
Introduction to the Special Issue on New Dynamics

in Palaeostress Analysis
This Special Issue contains papers presented at the New

Dynamics in Palaeostress conference held under the auspices

of the Tectonic Studies Group of the Geological Society of

London in Burlington House on 10th September 2004. The

impetus for organising this conference was the rapid

developments in the subject that have occurred in the last

few years; it is clearly undergoing a renaissance since the

formative developments some three decades ago.

There seem to be at least two major aspects of the renewed

research. On the one hand theoretical developments in

analysing and visualising stress in the context of the Earth

have been influential in preparing for the new dynamics. For

example, although the concept of the reduced stress tensor has

been used in palaeostress analysis for many years (e.g.

Angelier, 1975), it is the linearisation of the problem that

underlies several recent developments (e.g. Fry, 1999, 2001;

Shan et al., 2003). New ways to measure and compare

properties of the stress tensor are being developed (Orife and

Lisle, 2003). Visualisation of stress space has also been

addressed (e.g. Fry, 1999).

On the other hand, the problem of identifying homogeneous

stress states from heterogeneous data has been tackled with

increasing rigour and objectivity by both graphical and

analytical schemes (e.g. Simón-Gómez, 1986; Huang, 1988;

Hardcastle and Hills, 1991; Fry, 1992; Célérier, 1995; Yamaji,

2000; Nemcok and Lisle, 1995; Nemcok et al., 1999; Célérier

and Séranne, 2001; Shan et al., 2003, 2004). A very interesting

question is the extent that these methods can be successful

without additional constraints (Liesa and Lisle, 2004).

Many attempts to separate stress tensors are driven partly by

the need to solve tectonic problems, which has also given rise

to developments such as methods that deal with faults without

striations (e.g. Lisle et al., 2001; Orife et al., 2002). Testing

methods with artificial data sets, and comparing results to those

expected from random distributions of faults, are useful

methods in evaluating new methods, but natural data sets

will always be the ultimate challenge, especially since there are

few, if any, situations in which complex stress histories can be

accurately reconstructed from independent evidence. This is

the ultimate test for fault slip analysis, which still needs to be

made.
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Alternative methods of palaeostress analysis include

twinning, the application of fracture mechanics, microbou-

dinage and other materials-science based methods. Although

we can look forward to further interesting theoretical

developments in fault slip analysis, the results of this

compilation hint that some of the best applications in the

future are likely to integrate a variety of methods together.

Examples could include the use of radiogenic and possibly

stable isotopes to constrain ages of faulting, the use of

additional field constraints on states of stress from fracture

analysis and twinning, and the integration of seismological

and geodetic results.

As the subject matures, it is to be hoped that palaeostress

analysis will increasingly become a standard geological tool, in

much the same way as strain analysis or balanced cross-

sections are routine, rather than an esoteric preserve of the

initiated. A desirable goal would be to integrate detailed

palaeostress analysis with kinematic analyses and numerical

modelling to produce a full understanding of mechanics on

increasingly large scales.

Palaeostress analysis has some important practical appli-

cations. The mineral exploration industry can benefit from

palaeostress analysis (e.g. Miller and Wilson, 2004), especially

when combined with numerical modelling, in which the

appropriate stress field for the model has not always been

quantitatively constrained. Palaeostresses are most important

in the understanding of hydrocarbon exploration. Groundwater

flow pathways, patterns of fault slip and seismic and volcanic

hazard assessment are also critically affected by palaeostress

analysis: all of these are central in the search for nuclear waste

disposal sites.

A vigorous debate has ensued for many years over whether

fault slip analysis results should be construed in terms of stress,

strain or strain rate (e.g. Marrett and Allmendinger, 1990;

Twiss and Unruh, 1998; Gapais et al., 2000). There seems to be

some confusion about the philosophy behind different methods

of fault slip analysis and the structural geology community has

a lot to learn from our more geophysically inclined colleagues

who deal with both dynamic and kinematic problems at the

Earth’s surface today.

Palaeostress and fault slip analyses in general will probably

undergo further rapid developments in the near future.

Certainly a variety of proposals need further testing and they

need to be formulated in such a way that they can be used

routinely by the non-specialist structural geologist. A keen
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appreciation of goals and limitations of the methods is needed.

Communication is therefore an important aim for the

practitioners of the subject.

The 16 contributions in this SI have been grouped into four

sections on:

1. Measurement errors and data quality in fault slip analyses

2. Separation of palaeostress tensors

3. Fault slip analyses from the field

4. Other palaeostress techniques
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