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Zusammenfassung

Fiir einen Vergleich zweier neuer Methoden zur Harnisch-
analyse wurde ein AufschluB nach diesen Verfahren unter-
sucht und die Ergebnisse wurden mit denen nach der Metho-
de von ANGELIER & MECHLER (1977) verglichen. Gemeinsam ist
beiden Verfahren (im Gegensatz zu vielen anderen), daB die
Information aus moglichst vielen verschieden orientierten Har-
nischen und nicht aus deren Verteilungshaufigkeit gewonnen
wird.

Nach der Versetzungsfeld-Methode von SCHRADER (1987,
1988b) wird im AufschluB gezielt nach verschiedenen Richtun-
gen gesucht und gleichzeitig manuell ausgewertet. Dadurch
sind vergleichsweise wenige Harnische zur Analyse erforder-
lich. Das Ergebnis wird sofort ermitteit als Feld deformativer
Versetzungen. Seine Richtungen (Einengung und Dehnung)
und seine Deformationssymmetrie (Zweischarige Scherung,
etc.) kdbnnen erkannt werden.

*) Authors’ addresses: Dr. HaRaLD FRITz, Univ.-Prof. Dr.
ECKART WALLBRECHER, Institut flir Geologie und Palaontolo-
gie, Universitdt Graz, Heinrichstrasse 26, A-8010 Graz; Dr.
FRANK SCHRADER, Geologisches Institut der Universitat
Bonn, NuBallee 8, D-53 Bonn 1; present address: c/o De-
partment of Geology, Earth Sciences Centre, University of
Toronto, 22 Russell Street, Toronto M5S 3B1, Ontario, Ca-
nada.

Nach der Orientierungs-Tensor Methode von WALLBRECHER
& FRITZ (1989) werden groBere Datenmengen numerisch verar-
beitet: Fir unterschiedliche Formfaktoren des deviatorischen
Spannungsellipsoids (o4-, 0p-, 03-Verhélitnisse) wurden auf hy-
pothetischen Harnischflaichen die resultierenden Harnis-
chstriemungen berechnet. Der Orientierungstensor von natir-
lichen Striemungen wird mit den Orientierungstensoren der
theoretischen Striemungen verglichen und so die Orientierung
und die Proportionen der Hauptachsen o,, 05, 05 des deviato-
rischen Stressellipsoids quantitativ ermittelt.

Beide neuen Methoden liefern dhnliche Ergebnisse wie das
Analyseverfahren nach ANGELIER & MECHLER (1977). Vorteile,
Ausdruckskraft und Anwendbarkeit der Methoden werden dis-
kutiert.

Abstract

To test two new methods of fault-analysis we examined one
outcrop in the Gail valley and compared the results with those
according to the fault analysis method of rectangular dihedra
of ANGELIER & MECHLER (1977). Both new methods use data
from faults of as many different orientations as possible and
not from distribution density like other methods do.

According to the displacement field method of SCHRADER
(1987, 1988b) the outcrop is searched selectively for different
fault-orientations which are analysed manually at the same
time. Only a comparably small number of faults is necessary.
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The result is got at once as a field of deformational displace-
ments. Its directions (compression and extension) and its de-
formation symmetry (pure shear, etc.) can be recognized.

Using the orientation tensor method after WALLBRECHER &
FRITz (1989) larger data-quantities are analysed numerically.
Theoretical striation pattern were calculated for systematically
variing shape factors of the stress ellipsoid. The orientations
and proportions of the axes o,, 05, 05 of the deviatoric stress
ellipsoid are determined quantitatively by comparing natural
field data with these theoretical striation pattern.

All three methods give similar results. Expressiveness, ad-
vantages and applicability of the methods are weighted.

1. Introduction

Joints and faults are very important tectonical struc-
tures in the upper crust, where rocks have reacted to
stresses by brittle material behaviour. Faults, which are
fractures on which displacements have taken place,
are used for kinematic analysis in brittly deformed
rocks.

Experimental studies show that certain stresses
cause sets of faults in preferred orientations (e.g. v.
KARMAN, 1911; PRICE, 1966; MANDL, 1988). Based on
this phenomenon, methods were evolved to determine
the orientation of principal stresses (e.g. ANDERSON,
1952). But faults also occur in other orientations, and
ARTHAUD (1969) established a method to analyse them
collectively as an (initial) ellipsoid of finite strain XYZ.

BotT (1959) postulated that slip-striations on fault

(Maximum Resolved Shear-Stress) of a stress-field act-
ing atong these planes. He calculated the MRSS on ar-
bitrarily oriented planes in relationship to the ratio of
the values of principal stress axes. Many methods to
analyse faults as stresses were based on this concept
(e.g. ANGELIER & MECHLER, 1977; ALEXANDROWSKI, 1985).
Various computer applications were published by
CAREY & BRUNIER (1974), CAREY (1976, 1979), ARMIJO &
CISTERNAS (1978), ANGELIER & GOGUEL (1979), ANGELIER
& MaNousIs (1980), and PFIFFNER & BURKHARD (1987).
ETCHECOPAR et al. (1981) and ARMIJO et al. (1982) cal-
culated the stress tensor directions from slickenside
striations. SIMON GOMES (1986) and DE VICENTE (1988)
also followed BOTT’s concept but extended his formula
further to calculate stress proportions in naturally de-
formed rocks.

Whereas preferredly oriented major fault planes are
helpful for the estimation of stress directions, randomly
oriented minor faults are useful for the exact determi-
nation of orientation and shape of the stress ellipsoid.
WALLBRECHER & FRITZ (1989) calculated the MRSS
(Maximum Resolved Shear-Stress) on homogeneously
distributed planes for systematically variing propor-
tions of principal stresses. The orientation distribution
of MRSS-directions which, according to BOTT, coincide
with slip-striations, is characterized by its orientation
tensor. The results of these theoretical considerations
are used to calculate shape and orientation of the
stress-ellipsoid in natural rocks.

Slip lineations are not only visible on fault planes,

planes develop_ parallel to the direction of MRSS but also on pebbles in conglomerates, which were de-
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Fig. 1.

a) Location of the examined outcrop (forest path near St. Daniel, west of Hermagor/Kérnten).

b) Geological map, simplified after SCHONLAUB (1985).

Line ornament = Gailtal crystalline {(undifferentiated); stippled = Permotriassic clastics of the Drauzug with the locality of investigation (+); wall signature =

Triassic limestones of Drauzug.
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formed by relative displacements of the individual
pebbles (SCHRADER, 1988a). Pebble surfaces can be
considered as an infinite number of tangent planes to a
sphere and define displacement planes of all direct-
ions. Following this idea SCHRADER (1988b) represented
all the slip directions on the fault planes found in an
outcrop in an equal area plot. From the pattern of
these lineations the geometry of the field of slip-linea-
tions is deduced.

So ScHRADER and WALLBRECHER & FRITz came, first
following different ideas, to similar considerations.
Slickenside striation analysis is done with fault planes
of as many directions as possible. Not only the major
faults following the CouLomB behaviour of preferred
orientation, but also the minor faults in ancilliary orien-
tation provide the best information for kinematic
analyses.

2. Regional Setting
and Phenomenon

To compare the different methods we examined a
faulted rock in massive Groden Sandstone, which is
the basal formation of the ,Drauzug” unit of the Upper
Austroalpine nappe pile (Fig. 1). Although there is evi-
dence of a primary sedimentary contact between
Drauzug and the underlying Gailtal crystalline, the pre-
sent contact is mostly tectonic, as seen in the map
scale structures (SCHONLAUB, 1979, 1985, 1987; VAN
BEMMELEN, 1961; HEINISCH et al., 1984; HEINISCH, 1988).
Both, the Gailtal crystalline and the basal Drauzug suf-
fered left lateral shear deformation in Alpidic time;
progressive brittle conditions towards the Drauzug are
evident from microstructures (UNzOG, 1988). Dextral
structures (e.g. the Periadriatic lineament) finally

crosscut the sinistral structures and complicate the
structural pattern.

In the analysed outcrop the Gréden beds occur as
sandstones with some pebbles. The massive sand-
stones are intensely faulted. The sense of displace-
ment on each fault is recognized by stepwise growth of
fibre minerals (Fig. 2).

3. Methodical Procedures

In the following a short introduction to the methodi-
cal procedures is given; for a detailed description the
reader is referred to the literature (ANGELIER & MECHLER,
1977; SCHRADER, 1987, 1988b; WALLBRECHER & FRITZ,
1989).

3.1. The Displacement Field Method
after SCHRADER

This concept is based on the observation of slip line-
ations and solution pits on the surfaces of non-ductilly
deformed pebbles from the northern Alpine Molasse
zone (SCHRADER 1988c). The same features can also be
seen on pebbles from the Gréden sandstone we found
close to the outcrop of our fault-example. The slip di-
rections on a homogeneously distributed set of fault
planes show a similar displacement pattern.

In the SCHMIDT net, a displacement direction is re-
corded by the pole of the plane and the slickenside
striation. A small arrow through the pole of the plane
parallel to the great circle, which contains also the
point of penetration of the striation linear (with the ar-
rowhead pointing into the relative slip direction), repre-
sents the fault (HOEPPENER, 1955; Fig. 3). The faults in
an outcrop are measured and recorded subsequently
until the fault-arrows cover all domains of the SCHMIDT
net. In order to find as many orientations as possible,
each fault is recorded after measurement, and faults in
the directions still missing in the diagram are then
searched.

The usual displacement field has a triaxial geometry
(Fig. 4a; SCHADER, 1988a) which is made visible in the
diagram by interpolation with lines of course parallel to
the single fault arrows of similar direction and sense of
displacement (Fig. 5). Displacement lines diverge from
the axis of divergence (AD), change their directions at
the intermediate axis (Al) and converge to the axis of
convergence (AC). The plane of divergence (PD) com-
prises AD and Al and the plane of convergence (PC)
comprises Al and AC. It is worth noting that axes and

Fig. 2.

Typical fault in the Gréden sandstone.

The displacement sense of slickenside stria-
tions (arrow direction) is recognized by cry-
stal fibre growth with steps pointing in direc-
tion of relative displacement (congruous,
NORRIS & BARRON, 1968).
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S
Fig. 3.

Technique of fault representation {according to HOEPPENER, 1955; used in
the method of SCHRADER).

At the pole of the fault plane (x), a fault-arrow —x— is plotted parallel to
the great circle towards the penetration point of the striation (A). The move-
ment direction is indicated by an arrowhead pointing into the displacement
direction of the lower block. The lower hemisphere equal area projection is
used in this paper for better comparison of the diagrams of the different me-
thods. The use of the upper hemisphere projection is more suitable in practi-
ce when the rock is searched for faults in all directions.

planes may show an orthogonal arrangement, but need
not.

The arrangements are congruent with the movement
patterns of particle motion fields as calculated by
HOEPPENER (1964) and RAMBERG (1975) and thus are in-
terpreted to represent them. AD is the direction of ap-
proaching particles (compression); AC is the direction

Fig. 4.
Displacement field.

in which the particles move away from each other (ex-
tension). Orthogonal, triaxial cases represent the defor-
mation symmetry of pure shear (Fig. 4). In this case,
AD corresponds with gy (stress) and Z (finite strain) ;
AC with o5 and X; and Al with o, and Y. If Al and AC
are not differgr]ciated along PC (no bending of dis-

lower N
hemisphere
projection

faults :

—e= dominant field < —
-O< subordinate fields course line
Fig. 5.

Result according to SCHRADER's method.

The displacement field is interpolated by lines of course between individua!
arrows. A dominant field with clear AD perpendicular to PC is associated with
faults of differing subordinate fields. The symmetry of the dominant field is
close to uniaxial compression, in the range towards pure shear (Fig. 4), be-
cause the differentiation of PC to Al and AC is only slight.

The displacements are indicated by lines of course — parallel to fault-arrows (Figs. 3, 5). They change directions at axes (ADe, Al , AC©) and planes of the
displacement field (PD =—=——, PC - ; for explanation see text). Their arrangement must not be orthogonal.

a) Triaxial arrangement (pure shear).

b) Uniaxial divergence-arrangement (uniaxial compression); Al and AC are not differenciated along PC.
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placement-lines reaching PC, Fig. 4b) and PC is per-
pendicular to AD, the arrangement has uniaxial di-
vergence symmetry corresponding to uniaxial com-
pression deformation symmetry. Non-orthorhombic ar-
rangements might represent other deformation sym-
metries (simple shear, etc.; SCHRADER, 1988c).

3.2. The Orientation Distribution
Tensor Method
of WALLBRECHER & FRITZ

The direction of the Maximum Resolved Shear Stress
(MRSS) on a plane depends on the orientation of this

-3adb=c
(31>02=03

R=05
3rb)c
01>G3>03

Fig. 6.

plane in respect to the principal stresses and their
magnitude relations. BoOTT (1959) postulated that
slickenside striation develops in the direction of MRSS.
WALLBRECHER & FRITZ (1989) used BOTT’s formula (equ-
ation 1) to model striation patterns for homogeneously
oriented, hypothetical fault planes at systematically
changing stress proportions |o4| : |0, : |ogl. BOTT's for-
mula

n gy — Oy
tan © = —| m2 - (1-nz) —2%
n Im[m (1n)02__03 (1)
can be transformed to
1-n2
tan®=%m2— Rn] (2)

in order to keep the form factor R (equation 3) of the
stress ellipsoid in the range of 0=R=1. The form fac-
tor controls the shape of an ellipsoid and is given as:

R = (loal~lasl)/ (o -laal) (3)

R=0

®

g3 G2 g1

O3 02= 01

The form factor R = (b—c)/(a-c) indicates the shape of an ellipsoid with the axes a,b,c {left).
Corresponding axes of the stress eilipsoid in the formula of BoTT {1959) are o, = a; 0, = b; o3 = c. The shape can be:

a) Cigar-like (0=R<0.5).

b) Maximum triaxial (R = 0.5).

¢) Pancake-like (0.5<R<1).

Stress relations can be represented in MOHR circles (right).
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316 DATA

R=10.02

316 DATA

R=0.3

316 DATA

R =10.6

316 DATA

316 DATA

R=20.1

316 DATA

316 DATA

316 DATA

Fig. 7.

Calculated orientations of MRSS (direction of maximum resolved shear

stress) on homogeneously distributed planes at systematically chang-

ing stress relations oy : 0, : 65 (R-factor).

Examples are shown for formfactor R = 0.01 to R = 1. The represented

points are points of penetration of MRSS-linears (taken parallel to the

striation linears) in lower hemisphere equal area plots. The positions of

the eigenvectors (A, ,5) of the MRSS distribution are shown by numbers

(1,2,3). The eigenvector with the biggest eigenvalue is A, the smallest

eigenvalue corresponds to eigenvector ,, which is paralle! to o, (WALL-

BRECHER 1986).

a) Cigarlike stress ellipsoid {0<R<0.5) : A; is parallel to ¢, and A, parallel
to O3.

b) Plane stress ellipsoid (R =0.5) : [Asl = [A,l.

¢) Pancake-like stress ellipsoid (0.5<R<1) : A3 is parallel to o5 and }, pa-
raliel to o,.
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© is the angle of “pitch“ between the direction of
strike and the striation. |, m, and n are the direction
cosines of the normal to the plane as related to a
Cartesian coordinate system parallel to principal stres-
ses 0y, 0,, 03 With o, in a vertical position and g3 N-S.

In a set of homogeneously distributed planes, the
form factor R (which describes the shape of the stress
ellipsoid, Fig. 6) is the only parameter which controls
the orientation pattern of MRSS on these planes
(Fig. 7). Thus, striation distributions can be correlated
with the shape (R-factor) of the stress ellipsoid. To
avoid misinterpretations by the visual interpretation of
confusing point representation patterns, the distribu-
tion of striations is expressed numerically by the eigen-
values and eigenvectors of their orientation tensor
(WALLBRECHER, 1986). This procedure is carried out by
a computer program which gives the eigenvalues and
eigenvectors of any orientation data as well as a value
for the degree of orientation preference in R-%
(WALLBRECHER, 1986), which indicates how homogene-
ously the fault- planes of a data-set are distributed.

Results of this model calculation are:

1) The eigenvectors (A ,3) of the orientation tensor of
MRSS are parallel to principal stresses with the

G1 is parallel \3

cigar” shape of stress ell.

0,54

smallest eigenvector A, (|A,] < |A,] < |A3)) parallel to
o,. The correlation of A, and A; to o, and o; depends
on the shape of the stress ellipsoid. We can distin-
guish three cases (Fig. 7):
a) 0.0=R<0.5 with A, parallel o; and X3 parallel o;.
b) R = 0.5 (“\2' = p\a')-
¢) 0.5<R = 1.0 with A, parallel o, and A5 parallel o,.
2) The eigenvalues of these orientation tensors are re-
lated to the form factor of the stress ellipsoid (R) in
a linear way (Fig. 8). This relation has the form:
R=0.5+Mk -}z 4)
if o, is parallel A; and o5 is parallel A, (Fig. 7a), resp.,
or
R=05+2x~ A (5)
if o, is parallel %, and o3 is parallel A5 (Fig. 7c).
To decide which of both A, or A; of the data set cor-
responds to o, or oz, the displacement sense of single
faults can be used; only a few must be known. Dis-
placement is directed (qualitatively) from o, towards o3.
Numerically, it can be determined by the method of re-
ctangular dihedra (ANGELIER & MECHLER, 1977; Fig. 10).
R = 0 indicates uniaxial compressive stress, which is
a cigar-like form of the stress ellipsoid 0,>0, = 04

@.

Fig. 8.
Eigenvalues of the orientation ten-
sors of the MRSS direction pattern
(horizontal bars) and R-values of
the stress ellipsoid (vertical bars)
show linear relationships.
Three cases can be distinguished.
a) o, is parallel 3 which represents
cigarlike shape of the stress ellip-
soid and
b) o, is parallel &, which means
pancake shape.
At maximum triaxiality of the stress
ellipsoid %, and A3 have the same
value (] - |Aof = 0), see also Fig. 7.
For calculation of R, the eigenvec-
tors A, and )5 are assigned to o, or
o3, respectively, by the fact that dis-
placement is directed qualitatively
from o, towards g;.

-0,5 -0,4 -0,3 -0,2
G1 is parallel A2
1 "pancake"” shape of stess ell.
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(Fig. 6a); R =0.5 indicates maximum triaxiality of
04>0,>0; (Fig. 6b); R =1 indicates uniaxial tensile
stress, which is a pancake form of the stress ellipsoid
01=0,>03 (Fig. 6¢). A cigar-like shape of stress is re-
lated to flattening strain and a displacement field of
uniaxial compression symmetry (Fig. 4b) ; vice versa a
pancake shape of stress is related to uniaxially extend-
ing displacement symmetry.

The iowest eigenvalue (|A,]) of the MRSS-distribution
has been found empirically to be constantly 0.16.

Thus the procedure is as follows: Faults and corres-
ponding slickenside striations are recorded, as many
as possible, but only few displacement directions on
some faults must be known. If the original fault plane
data set does not show the required homogeneous dis-
tribution, clustering fault plane poles are eliminated.
This procedure is justified because in a uniphase
stress field equally orientated planes should get
equally orientated striations. By calculating eigen-
values and eigenvectors (|h 53l resp. iy ,3) of the stria-
tion pattern corresponding to the uniformly distributed,
“cleaned” fault plane data the stress tensor is determi-
nated.

3.3. The Method of Rectangular Dihedra
(ANGELIER & MECHLER, 1977)

For each single fault two compressional dihedra and
two extensional dihedra are defined. In a SCHMIDT net
the set of dihedra (compressional and extensional di-
hedra) is constructed using the trace of the fault plane
and the trace of a hypothetical plane with the penetra-
tion point of the slickenside striation as pole to this
plane. For a population of fault measurements the
maxima of accumulated compressional resp. exten-
sional dihedra localize o, resp. os.

3.4. Differences and Difficulties

As alredy mentioned, the new methods give most re-
liable results if fault planes of many directions are pre-
sent. Although many preferentially oriented fault planes
occur approximately in a position of 30°-45° to o4, de-
pending on the angle of internal friction, planes of
nearly all orientations can be found in some rocks.
However, the incomplete distribution of planes in rocks
can be a problem. They induce a certain degree of un-
certainty, if they are lacking.

The method of SCHRADER reduces this problem by
searching selectively for planes of further orientation to
enlarge the information. By this way the striation pat-
tern (Fig. 5) is sucessively elaborated. The advantage
of this method is that there is no time consuming mea-
surement of already analysed plane-orientations. A
diagram shows clearly, how much information exists
and how precisely analysis can be made.

The method of WALLBRECHER & FRITZ is an automate
one. As many fault planes and corresponding slicken-
side striations as possible are measured (Fig. 9a,b).
Homogeneous distribution of fault planes (Fig. 9¢) is
obtained by eliminating clustering points, supposing
that fault planes of the same orientation have equally
oriented striations (in cases in which one deformation
process produced the faults). This is done by a compu-
ter program written by WALLBRECHER. From model cal-
culation we conclude that the eigenvalue [i;| of the
MRSS-distribution remains at the constant value of
|\ = 0.16, even when the formfactor R varies. This
makes it possible to check the reliability of the results.
A differing value of |\,| of a striation distribution is in-
terpreted as superpositon of different deformation ph-
ases, which can have produced different striations on
the same planes.

In the procedure of SCHRADER, each single fault dis-
placement is kept in sight and so it is possible to con-

Table. 1.
Summary of the results from the three methods:

The orientation of AD, AC, and Al (axis of divergence, convergence, intermediate axis) of the particle displacement field
correspond with the orientations of the eigenvectors of the slickenside striations (Fig. 9d) A, ,; which we correlate with o,

O3, O¢, FESP.

Similar principal stresses resulted from the method of ANGELIER & MECHLER (1977).
Eigenvalues of the slickenside striations (Fig. 9d) |\, 2,3| were used to calculate the shape of the deviatoric stress ellipsoid
(equation 4). Again the deformation symmetries of both new methods are very similar.

p(luasneedsi results symmefry
SCHRADER 52 AD Al AC PC between uniaxial
(38) 1021/03|124/48 | 300/45 |212/88 | compression and
pure shear
WALLBRECHER | 176 |eigenvector orientation R=0,38: triaxial
& FRITZ (96) | A3/701 | MZGe | Na/G3 stress - ellipsoid
198/02 1 107/43 | 280/46 with tendency fo
eigenvalue cigar-shape
IA3l | Al | A2l
0,47 | 0,18 0,35
ANGELIER & 99 { o1 G2 o3
MECHLER (77) |=*30/0 |=N5/L0 [=295/30
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trol whether it fits the dominating striation pattern or
not (Fig. 5). Whether a non-fitting fault is considered as
an effect of scattering and better neglected, or whether
it belongs to a second displacement field, which is vai-
led by the dominant one, but can be reconstructed by
selective searching, is decided by the possibility to get
further data. Thus it is possible to recognize superim-
posed deformation systems and to separate different
deformational phases.

176 Data

R% 5,87

© R% 0,09
Fig. 9.
The analysing procedure after WALLBRECHER & FRITZ.

4. Testing the Methods

To compare the two methods we analysed an out-
crop in Gréden Sandstones with vertical bedding at the
base of the Drauzug in the Gail valley (Fig. 1).

a) Results according to the orientation tensor method
of WALLBRECHER & FRITZ:
176 fault planes and corresponding striations were
measured. The primary fault plane data are, as

176 Data

a) The original data set consists of fault plane poles (R% is the degree of preferred orientation after WALLBRECHER, 1986) and

b) the corresponding striation linears {points of penetration).

¢) Clustering points of the original data set are eliminated (cleaned) by a computer program in order to obtain a nearly homogeneous distribution of plane poles

(R% is reduced to 0.09).

d) Finally eigenvectors and eigenvalues of the striations corresponding to the cleaned data set are calculated.
The position of the eigenvectors (A, 5) in Fig. 9d corresponds to the principal stresses: o, is parallel to Ay, o, is parallel to A, and o; is parallel to A, (compare

with Fig. 10).
The orientations of eigenvectors and eigenvalues are listed in Tab. 1.
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usual, not uniformly distributed. Clustering points
(Fig. 9a) are eliminated. The cleaned fauit planes are
nearly homogeneously distributed (Fig. 9¢) as seen
in the degree of orientation preference which is R%
= 0.09 and should be as small as possible. Now we
interprete the striations corresponding to the
cleaned data (Fig. 9d, Tab. 1).

® The smallest eigenvalue (of the eigenvector A,
orientation 107/43) of the striation pattern, which is
parallel to o,, has the absolute size |A,| = 0.18 which
is very close to the theoretical value of || = 0.16 of
an ideal MRSS distribution. Therefore we conclude
that one deformational phase is responsible for the
striation pattern.

@® For the interpretation of A, (orientation 280/46)
and A, (orientation 198/02) as o; or oz resp., we
compare their orientations with the results of the
method of ANGELIER & MECHLER (1977) applied on
the same data set (Fig. 10). The result of
SCHRADER’s method also enables the interpretation
showing that displacement (Fig. 5) must be directed
qualitatively from o, towards o;. Our A3 turns out to
be parallel to oy and A, parallel to o;. Table 1
sumarizes the orientations of eigenvectors and their

eigenvalues of the striation pattern of the fault
planes.

X X X X X X X XX
e x X X X X X X X
X X X X X X X X X
X X X X X X X X
X X X X X X X X
M X X X X X X X X
X X X X X X X X X X
X %X X X X X X X X X X
X X X X X X X X X XXX
X X X X X X X X X X X J
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x
x
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x
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X x'X X X X %X X
X X X X X X X X
x x X X X X X X
X X X X X X X X X
X X X X X X X X

X X X X X X X X

X X X X X X XX X

® The form factor R of the stress ellipsoid is 0.38,
which results from equation (4)

R=05+ k|03 -4 || o
R =05+ 03 - 047
R = 0.38

R = 0.38 (Fig. 7) indicates that stress acting in this
area is an ellipsoid between cigar-shape (Fig. 6a)
and maximum triaxiality (Fig. 6b). Vice versa the
corresponding strain geometry is expected between
plane strain and flattening strain.

b) Results according to the displacement field method

of SCHRADER (Fig. 5):

38 faults were searched selectively in as many di-
rections as possibie.

® One system of striations is dominant, but there
are one or two others which are vailed by the domi-
nant one.

® The striation pattern clearly shows AD (21/03)
and PC (212/88) nearly perpendicular to AD. Along
PC, AC (which is the point where striations con-
verge, Fig. 4a) and Al (where displacements bend
off) can be only roughly distinguished (Al approxi-
mately 124/48, AC approximately 300/45).

® Thus PC is a plane of nearly equal extension in
all directions, because Al and AC are nearly of the
same nature along PC. The deformation symmetry is
more uniaxial compression than pure shear.

Fig. 10.

Result after the method of ANGELIER
& MECHLER (1977).

Fauit planes and striations are re-
corded in spherical projection as
“dihedra” and their distribution den-
sity is represented by isolines of
“superposed compression areas”
from 0 % (white) over 25 %, 50 %,
75 % to 100 % (black). o, (arrows) is
fixed in the black area and g, in the
white area; they have to be mutually
perpendicular. n is the number of
cumulated dihedra, and MAX is the
number of data which are consistant
with this solution. Mention that o,
and oy correspond to Ay and A, of
the orientation tensor of Fig. 9.




4.1 Compatibility of the Results

There is a close conformity of the results from the
applied methods. The directions of the eigenvectors
(Fig. 9d), which are assigned to principal stresses
(Fig. 10, Tab. 1), fit well to axes and planes of the dis-
placement field (Fig. 5) and to the resuits from the
method of rectangular dihedra (Fig. 10. Tab. 1).
WALLBRECHER & FRITZ calculated a form factor of the
stress ellipsoid R = 0.38, which coincides with the de-
termination of the deformation symmetry by SCHRADER
between uniaxial compression and pure shear. Further
vailed displacement systems are indicated by some
deviating arrows in the diagram (Fig. 5). The lowest
eigenvalue A, =0.18 differs only slightly from the
theoretical value of 0.16 for a single phase stress field
and thus indicates that deformation was not com-
pletely uniphase. It remains to be proven whether the
results of the three methods coincide in cases of non-
orthogonal displacement-fields.

The results of fault-analysis fit to the results of strain
determinations in the ductile structures of the underly-
ing Gailtal crystalline (UNzoG, 1988) . He found an ellip-
soid with the long axis parallel to WNW-ESE-direction,
discussed it in the context of left-lateral strike-slip-
structures combined with a significant flattening com-
ponent in the ductile Gailtal crystalline and interpreted
it as result of NNE-SSW compressive stresses at the
base of the brittly deformed Drauzug.

5. Applications

For orthogonal and uniphase fields, the methods give
compatible results. However, under some cir-
cumstances one or the other should be preferred.

If there is only a small number of faults, but good
criteria for the sense of displacement on each of them
(Fig. 2), one would use SCHRADER’s method. In con-
trast, if there are many fault planes and striation data
available, but the interpretation of the displacement
sense is difficult, one should use the method of
WALLBRECHER & FRITZ because it needs only a few dis-
placement sense indicators. If there is need to quantify
the stress ellipsoid explicitely (shape factor) one would
use the method of WALLBRECHER & FRITz. In most cases
it is sufficient to determine the deformation symmetry
qualitatively to answer geological questions; so that
SCHRADER's method could be preferred.

The orientation tensor method (WALLBRECHER & FRITZ,
1989) is an automatised system without the possibility
to interprete individual fault plane data. There are tools
to test the reliability of the results but there is, until
now, no possibility to separate superimposed deforma-
tions. SCHRADER’s method allows the recognition of
superimposed deformation processes and the analysis
of each of them. Thus the best way is to use both
methods.

The geological meaning of the results can only be
understood in the context of the whole deformation
structure. The texture of at least one complete fold or
thrust unit (SCHRADER, in press) must be examined,
especially the relationship of faults to bedding to as-
sign faulting to pre-, syn- or postkinematic processes.
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