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Abstract

The mechanical problem of initiating and moving large-scale thrusts is well known and the importance of high fluid pressures in this
process well established. However since the seminal work by HUBBERT & RUBEY (1959) on this topic, considerable progress has
been made in our understanding of the role of fluids in a large range of geological processes. It is now recognised that once a thrust
has been initiated it begins to influence the fluid dynamics of the system. Fluids are injected along the thrusts in the direction of
propagation, in a series of episodic events and may react both mechanically and chemically with the surrounding rocks. Mechanically
they help propagate the thrust and may hydraulically fracture the surrounding rocks injecting them with fluids. The fluids may then
also react chemically with the rocks. In addition, the initiation of large detachment folds and fault-bend folds requires high fluid
pressures, and the subsequent amplification of these structures has an important effect on fluid movement. Initially mean stress
gradients draw fluids into the fold. At a critical stage in fold amplification, the mean stress gradient reverses and fluids are expelled
from the structure. These insights into the link between fluid pressure and fluid movement during the initiation and development of
folds and thrusts can be combined with the understanding of the temporal and spatial links between the faults and folds that occur
in a fold thrust belt to propose a fluid dynamics model that can account for and predict the complex movement of fluids through
the crust in these tectonic settings.

Zusammenfassung

Das mechanische Problem der Entstehung und Bewegung großmaßstäbiger Überschiebungen ist bekannt und die Bedeutung von
hohen Fluid-Drucken in diesem Prozeß ist nachgewiesen. Jedoch seit der bahnbrechenden Arbeit von HUBBERT & RUBEY zu dieser
Thematik ist ein wesentlicher Fortschritt im Verständnis der Rolle der Fluida bei einer großen Reihe von geologischen Prozessen
erzielt worden. Es ist jetzt bekannt, dass nach ihrer Entstehung eine Störung beginnt, die Fluid-Dynamik des Systems zu beeinflus-
sen. Fluida werden längs der Überschiebungen injiziert in Richtung ihrer Bewegung, in einer Reihe von episodischen Ereignissen.
Dabei können die Fluide sowohl mechanisch als auch chemisch mit dem umgebenden Gestein reagieren. Mechanisch helfen sie, die
Überschiebung voranzutreiben, und können das umgebende Gestein hydraulisch brechen durch Injektion der Fluide. Diese können
auch chemisch mit dem Gestein reagieren. Die Entstehung großer Abscherfalten und störungsgebundener Falten fordert hohe
Fluid-Drucke, und die anschließende Erweiterung dieser Strukturen hat großen Einfluß auf die Fluidbewegung. Zu Beginn bewirken
mittlere Spannungsgradienten den Zufluß von Fluiden in die Falte. In einem kritischen Stadium der Faltenvergrößerung wird der
mittlere Spannungsgradient reversibel und die Fluida werden aus der Falte herausgedrückt. Diese neuen Erkenntnisse über die
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Verbindung zwischen Fluid-Druck und Fluid-Bewegung während der Entstehung und Weiterentwicklung von Falten und Über-
schiebungen sind zu kombinieren mit dem Verständnis der zeitlichen und räumlichen Beziehung zwischen Störungen und Falten,
welche in einem Falten- Überschiebungsgürtel auftreten, um ein Fluid-Dynamik-Modell vorzuschlagen über die komplexe Bewegung
von Fluiden innerhalb der Kruste in dieser tektonischen Konstellation.

1. Introduction

Since the seminal work by HUBBERT & RUBEY (1959)
on the role of fluids in controlling the formation of
overthrusts, considerable progress has been made in our
understanding of the role of fluids in a large range
of geological processes. These include, the importance
of high fluid pressure in the initiation of large scale
folds (PRICE & COSGROVE 1990), the role of  fluids in the
propagation of faults and the control of faults on the
movement of fluids (e.g. SIBSON 1990, 2004, ROURE et
al. 2005, LACOMBE et al. 2007) the role of  folding in the
redistribution of fluids (e.g. COBBOLD 1976, SUMMERS
1979) and the ability of faults to generate local over-
pressuring thus enabling them to move with relative ease,
through normally pressured sediments (CASCIELLO et al.
2004). In addition the temporal and spatial relationships
between the structures that characterize a typical fold-
thrust belt – namely thrusts, detachment folds, fault pro-
pagation folds and fault-bend folds – is now well under-
stood. In this short paper these new insights into the
interdependence of fluid pressures and the initiation and
amplification of individual structures that make up a fold-
thrust belt have been combined to present a model for
the hydrodynamic evolution of such a deformation belt.

The formation of a fold-thrust belt is linked to the
migration of deformation from a collision zone into
adjacent, relatively undeformed regions. Field and seismic
studies of numerous fold-thrust belts have shown that
in profile, a fold thrust belt has the form of a wedge.
The mechanics and mechanical principals that govern
the formation and geometry of the wedge have been
discussed extensively in the literature (e.g. SUPPE 1985)
and their evolution investigated in a series of carefully
designed and controlled analogue models, (e.g. MCCLAY
et al. 1986, MCCLAY 1995, MCCLAY et al 2000 and papers
in EVANS 1997).

Deformation within the wedge is achieved by a combi-
nation of faulting (thrusting), folding and homogeneous
flattening. The amount of each is determined by the
mechanical properties of the sedimentary succession i.e.
its rheological profile (SEPEHR et al. 2006), which is deter-
mined by the intrinsic properties of the individual
sedimentary units and, more importantly, the properties
of potential detachment horizons represented by over-
pressured shales and evaporite horizons, and the physical

conditions under which the deformation is taking place
(specifically the pressure, temperature, strain-rate and
fluid pressure).

The process by which the deformation migrates from
the collision zone into the undeformed foreland has been
studied by a number of workers, most notably by
SHEARMAN 1976, BLAY et al. 1977 and MANN & VITA-
FINZI 1989. These workers have argued that the stress
propagates from the collision zone into the foreland as a
wave front.

The aim of the present paper is to consider the fluid
dynamics that accompany the formation of a fold-thrust
belt from the moment the wave-front arrives at a
particular locality to the point when the development of
the thrusts, folds and pervasive deformation has lead to a
stable wedge configuration and a state of stability under
the new stress regime.

2. Process of stressing the foreland

A study of analogue models, in which horizontal multi-
layers were compressed parallel to the layering from one
side by a slowly moving piston, shows that the initial
development of the lateral compressive stress was
achieved by the propagation of a surface wave that moved
along the length of the model from the piston to the
unstressed end (BLAY et al. 1977). The models were made
up of a lubricated, gelatine multilayer, which behaved
elastically, resting on a thin viscous layer, which acted as
a detachment horizon. By exploiting the photo-elastic
properties of gelatine it was possible to demonstrate that
this surface wave was the manifestation of a “stress front”
(Fig. 1). An analysis of stress diffusion through an elastic
plate resting on a viscous substrate when compressed
at the plate margin, (BOTT & DEAN 1973), enabled the
movement of the stress front observed in these experi-
ments to be quantified. These authors showed that the
velocity, , of the stress front is given by:

 = (E h 1h 2)/(2L) Eq. 1

where, L is the length of the plate, E and h1 are respec-
tively the Young’s modulus and thickness of the elastic
plate and  and h2 are respectively the coefficient of
viscosity and thickness of the underlying viscous layer.
The state of stress behind the wave-front can be observed


