic or antithetic hstric normal 
ductile layer is homogeneously and strongly sheared. (c) The upper brittle layer is translated without deformation. The upslope 

faults, which delimit thick syn-kinematic depocentres. 
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Fig. 8. Seismic image showing an example of a large undeformed raft from the margin. 

large undeformed raft below which the ductile layer is 
homogeneously and strongly sheared. The upper brittle 
layer is translated without deformation. Figure 8 
illustrates a comparable structure in nature. A 
comparison with the experimental model shows that, 
for structures where deformation is localized in the basal 
salt layer, the horizontal displacement can be important. 
The apparently undeformed aspect in seismic images 
can therefore lead to a misleading kinematic 
interpretation. 

(3) The upslope deformation domain (Fig. 7c) is 
characterized by systems of conjugate planar normal 
faults or even synthetic-antithetic listric normal faults 
which delimit thick syn-kinematic depocentres. The 
deformation in the ductile layer is extremely 
heterogeneous as demonstrated by the contorted 
passive markers. This is clearly a consequence of 
complex faulting histories in the overlying brittle 
layer. On average, the ductile layer is here more 
vertically thinned than in the two previous deformation 
domains, thus indicating a higher component of pure 
shear. 

Effects of basal slope angle 

Figure 9 illustrates a set of experiments carried out 
with a 2-cm thick pre-kinematic overburden and a ‘low’ 
sedimentation rate (0.4 cm every 2 h). The increase in 
basal slope leads to a nearly linear increase in the amount 
of bulk stretching by a factor 3 from 0” to 5”, as well as an 
increase in the width of the deformed zones. 

Low basal slopes angles (O” and 1”) are characterized 
by a single downslope deformed zone with tilted blocks 
and associated asymmetric depocentres. Block tilting is 
controlled by planar or listric synthetic normal faults. 
Antithetic normal faults are only active during the early 
stages of deformation. For higher basal slope angles, a 
second deformation zone develops upslope. Its width 
(IV,) increases with c( together with a correlative 
decrease in width of the downslope deformation zone 
(IV,). A central raft, translated without deformation of 

the overburden, separates the two deformation zones. 
The total width of the deformation zones (Wd+ IV,,) 
increases with CI leading to a progressive decrease of 
central raft width. The same type of experiments carried 
out with a thinner pre-kinematic layer (1 cm) give 
similar results. Figure 10 presents the evolution of the 
deformed zone width as a function of basal slope angle. 
While the total deformed domain width increases with 
increasing basal slope, this graph displays that the 
downslope deformed width increases up to 3” at higher 
slope angles, W, decreases and W, increases at the 
expense of W,. 

Effects of sedimentation rate 

In order to explore the potential effects of sedimenta- 
tion on deformation, two rates of sedimentation were 
tested, called here for convenience, ‘low’ (0.2 cm h-‘: 
LSR) and ‘high’ (0.4 cm hh’: HSR). 

Figure 11 shows a comparison of experiments for 
basal slope angles of O”, 1” and 2”, with a pre-kinematic 
overburden of 1 cm. Both types of experiments yield a 
downslope deformation zone with tilted blocks delim- 
ited by synthetic normal faults and/or rafted blocks. As 
seen in the previous section, and whatever the 
sedimentation rate, the first structures to develop 
correspond to symmetric grabens. When sedimentation 
rate increases the number of rafts or tilted blocks also 
increases. This effect is enhanced by increasing the 
basal slope angle. For a 2” basal slope angle, an 
increase in sedimentation rate leads to a single down- 
slope deformation zone. The comparison between LSR 
and HSR experiments with a 2” basal slope suggests 
that an increase in sedimentation rate tends to reinforce 
downslope deformation and the development of syn- 
thetic listric growth faults. 

In Fig. 11, LSR and HSR models display similar 
amounts of bulk stretching, even though the experiment 
duration is 12 h for LSR models and 6 h for HSR models. 
This demonstrates that an increase in sedimentation rate 
enhances the displacement rate. 
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CONCLUSIONS AND DISCUSSION 

The analysis of natural examples of gravity gliding 
from the West African margin combined with 
laboratory-scale modelling leads to the following 
conclusions concerning the role of basal slope angle 
and syn-kinematic sedimentation in progressive exten- 
sion. 

(1) The basal slope angle plays a dominant role on the 
location of extension. When the basal layer of potential 

dtcollement-the Aptian salt in the case of the West 
African passive margin-is horizontal or very shallow 
dipping (O-2”) deformation is concentrated at the front of 
the margin (Figs 6 & 9). For higher angles of basal slope, 
three domains of deformation can be distinguished: a 
downslope (seaward) and an upslope (landward) 
deformation domain (Figs 7 & 9), where the 
sedimentary overburden is faulted and delimits local 
sedimentary depocentres, which are separated by a 
central domain where the overburden is translated 
(rafted) without faulting (Figs 7 & 9). 

(2) Th e width of the extensional domain varies as a 
function of the basal slope angle. The width of the 
downslope deformation domain decreases with 
increasing ~1. However, the total width of the 
deformation increases fairly regularly with do (Fig. 10). 

(3) Early elementary faulting patterns in the 
sedimentary overburden correspond to symmetric 
grabens. During progressive deformation and 
sedimentation, these grabens can evolve into 
symmetrical and asymmetrical grabens or tilted blocks. 
Symmetrical and asymmetrical grabens are characterized 
by planar or slightly curved normal faults. Tilted blocks 

result from the localization of displacement on one of the 
two faults delimiting an early graben, which give rise to a 
listric normal fault (Figs 6, 7, 9 & 11). In the downslope 
deformation domains listric normal faults are 
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Fig. 1 I. Effects of syn-kinematic sedimentation on slabs. Deformation for a basal slope angle of o”, 1” and 2”. LSR and HSR, 
respectively, for low and high sedimentation rate. 

dominantly synthetic. Antithetic normal faults occur development of early grabens during progressive 
quite frequently in the upslope deformation domains deformation. 
(Figs 7,9 & 11). Occasionally, facing listric normal faults (4) 
can occur in the upslope deformation domain giving rise 
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Fig. 12. Development of fault patterns in experiments. 
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ductile layer. In the upslope deformation domain, the 
pure-shear component is dominant. Conversely, below 
the central raft (Fig. 7), flow approached simple shear. 
Owing to interactions with faulting in the overlying 
sedimentary layers, finite-strain patterns in the ductile 
layer become extremely heterogeneous with increasing 
deformation (Fig. 7). Experiments show, in particular, 
the complexities of strain patterns occurring below tilted 
blocks and within salt rollers (Fig. 7). 

(5) Syn-kinematic sedimentation rates exert a control 
on both displacement rate and extensional patterns. 
Increasing sedimentation rates increases the 

displacement rate and, consequently, the total amount 
of displacement and bulk stretching of the slided slab. 
This conclusion is to be expected because the shear stress 
parallel to the basal decollement is a direct function of the 
overburden load for a given angle of basal slope. 
Furthermore, increasing shear stress increases the strain 
rate in the ductile layer. It is less evident, as demonstrated 
by experiments, that increasing sedimentation rates 
enhance and favour the development of synthetic listric 
normal faults. 

The experiments presented in this paper consider only 
the early development of extensional structures within a 
slab gliding above a salt layer. In some circumstances 
compression can occur downslope in the early stages 
(Cobbold et al., 1989), but more frequently downslope 
extensional structures are seen to be inverted by late 
compression (e.g. Demercian et al., 1993; Mohriak et al., 

1995; Liro and Coen, 1995; Spathopoulos, 1996). Our 
results could help in interpretating structures later 
complicated by inversion. 

The conclusions of this paper may have important 
practical applications in hydrocarbon exploration. The 
downslope central raft-upslope zonation of deformation 
gives a reference frame for the reconstruction of 
sedimentary units and potential prospects. The observed 
processes of faulting, fault patterns and draping of faults 
by syn-kinematic sediments are especially interesting in 
the understanding of hydrocarbon migration and the 
identification of reservoir distributions and trap geome- 
tries. The experiments also show that the upslope 
deformation domain displays the most extensive syn- 
kinematic depocentres in comparison to the outermost 
domains of the slided slabs. Interestingly, these upslope 
deformation domains are also the most accessible to 
offshore exploration. 
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