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Abstract 

We present the first step in the development of a 

system that would allow geological models to evolve 
backwards in time. The method of interactive evolu-
tionary computation provides for the inclusion of geo-
logical knowledge and expertise in a rigorous mathe-
matical inversion scheme, by simply asking an expert 
user to visually evaluate different geological models. 

We demonstrate the potential of the technique for the 

cases of folding and faulting. 

Keywords 

interactive evolutionary computation, inversion, geol-
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1 Introduction 

In recent years, fast computers have led to出ede-
velopment of quite sophisticated forward modelling 

of geological processes. We can answer questions 

such as "What faults or fractures will be generated 
by this stress field in this material ?", using accurate 
modelling of material behaviour. However, we really 

would like to solve出einverse problem, which is based 

upon field observations, i.e. "What stress field or ma-

terial behaviour can generate these faults?". Our task 

is tllus to invert present-day observations in order to 
unravel tl1e time evolution of a geological formation. 

The first approach used by a geologist is to construct 

a time-dependant conceptual model in order to explain 
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geological evolution. This is a heuristic method of in-

version which is based upon an expert's knowledge 

and experience, but it is highly visual and usually of-
fers little hard data. ln our quest to ground such con-
ceptual models in the laws of physics, we need to find 

the correct combination of initial conditions and ma-
terial parameters in order to reproduce and thus vali-
date the geologist's visual model. We lack numerical 

targets for mathematical inversion techniques, and so 
we have chosen a method of visual image ranking as a 

means for exploring geological parameter space. This 
approach capitalises upon the inherent subjectivity in 
geology. 

2 IEC-based Geological Inversion 

At present, geological modelling is almost exclu-
sively confined to the forward modeUing stage. The 

quality of a solution is often judged according to its re-

semblance to patterns seen in the field, to the fact that it 
does not contradict basic geological principles, or sim-

ply to the modeller's a priori expectations. Fit to data 

can be used as a further criterion when available, but 
this is rarely possible in a fonnal mathematical way. 

Since geological simulation is computationally ex-
pensive, it is beneficial to employ some optimisation 

method to accelerate the search for satisfactory solu-

tions. However, it is often hard to show, in a nu-
merical sense, how solutions obtained are geologically 

suitable. Subjective judgment based on geological 

knowledge and expertise is usually necessary. This has 

driven us toward the use of some level of user interac-



tivity in the process. 

Interactive Evolutionary Computation (IEC) is an 

optimisation method that uses EC to optimise the tar-

get system according to human subjective evaluation. 

This technique has been widely used in artistic, engi-

neering, educational, edutainment, and other fields for 

the past JO years [7, 8, 9]. The IEC method is an EC 

approach that uses the capability of human evaluation 
as a fitness function. Unlike neural networks or other 
many nonlinear optimisation methods, IEC optimises 
a target system without the gradient information of the 
search space. This point is essential in order for IEC 

to be used for system optimisation based on subjective 

human evaluation. 

Our two institutes have discussed and cooperated 
since 1998 in the area of geoscience and computa-

tional intelligence, and we have applied IEC to some 

geological problems [2, 3, 4, 5]. We believe that 
the IEC system represents an advance on traditional, 
time-consuming trial and error approaches by provid-
ing a formal role for relevant geological experience 
and knowledge in inversion. The traditional numeri-
cal measure of data mismatch is replaced by the ex-

pert's subjective evaluation based on his or her geo-

logical knowledge and experience. The process works 

by producing different possible solutions and present-
ing them to the user for judgment and ranking. 

Our IEC system is shown in Figure I. It works by 
linking a geological forward model to a genetic algo-
rithm (GA). A more detailed description of the spe-

cific GA implementation used in this work is described 
in [I]. The forward modelling code used here is a 

particle-in-cell finite element code [6, I 0]. 

3 Experiments 

We have applied the method to two geological situ-
ations, faulting and folding of the Earth's crust. The 

ranking of forward model results in the following 

cases is based upon comparison with a single target 
image. Although the forward models evolve in time, 

in this introduction to our inversion method, only the 
final configurations are used for visual evaluation. 

3.1 Faulting 

The first example seeks to reproduce common struc-

tures which arise when the Earth's crust undergoes ex-
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Figure I: IEC-based geological forward modelling. 
The geological simulation evolves based upon an ex-
pert's knowledge and subjective judgments. 

tension. The simple line sketch identified in Figure 2a 
serves as our target image. The model is composed 

of two initially homogeneous crustal layers which are 
extended by applying a uniform velocity to the right-

hand boundary. This initial configuration is illustrated 
in Figure 2b. 

The top of the box is filled with a low density, low 

viscosity background material which does not inter-
fere with the mechanics of the problem. The upper 

layer of the crust has the property that increasing strain 

(defom叫 ion)causes material softening, and so strain 
tends to localise in areas of small perturbations. We 
are looking to form deformation bands which we in-

terpret as faults due to extension. Although faults 
are, in reality, material discontinuities, in our contin-

uum forward-modelling code we estimate that bands 
of high localised strain represent faults. Eight forward 
models are run at each step of the inversion, and six 
crustal strength parameters are allowed to vary. 

Figure 2 illustrates the evolution of results using the 

IEC algorithm. Accumulated strain (faulting) is indi-

cated by areas of darkened material. The first panel 

(i) contains no models which resemble the target im-

age. In fact, only two out of the eight models have 
converged numerically and extended to full length, the 

others failing to do so because of unstable material pa-

rarneter combinations. Models 6 and 8 exhibit struc-

tures penetrating the upper layer, and for this reason 
they are ranked first and second, respectively. The 

other models do not merit ranking, but are nonethe-
less weighted randomly by the GA in order to fill up 

the remaining six positions. 
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Figure 2: Target image (a), initial geometry of the crust (b), and evolution of the IEC inversion for the 
faulting problem. Panels (i) to (iii) represent the first two and the last generation of the GA. Images are 
ranked according to their similarity with the target image. Some models have not been extended to full length 

because of numerical non-convergence. 
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Figure 3: Initial slightly perturbed layers for the folding problem (a), and final generation of the GA (b). 
Ranking simply includes or excludes the result from the category of multiple wavelength folding. 

Panel ii contains the second iteration of the algo-
rithm. Once again there are four models which do not 
converge numerically, but those that do converge gen-
erally display more crustal-scale structures than in the 
first iteration. The rank of each model result is noted 
below each image. We continue iterating in this man-
ner a total of six times, at which point half of the result-

ing images are qualitatively similar to the target image 
(panel iii), and the process is halted. The outcome is 
a set of crustal strength parameters that leads to the 
behaviour observed and inferred in the field. 

3.2 Folding 

In this next problem, we would like to promote the 

development of multiple simultaneous folding wave-
lengths as a box of layered material (Figure 3a) is com-

pressed from one end. There is an initial wavelength 
present, and we look for the appearance of at least 
one more wavelength, in contrast to observing only the 
passive amplification of the initial perturbation. We do 
not refer to any target image, as in this example our 

target is deliberately more vague. The behaviour we 
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seek will depend upon the particular material property 
contrasts. We allow the GA to vary the layer viscosi-・ 
ties and thicknesses as well as their yield stresses. 

Figure 3b shows the fifth and final generation of the 
algorithm, in which half of the outcomes display mul-
tiple wavelengths of folding. An analysis of the in-
put parameters shows us that such behaviour depends 
upon the presence of at least one layer with high vis-
cosity and yield stress (i.e. strong) and at least one 
layer which is substantially weaker. The variety of dif-
ferent results which is deemed acceptable is indicative 

of the variation in the other parameters, i.e. which lay-

ers are strong or weak, and relative thicknesses. 

4 Discussion 

For either of the above problems, arriving at a suit-

able combination of parameters would previously have 
involved one of two more laborious approaches: the 
manual selection of parameters by trial and error, or an 
exhaustive coverage of all parametric space. Trial and 
error may succeed with a limited number of param-



eters, but depends upon the user's knowledge of the 
coupling and feedback between parameters, which, in 
highly non-linear problems involving complex crustal 
rheologies, may be impossible. A parametric study 
quickly becomes unfeasible due to the sheer number 

of models which must be run as the number of param-
eters is increased. Neither of these approaches talces 
full advantage of the expert knowledge of an experi-
enced geologist. 

Our IEC method can be used by a field expert to 
invert for model parameters through the comparison 
of suitable images. The first case, involving faulting 
of the crust, is an example of a specific inversion target 
where an image has replaced a numerical target. The 

folding example illustrates the use of this algorithm 

as a classification tool, where a ranking is arguable. 
The GA graduallly accumulates more models in the 
appropriate (subjective) category. The analysis of the 

results in this case is more complicated and involves 
sifting through the history of the different generations. 

Since all forward models evolve in time, the ranking 
proeedure may be made more sophisticated by consid-
ering the evolution of the structures involved. Multi-
ple processes may lead to the same outcome, thus the 
consideration of evolutionary history reduces the non-
uniqueness of the inversion solution. 

5 Conclusions 

The technique of IEC has considerably diminished 
the effort required to explore parameter space during 
the inversion of conceptual models in geology. We by-
pass the lack of numerical data for an inversion target 
by using a GA together with image ranking to focus 
on a visual target. This approach exploits the experi-

ence and knowledge of an expert user in a visual and 
therefore intuitive environment. 
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