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Abstract--The deformation intensity around a wrench fault is studied through a comparison between a well- 
known witural fault and experimental models. Each model consists of a horizontal paraffin wax layer, containing 
a precut plane, which was submitted to uniaxiai compression. The Meyrueis Fault, in the Jurassic formations of 
the Caus,u~ massif (southern French Massif Central) gives the opportunity of estimating strain around a wrench 
fault. The comparison of this fault with the experimental models shows a good similarity in relation to the 
following aspects: variation of the principal strain axes around the fault; rotation of the strain axes with time, 
which confirms a non-coaxial strain history; heterogeneity of strain with some domains strongly deformed and 
others protected; symmetry of these domains with respect to the fault; and the strong influence of kinematic 
boundary conditions in the direction perpendicular to the compression. These features provide new criteria for 
the interpretation of natural wrench faults. 

INTRODUCTION 

WRENCH faults are well-known structures all over the 
Earth's surface. They have been observed associated 
with folds (Freund 1965, Harding 1974) or with second- 
order fractures and folds (Moody & Hill 1956, Moody 
1973). But although faulting is the result of stresses 
(Coulomb 1776, Oertel 1965, Nayior et al. 1986), a fault 
is not an inactive object, and since Anderson (1951) the 
reorientation of stresses around faults is well known 
(Segall & Pollard 1980, Gamond 1983, Xiaohan 1983). 
Also, a fault, once it exists, may be active over a long 
period, and the conditions that produce movement 
along an existing fault are different from conditions that 
produced the faulting itself (Chinnery 1963, White et al. 

1986). 
The geometry of the deformation that occurs around a 

wrench fault is also well established (Freund 1970, 
Wilcox et al. 1973). The study of this geometry seems to 
be only possible in three dimensions (Chinnery 1961, 
Sanderson & Marchini 1984). However the relationship 
between the finite strain ellipsoid and the velocity field 
around a fault is not a straightforward one (McKenzie & 
Jackson 1983). The purpose of this paper is to explore 
this domain and to estimate the degree of heterogeneity 
introduced by a fracture in the deformation of a sedi- 
mentary block by a comparison between a well known 
field example and experimental models. 

The Meyrueis Fault, on the Causse M6jean in the 
southern French Massif Central, is a strike-slip fault with 
a displacement of a few kilometres (G6ze 1977). This is 
compared with an analogue model, where a layer of 
paraffin wax represents the sedimentary cover and a slit 
made in it represents the fault. Here, the number of 
situations is multiplied at will by the experimenter, but a 
model is only an explanation of the reality and not the 
reality itself. So a discussion is necessary to compare the 

results of the two examples before attempting to draw 
any conclusions. 

THE MEYRUEIS FAULT, EASTERN CAUSSE 
ME JEAN 

The morphology of the "Causses Majeurs" area, in 
the southern French Massif Central (Fig. 1), is that of a 
table-land. Rivers cut the plateau and form deep, 
narrow valleys known as the gorges of the Tam. These 
valleys enable us to observe the structures. East of the 
Causses, crystalline basement appears, but the Causses 
themselves are made of Jurassic sedimentary rocks, 
mainly carbonates. Large faults have cut the region up 
into blocks, without changing the horizontal attitude of 
the stratification. Despite this apparent uniformity, 
small-scale conjugate wrench faults, horizontal tectonic 
stylolites (Arthaud & Mattauer 1969) and slickolites 
(Means 1987) on the surfaces of joints and veins are 
obvious proofs of deformation everywhere on the 
Causses. In a few places there are some folds (de 
Charpal & Tr6moli6res 1974), always on a modest scale 
but clearly defined, and they are commonly close folds. 
Alphine orogenesis produced faulting and surrounding 
strain (Chiron 1980). 

On the east side of Causse M6jean is the Meyrueis 
Fault, orientated 030 °, well-known for an important left- 
lateral movement, associated with a lowering of all the 
western blocks and a thickening by small reverse faults 
in the eastern blocks (around Florac). To be more 
precise, the thickness of the sedimentary cover is 1000 m 
and the western blocks have dropped 200 m. The Mey- 
rueis Fault is in fact a bundle of many individual faults 
(Fig. 1), but a main fault exists and in this paper it is 
treated as the only significant one. If faulting is the result 
of brittle failure, the abundance of stylolites, slickolites 
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Fig. 1. Structures and strain measurements around fheMeyrueisFault. 
Normal components of motion on faults are indicated by hachures on 
the downthrown side. For each point of strain measurement, rep- 
resented by a small circle, the direction of the veins is represented by a 
dotted line and the shortening direction is represented by a continuous 
line. Where the values of extension are known, they are indicated with 
positive percentages and centrifugal arrows for positive extensions, 
and negative percentages and centripetal arrows for negative 

extensions. 

and veins suggests that the deformation mechanism 
involved around the fault is pressure solution. 

Wherever  deformation has occurred, a strain ellipsoid 
has resulted. Unfortunately the lack of good strain 
markers on the Causse means that the exact shapes of 
these ellipsoids are not known. Nevertheless it is poss- 
ible to define, for a few sectors of limited area, two 
typical directions along which extension can be 
measured, but it is impossible to know whether or not 
these directions are the principal directions of strain. 
The first is a positive extension perpendicular to the 
mean orientation of  the veins of the sector, the 'stretch- 
ing direction'. The second is a negative extension paral- 
lel to the teeth of the stylotites and bisecting small-scale 
conjugate wrench faults, the 'shortening direction'. In 
Fig. 1, for each sector around the Meyrueis Fault, these 
directions are indicated out by centrifugal and centrip- 
etal arrows, respectively. It is noticeable that in no 
sector are these directions perpendicular one to the 
other. The stretching direction seems to be oriented E -  
W while the shortening direction has a trend of 020* or 
030 °, parallel to the Meyrueis Fault. Since the veins were 
formed before the other  objects, as is indicated by field 
observations of stylolites and fractures, this may indicate 
that there has been a succession of stretching and short- 

ening over a period of time, accompanied by a reorien- 
tation of the principal axes of finite strain which undergo 
a clockwise rotation. 

As the position of veins is controlled by sedimentary 
anisotropy they are perpendicular to the layers (Han- 
cock 1985). By adding together the thicknesses of veins 
observed at the surface of a layer, it is possible to 
determine how they bring about a change in its length. In 
the same way, the length of the teeth of the stylolites 
gives an idea of the shortening of a layer. Hence in some 
places, although the shape of the strain ellipsoid is 
unknown, the value of extension along the stretching 
and shortening directions may be established. The ex- 
tension e is a ratio: e = ( L i  - L o ) / L o ,  where L0 and LI 
are the lengths of the object before and after defor- 
mation (Ramsay 1967). As the values are small, they are 
expressed in percent. Each circle in Fig. 1 is representa- 
tive of a sector, and the measurements were taken in the 
following way. 

(1) Positive extension (Fig. 2a) was measured across 
the veins. L 1 -  L0 is the sum of thicknesses of the 
different veins which can be observed on the top face of a 
sedimentary bedding, and L0 is the sum of the widths of 
the different elements that have been cut off in this layer 
by the veins. To avoid, as far as possible, human error  
due to the operator ,  the measurement was taken along a 
string fixed tightly to the bedding, perpendicular to the 
veins; the string must cross at least 40 veins, which in this 
case means a distance of more than 5 m. 

(2) Negative extension (Fig. 2b) was measured paral- 

a + 
+h 

b 
L°= L,÷a+b+c÷d 

Fig. 2. (a) Across the veins positive extension is measured. Lo is the 
sum of the widths of the different elements and LI is the present length. 
(b) Across the stylolites negative extension is measured, L0 is the sum 

of LI (the present length) and the longest teeth of each stylolite. 
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lel to the 'teeth' of the stylolites. A string was tightly 
fixed perpendicular to the stylolites; its length is Ll, L0 is 
then the sum of L1 and the longest teeth of each stylolite. 
As the width of rock that disappeared in each stylolite 
because of solution may be greater than the longest teeth 
of the stylolite, L0 may be underestimated (Stockdale 
1922, Gratier 1984). The actual shortening may there- 
fore be greater than indicated by the ratio given. To 
make sure of the reproducibility of the measurement the 
string must cross at least 40 stylolites, in a few metres of 
rock. 

The results are presented in Fig. 1. For each sector the 
values of stretching and shortening are shown in front of 
the corresponding small arrows. Where no value is 
indicated, the measurement of extension was not poss- 
ible with reasonable accuracy. It is noticeable that the 
intensity of strain, especially negative extension, is 
greatest in the north of the region shown in Fig. 1, where 
the fault disappears. Here it reaches about 5%. 

Before presenting the experimental results, it may be 
useful to note the following main results of the field 
work: (a) the high degree of pressure solution; (b) 
stretching and shortening directions consistent with left- 
lateral movement along the fault, but which are not 
exactly synchronous and seem to indicate a rotation of 
the strain axes, with time; (c) concentration of horizon- 
tal compressive strain around the end of the fault; (d) the 
downfaulting of the western blocks; (e) small reverse 
faults around Florae, with compression towards 020°; 
and (f) intensity of the deformation which is about 5% 
and probably more. 

Very diverse structures are arranged around the fault: 
reverse faults, normal movement and non-coaxial strain 
history. However, they are not randomly located and 
this suggests that their development and the left-lateral 
movement along the fault are linked together. To inves- 
tigate this possibility, I made analogue models and 
focused on possible relations between deformation and 
displacement along a strike-slip fault. 

RESULTS FROM ANALOGUE MODELS 

The behaviour of a fault is a succession of brittle 
failures, at the limit of elasticity, which produce faulting 
and the accumulation of permanent strain over a long 
period. The propagation of cracks and fractures is a very 
rapid mechanism (Petit 1988); running cracks can accel- 
erate to significant fractions of the velocity of sound 
(Atkinson 1987). In contrast, the growth of stylolites 
requires a long time (Gratier 1984) and the veins are 
progressively filled (Ramsay 1980). Hubbert (1937), 
who established the rules of similarity in analogue 
models, demonstrated that we could represent, in a few 
hours, the deformation of a geological structure that in 
reality required millions of years. However processes 
propagating at significant fractions of the velocity of 
sound in nature cannot be represented in experiments 
where time is accelerated by about 10 9. ThUS, in a model 
it is not possible to represent all aspects of the behaviour 

of rocks, and we must choose between representing 
either the propagation of the fracture, or the accumu- 
lation of inelastic strain. This is a limitation imposed by 
the method. 

As we were focusing on the study of strain around the 
fracture rather than the propagation of the fracture 
itself, we looked for a material able to represent time- 
dependent deformation. Elastic strain is then neglected; 
this is the kind of strain that develops during earth- 
quakes (King & Vita-Finzi 1981) but probably never 
reaches 1%, whereas inelastic strain may exceed 10%. 
Thus neglecting elastic strains seems justified (Molnar 
1983). Another result of elasticity is seismicity along the 
fault. But, as our experiment is unable to produce stick- 
slip, it represents only continuous displacement along an 
aseismic fault (Gratier & Gamond in press). 

Since Rispoli (1981), it has been known that stylolites 
and veins can occur simultaneously and their relative 
positions agree with the reorientation of stresses around 
a fracture (Pollard & Segall 1987). The deformation of 
rocks by pressure solution is analogous to that of a 
viscous body (Laubscher 1975, Rutter 1976, Gratier 
1984). The predominance of pressure solution around 
the Meyrueis Fault on Causse M~jean, therefore led me 
to select a viscous material for the experiments. In this 
case, I used a paraffin wax manufactured by MERCK, 
with a melting point of 46-48°C, and which is viscous at 
the temperature of the experiment (Mancktelow 1988). 

In fact, the model represents the ductile behaviour 
around a fault. The period during which the deformation 
is produced is long enough to consider the displacement 
as being aseismic, with no propagation of the fault, and 
with the deformation being the result of viscous behav- 
iour. The model is not scaled for gravity. 

The models consist of a single layer of paraffin, 1.1 cm 
thick. A large number of layers would have produced an 
easy nucleation of folds, as shown by Biot (1961) and 
Ramberg (1964), but that would not have corresponded 
to my aim, which was the modelling of strain around a 
fault in a table-land context. The wax was placed in a 
rectangular box, 70 × 60 cm, made of Plexiglass 
(Odonne & Vialon 1987), and compressed by moving 
one of the shorter sides at a controlled rate of displace- 
ment throughout the experiment. Silicone grease 
(RHONE-POULENC, 70428), with silicone oil (RHO- 
DORSIL, 47 V 300) added to the proportion of three 
parts of grease to one part of oil, reduced friction along 
the walls and the bottom of the box. As the viscosities of 
paraffin and grease change with temperature, the ex- 
periments were performed in a thermostatically con- 
trolled airtight container at a temperature of 30°C. The 
viscosities of the materials are 3 × 105 Pa s for the 
paraffin wax and 10 Pa s for the grease. In each model a 
slit was made and filled with grease to allow displace- 
ment along itself. This represents a fracture likely to 
introduce heterogeneity in the deformation of the layer. 
To measure the strain at each point on the model, small 
circles were drawn in blue ink on the surface of the layer, 
2.75 cm in diameter. Displacement of the wall was 
stopped every 5 cm, the finite strain on each circle, which 
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has now become an ellipse (Ramsay 1967), was 
measured, and I was therefore able to determine the 
deformation at each point and time of the experiment. 
Thus I know the strain history throughout the experi- 
ment. 

I shall present in detail the results of two types of 
experiments. In one the angle between the fracture and 
the direction of compression is 30 ° (Fig. 3a) and the layer 
of wax does not fill the box. The dimensions of the layer 
are 70 x 45 cm, so the model is free to expand horizon- 
tally and vertically. In the other type of experiment the 
layer completely fills the box, which is likely to change 
the disposition of stresses at the boundaries of the 
model. Some other experiments, with the value of the 
fracture-compression angle varying from 15 ° to 45 °, are 
only mentioned to complete the previous results or to 
specify some characteristic points. 

At each stage of the experiment the position and 
geometry of each ellipse are measured; hence I can (a) 
draw displacement vectors, (b) draw principal axes of 
strain ellipses and (c) compare the geometry and posi- 
tion of each ellipse with that of the others or with its own 
geometry in a previous stage of deformation. 

As each experiment is made up of four stages of 
deformation it is clear that only a computer is able to 
deal with the great amount of data. To avoid exhaustive 
but austere tables, results are presented as maps, where 
the centre of each ellipse is represented by a point or a 
symbol at the locus of the corresponding ellipse. 

Model with horizontal stretching 

By joining the initial and final positions of the centre 
of each ellipse we can draw the displacement vectors 
(Hobbs et al. 1976). These displacements are relative to 
a fixed origin, the same corner of the box in all the 
experiments, and they exhibit absolute displacement 
vectors (Fig. 4), from the undeformed state to stage 3. 
This vector, although precisely measurable, is not of 
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Fig. 4. Absolute  displacement vectors between the undeformed state 
and stage 3 of the experiment  where the layer does not fill the box. 
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Fig. 5. Displacement vectors relative to the centre of the fracture. 
They exhibit left-lateral displacement along the fracture and the 
rotation of the fracture in a clockwise direction during the experiment. 
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Fig. 6. Displacement vectors relative to the centre of the fracture, after 
removal of  the rotation of  the  fracture. Displacement vectors converge 
on the two areas where the thickness of the layer is greatest at the end 

of experiment.  

much help to the geologist who is used to estimating 
displacements relative to a structural object. So, we can 
consider the centre of the fault as immobile during the 
deformation and draw relative displacement vectors 
(Ramsay & Huber 1983). Left-lateral displacement 
along the fracture is clear (Fig. 5) and the vectors located 
at the two tips of the fracture show its rotation in a 
clockwise direction. At the end of experiment this ro- 
tation reaches 14 °. We obtain a different graph of 
relative displacement vectors if we subtract, graphically, 
the rotation of the fracture (Fig. 6). Then left-lateral 
displacement is obvious, 6.5 cm in the middle of the 
fracture, and at the end of experiment, vectors converge 
on the two areas where the thickness of the layer is 
greatest as a result of the concentration of matter. 



Deformation intensity around a fault 917 

FI.A3Ox4 • 

6 0  . . . . . . . . . . . . . .  

• ÷ . . 4- ~ , , 

4- ~ ' "~ 4- 
' . -4-4-_4- _ -t...-t., ~ ' ,  ' . - - 

_ ÷ _ 

~o  g 4 -  4 -  " - "  4- 

- + - - + - +  + 
• ., , ,  ,o + + + + ÷ . . 

. . . . .  . . k .  . . . . .  J 

o ;o ~o ;o ~o .o so 7o 

Fig. 7. Map of deformation at the end of the first experiment, where 
the layer does not fill the box and the fracture-compression angle is 30*. 
The short axes of the ellipses are represented by segments; if positive 
extension occurs along the long axes they are represented by dotted 
lines. The shortening is greater in sectors B than in sectors A. Dotted 

line is the initial position of the moving wall. Scale in era. 

Figure 7 shows the map of deformation at the end of 
the experiment, when displacement of the short side of 
the box reaches 20 cm. The short axes of the ellipses are 
represented by segments; the long axes are shown with 
dotted lines if the extension e along them reaches more 
tham +4%. If we assume that during deformation the 
volume of paraffin does not change, the change in area 
of each ellipse is balanced by the thickening of the layer, 
and the geometry of finite strain ellipsoids is known. 
Using the Fiinn diagram in Ramsay (1967, p.136), we 
can define these ellipsoids around the fracture: k = 0.16 
in sectors A, k = 0.4 in sectors B, always of the flattened 
type. The finite strain ellipses vary in orientation around 
the fracture; in sectors A short axes tend to be at high 
angles to the fault, in sectors B they tend to be at low 
angles, which agrees with Anderson (1951). 

As a unilateral compression is acting on the model, 
the strain is greater close to the moving wall than in the 
rest of the model. This is superimposed on the hetero- 
geneous strain introduced by the fracture. For the best 
understanding of the latter we have to eliminate the 
influence of the moving wall. To do this, all ellipses 
located at equal distances from the moving wall are 
compared. A mean value of the length of the short axes 
of finite strain ellipses in each group is calculated, and 
each ellipse is then checked with the mean of its group 
(Fig. 8). If the shortening differs by more than 10% from 
the mean, a superimposed symbol is shown on the 
hexagons that represent the location of strain measure- 
ments. Concentric hexagons are shown if the shortening 
is greater than the mean, and parallel lines if less. 
Protected areas (domains A) and high strained areas 
(domains B) appear at the very beginning of defor- 
mation; these are clearly visible after only 5 cm displace- 
ment of the wall. This agrees with other experimental 
results (Wang et al. 1987). 

To understand how the variations in strain orientation 
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Fig. 8. Comparing of strains at equal distances from the moving wall, 
to eliminate strain heterogeneity associated with the wall. Horizontal 
shortening more than 10% greater than the mean is represented by 
concentric hexagons, more than 10% less than the mean is represented 
by hexagons with two parallel lines. Sectors A are protected areas, 
sectors B are areas of high shortening. These sectors are well defined 
early in the deformation history, after 5 cm of displacement of the wall 

in the experiment where the layer does not fill the box. 

shown in Fig. 7 develop, we can compare deformation of 
the model at successive stages. On the same diagram the 
short axes of two successive stages are superimposed. In 
Fig. 9, the axes of stage 1 and stage 2 are superimposed, 
and it clearly appears that in some places a difference of 
at least 15" exists between the successive orientations of 
finite strain ellipses, while the rotation of the fracture is 
only 4* between stages 1 and 2. This represents a non- 
coaxial strain history around the fracture. At the end of 
deformation, between stages 3 and 4, rotation of the 
ellipses is weaker (Fig. 10). To define the sense of this 
rotation between stages 1 and 2, Fig. 11 represents each 
ellipse by a circle. If the rotation exceeds 3", the circles 
are replaced by clockwise and anticlockwise vectors. 

4O 

3O 

20 

iO 

FLA3Ox2 • 

B 

. . . . . . .  ! 

Fig. 9. The short axes of finite strain ellipses in stages 1 and 2 are 
superimposed in the experiment where the layer does not fill the box. 
In some places the two axes are not exactly parallel which reveals a 

non-coaxial strain history. 
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short axes of the last two stages are superimposed. There is no rotation 

of the principal axes of strain. Scale in cm. 
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Fig, I 1. Sense of rotation of strain axes at the beginning of experiment 
(between stages 1 and 2, Fig. 9) the rotation of strain is mainly 

clockwise. 

During this second step, from stage 1 to stage 2, it is 
mainly clockwise rotation that appears around the frac- 
ture. The behaviour of the model during this step is 
especially interesting because the intensity of strain 
corresponds to that observed around the Meyrueis 
Fault. 

Data from additional models 

To study the influence of a parameter, it must be 
changed from one model to the next. Then any change in 
the deformation of the model may be linked to this 
parameter, and only this one. I shall consider first the 
influence of the disposition of the principal stress axes in 
relation to the boundaries of the model and the influence 
of the orientation of the fracture within the model. 

In the second type of experiments the paraffin layer 
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Fig. 12. Displacement vectors relative to the centre of the fracture, in 
the experiment where the layer completely fills the box, between the 
undeforn~d state and stage 3. They exhibit small left-lateral displace- 
ment along the fracture, and a small rotation of the fracture in a 
clockwise direction during the experiment. In Fig. 5 where the layer 
does not fill the box, displacement and rotation are obviously greater. 

fills the Plexiglass box (Fig. 3b), the angle between the 
fracture and the compression being always 30 ° at the 
beginning of the deformation. The boundaries of the 
model were constrained along the long sides of the box, 
parallel to the compression direction, and this may be 
compared to an intermediate principal stress. In the 
vertical direction the weight of the layer only exerts 
extremely low stresses. Such a disposition does not ease 
displacement along the fracture, but a small displace- 
ment is observed of 2.8 cm, in a left-lateral direction 
(Fig. 12) and a small clockwise rotation of the fracture, 
9 °. Compare with Fig. 5. 

The deformation map shows the change in orientation 
of each finite strain ellipse around the fracture (Fig. 13, 
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Fig. 13. Map of deformation at the end of the second experiment 
where the layer fills the box. The short axes of the ellipses are 
represented by lines, and if negative extension has occurred along the 
long axes they are also shown (in sectors B where thickening of the 
layer is greater). In contrast to Fig. 7 (first experiment), no horizontal 
stretching occurs but the shortening is always greater in sectors B than 

in sectors A. Scale in cm. 
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Fig. 14. Experiment of the second type. As in Fig. 8, strain heterogen- 
eity associated with the moving wall has been eliminated. Shortened 
ellipses are represented by concentric hexagons, and protected ellipses 
are represented by hexagons with two parallel lines. Even at the end of 
experiment (stage 4), protected areas do not appear as clearly as in the 

first stage of deformation of the model with free sides. 

compared with Fig. 7). The long axes of the ellipses are 
never stretched, but they are sometimes shortened and 
then appear as a line. Obviously, corresponding ellip- 
soids are constricted and their shape is defined as before 
with the Flinn diagram: k = 1.25 in sectors A, k = 1.75 
in sectors B. The heterogeneity of strain is not so clearly 
seen as in the previous model, protected areas seem to 
appear only at the end of the deformation (Fig. 14). 
Rotation of the ellipses takes place around the fracture 
only. At the end of the experiment we can observe 
limited, but clearly defined areas at the tips of the 
fracture: sectors A which exhibit anticlockwise rotation 
and sectors B, clockwise rotation (Fig. 15). 

To summarize the different evolutions of these two 
models, Fig. 16 represents the shapes and orientations of 
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Fig. 15. During the second experiment (between stages 1 and 4) the 
rotation of strain is clockwise in sectors B, and anticlockwise in the 
sectors A. This rotation of strain is well expressed at the end of the 

experiment only. 

finite strain ellipsoids in sectors A and B, at the end of 
the deformation. The importance of the heterogeneity 
introduced in the model by the fracture is clear when the 
model is free to expand (Fig. 16a), and it is lessened 
when the boundaries are fixed (Fig. 16b). Hence the 
heterogeneity seems to be linked to the amount of 
displacement along the fracture. 

In another set of experiments the value of the 
fracture-compression angle is 15" or 45*. In both cases 
the differences observed in the evolution of the models, 
whether with fixed lateral boundaries or not, confirm the 
previous results. This was in agreement with the Cou- 
lomb theory (1776) which states that displacement along 
a fracture occurs more easily when the fracture compres- 
sion angle is between 30* and 45* (see also Chinnery 
1966). So, in models where this angle is 15 ° , deformation 
with a low heterogeneity is observed and disturbance 
introduced by the fracture is not widespread. Results 
from models where the angle is 45 ° are close to those of 
30* models, however, the angle between the fracture and 
the short axis of each ellipse is always greater than in the 
30* models. At the end of the experiment evolution is 
noticeably different: ellipses rotate to align more closely 
with the compression direction; the fracture, with a 
clockwise rotation of 14 °, leaves the position where left- 
lateral displacement is easy, and heterogeneity is 
reduced and strain ellipses tend to become parallel once 
again. 

CONCLUSION FROM THE MODELS 

The main results of the experiments may be summar- 
ized as follows. 

(1) Left-lateral displacement along the fracture 
causes reorientation of the principal strain axes. 

(2) As this reorientation appears progressively, strain 
history is clearly non-coaxial around the fracture, espe- 
cially at the beginning of the deformation where clock- 
wise rotations arise. 

(3) Domains where shortening is intense, and others 
where it is very slight become more individualized as the 
deformation proceeds, and the positions of these 
domains are symmetrical with respect to the fault. 

(4) Heterogeneity of strain is linked to the amount of 
the displacement along the fracture, that is to say: (a) to 
the possibility for the layer to expand in its horizontal 
plane, (b) to the fracture-compression angle. 

DISCUSSION 

Deformation around the Meyrueis Fault involves E-  
W stretching, and a shortening which may exceed 5%, 
trending close to the fault direction, that is to say 030*. 
This and the important left-lateral displacement along 
the fault, lead us to retain, as a reasonable analogy, the 
model with free sides. 

The thickening of domains B, where the relative 
displacement vectors converge as a result of matter 
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Fig. 16. Comparison of shapes and orientations of finite strain ellipsoids of the two models, here, at the end of each 
experiment. Each ellipsoid is represented by a parallelepiped derived from a cube representing the undeformed state. (a) 
Model with free sides, the heterogeneity of strain is great. (b) Model which fills the box, the heterogeneity of strain is 

reduced. Here, the heterogeneity seems to be related to the size of displacement along the fracture. 

concentration, seems to correspond, in the field 
example, to the small reverse faults around Florac, and 
the lowering of the western blocks corresponds to 
domains A. This agrees with the models of Rodgers & 
Chinnery (1973) and Sibson (1985), where on one side of 
the fault there is an area with positive vertical move- 
ment, and on the other side negative movement. The 
relative positions of these domains confirm the import- 
ant left lateral movement along the Meyrueis Fault. 

The rotation of the deformation in a clockwise direc- 
tion during stage 2 of the experiment can be compared to 
the succession of stretching (N-S veins) and shortening 
(teeth of stylolites at 030*) around the fault. However, 
these directions (of the veins and teeth of stylolites), 
which correspond to intermediate stages of defor- 
mation, are not equivalent to the principal directions of 
strain as inferred from the models. Nevertheless, as the 
veins were formed first, this suggests, by analogy with 
the models, that the strain history around the Meyrueis 
Fault is non-coaxial and that the strain axes have rotated 
progressively in a clockwise direction. 

The answer to the question suggested above is thus 
that a single lateral movement along a pre-existing 
fracture is able to produce, in well defined domains, 
reverse faults, normal movements and a non-coaxial 
strain history. 

One conclusion that we may draw from this study is 
that a fracture locally disturbs the disposition of stresses 
and deformation. Strain history, around the fault, is 
clearly non-coaxial, and this deformation rotation is a 
function of the following factors. 

(l) The freedom of the boundaries of the layer, which 
may also be expressed as the horizontal position, or 
otherwise, of principal intermediate stress. When the 
boundaries are free, unrestricted displacement occurs 
easily along the fracture and heterogeneous strain, with 
major rotations, is possible. 

(2) The "angle between the fracture and the direction 
of compression. When this angle is between 30* and 45 ° 
displacement is possible, and rotations occur. 

(3) The intensity of the deformation. A bulk shorten- 
ing exceeding 30% would destroy heterogeneity of 
strain, finite strain ellipses beginning to be more and 
more parallel. In the early stages of deformation the 
heterogeneity appears. As the experiment progresses 
the fracture rotates and when the fracture-compression 
angle exceeds 45 ° , displacement is reduced and the 
heterogeneity disappears. 
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