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Abstract

A discrete element model is used to investigate the influence of sedimentary cover strength on the development of basement-
involved fault-propagation folds. We find that uniformly weak cover best promotes the development of classical, trishear-like fault-
related folds showing marked anticlinal thinning and synclinal thickening, with cover dips increasing downwards towards the fault
tip. Uniformly strong cover results in more rounded fold forms with only minor hinge thickening/thinning and significant basement
fault-propagation into the sedimentary cover. Heterogeneous, layered, cover sequences with marked differences in strength
promote the development of more complex and variable fold forms, with a close juxtaposition of brittle and macroscopically
ductile features, which diverge from the predictions of simple kinematic models. In these structures the upper layers are often poor
indicators of deeper structure. In addition, we find that in layered cover sequences fault-propagation into the cover is a complex
process and is strongly buffered by the weaker cover units.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Fault-propagation folds, and their associated blind
faults, have recently been recognized as extremely
important for their seismic hazard potential (e.g. Shaw
and Shearer, 1999; Allmendinger and Shaw, 2000) and
for their importance in controlling stratigraphic archi-

tectures in sedimentary basins (e.g. Ford et al., 1997;
Gawthorpe et al., 1997). They are also the location of
many oil and gas traps (e.g. Mitra and Mount, 1998).
Where a faulted, rigid basement is involved in the
deformation, the folds are sometimes called “drape” or
“forced” folds (Stearns, 1978; Fig. 1a,b) where the
overall shape and trend are dominated by the forcing
(basement) member below, in contrast to other fault-
related folds which are the result of fault movement
within the cover rocks. Here we refer to such structures
simply as basement-involved fault-propagation folds.
Evidence from well-exposed folds in the Laramide
orogen (e.g. Erslev and Mayborn, 1997), the Bighorn
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and Uinta basins (Mitra and Mount, 1998), the
Californian peninsular ranges (e.g. Allmendinger and
Shaw, 2000), and from analogue (e.g. Withjack et al.,
1990; Mitra and Islam, 1994) and numerical modelling
(Patton and Fletcher, 1995; Johnson and Johnson,
2002a,b; Cardozo et al., 2003) has indicated that such
basement-involved folds form as upward widening

zones of distributed deformation (monoclines) above
discrete faults at depth. Field studies indicate that a
variety of mechanisms are responsible for the distributed
deformation including “ductile” flow, bedding slip, rigid
rotation and small extensional and thrust faults (e.g.
Gawthorpe et al., 1997; Sharp et al., 2000). Analogue
modelling studies have shown that with increasing

Fig. 1. Natural examples of basement-involved structures: (a) the Willow creek and (b) Rangely anticlines (after Mitra and Mount, 1998), in both
cases a fault rooted in deeper basement has propagated into the sedimentary cover causing folding. (c) Schematic diagram illustrating the trishear
kinematic model. In the trishear model a triangular zone of distributed shear opens outwards and upwards from the fault tip. The hangingwall moves
rigidly parallel to the fault at the slip rate (S) while the footwall is static, with the shear zone acting as a transition between them. The arrows indicate
the velocity vectors within the trishear zone. (d) The geometry of a trishear fault-propagation fold, redrawn from Zehnder and Allmendinger (2000),
thin lines are bedding tops and thicker lines the fault and trishear zone boundaries. (e) The geometry of a basement-involved trishear fault-propagation
fold with growth strata, redrawn from Hardy and Ford (1997).
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