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Seismic studies, field work, ana-
logue and numerical modelling exper-
iments have documented a wide range 
of geometries produced during inver-
sion of rift basins. However, most of 
these studies are restricted to 2D and 
the geometries of inversion related 
structures in 3D are relatively poorly 
described and often not fully under-
stood. Here, results of 3D analogue 
models investigating inversion of rift 
basins are presented. Each experi-
ment involved a phase of distributed 
extension followed by a phase of dis-
tributed wrenching or transpression. 
The brittle-viscous analogue models 
consisted of a 1-cm-thick viscous 
layer overlain by a 3-cm-thick layer 
cake of granular materials. During ex-
tension granular material was sieved 
into the developing grabens at regular 
intervals to simulate syn-rift sedimen-
tation. After 3 cm of extension the ex-
periment was halted and an additional 
1 cm thick layer of granular material 
was sieved on top to produce a post-
rift sequence. The second phase of de-
formation consisted of either dextral 
wrenching (angle of convergence, a,  
is 0°) or transpression (a is 14°, 27° or 

45°). The results of four experiments 
are summarized below:

Experiment 1377: (extension 
followed by wrenching: α = 0°)

During the initial stages of dextral 
bulk wrenching, en echelon dextral 
strike-slip faults (Riedel shears) 
developed in the brittle part of the 
model. Their surface strike ranged 
between 17° and 23° with respect 
to the longitudinal wall. Domains 
with a slight vertical relief (push-up 
zones) appeared in the area comprised 
between two left-stepping strike-slip 
faults. As individual strike-slip faults 
propagated along strike, they over-
lapped with adjacent left-stepping 
strike-slip faults, and the propagating 
fault segments acquired gentler dips. 
Strike-slip faults merged at depth with 
pre-existing normal faults resulting 
locally in tulip structures as seen in 
cross-section with fault dips steepen-
ing upward in the post-rift sequence. 
Coalescence of en echelon strike-slip 
faults and graben-bounding normal 
faults resulted in major, anastomosing 
fault zones that strike subparallel to 
the longitudinal wall (Fig. 1).

Exp. 1378: extension followed 
by transpression: (α = 14°)

Dextral strike-slip faults formed 
during the early phases of distributed 
transpression However, their surface 
strike was now at larger values, 
ranging between 30 and 35°. Faults 
were arranged in a left-stepping en 
echelon pattern and mostly cut across 
the pre-existing basin. With increas-
ing transpression, push-up zones 
appeared between two left-stepping 
strike-slip faults. As these faults 
propagated along strike, their surface 
strike and their dip decreased  slightly 
in the area of overlap. Locally these 
faults coalesced at depth with graben-
bounding normal faults.

Exp. 1376: extension followed 
by transpression: (α = 27°)

In contrast to the previous experi-
ments, distributed transpression was 
initially taken up by the development 
of thrust faults. Strike-slip faults ap-
peared slightly later than the thrust 
faults and their surface strike was 
37°-40°. This fault pattern suggests 
partitioning of fault displacement dur-
ing the early stages of transpression. 

Figure 1 Structures in exp. 1377: (a) Surface view during distributed dextral wrenching; width of model is 29 cm. 
(b) 3D block diagram of deformation stage shown in (a) with horizontal sections through post-rift sequence (left-hand 
side) and at depth (right-hand side) and 3 cross-sections. Note tulip structures in sections. Block diagram is based on 
computer tomography analysis of model.
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Thrusts rooted at the base of the mod-
el where there was an important lat-
eral rheological change from viscous 
to granular material. Major thrusts 
partially reactivated the lower part 
of graben-bounding faults. They con-
tinued into the footwall of the graben 
and cut across the post-rift sequence. 
With increasing transpression, thrusts 
became dextral oblique-slip reverse 
fault. Graben-bounding faults dipping 
towards the mobile longitudinal wall 
were partially reactivated. As these 
faults propagated into the post-rift se-
quence their dip decreased. Strike-slip 
faults coalesced at depth with graben-
bounding faults.

Exp. 1379: extension followed 
by transpression: (α = 45°)

Distributed transpression was 
taken up entirely by thrust faulting 
and strike-slip faults were absent. The 
main thrust rooted at the base of the 
model and propagated upward into 
the footwall of the graben and into 
the post-rift sequence without chang-
ing its dip angle. With increasing 
transpression reverse slip along the 

forward thrust became oblique.
In the experiments shown here, 

there is only limited basin inversion 
(i.e., limited re-use of pre-existing 
basin-related faults). The initial fault 
pattern that evolves during the second 
phase of deformation depends mainly 
on the obliquity of convergence. At 
low angles of convergence, strike-slip 
faults form initially, whereas at higher 
angles of convergence thrust faults 
dominate. With increasing strain, 
these faults acquire a component of 
oblique slip. The orientations of early 
formed strike-slip faults are similar 
to those observed in wrenching and 
transpression experiments without 
pre-existing extensional structures 
(Schreurs & Colletta, 1998; Schreurs, 
2003). This indicates that the orienta-
tions of early strike-slip faults are 
mainly governed by far-field stresses 
and are less controlled by the pre-ex-
isting graben geometry. Lateral chang-
es in rheology occur at the base of the 
graben at the end of the extensional 
phase and strongly localize thrust 
faults that form during transpression. 
In case strike-slip faults form during 

wrenching or transpression, their 
location seems to be less controlled 
by the pre-existing basin geometry. 
Basin inversion occurs locally dur-
ing advanced stages of wrenching or 
transpression and is mainly the result 
of local stress modifications governed 
by early formed faults.
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