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Analogue and numerical model-
ling are two different methods which 
are used in geology to investigate 
natural geological structures in order 
to understand mechanisms control-
ling their geometry and dynamics. By 
combining these two approaches, it is 
possible to overcome the weaknesses 
inherent in each of the methods and 
to get more insight into natural proc-
esses (see, for example, Ellis et al., 
2004).

We present results of analogue and 
numerical models of basin inversion. 
By basin inversion we understand the 
process of shortening a sedimentary 
basin that was created in extension. 
During the shortening, the basin fill is 
typically uplifted and faults are reacti-
vated (Cooper et al., 1989). 

Here, analogue experiments on 
basin inversion are described and 

compared with equivalent two-di-
mensional numerical models in which 
both footwall and hanging wall are 
free to deform. The analogue models 
were built in a sandbox with glass 
sides and a plastic bottom. The graben 
is created by means of two tilted me-
tallic plates which are driven into the 
brittle multilayer model at a dip angle 
of 60°. Layers between the plates are 
removed and replaced with alternat-
ing strength brittle layers. A two-di-
mensional plane-strain mechanical 
model (Sopale, Fullsack (1995)) was 
used for the numerical experiments. 
The numerical method is Arbitrary 
Lagrangian-Eulerian (ALE) type. 
The deformation of brittle materials 
is governed by the frictional-plastic 
Coulomb criterion. A small amount of 
strain-softening is included. The mod-
el dimensions and material properties 

are scaled up : 1 cm in the analogue 
model = 1 km in the numerical model. 
Therefore, both series of experiments 
start with a pre-existing symmetric 
basin whose sides dip at 60°. 

The main motivation for this set-
up is to have the same starting geome-
try for the analogue and the numerical 
experiments, which would be difficult 
to achieve if we would also model the 
basin formation phase. 

In our experiments only granular 
materials are used as analogues for 
upper crustal rocks (quartz sand and 
corundum sand). Based on the fact 
that sedimentary deposits in basins 
are generally less competent than 
adjacent basement rocks, part of the 
graben fill consists of granular materi-
als that are weaker (microbeads) than 
the surrounding material.

The aim of our experiments is to 
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Figure 1 Set-up of the analogue model

Figure 2 Set-up of the numerical model and material properties
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determine factors which control the 
geometry and dynamic development 
of a basin during inversion. We fo-
cus here on the effects of variations 
in graben location, graben width and 
graben fill.

The results of both methods 
show that most of the shortening is 
accommodated by the graben fill. 
There is only limited reactivation 
of the pre-existing (but weakened) 
faults. In general, forward thrusts and 

backthrusts nucleate at the transition 
of strong/ to weak materials and cut 
across the graben-bounding faults. 
The overall evolution of the numeri-
cal models is quite similar to that of 
the analogue models.

References
Cooper et al. (1989), Inversion 

tectonics – A discussion, Geol. 
Soc. Spec. Publ., 44, 335-347.

Ellis, Schreurs and Panien (2004), 

Comparison between analogue 
and numerical models of thrust 
wedge development, Journal of 
Structural Geology, 26/9, 1659-
1675.

Fullsack (1995), An arbitrary 
Lagrangian-Eulerian formulation 
for creeping flows and its 
application in tectonic models, 
Geophys. J. Int., 120, 1-23.


