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ABSTRACT 

Langenberg, C.W., H.E. Rondeel & H.A.K. Charlesworth (1977). A structural study in the 
Belgian Ardennes with section constructed using computer-based methods. Geo!. Mijnbouw, 56, 
p . 145-154. 

A 50 km 2 area in the eastern part of the Hercynian Din ant synclinorium of the Belgian 
Ardennes containing sandstones, carbonates and shales is macroscopically folded and cut by 
several faults. Using numerical procedures the area was divided into five domains within which 
the folding is statistically cylindrical. TI1e domains were examined with the aid of structural 
cross-sections. Each section was . constructed using a computer-plot showing the 
positions of outcrops projected parallel to the fold-axis onto the plane of section, together with 
the traces of bedding. A composite plot was obtained for all five domains by first rotating four 
domains separately so that their fold-axes became parallel to the fold-axis in the fifth domain. 
Such rotations, which affect the coordinates of outcrops as well as the direction cosines of 
bedding-poles, can be accomplished by matrix multiplication. Sections constructed in this way, 
particularly the composite section, display the structure to considerable depths. The competent 
rock-units within the map-area have been deformed into rounded parallel folds. The intervening 
incompetent units appear to be zones of disharmony especially in the south. Several south­
dipping listric thrust-faults can be discerned in the sections. 

1977 

INTRODUCTION 

In a recent article (C ha r I e s w o rt h et al., 1976) sever­
al numerical statistical m'ethods for measuring and displaying 
the geometry of macroscopic cylindrical folds were de­
scribed. Among these procedures were those for (a) identify­
ing domains within which folding can be considered statisti­
cally cylindrical, (b) calculating orientations of fold-axes and 
axial planes, and ( c) preparing right and oblique structural 
cross-sections with the aid of computer-constructed plots. 
While attempting to apply these methods to some folded 
rocks in the Remouchamps area of the Belgian Ardennes, we 
decided that some new procedures should be developed to 
deal with areas consisting of not one but several cylindrical 
domains. This article therefore consists of three parts: the 

first summarizes the geology of the Remouchamps area, the 
second examines the numerical procedures employed and the 
third describes the results of applying these methods to the 
Remouchamps area. 

l) Department of Geology, University of Alberta, Edmonton, Alber­
ta (Canada) T6G 2E3 

2) Geological Institute, University of Amsterdam, Amsterdam (The 
Netherlands) 

GEOLOGY OF THE REMOUCHAMPS AREA 

In the Dinant synclinorium in the Ardennes of Belgium 
Devonian and Carboniferous sedimentary rocks are exposed. 
It extends ENE from Dinant (fig. 1) for a distance of 50 km 
before terminating against the unconformably underlying 
Lower Paleozoic metasedimentary rocks of the Stavelot 
massif. The general fo ld axis of the synclinorium is essential­
ly horizontal except where, as in the eastern half of the 
Remouchamps area, it plunges moderately westwards off the 
Stavelot massif. 

The Devonian and Carbonife rous strata within the Re­
mouchamps area have been grouped into the following five 
rock-units: (A) Lower-Middle Devonian elastics, (B) Middle­
Upper Devonian limestones, (C) Upper Devonian silstones 
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and shales, (D) Upper Devonian sandstones and (E) Carbonif­
erous carbonates. We have not used F o u rm a r i e r' s 
(1954, 1958) more detailed subdivision because (of (1) the 
scarcity of outcrop in many places and (2) the rapidity with 
which facies changes occur (see e.g. A s s e 1 b e r g h s, 1946; 

F o u rm ar ie r, 1954; Bou ckae rt et al., 1970; C o en, 
1974). The relationship between the above five units and the 
more numerous cartographic units on the 1: 25 .000 Louveig­
ne-Spa geological map (Four mar i er, 1958) is shown by 
means of the alphamerics in the stratigraphic column (fig. 2). 
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;eological map and cross-sections of the Remouchamps area (after Fo u r m ar i er, 1958). 
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Schematized stratigraphic column for the Remouchamps area (after 
F o u r mar i er, 1954, 1958). 
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As indicated by previously published sections (fig. 1) fold­
ing in the Remouchamps area is disharmonic, apparently the 
result of a zone of disharmony in the stratigraphic unit C. 
The axial surfaces of the folds dip to the south as do the 
several thrust-faults cutting units B-E. It is supposed that the 
faults do not continue into the more incompetent unit A 
(Fourmarier, 1952;cf.fig. l). 

NUMERICAL PROCEDURES 

The study of folding in any area is facilitated by drawing 
structural cross-sections. Such sections can be constructed by 
projecting selected points on each folded surfaces parallel to 
the fold-axis B from the topographic surface onto the plane 
of section and by joining up these points to produce smooth 
continuous curves. Where stratigraphic horizons cannot be 
accurately mapped each outcrop is projected parallel to B 
and represented by a short line parallel to the trace of s 
(fig. 3). This method of down-plunge projection, apparently 
developed and first applied in the Alps by Lugeon and Argand 
towards the beginning of the century, does not involve making 
any assumption as toe the style of folding, although of 
course it assumes that the fold maintains its shape parallel to 
B, i.e. the fold is cylindrical in form. The method can be 
adapted for use with the computer by carrying out a proce­
dure which is summarized below. 

(a) The area under consideration is on inspection divided 
into the smallest number of subareas within which the 
folds appear to be cylindrical, and the orientation of the 
best-fit fold-axis in each subarea is calculated. 

mop 

Fig. 3 
Down-plunge method of constructing structural cross-sections. Where 
a macroscopic surface has been precisely positioned at a point on the 
ground, the point is projected parallel to the fold-axis onto the plane 
of section and represented by a cross. Outcrops not situated on such a 
surface are projected in a similar manner and represented by a short 
line parallel to the trace of the folded surface on the plane of section. 



148 

(b) The cylindricity of the folds in each sub area is tested 
by ascertaining whether or not the scatter of s-poles about 
the best-fit plane is within acceptable limits. On the basis of 
these tests subareas are grouped or subdivided into domains 
within which the folds can be regarded as cylindrical. 

( c) The angle between the s-pole at each outcrop and the 
appropriate fold-axis is calculated and used to locate more 
precisely the boundaries between domains and also to reject 
outcrops where, probably because of error, this angle is 
appreciably less than 90° . 

(d) The computer is instructed to prepare plots that dis­
play the projection of each outcrop as well as the trace of s, 
using as input the orientations of s and the coordinates of 
outcrops. 

( e) Composite plots bringing together data from different 
domains are then constructed. 
Steps (a), (b) and (d) have already been described in some 
detail (Ch a r l es worth et al., 1976) and so will be cov­
ered only briefly in this paper. 

Calculation of fold-axes 

To implement numerical procedures involving orientation 
data, the orientation of an s-pole should be converted to 
direction cosines, i.e. the cosines of the angles that the pole 
makes with three mutually perpendicular axes. If these axes 
are due north, due east and vertically downwards, the respec­
tive direction cosines [l m n] are given by 

[l m n] = [cos T · cos P sin T · cos P sin P] (1) 

where T is the trend of the pole (in degrees azimuth) and Pis 
the plunge (negative for upward-pointing poles specifying 
overturned strata). The direction cosines of the best-fit fold­
axis comprise the three-element eigenvector associated with 
the smallest eigenvalue of the matrix T given by 

1·2 
I limi lini 

p 
T= L 

i = 1 
limi m·2 

I mini 

lini mini n·2 
I (2) 

Testing cylindricity 

The scatter of s-poles about the best-fit plane in an area 
may be caused by (a) personnel and instrument error in 
measuring s-poles, (b) roughness of the s-surfaces and ( c) 
non-cylindricity of the folds. The null hypothesis of coplan­
arity of s-poles (i.e. of cylindricity) is rejected with confiden­
ce 1-a if 

(3) 

where A.3 is the smallest eigenvalue of the matrix T, K is the 
concentration parameter measuring (a) error and (b) rough­
ness, and x2 p-2 (a) is the upper lOOa percentile point of the 
X2 distribution with p-2 degrees of freedom. As long as the 

features producing the roughness are on a scale less than that 
of an outcrop K can be estimated by taking repeated meas­
urements at an outcrop (see e.g. Mardi a, 1972, p. 251). 

If the null hypothesis of coplanarity associated with the 
above test is rejected , folding may still be cylindrical if the 
scale of the roughness features is larger than that of an 
outcrop. To find out whether or not this is the case, the area 
is divided into two segments and the matrix T compiled using 
data first from one segment, then from the other and finally 
from both segments together. The corresponding values of 
the smallest eigenvalues, A.3a, A.3b and A.3, are then comput­
ed. The null hypothesis of coaxiality (i.e . of cylindricity) is 
rejected with confidence 1-a if 

(p-4) (A.3 - A.3a - A.3b)/2(A.3a + A.3b) > F2 ,p4 (a) (4) 

where F2 ,p4 (a) is the upper lOOa percentile point of the F 
distribution with 2 and p-4 degrees of freedom. A probability 
basis for this test is given by K e 1 k e r & La n g e n b e r g 
(1976). 

If the null hypothesis associated with the F test is reject­
ed, each segment is tested independently as above. If the null 
hypothesis associated with either the x2 or the F test is not 
rejected, the area may be regarded as a domain within which 
folding is statistically cylindrical. Finally, if the folding in 
adjacent areas grouped together turns out to be cylindrical, 
they can be amalgamated to form one domain. 

Refinement of domain boundaries 

The boundary between two domains may be well-defined 
and easy to locate: such would be the case where it is a 
rotational fault younger than the macroscopic folds under 
investigation. In other cases, however, the orientation of the 
fold-axis varies more gradually and the boundary has to be 
positioned, at least in the first instance, somewhat arbitrarily. 
In order to establish the boundary more precisely we proceed 
as follows. 

The angle <Pi between the ith s-pole in a domain and the 
fold-axis B is given by 

(5) 

where [L M N] are the direction cosines of B. In an ideal 
correctly measured cylindrical fold this angle is invariably 
90°, but in most natural cylindrical folds it is less than 90°. 
Once the provisional boundary between the two domains has 
been drawn, the fold-axes calculated, etc., the angle <Pi for an 
outcrop near the boundary is calculated using each fold-axis 
in tum. Clearly the domain whose fold-axis gives the larger 
value of <Pi is the one to which the outcrop should belong. 

The deviation of <Pi from 90° can be expressed by cos <Pi 
whose distribution is asymptotically normal (K e 1 k e r & 
Langen b e r g, 1976). The mean of <Pi is zero and the 
standard deviation a is given by 

p 
a = L (cos2 ¢i/p)112 

i=l 
(6) 



p 
Since A. 3 = L cos2 </>i 

i=l 
(7) 

(8) 

The deviation l>i of </>i from 90° at an outcrop can thus be 
expressed in standard deviations as 

(9) 

Outcrops within a domain where the orientation data may be 
spurious, owing for example to creep, can be identified as 
those for which l>i is unusually large, say greater than 2a. 

Construction of cross-sections by down-plunge projection 

To write the program instructing the computer to prepare 
a plot that displays the projection of each outcrop as well as 
the trace of the folded surface s, we need to derive two sets 
of equations. The first transforms the coordinates of an 
outcrop referred to conventional east, north and vertical axes 
in to its coordinates referred to axes parallel to the strike of 
the section (X), parallel to the dip of the section (Y), and 
normal to the section (Z): of these, the X and Y coordinates 
position the projection of each outcrop in the plane of 
section. The second set of equations expresses the pitch of 
the trace of s on the plane of section in terms of the 
orientations of s, the fold-axes B and the plane of section. 

Let C be a 3xp matrix whose columns are the coordinates 
of the p outcrops referred to conventional axes. Then TC, 
the same matrix with coordinates referred to X Y Z axes, can 
be obtained through premultiplying C by R, a 3x3 matrix 
whose rows are the direction cosines of the X Y Z axes. The 
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Map of an area consisting of four domains with fold-axes B1 B, B3 

B4 • A composite vertical section of variable obliquity may be con­
structed along the line AA using four computer plots, one for each 
domain. (b) Map of an area consisting of three domains with fold-axes 
B, B6 B7 • A composite vertical section cannot be constructed along 
say the line CC using three plots, one for each domain, because in the 
case of domain 5 the outcrops would have to be projected parallel to 
B, across domain 6 where the fold-axis is B6 • 
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pitch of the trace of s on the plane of section is the arctangent 
of l' /m', where l' and m' are the direction cosines of the 
s-pole referred to axes X and Y, respectively . These direction 
cosines are derived through premultiplying the conventional 
direction cosines (in columns) by the first two rows of the 
matrix R. Where the desired plane of section is oblique to B, 
the coordinates of an outcrop referred to the X and Y axes 
of the section, have to be changed to [X' - L'Z' /N' Y' -
M'Z'/ N'] where [L' M' N'] are the direction cosines of B 
referred to axe's [X Y Z] and [X' Y'] are the c.oordinates of 
the outcrop referred to the X and Y axes. 

Composite sections 

Where an area consists of two or more domains, we may 
wish to construct a composite section across the entire area. 
If each domain has one boundary that lies on a straight line 
across the area (fig. 4a), the procedures summarized above 
may be used to obtain a series of plots, one per domain, that 
display the projections of each outcrop and the trace of the 
folded surface s on say a vertical plane through the straight 
line. There are several disadvantages to this method. (1) 
Bearing in mind that the direction of projection is different 
for each domain, the plots have to be prepared separately 
and pieced together manually. (2) Each plot will generally be 
on a plane oblique to the fold-axis B and the degree of 
obliquity will vary from plot to plot. (3) The angles between 
the plane of section and the fold-axes may be small, in which 
case the resulting sections would give a highly distorted view 
of the folds. Observe that if a domain does not have a 
boundary on the straight line across the area (fig. 4b) and the 
above procedure is applied, outcrops in that domain have to 
be projected for a certain distance in a direction that is not 
parallel to the appropriate orientation of B. Because of the 
above disadvantages and because few areas can be expected 
to have a common boundary, the above procedure should be 
modified as follows. 

A single computer plot may be obtained for an area only 
if the direction of projection is constant throughout. Clearly 
if the area consists of say five domains this can be achieved 
only by rotating four domains independently so that their 
fold-axes end up having the same orientation as the fold-axis 
in the fifth domain. Once this has been done the whole area 
may be regarded as a single domain and treated exactly as 
described above. These rotations, which involve both s-poles 
and coordinates, are carried out by transforming coordinates 
as follows. 

Consider the rotation of a domain so that its fold-axis B1 

becomes parallel to B2 , the fold-axis of an adjacent domain. 
This rotation should take place about an axis A that is 
normal to the plane containing B1 and B2 (fig. 5). The 
direction cosines of A can be obtained by normalizing the 
outer product of the direction cosines of B1 and B2 . Similar­
ly the direction cosines of C1 and C2 which are both normal 
to A and at right angles to B1 and B2 , respectively, can be 
found by normalizing the outer products of the direction 
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Fig. 5 
Stereographic projection illustrating the principles of rotation of 
domain 1 so that its fold-axis B, coincides with B2 , the fold-axis in 
domain 2. 111is rotation should take place about an axis A that is 
normal to the plane containing B1 and B2 • 111e coordinates of 
outcrops in domain 1 are first referred to the mutually perpendicular 
axes AB 1 C1 • 111ese coordinates are the same as those referred to the 
mutually perpendicular axes AB 2 C2 after domain 1 has been rotated 
so that B1 coincides with B2 . The AB 2 C2 coordinates are then 
referred back to conventional north, east and vertical axes. 

cosines of A and B1 and A and B2 , respectively. Let M be a 
3xp matrix whose columns are the coordinates of the p 
outcrops in domain 1 referred to conventional axes, let M1 

be the equivalent matrix where the reference axes are A B1 C1 

and let D1 be a 3x 3 matrix whose rows are the direction 
cosines of A B1 C1 • Now M1 obtained through premulti­
plying M by D1 , also gives the coordinates of the outcrops in 
domain 1, referred to axes A B2 C2 , after this domain has 
been rotated so that B1 coincides with B2 • All that then 
remains to be done to complete the rotation is to refer these 
coordinates back to the conventional axes. This can be ac­
complished by premultiplying M1 by the 3x3 matrix D2 

whose columns are the direction cosines of A B2 C2 Thus the 
complete rotation can be carried out using the matrix multi­
plication 

(10) 

where M2 is a 3xp matrix whose columns are the coordinates 
of the outcrops in domain 1, referred to conventional axes, 
after this domain has been rotated so that B1 coincides with 
B1. Before rotation the coordinates of domain I should be 
referred to an origin half-way along the boundary between 
the two domains. Only in this way will a large discontinuity 
not come to exist between the rotated outcrops of domain 1 
and the unrotated outcrops of domain 2 (fig. 6). A slight 

overlap and gap will always occur, but as long as the rota­
tions are small, say less than 20°, these will not be signifi­
cant. If the coordinates of the new origin are [a b c], the new 
coordinates of the 9utcrop [x y z] are [ x-a y-b z-c]. 

Bearing in mind that the direction cosines of a line are 
also the coordinates of a point on a line unit distance from 
the origin, the direction cosines of the s-poles in domain I 
can be rotated in the same way as the coordinates. Once the 
coordinates and direction cosines of s-poles in domain 1 have 
been transformed, i.e., the domain has been rotated, the 
whole area may be considered as a single domain with B2 as 
its fold-axis, and computer plots for construction sections 
obtained by the usual procedure. 

STRUCTURE OF THE REMOUCHAMPS AREA 

In this study of the structure of the Remouchamps area 
we used orientation data from 215 outcrops, one reading per 
outcrop, that had been collected by students attending Uni­
versity of Amsterdam field schools. The coordinates of each 
outcrop were measured to the nearest 10 m; the first two 
coordinates refer to the distances east and north of the 
base-station shown on figure 7 and the third coordinate to 
the elevation above sea-level. Bedding planes are commonly 
difficult to recognize and measure in the shales of unit C so 
orientation data from this unit were not used to estimate 
fold-axes and to test for cylindricity. 

The area was divided into five subareas whose boundaries 
were approximately those between the domains shown in 
figure 7. At each of 41 limestone and sandstone outcrops, 10 
measurements of bedding were recorded. The concentration 
parameter calculated from these readings does not vary signi­
ficantly from one lithology to the other; the mean value was 
found to be 192. The matrix T (eq. 2) was then compiled for 
each subarea and its smallest eigenvalue A.3 calculated. These 

I 

(a) (b) (c) 

Fig. 6(a) 
Map of an area with domains 1 and 2 where fold-axes are B1 and B2 , 

respectively. (b) Map showing the large discontinuity (gap) that de­
velops after domain 1 has been rotated about an axis passing through 
R1 , a point not on the boundary between the two domains. (c) Map 
showing the small discontinuity (gap and overlap) that develops when 
the axis of rotation passes through R2 , a point on the boundary 
between the two domains. 
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Reinterpreted geological map and vertical cross-section of the Remouchamps area. The map shows the relative positions of the five domains 
into which the area has been divided. The cross-section was constructed from four computer-plots that show the projections of each outcrop in 
domains 1-4 parallel to the appropriate fold-axis onto a vertical plane along the line aa'. 
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values of A.3 and the above value of K were then substituted 
in equation 3 and in each case the value of K A.3 was greater 
than the appropriate value of x2 . Thus the null hypothesis of 
coplanarity was rejected for each of the five subareas, there­
by indicating that the scatter of bedding poles about the 
best-fit plane cannot be accounted for by measurement and 
small-scale roughness errors alone. Each of the subareas was 
then divided into two segments, A.3 of the matrix T deter­
mined for each segment and the value of the statistic for use 
in the coaxiality test ( eq. 4) calculated. In each case this 
statistic was less than the appropriate value of F. We there­
fore conclude that the scatter of bedding-poles in each sub­
area can be accounted for by errors associated with measure­
ment and with small- and large-scale roughness features, so 
that each subarea may be regarded as a domain within which 
folding is statistically cylindrical. The large-scale roughness 
features may be related to faults or to phases of deformation 
younger than the one during which the macroscopic folding 
occurred. After using the methods described above to elimi­
nate spurious data and refine the boundaries between do­
mains, the fold-axes (A.3 eigenvectors) for each domain were 
recalculated and found to be (1) 255 3, (2) 266 21, (3) 256 
28, (4) 269 25, and (5) 253 28. The average value of A.3 

divided by the number of readings was found to be 0.0151 
which indicates that the standard deviation of the angles 
between the bedding-poles and the appropriate best-fit plane 
is about 7° . 

From an input of [x y z] coordinates, bedding-plane orien­
tations and stratigraphic unit identifications, a computer plot 
was obtained for each domain that shows the projection of 
each outcrop as well as the trace of bedding on a plane 
normal to the fold-axis. Lines representing the traces of the 
contacts between the stratigraphic units as well as faults were 
drawn by hand on these plots three of which are shown in 
figure 8. 

A composite vertical cross-section along the line aa' of 
figure 7 was prepared using four computer plots not repro­
duced here which had to be fitted together manually. This 
section is not completely accurate since each of the plots is 
on a plane oblique to the fold-axis, the degree of obliquity 
varying from one plot to the other. Furthermore domain 5 
could not be projected because it is not on the line of 
section. 

Due to the above disadvantages a composite section was 
constructed by rotating domains as follows . First, represent­
ative outcrops were selected from each domain: the use of all 
the outcrops would have resulted in too high a density of 
points on the computer plot. These outcrops are shown in 
figure 7 . Domains 1, 2, 3 and 5 were then rotated so that 
their fold-axes 8 1 8 2 8 3 and 8 5 became parallel to 84 , the 
fold-axis in domain 4. 

Doma!n 3 was rotated such that 8 3 coincided with 8 4 . 

For the purposes of this rotation, the outcrop coordinates in 
domain 3 were transformed to an origin half-way along the 
boundery between it and domain 4. The rotational matrices 
D1 and D2 and the matrix M of direction cosines of bedding-
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poles and transformed outcrop coordinates in domain 3 were 
then constructed as described above and the matrix multi­
plications specified in equation 10 carried out. The direction 
cosines and coordinates specified by product M2 of these 
multiplications were added to the direction cosines of bed­
ding-poles and outcrop coordinates in domain 4 . 

Because the prominent syncline in domain 2 is apparently 
continuous with that in domain 1, we decided to adopt a 
rotational procedure that minimizes the rotational discontin­
uity between these domains. Thus, although domains 2 and 5 
were treated in a manner similar to domain 3, domain 1 was 
first rotated about an origin half-way along the boundary 
between it and domain 2, such that 8 1 came to coincide with 
8 2 . The rotated domain 1 was then rotated along with do­
main 2 such that 8 2 came to coincide with 8 4 • The discon­
tinuity between domains 1 and 2 created by following this 
procedure is smaller than that produced by rotating domains 
1 and 2 independently. 

Once the direction cosines of bedding-poles and the coor­
dinates of outcrops in domains 1, 2, 3 and 5 had been 
transformed as described above, the whole area could be 
considered as a single domain with 8 4 as its fold-axis . A 
computer plot for a plane normal to 8 4 was then obtained in 
the usual manner (fig. 9). 

The composite sections of figures 7 and 9, as well as 
having greater vertical range, differ from those of Fourmarier 
(fig. 1) in two ways. First, the folds in units D and E are 
more rounded in our sections, thereby implying that the 
disharmony between these units and the underlying levels is 
not as important as previously thought: only south of the 
Ambleve River does the incompetent unit C begin to act as a 
decoupling level between the overlying and underlying com­
petent units. Secondly, the thrust-faults in our sections make 
smaller angles with the bedding and appear to flatten with 
depth ; of the three faults shown in the southern part of 
domain 4, the presence of the most"northerly is based solely 
on the cross-sections. The steep transverse fault near Remou­
champs shown on the maps of figures 1 and 7 projects as a 
low-angle fault in section (fig. 8, domain 3; fig. 9); it is not 
shown in the section of figure 7 because it does not intersect 
the line of section. 

The thickness of unit B-D as revealed by the profiles of 
individual domains varies considerably from one part of the 
area to another: units C and D in the northern limbs of 
synclines are considerably thicker than elsewhere. Such 
thickening could well be tectonic in origin, caused for exem­
ple by lowangle thrust faulting, but variations in the original 
stratigraphic thickness are common throughout the eastern 
end of the Dinant synclinorium. 

The cross-sections of figures 7 and 9 provide evidence of 
the northward movement of units B-E, affected by folding 
and thrusting, with respect to the Stavelot massif. Unit A, 
which has not been affected by folding to the same extent as 
the overlying units, may be considered as a thick basal zone 
of disharmony between the Stavelot massif and the overlying 
sedimentary cover (see e.g. B re d din, 1973). 
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Fig. 9 
Composite profile of the Remouchamps area looking down the fold-axis (269 25) in domain 4. Domains l, 2, 3 and 5 have been rotated so that 
their fold-axes coincide with the fold-axes in domain 4. The short lines are computer-plotted traces of bedding. The contacts of units have been 
drawn by hand as have the traces of faults. The origin of the profile is the projection of the base-station shown in fig. 7. The x· and y-values are 
in hundreds of metres. 
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